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Foreword

This Technical Specification (TS) has been produced by the 3™ Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of this present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies and establishes the characteristics of the physicals layer procedures in the FDD and
TDD modes of E-UTRA.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

o References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

o For a specific reference, subsequent revisions do not apply.

o For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document
(including a GSM document), a non-specific reference implicitly refers to the latest version of that document in
the same Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
General Description”.

[3] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”.

[4] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding"”.

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer —
Measurements".

[6] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)

radio transmission and reception™.

[7] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception™.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification™.

[9] 3GPP TS 36.423, "Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)".

[10] 3GPP TS 36.133, "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management".

[11] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification™.

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities”.

3 Symbols and abbreviations
3.1 Symbols

For the purposes of the present document, the following symbols apply:

ng System frame number as defined in [3]

3GPP
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DL
Ncells

DL
Nrp

uL
Nrp

UL
Nsymb

RB
Nsc

Slot number within a radio frame as defined in [3]

Number of configured cells

3GPP TS 36.213 V12.5.0 (2015-03)

Downlink bandwidth configuration, expressed in units of NSRC’B as defined in [3]

Uplink bandwidth configuration, expressed in units of NSFéB as defined in [3]

Number of SC-FDMA symbols in an uplink slot as defined in [3]

Resource block size in the frequency domain, expressed as a number of subcarriers as defined in

(3]

Basic time unit as defined in [3]

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply.
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any,

in TR 21.905 [1].

ACK
BCH
CCE
CDD
cG
CIF
CQl
CRC
csl
CSI-IM
DAI
DCI
DL
DL-SCH
DTX
EPDCCH
EPRE
MCG
MCS
NACK
PBCH
PCFICH
PDCCH
PDSCH
PHICH
PMCH
PMI
PRACH
PRS
PRB
PSBCH
PSCCH
PSCell
PSDCH
PSSCH
PSSS
PUCCH
PUSCH
PTI
RBG
RE

RI

Acknowledgement

Broadcast Channel

Control Channel Element

Cyclic Delay Diversity

Cell Group

Carrier Indicator Field

Channel Quality Indicator

Cyclic Redundancy Check

Channel State Information
CSl-interference measurement
Downlink Assignment Index
Downlink Control Information
Downlink

Downlink Shared Channel
Discontinuous Transmission
Enhanced Physical Downlink Control Channel
Energy Per Resource Element
Master Cell Group

Modulation and Coding Scheme
Negative Acknowledgement
Physical Broadcast Channel

Physical Control Format Indicator Channel
Physical Downlink Control Channel
Physical Downlink Shared Channel
Physical Hybrid ARQ Indicator Channel
Physical Multicast Channel
Precoding Matrix Indicator

Physical Random Access Channel
Positioning Reference Signal
Physical Resource Block

Physical Sidelink Broadcast Channel
Physical Sidelink Control Channel
Primary Secondary cell

Physical Sidelink Discovery Channel
Physical Sidelink Shared Channel
Primary Sidelink Synchronisation Signal
Physical Uplink Control Channel
Physical Uplink Shared Channel
Precoding Type Indicator

Resource Block Group

Resource Element

Rank Indication
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RS

SCG
SINR
SPS C-RNTI
SR

SRS
SSSS
TAG
TBS
ucCl

UE

UL
UL-SCH
VRB

Reference Signal

Secondary Cell Group

Signal to Interference plus Noise Ratio
Semi-Persistent Scheduling C-RNTI
Scheduling Request

Sounding Reference Symbol
Secondary Sidelink Synchronisation Signal
Timing Advance Group

Transport Block Size

Uplink Control Information

User Equipment

Uplink

Uplink Shared Channel

Virtual Resource Block

3GPP
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4 Synchronization procedures
4.1 Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell ID of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth
corresponding to 6 resource blocks and upwards.

The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary
synchronization signals.

A UE may assume the antenna ports 0 — 3 and the antenna port for the primary/secondary synchronization signals of a
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift and average delay.

4.2 Timing synchronization
4.2.1 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of-
sync/in-sync status to higher layers.

If the UE is configured with a SCG [11], the downlink radio link quality of the PSCell [11] of the SCG shall be
monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qo. and Q;,) defined by relevant tests in
[10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qo. and Q;,) defined by relevant tests in
[10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall not
be monitored in any subframe other than those indicated.

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality is worse than the threshold Q.. When the radio link quality is better than the
threshold Qj,, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync
to higher layers.

4.2.2 Inter-cell synchronization

No functionality is specified in this subclause in this release.

4.2.3 Transmission timing adjustments

Upon reception of a timing advance command for a TAG containing the primary cell or PSCell, the UE shall adjust
uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell or PSCell based on the received timing
advance command.

The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell if the secondary cell
and the primary cell belong to the same TAG. If the primary cell in a TAG has a frame structure type 1 and a secondary
cell in the same TAG has a frame structure type 2, UE may assume that N1, > 624.

If the UE is configured with a SCG, the UL transmission timing for PUSCH/SRS of a secondary cell other than the
PSCell is the same as the PScell if the secondary cell and the PSCell belong to the same TAG.

Upon reception of a timing advance command for a TAG not containing the primary cell or PSCell, if all the serving
cells in the TAG have the same frame structure type, the UE shall adjust uplink transmission timing for PUSCH/SRS of
all the secondary cells in the TAG based on the received timing advance command where the UL transmission timing
for PUSCH /SRS is the same for all the secondary cells in the TAG.

3GPP
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Upon reception of a timing advance command for a TAG not containing the primary cell or PSCell, if a serving cell in
the TAG has a different frame structure type compared to the frame structure type of another serving cell in the same
TAG, the UE shall adjust uplink transmission timing for PUSCH/SRS of all the secondary cells in the TAG by using
Nraotiset = 624 regardless of the frame structure type of the serving cells and based on the received timing advance
command where the UL transmission timing for PUSCH /SRS is the same for all the secondary cells in the TAG.
Naofiset 1S described in [3].

The timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing
for the TAG as multiples of 16 T . The start timing of the random access preamble is specified in [3].

In case of random access response, an 11-bit timing advance command [8], Ta, for a TAG indicates N+, values by index
valuesof Tp=0,1,2, .., 1282, where an amount of the time alignment for the TAG is given by Ntp = T x16. N4 iS
defined in [3].

In other cases, a 6-bit timing advance command [8], T,, for a TAG indicates adjustment of the current N, value,
Ntaoid, t0 the new N4 value, Nta new, by index values of T =0, 1, 2,..., 63, where Ntanew = Ntaoig + (Ta —31)x16.
Here, adjustment of N1, value by a positive or a negative amount indicates advancing or delaying the uplink
transmission timing for the TAG by a given amount respectively.

For a timing advance command received on subframe n, the corresponding adjustment of the uplink transmission timing
shall apply from the beginning of subframe n+6. For serving cells in the same TAG, when the UE's uplink
PUCCH/PUSCHY/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the
UE shall complete transmission of subframe n and not transmit the overlapped part of subframe n+1.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes N1, accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation command [8] for a secondary cell in subframe n, the corresponding actions in [8]
shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, except for the
following:

- the actions related to CSI reporting
- the actions related to the sCellDeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+8.

When a UE receives a deactivation command [8] for a secondary cell or the sCellDeactivationTimer associated with the
secondary cell expires in subframe n, the corresponding actions in [8] shall apply no later than the minimum
requirement defined in [10], except for the actions related to CSI reporting which shall be applied in subframe n+8.
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5 Power control

Downlink power control determines the Energy Per Resource Element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy also denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power ISPUSCH,C(i) defined in subclause 5.1.1, is first scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power ISPUCCH (i), defined in subclause 5.1.1.1, or ISSRS,c(i) is split equally across

the configured antenna ports for PUCCH or SRS. FA’SRS’C(i) is the linear value of Psgs (i) defined in subclause 5.1.3.

A cell wide overload indicator (Ol) and a High Interference Indicator (HII) to control UL interference are defined in [9].

For a serving cell with frame structure type 1, a UE is not expected to be configured with
UplinkPowerControlDedicated-v12x0.

51.1 Physical uplink shared channel
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , “serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, “‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term “‘primary cell” in this clause refers to the PSCell of the SCG.

51.1.1 UE behaviour

The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH) transmission is defined as
follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell c, then the UE transmit power
Ppusch,c (i) for PUSCH transmission in subframe i for the serving cell cis given by

Pemax c (1),

dB
1010910 (Mpysch,c (D)) + Po_pusch,c (1) + ac(j) - Ple + Atp (i) + fc(i)} (eBm]

Peusch,c () = min{

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Ppusch,c(i) for the PUSCH transmission in subframe i for the serving cell c is given by

[1010g30 (Pemax.c () - Poucen ).
R c(i) =min _ _ _ _ ¢ [dBm]
puse, {10 10910(M pusch,c (1)) + Po_pusch,c (1) + ac(j) - PLe + Are o (i) + fe (i)

If the UE is not transmitting PUSCH for the serving cell c, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygscp (i) for the PUSCH transmission in

subframe i for the serving cell ¢ is computed by
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where,

Peusch,c (1) = min{PCMAX,c(i)l Po_pusch,c @ +ac @) - PL + f (i) } [dBm]

Pemax c (1) is the configured UE transmit power defined in [6] in subframe i for serving cell ¢ and

FA’CMAX]C(i) is the linear value of Pgpax ¢ (i) - If the UE transmits PUCCH without PUSCH in subframe i for

the serving cell c, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE
shall assume Pgyax (i) as given by subclause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH in

subframe i for the serving cell c, for the accumulation of TPC command received with DCI format 3/3A for
PUSCH, the UE shall compute Pyax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB,

where MPR, A-MPR, P-MPR and AT are defined in [6].
ISPUCCH (i) isthe linear value of Ppyccn (i) defined in subclause 5.1.2.1

M pysch c (1) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid
for subframe i and serving cell c.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢
and if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-r12,

- when j=0, Py pysciie(0) = Py ue puscrie2(0) + Po_nominar_puscre2 (0) . where j=0 is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. Py ¢ puscric2(0) and Py yommar puscrc2 (0)

are the parameters p0-UE-PUSCH-Persistent-SubframeSet2-r12 and pO-NominalPUSCH-Persistent -
SubframeSet2-r12 respectively provided by higher layers, for each serving cell c.

- when j=1, By puscre (1) = Po ue puscriea () + Po_nommar_puscric2 (1)  where j=1 is used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. PO_UE_PUSCH’C’Z (1) and

Po NominaL puschc.2 (1) are the parameters p0-UE-PUSCH-SubframeSet2-ri2 and pO-NominalPUSCH-
SubframeSet2-r12 respectively, provided by higher layers for serving cell c.

- when j=2, B, puscric(2) = Po_ue puscric(2) + Fo_nommac_puscrc(2) where By ye pyscrc(2) =0 and
PO_NOMINAL_PUSCH,c (2)= PO_PRE + APREAMBLE_MSgS » Where the parameter

preamblelnitialReceivedTargetPower [8] ( PO_PRE )and Apgeavpie wmsgz are signalled from higher layers

for serving cell c, where j=2 is used for PUSCH (re)transmissions corresponding to the random access
response grant.

Otherwise

- Po_pusch,c () is a parameter composed of the sum of a component Py nominaAL puscH,c(J) provided
from higher layers for j=0 and 1 and a component Pg yg pusch,c () provided by higher layers for j=0 and

1 for serving cell c. For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for
PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH
(re)transmissions corresponding to the random access response grant then j=2. Py yg_pusch,c(2) =0 and

Po_NoMINAL_PuscH,c(2) = Po_pre + ApREAMBLE _Msg3 . Where the parameter
preamblelnitialReceivedTargetPower [8] ( PO_PRE ) and APREAMBLE_MSQ3 are signalled from higher layers
for serving cell c.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢

and if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-r12,

3GPP



Release 127T 14 3GPP TS 36.213 V12.5.0 (2015-03)

- Forj=0orl, a(j)=a,,€ {0, 0.4,0.5,0.6,0.7,0.8,0.9, 1}. a, , is the parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.

- Forj=2, e (J)=1.
Otherwise

- Forj=0orl, o€ {0, 0.4,0.5,0.6,0.7,0.8, 0.9, 1} is a 3-bit parameter provided by higher layers for
serving cell c. Forj=2, a.(j)=1.

- PL; isthe downlink path loss estimate calculated in the UE for serving cell ¢ indBand PL, =

referenceSignalPower — higher layer filtered RSRP, where referenceSignalPower is provided by higher layers
and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell. If serving cell ¢ belongs to a TAG containing the primary cell then, for the
uplink of the primary cell, the primary cell is used as the reference serving cell for determining
referenceSignalPower and higher layer filtered RSRP. For the uplink of the secondary cell, the serving cell
configured by the higher layer parameter pathlossReferenceLinking defined in [11] is used as the reference
serving cell for determining referenceSignalPower and higher layer filtered RSRP. If serving cell ¢ belongs to
a TAG containing the PSCell then, for the uplink of the PSCell, the PSCell is used as the reference serving cell
for determining referenceSignalPower and higher layer filtered RSRP; for the uplink of the secondary cell other
than PSCell, the serving cell configured by the higher layer parameter pathlossReferenceLinking defined in [11]
is used as the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP. If
serving cell ¢ belongs to a TAG not containing the primary cell or PSCell then serving cell ¢ is used as the
reference serving cell for determining referenceSignalPower and higher layer filtered RSRP.

- Arp (i) =1OIogm((ZBPRE'KS —1)- OF#;SICH) for Ky =1.25and 0 for Kq =0where Kg isgiven by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢c. BPRE and ﬂg’ﬁgeﬁCH , for

each serving cell c, are computed as below. Ky =0 for transmission mode 2.

c-1
- BPRE =0Ocq, / Ngg for control data sent via PUSCH without UL-SCH data and Z K, / Ngg for other

r=0
cases.

- where C is the number of code blocks, K, is the size for code block r, Ocg, is the number of
CQI/PMI bits including CRC bits and Ng¢ is the number of resource elements determined as
Ngg = M PUSCH -initial  PUSCH-initial \vhere ¢, K, M 575" ™ and NP are defined in
[4].

- BEEH = gl for control data sent via PUSCH without UL-SCH data and 1 for other cases.

offset offset

- JOpuscH,c Is acorrection value, also referred to as a TPC command and is included in PDCCH/EPDCCH with

DCI format 0/4 for serving cell c or jointly coded with other TPC commands in PDCCH with DCI format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. If the UE is configured with higher layer
parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢ and if subframe i belongs to uplink power
control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-r12, the current PUSCH

power control adjustment state for serving cell cis given by f_, (i), and the UE shall use f_,(i) instead of
fe (i) to determine Ppygcp ¢ (i) - Otherwise, the current PUSCH power control adjustment state for serving cell

cisgivenby f (i). f ,(i) and f.(i) are defined by:

- fc(l) = fC (l —1) + 5PUSCH,C(i — KPUSCH) and ch(I) = fc,Z(i —1) + §PUSCH,c(i — KPUSCH) if accumulation

is enabled based on the parameter Accumulation-enabled provided by higher layers or if the TPC
command Spysch,c I included in a PDCCH/EPDCCH with DCI format O for serving cell ¢ where the

CRC is scrambled by the Temporary C-RNTI
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- where Spysch ¢ (i — Kpysch ) was signalled on PDCCH/EPDCCH with DCI format 0/4 or PDCCH with

DCI format 3/3A on subframe i— Kpyscy » and where £, (0) is the first value after reset of
accumulation.

- Thevalue of Kpygey 18
- For FDD or FDD-TDD and serving cell frame structure type 1, Kpyscy =4

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cells is not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration™ refers to the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, Keusch is givenin Table 5.1.1.1-1

- For TDD UL/DL configuration 0

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 in which the LSB of the UL index issetto 1, Kpygey =7

- For all other PUSCH transmissions, Kpscy is given in Table 5.1.1.1-1.

- Forserving cell ¢ the UE attempts to decode a PDCCH/EPDCCH of DCI format 0/4 with the UE's C-
RNTI or DCI format 0 for SPS C-RNTI and a PDCCH of DCI format 3/3A with this UE's TPC-PUSCH-
RNTI in every subframe except when in DRX or where serving cell ¢ is deactivated.

- If DCI format 0/4 for serving cell cand DCI format 3/3A are both detected in the same subframe, then
the UE shall use the Spysch, ¢ Provided in DCI format 0/4.

- OpuscH, = 0dB for a subframe where no TPC command is decoded for serving cell ¢ or where DRX
occurs or i is not an uplink subframe in TDD or FDD-TDD and serving cell ¢ frame structure type 2.

- The Jpysch, dB accumulated values signalled on PDCCH/EPDCCH with DCI format 0/4 are given in

Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 is validated as a SPS activation or release
PDCCH/EPDCCH, then Spyscp,c is 0dB.

- The dpygcy dB accumulated values signalled on PDCCH with DCI format 3/3A are one of SET1 given

in Table 5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the parameter TPC-Index provided
by higher layers.

- If UE has reached Pcpax (i) forserving cell c, positive TPC commands for serving cell ¢ shall not
be accumulated

- If UE has reached minimum power, negative TPC commands shall not be accumulated

- If the UE is not configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving
cell c, the UE shall reset accumulation

- Forserving cell ¢, when Py yg pusch,c Value is changed by higher layers

- For serving cell ¢, when the UE receives random access response message for serving cell ¢

- If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell
C 1

- the UE shall reset accumulation corresponding to f.(*) for serving cell c

- when P ye pusch,c Vvalue is changed by higher layers
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- when the UE receives random access response message for serving cell ¢

- the UE shall reset accumulation corresponding to fc,z(*) for serving cell ¢

- when PO_UE_PUSC,M2 value is changed by higher layers

- If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell
¢ and

- ifsubframe i belongs to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-ri2 f (i) = f (i —1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—1)

- fo()) = Spuschc(i— Kpusch) and T, (1) = Opysenc (i — Kpysen)  if accumulation is not enabled for
serving cell ¢ based on the parameter Accumulation-enabled provided by higher layers

- where Spysch ¢ (i — Kpyscr ) was signalled on PDCCH/EPDCCH with DCI format 0/4 for serving cell
¢ on subframe i—Kpysen

- Thevalue of Kpygey IS

For FDD or FDD-TDD and serving cell frame structure type 1, Kpyscy =4

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cells is not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration” refers to the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, Keusch is given in Table 5.1.1.1-1.

- For TDD UL/DL configuration 0

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 in which the LSB of the UL index issetto 1, Kpygey =7

- For all other PUSCH transmissions, Kpscy is given in Table 5.1.1.1-1.

- The Spysch, dB absolute values signalled on PDCCH/EPDCCH with DCI format 0/4 are given in

Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 is validated as a SPS activation or release
PDCCH/EPDCCH, then Spyscp,c is 0dB.

- fo()="f(-1) and f_,(i)=f ,(i—1) forasubframe where no PDCCH/EPDCCH with DCI

format 0/4 is decoded for serving cell ¢ or where DRX occurs or i is not an uplink subframe in TDD or
FDD-TDD and serving cell ¢ frame structure type 2.

- If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell
¢ and

- if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-ri2 f (i) = f_ (i —1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—1)
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- For both types of f.(*) (accumulation or current absolute) the first value is set as follows:

- f PO_UE_pUSCH’C value is changed by higher layers and serving cell c is the primary cell or, if
Po uUe_pusch,c Vvalue is received by higher layers and serving cell ¢ is a Secondary cell
- f.(0)=0

- Else

- If the UE receives the random access response message for a serving cell ¢

- f(0)=AP, . .+&

ampup,c msg2,c ’ where

0,

msg2,c
random access preamble transmitted in the serving cell ¢, see subclause 6.2, and

is the TPC command indicated in the random access response corresponding to the

10 IOglO (M PUSCH ,c (O))
APrampup,c =min| ¢ max| 0, PCMAX,C - F PO_PUSCH,c(Z) + 5msgz ,
+a,(2)-PL+ A . (0)
AP puprequested ¢ | and AP, ampuprequested ¢ 1S Provided by higher layers and

corresponds to the total power ramp-up requested by higher layers from the first to the last
preamble in the serving cell ¢, M gcy o (0)is the bandwidth of the PUSCH resource

assignment expressed in number of resource blocks valid for the subframe of first PUSCH
transmission in the serving cell ¢, and A1g¢(0) is the power adjustment of first PUSCH
transmission in the serving cell c.

- If PO_UE_PUSCHch2 value is received by higher layers for a serving cell c.

fc,2 (O) = O

Table 5.1.1.1-1: K,y for TDD configuration 0-6

TDD UL/DL subframe number i

Configuration |0 |1 |2 |3 |4 |5|6|7|8]|9
0 -lel7]4a]l-1-16]7]4
1 -|-|6]4]|-]-]-]6]|4
2 -l -lal--1-1-14a]l-1-
3 -l -141414]-1-|-1-]-
4 -] -14]4 -1
5 - Tal-1-1-1-1-1-1-
6 -1 -17]7]s5]-1- 7] -
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Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated
dpuscH,c values

TPC Command Field in
DCl format 0/3/4 Accumulated Jpysch,c [dB] | Absolute dpysch, [dB] only DCI format 0/4
0 -1 -4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated Jpysch, Values

TPC Command Field in
DCI format 3A

0 -1

1 1

Accumulated opyscH ¢ [dB]

If the UE is not configured with an SCG, and if the total transmit power of the UE would exceed FA’CMAX (i), the UE

scales FA’pUSCH’C(i) for the serving cell ¢ in subframe i such that the condition
W) uusers () < (P )~ Prcen 1)
c

is satisfied where Poyccp (i) is the linear value of Poycep (i) FA’pUSCH,C(i) is the linear value of Ppysch ¢ (i)

FA’CMAX (1) is the linear value of the UE total configured maximum output power Pg,, defined in [6] in subframe i
and w(i) is a scaling factor of ﬁpUSCH’C(i) for serving cell ¢ where 0<w(i)<1. In case there is no PUCCH

transmission in subframe i ISPUCCH (i)=0.

If the UE is not configured with an SCG and if the UE has PUSCH transmission with UCI on serving cell j and PUSCH

without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed Py (1) , the

UE scales FA’pUSCH,C(i) for the serving cells without UCI in subframe i such that the condition

S W) - Poscrne () < (P (D) = Poeen; ()

c#j
is satisfied where ISPUSCH,J- (i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of
ﬁpUSCH'C(i) for serving cell ¢ without UCI. In this case, no power scaling is applied to ﬁpUSCH’J— (i)

unless Zw(i) -Pousch.c (i) =0 and the total transmit power of the UE still would exceed Peyay (i) -

c#]j

For a UE not configured with a SCG, note that w(i) values are the same across serving cells when w(i) > 0 but for
certain serving cells w(i) may be zero.

If the UE is not configured with an SCG, and if the UE has simultaneous PUCCH and PUSCH transmission with UCI
on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells, and the total transmit

power of the UE would exceed ISCMAX (i) , the UE obtains Ppysch,c (i) according to

Buscr; () = Min(Buecs; (), (Penuar () = Prueons ()

and
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S W) - Puscrre (1) < (Poviax (1) = Povcers (1) = Pruscr; (i)

C#j

If the UE is not configured with a SCG, and

If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe |
for a given serving cell in a TAG overlaps some portion of the first symbol of the PUSCH transmission on

subframe 141 for a different serving cell in another TAG the UE shall adjust its total transmission power to
not exceed P, 0N any overlapped portion.

If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe | fora
given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe

i +1 for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed
P.yax 0N any overlapped portion.

If the UE is configured with multiple TAGs, and if the SRS transmission of the UE in a symbol on subframe i
for a given serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe 1 or subframe
i +1 for a different serving cell in the same or another TAG the UE shall drop SRS if its total transmission

power exceeds Pry,ay 0N any overlapped portion of the symbol.

If the UE is configured with multiple TAGs and more than 2 serving cells, and if the SRS transmission of the UE
in a symbol on subframe 1 for a given serving cell overlaps with the SRS transmission on subframe 1 for a
different serving cell(s) and with PUSCH/PUCCH transmission on subframe 1 or subframe i+ 1 for another
serving cell(s) the UE shall drop the SRS transmissions if the total transmission power exceeds Py, 0n any
overlapped portion of the symbol.

If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in a secondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving

cell belonging to a different TAG, drop SRS if the total transmission power exceeds P, 0n any overlapped
portion in the symbol.

If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in a secondary serving cell in parallel with PUSCH/PUCCH in a different serving cell belonging to a different
TAG, adjust the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed

P.yax 0N the overlapped portion.

511.2 Power headroom

There are two types of UE power headroom reports defined. A UE power headroom PH is valid for subframe i for
serving cell c.

If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG indicates
‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not
transmit PUSCH/PUCCH on any serving cell of the other CG.

If the UE is configured with a SCG,

For computing power headroom for cells belonging to MCG, the term “serving cell” in this subclause refers to
serving cell belonging to the MCG.

For computing power headroom for cells belonging to SCG, the term “serving cell’ in this subclause refers to
serving cell belonging to the SCG. The term ‘primary cell” in this subclause refers to the PSCell of the SCG.

Type 1:
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If the UE transmits PUSCH without PUCCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH yper (1) = Pemax.c ()= {1010010(Mpuscre () + Po_pusche (1) + @c (i) Ple + Ateo (i) + fo(i) | [dB]

where, PCMAX,c(i)’ MpuscH,c (1) Po puscH,c (i), ac(J), PLe, A (i) and fc(i) are defined in subclause
51.1.1.

If the UE transmits PUSCH with PUCCH in subframe i for serving cell c, power headroom for a Type 1 report is
computed using

PH yper.c () = Pomax.c ()~ {1010010(M pusch,c () + Po_pusch,c (J) + @ () PLg + Ate o (i) + fo (i) | [dB]

where, Mpysch,c (i) Po pusch,c (1), ac(i), Ple, A (i) and f¢(i) are defined in subclause 5.1.1.1.
|5(:|\/|Ax ¢ (1) is computed based on the requirements in [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers 5CMAx,c (i) instead of  Pemax (i) to higher layers.

If the UE does not transmit PUSCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PHype1c(1) = |SCMAx,c(i)— { Po_pusch,c (D +ac (1) - PL; + fc (i) } [dB]

where, ISCMAX,c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR , A-
MPR, P-MPR and AT are defined in [6]. P pysch,c(1), @c(1), PLc,and fc(i)are defined in subclause 5.1.1.1.

Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe i for the primary cell, power headroom for a Type
2 report is computed using

(L010g30 (M puscric (1)) +Po_puscrc (1)+ac (1)-PLg +Are (i) + o (i))/10 8]

PH i)=P i)—10lo

typez() cmax.c (1) 910 + 10(P0_PUCCH +PLc+h(nCQIvnHARQvnSR)+AF_PUCCH(F)+ATXD(F‘)+g(i))/1O
where, Pocmaxc: Mpuschc() . Po_puschc(): ac(i). A (i) and fc(i) are the primary cell parameters as
defined in subclause 5.1.1.1 and Py pyccrs Ple, h(ncorsNHARGNsR)+ Ar puccH (F), Arxp (F') and g(i) are
defined in subclause 5.1.2.1

If the UE transmits PUSCH without PUCCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(10|0910(M pusch,c () +Po_puscr,c (1) +ac (§)-PLe+Aqec (i)+fe (i)) 10

PH ez (i) = P i) ~10lo [dB]
type2 (1) = Pemax ¢ (1) J10 . 1O(P07PUCCH +PL,+g(i))10

where, Pemax.c(1) s MpuscH,c (1), Po pusch,c (i), a@c(i), A (i) and fc(i) arethe primary cell parameters as
defined in subclause 5.1.1.1 and Py pyccy s PLc and g(i) are defined in subclause 5.1.2.1.
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If the UE transmits PUCCH without PUSCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(Po_puscre (+ate (1)-PL + . (i))/10

o o dB
PthpeZ(') PCMAX'C(I) 10l0ga 4 10(P07PUCCH +F"—chh(nCQlvnHARer‘SR )’LAFJUCCH (F)+ATxD(F')+9(i))/1O [dE]

where, Pg pysch,c(1), ac(l)and fc(i) arethe primary cell parameters as defined in subclause 5.1.1.1,

Pemax,c (D) Po_pucch s Pley h(Ncqi MHARQ Msk) + Ar pucer (F). Atyxp (F') and g(i) are also defined in
subclause 5.1.2.1.

If the UE does not transmit PUCCH or PUSCH in subframe i for the primary cell, power headroom for a Type 2
report is computed using

(Po_puscre ()+ate (1)-PLe + . (i) )/10

PH e (i) = P i)—10l dB

type2 (1) = Pomaxc (i) —1010g39 . 10(P07PUCCH +PL, +g(i))/10 [dB]
where, F~’CMAx,c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR,
A-MPR, P-MPR and AT are defined in [6], Po pysch,c(1), ac(l) and fc(i) arethe primary cell parameters as
defined in subclause 5.1.1.1 and Py pyccry» PLc and g(i) are defined in subclause 5.1.2.1.

The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered
by the physical layer to higher layers.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shall use f_, (i) instead of f¢ (i) tocompute PH ., (i) and PH ., (i) for

subframe i and serving cell ¢, where f_, (i) is defined in subclause 5.1.1.1.

5.1.2 Physical uplink control channel

If the UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and
SCG.

- When the procedures are applied for MCG, the term “serving cell’ in this subclause refers to serving cell
belonging to the MCG.

- When the procedures are applied for SCG, the term ‘serving cell’ in this subclause refers to serving cell
belonging to the SCG. The term “primary cell’ in this subclause refers to the PSCell of the SCG.

51.2.1 UE behaviour

If serving cell cis the primary cell, the setting of the UE Transmit power Py, for the physical uplink control channel
(PUCCH) transmission in subframe i for serving cell ¢ is defined by

Pemax,c (),

P i)=min . ¢ [dBm]
PUCCH ( ) {PO_PUCCH + PLC + h(nCQ| s nHARQ1 nSR )+ AF_PUCCH (F)+ ATXD (F ) + g(l )}

If the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command for PUCCH, the UE
shall assume that the UE transmit power Ppyccy for PUCCH in subframe i is computed by

Poucch (i): min{PCMAX,c (1), Po_pucch + PL¢ + g(i )} [dBm]

where
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Pcmax ¢ (1) is the configured UE transmit power defined in [6] in subframe i for serving cell c. If the UE

transmits PUSCH without PUCCH in subframe i for the serving cell c, for the accumulation of TPC command
for PUCCH, the UE shall assume P.yax (i) as given by subclause 5.1.1.1. If the UE does not transmit

PUCCH and PUSCH in subframe i for the serving cell c, for the accumulation of TPC command for PUCCH,
the UE shall compute Pgyax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where

MPR, A-MPR, P-MPR and AT ¢ are defined in [6].

The parameter A pyccn (F) is provided by higher layers. Each Ag pycc (F) Vvalue corresponds to a PUCCH
format (F) relative to PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 of [3].

If the UE is configured by higher layers to transmit PUCCH on two antenna ports, the value of A, (F')is
provided by higher layers where each PUCCH format F' is defined in Table 5.4-1 of [3] ; otherwise,
Ano (F I) =0.

h(ncqi, NHARQ:Nsr) is @ PUCCH format dependent value, where ncq, corresponds to the number of
information bits for the channel quality information defined in subclause 5.2.3.3 in [4]. ngg =1 if subframe i is

configured for SR for the UE not having any associated transport block for UL-SCH, otherwise ngg =0. If the

UE is configured with more than one serving cell, or the UE is configured with one serving cell and transmitting
using PUCCH format 3, the value of nyarq is defined in subclause 10.1; otherwise, nyarg is the number of

HARQ-ACK bits sent in subframe i.

For PUCCH format 1,1a and 1b h(nCQ| ,nHARQ ,Nsr )= 0
- For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell,
(Np4arg —1)

h(nCQ| s nHARQ , nSR) = , otherwise, h(an| s nHARQ ,NgR ): 0

- For PUCCH format 2, 2a, 2b and normal cyclic prefix

n
): 10|0910(%] if nCQ| >4

0 otherwise

h(nCQI ,NHARQ, NsR

- For PUCCH format 2 and extended cyclic prefix

n +n
10'0910(%] if nCQ| + nHARQ >4

0 otherwise

h(”CQl NHARQ, nSR)=

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR without periodic CSl,

- If the UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR

NHARQ + Nsr —1

h(ncqi s NHARQ: NsR) = 3
- Otherwise

NHARQ +Nsr —1

h(Ncqr NHARQ: NsR) = 5

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR and periodic CSl,

- If the UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR and CSI
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nHARQ +Ngg + nCQI -1
3

h(nCQI 1 Mharg s nSR) =

- Otherwise

nHARQ +Ngg + nCQI -1
2

h(nCQI 1 Nparg nSR) =

Po_pucch s @ parameter composed of the sum of a parameter P, yominal_pucch Provided by higher layers

and a parameter Py ¢ pyccy Provided by higher layers.

- Opycch 18 a UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI

format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or included in an EPDCCH with DCI format
1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or sent jointly coded with other UE specific PUCCH
correction values on a PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUCCH-
RNTI.

If a UE is not configured for EPDCCH monitoring, the UE attempts to decode a PDCCH of DCI format 3/3A
with the UE's TPC-PUCCH-RNTI and one or several PDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D
with the UE's C-RNTI or SPS C-RNTI on every subframe except when in DRX.

If a UE is configured for EPDCCH monitoring, the UE attempts to decode

- aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNT]I and one or several PDCCHs of DCI
format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI as described in subclause
9.1.1, and

- one or several EPDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-
RNTI, as described in subclause 9.1.4.

If the UE decodes
- aPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or
- an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D

for the primary cell and the corresponding detected RNTI equals the C-RNTI or SPS C-RNTI of the UE
and the TPC field in the DCI format is not used to determine the PUCCH resource as in subclause 10.1,
the UE shall use the Spyccy provided in that PDCCH/EPDCCH.

Else

- if the UE decodes a PDCCH with DCI format 3/3A, the UE shall use the Spyccy provided in that
PDCCH

else the UE shall set dpyccy =0 dB.

M-1
gi)=9(-1)+ Z Opucch (i—ky,) where g(i) is the current PUCCH power control adjustment state and

m=0
where g/(0)is the first value after reset.

- For FDD or FDD-TDD and primary cell frame structure type 1, M =1 and k, =4.

- For TDD, values of M and km are given in Table 10.1.3.1-1, where the “UL/DL configuration” in

Table 10.1.3.1-1 corresponds to the eimta-HargReferenceConfig-r12 for the primary cell when the UE is
configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell.

- The Opycy dB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or EPDCCH

with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D are given in Table 5.1.2.1-1. If the PDCCH with DCI
format 1/1A/2/2A/2B/2C/2D or EPDCCH with DCI format 1/1A/2A/2/2B/2C/2D is validated as an SPS
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activation PDCCH/EPDCCH, or the PDCCH/EPDCCH with DCI format 1A is validated as an SPS
release PDCCH/EPDCCH, then Spyccn is 0dB.

- The Opyccy 9B values signalled on PDCCH with DCI format 3/3A are given in Table 5.1.2.1-1 or in
Table 5.1.2.1-2 as semi-statically configured by higher layers.

- If Py ue puccn Value is changed by higher layers,

- Else
= 9(0) = APampup + Omsg2 » Where
Omsg2 15 the TPC command indicated in the random access response corresponding to the random
access preamble transmitted in the primary cell, see subclause 6.2 and

- if UE is transmitting PUCCH in subframe i,

PO_PUCCH
APrampup =min| ymax| 0, PCMAX,C - * PLc + h(nCQl,nHARQ,nSR) )
+ AF_PUCCH (F) +ATXD(F')
AF)rr;\mpuprequested
Otherwise,
Aprampup = min[{maX(O, PCMAX,C - (PO_PUCCH + PLC ))}, Aprampuprequested ]and APrampuprequested

is provided by higher layers and corresponds to the total power ramp-up requested by higher layers
from the first to the last preamble in the primary cell.

- IfUE has reached Pcpax (i) for the primary cell, positive TPC commands for the primary cell shall
not be accumulated.

- If UE has reached minimum power, negative TPC commands shall not be accumulated.
- UE shall reset accumulation

- when Py e pyccn Value is changed by higher layers

- when the UE receives a random access response message for the primary cell

- g(@)=g(i-2) if i isnotan uplink subframe in TDD or FDD-TDD and primary cell frame structure
type 2.
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Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3t0 Opcch

values
TPC Command Field in S [dB]
DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3 PUCCH
0 -1
1 0
2 1
3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3Ato Jpyccy Values

TPC Command Field in

DCI format 3A Opycen [0B]
0 -1
1 1

5.1.3 Sounding Reference Symbol (SRS)
5.13.1 UE behaviour

The setting of the UE Transmit power Py for the SRS transmitted on subframe i for serving cell ¢ is defined by

Psrs,cli)= min{ Pemax.c (1), Psrs_orrseT.c(M) +1010050(Msrs ¢) + Po_puscH.c (1) +ac (i) PLe + fe (i) } [dBm]

where

- Pcmaxc (i) is the configured UE transmit power defined in [6] in subframe i for serving cell c.

- Psrs_orrseT,c(M) is semi-statically configured by higher layers for m=0 and m=1 for serving cell c. For SRS
transmission given trigger type 0 then m=0 and for SRS transmission given trigger type 1 then m=1.

- Mggs Is the bandwidth of the SRS transmission in subframe i for serving cell ¢ expressed in number of
resource blocks.

- f.(i) isthe current PUSCH power control adjustment state for serving cell c, see subclause 5.1.1.1.
- Po_puscH,c(J) and a¢(j) are parameters as defined in subclause 5.1.1.1 for subframe I,where j=1.

If the UE is not configured with an SCG, and if the total transmit power of the UE for the Sounding Reference Symbol
in an SC-FDMA symbol would exceed ﬁCMAX (i) , the UE scales Psgs (i) for the serving cell ¢ and the SC-FDMA
symbol in subframe i such that the condition

D W(i) - Pogs o () < Poypax ()

is satisfied where FA’SRSYC(i) is the linear value of Psps (i), Poyax (i) i the linear value of Peya defined in [6] in

subframe i and w(i) is a scaling factor of FA’SRS’C(i) for serving cell ¢ where 0<wf(i) <1. Note that w(i) values are
the same across serving cells.
If the UE is not configured with an SCG, and if the UE is configured with multiple TAGs and the SRS transmission of

the UE in an SC-FDMA symbol for a serving cell in subframe I in a TAG overlaps with the SRS transmission in
another SC-FDMA symbol in subframe 1 for a serving cell in another TAG, and if the total transmit power of the UE

for the Sounding Reference Symbol in the overlapped portion would exceed f’CMAX (i) , the UE scales FA’SRSYC(i) for the
serving cell ¢ and each of the overlapped SRS SC-FDMA symbols in subframe 1 such that the condition

3GPP



Release 127T 26 3GPP TS 36.213 V12.5.0 (2015-03)
D W(i) - Psges, (i) < Pepgax (i)
C

is satisfied where FA’SRSYC(i) is the linear value of Psps (i), f’CMAX (i) isthe linear value of Poyax defined in [6] in

subframe i and w(i) is a scaling factor of FA’SRS’C(i) for serving cell ¢ where 0<wf(i) <1. Note that w(i) values are
the same across serving cells.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shall use  f_, (i) instead of f¢ (i) to determine Psgs (i) for subframe i and serving cell

c,where f_,(i) isdefined in subclause 5.1.1.1.

514 Power allocation for dual connectivity
If a UE is configured with multiple cell groups,

- if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the
UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer
parameter DC-PowerControlMode indicates dual connectivity power control mode 1

- if the maximum uplink timing difference between transmitted signals to different serving cells including
serving cells belonging to different CGs is equal to or less than T, yireshold

- The UE shall use the procedures described in sub clause 5.1.4.1.

- If a PRACH transmission of the UE on the Pcell starting in subframe i1lof MCG overlaps in time domain
with another PRACH transmission of the UE starting in subframe 12 of SCG, and if subframe i1 and
subframe 12 overlap in time with more than one symbol, and if the total power of both the PRACH

transmissions would exceed FA)CMAX(il, 12) , the UE shall transmit the PRACH on the Pcell using the
preamble transmission power Py, described in subclause 6.1. The UE may drop or adjust the power
of the PRACH transmission in subframe 12 of SCG such that the total power does not exceed
ISCMAX(il, 12), where ISCMAX(il, 12) is the linear value configured transmitted power for Dual

Connectivity for the subframe pair (il, i2)as described in [6]. If the UE drops the PRACH

transmission, it sends power ramping suspension indicator to the higher layers. If the UE adjusts the
power of PRACH transmission, it may send power ramping suspension indicator to the higher layers.

- if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher
layer parameter DC-PowerControlMode does not indicate dual connectivity power control mode 1

- The UE shall use the procedures described in sub clause 5.1.4.2 .

- If a PRACH transmission on the Pcell in subframe i1of MCG overlaps in time another PRACH
transmission in subframe 12 of SCG, and if the time difference between the start of the two PRACH
transmissions is less than 30720 - T, and if the transmission timing of the PRACH on the Pcell (according
to subclause 6.1.1) is such that the UE is ready to transmit the PRACH on Pcell at least one subframe before
subframe ilof MCG, and if the total power of both the PRACH transmissions exceeds FSCMAX(il, 12), the
UE shall transmit the PRACH on the Pcell using the preamble transmission power Ppracn described in
subclause 6.1. The UE may drop or adjust the power of the PRACH transmission in subframe 12 of SCG
such that the total power does not exceed ISCMAX(il, 12), where ISCMAX(il, 12) is the linear value

configured transmitted power for Dual Connectivity for the subframe pair (il, i2)as described in [6]. If the

UE drops the PRACH transmissions, it sends power ramping suspension indicator to the higher layers. If the
UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher
layers.
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514.1 Dual connectivity power control Mode 1

If the UE PUSCH/PUCCH transmission(s) in subframe i1 of CG1 overlap in time with PUSCH/PUCCH
transmission(s) in more than one symbol of subframe 12 of CG2 or if at least the last symbol the UE PUSCH/PUCCH
transmission(s) in subframe i1 of CG1 overlap in time with SRS transmission(s) of subframe 12, and

- if the UE has a PUCCH/PUSCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1: If
the UE has a PUCCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1 and if

ISPUCCH _cc1(11) would exceed S1(i1), the UE scales FA’PUCCH _cc1(12) such that the condition
al(il) - PF,UCCH (i) = max{0, S1(i1)} is satisfied where 0 < ¢1(i1) <1 and

P PUCCH _CG1 (1) = a1(i1) - PPUCCH CGl(Il) If PPUCCH CGl(Il) would not exceed S1(il),
FA"F,UCCH e (D)= PF,UCCH _cc1(i1) . If the UE has a PUSCH transmission with UCI including HARQ-ACK in

A

subframe ilof serving cell ¢, € CG1, and if PF,USCH < (1) would exceed S1(i1), the UE scales
FA’PUSCH < (12) such that the condition c1(i1) - Poysey (, (11) = max{0, S1(i1)} is satisfied where
0<al(il) <1 and Py, o (i1) = a1(i1) - Pousch o (i) 1f Prsch < (i1) would not exceed S1(il),

P PUSCH ¢, (Il) PPUSCH ,C (Il)
S1(il) is determined as follows

0,
. ~ o ~ ~ .| max Yee2 iy (!
S1(i1) = Poyax (i1,i2) — P,y (i) — P, (i2) — min Pewax (iL,12) - 100 P,.(i2)
P’ (i2)
where
- Isul(il) = ISPRACH _CGl(il);

- ifCGlis MCG and CG2 is SCG,

Isql(iz) = ISPRACH _CG2 (i2);

B0 (2) = Brucen coalD+ Y (Prusonc, 12+ Phes ., (2) ]

¢,eCG2
- ifCGlisSCGand CG2is MCG

- if the UE has a PUCCH transmission with UCI including HARQ-ACK subframe 12 of CG2,

Isql(iz) = ISPRACH ce2(i2)+ Is'leCCH_CGz (i12);

Pai2)= > (ﬁpUSCH,CZ(i2)+ QSRS’Cz(iZ)J

¢,€CG2

- else if the UE has a PUSCH transmission with UCI including HARQ-ACK in subframe 12 of serving cell
J, €CG2,

Isql(iz) = lSPRACH_CGZ(iZ) + IS'PUSCH,jZ (i2);
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Pai2)= Y Posone, (i2)+ D P (i2);

c,eCG2,c,# ], c,eCG2

- otherwise,

|3q1(i2) = ISPRACH _CG2 (i2);

© P2 = Prcon_cor@@+ Y (Brusens, 1)+ Pl (2)

¢,eCG2

- if the UE has a PUCCH/PUSCH transmission with UCI not including HARQ-ACK/SR in subframe i1 of CG1:
If the UE has a PUCCH transmission with UCI not |nclud|ng HARQ-ACK/SR in subframe i1 of CG1 and if

PF,UCCH _cc1(11) would exceed S2(il), the UE scales PPUCCH _cc1(12) such that the condition

a2(il)- PPUCCHfCGl(Il) = max{O, SZ(Il)}ls satisfied where 0 < @2(i1) <1 and

P'oucen cor (1) = @2(i0) - Poycen co1(iL) - I Prycen cor (i) would not exceed S2(i1),

S cer (D)= Pucen _cc1(i1) . If the UE has a PUSCH transmission with UCI not including HARQ-
ACK in subframe iLof serving cell ¢, € CG1, and if Pyqc, < (i1) would exceed S2(i1), the UE scales
FA’PUSCH <, (11) such that the condition ¢2(i1)- FA’F,USCH o (11) = max{0, S2(i1)} is satisfied where
0<a2(il) <1 and P'oygn o (11) = 22(L) - Payscp o (i1) - If Poyserr o, (i) would not exceed S2(i1),

ISIPUSCH < (i) = ﬁPUSCH ,cl(il) .
S2(i1) is determined as follows

0,

A A s | max }/CGz
S2(i1) = Poyax (i1,12) = P, (i1) - P, (i2) — min Pewax (11,12) - (' )
P2 (i2)

where

|3u2 @iy = ISPRACH ce (1) + If"PUCCH ccy (11) if the UE has a PUCCH transmission with HARQ-ACK and
a PUSCH transmission with UCI not including HARQ-ACK in subframe i1 of CG1, otherwise,

Pu2 (il) = PPRACH _CGl(il) .
- ifCGlis MCG and CG2 is SCG

- if the UE has a PUCCH transmission with UCI including HARQ-ACK in subframe 12 of CG2,

q2(|2) PRACH CGZ(IZ) + PIPUCCH _CG2 (|2)

Pi2)= > (ﬁPUSCH,cz(iZ)+ QSRS'CZ(iZ));

¢,eCG2

- else if the UE has a PUSCH transmission with UCI including HARQ-ACK in subframe 12 of serving cell
j,eCG2,

|3q2 (i2) = ISPRACH _CG2 (i2) + ISIPUSCH,jz (i2)
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lslqz (IZ) = z IfSPUSCH ,Cy (IZ) + Z IS’SRS,CZ (IZ) ;

c,eCG2,C,o# ], c,eCG2

- otherwise,

|5q2 (i 2) = ISPRACH _CG2 (i2)

P 12) = Brocon_coz2)+ 2 (Prusonc, (2)+ Prs ., (12) )

¢,eCG2
- ifCGlis SCG and CG2 is MCG
- if the UE has a PUCCH transmission in subframe 12 of CG2 and/or a PUSCH transmission with UCI in
in subframe 12 of serving cell j, € CG2

Po2(12) = Pogacst_co2(i2) + P'oucen oz (12)+Plouscnr ;, (12)

- |3'q2 (i2) = Z ISPUSCH < (i2) + zﬁsRS,cz (i2)
c,eCG2,c,#], c,eCG2

A

P i2) = .
where, = PUCCH —CGZ( )=0 if the UE does not have a PUCCH transmission in subframe 12 of

Poec : (i2) =
CG2; PUSCH'JZ( )=0 if the UE does not have a PUSCH transmission with UCI in subframe
12 of CG2;

- otherwise

|5q2 (i2) = ISPRACH_CGZ(iZ)
|3'q2 (i2) = Z (F’SPUSCH Cy (i2) + ~SRS,c2 (i2))
¢,eCG2

- If the UE has PUSCH transmission(s) without UCI in subframe ilof CG1, the UE shall determine
0,

" " - maxy - . ~ .
S3(i1) = Poyax (11,i2) = Py (i1) — Py (i2) — min Pomax (11,12) - Z%GS - P,(i2)
P (i2)

where

- if the UE has a PUCCH transmission in subframe ilof CG1 and/or a PUSCH transmission with UCI in in
subframe iLlof serving cell j; € CGL P,;(i1) = Pogacr co1(iD) + P'oucen cor (1) + P'pyscr j, (i1
where Poycon _cc1(i1) =0 if the UE does not have a PUCCH transmission in subframe i1of

CG1, ISF,USCM1 (i1) = Oif the UE does not have a PUSCH transmission with UCI in subframe 11of CG1;

otherwise P, (i1) = Pogacys e (1)

- ifCGlis MCG and CG2 is SCG

- if the UE has a PUCCH transmission in subframe 12 of CG2 and/or a PUSCH transmission with UCI in
in subframe 12 of serving cell j, € CG2
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an(iz) = PPRACH _cez(iz) + P'PUCCH_CGZ (i2) + P'PUSCH,jz (i2)

- |3-q3 (12) = Z ISPUSCH < (i2) + Z ISSRS,CZ (i2)
c,eCG2,c# c,eCG2

A

PPUCCH _CG2 (i 2) =0

where, if the UE does not have a PUCCH transmission in subframe 12 of

CG2; Pouscrj, (12) =0 if the UE does not have a PUSCH transmission with UCI in subframe
i2of CG2;

- otherwise

I:A)qa (i2) = lsPRACH _CG2 (i 2)

|3qu (i2)= >, (ISPUSCH . (12)+ QSRS‘Z(iZ));

¢,eCG2

- ifCGlis SCG and CG2 is MCG

Py (i2) = Pogacr ce2(i2)+P'ocent co2 (12)+ D P ouscr, (i2)

¢,eCG2

Bi2)= 3 Pre. (i2)

¢,eCG2 .

- If the total transmit power of all the PUSCH transmission(s) without UCI in subframe i1of CG1 would exceed
S3(i1) , the UE scales Pyqcy ¢, (i1) for each serving cell ¢, € CG1 with a PUSCH transmission without UCI

in subframe i1 such that the condition Zw(il)- FA’PUSCHVCI(il) < max{0,S3(i1)} is satisfied, where
c,eCG1

I:A"PUSCH'c1 (i1) = w(il)- IsPUSCH,cl (i1) , and where w(il) is a scaling factor of FA’PUSCH'Cl (i2) for serving cell

c, where 0 <w(il) <1. Note that W(i1) values are the same across serving cells within a cell group
when w(il) > O but for certain serving cells within the cell group W(i1) may be zero. If the total transmit power
of all the PUSCH transmission(s) without UCI in subframe i1of CG1 would not exceed S3(il),

P'PUSCH,cl (il) = PPUSCH,cl (il) .

where
I:A’C,\,I ax (11,12) is the linear value of configured transmitted power for Dual Connectivity for the subframe pair
(il, i2)as described in [6];

- ifCGlis MCG and CG2 is SCG

ISPUCCH_Cel(il) is the linear value of Py ¢y, (i1) corresponding to PUCCH transmission on the primary

~

cell; Poycon co2 (i2) is the linear value of Py, (12) corresponding to PUCCH transmission on the
PSCell.

Yce1 = Vwmce

- ifCGlis SCG and CG2 is MCG;
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A

Pouccr cer (1) is the linear value of Py, (I1) corresponding to PUCCH transmission on the PSCell;

ﬁPUCCH7C62 (i2) is the linear value of Py, (2) corresponding to PUCCH transmission on the primary

cell.

Yee1 = Vsca s

A~

Pousch ¢, (11) is the linear value of Py, . (i1) for subframe ilof serving cell of serving cell ¢, € CG1, and

A

Pouscic, (12) is the linear value of Pyyscy; ¢, (12) for subframe i2 of serving cell of serving cell ¢, € CG2.

Vmce and ¥ are given by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;

If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CG1, Pog,cy ooy (il) is the

linear value of the transmission power of that PRACH transmission; otherwise, Pogacy o1 (i1) =0;

If the UE has a PRACH transmission for CG2 overlapping with subframe 12 of CG2, IspRACH _ce2(12) isthe

linear value of the transmission power of that PRACH transmission; otherwise, Pogacy c2(12) =0.

A

§SRS,CZ (i2) is determined as follows

- if the PUSCH/PUCCH is not transmitted in the last symbol of subframe i1 of CG1, or if the UE does not
have an SRS transmission in subframe 12 of serving cell C, € CG2 or if the UE drops SRS transmission

in subframe 12 of serving cell C, € CG2 due to collision with PUCCH in subframe 12 of serving cell
¢, eCG2

- ~SRs,c2 (i2)=0;

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe 12 of
serving cell ¢, € CG2

A~

ISSRS,CZ (i2) = ISSRS,CZ (12);

- if the UE has an SRS transmission and a has PUCCH transmission, and does not have a PUSCH
transmission in subframe 12 of serving cell C, € CG2

2 0’
P . (i2) =maxy -~ . 3 i
SRS, ¢, PSRs,cz (I2) - PPUCCH _CGZ(IZ)

- if the UE has an SRS transmission and a has PUSCH transmission, and does not have a PUCCH
transmission in subframe 12 of serving cell ¢, € CG2

2 0,
Paso (i2)=max{ ~ . :
SRS.c, PSRS,CZ (I 2) - PPUSCH ,Co (I 2)

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in in subframe
12 of serving cell ¢, € CG2
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Pas, (i2)=max{ ~ = - . _
Psres,c2 (12) = Poyscr < (12) = Poycen 7cez(|2)

If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across all the serving cells
within a TAG of a cell group CG1 would exceed S4(i1), the UE scales Pygg . (i1) for the serving cell

C, € CGland the SC-FDMA symbol in subframe i1 such that the condition Zv(il) : FA’SRSVCl (1) < S4(i1)
¢,eCG1

is satisfied, where FA"SRSCl (1) =v(i1)- ISSRS,cl (1) is the transmission power of SRS after scaling and where

FA’SRS’Cl (i1) isthe linear value of Py (i1) described in section 5.1.3.1, and V(i) is a scaling factor of FA’SR&Cl (i)

SRS.¢,
for serving cell €, € CG1 where 0 < V(i) <1. Note that V(i) values are the same across serving cells within the
same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for a serving cell in subframe 11ina TAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe i1for a serving cell in another TAG belonging to CG1, and if the total transmit power of the UE

for the Sounding Reference Symbol in the overlapped portion would exceed S4(il), the UE scales ISSRS,cl (i) for the
serving cell C, € CG1 and each of the overlapped SRS SC-FDMA symbols in subframe 11 such that the condition
ZV(il) . FA’SRS’C1 (1) < S4(i1) is satisfied, where ISISRS,cl (i1) = v(i1)- ISSRS,cl (i) is the transmission power of

¢,eCG1
SRS after scaling, and where V(il) is a scaling factor of IsSRS,cl (i1) for serving cell ¢, where 0 <Vv(il) <1. Note

that v(i1) values are the same across serving cells within a cell group.

S4(il) is determined as follows
0,

N A~ maxs< - L ~ .
SA(i1) = Poyyux (i1,12) - P,y (i2) — min Prax (L2) 722 = P, (i2)

P4 (i2)
where

- ifCGlis MCG and CG2 is SCG

P (i2) = Pogacyt_ce2(12) + Plovcen _co2 (12)+ D P ouscir, (12)

¢,€CG2

Pu(i2)= > Py, (i2)

c,eCG2

- ifCGlis SCG and CG2 is MCG

Pyt (i2) = Pogacyt_c02(2) + Pl oucen coz 02+ D P suscrg, (2)+ D P'sase, (i2)

¢,eCG2 ¢,eCG2
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P, (i2) =0
if the UE has no PUCCH transmission or has a shortened PUCCH transmission in subframe 12 of CG2,
ISIPUCCH_cez (i2) = 0; otherwise 5|PUCCH _CG2 (i2) = IS'PUCCH_CGZ (i2)
if the UE has no PUSCH transmission in the last symbol of subframe 12 of serving cell ¢, € CG2,
EIPUSCH © (12) = 0; otherwise S'PUSCH,CZ (i2) = ISIPUSCH < (i2)
if the UE has PRACH transmission in CG2 that overlaps with the last symbol of subframe 12 of CG2,

A

PRACH _cez(iz) = Poracr _cez(iz) ; otherwise PPRACH_CGZ(iZ) =0

For a cell group CG1

if the UE is configured with multiple TAGs within CG1, and if the PUCCH/PUSCH transmission of the UE on
subframe 1 for a given serving cell in a TAG of CG1 overlaps some portion of the first symbol of the PUSCH

transmission on subframe i+1 for a different serving cell in another TAG of CG1, the UE shall adjust its total
transmission power of CG1 such that the total transmission power of the UE across all CGs does not exceed

P.yax on any overlapped portion.

if the UE is configured with multiple TAGs within CG1, and if the PUSCH transmission of the UE on subframe
i for a given serving cell in a TAG of CG1 overlaps some portion of the first symbol of the PUCCH

transmission on subframe 1+1 for a different serving cell in another TAG of CG, the UE shall adjust its total
transmission power of CG1 such that the total transmission power of the UE across all CGs does not exceed

P.yax on any overlapped portion.

if the UE is configured with multiple TAGs within CG1, and if the SRS transmission of the UE in a symbol on
subframe | for a given serving cell in a TAG of CG1 overlaps with the PUCCH/PUSCH transmission on

subframe i or subframe 1+1 for a different serving cell in the same or another TAG of CG1, the UE shall drop
the SRS in CG1 if its total transmission power across all CGs exceeds P, 0n any overlapped portion of the
symbol.

if the UE is configured with multiple TAGs within CG1 and more than 2 serving cells within CG1, and if the
SRS transmission of the UE in a symbol on subframe 1 for a given serving cell in CG1 overlaps with the SRS
transmission on subframe | for a different serving cell(s) in CG1 and with PUSCH/PUCCH transmission on
subframe i or subframe i+1 for another serving cell(s) in CG1, the UE shall drop the SRS transmissions in
CGL if its total transmission power across all CGs exceeds P, on any overlapped portion of the symbol.

if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to
transmit PRACH in a secondary serving cell in CG1 in parallel with SRS transmission in a symbol on a
subframe of a different serving cell belonging to a different TAG of CG1, drop SRS in CG1 if its total

transmission power across all CGs exceeds P, on any overlapped portion of the symbol.

if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to
transmit PRACH in a secondary serving cell in CG1 in parallel with PUSCH/PUCCH in a different serving cell
belonging to a different TAG of CG1, adjust the transmission power of PUSCH/PUCCH in CGL1 so that the total

transmission power of the UE across all CGs does not exceed P,y on the overlapped portion.

5.14.2 Dual connectivity power control Mode 2

If the UE transmission(s) in subframe i1 of CG1 overlaps in time with transmission(s) in subframe 12 —1 and
subframe 12 of CG2, the UE shall determine
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PL. (i1) = min

where,

P.(i1)
Pouax (iL,i2-1) 282,
100
IDCMAX (il’ i2 _1) - PPRACH_CGl(il) —max Pclez(iz _1) + PPRACH_CGZ(i2 - 1)1

PPRACH_CGZ (i 2)

Bi) = e e+ 3 (Prosen oI+ Pr (1D

ceCG1

ISCMAX (i1,i2 —1) is the linear value of configured transmitted power for Dual Connectivity for the subframe

pair (il, i2 —1), as described in [6];

A

P i1)=0 . o )
puscr ¢ (1) , if the UE does not have a PUSCH transmission in serving cell € € CGl,

A

PPUCCH—Cel(Il) =0 if the UE does not have a PUCCH transmission in CG1;

51 7 _ .
PCGZ(IZ 1) =0 if the UE has no transmission in subframe 12-1 of CG2;

Yee1 =7mce  and 7ce2 = 7Vsce if cG1is MCG and CG2 is SCG:
Yeer =Vsce | and 7ce2 = 7Mee | if CG1is SCG and CG2 is MCG:

Ymee and 7'5cG gre given by Table 5.1.4.2-1 according to higher layer parameters P_MCG and P_SCG
respectively;

If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CG1, I:A’F,RACH cau(il)isthe

linear value of the transmission power of that PRACH transmission; otherwise, ; Pogacy 61 (11) =0

If the UE has a PRACH transmission for CG2 overlapping with subframe 12 of CG2, and if the transmission
timing of the PRACH transmission (according to subclause 6.1.1) is such that the UE is ready to transmit the

PRACH at least one subframe before subframe 12 of CG2, ISPRACH cc2 (12) is the linear value of the

transmission power of that PRACH transmission; otherwise, Popacy cg2(12) =0.

A

|Ss,Rs,c(i1) is determined as follows

- if the UE does not have an SRS transmission in subframe 11 of serving cell ¢ eCGl oy if the UE drops the
SRS transmission in subframe i1 of serving cell Ce CG1due to collision with a PUCCH transmission in

subframe 11 of serving cell ceCGl

- ~SRs,c (il) =0;

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe 11 of
serving cell C€ CG1
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- SRS,c (il) = PSRS,c (il) ;

- if the UE has an SRS transmission and a has PUCCH transmission, and does not have a PUSCH transmission
in subframe i1 of serving cell €€ CGl

2 0,
- Pigs o (11) = maxq ~ ) . _
- {PSRS,c(Il) - PPUCCH _CGl(Il)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not have a PUCCH transmission
in subframe i1 of serving cell €€ CG1

2 0,
Pags  (i1) = max: « . A .
e {PSRS,C(IJ') - PPUSCH ,c(ll)}

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in subframe
i1 of serving cell C€ CG1

2 0,
- ((11) = max< ~ ) A ) - )
o PSRS,C ('1) - PPUSCH ,c('l) - PPUCCH _CGl(Il)

where |55Rs,c(i1) is the linear value of Py . (i1) described in section 5.1.3.1.

If the UE determines based on higher layer signalling that transmission(s) on CG1 in subframe i do not overlap with
UE transmission(s) on other CG, then the UE shall use  Pag; (i) = Py (i), where Poyyay (i) is the linear value of

the UE total configured maximum output power P, (defined in [6]) in subframe i.

If ISPUCCH_Cel(i) would exceed P2, (i), the UE scales ISPUCCH_CGl(i) such that the condition

al(i)- FA’PUCCH ca() < Isclel(i) is satisfied where

- ifCGlis MCG, FA’F,UCCH cci (1) isthe linear value of Ppyccy (i) corresponding to PUCCH transmission on the

primary cell, in case there is no PUCCH transmission in subframe i on the primary cell Pp,ccpy cg1(1) =0

- ifCGlisSCG, |5puccn4_ce1(i) is the linear value of Ppycch (i) corresponding to PUCCH transmission on

PSCell, in case there is no PUCCH transmission in subframe i on the PSCell Pyycoy (1) = 0.

IIA’PUSCH’C(i) is the linear value of Ppygcp ¢ (i)
- 0< (i) < Lis ascaling factor of Poyoey oay(i) -

If the UE has PUSCH transmission with UCI on serving cell j € CG1, and FA’PUSCHJ- (i) would exceed P, (i) the

UE scales FA’PUSCH’J-(i) such that the condition ar2(i)- ISPUSCH,j (i) < P, (i) is satisfied where ISPUSCH,j(i) is the
linear value of the PUSCH transmit power for the cell with UCI, and 0 < ar2(i) < 1is a scaling factor of

A

Pouscn j (1) for serving cell  j e CG1.

If the total transmit power across all the serving cells of a cell group CG1 would exceed PClGl(i) , the UE scales

Ppusc,c (i) for the serving cell ¢ € CG1 in subframe i such that the
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condition Zw(i) : |5F,USCH'C (< (lsclel(i) - ﬁPUCCH_CGl(i)) is satisfied; and w(i) is a scaling factor of
ceCG1

ISPUSCH,c(i)for serving cell ¢ where 0<w(i)<1.

If the UE has PUSCH transmission with UCI on serving cell j € CG1 and PUSCH without UCI in any of the
remaining serving cells belonging to CG1, and the total transmit power across all the serving cells of CG1 would

exceed FA’clel(i) , the UE scales  Ppyscy ¢ (i) for the serving cells belonging to CG1 without UCI in subframe i such

that the condition Zw(i)- FA’PUSCH‘C(i) < (If’ClGl(i) - ﬁpuscm (I)) is satisfied;
ceCGl,c#j
where ISPUSCH,j (i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of ISPUSCH’C(i) for

serving cell C without UCI. In this case, no power scaling is applied to ISPUSCH]j(i)

unless ZW(i) “Poysc o (i) = 0 and the total transmit power across all of the serving cells of the CG1 still would
ceCGl,c#j

exceed P, (i).

If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j e CG1 and PUSCH
transmission without UCI in any of the remaining serving cells belonging to CG1, and the total transmit power across

all the serving cells of the CG1 would exceed P2 (i), the UE obtains Peuscr,c (1) according to

A

Pousch,j (i)= min(ISPUSCH,j (i), (Isclel(i) - IsPUCCH_CGl(i))) and
ZW(i) ’ ﬁPUSCH,c(i) < (ﬁclel(i) - ﬁPUCCH_CGl(i) - ﬁPUSCH,j ('))

ceCGl,c#j

where

- ifCGlis MCG, ISPUCCH_CGl(i) is the linear value of Ppyccp (i) corresponding to PUCCH transmission on the
primary cell.

- ifCGlisSCG, |5puccn4_ce1(i) is the linear value of Poycch (i) corresponding to PUCCH transmission on
PSCell.

Note that w(i) values are the same across serving cells within a cell group when w(i) > 0 but for certain serving cells
within the cell group w(i) may be zero.

If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across all the serving cells

within a TAG of a cell group CG1 would exceed If’clel(i) , the UE scales Pygs . (i) for the serving cell ¢ € CGland
the SC-FDMA symbol in subframe i such that the condition

- g . 21 -
ZV(I)- PSRS,C (') < Pcm(')
ceCGL
is satisfied where FA’SRS’C(i) is the linear value of Py . (i) described in section 5.1.3.1, and v(i) is ascaling factor of
FA’SRSYC(i) for serving cell ¢ € CG1 where 0 < V(i) <1. Note that V(i) values are the same across serving cells

within the same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for a serving cell in subframe | ina TAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe 1 for a serving cell in another TAG belonging to CG1, and if the total transmit power of the UE for
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the Sounding Reference Symbol in the overlapped portion would exceed Isclel(i) , the UE scales ISSRSYC(i)for the

serving cell ¢ € CG1 and each of the overlapped SRS SC-FDMA symbols in subframe | such that the condition

Zv(i) ) ISSRS,c (') < Isclel(i)

ceCG1
is satisfied where ISSRS’C(i) is the linear value of Py (i) described in section 5.1.3.1, and v(i) is a scaling factor of
Psrs.c (i) forserving cell ¢ € CG1 where 0 < V(i) <1. Note that V(i) values are the same across serving cells
within the same CG.
For a cell group CG1

- if the UE is configured with multiple TAGs within CG1, and if the PUCCH/PUSCH transmission of the UE on
subframe 1 for a given serving cell in a TAG of CG1 overlaps some portion of the first symbol of the PUSCH

transmission on subframe 1+1 for a different serving cell in another TAG of CG1, the UE shall adjust its total

transmission power of CG1 to not exceed Pchl on any overlapped portion.

- if the UE is configured with multiple TAGs within CG1, and if the PUSCH transmission of the UE on subframe
I for a given serving cell in a TAG of CG1 overlaps some portion of the first symbol of the PUCCH

transmission on subframe i+1 for a different serving cell in another TAG of CG1 the UE shall adjust its total

transmission power of CG1 to not exceed Pchl on any overlapped portion.

- if the UE is configured with multiple TAGs within CG1, and if the SRS transmission of the UE in a symbol on
subframe 1 for a given serving cell in a TAG of CG1 overlaps with the PUCCH/PUSCH transmission on

subframe i or subframe i+1 for a different serving cell in the same or another TAG of CG1 the UE shall drop

SRS if its total transmission power of CG exceeds FA’ClGl on any overlapped portion of the symbol.

- if the UE is configured with multiple TAGs within CG1 and more than 2 serving cells within CG1, and if the
SRS transmission of the UE in a symbol on subframe i for a given serving cell in the CG1 overlaps with the
SRS transmission on subframe i for a different serving cell(s) in CG1 and with PUSCH/PUCCH transmission

on subframe | or subframe 1+1 for another serving cell(s) in CG1, the UE shall drop the SRS transmissions in
CGL1 if the total transmission power of CG1 exceeds I:’ClGl on any overlapped portion of the symbol.
- if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to

transmit PRACH in a secondary serving cell in CG1 in parallel with SRS transmission in a symbol on a
subframe of a different serving cell belonging to a different TAG of CG1, drop SRS in CGL1 if the total

transmission power of CG1 exceeds PclGl on any overlapped portion in the symbol.
- if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to

transmit PRACH in a secondary serving cell in CG1 in parallel with PUSCH/PUCCH in a different serving cell
belonging to a different TAG in CG1, adjust the transmission power of PUSCH/PUCCH in CGL1 so that its total

transmission power of CG1 does not exceed PclGl on the overlapped portion.
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Table 5.1.4.2-1: y,,c (0Or ¥scs) values for determining power allocation for dual connectivity

(of ;I)\{Ig’e\INBB) Vmes OF V5o ) Value (in %)

0 0

1 5

2 10
3 15
4 20
5 30
6 37
7 44
8 50
9 56
10 63
11 70
12 80
13 90
14 95
15 100

5.2 Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

A UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant
across all subframes until different cell-specific RS power information is received. The downlink cell-specific
reference-signal EPRE can be derived from the downlink reference-signal transmit power given by the parameter
referenceSignalPower provided by higher layers. The downlink reference-signal transmit power is defined as the linear
average over the power contributions (in [W]) of all resource elements that carry cell-specific reference signals within
the operating system bandwidth.

The ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero
EPRE) for each OFDM symbol is denoted by either p, or pgaccording to the OFDM symbol index as given by

Table 5.2-2 and Table 5.2-3. In addition, p, and pg are UE-specific.

For a UE in transmission mode 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding
PDSCH is mapped or in transmission modes 1 — 7, the UE may assume that for 16 QAM, 64 QAM, or 256QAM, spatial
multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission
scheme,

- pa isequal to Opouer ofiser + Pa +10100,,(2) [dB] when the UE receives a PDSCH data transmission using
precoding for transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];

- pa isequal to o, + P, [dB] otherwise

power-offset

where 5p . is 0 dB for all PDSCH transmission schemes except multi-user MIMO and where P, is a UE specific

ower-offsef
parameter provided by higher layers.

For a UE configured with higher layers parameter servCellp-a-r12, and the UE in transmission modes 8-10 when UE-
specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1-
7, the UE may assume that for QPSK and transmission with single-antenna port or transmit diversity transmission
schemes or spatial multiplexing using a single transmission layer, and the PDSCH transmission is not associated with
the multi-user MIMO transmission scheme, and the PDSCH is scheduled by a PDCCH/EPDCCH with CRC scrambled
by C-RNTI,

- pa isequalto P, +10-log,, (2) [dB] when the UE receives a PDSCH data transmission using precoding for
transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];
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- pa isequal to P, [dB] otherwise

and where P, is given by the parameter servCellp-a-r12.

For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a
constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSs in the
corresponding PRBs. In addition, the UE may assume that for 16QAM, 64QAM, or 256QAM, this ratio is 0 dB.

For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSs is 0 dB.

For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is
mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol
containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise.

A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal
bandwidth and across all OFDM symbols that contain positioning reference signals in a given positioning reference
signal occasion [10].

If CSI-RS is configured in a serving cell then a UE shall assume downlink CSI-RS EPRE is constant across the
downlink system bandwidth and constant across all subframes for each CSI-RS resource.

The cell-specific ratio pg / p, is given by Table 5.2-1 according to cell-specific parameter Py signalled by higher
layers and the number of configured eNodeB cell specific antenna ports.

Table 5.2-1: The cell-specific ratio pg/p, for 1, 2, or 4 cell specific antenna ports

P, Pe! pa
One Antenna Port | Two and Four Antenna Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

For PMCH with 16QAM, 64QAM, or 256QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS
EPRE is equal to 0 dB.

Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the OFDM symbol indices within a slot where the
Number of | ratio of the corresponding PDSCH EPRE to the | ratio of the corresponding PDSCH EPRE to the
antc()arr:;\a cell-specific RS EPRE is denoted by p, cell-specific RS EPRE is denoted by pg
i Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
One or two 1,2,3,5,6 1,2,4,5 0,4 0,3
Four 2,356 2,4,5 0,1,4 0,1,3
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Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the

corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the OFDM symbol indices within a slot where the
Number ratio of the corresponding PDSCH EPRE to the ratio of the corresponding PDSCH EPRE to the
of cell-specific RS EPRE is denoted by pp cell-specific RS EPRE is denoted by pg
antenna Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
ports ngmod2 | n,mod2=| nmod2 | nmod2 | nymod2 | n;mod 2 ngmod2 | ngmod 2
=0 1 =0 =1 =0 =1 =0 =1
One or 1,2, 3,4, 0,1,2,3, 1,2,34, | 0,1,2,3, 0 ) 0 }
two 5,6 4,5,6 5 4,5
2,3,4,5, 0,123, 0,123,
Four 6 4.5, 6 2,4,3,5 45 0,1 - 0,1 -
5.2.1  eNodeB Relative Narrowband TX Power (RNTP) restrictions

The determination of reported Relative Narrowband TX Power indication RNTP(nPRB) is defined as follows:

M < RNTPthreshold

0 if
(p)
RNTP(Npgg) = - E,(Nors)
1 if nopromise about the upper limit of % is made

where E,(Npgg) is the maximum intended EPRE of UE-specific PDSCH REs in OFDM symbols not containing RS
in this physical resource block on antenna port p in the considered future time interval; N5 is the physical resource
block number Nges =0,..., N2 —1; RNTP, .4 takes on one of the following

values RNTP; oo1s € {— oo,—ll,—lO,—9,—8,—7,—6,—5,—4,—3,—2,—1,0,+l,+2,+3} [dB] and

p(P) i
max Af
Neg - Ngg

E (P —

max_nom

where P!?) s the base station maximum output power described in [7], and Af , NF?E'; and NSR(? are defined in [3].

max
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6 Random access procedure

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , “serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG

Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following
information from the higher layers:

- Random access channel parameters (PRACH configuration and frequency position)

- Parameters for determining the root sequences and their cyclic shifts in the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( N ), and set type (unrestricted or restricted set))

6.1 Physical non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access
preamble and random access response. The remaining messages are scheduled for transmission by the higher layer on
the shared data channel and are not considered part of the L1 random access procedure. A random access channel
occupies 6 resource blocks in a subframe or set of consecutive subframes reserved for random access preamble
transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved for random access
channel preamble transmission.

The following steps are required for the L1 random access procedure:
- Layer 1 procedure is triggered upon request of a preamble transmission by higher layers.

- A preamble index, a target preamble received power (PREAMBLE_RECEIVED _TARGET_POWER), a
corresponding RA-RNTI and a PRACH resource are indicated by higher layers as part of the request.

- A preamble transmission power Pprach is determined as
Perach = Min{ Pcpaxc (i), PREAMBLE_RECEIVED_TARGET_POWER + PL. }_[dBm], where

Pcmax c (1) s the configured UE transmit power defined in [6] for subframe i of serving cell ¢ and PL. is
the downlink path loss estimate calculated in the UE for serving cell c.

- A preamble sequence is selected from the preamble sequence set using the preamble index.

- Asingle preamble is transmitted using the selected preamble sequence with transmission power Pprach 0N the
indicated PRACH resource.

- Detection of a PDCCH with the indicated RA-RNTI is attempted during a window controlled by higher layers
(see [8], subclause 5.1.4). If detected, the corresponding DL-SCH transport block is passed to higher layers. The
higher layers parse the transport block and indicate the 20-bit uplink grant to the physical layer, which is
processed according to subclause 6.2.

6.1.1 Timing

For the L1 random access procedure, UE's uplink transmission timing after a random access preamble transmission is as
follows.

a) If a PDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport
block contains a response to the transmitted preamble sequence, the UE shall, according to the information in the
response, transmit an UL-SCH transport block in the first subframe n+k;, k; >6, if the UL delay field in
subclause 6.2 is set to zero where n+k; is the first available UL subframe for PUSCH transmission, where for TDD
serving cell, the first UL subframe for PUSCH transmission is determined based on the UL/DL configuration (i.e., the
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parameter subframeAssignment) indicated by higher layers. The UE shall postpone the PUSCH transmission to the
next available UL subframe after n+Xk; if the field is set to 1.

b) If arandom access response is received in subframe n, and the corresponding DL-SCH transport block does not
contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to
transmit a new preamble sequence no later than in subframe n+5.

c) If no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+4.

In case a random access procedure is initiated by a "PDCCH order" in subframe n, the UE shall, if requested by higher
layers, transmit random access preamble in the first subframe n+Xk,, k, =6, where a PRACH resource is available.

If a UE is configured with multiple TAGs, and if the UE is configured with the carrier indicator field for a given serving
cell, the UE shall use the carrier indicator field value from the detected "PDCCH order" to determine the serving cell for
the corresponding random access preamble transmission.

6.2 Random Access Response Grant

The higher layers indicate the 20-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [8].
This is referred to the Random Access Response Grant in the physical layer.
The content of these 20 bits starting with the MSB and ending with the LSB are as follows:

- Hopping flag — 1 bit

- Fixed size resource block assignment — 10 bits

- Truncated modulation and coding scheme — 4 bits
- TPC command for scheduled PUSCH - 3 bits

- UL delay -1 bit

- CSl request — 1 bit

The UE shall use the single-antenna port uplink transmission scheme for the PUSCH transmission corresponding to the
Random Access Response Grant and the PUSCH retransmission for the same transport block.

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding
Random Access Response Grant is set as 1 and the uplink resource block assignment is type 0, otherwise no PUSCH
frequency hopping is performed. When the hopping flag is set, the UE shall perform PUSCH hopping as indicated via
the fixed size resource block assignment detailed below.

The fixed size resource block assignment field is interpreted as follows:
if Ngg <44
Truncate the fixed size resource block assignment to its b least significant bits, where

b= (Iog 5 (N 5 -(N 5 +1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules for a
regular DCI format 0

else

Insert b most significant bits with value set to '0" after the Ny, nop hopping bits in the fixed size resource block
assignment, where the number of hopping bits Ny, nep is zero when the hopping flag bit is not set to 1, and is

defined in Table 8.4-1 when the hopping flag bit is set to 1, and b = (’_Iog2 (N 5 -(N 5 +1)/ 2)-‘ —10), and
interpret the expanded resource block assignment according to the rules for a regular DCI format 0

end if
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The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 in Table 8.6.1-1.

The TPC command 6,54, shall be used for setting the power of the PUSCH, and is interpreted according to Table 6.2-
1.

Table 6.2-1: TPC Command Jy,,, for Scheduled PUSCH

TPC Command | Value (in dB)
-6
-4
-2
0

~N|OoOOAWIN|IFO

2
4
6
8

In non-contention based random access procedure, the CSI request field is interpreted to determine whether an aperiodic
CQlI, PMI, and RI report is included in the corresponding PUSCH transmission according to subclause 7.2.1. In
contention based random access procedure, the CSI request field is reserved.

The UL delay applies for TDD, FDD and FDD-TDD and this field can be set to 0 or 1 to indicate whether the delay of
PUSCH is introduced as shown in subclause 6.1.1.

7 Physical downlink shared channel related procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
unless stated otherwise

- When the procedures are applied for MCG, the terms “secondary cell’, ‘secondary cells’, ‘serving cell’, and
‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell or serving cells belonging to the
MCG respectively unless stated otherwise. The terms ‘subframe” and ‘subframes’ refer to subframe or subframes
belonging to MCG.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell” and
‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the PSCell), serving cell,
serving cells belonging to the SCG respectively unless stated otherwise. The term ‘primary cell” in this clause
refers to the PSCell of the SCG. The terms “subframe’ and ‘subframes’ refer to subframe or subframes belonging
to SCG.

For FDD, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For FDD-TDD and primary cell frame structure type 1, there shall be a maximum of 8 downlink HARQ processes per
serving cell.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell,, if the UE
is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, the maximum number of downlink HARQ processes per
serving cell shall be determined by the UL/DL configuration (Table 4.2-2 of [3]), as indicated in Table 7-1.

For TDD, if a UE is configured with more than one serving cell and if the TDD UL/DL configuration of at least two
configured serving cells is not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and serving cell frame structure
type 2, the maximum number of downlink HARQ processes for a serving cell shall be determined as indicated in Table
7-1, wherein the "TDD UL/DL configuration™ in Table 7-1 refers to the DL-reference UL/DL configuration for the
serving cell (as defined in subclause 10.2).

For FDD-TDD and primary cell frame structure type 2 and serving cell frame structure type 1, the maximum number of
downlink HARQ processes for the serving cell shall be determined by the DL-reference UL/DL configuration for the
serving cell (as defined in subclause 10.2), as indicated in Table 7-2.
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The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ
processes for FDD, TDD and FDD-TDD.

Table 7-1: Maximum number of DL HARQ processes for TDD

TDD UL/DL configuration | Maximum number of HARQ processes
0 4
7
10
9
12
15
6

OO WIN|F

Table 7-2: Maximum number of DL HARQ processes for FDD-TDD, primary cell frame structure type
2, and serving cell frame structure type 1

DL-reference UL/DL Maximum number of HARQ processes
Configuration

10
11
12
15
16
16
12

OO W|INF|O

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfn-SubframeConfigList or by mbsfn-
SubframeConfigList-v12x0 of serving cell ¢, a UE shall

- upon detection of a PDCCH of the serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C, or 2D
intended for the UE in a subframe, or

- upon detection of an EPDCCH of the serving cell with DCI format 1, 1A, 1B, 1D, 2, 2A, 2B, 2C, or 2D intended
for the UE in a subframe

decode the corresponding PDSCH in the same subframe with the restriction of the number of transport blocks defined
in the higher layers.

If a UE is configured with more than one serving cell and if the frame structure type of any two configured serving cells
is different, then the UE is considered to be configured for FDD-TDD carrier aggregation.

Except for MBMS reception, the UE is not required to monitor PDCCH with CRC scrambled by the SI-RNTI on the
PSCell.

A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH
according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended
for the UE.

A UE configured with the carrier indicator field for a given serving cell shall assume that the carrier indicator field is
not present in any PDCCH of the serving cell in the common search space that is described in subclause 9.1. Otherwise,
the configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH/EPDCCH
located in the UE specific search space described in subclause 9.1 when the PDCCH/EPDCCH CRC is scrambled by C-
RNTI or SPS C-RNTI.

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the SI-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling
initialization of PDSCH corresponding to these PDCCHs is by SI-RNTI.

3GPP



Release 127T 45 3GPP TS 36.213 V12.5.0 (2015-03)

Table 7.1-1: PDCCH and PDSCH configured by SI-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the P-RNT], the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-2.
The scrambling initialization of PDSCH corresponding to these PDCCHs is by P-RNTI.

The UE is not required to monitor PDCCH with CRC scrambled by the P-RNTI on the PSCell.

Table 7.1-2: PDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by RA-RNTI.

When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, the UE is not required to
decode a PDSCH on the primary cell indicated by a PDCCH/EPDCCH with a CRC scrambled by C-RNTI or SPS C-
RNTI.

Table 7.1-3: PDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

The UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions signalled via
PDCCH/EPDCCH according to one of the transmission modes, denoted mode 1 to mode 10.

For frame structure type 1,

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in
which the number of OFDM symbols for PDCCH with normal CP is equal to four;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10, 11, 12, 13 or
14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with
a transmission of either PBCH or primary or secondary synchronization signals in the same subframe;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which distributed
VRB resource allocation is assigned.
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- The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

For frame structure type 2,

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in
which the number of OFDM symbols for PDCCH with normal CP is equal to four;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to
which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of
PBCH in the same subframe;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7, 8, 9, 10, 11, 12, 13 or
14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with
a transmission of primary or secondary synchronization signals in the same subframe;

- with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which distributed
VRB resource allocation is assigned in the special subframe with configuration #1 or #6;

- the UE is not expected to receive PDSCH on antenna port 7 for which distributed VRB resource allocation is
assigned;

- with normal cyclic prefix, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port
5 in DWPTS when the UE is configured with special subframe configuration 9.

- The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the C-RNT], the UE shall decode the
PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by C-RNTI.

If a UE is configured by higher layers to decode EPDCCH with CRC scrambled by the C-RNTI, the UE shall decode
the EPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5A. The
scrambling initialization of PDSCH corresponding to these EPDCCHs is by C-RNTI.

If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher
layers to decode PDCCH/EPDCCH with CRC scrambled by the C-RNT], then the UE shall decode PDSCH of the
serving cell indicated by the carrier indicator field value in the decoded PDCCH/EPDCCH.

When a UE configured in transmission mode 3, 4, 8, 9 or 10 receives a DCI Format 1A assignment, it shall assume that
the PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHs/EPDCCHs is by C-RNTI.

The UE does not support transmission mode 8 if extended cyclic prefix is used in the downlink.

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v12x0 of serving cell ¢ except in subframes
for the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE or, upon detection of an EPDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE, decode the corresponding PDSCH in the same subframe.
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A UE configured in transmission mode 10 can be configured with scrambling identities, n2VRS! i =01 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to a detected PDCCH/EPDCCH with CRC scrambled by the C-RNTI with DCI format 2D intended for the UE.
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Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission

Transmission scheme of PDSCH

mode DIEl S SEENE SEEEE corresponding to PDCCH
Common and :
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by C-RNTI "
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 3 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
- . Large delay CDD (see subclause 7.1.3) or Transmit
DCI format 2A UE specific by C-RNTI diversity (see subclause 7.1.2)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 2 UE specific by C-RNTI Closed-loop spatial multiplexing (see subclause 7.1.4)or
P Y Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1D UE specific by C-RNTI Multi-user MIMO (see subclause 7.1.5)
Common and - .
Mode 6 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1B UE specific by C-RNTI Clqsed-lqop spatial m_ult!plexmg (see subclause 7.1.4)
using a single transmission layer
Common and If the number of PBCH antenna ports is one, Single-
Mode 7 DCI format 1A UE specific by C-RNTI antenna port, port_O is usgd (see subclause 7.1.1),
otherwise Transmit diversity (see subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
Common and If the number of PBCH antenna ports is one, Single-
DCI format 1A e antenna port, port 0 is used (see subclause 7.1.1),
UE specific by C-RNTI . o .
otherwise Transmit diversity (see subclause 7.1.2)
Mode 8 —
Dual layer transmission, port 7 and 8 (see subclause
DCI format 2B UE specific by C-RNTI 7.1.5A) or single-antenna port, port 7 or 8 (see subclause
7.1.1)
e  Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port O is
DCI format 1A Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
C-RNTI diversity (see subclause 7.1.2)
Mode 9 . MBSFN subframe: Single-antenna port, port 7 (see
subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause
DCI format 2C UE specific by C-RNTI 7.1.5B) or single-antenna port, port 7 or 8 (see subclause
7.1.1)
. Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
DCI format 1A C-RNTI diversity (see subclause 7.1.2)
Mode 10 e  MBSFN subframe: Single-antenna port, port 7 (see

subclause 7.1.1)

DCI format 2D

UE specific by C-RNTI

Up to 8 layer transmission, ports 7-14 (see subclause
7.1.5B) or single-antenna port, port 7 or 8 (see subclause
7.1.1)
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Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

Transmission Search - .
mode DCI format Space Transmission scheme of PDSCH corresponding to EPDCCH
DCI format 1A EECS’?;,S'.PIC Single-antenna port, port 0 (see subclause 7.1.1)
Mode 1 U)I/E . =
specific . !
DCI format 1 by C-RNTI Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A 555F§§$f Transmit diversity (see subclause 7.1.2)
Mode 2 —
UE specific - .
DCI format 1 by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A gfé’?qeﬁ'.lf.'f Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 2A UE specific Large delay CDD (see subclause 7.1.3) or Transmit diversity (see subclause
by C-RNTI 7.1.2)
DCI format 1A 555F§§$f Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 2 UE specific Closed-loop spatial multiplexing (see subclause 7.1.4)or Transmit diversity
by C-RNTI (see subclause 7.1.2)
DCI format 1A g ECS %eﬁ'.lf.'lc Transmit diversity (see subclause 7.1.2)
Mode 5 U)I/E . =
specific .
DCI format 1D by C-RNTI Multi-user MIMO (see subclause 7.1.5)
DCI format 1A 555F§§$f Transmit diversity (see subclause 7.1.2)
Mode 6 UE specific Closed-loop spatial multiplexing (see subclause 7.1.4) using a single
DCI format 1B e
by C-RNTI transmission layer
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A P used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
by C-RNTI
Mode 7 7.1.2)
UE specific :
DCI format 1 by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A b used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
by C-RNTI
Mode 8 7.1.2)
DCI format 2B UE specific Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-
by C-RNTI antenna port, port 7 or 8 (see subclause 7.1.1)
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise
Mode 9 by C-RNTI Transmit diversity (see subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
DCI format 2C UE specific Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-
by C-RNTI antenna port, port 7 or 8 (see subclause 7.1.1)
. Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise
Mode 10 by C-RNTI Transmit diversity (see subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
DCI format 2D UE specific Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-
by C-RNTI antenna port, port 7 or 8 (see subclause 7.1.1)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6. The same PDSCH related configuration applies in the case that a PDSCH is
transmitted without a corresponding PDCCH. The scrambling initialization of PDSCH corresponding to these PDCCHSs
and PDSCH without a corresponding PDCCH is by SPS C-RNTI.

If a UE is configured by higher layers to decode EPDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6A. The same PDSCH related configuration applies in the case that a PDSCH is
transmitted without a corresponding EPDCCH. The scrambling initialization of PDSCH corresponding to these
EPDCCHs and PDSCH without a corresponding EPDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals for PDSCH
corresponding to these PDCCHs/EPDCCHs and for PDSCH without a corresponding PDCCH/EPDCCH is by SPS C-

RNTI.

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v12x0 of serving cell ¢ except in subframes for

the serving cell

3GPP




Release 127T 50 3GPP TS 36.213 V12.5.0 (2015-03)

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or
upon detection of a EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or for a configured
PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, n,%MRS’i , i=01 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to a detected PDCCH/EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 2D intended for the UE.

For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use the value of Ny, and the scrambling

(nseip)

identity of Ny (as defined in subclause 6.10.3.1 of [3]) derived from the DCI format 2D corresponding to the
associated SPS activation for UE-specific reference signal generation.

Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PDSCH corresponding to
mode P PDCCH
Common and :
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by C-RNTI y -
DCI format 1 UE specific by C-RNTI | Transmit diversity (see subclause 7.1.2)
DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
Mode 3 UE specific by C-RNTI y -
DCI format 2A UE specific by C-RNTI | Transmit diversity (see subclause 7.1.2)
DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
Mode 4 UE specific by C-RNTI Y -
DCI format 2 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and o .
Mode 6 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and .
Mode 7 DCI format 1A UE specific by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port 5 (see subclause 7.1.1)
Common and .
Mode 8 DCI format 1A UE specific by C-RNTI Single-antenna port, port 7(see subclause 7.1.1)
DCI format 2B UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see subclause 7.1.1)
Common and .
Mode 9 DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
DCI format 2C UE specific by C-RNTI | Single-antenna port, port 7 or 8, (see subclause 7.1.1)
Common and :
Mode 10 DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
DCI format 2D UE specific by C-RNTI | Single-antenna port, port 7 or 8, (see subclause 7.1.1)
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Table 7.1-6A: EPDCCH and PDSCH configured by SPS C-RNTI
Tran;rg(;zsion DCl format | Search Space Transmission schemgslfjggaCH corresponding to
DCI format 1A g_ER?\lpﬁCiﬁC by Single-antenna port, port O (see subclause 7.1.1)
Mode 1 DCI format 1 g_ERT\lp.ﬁCiﬁc by Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A g_ERT\IP.?ICiﬁC by Transmit diversity (see subclause 7.1.2)
Mode 2 DCI format 1 g_ERf\Ip.ﬁCiﬁC by Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ER?\lpﬁCiﬁC by Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 2A g_ERT\lp.ﬁCiﬁc by Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ERT\IP.?ICiﬁC by Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 2 g_ERf\Ip.ﬁCiﬁC by Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A g_ER?\lpﬁCiﬁC by Transmit diversity (see subclause 7.1.2)
Mode 6 DCI format 1A g_ERT\lp.ﬁCiﬁc by Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ERT\IP.?ICiﬁC by Single-antenna port, port 5 (see subclause 7.1.1)
Mode 7 DCI format 1 g_ERf\Ip.ﬁCiﬁC by Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1A g_ERT\lp_ﬁcific by Single-antenna port, port 7(see subclause 7.1.1)
Mode 8 DCI format 2B g_ERT\lp.ﬁCiﬁc by Single-antenna port, port 7 or 8 (see subclause 7.1.1)
DCI format 1A g_ERilpﬁCiﬁC by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9 DCI format 2C g_ERf\Ip.ﬁCiﬁC by Single-antenna port, port 7 or 8, (see subclause 7.1.1)
DCI format 1A g_ERT\lp_ﬁcific by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 10

DCI format 2D

UE specific by
C-RNTI

Single-antenna port, port 7 or 8, (see subclause 7.1.1)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode PDCCH with CRC scrambled by the C-RNT], the UE shall decode the PDCCH and the
corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding to these PDCCHs is by Temporary C-RNTI.

Table 7.1-7: PDCCH and PDSCH configured by Temporary C-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH
Common _and If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
DCI format 1A | UE specific . o .
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
by Temporary C-RNTI
DCI format 1 UE specific If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
by Temporary C-RNTI | subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

The transmission schemes of the PDSCH are described in the following sub-subclauses.

7.1.1

Single-antenna port scheme

For the single-antenna port transmission schemes (port 0, port 5, port 7 or port 8) of the PDSCH, the UE may assume
that an eNB transmission on the PDSCH would be performed according to subclause 6.3.4.1 of [3].

In case an antenna port p e{7,8} is used, the UE cannot assume that the other antenna port in the set {7,8} is not

associated with transmission of PDSCH to another UE.
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7.1.2 Transmit diversity scheme

For the transmit diversity transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to subclause 6.3.4.3 of [3]

7.1.3 Large delay CDD scheme

For the large delay CDD transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to large delay CDD as defined in subclause 6.3.4.2.2 of [3].

7.1.4  Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to the applicable number of transmission layers as defined
in subclause 6.3.4.2.1 of [3].

7.1.5 Multi-user MIMO scheme

For the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layer and according to subclause 6.3.4.2.1 of [3]. The O, dB value

power-offset

signalled on PDCCH/EPDCCH with DCI format 1D using the downlink power offset field is given in Table 7.1.5-1.

Table 7.1.5-1: Mapping of downlink power offset field in DCI format 1D to the 5power_oﬁset value.

Downlink power offset field | Opouer-ofset [B]

0 -10|Og 10(2)
1 0

7.1.5A Dual layer scheme

For the dual layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with two transmission layers on antenna ports 7 and 8 as defined in subclause 6.3.4.4 of [3].

7.1.5B Up to 8 layer transmission scheme

For the up to 8 layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with up to 8 transmission layers on antenna ports 7 - 14 as defined in subclause 6.3.4.4 of [3].

7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH/EPDCCH DCI format detected. A
resource allocation field in each PDCCH/EPDCCH includes two parts, a resource allocation header field and
information consisting of the actual resource block assignment.

PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type
1 resource allocation have the same format and are distinguished from each other via the single bit resource allocation
header field which exists depending on the downlink system bandwidth (subclause 5.3.3.1 of [4]), where type O is
indicated by 0 value and type 1 is indicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D have a type 2
resource allocation while PDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
PDCCH DCI formats with a type 2 resource allocation do not have a resource allocation header field.

EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with
type 1 resource allocation have the same format and are distinguished from each other via the single bit resource
allocation header field which exists depending on the downlink system bandwidth (subclause 5.3.3.1 of [4]), where type
0 is indicated by 0 value and type 1 is indicated otherwise. EPDCCH with DCI format 1A, 1B, and 1D have a type 2
resource allocation while EPDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
EPDCCH DCI formats with a type 2 resource allocation do not have a resource allocation header field.
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A UE may assume, for any PDSCH transmission scheduled by a cell with physical cell identity given in NAICS-
Assistancelnfo-r12 and the PDSCH transmission mode belonging to transmissionModeList-r12 associated with the cell
except spatial multiplexing using up to 8 transmission layers in transmission mode 10, that the resource allocation
granularity and precoding granularity in terms of PRB pairs in the frequency domain are both given by N, where N is
given by the higher layer parameter resAllocGranularity-r12 associated with the cell. The first set of N consecutive
PRB pairs of the resource allocation starts from the lowest frequency of the system bandwidth and the UE may assume
the same precoding applies to all PRB pairs within a set.

7.1.6.1 Resource allocation type 0

In resource allocations of type 0, resource block assignment information includes a bitmap indicating the Resource
Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource
blocks (VRBs) of localized type as defined in subclause 6.2.3.1 of [3]. Resource block group size (P) is a function of

the system bandwidth as shown in Table 7.1.6.1-1. The total number of RBGs ( N ) for downlink system bandwidth
of NG5 isgiven by Nggg = ’VN% / P-‘ where LN Re ! PJ of the RBGs are of size P and if NS5 modP >0 then one

of the RBGs is of size NR5 — P - \_N R ! PJ. The bitmap is of size Ngg bits with one bitmap bit per RBG such that

each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG
sizes starting at the lowest frequency. The order of RBG to bitmap bit mapping is in such way that RBG 0 to

RBG Nggg —1 are mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit
value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

Table 7.1.6.1-1: Type O resource allocation RBG size vs. Downlink System Bandwidth

System Bandwidth | RBG Size
NSL P)
<10 1
11-26 2
27 - 63 3
64 — 110 4
7.1.6.2 Resource allocation type 1

In resource allocations of type 1, a resource block assignment information of size Ngg; indicates to a scheduled UE

the VRBs from the set of VRBs from one of P RBG subsets. The virtual resource blocks used are of localized type as
defined in subclause 6.2.3.1 of [3]. Also P is the RBG size associated with the system bandwidth as shown in Table

7.1.6.1-1. ARBG subset P, where 0 < p < P, consists of every P th RBG starting from RBG P . The resource
block assignment information consists of three fields [4].

The first field with |_IogZ(P)-| bits is used to indicate the selected RBG subset among P RBG subsets.

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1
indicates shift is triggered. Shift is not triggered otherwise.

The third field includes a bitmap, where each bit of the bitmap addresses a single VRB in the selected RBG subset in
such a way that MSB to LSB of the bitmap are mapped to the VRBs in the increasing frequency order. The VRB is

allocated to the UE if the corresponding bit value in the bit field is 1, the VRB is not allocated to the UE otherwise.

The portion of the bitmap used to address VRBs in a selected RBG subset has size Ngg = and is defined as

NTYPEL =[N2Y /P | —[log,(P)] -1

The addressable VRB numbers of a selected RBG subset start from an offset, Ay (P) to the smallest VRB number

within the selected RBG subset, which is mapped to the MSB of the bitmap. The offset is in terms of the number of
VRBs and is done within the selected RBG subset. If the value of the bit in the second field for shift of the resource
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allocation span is set to 0, the offset for RBG subset P is givenby Ay (P) = 0. Otherwise, the offset for RBG
subset P isgivenby A (p) = NS (p) — N where the LSB of the bitmap is justified with the

highest VRB number within the selected RBG subset. N2 () is the number of VRBs in RBG subset | and
can be calculated by the following equation,
DL DL
NLZ:L P+P p< M mod P
L P P
DL DL
N REG subset (1) — NRPBZ 1 P+(NR5 -)modP+1 ,p= % mod P
L ] L _
DL DL
NRBZ Lip ,p>MmodP
L PT L P

Consequently, when RBG subset p is indicated, bit i for i=0,1,---,Ngs =" —1 in the bitmap field indicates VRB
number,

R ()= AR 7.4 () mocp

7.1.6.3 Resource allocation type 2

In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource
allocation signalled with PDCCH DCI format 1A, 1B or 1D, or for resource allocation signalled with EPDCCH DCI
format 1A, 1B, or 1D, one bit flag indicates whether localized virtual resource blocks or distributed virtual resource
blocks are assigned (value 0 indicates Localized and value 1 indicates Distributed VRB assignment) while distributed
virtual resource blocks are always assigned in case of resource allocation signalled with PDCCH DCI format 1C.
Localized VRB allocations for a UE vary from a single VRB up to a maximum number of VRBs spanning the system

bandwidth. For DCI format 1A the distributed VRB allocations for a UE vary from a single VRB upto N>t VRBs,
where ND2- is defined in [3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DClI

VRB

format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-
RNTI or Temporary C-RNTI distributed VRB allocations for a UE vary froma single VRBupto N, VRBs if

NpAt is 6-49 and vary from a single VRB up to 16 if NP2t is 50-110. With EPDCCH DCI format 1B, 1D with a CRC

scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-RNTI distributed VRB
allocations for a UE vary from asingle VRB upto NJ.. VRBs if NE- is 6-49 and vary from a single VRB up to 16
if N2t is50-110. With PDCCH DCI format 1C, distributed VRB allocations for a UE vary from N3 VRB(s) up to
|_N ol N;l;PJ. N VRBs with an increment step of N3, where N5 value is determined depending on the

downlink system bandwidth as shown in Table 7.1.6.3-1.

Table 7.1.6.3-1: N2 values vs. Downlink System Bandwidth

System BW (N RDé‘) Nrg
DCI format 1C
6-49 2
50-110 4

For PDCCH DCI format 1A, 1B or 1D, or for EPDCCH DCI format 1A, 1B, or 1D, a type 2 resource allocation field
consists of a resource indication value (RIV) corresponding to a starting resource block ( RBg,,; ) and a length in terms

of virtually contiguously allocated resource blocks L g, - The resource indication value is defined by
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if (Lenge —1) <|N2-/2] then

RIV = N2 (Leses —1) + RB

start

else
RIV = NFIQDI; NF?BL - LCRBs +1)+(NFIQDBL -1- RBstart)

DL
where Lpgs > 1 and shall not exceed Npg — RBg, -

For PDCCH DCI format 1C, a type 2 resource block assignment field consists of a resource indication value (RIV)

corresponding to a starting resource block (RBg, =0, N3P, 2N3%,..., (|_N\5’F§B / N;‘;"J—l)N;‘;p) and a length in terms

of virtually contiguously allocated resource blocks (Lcggs = N3P, 2N ..., |_N oINS J N ).
The resource indication value is defined by:

if (L —1) <| N2 /2] then
RIV = N\;RDé(LéRBs _1) + RBétart

else
DL DL ' DL '
RIV = Nygg (Nygg — Liggs +1) + (Nygg —1—RBg,1)
where Ligg = Lepgs / NFSet;p’ RB.: = RBy, / NFsetép and N\'/RDIIB_ = |_NVDRLB / Nét;pj' Here,

' 'DL '
Liggs = 1 and shall not exceed Nygz —RB, -

7.1.6.4 PDSCH starting position
The starting OFDM symbol for the PDSCH of each activated serving cell is given by index | inthe firstslotina
subframe.

For a UE configured in transmission mode 1-9, for a given activated serving cell

- ifthe PDSCH is assigned by EPDCCH received in the same serving cell, or if the UE is configured to monitor
EPDCCH in the subframe and the PDSCH is not assigned by a PDCCH/EPDCCH, and if the UE is configured
with the higher layer parameter epdcch-StartSymbol-r11

- Ioatasan jg given by the higher-layer parameter epdcch-StartSymbol-ri1.

- else if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

- Ibatasan jg given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received,

- Otherwise

- oasint s given by the CFI value in the subframe of the given serving cell when NE% >10, and Ipastart 1S

given by the CFI value + 1 in the subframe of the given serving cell when NS5 <10,

For a UE configured in transmission mode 10, for a given activated serving cell

- if the PDSCH is assigned by a PDCCH with DCI format 1C or by a PDCCH with DCI format 1A and with CRC
scrambled with P-RNTI/RA-RNTI/SI-RNTI/Temporary C-RNTI
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- oatestrt s given by the span of the DCI given by the CFI value in the subframe of the given serving cell

according to subclause 5.3.4 of [4].

- ifthe PDSCH is assigned by a PDCCH/EPDCCH with DCI format 1A and with CRC scrambled with C-RNTI
and if the PDSCH transmission is on antenna ports 0 - 3

- ifthe PDSCH is assigned by EPDCCH received in the same serving cell

- Dawstart jsgiven by | opccpsun fOr the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

received (| as defined in subclause 9.1.4.1),

EPDCCHStart

- else if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells
- baasan jg given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received.

- otherwise

- oaasan jg given by the CFI value in the subframe of the given serving cell when N 3% >10, and | patastart

is given by the CFI value+1 in the subframe of the given serving cell when N % <10.

- if the PDSCH is assigned by or semi-statically scheduled by a PDCCH/EPDCCH with DCI format 1A and if the
PDSCH transmission is on antenna port 7

- if the value of the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table 7.1.9-1
for the serving cell on which PDSCH is received belongs to {1,2,3,4},

- Vowsunjg given by the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table

7.1.9-1 for the serving cell on which PDSCH is received.
- else,
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

- oaasen g given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received

- otherwise

- oaastan is given by the CFI value in the subframe of the given serving cell when N F?E'; >10, and

Datastrt i given by the CFI value + 1 in the subframe of the given serving cell when N5 <10.

- if the subframe on which PDSCH is received is indicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from parameter set 1 in table 7.1.9-1 for the serving cell on which
PDSCH is received, or if the PDSCH is received on subframe 1 or 6 for the frame structure type 2,

- IDataStart = min(2, IDataStan ) ,

- otherwise

- DataStart

DataStart |

- if the PDSCH is assigned by or semi-persistently scheduled by a PDCCH/EPDCCH with DCI format 2D,

- if the value of the higher layer parameter pdsch-Start-r11 determined from the DCI (according to subclause
7.1.9) for the serving cell on which PDSCH is received belongs to {1,2,3,4},

= lpuswn 1S iven by parameter pdsch-Start-r11 determined from the DCI (according to subclause 7.1.9) for
the serving cell on which PDSCH is received
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- else,
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,
= lpusar 1S Given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is
received

- Otherwise

| is given by the CFI value in the subframe of the given serving cell when N % >10, and

DataStart

pastart js given by the CFl value+1 in the subframe of the given serving cell when NZJ% <10.

- if the subframe on which PDSCH is received is indicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from the DCI (according to subclause 7.1.9) for the serving cell on
which PDSCH is received, or if the PDSCH is received on subframe 1 or 6 for frame structure type 2,

IDataStan = min(2, IDataStar[)’

- otherwise

- DataStart

DataStart |

7.1.6.5 Physical Resource Block (PRB) bundling

A UE configured for transmission mode 9 for a given serving cell ¢ may assume that precoding granularity is multiple
resource blocks in the frequency domain when PMI/RI reporting is configured.

For a given serving cell ¢, if a UE is configured for transmission mode 10

- if PMI/RI reporting is configured for all configured CSI processes for the serving cell c, the UE may assume that
precoding granularity is multiple resource blocks in the frequency domain,

- otherwise, the UE shall assume the precoding granularity is one resource block in the frequency domain.

Fixed system bandwidth dependent Precoding Resource block Groups (PRGS) of size P’ partition the system
bandwidth and each PRG consists of consecutive PRBs. If N % modP’>0 then one of the PRGs is of size

N F?é_ - P’\_N % / P’J. The PRG size is non-increasing starting at the lowest frequency. The UE may assume that the
same precoder applies on all scheduled PRBs within a PRG.

The PRG size a UE may assume for a given system bandwidth is given by:

Table 7.1.6.5-1
System Bandwidth PRG Size (P')
(NRS) (PRBS)
<10 1
11 - 26 2
27 - 63 3
64 — 110 2
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7.1.7 Modulation order and transport block size determination

To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall
first

- read the 5-bit "modulation and coding scheme" field ( I, ) in the DCI

and second if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNT]I then
- for DCI format 1A:

- setthe Table 7.1.7.2.1-1 column indicator N, to Nprg from subclause 5.3.3.1.3 in [4]
- for DCI format 1C:
- use Table 7.1.7.2.3-1 for determining its transport block size.
else
- set Npgg to the total number of allocated PRBs based on the procedure defined in subclause 7.1.6.

if the transport block is transmitted in DWPTS of the special subframe in frame structure type 2, then

- for special subframe configuration 9 with normal cyclic prefix or special subframe configuration 7 with
extended cyclic prefix:

N =max{ N’..x0.375], 1}
- setthe Table 7.1.7.2.1-1 column indicator PRB L PRB J

- for other special subframe configurations:

- setthe Table 7.1.7.2.1-1 column indicator Nz = Max {L Npgg X 0.75J, 1} ,

else, set the Table 7.1.7.2.1-1 column indicator Npzp = Niqg -

The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than
0.931, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded. For the special subframe configurations 0 and 5 with
normal downlink CP or configurations 0 and 4 with extended downlink CP, shown in Table 4.2-1 of [3], there shall be
no PDSCH transmission in DWPTS of the special subframe.

7.1.7.1 Modulation order determination
The UE shall use Q,, =2 if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI, otherwise,

- if the higher layer parameter altCQI-Table-r12 is configured, and if the PDSCH is assigned by a
PDCCH/EPDCCH with DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI,

- the UE shall use I, and Table 7.1.7.1-1A to determine the modulation order (Q,, ) used in the physical
downlink shared channel.

- else

- the UE shall use |, and Table 7.1.7.1-1 to determine the modulation order (Q,, ) used in the physical
downlink shared channel.
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Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

MCS Index | Modulation Order | TBS Index
I MCS Qm ITBS
0 2 0
1 2 1
2 2 2
3 2 3
4 2 4
5 2 5
6 2 6
7 2 7
8 2 8
9 2 9
10 4 9
11 4 10
12 4 11
13 4 12
14 4 13
15 4 14
16 4 15
17 6 15
18 6 16
19 6 17
20 6 18
21 6 19
22 6 20
23 6 21
24 6 22
25 6 23
26 6 24
27 6 25
28 6 26

29 2
30 4 reserved
31 6

Table 7.1.7.1-1A. Modulation and TBS index table 2 for PDSCH

MCS Index | Modulation Order | TBS Index
Iics Qn I g5
0 2 0
1 2 2
2 2 4
3 2 6
4 2 8
5 4 10
6 4 11
7 4 12
8 4 13
9 4 14
10 4 15
11 6 16
12 6 17
13 6 18
14 6 19
15 6 20
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7.1.7.2

MCS Index | Modulation Order | TBS Index

Iics Q I g5
16 6 21
17 6 22
18 6 23
19 6 24
20 8 25
21 8 27
22 8 28
23 8 29
24 8 30
25 8 31
26 8 32
27 8 33
28 2

29 4

30 6 reserved
31 8

Transport block size determination

If the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then

for DCI format 1A:

the UE shall set the TBS index ( 1,55 ) equal to 1,,.s and determine its TBS by the procedure in subclause
7.1.72.1fFor 0<1,,,<26.

for DCI format 1C:

the UE shall set the TBS index ( 1;55) equal to 1, and determine its TBS from Table 7.1.7.2.3-1.

else if the higher layer parameter altCQI-Table-r12 is configured, then

for DCI format 1A with CRC scrambled by C-RNTI and for DCI format 1/1A/2/2A/2B/2C/2D with CRC
scrambled by SPS C-RNTI:

for 0<1,,.s <28, the UE shall first determine the TBS index (I ) using I,.c and Table 7.1.7.1-1 except if

the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For a transport block
that is not mapped to more than single-layer spatial multiplexing, the TBS is determined by the procedure in
subclause 7.1.7.2.1.

for29 <1,,.s <31, the TBS is assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0 < I, < 33. If there is no PDCCH/EPDCCH for the
same transport block using0 < I, < 26, and if the initial PDSCH for the same transport block is semi-
persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling
assignment PDCCH/EPDCCH.

In DCI formats 2, 2A, 2B, 2C and 2D a transport block is disabled if |
transport block is enabled.

ves =0 and if rvig, = 1 otherwise the

for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI
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else

- for 0<1,,. <27, the UE shall first determine the TBS index ( |55 ) using I ,s and Table 7.1.7.1-1A except

if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For a transport
block that is not mapped to more than single-layer spatial multiplexing, the TBS is determined by the
procedure in subclause 7.1.7.2.1. For a transport block that is mapped to two-layer spatial multiplexing, the
TBS is determined by the procedure in subclause 7.1.7.2.2. For a transport block that is mapped to three-layer
spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.4. For a transport block that
is mapped to four-layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.5.

- for 28<1,,. <31, the TBS is assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0 <1 . <33.

- InDCI formats 2, 2A, 2B, 2C and 2D a transport block is disabled if I, .. =0 and if rvig = 1 otherwise the
transport block is enabled.

for0 < 1.5 <28, the UE shall first determine the TBS index (1,5 ) using I,,.s and Table 7.1.7.1-1 except if the

transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For a transport block that is
not mapped to more than single-layer spatial multiplexing, the TBS is determined by the procedure in subclause
7.1.7.2.1. For a transport block that is mapped to two-layer spatial multiplexing, the TBS is determined by the
procedure in subclause 7.1.7.2.2. For a transport block that is mapped to three-layer spatial multiplexing, the
TBS is determined by the procedure in subclause 7.1.7.2.4. For a transport block that is mapped to four-layer
spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.5.

for29 < I,,cs <31, the TBS is assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0 < I,,.s <28 . If there is no PDCCH/EPDCCH for the
same transport block using0 < |, <28, and if the initial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment
PDCCH/EPDCCH.

In DCI formats 2, 2A, 2B, 2C and 2D a transport block is disabled if 1,,.; =0 and if rviy = 1 otherwise the
transport block is enabled.

The NDI and HARQ process ID, as signalled on PDCCH/EPDCCH, and the TBS, as determined above, shall be
delivered to higher layers.

7.1.7.2.1 Transport blocks not mapped to two or more layer spatial multiplexing

Forl< Npgg <110, the TBS is given by the (1155, Npgg ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 34x110)

N ore
I TBS

1 2 3 4 5 6 7 8 9 10

0 16 32 56 88 120 152 176 208 224 256

1 24 56 88 144 176 208 224 256 328 344

2 32 72 144 176 208 256 296 328 376 424

3 40 104 176 208 256 328 392 440 504 568

4 56 120 208 256 328 408 488 552 632 696

5 72 144 224 328 424 504 600 680 776 872
6 328 176 256 392 504 600 712 808 936 1032
7 104 224 328 472 584 712 840 968 1096 1224
8 120 256 392 536 680 808 968 1096 1256 1384
9 136 296 456 616 776 936 1096 1256 1416 1544
10 144 328 504 680 872 1032 1224 1384 1544 1736
11 176 376 584 776 1000 1192 1384 1608 1800 2024
12 208 440 680 904 1128 1352 1608 1800 2024 2280
13 224 488 744 1000 1256 1544 1800 2024 2280 2536
14 256 552 840 1128 1416 1736 1992 2280 2600 2856
15 280 600 904 1224 1544 1800 2152 2472 2728 3112
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16 328 632 968 1288 1608 1928 2280 2600 2984 3240
17 336 696 1064 1416 1800 2152 2536 2856 3240 3624
18 376 776 1160 1544 1992 2344 2792 3112 3624 4008
19 408 840 1288 1736 2152 2600 2984 3496 3880 4264
20 440 904 1384 1864 2344 2792 3240 3752 4136 4584
21 488 1000 1480 1992 2472 2984 3496 4008 4584 4968
22 520 1064 1608 2152 2664 3240 3752 4264 4776 5352
23 552 1128 1736 2280 2856 3496 4008 4584 5160 5736
24 584 1192 1800 2408 2984 3624 4264 4968 5544 5992
25 616 1256 1864 2536 3112 3752 4392 5160 5736 6200
26 712 1480 2216 2984 3752 4392 5160 5992 6712 7480

N PRB
11 12 13 14 15 16 17 18 19 20
288 328 344 376 392 424 456 488 504 536
1 376 424 456 488 520 568 600 632 680 712
2 472 520 568 616 648 696 744 776 840 872
3 616 680 744 808 872 904 968 1032 1096 1160
4 776 840 904 1000 1064 1128 1192 1288 1352 1416
5 968 1032 1128 1224 1320 1384 1480 1544 1672 1736
6
7
8
9

1128 1224 1352 1480 1544 1672 1736 1864 1992 2088
1320 1480 1608 1672 1800 1928 2088 2216 2344 2472
1544 1672 1800 1928 2088 2216 2344 2536 2664 2792
1736 1864 2024 2216 2344 2536 2664 2856 2984 3112
10 1928 2088 2280 2472 2664 2792 2984 3112 3368 3496
11 2216 2408 2600 2792 2984 3240 3496 3624 3880 4008
12 2472 2728 2984 3240 3368 3624 3880 4136 4392 4584
13 2856 3112 3368 3624 3880 4136 4392 4584 4968 5160
14 3112 3496 3752 4008 4264 4584 4968 5160 5544 5736
15 3368 3624 4008 4264 4584 4968 5160 5544 5736 6200
16 3624 3880 4264 4584 4968 5160 5544 5992 6200 6456
17 4008 4392 4776 5160 5352 5736 6200 6456 6712 7224
18 4392 4776 5160 5544 5992 6200 6712 7224 7480 7992
19 4776 5160 5544 5992 6456 6968 7224 7736 8248 8504
20 5160 5544 5992 6456 6968 7480 7992 8248 8760 9144
21 5544 5992 6456 6968 7480 7992 8504 9144 9528 9912
22 5992 6456 6968 7480 7992 8504 9144 9528 | 10296 | 10680
23 6200 6968 7480 7992 8504 9144 9912 | 10296 | 11064 | 11448
24 6712 7224 7992 8504 9144 9912 | 10296 | 11064 | 11448 | 12216
25 6968 7480 8248 8760 9528 | 10296 | 10680 | 11448 | 12216 | 12576
26 8248 8760 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688

Nerg
21 22 23 24 25 26 27 28 29 30

0 568 600 616 648 680 712 744 776 776 808

1 744 776 808 872 904 936 968 1000 1032 1064
2 936 968 1000 1064 1096 1160 1192 1256 1288 1320
3 1224 1256 1320 1384 1416 1480 1544 1608 1672 1736
4 1480 1544 1608 1736 1800 1864 1928 1992 2088 2152
5 1864 1928 2024 2088 2216 2280 2344 2472 2536 2664
6 2216 2280 2408 2472 2600 2728 2792 2984 2984 3112
7 2536 2664 2792 2984 3112 3240 3368 3368 3496 3624
8 2984 3112 3240 3368 3496 3624 3752 3880 4008 4264
9 3368 3496 3624 3752 4008 4136 4264 4392 4584 4776
10 3752 3880 4008 4264 4392 4584 4776 4968 5160 5352
11 4264 4392 4584 4776 4968 5352 5544 5736 5992 5992
12 4776 4968 5352 5544 5736 5992 6200 6456 6712 6712
13 5352 5736 5992 6200 6456 6712 6968 7224 7480 7736
14 5992 6200 6456 6968 7224 7480 7736 7992 8248 8504
15 6456 6712 6968 7224 7736 7992 8248 8504 8760 9144
16 6712 7224 7480 7736 7992 8504 8760 9144 9528 9912
17 7480 7992 8248 8760 9144 9528 9912 | 10296 | 10296 | 10680
18 8248 8760 9144 9528 9912 | 10296 | 10680 | 11064 | 11448 | 11832
19 9144 9528 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960
20 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112
21 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264
22 11448 | 11832 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416
23 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992
24 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336
25 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080
26 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
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N ore
31 32 33 34 35 36 37 38 39 40
840 872 904 936 968 1000 1032 1032 1064 1096
1 1128 1160 1192 1224 1256 1288 1352 1384 1416 1416
2 1384 1416 1480 1544 1544 1608 1672 1672 1736 1800
3 1800 1864 1928 1992 2024 2088 2152 2216 2280 2344
4 2216 2280 2344 2408 2472 2600 2664 2728 2792 2856
5 2728 2792 2856 2984 3112 3112 3240 3368 3496 3496
6
7
8
9

3240 3368 3496 3496 3624 3752 3880 4008 4136 4136
3752 3880 4008 4136 4264 4392 4584 4584 4776 4968
4392 4584 4584 4776 4968 4968 5160 5352 5544 5544
4968 5160 5160 5352 5544 5736 5736 5992 6200 6200
10 5544 5736 5736 5992 6200 6200 6456 6712 6712 6968
11 6200 6456 6712 6968 6968 7224 7480 7736 7736 7992
12 6968 7224 7480 7736 7992 8248 8504 8760 8760 9144
13 7992 8248 8504 8760 9144 9144 9528 9912 9912 | 10296
14 8760 9144 9528 9912 9912 | 10296 | 10680 | 11064 | 11064 | 11448
15 9528 9912 | 10296 | 10296 | 10680 | 11064 | 11448 | 11832 | 11832 | 12216
16 9912 | 10296 | 10680 | 11064 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
17 11064 | 11448 | 11832 | 12216 | 12576 | 12960 | 13536 | 13536 | 14112 | 14688
18 12216 | 12576 | 12960 | 13536 | 14112 | 14112 | 14688 | 15264 | 15264 | 15840
19 13536 | 13536 | 14112 | 14688 | 15264 | 15264 | 15840 | 16416 | 16992 | 16992
20 14688 | 14688 | 15264 | 15840 | 16416 | 16992 | 16992 | 17568 | 18336 | 18336
21 15840 | 15840 | 16416 | 16992 | 17568 | 18336 | 18336 | 19080 | 19848 | 19848
22 16992 | 16992 | 17568 | 18336 | 19080 | 19080 | 19848 | 20616 | 21384 | 21384
23 17568 | 18336 | 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22152 | 22920
24 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496
25 19848 | 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456
26 22920 | 23688 | 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296

N ore
41 42 43 44 45 46 47 48 49 50
1128 1160 1192 1224 1256 1256 1288 1320 1352 1384
1 1480 1544 1544 1608 1608 1672 1736 1736 1800 1800
2 1800 1864 1928 1992 2024 2088 2088 2152 2216 2216
3 2408 2472 2536 2536 2600 2664 2728 2792 2856 2856
4 2984 2984 3112 3112 3240 3240 3368 3496 3496 3624
5 3624 3752 3752 3880 4008 4008 4136 4264 4392 4392
6
7
8
9

4264 4392 4584 4584 4776 4776 4968 4968 5160 5160
4968 5160 5352 5352 5544 5736 5736 5992 5992 6200
5736 5992 5992 6200 6200 6456 6456 6712 6968 6968
6456 6712 6712 6968 6968 7224 7480 7480 7736 7992
10 7224 7480 7480 7736 7992 7992 8248 8504 8504 8760
11 8248 8504 8760 8760 9144 9144 9528 9528 9912 9912
12 9528 9528 9912 9912 | 10296 | 10680 | 10680 | 11064 | 11064 | 11448
13 10680 | 10680 | 11064 | 11448 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
14 11832 | 12216 | 12216 | 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14112
15 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14688 | 14688 | 15264 | 15264
16 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 15264 | 15840 | 15840 | 16416
17 14688 | 15264 | 15264 | 15840 | 16416 | 16416 | 16992 | 17568 | 17568 | 18336
18 16416 | 16416 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
19 17568 | 18336 | 18336 | 19080 | 19080 | 19848 | 20616 | 20616 | 21384 | 21384
20 19080 | 19848 | 19848 | 20616 | 20616 | 21384 | 22152 | 22152 | 22920 | 22920
21 20616 | 21384 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456
22 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376
23 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376 | 27376 | 28336 | 28336
24 25456 | 25456 | 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
25 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704
26 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 35160 | 35160 | 36696 | 36696

N PRB
51 52 53 54 55 56 57 58 59 60
1416 1416 1480 1480 1544 1544 1608 1608 1608 1672
1864 1864 1928 1992 1992 2024 2088 2088 2152 2152
2280 2344 2344 2408 2472 2536 2536 2600 2664 2664
2984 2984 3112 3112 3240 3240 3368 3368 3496 3496
3624 3752 3752 3880 4008 4008 4136 4136 4264 4264
4584 4584 4776 4776 4776 4968 4968 5160 5160 5352
5352 5352 5544 5736 5736 5992 5992 5992 6200 6200
6200 6456 6456 6712 6712 6712 6968 6968 7224 7224

N[OOI~ W|IN|F O
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8 7224 7224 7480 7480 7736 7736 7992 7992 8248 8504
9 7992 8248 8248 8504 8760 8760 9144 9144 9144 9528
10 9144 9144 9144 9528 9528 9912 9912 | 10296 | 10296 | 10680
11 10296 | 10680 | 10680 | 11064 | 11064 | 11448 | 11448 | 11832 | 11832 | 12216
12 11832 | 11832 | 12216 | 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536
13 12960 | 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 14688 | 15264 | 15264
14 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 16416 | 16416 | 16992 | 16992
15 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336
16 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
17 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
18 19848 | 20616 | 21384 | 21384 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688
19 22152 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 25456
20 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336
21 25456 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
22 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856
23 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008
24 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
25 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888
26 37888 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816

N PRB
61 62 63 64 65 66 67 68 69 70
1672 1736 1736 1800 1800 1800 1864 1864 1928 1928
1 2216 2280 2280 2344 2344 2408 2472 2472 2536 2536
2 2728 2792 2856 2856 2856 2984 2984 3112 3112 3112
3 3624 3624 3624 3752 3752 3880 3880 4008 4008 4136
4 4392 4392 4584 4584 4584 4776 4776 4968 4968 4968
5 5352 5544 5544 5736 5736 5736 5992 5992 5992 6200
6
7
8
9

6456 6456 6456 6712 6712 6968 6968 6968 7224 7224

7480 7480 7736 7736 7992 7992 8248 8248 8504 8504

8504 8760 8760 9144 9144 9144 9528 9528 9528 9912

9528 9912 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 11064 | 11064
10 10680 | 11064 | 11064 | 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216
11 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
12 14112 | 14112 | 14112 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
13 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 18336
14 17568 | 17568 | 18336 | 18336 | 18336 | 19080 | 19080 | 19848 | 19848 | 19848
15 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
16 19848 | 19848 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920
17 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456
18 24496 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 27376
19 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 29296 | 30576
20 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
21 30576 | 31704 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160
22 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888
23 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 40576
24 36696 | 37888 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 42368
25 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816
26 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752

N ore
71 72 73 74 75 76 77 78 79 80

0 1992 1992 2024 2088 2088 2088 2152 2152 2216 2216
1 2600 2600 2664 2728 2728 2792 2792 2856 2856 2856
2 3240 3240 3240 3368 3368 3368 3496 3496 3496 3624
3 4136 4264 4264 4392 4392 4392 4584 4584 4584 4776
4 5160 5160 5160 5352 5352 5544 5544 5544 5736 5736
5 6200 6200 6456 6456 6712 6712 6712 6968 6968 6968
6 7480 7480 7736 7736 7736 7992 7992 8248 8248 8248
7 8760 8760 8760 9144 9144 9144 9528 9528 9528 9912
8 9912 9912 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064
9 11064 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216 | 12576 | 12576
10 12576 | 12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
11 14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 15840 | 16416
12 16416 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
13 18336 | 18336 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
14 20616 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
15 22152 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 23688 | 24496 | 24496
16 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 26416
17 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 29296
18 28336 | 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 31704 | 31704
19 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008

3GPP



Release 127T 65 3GPP TS 36.213 V12.5.0 (2015-03)

20 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 36696 | 36696 | 36696
21 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232 | 39232 | 40576
22 37888 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
23 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352
24 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
25 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024
26 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256

81 82 83 84 85 86 87 88 89 90
2280 2280 2280 2344 2344 2408 2408 2472 2472 2536
1 2984 2984 2984 3112 3112 3112 3240 3240 3240 3240
2 3624 3624 3752 3752 3880 3880 3880 4008 4008 4008
3 4776 4776 4776 4968 4968 4968 5160 5160 5160 5352
4 5736 5992 5992 5992 5992 6200 6200 6200 6456 6456
5 7224 7224 7224 7480 7480 7480 7736 7736 7736 7992
6
7
8
9

8504 8504 8760 8760 8760 9144 9144 9144 9144 9528
9912 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064
11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112 | 14112
10 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
11 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
12 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
13 20616 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920 | 22920
14 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
15 24496 | 25456 | 25456 | 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376
16 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 29296 | 29296
17 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
18 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160
19 35160 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232
20 37888 | 37888 | 39232 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368
21 40576 | 40576 | 42368 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352
22 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
23 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 51024
24 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056
25 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336
26 59256 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592

N prg
91 92 93 94 95 96 97 98 99 100

0 2536 2536 2600 2600 2664 2664 2728 2728 2728 2792

1 3368 3368 3368 3496 3496 3496 3496 3624 3624 3624

2 4136 4136 4136 4264 4264 4264 4392 4392 4392 4584

3 5352 5352 5352 5544 5544 5544 5736 5736 5736 5736

4 6456 6456 6712 6712 6712 6968 6968 6968 6968 7224

5 7992 7992 8248 8248 8248 8504 8504 8760 8760 8760

6 9528 9528 9528 9912 9912 9912 | 10296 | 10296 | 10296 | 10296
7 11064 | 11448 | 11448 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216
8 12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112
9 14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264 | 15840 | 15840
10 15840 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568 | 17568
11 18336 | 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 19848
12 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
13 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
14 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 28336
15 28336 | 28336 | 28336 | 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576
16 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 31704 | 32856
17 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160 | 36696
18 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232
19 39232 | 39232 | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
20 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888
21 45352 | 46888 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 51024
22 48936 | 48936 | 51024 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056
23 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336
24 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664
25 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776 | 63776
26 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 75376

N PRB
101 102 103 104 105 106 107 108 109 110
0 2792 2856 2856 2856 2984 2984 2984 2984 2984 3112

I TBS

3GPP



Release 127T 66 3GPP TS 36.213 V12.5.0 (2015-03)

3752 3752 3752 3752 3880 3880 3880 4008 4008 4008

4584 4584 4584 4584 4776 4776 4776 4776 4968 4968

5992 5992 5992 5992 6200 6200 6200 6200 6456 6456

7224 7224 7480 7480 7480 7480 7736 7736 7736 7992

8760 9144 9144 9144 9144 9528 9528 9528 9528 9528

10680 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064 | 11448 | 11448 | 11448
12216 | 12576 | 12576 | 12576 | 12960 | 12960 | 12960 | 12960 | 13536 | 13536
14112 | 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264
15840 | 16416 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568
10 17568 | 18336 | 18336 | 18336 | 18336 | 18336 | 19080 | 19080 | 19080 | 19080
11 20616 | 20616 | 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152
12 22920 | 23688 | 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 24496 | 25456
13 26416 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 27376 | 28336 | 28336
14 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704
15 30576 | 31704 | 31704 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008
16 32856 | 32856 | 34008 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160
17 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232 | 39232
18 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 42368 | 43816 | 43816
19 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 46888
20 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024
21 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056
22 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
23 57336 | 59256 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
24 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 66592
25 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
26 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376

OO(N[O|O|B[WIN|F

27 648 1320 1992 2664 3368 4008 4584 5352 5992 6712
28 680 1384 2088 2792 3496 4264 4968 5544 6200 6968
29 712 1480 2216 2984 3752 4392 5160 5992 6712 7480
30 776 1544 2344 3112 3880 4776 5544 6200 6968 7736
31 808 1608 2472 3240 4136 4968 5736 6456 7480 8248
32 840 1672 2536 3368 4264 5160 5992 6712 7736 8504
33 968 1992 2984 4008 4968 5992 6968 7992 8760 9912

a5
11 12 13 14 15 16 17 18 19 20

27 7224 7992 8504 9144 9912 | 10680 | 11448 | 11832 | 12576 | 12960
28 7736 8504 9144 9912 | 10680 | 11064 | 11832 | 12576 | 13536 | 14112
29 8248 8760 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688
30 8504 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688 | 15840
31 9144 9912 | 10680 | 11448 | 12216 | 12960 | 14112 | 14688 | 15840 | 16416
32 9528 | 10296 | 11064 | 11832 | 12960 | 13536 | 14688 | 15264 | 16416 | 16992
33 10680 | 11832 | 12960 | 13536 | 14688 | 15840 | 16992 | 17568 | 19080 | 19848

|
™ o1 22 23 24 25 26 27 28 29 30

27 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848
28 14688 | 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384
29 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
30 16416 | 16992 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688
31 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496
32 17568 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 25456
33 20616 | 21384 | 22920 | 23688 | 24496 | 25456 | 26416 | 27376 | 28336 | 29296

N prg
31 32 33 34 35 36 37 38 39 40

27 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 25456 | 25456 | 26416
28 22152 | 22152 | 22920 | 23688 | 24496 | 25456 | 26416 | 26416 | 27376 | 28336
29 22920 | 23688 | 24496 | 25456 | 26416 | 26416 | 27376 | 28336 | 29296 | 29296
30 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704
31 25456 | 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704 | 32856
32 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 32856 | 32856 | 34008
33 30576 | 31704 | 32856 | 34008 | 35160 | 35160 | 36696 | 37888 | 39232 | 39232

I TBS

3GPP



Release 127T 67 3GPP TS 36.213 V12.5.0 (2015-03)

N pre

41 42 43 44 45 46 47 48 49 50

27 27376 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704 | 32856 | 32856
28 29296 | 29296 | 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160
29 30576 | 31704 | 31704 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
30 31704 | 32856 | 34008 | 34008 | 35160 | 36696 | 36696 | 37888 | 37888 | 39232
31 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 39232 | 39232 | 40576 | 40576
32 35160 | 35160 | 36696 | 37888 | 37888 | 39232 | 40576 | 40576 | 42368 | 42368
33 40576 | 40576 | 42368 | 43816 | 43816 | 45352 | 46888 | 46888 | 48936 | 48936

I TBS

|

Bl 52 53 54 55 56 57 58 59 60
27 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232
28 35160 | 36696 | 36696 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368
29 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352
30 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352 | 45352 | 46888 | 46888
31 | 42368 | 42368 | 43816 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
32 | 43816 | 43816 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 51024 | 51024
33 51024 | 51024 | 52752 | 52752 | 55056 | 55056 | 57336 | 57336 | 59256 | 59256

|

T 62 63 64 65 66 67 68 69 70
27 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 46888
28 42368 | 43816 | 43816 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
29 | 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752
30 46888 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 55056 | 55056
31 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336
32 | 52752 | 52752 | 52752 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256
33 59256 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 68808 | 68808

N prg
71 72 73 74 75 76 77 78 79 80

27 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752
28 48936 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 57336
29 52752 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256
30 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 63776
31 59256 | 59256 | 59256 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592
32 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808
33 71112 | 71112 | 71112 | 73712 | 75376 | 76208 | 76208 | 76208 | 78704 | 78704

I TBS

N ore
81 82 83 84 85 86 87 88 89 90

27 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
28 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
29 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592
30 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
31 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712
32 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712 | 75376 | 76208 | 76208
33 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 87936 | 87936 | 87936

I TBS

N ore
91 92 93 94 95 96 97 98 99 100

27 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592
28 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
29 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712
30 71112 | 71112 | 73712 | 73712 | 75376 | 75376 | 76208 | 76208 | 78704 | 78704
31 75376 | 76208 | 76208 | 78704 | 78704 | 78704 | 81176 | 81176 | 81176 | 81176
32 78704 | 78704 | 78704 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760
33 90816 | 90816 | 90816 | 93800 | 93800 | 93800 | 93800 | 97896 | 97896 | 97896

I TBS

N ore
101 102 103 104 105 106 107 108 109 110

27 66592 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 71112 | 73712
28 71112 | 71112 | 73712 | 73712 | 73712 | 75376 | 75376 | 76208 | 76208 | 76208
29 75376 | 76208 | 76208 | 76208 | 78704 | 78704 | 78704 | 81176 | 81176 | 81176
30 78704 | 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760 | 87936
31 84760 | 84760 | 84760 | 84760 | 87936 | 87936 | 87936 | 87936 | 90816 | 90816

I TBS

3GPP



Release 127T 68 3GPP TS 36.213 V12.5.0 (2015-03)

32 87936 | 87936 | 87936 | 87936 | 90816 | 90816 | 90816 | 93800 | 93800 | 93800
33 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896

3GPP



Release 127T

7.1.7.2.2

69

3GPP TS 36.213 V12.5.0 (2015-03)

Transport blocks mapped to two-layer spatial multiplexing

For1< Ngs <55, the TBS is given by the (55,2 Npgg ) entry of Table 7.1.7.2.1-1.

For56 < Nozs <110, a baseline TBS_L1 is taken from the ( 155, Npgg ) entry of Table 7.1.7.2.1-1, which is then

translated into TBS_L2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBS is given by TBS_L2.

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

TBS_L1 TBS_L2 TBS_L1 TBS_L2 TBS_L1 TBS_L2 TBS_L1 TBS_L2
1544 3112 3752 7480 10296 20616 28336 57336
1608 3240 3880 7736 10680 21384 29296 59256
1672 3368 4008 7992 11064 22152 30576 61664
1736 3496 4136 8248 11448 22920 31704 63776
1800 3624 4264 8504 11832 23688 32856 66592
1864 3752 4392 8760 12216 24496 34008 68808
1928 3880 4584 9144 12576 25456 35160 71112
1992 4008 4776 9528 12960 25456 36696 73712
2024 4008 4968 9912 13536 27376 37888 76208
2088 4136 5160 10296 14112 28336 39232 78704
2152 4264 5352 10680 14688 29296 40576 81176
2216 4392 5544 11064 15264 30576 42368 84760
2280 4584 5736 11448 15840 31704 43816 87936
2344 4776 5992 11832 16416 32856 45352 90816
2408 4776 6200 12576 16992 34008 46888 93800
2472 4968 6456 12960 17568 35160 48936 97896
2536 5160 6712 13536 18336 36696 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776
76208 152976 81176 161760 87936 175600 93800 187712
78704 157432 84760 169544 90816 181656 97896 195816

7.1.7.2.3 Transport blocks mapped for DCI Format 1C
The TBS is given by the |4 entry of Table 7.1.7.2.3-1.
Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C

ligs | O 1|12 |3 |4]|5]6 7 8 9 10 11 12 13 14 15

TBS | 40 | 56 | 72 | 120|136 | 144 | 176 | 208 | 224 | 256 | 280 | 296 | 328 | 336 | 392 | 488

[E- 16 | 17 | 18 | 19 | 20 | 21 | 22 23 24 25 26 27 28 29 30 31

TBS | 552 | 600 | 632 | 696 | 776 | 840 | 904 | 1000 | 1064 | 1128 | 1224 | 1288 | 1384 | 1480 | 1608 | 1736
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7.1.7.2.4 Transport blocks mapped to three-layer spatial multiplexing

For 1< Npgrg <36, the TBS is given by the (1,55,3- Npgg ) entry of Table 7.1.7.2.1-1.

For 37 < Npgg <110, a baseline TBS_L1 is taken from the (155, Nogg ) entry of Table 7.1.7.2.1-1, which is then
translated into TBS_L3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBS is given by TBS_L3.

Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

3GPP

TBS L1 TBS L3 TBS L1 TBS L3 TBS L1 TBS_L3 TBS L1 TBS L3
1032 3112 2664 7992 8248 24496 26416 78704
1064 3240 2728 8248 8504 25456 27376 81176
1096 3240 2792 8248 8760 26416 28336 84760
1128 3368 2856 8504 9144 27376 29296 87936
1160 3496 2984 8760 9528 28336 30576 90816
1192 3624 3112 9144 9912 29296 31704 93800
1224 3624 3240 9528 10296 30576 32856 97896
1256 3752 3368 9912 10680 31704 34008 101840
1288 3880 3496 10296 11064 32856 35160 105528
1320 4008 3624 10680 11448 34008 36696 110136
1352 4008 3752 11064 11832 35160 37888 115040
1384 4136 3880 11448 12216 36696 39232 119816
1416 4264 4008 11832 12576 37888 40576 119816
1480 4392 4136 12576 12960 39232 42368 128496
1544 4584 4264 12960 13536 40576 43816 133208
1608 4776 4392 12960 14112 42368 45352 137792
1672 4968 4584 13536 14688 43816 46888 142248
1736 5160 4776 14112 15264 45352 48936 146856
1800 5352 4968 14688 15840 46888 51024 152976
1864 5544 5160 15264 16416 48936 52752 157432
1928 5736 5352 15840 16992 51024 55056 165216
1992 5992 5544 16416 17568 52752 57336 171888
2024 5992 5736 16992 18336 55056 59256 177816
2088 6200 5992 18336 19080 57336 61664 185728
2152 6456 6200 18336 19848 59256 63776 191720
2216 6712 6456 19080 20616 61664 66592 199824
2280 6712 6712 19848 21384 63776 68808 205880
2344 6968 6968 20616 22152 66592 71112 214176
2408 7224 7224 21384 22920 68808 73712 221680
2472 7480 7480 22152 23688 71112 75376 226416
2536 7480 7736 22920 24496 73712
2600 7736 7992 23688 25456 76208
76208 230104 81176 245648 87936 266440 93800 284608
78704 236160 84760 254328 90816 275376 97896 293736
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7.1.7.2.5 Transport blocks mapped to four-layer spatial multiplexing

For 1< Npgg <27, the TBS is given by the (1,55,4-Npgg) entry of Table 7.1.7.2.1-1.

For 28 <Nprg <110, a baseline TBS_L1 is taken from the (155, Nogg ) entry of Table 7.1.7.2.1-1, which is then
translated into TBS_L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBS is given by TBS_L4.

Table 7.1.7.2.5-1: One-layer to four-layer TBS translation table

TBS_L1 TBS_L4 TBS_L1 TBS_L4 TBS_L1 TBS_L4 TBS_L1 TBS_L4
776 3112 2280 9144 7224 29296 24496 97896
808 3240 2344 9528 7480 29296 25456 101840
840 3368 2408 9528 7736 30576 26416 105528
872 3496 2472 9912 7992 31704 27376 110136
904 3624 2536 10296 8248 32856 28336 115040
936 3752 2600 10296 8504 34008 29296 115040
968 3880 2664 10680 8760 35160 30576 124464
1000 4008 2728 11064 9144 36696 31704 128496
1032 4136 2792 11064 9528 37888 32856 133208
1064 4264 2856 11448 9912 39232 34008 137792
1096 4392 2984 11832 10296 40576 35160 142248
1128 4584 3112 12576 10680 42368 36696 146856
1160 4584 3240 12960 11064 43816 37888 151376
1192 4776 3368 13536 11448 45352 39232 157432
1224 4968 3496 14112 11832 46888 40576 161760
1256 4968 3624 14688 12216 48936 42368 169544
1288 5160 3752 15264 12576 51024 43816 175600
1320 5352 3880 15264 12960 51024 45352 181656
1352 5352 4008 15840 13536 55056 46888 187712
1384 5544 4136 16416 14112 57336 48936 195816
1416 5736 4264 16992 14688 59256 51024 203704
1480 5992 4392 17568 15264 61664 52752 211936
1544 6200 4584 18336 15840 63776 55056 220296
1608 6456 4776 19080 16416 66592 57336 230104
1672 6712 4968 19848 16992 68808 59256 236160
1736 6968 5160 20616 17568 71112 61664 245648
1800 7224 5352 21384 18336 73712 63776 254328
1864 7480 5544 22152 19080 76208 66592 266440
1928 7736 5736 22920 19848 78704 68808 275376
1992 7992 5992 23688 20616 81176 71112 284608
2024 7992 6200 24496 21384 84760 73712 293736
2088 8248 6456 25456 22152 87936 75376 299856
2152 8504 6712 26416 22920 90816
2216 8760 6968 28336 23688 93800
76208 305976 81176 324336 87936 351224 93800 375448
78704 314888 84760 339112 90816 363336 97896 391656

7.1.7.3 Redundancy Version determination for Format 1C

If the DCI Format 1C CRC is scrambled by P-RNTI or RA-RNTI, then

- the UE shall set the Redundancy Version to 0
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Else if the DCI Format 1C CRC is scrambled by SI-RNTI, then

- the UE shall set the Redundancy Version as defined in [8].

7.1.8 Storing soft channel bits

For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with
a SCG, then for each serving cell, for at least K wivo ~min(M oL targ+ M "mit) transport blocks, upon decoding failure of a
code block of a transport block, the UE shall store received soft channel bits corresponding to a range of at least
Wy Wicgs+s Winod(ngg -1,N,,) + WHEre:

- N sroft
Ng =min| N, - '
[ ¢ C- Nc[;:_ls 'KMIMO 'mm(M DL_HARQ M Iimit)

W, C, Ny Kywor@d My, are defined in subclause 5.1.4.1.2 of [4].

MpL_Harg is the maximum number of DL HARQ processes.
If the UE is configured with a SCG

- N2 is the number of configured serving cells across both MCG and SCG.

else

- NPt is the number of configured serving cells.

cells

If the UE signals ue-Category-vi2x y, N/ . is the total number of soft channel bits [12] according to the UE category
indicated by ue-Category-v12xy [11]. Else if the UE signals ue-Category-v1170 and not ue-Category-v12xy, N/ _ is

soft
the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v1170 [11]. Else if the

UE signals ue-Category-v1020 and not ue-Category-v1170 and not ue-Category-v12xy, N! . isthe total number of soft

channel bits [12] according to the UE category indicated by ue-Category-v1020 [11]. Otherwise, N!, is the total
number of soft channel bits [12] according to the UE category indicated by ue-Category (without suffix) [11].

In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. W, shall

correspond to a received soft channel bit. The range W, Wy, ..., Wioq4.n, -1,n,,) MaY include subsets not containing
received soft channel bits.

7.1.9 PDSCH resource mapping parameters

A UE configured in transmission mode 10 for a given serving cell can be configured with up to 4 parameter sets by
higher layer signaling to decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 2D intended for
the UE and the given serving cell. The UE shall use the parameter set according to the value of the 'PDSCH RE
Mapping and Quasi-Co-Location indicator' field (mapping defined in Table 7.1.9-1) in the detected PDCCH/EPDCCH
with DCI format 2D for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]), and for determining
PDSCH antenna port quasi co-location (defined in subclause 7.1.10) if the UE is configured with Type B quasi co-
location type (defined in subclause 7.1.10). For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use
the parameter set indicated in the PDCCH/EPDCCH with DCI format 2D corresponding to the associated SPS
activation for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]) and PDSCH antenna port quasi co-
location (defined in subclause 7.1.10).

Table 7.1.9-1: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D

Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator' field Description
'00' Parameter set 1 configured by higher layers|
‘01 Parameter set 2 configured by higher layers|
'10' Parameter set 3 configured by higher layers|
‘11 Parameter set 4 configured by higher layers|
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The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are
configured via higher layer signaling for each parameter set:

- crs-PortsCount-ril.

- crs-FregShift-ril.

- mbsfn-SubframeConfigList-r11.
- csi-RS-ConfigZzPId-r11.

- pdsch-Start-r11.

- qcl-CSI-RS-ConfigNZPId-r11.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended for the UE and the given serving cell and for PDSCH transmission on antenna port 7, a UE configured in
transmission mode 10 for a given serving cell shall use the parameter set 1 in table 7.1.9-1 for determining the PDSCH
RE mapping (defined in subclause 6.4 of [3]), and for determining PDSCH antenna port quasi co-location (defined in
subclause 7.1.10) if the UE is configured with Type B quasi co-location type (defined in subclause 7.1.10).

To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTI and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmission mode 10 for a given serving cell shall use the
parameter set 1 in table 7.1.9-1 for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]), and for
determining PDSCH antenna port quasi co-location (defined in subclause 7.1.10) if the UE is configured with Type B
quasi co-location type (defined in subclause 7.1.10).

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A intended for the UE on a given
serving cell and for PDSCH transmission on antenna port 0 — 3, a UE configured in transmission mode 10 for the given
serving cell shall determine the PDSCH RE mapping (as described in subclause 6.4 of [3]) using the lowest indexed
zero-power CSI-RS resource.

7.1.10 Antenna ports quasi co-location for PDSCH

A UE configured in transmission mode 8-10 for a serving cell may assume the antenna ports 7 — 14 of the serving cell
are quasi co-located (as defined in [3]) for a given subframe with respect to delay spread, Doppler spread, Doppler shift,
average gain, and average delay.

A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 — 3, 5, 7 — 22 of the
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and
delay spread.

A UE configured in transmission mode 10 for a serving cell is configured with one of two quasi co-location types for
the serving cell by higher layer parameter gcl-Operation to decode PDSCH according to transmission scheme
associated with antenna ports 7-14:

- Type A: The UE may assume the antenna ports 0 — 3, 7 — 22 of a serving cell are quasi co-located (as defined in
[3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

- Type B: The UE may assume the antenna ports 15 — 22 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter gcl-CSI-RS-ConfigNZPId-r11 (defined in subclause 7.1.9) and the
antenna ports 7 — 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler
shift, Doppler spread, average delay, and delay spread.
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7.2 UE procedure for reporting Channel State Information (CSI)

The time and frequency resources that can be used by the UE to report CSI which consists of Channel Quality Indicator
(CQI), precoding matrix indicator (PMI), precoding type indicator (PTI), and/or rank indication (RI) are controlled by
the eNB. For spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful
transmission layers. For transmit diversity as given in [3], RI is equal to one.

A UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer parameter pmi-
RI-Report.

A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers.
Each CSI process is associated with a CSI-RS resource (defined in subclause 7.2.5) and a CSl-interference
measurement (CSI-1M) resource (defined in subclause 7.2.6). A UE can be configured with up to two CSI-IM resources
for a CSI process if the UE is configured with CSI subframe sets Cg o and Ccg) 1 by the higher layer parameter csi-

SubFramePatternConfig-r12 for the CSI process. A CSI reported by the UE corresponds to a CSI process configured by
higher layers. Each CSI process can be configured with or without PMI/RI reporting by higher layer signalling.

A UE is configured with resource-restricted CSI measurements if the subframe sets Ccg; o and Cgg) 1 are configured
by higher layers.

For a serving cell with frame structure type 1, a UE is not expected to be configured with csi-SubframePatternConfig-
ri2.

CSI reporting is periodic or aperiodic.
If the UE is configured with more than one serving cell, it transmits CSI for activated serving cell(s) only.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUCCH as defined hereafter in subframes with no PUSCH allocation.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUSCH of the serving cell with smallest ServCellindex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSI reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

Table 7.2-1: Void

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSI report in that subframe.

If the higher layer parameter altCQI-Table-r12 is configured and is set to allSubframes-r12,
- the UE shall report CQI according to Table 7.2.3-2.

Else if the higher layer parameter altCQI-Table-r12 is configured and is set to csi-SubframeSet1-r12 or csi-
SubframeSet2-r12,

- the UE shall report CQI according to Table 7.2.3-2 for the corresponding CSI subframe set configured by
altCQI-Table-r12

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.
Else
- the UE shall report CQI according to Table 7.2.3-1.

When reporting RI the UE reports a single instance of the number of useful transmission layers. For each RI reporting
interval when the UE is configured in transmission modes 4 or when the UE is configured in transmission mode 8, 9 or
10 with PMI/RI reporting, a UE shall determine a RI from the supported set of RI values as defined in subclause 5.2.2.6
of [4] and report the number in each RI report. For each RI reporting interval when the UE is configured in transmission
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mode 3, a UE shall determine RI as defined in subclause 5.2.2.6 of [4] in each reporting interval and report the detected
number in each RI report to support selection between transmit diversity and large delay CDD.

When reporting PMI the UE reports either a single or a multiple PMI report.  The number of RBs represented by a
single UE PMI report can be Ngé or a smaller subset of RBs. The number of RBs represented by a single PMI report

is semi-statically configured by higher layer signalling. A UE is restricted to report PMI, Rl and PTI within a precoder
codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling. For
a UE configured in transmission mode 10, the bitmap parameter codebookSubsetRestriction is configured for each CSI
process and each subframe sets (if subframe sets Ccg o and Ccg; 1 are configured by higher layers) by higher layer

signaling. For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible
precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the
relevant transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for
transmission modes 8, 9 and 10 with PMI/RI reporting. The resulting number of bits for each transmission mode is

given in Table 7.2-1b. The bitmap forms the bit sequence aAc_l,..., a,,d,,a,,a,where a, isthe LSB and ap 1 is

the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to
precoder(s) associated with the bit. The association of bits to precoders for the relevant transmission modes are given as
follows:

1. Transmission mode 3

a. 2antenna ports: bit a, ,, U = 2 is associated with the precoder in Table 6.3.4.2.3-1 of [3]

corresponding to v layers and codebook index 0 while bit a, is associated with the precoder for 2
antenna ports in subclause 6.3.4.3 of [3].

b. 4 antenna ports: bit @, ;, U = 2,3,4 is associated with the precoders in Table 6.3.4.2.3-2 of [3]

corresponding to v layers and codebook indices 12, 13, 14, and 15 while bit a, is associated with
the precoder for 4 antenna ports in subclause 6.3.4.3 of [3].

2. Transmission mode 4
a. 2 antenna ports: see Table 7.2-1c
b. 4 antenna ports: bit ayq,),; is associated with the precoder for v layers and with codebook index

I, in Table 6.3.4.2.3-2 of [3].
3. Transmission modes 5 and 6

a. 2 antenna ports: bit a; is associated with the precoder for v =1 layer with codebook index ic in
Table 6.3.4.2.3-1 of [3].

b. 4 antenna ports: bit a; is associated with the precoder for v =1 layer with codebook index iC in
Table 6.3.4.2.3-2 of [3].
4.  Transmission mode 8
a. 2 antenna ports: see Table 7.2-1c

b. 4 antenna ports except with alternativeCodeBookEnabledFordTX-r12=TRUE configured: bit
Aue(u-1)+i, 1S associated with the precoder for v layers and with codebook index I, in Table

6.3.4.2.3-20f [3], v=1,2.

c. 4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit @,y is
associated with the precoder for v layers (v e {1,2}) and codebook index i, and bit Ag.16(p-1)4i, 19

associated with the precoder for v layers (v <{1,2}) and codebook index I, . Codebook indices |,

and i2 are given in Table 7.2.4-0A or 7.2.4-0B, for v =1 or 2 respectively.
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5. Transmission modes 9 and 10

a.

b.

2 antenna ports: see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit
a1p(y-1)+i, IS associated with the precoder for v layers and with codebook index i¢ in Table

6.3.4.2.3-2 of [3].

4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit a4, 4),; is
associated with the precoder for v layers (v e {1,2}) and codebook index i, and bit Ag2.416(p-1)+i, IS

associated with the precoder for v layers (v <{1,2,3,4}) and codebook indexi,. Codebook indices I
and i, aregivenin Table 7.2.4-0A, 7.2.4-0B,7.2.4-0Cor 7.2.4-0D, for v=1,230r4

respectively.

8 antenna ports: bit As1(p-1)+i, is associated with the precoder for v layers (v €{1,2,34,5,6,7,8}) and
codebook index i, where f1(-) ={0,16,32,36,40,44,4852 | and bit agz, 4y, 1), is associated with
the precoder for v layers (v €{1,2,34}) and codebook index i, where gi(-)= {0,16,32,48 }

Codebook indices i, and i, are given in Table 7.2.4-1,7.2.4-2,7.2.4-3,7.2.4-4,7.2.4-5, 7.2.4-6,
7.2.4-7,0r 7.2.4-8, for v=1,2,3,4,5,6,7, or 8 respectively.

Table 7.2-1b: Number of bits in codebook subset restriction bitmap for applicable transmission

modes
Number of bits A,
2 antenna 8 antenna
4 antenna ports
ports ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
64 with
Transmission mode 8 6 alternativeCodeBookEnabledFor4TX-
r12=TRUE configured, otherwise 32
L 96 with
'Eli':%nir)mssmn modes 9 6 alternativeCodeE_BookEnabIeder4TX- 109
r12=TRUE configured, otherwise 64

Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna

port codebook of Table 6.3.4.2.3-1 in [3]

Codebook index iC Number of layers o
1 2
0 ao -
1 ail aa
2 az as
3 as -

The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth. A subband
is a set of k contiguous PRBs where k is a function of system bandwidth. Note the last subband in set S may have

fewer than k contiguous PRBs depending on N5 . The number of subbands for system bandwidth given by NX% is

defined by N = (N RD,; /k-‘ . The subbands shall be indexed in the order of increasing frequency and non-increasing

sizes starting at the lowest frequency.
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- For transmission modes 1, 2, 3 and 5, as well as transmission modes 8, 9 and 10 without PMI/RI reporting,
transmission mode 4 with RI=1, and transmission modes 8, 9 and 10 with PMI/RI reporting and RI=1, a single 4-
bit wideband CQI is reported.

- For transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, CQlI is
calculated assuming transmission of one codeword for RI=1 and two codewords for RI > 1.

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, PUSCH
based triggered reporting includes reporting a wideband CQI which comprises:

- A 4-bit wideband CQI for codeword 0
- A 4-bit wideband CQI for codeword 1

- For Rl > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, PUCCH
based reporting includes reporting a 4-bit wideband CQI for codeword 0 and a wideband spatial differential CQI.
The wideband spatial differential CQI value comprises:

- A 3-bit wideband spatial differential CQI value for codeword 1 offset level
- Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for codeword 1.

- The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shown in Table 7.2-
2.

Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatial differential CQI value | Offset level

N~ WIN|FR|O
A
N

7.2.1  Aperiodic CSI Reporting using PUSCH

The term “UL/DL configuration” in this subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.

A UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell ¢, upon decoding in
subframe n either:

- anuplink DCI format [4], or
- aRandom Access Response Grant,
for serving cell c if the respective CSI request field is set to trigger a report and is not reserved.

If the CSI request field is 1 bit and the UE is configured in transmission mode 1-9 and the UE is not configured with
csi-SubframePatternConfig-r12 for any serving cell, a report is triggered for serving cell c, if the CSI request field is
setto 'l

If the CSI request field is 1 bit and the UE is configured in transmission mode 10 and the UE is not configured with csi-
SubframePatternConfig-r12 for any serving cell, a report is triggered for a set of CSI process(es) for serving cell ¢
corresponding to the higher layer configured set of CSI process(es) associated with the value of CSI request field of '01'
in Table 7.2.1-1B, if the CSI request field is set to '1".

If the CSI request field size is 2 bits and the UE is configured in transmission mode 1-9 for all serving cells and the UE
is not configured with csi-SubframePatternConfig-r12 for any serving cell, a report is triggered according to the value
in Table 7.2.1-1A corresponding to aperiodic CSI reporting.

3GPP



Release 127T 78 3GPP TS 36.213 V12.5.0 (2015-03)

If the CSI request field size is 2 bits and the UE is configured in transmission mode 10 for at least one serving cell and
the UE is not configured with csi-SubframePatternConfig-r12 for any serving cell, a report is triggered according to the
value in Table 7.2.1-1B corresponding to aperiodic CSI reporting.

If the CSI request field is 1 bit and the UE is configured with the higher layer parameter csi-SubframePatternConfig-r12
for at least one serving cell, -  areport is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) for serving cell ¢ corresponding to the higher layer configured set of CSI process(es) and/or {CSI process,
CSI subframe set}-pair(s) associated with the value of CSI request field of ‘01" in Table 7.2.1-1C, if the CSI request
field is setto '1'.

If the CSI request field size is 2 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell,

a report is triggered according to the value in Table 7.2.1-1C corresponding to aperiodic CSI reporting.

For a given serving cell, if the UE is configured in transmission modes 1-9, the "CSI process" in Table 7.2.1-1B and
Table 7.2.1-1C refers to the aperiodic CSI configured for the UE on the given serving cell. A UE is not expected to be
configured by higher layers with more than 5 CSI processes in each of the 1% and 2" set of CSI process(es) in Table
7.2.1-1B. A UE is not expected to be configured bdy higher layers with more than 5 CSI processes and/or {CSI process,
CSI subframe set}-pair(s) in each of the 1* and 2" set of CSI process(es) and/or {CSI process, CSI subframe set}-
pair(s) in Table 7.2.1-1C. A UE is not expected to be configured by higher layers with more than one instance of the
same CSI process in each of the higher layer configured sets associated with the value of CSI request field of '01', 10,
and '11' inTable 7.2.1-1B and Table 7.2.1-1C respectively.

A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.

If a UE is configured with more than one CSI process for a serving cell, the UE on reception of an aperiodic CSI report
request triggering a CSI report according to Table 7.2.1-1B is not expected to update CSI corresponding to the CSI

reference resource (defined in subclause 7.2.3) for all CSI processes except the max(NX -N,, 0) lowest-indexed

CSlI processes for the serving cell associated with the request when the UE has N, unreported CSI processes

associated with other aperiodic CSI requests for the serving cell, where a CSI process associated with a CSI request
shall only be counted as unreported in a subframe before the subframe where the PUSCH carrying the corresponding

CSl is transmitted, and N g, _p is the maximum number of CSI processes supported by the UE for the serving cell and:

- for FDD serving cell N, = N p;
- for TDD serving cell

- if the UE is configured with four CSI processes for the serving cell, N, = N, _»

- if the UE is configured with two or three CSI processes for the serving cell, N, = 3.

If more than one value of N, _p is included in the UE-EUTRA-Capability, the UE assumes a value of N , that

is consistent with its CSI process configuration. If more than one consistent value of N g, _p exists, the UE may
assume any one of the consistent values.

If a UE is configured with multiple cell groups, and if the UE receives multiple aperiodic CSI report requests in a
subframe for different cell groups triggering more than one CSI report, the UE is not required to update CSI for more
than 5 CSI processes from the CSI processes corresponding to all the triggered CSI reports.
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Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of CSl request field Description
‘00’ No aperiodic CSlI report is triggered
‘01" Aperiodic CSl report is triggered for serving cell €
10 Aperiodic CSl report is triggered for a 1% set of serving cells configured by higher layers
11 Aperiodic CSI report is triggered for a 2™ set of serving cells configured by higher layers

Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value ofﬁ(;ﬁjl request Description
'00' No aperiodic CSI report is triggered
01" Aperiodic CSl report is triggered for a set of CSI process(es) configured by higher layers for
serving cell ¢
'10' Aperiodic CSI report is triggered for a 1% set of CSI process(es) configured by higher layers
‘11 Aperiodic CSI report is triggered for a 2™ set of CSI process(es) configured by higher layers

Table 7.2.1-1C: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
VEE @ El Description
request field
'00' No aperiodic CSlI report is triggered
01’ Aperiodic CSl report is triggered for a set of CSI process(es) and/or {CSI process, CS| subframe
set}-pair(s) configured by higher layers for serving cell c
"10° Aperiodic CSl report is triggered for a 1% set of CSI process(es) and/or {CSlI process, CSI subframe
set}-pair(s) configured by higher layers
11 Aperiodic CSI report is triggered for a 2™ set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers

NOTE: PDCCH/EPDCCH with DCI formats used to grant PUSCH transmissions as given by DCI format 0 and
DCI format 4 are herein referred to as uplink DCI format when common behaviour is addressed.

When the CSI request field from an uplink DCI format is set to trigger a report, for FDD k=4, and for TDD UL/DL
configuration 1-6, k is given in Table 8-2. For TDD UL/DL configuration 0, if the MSB of the UL index is set to 1 and
LSB of the UL index is set to 0, k is given in Table 8-2; or if MSB of the UL index is set to 0 and LSB of the UL index
issetto 1, k is equal to 7; or if both MSB and LSB of the UL index is set to 1, k is given in Table 8-2.

For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cells are different, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one
serving cell, or for FDD-TDD and serving cell frame structure type 2, the "TDD UL/DL Configuration" given in Table
8-2 refers to the UL-reference UL/DL configuration (defined in subclause 8.0).

When the CSI request field from a Random Access Response Grant is set to trigger a report and is not reserved, k is
equal to Kk, if the UL delay field in subclause 6.2 is set to zero, where K, is given in subclause 6.1.1. The UE shall
postpone aperiodic CSI reporting to the next available UL subframe if the UL delay field is set to 1.

The minimum reporting interval for aperiodic reporting of CQI and PMI and RI is 1 subframe. The subband size for
CQlI shall be the same for transmitter-receiver configurations with and without precoding.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CSI report with no
transport block associated as defined in subclause 8.6.2 and positive SR is transmitted in the same subframe, the UE
shall transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in subclause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding RI on the same
PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below.
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Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI | Multiple PMI

Wideband
(wideband CQI) Mode 1-2
PUSCH CQlI UE Selected
Feedback Type (subband CQI) Mode 2-0 Mode 2-2
Higher Layer-configured
(subband CQI) Mode 3-0 | Mode3-1 | Mode 3-2

For each of the transmission modes defined in subclause 7.1, the following reporting modes are supported on PUSCH:

Transmission mode 1 : Modes 2-0, 3-0

Transmission mode 2 : Modes 2-0, 3-0

Transmission mode 3 : Modes 2-0, 3-0

Transmission mode 4 : Modes 1-2, 2-2, 3-1, 3-2

Transmission mode 5 : Mode 3-1

Transmission mode 6 : Modes 1-2, 2-2, 3-1, 3-2

Transmission mode 7 : Modes 2-0, 3-0

Transmission mode 8 : Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting; modes 2-0, 3-0 if
the UE is configured without PMI/RI reporting

Transmission mode 9 : Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting and number of
CSI-RS ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or
number of CSI-RS ports=1

Transmission mode 10 : Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting and number of
CSI-RS ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or
number of CSI-RS ports=1.

The aperiodic CSI reporting mode is given by the parameter cgi-ReportModeAperiodic which is configured by higher-
layer signalling.

For a serving cell with N RDBL <7, PUSCH reporting modes are not supported for that serving cell.
RI1 is only reported for transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting.

For serving cell ¢, a UE configured in transmission mode 10 with PMI/RI reporting for a CSI process can be
configured with a 'RI-reference CSI process' for the CSI process. If the UE is configured with a 'RI-reference CSI
process' for the CSI process, the reported RI for the CSI process shall be the same as the reported RI for the configured
'Rl-reference CSI process'. The RI for the 'Rl-reference CSI process' is not based on any other configured CSI process
other than the 'Rl-reference CSI process'. The UE is not expected to receive an aperiodic CSI report request for a given
subframe triggering a CSI report including CSI associated with the CSI process and not including CSI associated with
the configured 'RI-reference CSI process'. If the UE is configured with a 'Rl-reference CSI process' for a CSI process

and if subframe sets Ccgjo and Ccg) 1 are configured by higher layers for only one of the CSI processes then the UE

is not expected to receive configuration for the CSI process configured with the subframe subsets that have a different
set of restricted RIs with precoder codebook subset restriction between the two subframe sets. The UE is not expected
to receive configurations for the CSI process and the 'RI-reference CSI process' that have a different:

- Aperiodic CSI reporting mode, and/or
- number of CSI-RS antenna ports, and/or

- set of restricted Rls with precoder codebook subset restriction if subframe sets Ccgjo and Ccg; 1 are not
configured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets Ccg o
and Ccg 1 are configured by higher layers for both CSI processes, and/or

- set of restricted Rls with precoder codebook subset restriction if subframe sets Ccgg and Cggq are

configured by higher layers for only one of the CSI processes, and the set of restricted Rls for the two subframe
sets are the same.
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A RI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report for that serving cell on

that aperiodic reporting mode

e Wideband feedback

0 Mode 1-2 description:

For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

A UE shall report one wideband CQI value per codeword which is calculated assuming

the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

The UE shall report the selected precoding matrix indicator for each set S subband
except with 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case a first precoding matrix indicator i, is reported for the set S

subbands and a second precoding matrix indicator i, is reported for each set S subband.

Subband size is given by Table 7.2.1-3.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

e Higher Layer-configured subband feedback

0 Mode 3-0 description:

A UE shall report a wideband CQI value which is calculated assuming transmission on
set S subbands

The UE shall also report one subband CQI value for each set S subband. The subband
CQI value is calculated assuming transmission only in the subband

Both the wideband and subband CQI represent channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

0 Mode 3-1 description:

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in all subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with 8 CSI-
RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case a first and second precoding matrix indicator are reported
corresponding to the selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

0 Mode 3-2 description:
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For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

A UE shall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

A UE shall report the selected single precoding matrix indicator for each set S subband
except with 8 CSI-RS ports configured for transmission mode 9 and 10, or with

alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case the UE shall report a first precoding matrix indicator for all set
S subbands and also report a second precoding matrix indicator for each set S subband.

A UE shall report one subband CQI value per codeword for each set S subband
reflecting transmission over the single subband and using the selected precoding matrix
in the corresponding subband.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For transmission mode 6 they are reported conditioned
on rank 1.

0 Subband CQI value for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by

Subband differential CQI offset level = subband CQI index — wideband CQI index. The
mapping from the 2-bit subband differential CQI value to the offset level is shown in
Table 7.2.1-2.

Table 7.2.1-2: Mapping subband differential CQI value to offset level

Subband differential CQI value | Offset level
0 0
1 1
2 >2
3 <1

0 Supported subband size (k) is given in Table 7.2.1-3.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
NRs (k)
6-7 NA
8-10 4
11-26 4
27 - 63 6
64 -110 8

e UE-selected subband feedback

0 Mode 2-0 description:

The UE shall select a set of M preferred subbands of size k (where k and M are given in
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall also report one CQI value reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality for the
first codeword, even when RI>1.
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=  Additionally, the UE shall also report one wideband CQI value which is calculated
assuming transmission on set S subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

=  For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

Mode 2-2 description:

=  The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands S and a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

=  The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

= Except with 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, the UE shall also report the selected single precoding matrix indicator
preferred for the M selected subbands. A UE shall also report the selected single
precoding matrix indicator for all set S subbands.

= For transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission
modes 8, 9 and 10 with alternativeCodeBookEnabledFordTX-r12=TRUE configured, a
UE shall report a first precoding matrix indicator for all set S subbands. A UE shall
also report a second precoding matrix indicator for all set S subbands and another
second precoding matrix indicator for the M selected subbands.

= Asingle precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

= A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

=  For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

For all UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as

= where the set {si}tj, (1<s <N, s <s,,) contains the M sorted subband indices

X
X
and < >: [yj X2Y is the extended binomial coefficient, resulting in unique label
y 0 x<y

The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by

= Differential CQI offset level = M selected subbands CQI index — wideband CQI index

=  The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4.
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Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQIl value | Offset level
0 <1
1 2
2 3
3 >4

0 Supported subband size k and M values include those shown in Table 7.2.1-5. In Table 7.2.1-5 the k
and M values are a function of system bandwidth.

N
0 The number of bits to denote the position of the M selected subbands is L = POQZ[M ]—l .

Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

System Bandwidth
DL Subband Size k (RBs) M
NRrg
6-7 NA NA
8-10 2 1
11-26 2 3
27 — 63 3 5
64 — 110 4 6
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7.2.2 Periodic CSI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CSI components (CQI, PMI, PTI,
and/or RI) on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below. A UE in transmission
mode 10 can be configured by higher layers for multiple periodic CSI reports corresponding to one or more CSI
processes per serving cell on PUCCH.

Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI

Mode 1-0 | Mode 1-1

Wideband
PUCCH CQl (wideband CQI)

Feedback Type UE Selected

(subband CQI)

Mode 2-0 | Mode 2-1

For each of the transmission modes defined in subclause 7.1, the following periodic CSI reporting modes are supported
on PUCCH:

Transmission mode 1 : Modes 1-0, 2-0

Transmission mode 2 : Modes 1-0, 2-0

Transmission mode 3 : Modes 1-0, 2-0

Transmission mode 4 : Modes 1-1, 2-1

Transmission mode 5 : Modes 1-1, 2-1

Transmission mode 6 : Modes 1-1, 2-1

Transmission mode 7 : Modes 1-0, 2-0

Transmission mode 8 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is
configured without PMI/RI reporting

Transmission mode 9 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or number of
CSI-RS ports=1.

Transmission mode 10 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or number of
CSI-RS ports=1.

For a UE configured in transmission mode 1-9, one periodic CSI reporting mode for each serving cell is configured by
higher-layer signalling.

For a UE configured in transmission mode 10, one or more periodic CSI reporting modes for each serving cell are
configured by higher-layer signalling.

For a UE configured with transmission mode 9 or 10, and with 8 CSI-RS ports, mode 1-1 is configured to be either
submode 1 or submode 2 via higher-layer signaling using the parameter PUCCH_format1-1_CSI_reporting_mode.

For a UE configured with transmission mode 8, 9 or 10, and with alternativeCodeBookEnabledFor4TX-r12=TRUE
configured, mode 1-1 is configured to be either submode 1 or submode 2 via higher-layer signaling using the parameter
PUCCH_formatl-1_CSI_reporting_mode.

For the UE-selected subband CQI, a CQI report in a certain subframe of a certain serving cell describes the channel
quality in a particular part or in particular parts of the bandwidth of that serving cell described subsequently as
bandwidth part (BP) or parts. The bandwidth parts shall be indexed in the order of increasing frequency and non-
increasing sizes starting at the lowest frequency.

For each serving cell
- There are a total of N subbands for a serving cell system bandwidth given by N% where LN RDBL /kJ subbands

are of size k. If (N R /k-l —LN Re /kJ> 0 then one of the subbands is of size NRg — k -\_N RDglkJ.
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- A bandwidth part j is frequency-consecutive and consists of N i subbands where J bandwidth parts span S or
Ngg asgivenin Table7.2.2-2.If J=1 then N, is ’-N% /k/J-‘ (I1fJ>1then N; is either ’_N R /k/J-‘
r (N,% /k/J-‘ —1, depending on N3 , k and J.

- Each bandwidth part j, where 0 <j < J-1, is scanned in sequential order according to increasing frequency.

- For UE selected subband feedback a single subband out of Nj subbands of a bandwidth part is selected along

with a corresponding L-bit label indexed in the order of increasing frequency, where L = {Iog2 {N% Ikl ﬂ .

The CQI and PMI payload sizes of each PUCCH CSI reporting mode are given in Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSI
reporting modes given in Table 7.2.2-3:

- Type 1 report supports CQI feedback for the UE selected sub-bands

- Type la report supports subband CQI and second PMI feedback

- Type 2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
- Type 2a report supports wideband PMI feedback

- Type 3 report supports RI feedback

- Type 4 report supports wideband CQI

- Type 5 report supports RI and wideband PMI feedback

- Type 6 report supports RI and PTI feedback

For a UE configured in transmission mode 1-9 and for each serving cell, or for a UE configured in transmission mode
10 and for each CSI process in each serving cell, the periodicity N g (in subframes) and offset Nogrser coi (i

subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-Configindex (1cq;/pw ) given in

Table 7.2.2-1A for FDD or for FDD-TDD with primary cell frame structure 1 and Table 7.2.2-1C for TDD or for FDD-
TDD and primary cell frame structure type 2. The periodicity Mg, and relative offset Noppser gy for Rl reporting

are determined based on the parameter ri-Configindex ( I, ) given in Table 7.2.2-1B. Both cqi-pmi-Configindex and ri-
Configlndex are configured by higher layer signalling. The relative reporting offset for Rl Ngggger g, takes values
from the set {0,-1,...,.—(N pq —1)}. If a UE is configured to report for more than one CSI subframe set then parameter

cqi-pmi-Configindex and ri-Configindex respectively correspond to the CQI/PMI and RI periodicity and relative
reporting offset for subframe set 1 and cqi-pmi-Configindex2 and ri-Configindex2 respectively correspond to the
CQI/PMI and RI periodicity and relative reporting offset for subframe set 2. For a UE configured with transmission
mode 10, the parameters cqgi-pmi-Configindex , ri-Configlindex, cqi-pmi-Configindex2 and ri-Configindex2 can be
configured for each CSI process.

In the case where wideband CQI/PMI reporting is configured:

- The reporting instances for wideband CQI/PMI are subframes satisfying
(10 X nf + |_ns /ZJ— NOFFSET,CQ| )mod(N pd ): 0.

- Incase RI reporting is configured, the reporting interval of the RI reporting is an integer multiple Mg, of
period Nq (in subframes).

- The reporting instances for RI are subframes satisfying
(oxn¢ +[ng/2]- NorrseT,cQl — NoFFSET RI Jmod(N pd “MRi )=0.

In the case where both wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission modes 9
and 10) reporting are configured:
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- The reporting instances for wideband CQI/PMI and subband CQI (or subband CQl/second PMI for transmission
modes 9 and 10) are subframes satisfying (L0xn¢ +[ng /2|~ Noprser.cor JmodN pg =0.

=  When PTl is not transmitted (due to not being configured) or the most recently transmitted PTI is
equal to 1 for a UE configured in transmission modes 8 and 9, or for a UE configured in transmission
mode 10 without a 'RI-reference CSI process' for a CSI process, or the transmitted PTI is equal to 1
reported in the most recent RI reporting instance for a CSI process when a UE is configured in
transmission mode 10 with a 'Ri-reference CSI process' for the CSI process, or the transmitted PTI is
equal to 1 for a 'RI-reference CSI process' reported in the most recent RI reporting instance for a CSlI
process when a UE is configured in transmission mode 10 with the 'Rl-reference CSI process' for the
CSI process, and the most recent type 6 report for the CSI process is dropped:

= The wideband CQI/ wideband PMI (or wideband CQIl/wideband second PMI for
transmission modes 8, 9 and 10) report has period H -N 4, and is reported on the

subframes satisfying (L0xn¢ +[ng /2|~ Noppser,cor Jmod(H - N g )=0. The

integer H isdefinedas H=J-K+1, where J isthe number of bandwidth
parts.

= Between every two consecutive wideband CQI/ wideband PMI (or wideband
CQIl/wideband second PMI for transmission modes 8, 9 and 10) reports, the
remaining J-K reporting instances are used in sequence for subband CQI (or
subband CQl/second PMI for transmission modes 9 and 10) reports on K full
cycles of bandwidth parts except when the gap between two consecutive wideband
CQI/PMI reports contains less than J - K reporting instances due to a system frame
number transition to 0, in which case the UE shall not transmit the remainder of the
subband CQI (or subband CQIl/second PMI for transmission modes 9 and 10)
reports which have not been transmitted before the second of the two wideband
CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission
modes 8, 9 and 10) reports. Each full cycle of bandwidth parts shall be in increasing
order starting from bandwidth part O to bandwidth part J —1. The parameter K is
configured by higher-layer signalling.

= When the most recently transmitted PTI is 0 for a UE configured in transmission modes 8 and 9 or for
a UE configured in transmission mode 10 without a 'RI-reference CSI process' for a CSI process, or
the transmitted PTI is O reported in the most recent RI reporting instance for a CSI process when a UE
is configured in transmission mode 10 with a 'Rl-reference CSI process' for the CSI process, or the
transmitted PTI is O for a 'Rl-reference CSI process' reported in the most recent RI reporting instance
for a CSI process when a UE is configured in transmission mode 10 with the 'Rl-reference CSI
process' for the CSI process, and the most recent type 6 report for the CSI process is dropped:

= The wideband first precoding matrix indicator report has period H'-N 4, and is
reported on the subframes satisfying
(10 xNs + Lns /ZJ— NOFFSET,CQ| )mOd(H "N pd )= 0, where H'is Signa"ed by
higher layers.

=  Between every two consecutive wideband first precoding matrix indicator reports,

the remaining reporting instances are used for a wideband second precoding
matrix indicator with wideband CQI as described below

- Incase RI reporting is configured, the reporting interval of Rl is Mg, times the wideband CQI/PMI period
H - Npq , and Rl is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and
subband CQI reports.

=  The reporting instances for RI are subframes satisfying
(oxns +[ng/2]- NorrseT,col — NoFFSET RI Jmod(H - N pd “MR )=0

In case of collision of a CSI report with PUCCH reporting type 3, 5, or 6 of one serving cell with a CSI report with

PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same serving cell the latter CSI report with PUCCH reporting
type (1, 1a, 2, 2a, 2b, 2c, or 4) has lower priority and is dropped.
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For a serving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving
cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the
CSI reports corresponding to all CSI processes except the CSI process with the lowest csi-Processld-r11 are dropped.

For a serving cell and UE configured in transmission mode 1-9 and configured with CSI subframe sets Ccg o and

Ccsi1 by the higher layer parameter csi-SubframePatternConfig-r12 for the serving cell, in case of collision between

CSI reports of same serving cell with PUCCH reporting type of the same priority, the CSI report corresponding to CSI
subframe set Ccg) 1 is dropped.

For a serving cell and UE configured in transmission mode 10 and configured with CSI subframe sets Ccg o and

Ccsi1 by the higher layer parameter csi-SubframePatternConfig-r12 for the serving cell, in case of collision between

CSI reports of same serving cell with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSI processes with same csi-Processld-r11, the CSI report corresponding to CSI subframe set Ccg) 1 is dropped.

If the UE is configured with mare than one serving cell, the UE transmits a CSI report of only one serving cell in any
given subframe. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a of
one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the latter
CSI with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case
of collision of CSI report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with PUCCH
reporting type 1 or 1a of another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower
priority and is dropped.

For a given subframe and serving cells with UE configured in transmission mode 1-9, in case of collision between CSI
reports of these different serving cells with PUCCH reporting type of the same priority, the CSI reports for all these
serving cells except the serving cell with lowest ServCelllndex are dropped.

For a given subframe and serving cells with UE configured in transmission mode 10, in case of collision between CSI
reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSI processes with same csi-Processld-r11, the CSI reports of all serving cells except the serving cell with lowest
ServCelllndex are dropped.

For a given subframe and serving cells with UE configured in transmission mode 10, in case of collision between CSI
reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSI processes with different csi-Processld-r11, the CSI reports of all serving cells except the serving cell with CSI
reports corresponding to CSI process with the lowest csi-Processld-r11 are dropped.

For a given subframe, in case of collision between CSI report of a given serving cell with UE configured in
transmission mode 1-9, and CSI report(s) corresponding to CSI process(es) of a different serving cell with the UE
configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the same
priority, the CSI report(s) corresponding to CSI process(es) with csi-Processld-r11 > 1 of the different serving cell are
dropped.

For a given subframe, in case of collision between CSI report of a given serving cell with UE configured in
transmission mode 1-9, and CSI report corresponding to CSI process with csi-Processld-r11 = 1 of a different serving
cell with the UE configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting
type of the same priority, the CSI report of the serving cell with highest ServCelllndex is dropped.

See subclause 10.1 for UE behaviour regarding collision between CSI and HARQ-ACK and the corresponding PUCCH
format assignment.

The CSI report of a given PUCCH reporting type shall be transmitted on the PUCCH resource néﬁg)CH as defined in

[3], where né,f,g)CH is UE specific and configured by higher layers for each serving cell.
If the UE is not configured for simultaneous PUSCH and PUCCH transmission or, if the UE is configured for

simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH, in case of collision between CSI and
positive SR in a same subframe, CSI is dropped.
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Table 7.2.2-1A: Mapping of Icqpm t0 Npg and Negeger o for FDD or for FDD-TDD and primary
cell frame structure type 1

lco/pmi Value of N g Value of Nopeser co

0< leqipm <1 2 lcqipmi

2< lequpm <6 5 lcquipm =2

7< leqipm <16 10 leqipm =7
17 < lcqipm <36 20 lcqipm —17
37< lequpm <76 40 lcqipm =37
77< leoupw < 156 80 lcoipm — 77
157 < leqpw <316 160 lcoipm — 157

lcqipm =317 Reserved

318 < g pu < 349 32 lcoi/pm —318
350 < lgqupui <413 64 lcoi/pm — 350
414 < legypu <541 128 lcoipm —414
542 < ICQI/PMI <1023 Reserved

Table 7.2.2-1B: Mapping of I to Mg and Nogeser g -

Ig Value of My, [Value of Nogpeer gy

0< lg <160 1 = 1g

161< lg <321 2 - (lg —161)
322< g <482 4 -(lg -322)
483< lg <643 8 - (lg —483)
644 < lg <804 16 - (lg -644)
805< lg <965 32 —-(lg —805)
966 < lg <1023 Reserved

Table 7.2.2-1C: Mapping of lcqpm t0 Npg and Nogeger o for TDD or for FDD-TDD and primary
cell frame structure type 2

lcor/pmi Value of N4 [Value of Noppser col
lcqipm =0 1 lcqirem

1< leqipm <5 5 lcqupm —1
6< lcqpm <15 10 lcqipm —6
16 < lcqipmi <35 20 lcqipm — 16
36< lcqipmi <75 40 lcqipm —36
76 < lcopw <155 80 lcqipm — 76
156 < lcgupwn <315 160 lcqipm — 156
316 < ICQI/PMI <1023 Reserved

3GPP



Release 127T 90 3GPP TS 36.213 V12.5.0 (2015-03)

For TDD or FDD-TDD and primary cell frame structure type 2 periodic CQI/PMI reporting, the following periodicity
values apply for a serving cell ¢ depending on the TDD UL/DL configuration of the primary cell [3], where the UL/DL
configuration corresponds to the eimta-HarqReferenceConfig-r12 for the primary cell if the UE is configured with the
parameter EIMTA-MainConfigServCell-r12 for the primary cell:

- The reporting period of N,q =1 is applicable for the serving cell ¢ only if TDD UL/DL configuration of the
primary cell belongs to {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in a radio frame are used
for CQI/PMI reporting.

- The reporting period of N,q =5 is applicable for the serving cell ¢ only if TDD UL/DL configuration of the
primary cell belongs to {0, 1, 2, 6}.

- The reporting periods of N 4 ={10,20,40,80,160} are applicable for the serving cell ¢ for any TDD UL/DL

configuration of the primary cell.

For a serving cell with N F?BL < 7, Mode 2-0 and Mode 2-1 are not supported for that serving cell.

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for 8 CSI-RS ports is defined in Table 7.2.2-1D for first
and second precoding matrix indicator i, and i,. Joint encoding of rank and first precoding matrix indicator i; for

PUCCH mode 1-1 submode 1 for 8 CSI-RS ports is defined in Table 7.2.2-1E. The sub-sampled codebook for PUCCH
mode 2-1 for 8 CSI-RS ports is defined in Table 7.2.2-1F for PUCCH Reporting Type 1a.

Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling

Relationship between the Relationship between the

RI first PMI value and codebook index il second PMI value and codebook index i2 el

Value of the first PMI loyii | codebook index iy | value of the second PMI I, | Codebook index iy | #bits
1 0-7 2l o 0-1 4 P 4
2 0-7 2l opn 0-1 lowi 2 4
3 0-1 2l 0-7 A Voo 4]+ oy, | 4
4 0-1 2l oy 0-7 Lo 4
5 0-3 ows 0 0 2
6 0-3 Lowit 0 0 2
7 0-3 lowit 0 0 2
8 0 0 0 0 0

Table 7.2.2-1E: Joint encoding of Rl and i; for PUCCH mode 1-1 submode 1

Value of joint encoding of Rl and the first PMI . .
I RI Codebook index I
RI/PMI1
0-7 1 2|RI/PMI1
8-15 2 2( IRI/PMI1_8)
16-17 3 2(1gy;p1-16)
18-19 4 2( 15 pmi1-18)
20-21 5 2( 15 /pw1-20)
22-23 6 2( gy pmi-22)
24-25 7 2( gy pmi-24)
26 8 0
27-31 reserved NA
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Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling

Relationship between the second PMI value and codebook index i,
RI . -
Value of the second PMI_'Pwi2 Codebook index 1
1 0-15 IPMIZ
2 0-3 2o,
3 0-3 8| Townz 1 2]+ (1o, m0d 2) +2
4 0-3 2oy,
5 0 0
6 0 0
7 0 0
8 0 0

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFordTX-r12=TRUE is defined in Table 7.2.2-G for first and second precoding matrix
indicator i; andi,. Jointencoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1
for transmission modes 8, 9 and 10 configured with alternativeCodeBookEnabledFordTX-r12=TRUE is defined in

Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFordTX-r12=TRUE is defined in Table 7.2.2-11 for PUCCH Reporting Type 1a.

Table 7.2.2-1G: PUCCH mode 1-1 submode 2 codebook subsampling with 4 antenna ports

Relationship between the first PMI Relationship between the second PMI
value and codebook index i value and codebook index i, total
Value
of
the Value of
first the
PMI ) second
RI Lowns Codebook index " PMI 15y, Codebook index I, #bits
1 0-3 4l oy 0-3 20uip +4-[Towi, /2] 4
2 0-3 4IPMI1 0-3 IPMI2+2'\_IPMI2/2J 4
3 0 0 0-15 Loz 4
4 0 0 0-15 lomi2 4

Table 7.2.2-1 H: Joint encoding of Rl and for PUCCH mode 1-1 submode 1 with 4 antenna ports

Value of joint Codebook index i
encoding of
Rl and the
first PMI RI
IRI/PMIl
0-7 Y
8-15 IRI/PMIl -8
16 0
17 0
18-31 reserved NA

3GPP



Release 127T 92 3GPP TS 36.213 V12.5.0 (2015-03)

Table 7.2.2-1 I: PUCCH mode 2-1 codebook subsampling with 4 antenna ports

Relationship between the second PMI
value and codebook index iy
Value
RI of the
second
PMI
[— Codebook index i,
1 0-15 IPMI2
2 0-3 IPM|2+2'LIPM|2/2J
3 0-3 2|PMI2+4'\_IPMI2/2J
4 0-3 2|PMI2+4'\_IPMI2/2J

An Rl or PT1 or any precoding matrix indicator reported for a serving cell in a periodic reporting mode is valid only for
CSI reports for that serving cell on that periodic CSI reporting mode.

For serving cell ¢, a UE configured in transmission mode 10 with PMI/RI reporting for a CSI process can be
configured with a 'RI-reference CSI process'. The RI for the 'RI-reference CSI process' is not based on any other
configured CSI process other than the 'RI-reference CSI process'. If the UE is configured with a 'RI-reference CSI

process' for a CSI process and if subframe sets Ccgjg and Ccg 1 are configured by higher layers for only one of the

CSI processes then the UE is not expected to receive configuration for the CSI process configured with the subframe
subsets that have a different set of restricted Rls with precoder codebook subset restriction between the two subframe
sets.The UE is not expected to receive configurations for the CSI process and the 'Rl-reference CSI process' that have a
different:

- periodic CSI reporting mode (including sub-mode if configured), and/or
- number of CSI-RS antenna ports, and/or

- set of restricted Rls with precoder codebook subset restriction if subframe sets Ccgjo and Ccg; 1 are not
configured by higher layers for both CSI processes, and/or

- set of restricted Rls with precoder codebook subset restriction for each subframe set if subframe sets Ccg) o

and Ccgq are configured by higher layers for both CSI processes, and/or

- set of restricted Rls with precoder codebook subset restriction if subframe sets Ccg g and Cgg g are

configured by higher layers for only one of the CSI processes, and the set of restricted Rls for the two subframe
sets are the same.

For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of a last reported RI the UE shall
conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter
codebookSubsetRestriction and the parameter alternativeCodeBookEnabledFordTX-r12 if configured. If reporting for
more than one CSI subframe set is configured, CQI/PMI is conditioned on the last reported RI linked to the same
subframe set as the CSI report.

e Wideband feedback
0 Mode 1-0 description:

= In the subframe where RI is reported (only for transmission mode 3):
e A UE shall determine a RI assuming transmission on set S subbands.
e The UE shall report a type 3 report consisting of one RI.

= In the subframe where CQI is reported:
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A UE shall report a type 4 report consisting of one wideband CQI value which
is calculated assuming transmission on set S subbands. The wideband CQI
represents channel quality for the first codeword, even when RI>1.

For transmission mode 3 the CQI is calculated conditioned on the last reported
periodic RI. For other transmission modes it is calculated conditioned on
transmission rank 1.

= In the subframe where RI is reported (only for transmission modes 4, 8, 9 and 10):

If a UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSl process, the RI for the CSI process shall be the same as the
RI1 in the most recent CSI report comprising RI for the configured 'Rl-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands.

The UE shall report a type 3 report consisting of one RI.

= In the subframe where RI and a first PMI are reported for transmission modes 9 and 10
configured with submode 1 and 8 CSI-RS ports, and for transmission modes 8, 9 and 10
configured with submode 1 and alternativeCodeBookEnabledFordTX-r12=TRUE:

If a UE is configured in transmission mode 10 with a ‘Rl-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands.

The UE shall report a type 5 report consisting of jointly coded RI and a first
PMI corresponding to a set of precoding matrices selected from the codebook
subset assuming transmission on set S subbands.

If the UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process and in case of collision of type 5 report for the CSI
process with type 5 report for the 'RI-reference CSI process’, the wideband first
PMI for the CSI process shall be the same as the wideband first PMI in the
most recent type 5 report for the configured 'Rl-reference CSI process';
otherwise, the wideband first PMI value is calculated conditioned on the
reported periodic RI.

= In the subframe where CQI/PMI is reported for all transmission modes except with 8
CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFordTX-r12=TRUE configured for transmission modes 8,
9 and 10:

A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

A UE shall report a type 2 report consisting of

0 Asingle wideband CQI value which is calculated assuming the use of
a single precoding matrix in all subbands and transmission on set S
subbands.

0 The selected single PMI (wideband PMI).

o When RI>1, an additional 3-bit wideband spatial differential CQl,
which is shown in Table 7.2-2.

For transmission modes 4, 8, 9 and 10,

o IfaUE is configured in transmission mode 10 with a “'RI-reference
CSI process’ for a CSl process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the “'RI-reference
CSI process’ is reported in the most recent RI reporting instance for
the CSI process, the PMI and CQI for the CSI process are calculated
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conditioned on the reported periodic RI for the configured “'RI-
reference CSI process™ in the most recent RI reporting instance for
the CSI process; otherwise the PMI and CQI are calculated
conditioned on the last reported periodic RI.

e  For other transmission modes the PMI and CQI are calculated conditioned on
transmission rank 1.

= In the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports and submode 1 configured and for transmission modes 8, 9
and 10 with submode 1 and alternativeCodeBookEnabledFor4TX-r12=TRUE
configured:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report a type 2b report consisting of

0 Asingle wideband CQI value which is calculated assuming the use of
the single precoding matrix in all subbands and transmission on set S
subbands.

0 The wideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Ifa UE is configured in transmission mode 10 with a ‘Rl-reference CSI
process' for a CSI process, and the most recent type 5 report for the CSI
process is dropped, and a type 5 report for the 'RI-reference CSI process' is
reported in the most recent RI reporting instance for the CSI process,

0 The wideband second PMI value for the CSI process is calculated
conditioned on the reported periodic RI and the wideband first PMI
for the configured 'Rl-reference CSI process' in the most recent RI
reporting instance for the CSI process.

0 The wideband CQI value is calculated conditioned on the selected
precoding matrix for the CSI process and the reported periodic RI for
the configured 'Rl-reference CSI process' in the most recent RI
reporting instance for the CSI process.

e  Otherwise,

0 The wideband second PMI value is calculated conditioned on the last
reported periodic RI and the wideband first PMI.

0 The wideband CQI value is calculated conditioned on the selected
precoding matrix and the last reported periodic RI.

= Inthe subframe where wideband CQI/first PMI/second PMI is reported for transmission
modes 9 and 10 with 8 CSI-RS ports and submode 2 configured, and for transmission
modes 8, 9 and 10 with submode 2 and alternativeCodeBookEnabledFor4TX-
r12=TRUE configured:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report a type 2c report consisting of
0 Asingle wideband CQI value which is calculated assuming the use of

a single precoding matrix in all subbands and transmission on set S
subbands.

0 The wideband first PMI and the wideband second PMI corresponding
to the selected single precoding matrix as defined in subclause 7.2.4.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, and the most recent type 3 report for the CSI

3GPP



Release 127T

e UE Selected subband feedback

0 Mode 2-0 description:

0 Mode 2-1 description:

95 3GPP TS 36.213 V12.5.0 (2015-03)

process is dropped, and a type 3 report for the 'RI-reference CSI process' is
reported in the most recent RI reporting instance for the CSI process, the
wideband first PMI, the wideband second PMI and the wideband CQI for the
CSI process are calculated conditioned on the reported periodic Rl for the
configured 'Rl-reference CSI process' in the most recent RI reporting instance
for the CSI process; otherwise the wideband first PMI, the wideband second
PMI and the wideband CQI are calculated conditioned on the last reported
periodic RI.

In the subframe where RI is reported (only for transmission mode 3):

A UE shall determine a RI assuming transmission on set S subbands.

The UE shall report a type 3 report consisting of one RI.

In the subframe where wideband CQI is reported:

The UE shall report a type 4 report on each respective successive reporting
opportunity consisting of one wideband CQI value which is calculated
assuming transmission on set S subbands. The wideband CQI represents
channel quality for the first codeword, even when RI>1.

For transmission mode 3 the CQI is calculated conditioned on the last reported
periodic RI. For other transmission modes it is calculated conditioned on
transmission rank 1.

In the subframe where CQI for the selected subbands is reported:

The UE shall select the preferred subband within the set of Nj subbands in
each of the J bandwidth parts where J is given in Table 7.2.2-2.

The UE shall report a type 1 report consisting of one CQI value reflecting
transmission only over the selected subband of a bandwidth part determined in
the previous step along with the corresponding preferred subband L-bit label.
A type 1 report for each bandwidth part will in turn be reported in respective
successive reporting opportunities. The CQI represents channel quality for the
first codeword, even when RI>1.

For transmission mode 3 the preferred subband selection and CQI values are
calculated conditioned on the last reported periodic RI. For other transmission
modes they are calculated conditioned on transmission rank 1.

In the subframe where RI is reported for transmission mode 4, transmission mode 8
except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured, transmission
modes 9 and 10 with 2 CSI-RS ports, and transmission modes 9 and 10 with 4 CSI-RS
ports except with alternativeCodeBookEnabledFordTX-r12=TRUE configured:

Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI process'
for a CSI process, the RI for the CSI process shall be the same as the RI in the
most recent CSI report comprising RI for the configured 'Rl-reference CSI
process' irrespective of subframe sets if configured; otherwise, the UE shall
determine a RI assuming transmission on set S subbands.

The UE shall report a type 3 report consisting of one RI.

In the subframe where RI is reported for transmission modes 9 and 10 with 8 CSI-RS
ports configured and for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured then:
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e Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI1 in the most recent CSI report comprising RI for the configured 'Rl-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands.

e Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, the PT1 for the CSI process shall be the same as the
PTI in the most recent type 6 report for the configured 'RI-reference CSI
process'; otherwise, the UE shall determine a precoder type indication (PTI).

e The PTI for the CSI process shall be equal to 1 if the RI reported jointly with
the PT1 is greater than 2 for transmission modes 8, 9, 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

e The UE shall report a type 6 report consisting of one RI and the PTI.

= In the subframe where wideband CQI/PMI is reported for all transmission modes except
with 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFordTX-r12=TRUE configured for transmission modes 8,
9 and 10:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report a type 2 report on each respective successive reporting
opportunity consisting of:

o A wideband CQI value which is calculated assuming the use of a
single precoding matrix in all subbands and transmission on set S
subbands.

0 The selected single PMI (wideband PMI).

o When RI>1, an additional 3-bit wideband spatial differential CQl,
which is shown in Table 7.2-2.

e For transmission modes 4, 8, 9 and 10,

o IfaUE s configured in transmission mode 10 with a 'Rl-reference
CSlI process' for a CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'Rl-reference
CSI process' is reported in the most recent RI reporting instance for
the CSI process, the PMI and CQI values for the CSI process are
calculated conditioned on the reported periodic RI for the configured
'Rl-reference CSI process' in the most recent RI reporting instance for
the CSI process; otherwise the PMI and CQI values are calculated
conditioned on the last reported periodic RI.

e  For other transmission modes the PMI and CQI values are calculated
conditioned on transmission rank 1.

= In the subframe where the wideband first PMI is reported for transmission modes 9 and
10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

e A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.

e A UE shall report a type 2a report on each respective successive reporting
opportunity consisting of the wideband first PMI corresponding to the selected
set of precoding matrices.

e IfaUE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'RI-reference CSI process' with
PTI=0 is reported in the most recent RI reporting instance for the CSI process,
the wideband first PMI value for the CSI process is calculated conditioned on
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the reported periodic RI for the configured 'Ri-reference CSI process' in the
most recent RI reporting instance for the CSI process; otherwise with the last
reported PTI=0, the wideband first PMI value is calculated conditioned on the
last reported periodic RI.

= In the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports configured and for transmission modes 8,9, and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report a type 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in all subbands and transmission on
set S subbands.

0 The wideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'RI-reference CSI process' with
PTI=1 is reported in the most recent RI reporting instance for the CSI process,

0 The wideband second PMI value for the CSI process is calculated
conditioned on the reported periodic RI for the configured 'RI-
reference CSI process' in the most recent RI reporting instance for the
CSI process and the last reported wideband first PMI for the CSI
process,

0 The wideband CQI value is calculated conditioned on the selected
precoding matrix for the CSI process and the reported periodic RI for
the configured 'RI-reference CSI process' in the most recent RI
reporting instance for the CSI process.

e  Otherwise, with the last reported PT1=1,

0 The wideband second PMI value is calculated conditioned on the last
reported periodic RI and the wideband first PMI.

0 The wideband CQI value is calculated conditioned on the selected
precoding matrix and the last reported periodic RI.

e Ifthe last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of a last reported first PMI,
the conditioning of the second PMI value is not specified.

= In the subframe where CQI for the selected subband is reported for all transmission
modes except with 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10:

e The UE shall select the preferred subband within the set of N; subbands in each
of the J bandwidth parts where J is given in Table 7.2.2-2.

e The UE shall report a type 1 report per bandwidth part on each respective
successive reporting opportunity consisting of:
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0 CQI value for codeword 0 reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
along with the corresponding preferred subband L-bit label.

0 When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level = subband CQI index for codeword 0
— subband CQI index for codeword 1.

= Assuming the use of the most recently reported single
precoding matrix in all subbands and transmission on the
selected subband within the applicable bandwidth part.

0 The mapping from the 3-bit subband spatial differential CQI value to
the offset level is shown in Table 7.2-2.

e For transmission modes 4, 8, 9 and 10,

o IfaUE is configured in transmission mode 10 with a ‘RI-reference
CSlI process' for a CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'Rl-reference
CSI process' is reported in the most recent RI reporting instance for
the CSI process, the subband selection and CQI values for the CSI
process are calculated conditioned on the last reported periodic
wideband PMI for the CSI process and the reported periodic RI for
the configured 'RI-reference CSI process' in the most recent RI
reporting instance for the CSI process; otherwise the subband
selection and CQI values are calculated conditioned on the last
reported periodic wideband PMI and RI.

e  For other transmission modes the subband selection and CQI values are
calculated conditioned on the last reported PMI and transmission rank 1.

= In the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e The UE shall report a type 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in all subbands and transmission on
set S subbands.

0 The wideband second PMI corresponding to the selected single
precoding matrix.

o0 When RI>1, an additional 3-bit wideband spatial differential CQl,
which is shown in Table 7.2-2.

e Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSl process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'Rl-reference CSI process' with
PTI=0 is reported in the most recent RI reporting instance for the CSI process,

0 The wideband second PMI value for the CSI process is calculated
conditioned on the reported periodic RI for the configured 'RI-
reference CSI process' in the most recent RI reporting instance for the
CSI process and the last reported wideband first PMI for the CSI
process.
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o0 The wideband CQI value is calculated conditioned on the selected
precoding matrix for the CSI process and the reported periodic RI for
the configured 'RI-reference CSI process' in the most recent RI
reporting instance for the CSI process.

e  Otherwise, with the last reported PTI=0,

0 The wideband second PMI value is calculated conditioned on the last
reported periodic Rl and the wideband first PMI. The wideband CQI
value is calculated conditioned on the selected precoding matrix and
the last reported periodic RI.

o If the last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of a last reported first PMI,
the conditioning of the second PMI value is not specified.

= In the subframe where subband CQI/second PMI for the selected subband is reported
for transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission
modes 8, 9 and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

e The UE shall select the preferred subband within the set of N; subbands in each
of the J bandwidth parts where J is given in Table 7.2.2-2.

e The UE shall report a type 1a report per bandwidth part on each respective
successive reporting opportunity consisting of:

0 CQI value for codeword 0 reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
along with the corresponding preferred subband L-bit label.

o0 When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level = subband CQI index for codeword 0
— subband CQI index for codeword 1.

= Assuming the use of the precoding matrix corresponding to the
selected second PMI and the most recently reported first PMI
and transmission on the selected subband within the applicable
bandwidth part.

0 The mapping from the 3-bit subband spatial differential CQI value to
the offset level is shown in Table 7.2-2.

o0 A second PMI of the preferred precoding matrix selected from the
codebook subset assuming transmission only over the selected
subband within the applicable bandwidth part determined in the
previous step.

e Ifa UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'Rl-reference CSI process' with
PTI=1 is reported in the most recent RI reporting instance for the CSI process,

0 The subband second PMI values for the CSI process are calculated
conditioned on the reported periodic RI for the configured 'RI-
reference CSI process' in the most recent RI reporting instance for the
CSlI process and the last reported wideband first PMI for the CSI
process.

0 The subband selection and CQI values are calculated conditioned on
the selected precoding matrix for the CSI process and the reported
periodic RI for the configured 'Rl-reference CSI process' in the most
recent RI reporting instance for the CSI process.
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e  Otherwise, with the last reported PTI=1

o The subband second PMI values are calculated conditioned on the last
reported periodic RI and the wideband first PMI.

0 The subband selection and CQI values are calculated conditioned on
the selected precoding matrix and the last reported periodic RI.

e Ifthe last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of a last reported first PMI,
the conditioning of the second PMI value is not specified.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth NR5 | Subband Size k (RBs) | Bandwidth Parts (J)
6—7 NA NA
810 4 1
11-26 4 2
27 -63 6 3
64 — 110 8 4

If parameter ttiBundling provided by higher layers is set to TRUE and if an UL-SCH in subframe bundling operation
collides with a periodic CSI reporting instance, then the UE shall drop the periodic CSI report of a given PUCCH
reporting type in that subframe and shall not multiplex the periodic CSI report payload in the PUSCH transmission in
that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when UL-

SCH subframe bundling is configured.

3GPP



Release 127T

101

3GPP TS 36.213 V12.5.0 (2015-03)

Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State

PUCCH Reporting Modes
PULCI Mode 1-1 | Mode 2-1 | Mode 1-0 | Mode 2-0
Reporting Reported Mode State
Type (bits)/BP* (bits)/BP* (bits)/BP‘ (bits)/BP*
1 Sub-band RI=1 NA 4+L NA 4+L
CQI RI>1 NA 7+L NA 4+L
8 antenna ports Rl = 1 NA 8+L NA NA
la 8 antenna ports 1 <RI <5 NA 9+L NA NA
Sub-band CQI 8 antenna ports Rl > 4 NA 7+L NA NA
/'second PMI 4 antenna ports RI=1 NA 8+l NA NA
4 antenna ports 1<RI<4 NA O+L NA NA
2 antenna ports RI =1 6 6 NA NA
2 Wideband 4 antenna ports Rl = 1 8 8 NA NA
CQI/PMI 2 antenna ports Rl > 1 8 8 NA NA
4 antenna ports RI > 1 11 11 NA NA
8 antenna ports RI <3 NA 4 NA NA
2a ) 8 antenna ports 2< RI < 8 NA 2 NA NA
V\;'.deba”d 8 antenna ports RI = 8 NA 0 NA NA
irst PMI 4 antenna ports 1<RI<2 NA 4 NA NA
4 antenna ports 2<RI<4 NA NA NA NA
8 antenna ports Rl = 1 8 8 NA NA
2b 8 antenna ports 1 <RI <4 11 11 NA NA
Wideband CQI 8 antenna ports Rl = 4 10 10 NA NA
/ second PMI 8 antenna ports Rl > 4 7 7 NA NA
4 antenna ports RI=1 8 8 NA NA
4 antenna port 1<RI<4 11 11 NA NA
8 antenna ports RI = 1 8 NA NA NA
. 8 antenna ports 1 <RI <4 11 NA NA NA
Wideband CQI 8 antenna ports 4 <RI < 7 9 NA NA NA
2c / first PMI
/ second PMI 8 antenna ports RI = 8 7 NA NA NA
4 antenna ports RI=1 8 NA NA NA
4 antenna port 1<RI<4 11 NA NA NA
2/4 antenna ports, 2-layer spatial multiplexing 1 1 1 1
8 antenna ports, 2-layer spatial multiplexing 1 NA NA NA
3 RI 4 antenna ports, 4-layer spatial multiplexing 2 2 2 2
8 antenna ports, 4-layer spatial multiplexing 2 NA NA NA
8-layer spatial multiplexing 3 NA NA NA
4 Wideband CQI Rl =1orRI>1 NA NA 4 4
8 antenna ports, 2-layer spatial multiplexing 4
8 antenna ports, 4 and 8-layer spatial 5
5 RI/ first PMI multiplexing NA NA NA
4 antenna ports, 2-layer spatial multiplexing 4
4 antenna ports, 4-layer spatial multiplexing 5
8 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
6 RI/PTI 8 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
8 antenna ports, 8-layer spatial multiplexing NA 4 NA NA
4 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
4 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
NOTE : For wideband CQI reporting types, the stated payload size applies to the full bandwidth.
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7.2.3 Channel Quality Indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1 for reporting CQI based on QPSK, 16QAM and
64QAM. The CQI indices and their interpretations are given in Table 7.2.3-2 for reporting CQI based on QPSK,
16QAM, 64QAM and 256QAM.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in
uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 or Table 7.2.3-2 which satisfies the
following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

- Asingle PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with a transport block error probability not exceeding 0.1.

If CSI subframe sets Ccgp and Ccgy g are configured by higher layers, each CSI reference resource belongs to either
Ccsio or Ceg 1 butnot to both. When CSI subframe sets Ccg o and Ccg) 1 are configured by higher layers a UE

is not expected to receive a trigger for which the CSI reference resource is in subframe that does not belong to either
subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSI subframe set for the CSI reference
resource is configured by higher layers for each CSI process.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers, the UE shall derive the
channel measurements for computing the CQI value reported in uplink subframe n based on only the Channel-State
Information (CSI) reference signals (CSI-RS) defined in [3] for which the UE is configured to assume non-zero power
for the CSI-RS. For a UE in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers
or in transmission modes 1-8 the UE shall derive the channel measurements for computing CQI based on CRS.

For a UE in transmission mode 10, the UE shall derive the channel measurements for computing the CQI value reported
in uplink subframe n and corresponding to a CSI process, based on only the non-zero power CSI-RS (defined in [3])
within a configured CSI-RS resource associated with the CSI process.

For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value
reported in uplink subframe n and corresponding to a CSI process, based on only the configured CSI-IM resource
associated with the CSI process. If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets
Ccsio and Ccg;q for the CSI process, the configured CSI-IM resource within the subframe subset belonging to the

CSI reference resource is used to derive the interference measurement. For a UE configured with the parameter EIMTA-
MainConfigServCell-r12 for a serving cell, configured CSI-IM resource(s) within only downlink subframe(s) of a radio
frame that are indicated by UL/DL configuration of the serving cell can be used to derive the interference measurement
for the serving cell.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

- the combination could be signalled for transmission on the PDSCH in the CSI reference resource according to
the relevant Transport Block Size table, and

- the modulation scheme is indicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource results in
the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more
than one combination of transport block size and modulation scheme results in an effective channel code rate
equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizes is relevant.

The CSI reference resource for a serving cell is defined as follows:

- Inthe frequency domain, the CSI reference resource is defined by the group of downlink physical resource
blocks corresponding to the band to which the derived CQI value relates.

- In the time domain,

- for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process
for the serving cell, the CSI reference resource is defined by a single downlink or special subframe n-ncqy_rer,

3GPP



Release 127T 103 3GPP TS 36.213 V12.5.0 (2015-03)

where for periodic CSI reporting nco rer IS the smallest value greater than or equal to 4, such that it
corresponds to a valid downlink or valid special subframe,

where for aperiodic CSI reporting, if the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12,.

- Ncairer 1S such that the reference resource is in the same valid downlink or valid special subframe as
the corresponding CSI request in an uplink DCI format.

- Ncolrer IS equal to 4 and subframe n-ncq rer COrresponds to a valid downlink or valid special
subframe, where subframe n-ncq_re is received after the subframe with the corresponding CSI request
in a Random Access Response Grant.

where for aperiodic CSI reporting, and the UE configured with the higher layer parameter csi-
SubframePatternConfig-r12,

- for the UE configured in transmission mode 1-9,

- Ncorrer IS the smallest value greater than or equal to 4 and subframe n-ncq rer  COrresponds to a
valid downlink or valid special subframe, where subframe n-ncq et IS received on or after the
subframe with the corresponding CSI request in an uplink DCI format;

- Ncarrer IS the smallest value greater than or equal to 4, and subframe n-ncq, s COrresponds to a
valid downlink or valid special subframe, where subframe n-ncq et IS received after the
subframe with the corresponding CSI request in an Random Access Response Grant;

- if there is no valid value for ncq ¢ based on the above conditions, then ncq s is the smallest
value such that the reference resource is in a valid downlink or valid special subframe n-ncq;_ret
prior to the subframe with the corresponding CSI request, where subframe n-ncq rer s the lowest
indexed valid downlink or valid special subframe within a radio frame;

- for the UE configured in transmission mode 10,

- Ncolrer IS the smallest value greater than or equal to 4, such that it corresponds to a valid
downlink or valid special subframe, and the corresponding CSI request is in an uplink DCI format;

- Ncoirer IS the smallest value greater than or equal to 4, and subframe n-ncq, ¢ Corresponds to a
valid downlink or valid special subframe, where subframe n-ncq ret IS received after the
subframe with the corresponding CSI request in a Random Access Response Grant;

- for a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the
CSlI reference resource for a given CSI process is defined by a single downlink or special subframe n-ncq;_rer,

where for FDD serving cell and periodic or aperiodic CSI reporting nco s IS the smallest value greater
than or equal to 5, such that it corresponds to a valid downlink or valid special subframe, and for
aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;

where for FDD serving cell and aperiodic CSI reporting ncoi et i equal to 5 and subframe n-nco et
corresponds to a valid downlink or valid special subframe, where subframe n-ncq, s is received after the
subframe with the corresponding CSI request in a Random Access Response Grant.

where for TDD serving cell, and 2 or 3 configured CSI processes, and periodic or aperiodic CSI
reporting, Nco rer IS the smallest value greater than or equal to 4, such that it corresponds to a valid
downlink or valid special subframe, and for aperiodic CSI reporting the corresponding CSI request is in
an uplink DCI format;

where for TDD serving cell, and 2 or 3 configured CSI processes, and aperiodic CSI reporting, Ncg_ref IS
equal to 4 and subframe n-ncq f  corresponds to a valid downlink or valid special subframe, where
subframe n-ncq rer IS received after the subframe with the corresponding CSI request in a Random
Access Response Grant;

where for TDD serving cell, and 4 configured CSI processes, and periodic or aperiodic CSI reporting,
Ncarret 1S the smallest value greater than or equal to 5, such that it corresponds to a valid downlink or
valid special subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI
format;
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where for TDD serving cell, and 4 configured CSI processes, and aperiodic CSI reporting, Ncoy ref IS
equal to 5 and subframe n-ncq rer  COrresponds to a valid downlink or valid special subframe, where
subframe n-nco rer IS received after the subframe with the corresponding CSI request in a Random
Access Response Grant.

A subframe in a serving cell shall be considered to be a valid downlink or a valid special subframe if:

it is configured as a downlink subframe or a special subframe for that UE, and

in case multiple cells with different uplink-downlink configurations are aggregated and the UE is not
capable of simultaneous reception and transmission in the aggregated cells, the subframe in the primary
cell is a downlink subframe or a special subframe with the length of DWPTS more than 7680-T,, and

except for transmission mode 9 or 10, it is not an MBSFN subframe, and

it does not contain a DWPTS field in case the length of DWPTS is 7680-T, and less, and

it does not fall within a configured measurement gap for that UE, and

for periodic CSI reporting, it is an element of the CSI subframe set linked to the periodic CSI report when
that UE is configured with CSI subframe sets, and

for a UE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CSI
reporting for a CSI process, it is an element of the CSI subframe set linked to the downlink or special
subframe with the corresponding CSI request in an uplink DCI format, when that UE is configured with
CSI subframe sets for the CSI process and UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12, and

for a UE configured in transmission mode 1-9, and aperiodic CSI reporting, it is an element of the CSI
subframe set associated with the corresponding CSI request in an uplink DCI format, when that UE is
configured with CSI subframe sets by the higher layer parameter csi-SubframePatternConfig-r12, and

for a UE configured in transmission mode 10, and aperiodic CSI reporting for a CSI process, it is an
element of the CSI subframe set associated with the corresponding CSI request in an uplink DCI format,
when that UE is configured with CSI subframe sets by the higher layer parameter csi-
SubframePatternConfig-r12 for the CSI process.

If there is no valid downlink or no valid special subframe for the CSI reference resource in a serving cell, CSI
reporting is omitted for the serving cell in uplink subframe n.

In the layer domain, the CSI reference resource is defined by any RI and PMI on which the CQI is conditioned.

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also
configured, PMI and RI:
The first 3 OFDM symbols are occupied by control signalling

No resource elements used by primary or secondary synchronization signals or PBCH or EPDCCH

CP length of the non-MBSFN subframes

Redundancy Version 0

If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in
subclause 7.2.5

For transmission mode 9 CSI reporting:

- CRS REs are as in non-MBSFN subframes;

- If the UE is configured for PMI/RI reporting, the UE-specific reference signal overhead is consistent with the
most recent reported rank if more than one CSI-RS port is configured, and is consistent with rank 1

transmission if only one CSI-RS port is configured; and PDSCH signals on antenna ports {7...6 + v}for
L layers would result in signals equivalent to corresponding symbols transmitted on antenna ports
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Y9 ) <)
{15...14 + P}, as given by : =W (i) : , Where x(i)=[x(°)(i) x(“‘l)(i)]r isa

y(14+P) (|) X(u—l) (l)

vector of symbols from the layer mapping in subclause 6.3.3.2 of [3], P €{1,2,4,8}is the number of CSI-
RS ports configured, and if only one CSI-RS port is configured, W (i) is 1, otherwise W (i) is the precoding
matrix corresponding to the reported PMI applicable to X(i) . The corresponding PDSCH signals transmitted

on antenna ports {15...14 + P} would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in
subclause 7.2.5.

- For transmission mode 10 CSI reporting, if a CSI process is configured without PMI/RI reporting:

If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on single-
antenna port, port 7. The channel on antenna port {7} is inferred from the channel on antenna port {15} of
the associated CSI-RS resource.

- CRSREsare as in non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

- The UE-specific reference signal overhead is 12 REs per PRB pair.
Otherwise,

- If the number of antenna ports of the associated CSI-RS resource is 2, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports {0,1} except that the
channels on antenna ports {0,1} are inferred from the channels on antenna port {15, 16} of the associated
CSI resource respectively.

- If the number of antenna ports of the associated CSI-RS resource is 4, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports {0,1,2,3} except that
the channels on antenna ports {0,1,2,3} are inferred from the channels on antenna ports {15, 16, 17, 18}
of the associated CSI-RS resource respectively.

- The UE is not expected to be configured with more than 4 antenna ports for the CSI-RS resource
associated with the CSI process configured without PMI/RI reporting.

- The overhead of CRS REs is assuming the same number of antenna ports as that of the associated CSI-RS
resource.

- UE-specific reference signal overhead is zero.

- For transmission mode 10 CSI reporting, if a CSI process is configured with PMI/RI reporting:

CRS REs are as in non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

The UE-specific reference signal overhead is consistent with the most recent reported rank for the CSI
process if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only one

CSI-RS port is configured; and PDSCH signals on antenna ports {7...6+ v}for v layers would result in
signals equivalent to corresponding symbols transmitted on antenna ports {15...14 + P}, as given by
y*o (i) x (i)
: =W(@)| , where x(i) = [x(o) @i .. x@? (i)]T is a vector of symbols from the
y(14+P) (l) X(ufl) (|)
layer mapping in subclause 6.3.3.2 of [3], P €{1,2,4,8}is the number of antenna ports of the associated
CSI-RS resource, and if P=1,W (i) is 1, otherwise W (i) is the precoding matrix corresponding to the

reported PMI applicable to X(i) . The corresponding PDSCH signals transmitted on antenna ports
{15...14 + P} would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in subclause 7.2.5
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- Assume no REs allocated for CSI-RS and zero-power CSI-RS
- Assume no REs allocated for PRS

- The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently
configured for the UE (which may be the default mode).

- If CRS is used for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE is as given in
subclause 5.2 with the exception of p 5 which shall be assumed to be

- Pa =Py + A +10109,,(2) [dB] for any modulation scheme, if the UE is configured with

transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific
antenna ports and the associated Rl is equal to one;

offset

- pp = Pa + Aggset [dB] for any modulation scheme and any number of layers, otherwise.

The shift A ygtset is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer
signalling.

Table 7.2.3-0: PDSCH transmission scheme assumed for CSl reference resource

Transmission

Transmission scheme of PDSCH
mode

1 Single-antenna port, port 0

Transmit diversity

Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

Closed-loop spatial multiplexing

Multi-user MIMO

Closed-loop spatial multiplexing with a single transmission layer

~N|o|o|h|Ww]N

If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity

If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-
antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing

If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-
antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: if the number of CSI-RS ports is one, single-antenna port,
port 7; otherwise up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B)

If a CSI process of the UE is configured without PMI/RI reporting: if the number of CSI-RS ports is one,
single-antenna port, port7; otherwise transmit diversity

10
If a CSl process of the UE is configured with PMI/RI reporting: if the number of CSI-RS ports is one,
single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B)
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CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 640QAM 567 3.3223
12 640QAM 666 3.9023
13 64QAM 772 4.5234
14 64QAM 873 5.1152
15 640QAM 948 5.5547

Table 7.2.3-2: 4-bit CQI Table 2
CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 OPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 490 1.9141
6 16QAM 616 2.4063
7 64QAM 466 2.7305
8 640QAM 567 3.3223
9 64QAM 666 3.9023
10 64QAM 772 4.5234
11 640QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 256QAM 885 6.9141
15 256QAM 948 7.4063
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71.2.4 Precoding Matrix Indicator (PMI) definition

For transmission modes 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and
relies on UEs reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if
configured with PMI/RI reporting. For transmission modes 9 and 10, the UE shall report PMI if configured with
PMI/RI reporting and the number of CSI-RS ports is larger than 1. A UE shall report PMI based on the feedback modes
described in 7.2.1 and 7.2.2. For other transmission modes, PMI reporting is not supported.

For 2 antenna ports, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 of [3] as follows:
= For 2 antenna ports {01} or {15,163} and an associated Rl value of 1, a PMI value of n e {01,2,3}

corresponds to the codebook index N given in Table 6.3.4.2.3-1 of [3] with v =1.
= For2antennaports {0,1} or {15,16} and an associated RI value of 2, a PMI value of n e {01} corresponds to

the codebook index N + 1given in Table 6.3.4.2.3-1 of [3] with v = 2.

For 4 antenna ports {0,1,2,3} or {15,16,17,18}, each PMI value corresponds to a codebook index given in Table
6.3.4.2.3-2 of [3] or a pair of codebook indices given in Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D as follows:
e APMlvalueof ne {0,1,-~~,15} corresponds to the codebook index N given in Table 6.3.4.2.3-2 of [3] with

equal to the associated RI value except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.
o If alternativeCodeBookEnabledFordTX-r12=TRUE is configured, each PMI value corresponds to a pair of
codebook indices given in Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D, where the quantities ¢,, @',

and v in Table 7.2.4-0A and Table 7.2.4-0B are given by
@ —glm?2
n
(P' _ ej27zn/32
n

vzl el
o AfirstPMI value of i, € {O,l,m, f(v) —1} and a second PMI value of i, € {0,1,---, g(u)—l}
correspond to the codebook indices i1 and i2 respectively given in Table 7.2.4-0j with v equal to
the associated RI value and where j ={A,B,C,D} respectively when p = {1,2,3,4 }
f(v)=1{1616,11} and g(v) = {16,16,16,16 }.
0 The quantity Wn{S} in Table 7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns
given by the set {s} from the expression W, =1 —2u,u! /ufu, where | isthe 4x4 identity

matrix and the vector u, is given by Table 6.3.4.2.3-2in[3] and n=i,.

0 Insome cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-
1 submode 2 is defined in Table 7.2.2-1G for first and second precoding matrix indicators i; and i,.
Joint encoding of rank and first precoding matrix indicator i, for PUCCH mode 1-1 submode 1 is

defined in Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table
7.2.2-11 for PUCCH Reporting Type 1a.

Table 7.2.4-0A: Codebook for 1-layer CSI reporting using antenna ports 0to 3 or 15to 18

iy iy
0 1 2 3 4 5 6 7
@ (3] @ (3] (3] (3) () ()
0-15 | W W5 W, 56 Wi | Wiss | Witsio | Witeis | Witsas
Iy iy
8 9 10 11 12 13 14 15
(3] () () () () (@) () @
0-15 Wi1+16,4 Wi1+16,12 Wi1+16,20 Wi1+16,28 Wi1+24,6 Wi1+24,l4 Wi1+24,22 Wi1+24,30
1 v
where Wn(llr)] =— m'
2V,
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Table 7.2.4-0B: Codebook for 2-layer CSl reporting using antenna ports Oto 3 or 15to 18

h I

0 1 2 3
(2) (2) (2) (2)
0-15 iLis,0 i L i,+8,i,8,0 i, +8,i,+8.1
iy iy
4 5 6 7

(2) (2 (2) (2)
0-15 Wi1+16,i1+16,0 Wi1+16,i1+16,l Wi1+24,i1+24,0 Wi1+24,i1+24,1

Iy I

8 9 10 11
(2) (2) (2) (2)
0-15 | Wiilgo W, e Wiisiaso | Witsisaes
Iy iy
12 13 14 15
(2) (2) (2) (2)
0-15 | Wi a0 Wiiiloar | Witsisoso | Wiisiioaa
1] VvV V'
where anz% = m' m '
\/g OV —O NV

Table 7.2.4-0C: Codebook for 3-layer CSl reporting using antenna ports 15to 18

h I

0 1 2 3 4 5 6 7
0 W(fm} / \/5 W1{123} / \/5 W2{123} / \/5 W3{123} / \/5 W4{124} / \/5 W5{124} / \/5 Wé{134} / \/5 W7{134} / \/g
Iy iy

8 9 10 11 12 13 14
o [wi /8 [ W/ | Wi/ | Wi/ | Wi/ | Wi/ | Wi/ | /s

Table 7.2.4-0D: Codebook for 4-layer CSl reporting using antenna ports 15to 18

i iy
0 1 2 3 4 5 6 7
0 | wEBH o [ B o | wEaa o | wlE o [ Wi [ wEn o | wERa | i),
i iy
8 9 10 11 12 13 14 15
1234 1234 1324 1324 1234 1324 3214 1234
0 | WEEH/2 | w2 | w2 | w2 | wiRS 2| w2 | w2 WS }/2

The UE is not expected to receive the configuration of alternativeCodeBookEnabledFor4TX-r12 except for
transmission mode 8 configured with 4 CRS ports, and transmission modes 9 and 10 configured with 4 CSI-RS ports.
For a UE configured in transmission mode 10, the parameter alternativeCodeBookEnabledFor4TX-r12 may be
configured for each CSI process.

For 8 antenna ports, each PMI value corresponds to a pair of codebook indices given in Table 7.2.4-1, 7.2.4-2, 7.2.4-3,
7.2.4-4,7.2.4-5,7.2.4-6,7.2.4-7, or 7.2.4-8, where the quantities ¢, and v,, are given by

jm/2
Pn =e/ /
v, :[1 pi2m/32 o j4my/32 eszzm/32]T

= as follows:For 8 antenna ports {15,16,17,18,19,20,21,22 }, a first PMI value of i, € {0,1, -, F (V) —1} and a

second PMI value of i, € {0.1,---,g(v)—1} corresponds to the codebook indices i, and i, given in Table

3GPP




Release 127T 110 3GPP TS 36.213 V12.5.0 (2015-03)
7.2.4-j with v equal to the associated Rl value and where j = v, f(v)={1616,4,4,4,4,4,1} and
g(v) ={16,16,16,81111}.

= In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1
submode 2 is defined in Table 7.2.2-1D for first and second precoding matrix indicator i; and i,. Joint
encoding of rank and first precoding matrix indicator i, for PUCCH mode 1-1 submode 1 is defined in Table

7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-1F for PUCCH
Reporting Type 1a.

Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22

. iy
i
! 0 1 2 3 Z 5 6 7
@) @) @) ] @ (] @ @
0-15 Wailo Woi' Woi2 Woi's 2i,+1,0 2i+11 2i 41,2 2i, 41,3
i I
! 8 9 10 11 12 13 14 15
1) (3] 1) ()] (] (3] (Y] (@)
0-15 Wi h2,0 Woi'i21 Wiii2,2 Wilioa Wyl a0 Woiiaa Wiia2 Woi'ias
v
where W {1 :i{ m }
8 | #nVim

i Iy
! 0 1 2 3
(2) (2) (2) (2)
0-15 Woi i 0 Woi i1 Woi .21 41,0 2i,+1,2i, +11
i !
! 4 5 6 7
015 | W@ _ @ @ @ _
- 2i+2,2i;+2,0 2i+2,2i+2,1 2i1+3,2i;+3,0 2i+3,2i+3,1
. i
h
8 9 10 11
(2) (2) (2) (2)
0-15 2iy,2iy+1,0 Woizivnn | Waisazisao | Waiiao 21
: i
h
12 13 14 15
(2) (2) (2) ()
0-15 | Wy 5,30 Woizisar | Waisiiso | Woiiazi+a1
v V.
where W2 :i{ m m }
Y 4 oV — PV
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Table 7.2.4-3: Codebook for 3-layer CSl reporting using antenna ports 15 to 22

i I
! 0 1 2 3
(3) (3) v (3 ME)
0-3 W8i1,8i1,8i1+8 W8i1+8,8i1,8i1+8 W8i1,8i1+8,8i1+8 W8i1+8,8i1,8i1
i '
! 4 5 6 7
(3) (3) A3 iC)
0-3 8i,+2,8i;+2,8i, +10 W8i1+10,8i1+2,8i1+10 W8i1+2,8i1+10,8i1+10 W8i1+10,8i1+2,8i1+2
_ i,
h
8 9 10 11
(3) (3) v (3 v ()
0-3 W8i1+4,8i1+4,8i1+12 W8i1+12,8i1+4,8i1+12 W8i1+4,8i1+12,8i1+12 W8i1+12,8i1+4,8i1+4
. iy
I
12 13 14 15
3) (3) iC) 7 ()
0-3 W8il+6,8i1+6,8i1+14 W8i1+14,8i1+6,8i1+l4 W8i1+6,8i1+l4,8i1+l4 W8il+14,8i1+6,8i1+6
1 |v Voo Ve ~ 1 |V, Voo V.
where W(3)' B m m , W(3)| == _|'m m m
m,m',m /—24 Vy =V =V m,m',m /—24 Vy Vi =V

Table 7.2.4-4: Codebook for 4-layer CSl reporting using antenna ports 15 to 22

i !
! 0 1 2 3
(4) (4) (4) (4)
0-3| Wgisgi.g0 Wi gire1 | Wais2i,4100 | Wai,r2,8,+101
i '
! 4 5 6 7
(4) (4) (4) (4)
0-3 | Wgitagiii20 | Waiprasisiza | Wairesir1a0 | Wairesi+141
v V. v V.
where W =i[ m m m m }
o V32 [PV PV —PnVm — PV

Table 7.2.4-5: Codebook for 5-layer CSl reporting using antenna ports 15 to 22.

i
0

0.3l we - 1 |Vai, Vo  Vaivs  Vai+s  Vai416
. =

V40 [Voi,  —Vai, Voits  —Voi4s  Voi+i6

Table 7.2.4-6: Codebook for 6-layer CSI reporting using antenna ports 15 to 22.

. i2
iy z
0-3| WO - 1 [Vai, Vo, Vaius  Vaius  Vaiste  Vaisl6
I
! VA8 | Vai, —Vai Vaiys —Voirs Voi+6 Vi 416
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Table 7.2.4-7: Codebook for 7-layer CSI reporting using antenna ports 15 to 22.

. iy
1
! 0

0.3 | w® - 1 Vo  Vaip  Voivs  Vaies  Vaive Voinie Va4
I
! V56 [Vai, —Voii Voiys  —Voi+s Voi+6  —Voi+16 Vo424

Table 7.2.4-8: Codebook for 8-layer CSl reporting using antenna ports 15 to 22.

) i)
|
! 0

0 w® L[V Vo Vas Vaiss Vaiuts Vaiate  Vais

I
v 8| Vo, —Vai Vaisg

Vi +24

—Voii+s  Voive  ~Vaipue  Voi+24 T Voit24
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7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

For a serving cell and UE configured in transmission mode 9, the UE can be configured with one CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more CSI-RS resource configuration(s). The following parameters for which the UE shall assume non-zero transmission
power for CSI-RS are configured via higher layer signaling for each CSI-RS resource configuration:

CSI-RS resource configuration identity, if the UE is configured in transmission mode 10,
Number of CSI-RS ports. The allowable values and port mapping are given in subclause 6.10.5 of [3].
CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

CSI RS subframe configuration 1.g_gs. The allowable values are given in subclause 6.10.5.3 of [3].

UE assumption on reference PDSCH transmitted power for CSI feedback P, if the UE is configured in
transmission mode 9.

UE assumption on reference PDSCH transmitted power for CSI feedback P, for each CSI process, if the UE is
configured in transmission mode 10. If CSI subframe sets Ccg o and Ccg;q are configured by higher layers
for a CSI process, P, is configured for each CSI subframe set of the CSI process.

Pseudo-random sequence generator parameter, n,. The allowable values are given in [11].

Higher layer parameter qcl-CRS-Info-r11 for Quasi co-location type B UE assumption of CRS antenna ports and
CSI-RS antenna ports with the following parameters, if the UE is configured in transmission mode 10:

- gcl-Scramblingldentity-r11.
- crs-PortsCount-r1l.

- mbsfn-SubframeConfigList-r11.

P, is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the
range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the
PDSCH EPRE to the cell-specific RS EPRE is denoted by p,, as specified in Table 5.2-2 and Table 5.2-3.

A UE should not expect the configuration of CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive a CSI RS Configuration index
(see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3]) belonging to the set [20-31] for the normal CP case or the set [16-27]
for the extended CP case.

A UE may assume the CSI-RS antenna ports of a CSI-RS resource configuration are quasi co-located (as defined in [3])
with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.

A UE configured in transmission mode 10 and with quasi co-location type B, may assume the antenna ports 0 — 3
associated with gcl-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15 — 22
corresponding to the CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to Doppler
shift, and Doppler spread.
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7.2.6 Channel-State Information — Interference Measurement (CSI-1M)
Resource definition
For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-IM

resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-1M resource
configuration:

- Zero-power CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- Zero-power CSI RS subframe configuration 1.g,_grs. The allowable values are given in subclause 6.10.5.3 of
(31

For a serving cell, if a UE is not configured with the higher layer parameter csi-SubframePatternConfig-r12, the UE is
not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power
CSI-RS resource configuration which can be configured for the UE.

A UE is not expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the
zero-power CSI-RS resource configurations defined in subclause 7.2.7.

For a serving cell, if a UE is not configured with CSI subframe sets Ccgo and Ccg, for any CSI process, and the

UE is configured with four CSI-IM resources, then the UE is not expected to be configured with CSI processes that are
associated with all of the four CSI-IM resources.

A UE should not expect the configuration of CSI-IM resource and PMCH in the same subframe of a serving cell.

7.2.7 Zero Power CSI-RS Resource definition

For a serving cell and UE configured in transmission mode 1-9 and UE not configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with one zero-power CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 1-9 and UE configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with up to two zero-power CSI-RS resource
configurations. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more zero-power CSI-RS resource configuration(s).

For a serving cell, the UE can be configured with up to 5 additional zero-power CSI-RS resource configurations
according to the higher layer parameter ds-ZeroTxPowerCSI-RS-r12.

The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
- Zero-power CSI RS Configuration list (16-bit bitmap ZeroPowerCSI-RS in [3])

- Zero-power CSI RS subframe configuration 1.g,_gs. The allowable values are given in subclause 6.10.5.3 of
(31
A UE should not expect the configuration of zero-power CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 1 serving cell, the UE is not expected to receive the 16-bit bitmap ZeroPowerCSI-RS with any
one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP
case.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive the 16-bit bitmap
ZeroPowerCSI-RS with any one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set
to 1 for the extended CP case.

7.3 UE procedure for reporting HARQ-ACK

If each of the serving cell(s) configured for the UE has frame structure type 1, the UE procedure for HARQ-ACK
reporting for frame structure type 1 is given in subclause 7.3.1.

If each of the serving cell(s) configured for the UE has frame structure type 2, the UE procedure for HARQ-ACK
reporting for frame structure type 2 is given in subclause 7.3.2.
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If the UE is configured with more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 1, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.4.

7.3.1 FDD HARQ-ACK reporting procedure

For FDD with PUCCH format 1a/1b transmission, when both HARQ-ACK and SR are transmitted in the same sub-
frame, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative
SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission.

For FDD with PUCCH format 1b with channel selection, when both HARQ-ACK and SR are transmitted in the same
sub-frame a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2.2.1 for a negative SR transmission and transmit one HARQ-ACK bit per serving cell on its
assigned SR PUCCH resource for a positive SR transmission according to the following:

— if only one transport block or a PDCCH/EPDCCH indicating downlink SPS release is detected on a serving
cell, the HARQ-ACK bit for the serving cell is the HARQ-ACK bit corresponding to the transport block or the
PDCCH/EPDCCH indicating downlink SPS release;

— if two transport blocks are received on a serving cell, the HARQ-ACK bit for the serving cell is generated by
spatially bundling the HARQ-ACK bits corresponding to the transport blocks;

— if neither PDSCH transmission for which HARQ-ACK response shall be provided nor PDCCH/EPDCCH
indicating downlink SPS release is detected for a serving cell, the HARQ-ACK bit for the serving cell is set to
NACK;

and the HARQ-ACK bits for the primary cell and the secondary cell are mapped to p(0) and b(1), respectively, where
b(0) and p(1) are specified in subclause 5.4.1 in [3].

For FDD, when a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by
higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to a PDSCH transmission
on the primary cell only or a PDCCH/EPDCCH indicating downlink SPS release on the primary cell only, in which
case the SR shall be transmitted as for FDD with PUCCH format 1a/1b.

For FDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if the UE does
not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in [3].

7.3.2 TDD HARQ-ACK reporting procedure

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, UE procedure for reporting HARQ-ACK is given in
subclause 7.3.2.1.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, UE procedure for reporting HARQ-ACK is given in subclause 7.3.2.2.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in[3].

7.3.2.1 TDD HARQ-ACK reporting procedure for same UL/DL configuration

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS
release (defined in subclause 9.2) within subframe(s) n—k, where ke K and K is defined in Table 10.1.3.1-1
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intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL
subframe n.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations 0
and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table
4.2-1 [3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In
this case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the
special subframe.

For TDD UL/DL configurations 1-6 and one configured serving cell, if the UE is not configured with PUCCH format 3,

the value of the Downlink Assignment Index (DAI) in DCI format 0/4, VgALl , detected by the UE according to Table

7.3-X in subframe N—Kk', where K' is defined in Table 7.3-Y, represents the total number of subframes with PDSCH
transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within all the

subframe(s) n—k , where k € K . The value V[EJAL, includes all PDSCH transmission with and without corresponding

PDCCH/EPDCCH within all the subframe(s) n—Kk . In case neither PDSCH transmission, nor PDCCH/EPDCCH
indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI

format 0/4, V;ALI , if transmitted, is set to 4.

For TDD UL/DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL/DL
configuration 1-6 and a UE configured with one serving cell and PUCCH format 3, a value W;A", is determined by the

Downlink Assignment Index (DAI) in DCI format 0/4 according to Table 7.3-Z in subframe N —K', where K' is
defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS

resource release is intended to the UE, the UE can expect that the value of Wy, is set to 4 by the DAI in DCI format
0/4 if transmitted.

For TDD UL/DL configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the
accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and PDCCH/EPDCCH indicating
downlink SPS release up to the present subframe within subframe(s) n—k of each configured serving cell, where

k € K, and shall be updated from subframe to subframe. Denote VSA‘, ¢ asthe value of the DAI in PDCCH/EPDCCH
with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE according to Table 7.3-X in subframe N — km in
serving cell c, where km is the smallest value in the set K (defined in Table 10.1.3.1-1) such that the UE detects a

DCI format 1/1A/1B/1D/2/2A/2B/2C/2D. When configured with one serving cell, the subscript of ¢ in VE?AL,‘C can be
omitted.

For all TDD UL/DL configurations, denote U ¢ as the total number of PDCCH/EPDCCH (s) with assigned

PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the
subframe(s) n—k inserving cell c,where k e K. When configured with one serving cell, the subscript of ¢ in

Upar,c can be omitted. Denote N g, which can be zero or one, as the number of PDSCH transmissions without a
corresponding PDCCH/EPDCCH within the subframe(s) n—k, where k e K.

For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and a subframe n with M =1, the UE shall generate
one or two HARQ-ACK bits by performing a logical AND operation per codeword across M downlink and special

subframes associated with a single UL subframe, of all the corresponding U 5,, + Ngps individual PDSCH

transmission HARQ-ACKSs and individual ACK in response to received PDCCH/EPDCCH indicating downlink SPS
release, where M is the number of elements in the set K defined in Table 10.1.3.1-1. The UE shall detect if at least
one downlink assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also

determine the parameter N, jeq -

- For TDD UL/DL configuration 0, N, 4es Shall be 1 if the UE detects the PDSCH transmission with or

without corresponding PDCCH/EPDCCH, or detects PDCCH indicating downlink SPS release within the
subframe n—k, where k € K. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH indicating downlink SPS release within the subframe(s) N —Kk , where k € K .
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- For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL/DL configurations 1-6, if

Upy >0 and Vo # (U, —1)mod4 +1, the UE detects that at least one downlink assignment has been
missed.

- For the case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if
VI # (Upa + Ngps —1)Mod4 +1 the UE detects that at least one downlink assignment has been missed

and the UE shall generate NACK for all codewords where N, 4.4 is determined by the UE as
N, yaies = Vo + 2. If the UE does not detect any downlink assignment missing, N, iS determined by

the UE as N, e = Ve, - UE shall not transmit HARQ-ACK if U, + Ngps =0and Vg = 4.

- For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

Upy >0 and Vo), # (U DAI —1)mod 4 +1, the UE detects that at least one downlink assignment has been
missed and the UE shall generate NACK for all codewords. The UE determines N, qieq = (U par + Ngps)
as the number of assigned subframes. The UE shall not transmit HARQ-ACK if Uy, + Ngps =0.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits

0 SK oACK  oACK for the c-th serving cell configured by RRC are constructed as follows, where c>0,
c,0 cl c.OACK _q
~c

OCACK = BcDL if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and OCACK = ZBCDL otherwise, where BCDL is the number of downlink and special subframes
for which the UE needs to feedback HARQ-ACK bits for the c-th serving cell.

- For the case that the UE is transmitting on PUCCH, BCDL =M where M is the number of elements in the set

K defined in Table 10.1.3.1-1 associated with subframe n and the set K does not include a special subframe
of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP;

otherwise B)" =M —1.

- For TDD UL/DL configuration 0 or for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B”" =M where M is the number of elements

inthe set K defined in Table 10.1.3.1-1 associated with subframe n and the set K does not include a special
subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended

downlink CP; otherwise B2" = M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not
receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where k e K.

- For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B" =Wy, . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in
subframe(s) n—k where ke K and WS, =4.

- For TDD UL/DL configurations 5 and a PUSCH transmission adjusted based on a detected PDCCH/EPDCCH
with DCI format 0/4, the UE shall assume B>" =Wy, +4((U ~Woh )/4—' , where U denotes the

maximum value of U_ among all the configured serving cells,U  is the total number of received PDSCHs and

PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k on the c-th serving cell, k € K. The
UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH

indicating downlink SPS release in subframe(s) n—k where k € K and WEL,JALI =4.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK,
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for TDD UL/DL configurations 1-6, the HARQ-ACK for a PDSCH transmission with a corresponding
PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe n—k is

associated with OCAE)'X, (k)1 if transmission mode configured in the c-th serving cell supports one transport

block or spatial HARQ-ACK bundling is applied, or associated with oé%m (k)—2 and OQ%N (K)-1
otherwise, where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe
n-k, OQ%N (k)-2 and oé%N (k)-1 are the HARQ-ACK feedback for codeword 0 and codeword 1,
respectively. For the case with Ngpg >0, the HARQ-ACK associated with a PDSCH transmission without a

corresponding PDCCH/EPDCCH is mapped to oCAg*,fCK ) The HARQ-ACK feedback bits without any

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK;

for TDD UL/DL configuration 0, the HARQ-ACK for a PDSCH transmission or for a PDCCH/EPDCCH

indicating downlink SPS release in subframe n—k is associated with OQOCK if transmission mode configured

ACK

in the c-th serving cell supports one transport block or associated with O ;= and OCAfK otherwise, where

OSOCK and Ost are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. The HARQ-

ACK feedback bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating
downlink SPS release are set to NACK.

For TDD when format 1b with channel selection is configured for transmission of HARQ-ACK and for 2 configured

ACK ACK

serving cells, the HARQ-ACK feedback bits o@CK 0 4oy Ogack , 0N PUSCH are constructed as follows.

For TDD UL/DL configuration 0, OJACK = HARQ-ACK(j), 0< j< A-1 as defined in subclause 10.1.3.2.1. The

UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH
indicating downlink SPS release in subframe(s) n—k where ke K .

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with WS, =1 or 2, 07 is determined as if PUCCH format 3 is
configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling across multiple
codewords within a downlink or special subframe is performed for all serving cells configured with a downlink

transmission mode that supports up to two transport blocks in case Wg’; =2.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with W, =3 or 4, O]ACK =0(]J), 0< j<3asdefined in Table
10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M is replaced by W,lDJkI . The UE shall not
transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink

SPS release in subframe(s)n—k where k e K and W5, = 4.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 and a subframe n with M =1 or 2, OJACK = HARQ-ACK()),
0< j< A-1 asdefined in subclause 10.1.3.2.1. The UE shall not transmit HARQ-ACK on PUSCH if the UE

does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where
kekK.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 and a subframe n with M =3 or 4, OjACK =0(]), 0<j<3as

defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively. The UE shall not transmit HARQ-ACK on
PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in

subframe(s) n—k where ke K.
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For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4, 8, 9 or 10 defined in subclause
7.1 and HARQ-ACK bits are transmitted on PUSCH, the UE shall always generate 2 HARQ-ACK bits assuming both
codeword 0 and 1 are enabled. For the case that the UE detects only the PDSCH transmission associated with codeword
0 within the bundled subframes, the UE shall generate NACK for codeword 1.

Table 7.3-X: Value of Downlink Assignment Index

DAI VUL v pL | Number of subframes with PDSCH transmission and
MSB, LSB | Yoar O Vpa with PDCCH/EPDCCH indicating DL SPS release

0,0 1 lor50r9

0,1 2 2or6orl0

1,0 3 3or7

1,1 4 Qor4or8

Table 7.3-Y: Uplink association index k' for TDD

TDD UL/DL subframe number n
Configuration | 0|12 |3|4|5|6|7|8]|9
1 6|4 6|4
2 4 4

3 41414

4 414

5 4

6 71715 717

Table 7.3-Z: Value of W't

on determined by the DAI field in DCI format 0/4

DAI uL
MSB, LSB WDA'
0,0 1
0,1 2
1,0 3
1,1 4

For TDD HARQ-ACK multiplexing and a subframe n with M >1, spatial HARQ-ACK bundling across multiple
codewords within a downlink or special subframe is performed by a logical AND operation of all the corresponding
individual HARQ-ACKS. In case the UE is transmitting on PUSCH, the UE shall determine the number of HARQ-ACK

feedback bits O”“* and the HARQ-ACK feedback bits Or?CK , n=0,...,0% —1 to be transmitted in
subframe n.

- If the PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended for
the UE, then O =V 5 unless Vgn =4 and U, + Ngg =0 inwhich case the UE shall not

transmit HARQ-ACK. The spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding

PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe n—k is associated

with Opyyys Where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in

subframe n—k . For the case with Ngps > 0, the HARQ-ACK associated with a PDSCH transmission

without a corresponding PDCCH/EPDCCH is mapped to Oé\fc}i_l. The HARQ-ACK feedback bits without any

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK.

- Ifthe PUSCH transmission is not adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended
for the UE, O*“ =M, and OiACK is associated with the spatially bundled HARQ-ACK for downlink or

special subframe N —K; , where k, € K. The HARQ-ACK feedback bits without any detected PDSCH
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transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK. The UE
shall not transmit HARQ-ACK if Upp +Ngps =0.

For TDD when a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by
higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following
cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_, where k e K, and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a PDCCH/EPDCCH indicating downlink
SPS release (defined in subclause 9.2) in subframe n—k_, where k e K, and for TDD UL/DL configurations

1-6 the DAI value in the PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k € K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—k_, where k e K with the
DA value in the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe n—k_, where k e K with the DAI value in

the PDCCH/EPDCCH equal to '1',

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selection in TDD.

For TDD when the UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with
channel selection, and when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the
bundled HARQ-ACK or the multiple HARQ-ACK responses (according to subclause 10.1) on its assigned HARQ-
ACK PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit p(0),b(1) on its
assigned SR PUCCH resource using PUCCH format 1b according to subclause 5.4.1 in [3]. The value of b(0),b(1) are
Nclz\hs -1
generated according to Table 7.3-1 from the Ngpg + ZU pal.c HARQ-ACK responses including ACK in response
c=0
to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords
Nc[g.hs -1
within each PDSCH transmission for all serving cells NCDehS . For TDD UL/DL configurations 1-6, if ZU pal ¢ >0
c=0
and VS c* (U DAI.¢ —1)mod 4+1 for aserving cell c, the UE detects that at least one downlink assignment has been

missed.
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Table 7.3-1: Mapping between multiple HARQ-ACK responses and b(0),b(1)

Nc[g:_ls -1
Number of ACK among multiple (Ngpg + ZU pAl,c ) HARQ-ACK responses b(0),b(2)

c=0
0 or None (UE detect at least one DL assignment is missed)

ROk |(k|lo|lk|lk|lo|lr|lo

o|o|N[oju|s|lwN|F
olr|rorirlorlr|lo

For TDD if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is
configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with channel selection, and if
the UE receives PDSCH and/or PDCCH/EPDCCH indicating downlink SPS release only on the primary cell within

subframe(s) n—k, where k e K, a UE shall transmit the CSI and b(0),b(1) using PUCCH format 2b for normal CP

or PUCCH format 2 for extended CP, according to subclause 5.2.3.4 in [4] with ag,a; replaced by b(0),b(1). The
DL

Ncells -1

value of b(0),b(1) are generated according to Table 7.3-1 from the Ngpg + ZU pAl.c HARQ-ACK responses
c=0

including ACK in response to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling

across multiple codewords within each PDSCH transmission for all serving cells thghs . For TDD UL/DL

DL
Ncells -1
configurations 1-6, if ZU DAl ¢ >0 and V,B{‘,]C # (U DAI.¢ —1)mod 4+1 for aserving cell c, the UE detects that at

c=0
least one downlink assignment has been missed.

For TDD if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is
configured with PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell

within subframe(s) n—k, where k € K, the UE shall drop the CSI and transmit HARQ-ACK according to subclause
10.1.3.

For TDD and a UE is configured with PUCCH format 3,
if the parameter simultaneousAckNackAndCQI is set TRUE and if the UE receives,

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_, where k e K, and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a PDCCH/EPDCCH indicating downlink
SPS release (defined in subclause 9.2) in subframe n—k_, where k e K, and for TDD UL/DL configurations

1-6 the DAI value in the PDCCH/EPDCCH is equal to 1", or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k € K,

then the UE shall transmit the CSI and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4 in [4];
else if

- the parameter simultaneousAckNackAndCQI-Format3-r11 is set TRUE and if PUCCH format 3 resource is
determined according to subclause 10.1.3.1 or subclause 10.1.3.2.2 and

o if the total number of bits in the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSl is
not larger than 22, or
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o if the total number of bits in the subframe corresponding to spatially bundled HARQ-ACKSs, SR (if
any), and the CSl is not larger than 22

then the UE shall transmit the HARQ-ACKS, SR (if any) and the CSI using the determined PUCCH format 3 resource
according to [4];

else,

the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.

7.3.2.2 TDD HARQ-ACK reporting procedure for different UL/DL configurations

For a configured serving cell, the DL-reference UL/DL configuration as defined in subclause 10.2 is referred to as the
"DL-reference UL/DL configuration™ in the rest of this subclause.

For a configured serving cell, if the DL-reference UL/DL configuration is 0, then the DAI in DCI format
1/1A/1B/1D/2/2A/2B/2C/2D is not used.

The UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k for serving cell ¢, where K K. intended for the UE and for
which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n, wherein set
K. contains values of k € K such that subframe n-k corresponds to a downlink subframe or a special subframe for

serving cell ¢, where DL subframe or special subframe of serving cell ¢ is according to the higher layer parameter
eimta-HargReferenceConfig-r12 if the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-
r12 for servingcell c; K defined in Table 10.1.3.1-1 (where "UL/DL configuration” in Table 10.1.3.1-1 refers to the
DL-reference UL/DL configuration) is associated with subframe n. M_ is the number of elements in set

K, associated with subframe n for serving cell c.

For the remainder of this subclause K =K.

If the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell, “UL/DL configuration
of the primary cell” in the rest of this subclause refers to “DL-reference UL/DL configuration of the primary cell”.

When PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations 0 and 5
with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table 4.2-1
[3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In this
case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the special
subframe.

If the UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1,2,3,4,5,6} for a serving cell, a value
W;AL, is determined by the Downlink Assignment Index (DAI) in DCI format 0/4 corresponding to a PUSCH on the

serving cell according to Table 7.3-Z in subframe N —Kk', where K' is defined in Table 7.3-Y and the "TDD UL/DL
Configuration" in Table 7.3-Y refers to the UL-reference UL/DL configuration (defined in subclause 8.0) for the
serving cell. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release

is intended to the UE, the UE can expect that the value of WgALl is set to 4 by the DAI in DCI format 0/4 if transmitted.

If the DL-reference UL/DL configuration belongs to {1,2,3,4,5,6}, the value of the DAI in DCI format
1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH
transmission(s) and PDCCH/EPDCCH indicating downlink SPS release up to the present subframe within subframe(s)

n—k of each configured serving cell, where k € K, and shall be updated from subframe to subframe. Denote V,S’,L‘, c
as the value of the DAI in PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE
according to Table 7.3-X in subframe N — K, in serving cell ¢, where K is the smallest value in the set K such
that the UE detects a DCI format 1/1A/1B/1D/2/2A/2B/2C/2D.

For all TDD UL/DL configurations, denote U ppa ¢ as the total number of PDCCH/EPDCCH (s) with assigned
PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the
subframe(s) n—k inserving cell c,where k e K. Denote N, which can be zero or one, as the number of

PDSCH transmissions without a corresponding PDCCH/EPDCCH within the subframe(s) n—k, where k e K .
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If PUCCH format 3 is configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits

0 SK oACK  oACK for the c-th serving cell configured by RRC are constructed as follows, where c>0,
c,0 cl c. OACK _q
1~c

OCACK = BCDL if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and OcACK = ZBCDL otherwise, where BCDL is the number of downlink and special subframes
for which the UE needs to feedback HARQ-ACK bits for the c-th serving cell.
- For the case that the UE is transmitting in subframe n on PUCCH or a PUSCH transmission not adjusted based
on a detected DCI format 0/4 or a PUSCH transmission adjusted based on an associated detected DCI format 0/4
with UL-reference UL/DL configuration 0 (defined in Sec 8.0), then BCDL = M . The UE shall not transmit

HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS
release in subframe(s) n—k , where ke K.

- If DL-reference UL/DL configuration of each of the configured serving cells belongs to {0, 1, 2, 3, 4, 6} and for
a PUSCH transmission in a subframe n adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4
using UL-reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

Bt = min(\/V[;’ALI M, ) The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where k € K and
WSy =4.

- If DL-reference UL/DL configuration of at least one configured serving cell belongs to {5} and for a PUSCH

transmission adjusted based on an associated detected PDCCH/EPDCCH with DCI format 0/4 using UL-
reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

B> = min(\/VléJALI + 4‘ (U ~Wga )/4 L M C), where U denotes the maximum value of U, among all the
configured serving cells,U , is the total number of received PDSCHs and PDCCH/EPDCCH indicating

downlink SPS release in subframe(s) n—k for the c-th serving cell, k € K . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in

subframe(s) n—k where k e K and WS, =4.

When PUCCH format 3 is configured for transmission of HARQ-ACK,

- if DL-reference UL/DL configuration belongs to {1,2,3,4,5,6}, the HARQ-ACK for a PDSCH transmission
with a corresponding PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in

subframe n—k is associated with OCAEX, (k)1 if transmission mode configured in the c-th serving cell
supports one transport block or spatial HARQ-ACK bundling is applied, or associated with oé%m (ky-2 and
OCAESA, (k)-1 otherwise, where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected

in subframe n—k, oé%m (k)—2 and OQ%N (k)-1 are the HARQ-ACK feedback for codeword 0 and

codeword 1, respectively. For the case with Ngpg >0, the HARQ-ACK associated with a PDSCH

transmission without a corresponding PDCCH/EPDCCH is mapped to ocAg}ZCK L The HARQ-ACK feedback
1~c .

bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS
release are set to NACK;

- if DL-reference UL/DL configuration is 0, the HARQ-ACK for a PDSCH transmission or for a

PDCCH/EPDCCH indicating downlink SPS release in subframe n—k is associated with OSOCK

mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied,
or associated with Oé g “ and Oé lc X otherwise, where Oé OCK and Oé lc “are the HARQ-ACK feedback for

codeword 0 and codeword 1, respectively. The HARQ-ACK feedback bits without any detected PDSCH
transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK.

if transmission
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If DL-reference UL/DL configuration of each of the serving cells belongs to {0,1,2,3,4,6} and if PUCCH format 1b
with channel selection is configured for transmission of HARQ-ACK and for two configured serving cells, the HARQ-

ACK feedback bits 0, 0/ ..., 027 _ on PUSCH are constructed as follows

- if UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with W;ALI =lor?2, OJACK is determined

as if PUCCH format 3 is configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling
across multiple codewords within a downlink or special subframe is performed for all serving cells configured

with a downlink transmission mode that supports up to two transport blocks in case Wé’ALl =2, where the UL-

reference UL/DL configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission.

- if UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH transmission

adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with W5y, =3 or 4, OjACK =0(j),

0< j<3asdefined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M is replaced by

W3k Wwhere the UL-reference UL/DL configuration is the UL-reference UL/DL configuration of the serving
cell corresponding to the PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE
does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where

keK and Wy, = 4.

- if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for a subframe n with M =1 or 2 (M defined in Sec 10.1.3.2.1),

OJACK = HARQ-ACK(j), 0< j< A-1 as defined in subclause 10.1.3.2.1, where the UL-reference UL/DL

configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the PUSCH
transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K.

- if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongs to {1, 2, 3, 4, 6} and, for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for a subframe n with M =3 or 4 (M defined in Sec 10.1.3.2.1),

OjACK =0(]), 0< j<3asdefined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the UL-

reference UL/DL configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K.

When a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher
layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following
cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_, where k e K, and for UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6}, the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where

k., € K, and for UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k € K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—k_, where k e K with the
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DA value in the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe n—k_, where k e K with the DAI value in

the PDCCH/EPDCCH equal to '1',

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selection in TDD.

If the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is configured with
PUCCH format 1b with channel selection, and if the UE receives PDSCH and/or PDCCH/EPDCCH indicating

downlink SPS release only on the primary cell within subframe(s) n—k, where k € K, a UE shall transmit the CSI
and b(0),b(1) using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to subclause

5.2.3.4in [4] with ag,a; replaced by b(0),b(1). The value of h(0),b(1) are generated according to Table 7.3-1 from
Nc%hs -1
the Ngpg + ZU pal.c HARQ-ACK responses including ACK in response to PDCCH/EPDCCH indicating
c=0
downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission for
Nc[;hs -1
all serving cells Nc'g'ns . If DL-reference UL/DL configuration belongs to {1,2,3,4,5,6} and, if ZU pal ¢ >0 and
c=0
Vim o7 (U DAI.c —1)mod 4+1 for a serving cell c, the UE detects that at least one downlink assignment has been
missed.

If the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is configured with
PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell within subframe(s)

n—k, where k e K, the UE shall drop the CSI and transmit HARQ-ACK according to subclause 10.1.3.

When both HARQ-ACK and CSI are configured to be transmitted in the same sub-frame and if a UE is configured with
PUCCH format 3,

if the parameter simultaneousAckNackAndCQlI is set TRUE and if the UE receives

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_, where k e K, and for UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where

k., € K, and for UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release (defined
in subclause 9.2) within subframe(s) n—k, where ke K,

then the UE shall transmit the CSI and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4 in [4];
else if

- the parameter simultaneousAckNackAndCQI-Format3-r11 is set TRUE and if PUCCH format 3 resource is
determined according to subclause 10.1.3.1 or subclause 10.1.3.2.2 and

o if the total number of bits in the subframe corresponding to HARQ-ACKS, SR (if any), and the CSI is
not larger than 22, or

o if the total number of bits in the subframe corresponding to spatially bundled HARQ-ACKSs, SR (if
any), and the CSlI is not larger than 22

then the UE shall transmit the HARQ-ACKSs, SR (if any) and the CSI using the determined PUCCH format 3 resource
according to [4];

else,

the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.
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7.3.3 FDD-TDD HARQ-ACK reporting procedure for primary cell frame
structure type 1

For FDD-TDD and the primary cell is frame structure type 1, with PUCCH format 1b with channel selection,
- for a negative SR transmission,

- UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2A.

- for a positive SR transmission,

- if one transport block or two transport blocks or a PDCCH/EPDCCH indicating downlink SPS release is
detected on the primary cell in subframe 1, and if subframe 1 is an uplink or a special subframe of
configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP for
the secondary cell according to the higher layer parameter subframeAssignment for UE not configured with
the higher layer parameter EIMTA-MainConfigServCell-r12 and according to the higher layer parameter
eimta-HargReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-
MainConfigServCell-r12,

- UE shall transmit the HARQ-ACK and SR as for FDD with PUCCH format 1a/1b as described in
subclause 7.3.1.

- otherwise

- UE shall transmit the HARQ-ACK and SR as for FDD with PUCCH format 1b with channel selection as
described in subclause 7.3.1.

For FDD-TDD and the primary cell is frame structure type 1, when PUCCH format 3 is configured for transmission of
HARQ-ACK, for special subframe configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with
extended downlink CP in a serving cell, shown in table 4.2-1 [3], the special subframe of the serving cell is excluded
from the HARQ-ACK codebook size determination.

For FDD-TDD and the primary cell is frame structure type 1, when a PUCCH format 3 transmission of HARQ-ACK
coincides with a sub-frame configured to the UE by higher layers for transmission of a scheduling request, the UE shall
multiplex HARQ-ACK and SR bits on HARQ-ACK PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the
HARQ-ACK corresponds to a PDSCH transmission on the primary cell only or a PDCCH/EPDCCH indicating
downlink SPS release on the primary cell only, in which case the SR shall be transmitted as for FDD with PUCCH
format 1a/1b as described in subclause 7.3.1.

For FDD-TDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if the
UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in [3].

7.3.4 FDD-TDD HARQ-ACK reporting procedure for primary cell frame
structure type 2

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in [3].

The FDD-TDD HARQ-ACK reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.2.2
with the following exceptions:

- for a serving cell with frame structure type 1, and a UE not configured to monitor PDCCH/EPDCCH in another
serving cell for scheduling the serving cell, K is defined in Table 10.1.3A-1, otherwise K is defined in Table
10.1.3.1-1.

- for a serving cell with frame structure type 1 and a UE not configured to monitor PDCCH/EPDCCH in another
serving cell for scheduling the serving cell, if the DL-reference UL/DL configuration of the serving cell in Table
10.1.3A-1 belongs to {2,3,4}, BCDL is determined as in subclause 7.3.2.2 for a serving cell with DL-reference

UL/DL configuration {5}.
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- for aserving cell with frame structure type 1, and if PUCCH format 3 is configured for transmission of HARQ-
ACK, and for a PUSCH transmission in a subframe n adjusted based on a detected PDCCH/EPDCCH with DCI
format 0/4, the UE shall assume the UL-reference UL/DL configuration of the serving cell belongs to
{1,2,3,4,5,6}.

- for a serving cell with frame structure type 1, and if DL-reference UL/DL configuration of each of the serving
cells belongs to {0,1,2,3,4,6}, and if PUCCH format 1b with channel selection is configured for transmission of
HARQ-ACK and for two configured serving cells, the UE shall assume the UL-reference UL/DL configuration
of the serving cell belongs to {1,2,3,4,6}.

- for a serving cell with frame structure type 1, a value W,;’ALI is determined by the Downlink Assignment Index

(DAI) in DCI format 0/4 corresponding to a PUSCH on the serving cell according to Table 7.3-Z in subframe
n—k', where k'=4.

- for a serving cell with frame structure type 1, when PUCCH format 3 is configured for transmission of HARQ-
ACK, if the DL-reference UL/DL configuration of the serving cell is 0, the HARQ-ACK for a PDSCH
transmission with a corresponding PDCCH/EPDCCH in subframe n—k is associated with oég& (-1 Iif
transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK
bundling is applied, or associated with oé%N (k)—2 and oé%m (k)-1 otherwise, where DAI(K) is the value of

DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe n—k , og5sai-2 and 0&55a1)-1

are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. For the case with Ngpg >0, the
HARQ-ACK associated with a PDSCH transmission without a corresponding PDCCH/EPDCCH is mapped to

ocAg}f\CK . The HARQ-ACK feedback bits without any detected PDSCH transmission are set to NACK.
1~ -

8 Physical uplink shared channel related procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , “serving cell’, ‘serving
cells” in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term “‘primary cell’ in this clause refers to the PSCell of the SCG.

For FDD and transmission mode 1, there shall be 8 uplink HARQ processes per serving cell for non-subframe bundling
operation, i.e. normal HARQ operation, and 3 uplink HARQ processes for subframe bundling operation when
parameter e-HARQ-Pattern-r12 is set to TRUE and 4 uplink HARQ processes for subframe bundling operation
otherwise. For FDD and transmission mode 2, there shall be 16 uplink HARQ processes per serving cell for non-
subframe bundling operation and there are two HARQ processes associated with a given subframe as described in [8].
The subframe bundling operation is configured by the parameter ttiBundling provided by higher layers.

In case higher layers configure the use of subframe bundling for FDD and TDD, the subframe bundling operation is
only applied to UL-SCH, such that four consecutive uplink subframes are used.

8.0 UE procedure for transmitting the physical uplink shared
channel

The term “UL/DL configuration” in this subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.

For FDD and normal HARQ operation, the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with
DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+4 according to the PDCCH/EPDCCH and PHICH information.
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For FDD-TDD and normal HARQ operation and a PUSCH for serving cell ¢ with frame structure type 1, the UE shall
upon detection of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for
the UE, adjust the corresponding PUSCH transmission for serving cell ¢ in subframe n+4 according to the
PDCCH/EPDCCH and PHICH information.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, and using the number of transmission
layers and precoding matrix according to the most recent PDCCH/EPDCCH, if the number of negatively acknowledged
transport blocks is equal to the number of transport blocks indicated in the most recent PDCCH/EPDCCH associated
with the corresponding PUSCH.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, and if the number of negatively
acknowledged transport blocks is not equal to the number of transport blocks indicated in the most recent
PDCCH/EPDCCH associated with the corresponding PUSCH then the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, using the precoding matrix with
codebook index 0 and the number of transmission layers equal to number of layers corresponding to the negatively
acknowledged transport block from the most recent PDCCH/EPDCCH. In this case, the UL DMRS resources are
calculated according to the cyclic shift field for DMRS [3] in the most recent PDCCH/EPDCCH with DCI format 4
associated with the corresponding PUSCH transmission and number of layers corresponding to the negatively
acknowledged transport block.

If a UE is configured with the carrier indicator field for a given serving cell, the UE shall use the carrier indicator field
value from the detected PDCCH/EPDCCH with uplink DCI format to determine the serving cell for the corresponding
PUSCH transmission.

For FDD and normal HARQ operation, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI
report, as described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the
corresponding PUSCH transmission, when simultaneous PUSCH and PUCCH transmission is not configured for the
UE.

For FDD-TDD and normal HARQ operation, for a serving cell with frame structure type 1, if a PDCCH/EPDCCH
with CSI request field set to trigger an aperiodic CSI report, as described in subclause 7.2.1, is detected by a UE on
subframe n, then on subframe n+4 UCI is mapped on the corresponding PUSCH transmission, when simultaneous
PUSCH and PUCCH transmission is not configured for the UE.

For TDD, if a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, if the
UE is configured with one serving cell or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, then for a given serving cell, the serving cell UL/DL
configuration is the UL-reference UL/DL configuration.

For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cells are different, if the serving cell is a primary cell or if the UE is not configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, the serving cell UL/DL configuration is the UL-reference UL/DL
configuration.

For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cells are different and if the serving cell is a secondary cell and if the UE is configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, then for the serving cell, the UL reference UL/DL configuration is
given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL configuration, serving cell UL/DL
configuration).

For FDD-TDD and primary cell frame structure type 2, if a serving cell is a primary cell, the serving cell UL/DL
configuration is the UL-reference UL/DL configuration for the serving cell.

For FDD-TDD if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling a
secondary serving cell with frame structure type 2, the serving cell UL/DL configuration is the UL-reference UL/DL
configuration for the serving cell.
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For FDD-TDD, and for secondary serving cell ¢ with frame structure type 2, if the UE is configured to monitor
PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the serving cell, the serving cell
UL/DL configuration is the UL-reference UL/DL configuration for the serving cell.

For FDD-TDD, if a UE is configured with more than one serving cell with frame structure type 2, and if the serving cell
is a secondary cell with frame structure type 2 and if the UE is configured to monitor PDCCH/EPDCCH in another
serving cell with frame structure type 2 for scheduling the serving cell, then for the serving cell, the UL reference
UL/DL configuration is given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL
configuration, serving cell UL/DL configuration).

Table 8-0A: UL-reference UL/DL Configuration for serving cell based on the pair formed by (other
serving cell UL/DL configuration, serving cell UL/DL configuration)

(other serving cell UL/DL configuration,
serving cell UL/DL configuration)
(1,1).(1,2),(1,4).(1,5)

(2,2),(2,5)
Set 1 (3,3),(3,4),(3,5

(4,4),(4,5)

(5.5
(1,0),(2,0),(3,0),(4,0),(5,0)
(2,1),4,1),56.1)

(5.2)

(4,3),(5,3)

(5.4
(1,6),(2,6),(3,6),(4,6),(5.6)
3.1)

(3,2),(4,2)

(1,3),(2,3)

(2.4)

(0,0),(6,0)
(0,1),(0,2),(0,4),(0,5),(6,1),(6,2),(6,5)

Set 4 (0,3),(6,3)
(6.4)
(0,6),(6,6)

Set # UL-reference UL/DL configuration

Set 2

Set 3

DA |W|IFR([O|R[WIN|IFP(O|RWINF|IOO|AIWIN|F-

If a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for a serving cell, for a radio frame of the
serving cell, PUSCH transmissions can occur only in subframes that are indicated by eIMTA-UL/DL-configuration as
uplink subframe(s) for the serving cell unless specified otherwise.

For TDD and normal HARQ operation, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI
report, as described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+k UCI is mapped on the
corresponding PUSCH transmission where k is given by Table 8-2, when simultaneous PUSCH and PUCCH
transmission is not configured for the UE.

For FDD-TDD normal HARQ operation, for a serving cell with frame structure type 2, if a PDCCH/EPDCCH with CSI
request field set to trigger an aperiodic CSI report on the serving cell, as described in subclause 7.2.1, is detected by a
UE on subframe n, then on subframe n+k UCI is mapped on the corresponding PUSCH transmission where k is given
by Table 8-2 and the “TDD UL/DL configuration” refers to the UL-reference UL/DL configuration for the serving cell,
when simultaneous PUSCH and PUCCH transmission is not configured for the UE.

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter e-HARQ-
Pattern-r12 set to FALSE or not configured, for FDD and subframe bundling operation, the UE shall upon detection of
a PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe
n-5 intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to
the PDCCH/EPDCCH and PHICH information.

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter e-HARQ-
Pattern-r12 set to TRUE, for FDD and subframe bundling operation, the UE shall upon detection of a
PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe n-1
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intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to the
PDCCH/EPDCCH and PHICH information.

For both FDD and TDD serving cells, the NDI as signalled on PDCCH/EPDCCH, the RV as determined in subclause
8.6.1, and the TBS as determined in subclause 8.6.2, shall be delivered to higher layers.

For TDD and transmission mode 1, the number of HARQ processes per serving cell shall be determined by the UL/DL
configuration (Table 4.2-2 of [3]), as indicated in Table 8-1. For TDD and transmission mode 2, the number of HARQ
processes per serving cell for non-subframe bundling operation shall be twice the number determined by the UL/DL
configuration (Table 4.2-2 of [3]) as indicated in Table 8-1 and there are two HARQ processes associated with a given
subframe as described in [8]. For TDD and both transmission mode 1 and transmission mode 2, the “TDD UL/DL
configuration” in Table 8-1 refers to the UL-reference UL/DL configuration for the serving cell if UL-reference UL/DL
configuration is defined for the serving cell and refers to the serving cell UL/DL configuration otherwise.

Table 8-1: Number of synchronous UL HARQ processes for TDD

. . Number of HARQ processes Number of HARQ processes
VeI BILAPLE @omiipLieEian for normal HAISonperation for subframe bun(ﬁirﬁ)g operation
0 7 3
1 4 2
2 2 N/A
3 3 N/A
4 2 N/A
5 1 N/A
6 6 3

For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell, and if a UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same,

- For TDD UL/DL configurations 1-6 and normal HARQ operation, the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 8-2, according to the
PDCCH/EPDCCH and PHICH information.

- For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
adjust the corresponding PUSCH transmission in subframe n+k if the MSB of the UL index in the
PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=0 or 5 in the resource
corresponding to 1p,cy =0, as defined in subclause 9.1.2, with k given in Table 8-2. If, for TDD UL/DL

configuration 0 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is setto 1 in
subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to |py,cy =1, as defined

in subclause 9.1.2, or PHICH is received in subframe n=1 or 6, the UE shall adjust the corresponding PUSCH
transmission in subframe n+7. If, for TDD UL/DL configuration 0, both the MSB and LSB of the UL index in
the PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UE shall adjust the corresponding
PUSCH transmission in both subframes n+ k and n+7, with k given in Table 8-2.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least one
serving cell, or FDD-TDD,

- For a serving cell with an UL-reference UL/DL configurations belonging to {1,2,3,4,5,6} and normal HARQ
operation, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH
transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k
for the serving cell, with k given in Table 8-2, according to the PDCCH/EPDCCH and PHICH information,
where the "TDD UL/DL Configuration” given in Table 8-2 refers to the UL-reference UL/DL configuration.

- For a serving cell with UL-reference UL/DL configuration 0 and normal HARQ operation the UE shall upon
detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended
for the UE, adjust the corresponding PUSCH transmission in subframe n+k for the serving cell if the MSB of the
UL index in the PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=0 or
5 in the resource corresponding to 1p,cy =0, as defined in subclause 9.1.2, with k given in Table 8-2. If, for a
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serving cell with UL-reference UL/DL configuration 0 and normal HARQ operation, the LSB of the UL index in
the DCI format 0/4 is set to 1 in subframe n or a PHICH is received in subframe n=0 or 5 in the resource
corresponding to 1,0y =1, as defined in subclause 9.1.2, or PHICH is received in subframe n=1 or 6, the UE
shall adjust the corresponding PUSCH transmission in subframe n+7 for the serving cell. If, for a serving cell
with UL-reference UL/DL configuration 0, both the MSB and LSB of the UL index in the PDCCH/EPDCCH
with uplink DCI format are set in subframe n, the UE shall adjust the corresponding PUSCH transmission in
both subframes n+ k and n+7 for the serving cell, with k given in Table 8-2, where the TDD UL/DL
Configuration” given in Table 8-2 refers to the UL-reference UL/DL configuration.

For TDD UL/DL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a
PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission intended for the
UE in subframe n-1 with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in
subframe n+k, with k given in Table 8-2, according to the PDCCH/EPDCCH and PHICH information.

For TDD UL/DL configuration 0 and subframe bundling operation, the UE shall upon detection of a PDCCH/EPDCCH
with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-I
with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k, if the
MSB of the UL index in the DCI format 0 is set to 1 or if 1py,cy =0, as defined in subclause 9.1.2, with k given in
Table 8-2, according to the PDCCH/EPDCCH and PHICH information. If, for TDD UL/DL configuration 0 and
subframe bundling operation, the LSB of the UL index in the PDCCH/EPDCCH with DCI format 0 is setto 1 in
subframe n or if 1p,cy =1, as defined in subclause 9.1.2, the UE shall adjust the corresponding first PUSCH

transmission in the bundle in subframe n+7, according to the PDCCH/EPDCCH and PHICH information.

Table 8-2 k for TDD configurations 0-6

TDD UL/DL subframe number n

Configuration |0 |1 |2 |3 |4 |5]|6|7[8]|9
0 416 416
1 6 4 6 4
2 4 4
3 4 4| 4
4 4|4
5 4
6 717 717 5

Table 8-2a | for TDD configurations 0, 1 and 6

TDD UL/DL subframe number n
Configuration |0 |12 |3|4|5|6|7|8]|9
0 9|6 9|6
1 2 3 2 3
6 5|5 6|6 8

A UE is semi-statically configured via higher layer signalling to transmit PUSCH transmissions signalled via
PDCCH/EPDCCH according to one of two uplink transmission modes, denoted mode 1 - 2.

If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNT], the UE shall decode
the PDCCH according to the combination defined in Table 8-3 and transmit the corresponding PUSCH. The scrambling
initialization of this PUSCH corresponding to these PDCCHSs and the PUSCH retransmission for the same transport
block is by C-RNTI.

If a UE is configured by higher layers to decode EPDCCHSs with the CRC scrambled by the C-RNTI, the UE shall
decode the EPDCCH according to the combination defined in Table 8-3A and transmit the corresponding PUSCH. The
scrambling initialization of this PUSCH corresponding to these EPDCCHSs and the PUSCH retransmission for the same
transport block is by C-RNTI.

Transmission mode 1 is the default uplink transmission mode for a UE until the UE is assigned an uplink transmission
mode by higher layer signalling.
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When a UE configured in transmission mode 2 receives a DCI Format 0 uplink scheduling grant, it shall assume that the
PUSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

Table 8-3: PDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode P corresponding to PDCCH
Mode 1 DCI format 0 Common and Single-antenna port, port 10 (see subclause 8.0.1)

UE specific by C-RNTI
Common and

Mode 2 DCI format 0 UE specific by C-RNTI

DCI format 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see subclause 8.0.2)

Single-antenna port, port 10 (see subclause 8.0.1)

Table 8-3A: EPDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to EPDCCH
Mode 1 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)
Mode 2 DCl format 0 | UE spec?ﬁc by C-RNTI | Single-antenna pprt, porF 10 (see subclause 8.0.1)
DCI format 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see subclause 8.0.2)

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the C-RNTI and is also
configured to receive random access procedures initiated by "PDCCH orders", the UE shall decode the PDCCH
according to the combination defined in Table 8-4.

If a UE is configured by higher layers to decode EPDCCHSs with the CRC scrambled by the C-RNTI and is also
configured to receive random access procedures initiated by "PDCCH orders", the UE shall decode the EPDCCH
according to the combination defined in Table 8-4A.

Table 8-4: PDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space
DCI format 1A | Common and
UE specific by C-RNTI

Table 8-4A: EPDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space
DCI format 1A UE specific by C-RNTI

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the SPS C-RNT], the UE shall
decode the PDCCH according to the combination defined in Table 8-5 and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these PDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding PDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

If a UE is configured by higher layers to decode EPDCCHSs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH according to the combination defined in Table 8-5A and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these EPDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding EPDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

Table 8-5: PDCCH and PUSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode P corresponding to PDCCH
Common and .
Mode 1 DCI format O UE specific by C-RNTI Single-antenna port, port 10 (see subclause 8.0.1)
Common and .
Mode 2 DCI format 0 UE specific by C-RNTI Single-antenna port, port 10 (see subclause 8.0.1)
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Table 8-5A: EPDCCH and PUSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to PDCCH
Mode 1 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)
Mode 2 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode PDCCHSs with the CRC scrambled by the C-RNTI,
the UE shall decode the PDCCH according to the combination defined in Table 8-6 and transmit the corresponding
PUSCH. The scrambling initialization of PUSCH corresponding to these PDCCH is by Temporary C-RNTI.

If a Temporary C-RNTI is set by higher layers, the scrambling of PUSCH corresponding to the Random Access
Response Grant in subclause 6.2 and the PUSCH retransmission for the same transport block is by Temporary C-RNTI.
Else, the scrambling of PUSCH corresponding to the Random Access Response Grant in subclause 6.2 and the PUSCH
retransmission for the same transport block is by C-RNTI.

Table 8-6: PDCCH configured by Temporary C-RNTI

DCI format | Search Space
DCI format 0 | Common

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the TPC-PUCCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8-7. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-7: PDCCH configured by TPC-PUCCH-RNTI

DCI format Search Space
DCI format 3/3A Common

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the TPC-PUSCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8.8. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-8: PDCCH configured by TPC-PUSCH-RNTI

DCI format Search Space
DCI format 3/3A | Common

8.0.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 10) of the PUSCH, the UE transmission on the PUSCH is
performed according to subclause 5.3.2A.1 of [3].

8.0.2 Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PUSCH, the UE transmission on the PUSCH is
performed according to the applicable number of transmission layers as defined in subclause 5.3.2A.2 of [3].
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8.1 Resource allocation for PDCCH/EPDCCH with uplink DCI
format

Two resource allocation schemes Type 0 and Type 1 are supported for PDCCH/EPDCCH with uplink DCI format.
If the resource allocation type bit is not present in the uplink DCI format, only resource allocation type 0 is supported.

If the resource allocation type bit is present in the uplink DCI format, the selected resource allocation type for a decoded
PDCCH/EPDCCH is indicated by a resource allocation type bit where type 0 is indicated by 0 value and type 1 is
indicated otherwise. The UE shall interpret the resource allocation field depending on the resource allocation type bit in
the PDCCH/EPDCCH with uplink DCI format detected.

8.1.1 Uplink resource allocation type 0

The resource allocation information for uplink resource allocation type O indicates to a scheduled UE a set of
contiguously allocated virtual resource block indices denoted by n,,rg. A resource allocation field in the scheduling

grant consists of a resource indication value (RIV) corresponding to a starting resource block ( RBgyart ) @and a length in
terms of contiguously allocated resource blocks ( Lcggs = 1). The resource indication value is defined by

if (Leggs —1) < \_N 5 /2j then
RIV = Ngg (Lcpes 1) + RBstagr
else
RIV = N&5 (NS5 — Lepgs +1) + (NS5 —1— RBgrart)

8.1.2 Uplink resource allocation type 1

The resource allocation information for uplink resource allocation type 1 indicates to a scheduled UE two sets of
resource blocks with each set including one or more consecutive resource block groups of size P as given in table

: uL : o : ’_N s/ P+1 :
7.1.6.1-1 assuming Ngpg as the system bandwidth. A combinatorial index r consists of | log, A bits.

The bits from the resource allocation field in the scheduling grant represent r unless the number of bits in the resource
allocation field in the scheduling grant is

- smaller than required to fully represent r, in which case the bits in the resource allocation field in the scheduling
grant occupy the LSBs of r and the value of the remaining bits of r shall be assumed to be 0; or

- larger than required to fully represent r, in which case r occupies the LSBs of the resource allocation field in the
scheduling grant.

The combinatorial index r corresponds to a starting and ending RBG index of resource block set 1, syand s, -1, and

M -1 —S.
resource block set 2, s,and s3—1 respectively, where r is given by equation r = z < v _'> defined in subclause
i=0 -

7.2.1withM=4and N = ’-N % / P-‘ +1. subclause 7.2.1 also defines ordering properties and range of values that s;

(RBG indices) map to. Only a single RBG is allocated for a set at the starting RBG index if the corresponding ending
RBG index equals the starting RBG index.
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8.2 UE sounding procedure

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:
- trigger type O: higher layer signalling
- trigger type 1: DCI formats 0/4/1A for FDD and TDD and DCI formats 2B/2C/2D for TDD.

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving
cell, the UE shall only transmit the trigger type 1 SRS transmission.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. The following
SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type 0 and for
trigger type 1.

e  Transmission comb kTC , as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of
trigger type 1

e  Starting physical resource block assignment N, , as defined in subclause 5.5.3.2 of [3] for trigger type 0 and
each configuration of trigger type 1

e duration: single or indefinite (until disabled), as defined in [11] for trigger type O

e srs-Configindex Isgs for SRS periodicity T and SRS subframe offset T, as defined in Table 8.2-1 and

offset !
Table 8.2-2 for trigger type 0 and SRS periodicity Tg.q, and SRS subframe offset T, , as defined in Table
8.2-4 and Table 8.2-5 trigger type 1

e SRS bandwidth Bg , as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of
trigger type 1

e Frequency hopping bandwidth, bhop , as defined in subclause 5.5.3.2 of [3] for trigger type O

e  Cyclic shift n§§s , as defined in subclause 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger
type 1

e Number of antenna ports N, for trigger type 0 and each configuration of trigger type 1

For trigger type 1 and DCI format 4 three sets of SRS parameters, srs-ConfigApDCI-Format4, are configured by higher
layer signalling. The 2-bit SRS request field [4] in DCI format 4 indicates the SRS parameter set given in Table 8.1-1.
For trigger type 1 and DCI format 0, a single set of SRS parameters, srs-ConfigApDCI-Format0, is configured by
higher layer signalling. For trigger type 1 and DCI formats 1A/2B/2C/2D, a single common set of SRS parameters, srs-
ConfigApDCI-Formatla2b2c, is configured by higher layer signalling. The SRS request field is 1 bit [4] for DCI
formats 0/LA/2B/2C/2D, with a type 1 SRS triggered if the value of the SRS request field is set to '1".

A 1-bit SRS request field shall be included in DCI formats 0/1A for frame structure type 1 and 0/1A/2B/2C/2D for
frame structure type 2 if the UE is configured with SRS parameters for DCI formats 0/1A/2B/2C/2D by higher-layer
signalling.

Table 8.1-1: SRS request value for trigger type 1 in DCI format 4

\Value of SRS request field Description
'00' No type 1 SRS trigger
'01' The 15 SRS parameter set configured by higher layers
10 The 2™ SRS parameter set configured by higher layers
11 The 3™ SRS parameter set configured by higher layers

The serving cell specific SRS transmission bandwidths CSRS are configured by higher layers. The allowable values are
given in subclause 5.5.3.2 of [3].
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The serving cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given
in subclause 5.5.3.3 of [3].

For a TDD serving cell, SRS transmissions can occur in UpPTS and uplink subframes of the UL/DL configuration
indicated by the higher layer parameter subframeAssignment for the serving cell.

When closed-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit
antenna selection, the index a(nggs ), of the UE antenna that transmits the SRS at time nggs is given by

a(nSRS)=nSRS mod 2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,

bhop 2 BSRS)'
Ao ) = (Nsgs +|Nsrs /2 |+ B+ nsrs / K [)mod2 when K is even 5= 1 where Kmod4 =0
77 ngrs Mod 2 when K is odd "7 10 otherwise
when frequency hopping is enabled (i.e., bhop < Bggs ),
Bsrs
where values Bggs, bnop, Nb, and nsgs are given in subclause 5.5.3.2 of [3], and K = H Nb. (where th =1
0p
b‘=bhop

regardless of the N, value), except when a single SRS transmission is configured for the UE. If a UE is configured
with more than one serving cell, the UE is not expected to transmit SRS on different antenna ports simultaneously.

A UE may be configured to transmit SRSon N, antenna ports of a serving cell where N, may be configured by
higher layer signalling. For PUSCH transmission mode 1 N, €{0,1,2,4} and for PUSCH transmission mode 2
N, €{01,2} with two antenna ports configured for PUSCH and N, €{0,1,4} with 4 antenna ports configured for

PUSCH. A UE configured for SRS transmission on multiple antenna ports of a serving cell shall transmit SRS for all
the configured transmit antenna ports within one SC-FDMA symbol of the same subframe of the serving cell.

The SRS transmission bandwidth and starting physical resource block assignment are the same for all the configured
antenna ports of a given serving cell.

A UE not configured with multiple TAGs shall not transmit SRS in a symbol whenever SRS and PUSCH transmissions
happen to overlap in the same symbol.

For TDD serving cell, when one SC-FDMA symbol exists in UpPTS of the given serving cell, it can be used for SRS
transmission. When two SC-FDMA symbols exist in UpPTS of the given serving cell, both can be used for SRS
transmission and for trigger type 0 SRS both can be assigned to the same UE.

If a UE is not configured with multiple TAGs, or if a UE is configured with multiple TAGs and SRS and PUCCH
format 2/2a/2b happen to coincide in the same subframe in the same serving cell,

- The UE shall not transmit type O triggered SRS whenever type 0 triggered SRS and PUCCH format 2/2a/2b
transmissions happen to coincide in the same subframe;

- The UE shall not transmit type 1 triggered SRS whenever type 1 triggered SRS and PUCCH format 2a/2b or
format 2 with HARQ-ACK transmissions happen to coincide in the same subframe;

- The UE shall not transmit PUCCH format 2 without HARQ-ACK whenever type 1 triggered SRS and PUCCH
format 2 without HARQ-ACK transmissions happen to coincide in the same subframe.

If a UE is not configured with multiple TAGs, or if a UE is configured with multiple TAGs and SRS and PUCCH
happen to coincide in the same subframe in the same serving cell,

- The UE shall not transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK
and/or positive SR happen to coincide in the same subframe if the parameter ackNackSRS-
SimultaneousTransmission is FALSE;
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- For FDD-TDD and primary cell frame structure 1, the UE shall not transmit SRS in a symbol whenever SRS
transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format as
defined in subclauses 5.4.1 and 5.4.2A of [3] happen to overlap in the same symbol if the parameter
ackNackSRS-SimultaneousTransmission is TRUE.

- Unless otherwise prohibited, the UE shall transmit SRS whenever SRS transmission and PUCCH transmission
carrying HARQ-ACK and/or positive SR using shortened format as defined in subclauses 5.4.1 and 5.4.2A of [3]
happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is TRUE.

A UE not configured with multiple TAGs shall not transmit SRS whenever SRS transmission on any serving cells and
PUCCH transmission carrying HARQ-ACK and/or positive SR using normal PUCCH format as defined in subclauses
5.4.1 and 5.4.2A of [3] happen to coincide in the same subframe.

In UpPTS, whenever SRS transmission instance overlaps with the PRACH region for preamble format 4 or exceeds the
range of uplink system bandwidth configured in the serving cell, the UE shall not transmit SRS.

The parameter ackNackSRS-SimultaneousTransmission provided by higher layers determines if a UE is configured to
support the transmission of HARQ-ACK on PUCCH and SRS in one subframe. If it is configured to support the
transmission of HARQ-ACK on PUCCH and SRS in one subframe, then in the cell specific SRS subframes of the
primary cell UE shall transmit HARQ-ACK and SR using the shortened PUCCH format as defined in subclauses 5.4.1
and 5.4.2A of [3], where the HARQ-ACK or the SR symbol corresponding to the SRS location is punctured.

This shortened PUCCH format shall be used in a cell specific SRS subframe of the primary cell even if the UE does not
transmit SRS in that subframe. The cell specific SRS subframes are defined in subclause 5.5.3.3 of [3]. Otherwise, the
UE shall use the normal PUCCH format 1/1a/1b as defined in subclause 5.4.1 of [3] or normal PUCCH format 3 as
defined in subclause 5.4.2A of [3] for the transmission of HARQ-ACK and SR.

Trigger type 0 SRS configuration of a UE in a serving cell for SRS periodicity, T . and SRS subframe offset, Ty, , is

defined in Table 8.2-1 and Table 8.2-2, for FDD and TDD serving cell, respectively. The periodicity Tg,s of the SRS

transmission is serving cell specific and is selected from the set {2, 5, 10, 20, 40, 80, 160, 320} ms or subframes.
For the SRS periodicity Ty of 2 ms in TDD serving cell, two SRS resources are configured in a half frame containing

UL subframe(s) of the given serving cell.

Type 0 triggered SRS transmission instances in a given serving cell for TDD serving cell with Ty, >2 and for FDD
serving cell are the subframes satisfying  (10-n; + Kggg — Typreer) MOd Tgs =0, Where for FDD k.o = {0,1,,,,,9} is the

subframe index within the frame, for TDD serving cell Kqgg is defined in Table 8.2-3. The SRS transmission instances
for TDD serving cell with Tg.q =2 are the subframes satisfying (kgzs — Topeer) MOd5=0.

For TDD serving cell, and a UE configured for type 0 triggered SRS transmission in serving cell ¢, and the UE
configured with the parameter EIMTA-MainConfigServCell-r12 for serving cell c, if the UE does not detect an UL/DL
configuration indication for radio frame m (as described in section 13.1), the UE shall not transmit trigger type 0 SRS in
a subframe of radio frame m that is indicated by the parameter eimta-HargReferenceConfig-r12 as a downlink subframe
unless the UE transmits PUSCH in the same subframe.

Trigger type 1 SRS configuration of a UE in a serving cell for SRS periodicity, Tg.g, , and SRS subframe offset,TOﬁseLl,

is defined in Table 8.2-4 and Table 8.2-5, for FDD and TDD serving cell, respectively. The periodicity T, of the

SRS transmission is serving cell specific and is selected from the set {2, 5, 10} ms or subframes.
For the SRS periodicity Tgpg;, 0f 2msin TDD serving cell, two SRS resources are configured in a half frame

containing UL subframe(s) of the given serving cell.
A UE configured for type 1 triggered SRS transmission in serving cell ¢ and not configured with a carrier indicator field

shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH scheduling
PUSCH/PDSCH on serving cell c.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH scheduling
PUSCH/PDSCH with the value of carrier indicator field corresponding to serving cell c.

A UE configured for type 1 triggered SRS transmission on serving cell ¢ upon detection of a positive SRS request in
subframe n of serving cell ¢ shall commence SRS transmission in the first subframe satisfying n+k,k >4 and
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(10-n¢ +Ksrs — Toftset 1) ModTsrs 1 =0 for TDD serving cell ¢ with Tqrg, > 2 and for FDD serving cell c,
(ksrs — Toftset1) mod5 = 0 for TDD serving cell ¢ with Tgpg; =2

where for FDD serving cell ¢ kg = {0,1,...,9} is the subframe index within the frame n, , for TDD serving cell ¢

Kers is defined in Table 8.2-3.

A UE configured for type 1 triggered SRS transmission is not expected to receive type 1 SRS triggering events
associated with different values of trigger type 1 SRS transmission parameters, as configured by higher layer signalling,
for the same subframe and the same serving cell.

For TDD serving cell ¢, and a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell ¢, the UE shall
not transmit SRS in a subframe of a radio frame that is indicated by the corresponding eIMTA-UL/DL-configuration as
a downlink subframe.

A UE shall not transmit SRS whenever SRS and a PUSCH transmission corresponding to a Random Access Response
Grant or a retransmission of the same transport block as part of the contention based random access procedure coincide
in the same subframe.

Table 8.2-1: UE Specific SRS Periodicity T, and Subframe Offset Configuration T
for trigger type 0, FDD

SRS Configuration Index Isgs | SRS Periodicity Tgps (Ms) | SRS Subframe Offset T
0-1 2 Isrs
2-6 5 Isrs — 2
7-16 10 Isrs — 7
17 -36 20 Isrs — 17
37-76 40 Isrs — 37
77— 156 80 Isrs — 77
157 — 316 160 lsrs — 157
317 — 636 320 Isrs — 317
637 — 1023 reserved reserved
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Table 8.2-2: UE Specific SRS Periodicity T, and Subframe Offset Configuration T

for trigger type 0, TDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset
Isrs TSRS (ms) Toffset
0 2 0,1
1 2 0,2
2 2 1,2
3 2 0,3
4 2 1,3
5 2 0,4
6 2 1,4
7 2 2,3
8 2 2,4
9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
25-44 20 Isrs — 25
45 -84 40 Isrs — 45
85—-164 80 Isrs — 85
165 — 324 160 Isrs — 165
325 — 644 320 Isrs — 325
645 — 1023 reserved reserved
Table 8.2-3: Kgzg for TDD
subframe index n
0 1 2(3|4|5 6
1st symbol 2nd symbol 1st symbol 2nd symbol
of UpPTS of UpPTS of UpPTS of UpPTS
kSRS in case UpPTS 0 1 51314 5 6
length of 2 symbols
kSRS in case UpPTS 1 2134 6 718l9
length of 1 symbol

Table 8.2-4: UE Specific SRS Periodicity

Ters: and Subframe Offset Configuration T, ,

for trigger type 1, FDD

SRS Configuration Index SRS Periodicity | SRS Subframe Offset
Isrs TSRS,l (ms) Toffset.l
0-1 2 Isrs
2-6 5 Isrs — 2
7-16 10 Isrs — 7
17 - 31 reserved reserved
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Table 8.2-5: UE Specific SRS Periodicity Tggq,
for trigger type 1, TDD

and Subframe Offset Configuration T,

SRS Configuration Index SRS Periodicity SRS Subframe Offset

Isrs TSRS,l (ms) Toffset.l

0 reserved reserved

1 2 0,2

2 2 1,2

3 2 0,3

4 2 1,3

5 2 0,4

6 2 1,4

7 2 2,3

8 2 2,4

9 2 3,4
10-14 5 lsrs — 10
15-24 10 Isrs — 15
25-31 reserved reserved
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8.3 UE HARQ-ACK procedure

For FDD, and serving cell with frame structure type 1, an HARQ-ACK received on the PHICH assigned to a UE in
subframe i is associated with the PUSCH transmission in subframe i-4.

For FDD-TDD, and serving cell with frame structure type 1, and UE not configured to monitor PDCCH/EPDCCH in
another serving cell with frame structure type 2 for scheduling the serving cell, an HARQ-ACK received on the PHICH
assigned to a UE in subframe i is associated with the PUSCH transmission in subframe i-4.

For FDD-TDD, if a serving cell is a secondary cell with frame structure type 1 and if the UE is configured to monitor
PDCCH/EPDCCH in another serving cell with frame structure type 2 for scheduling the serving cell, then an HARQ-
ACK received on the PHICH assigned to a UE in subframe i is associated with PUSCH transmission on the serving cell
in subframe i-6.

For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell and, if a UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same,

- For frame structure type 2 UL/DL configuration 1-6, an HARQ-ACK received on the PHICH assigned to a UE
in subframe i is associated with the PUSCH transmission in the subframe i-k as indicated by the following Table
8.3-1.

- For frame structure type 2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource
corresponding to 1p,cy =0, as defined in subclause 9.1.2, assigned to a UE in subframe i is associated with

the PUSCH transmission in the subframe i-k as indicated by the following Table 8.3-1. For frame structure type
2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource corresponding to |ppy ey =1,
as defined in subclause 9.1.2, assigned to a UE in subframe i is associated with the PUSCH transmission in the
subframe i-6.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least
one serving cell, or FDD-TDD and serving cell is frame structure type 2,

- For serving cell with an UL-reference UL/DL configuration (defined in subclause 8.0) belonging to
{1,2,3,4,5,6}, an HARQ-ACK received on the PHICH assigned to a UE in subframe i is associated with the
PUSCH transmission in the subframe i-k for the serving cell as indicated by the following Table 8.3-1, where
"TDD UL/DL Configuration" in Table 8.3-1 refers to the UL-reference UL/DL Configuration.

- For aserving cell with UL-reference UL/DL configuration O (defined in subclause 8.0), an HARQ-ACK
received on the PHICH in the resource corresponding to ooy =0, as defined in subclause 9.1.2, assigned to a
UE in subframe i is associated with the PUSCH transmission in the subframe i-k for the serving cell as indicated
by the following Table 8.3-1, where "TDD UL/DL Configuration™ in Table 8.3-1 refers to the UL-reference
UL/DL configuration. For a serving cell with UL-reference UL/DL configuration 0, an HARQ-ACK received on
the PHICH in the resource corresponding to 1py,cy =1, as defined in subclause 9.1.2, assigned to a UE in

subframe i is associated with the PUSCH transmission in the subframe i-6 for the serving cell.

- For FDD-TDD, if a serving cell is a secondary cell with UL-reference UL/DL configuration 0 and if the UE is
configured to monitor PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the
serving cell, for downlink subframe i, if a transport block was transmitted in the associated PUSCH subframe i-6
for the serving cell then PHICH resource corresponding to that transport block is not present in subframe i.
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Table 8.3-1 k for TDD configurations 0-6

TDD UL/DL subframe number i

Configuration |0 |1 |2 |3|4|5|6|7|8]|9
0 7|4 7|4
1 4 6 4 6
2 6 6
3 6 6|6
4 6|6
5 6
6 6|4 7|4 6

The physical layer in the UE shall deliver indications to the higher layers as follows:

For FDD, and for TDD with a UE configured with one serving cell, and for TDD with a UE configured with more than
one serving cell and with TDD UL/DL configuration of all configured serving cells the same, and UE is not configured
with EIMTA-MainConfigServCell-r12 for any serving cell, for downlink or special subframe i, if a transport block was
transmitted in the associated PUSCH subframe then:

if ACK is decoded on the PHICH corresponding to that transport block in subframe i, or if that transport block is
disabled by PDCCH/EPDCCH received in downlink or special subframe i, ACK for that transport block shall be
delivered to the higher layers; else NACK for that transport block shall be delivered to the higher layers.

For TDD, if the UE is configured with more than one serving cell, and if at least two serving cells have different UL/DL
configurations, or the UE is configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-
TDD, for downlink or special subframe i, if a transport block was transmitted in the associated PUSCH subframe then:

if ACK is decoded on the PHICH corresponding to that transport block in subframe i, or if that transport block is
disabled by PDCCH/EPDCCH received in downlink or special subframe i, ACK for that transport block shall be
delivered to the higher layers; or

if a PHICH resource corresponding to that transport block is not present in subframe i or if UE is not expected to
receive PHICH corresponding to that transport block in subframe i, ACK for that transport block shall be
delivered to the higher layers.

else NACK for that transport block shall be delivered to the higher layers.
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8.4 UE PUSCH hopping procedure

The UE shall perform PUSCH frequency hopping if the single bit Frequency Hopping (FH) field in a corresponding
PDCCH/EPDCCH with DCI format 0 is set to 1 and the uplink resource block assignment is type 0 otherwise no
PUSCH frequency hopping is performed.

A UE performing PUSCH frequency hopping shall determine its PUSCH Resource Allocation (RA) for the first slot of
a subframe (S1) including the lowest index PRB (nS}{B (n) ) in subframe n from the resource allocation field in the latest

PDCCH/EPDCCH with DCI format 0 for the same transport block. If there is no PDCCH/EPDCCH for the same
transport block, the UE shall determine its hopping type based on

- the hopping information in the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when
the initial PUSCH for the same transport block is semi-persistently scheduled or

- the random access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

The resource allocation field in DCI format 0 excludes either 1 or 2 bits used for hopping information as indicated by
Table 8.4-1 below where the number of PUSCH resource blocks is defined as

NUE — N HO —(N s mod 2) Type 1PUSCH hopping
N &> = Ny Type 2N, =1 PUSCH hopping
NU - N HO Type 2 N, >1PUSCH hopping

For type 1 and type 2 PUSCH hopping, NHO = NHO +1 if NHO isan odd number where NHS defined in [3].

NHO

RO = N&D in other cases. The size of the resource allocation field in DCI format 0 after excluding either 1 or 2 bits

shallbe y = lrlog2 (Nas (Nss +1)/ 2)—‘ — NyL_ hop » Where Nyi_nop = 1 0r 2 bits. The number of contiguous RBs
that can be assigned to a type-1 hopping user is limited to \_ZV / NRUé‘J. The number of contiguous RBs that can be
assigned to a type-2 hopping user is limited to min(\_Zy / N:éj, LN ggSCH / NsbJ ), where the number of sub-bands

Ng, is given by higher layers.

A UE performing PUSCH frequency hopping shall use one of two possible PUSCH frequency hopping types based on
the hopping information. PUSCH hopping type 1 is described in subclause 8.4.1 and type 2 is described in subclause
8.4.2.

Table 8.4-1: Number of Hopping Bits Ny nhop VS. System Bandwidth

System BW | #Hopping bits for 2nd slot RA
N LRJIB_ (NuL_nop)
6-49 1
50-110 2

The parameter Hopping-mode provided by higher layers determines if PUSCH frequency hopping is "inter-subframe™
or "intra and inter-subframe".
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8.4.1 Type 1 PUSCH hopping

For PUSCH hopping type 1 the hopping bit or bits indicated in Table 8.4-1 determine Npgg (i) as defined in Table 8.4-2.
The lowest index PRB (n3%g (i) ) of the 1% slot RA in subframe i is defined as n3kg (i) = fAiskg (i) + Nfag /2, where

neag (i) = RBgragr » and  RBgragy iS Obtained from the uplink scheduling grant as in subclause 8.4 and subclause 8.1.

The lowest index PRB (npgg (i) ) of the 2 slot RA in subframe i is defined as npgg (i) = fiprg (i) + NFO /2.

The set of physical resource blocks to be used for PUSCH transmission are Lgg, COntiguously allocated resource

blocks from PRB index n%g (i) for the 1% slot, and from PRB index npgg (i) for the 2™ slot, respectively, where
Lcras IS Obtained from the uplink scheduling grant as in subclause 8.4 and subclause 8.1.

If the Hopping-mode is "inter-subframe”, the 1% slot RA is applied to even CURRENT_TX_NB, and the 2" slot RA is
applied to odd CURRENT_TX_NB, where CURRENT_TX_NB is defined in [8].

8.4.2  Type 2 PUSCH hopping

In PUSCH hopping type 2 the set of physical resource blocks to be used for transmission in slot n, is given by the

scheduling grant together with a predefined pattern according to [3] subclause 5.3.4.
If the system frame number is not acquired by the UE yet, the UE shall not transmit PUSCH with type-2 hopping and

Ng, >1 for TDD, where N, is defined in [3].

Table 8.4-2: PDCCH/EPDCCH DCI format 0 hopping bit definition

System BW [ Nymber of | Information in o (i)
NSt Hopping bits | hopping bits AR
PUSCH PUSCH

6— 49 1 0 O_NR /ZJ + nPRB(l)) mod Ngg ,
1 Type 2 PUSCH Hopping
00 (L pRscH /4J + nPRB(l)j mod N b5 5cH
o1 ( L PUSCH /4J FASL (I)) mod N PUScH

50-110 2

10 O_N R >cH /zj + nPRB(l)) mod N b5
11 Type 2 PUSCH Hopping

8.5 UE Reference Symbol (RS) procedure

If UL sequence-group hopping or sequence hopping is configured in a serving cell, it applies to all Reference Symbols
(SRS, PUSCH and PUCCH RS). If disabling of the sequence-group hopping and sequence hopping is configured for the
UE in the serving cell through the higher-layer parameter Disable-sequence-group-hopping, the sequence-group
hopping and sequence hopping for PUSCH RS are disabled.
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8.6 Modulation order, redundancy version and transport block
Size determination

To determine the modulation order, redundancy version and transport block size for the physical uplink shared channel,
the UE shall first

read the "modulation and coding scheme and redundancy version” field ( I, ), and

check the "CSI request" bit field, and

compute the total number of allocated PRBs ( N .55 ) based on the procedure defined in subclause 8.1, and

compute the number of coded symbols for control information.
8.6.1 Modulation order and redundancy version determination

For0 < I, <28, the modulation order (Q,, ) is determined as follows:

- If the UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit
only QPSK and 16QAM, the modulation order is given by Q, in Table 8.6.1-1.

- If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit
only QPSK and 16QAM, Q. is first read from Table 8.6.1-1. The modulation order is setto Q,, = min(4,Q;,) .

- If the parameter ttiBundling provided by higher layers is set to TRUE, then the modulation order is set to

Q,, =2 . Resource allocation size is restricted to Nz <3 applies in this case if the UE does not indicate
support by higher layers to operate without it.

For29 <1, <31 the modulation order (Q,, ) is determined as follows:

- if DCI format O is used and 1,,.; =29 or, if DCI format 4 is used and only 1 TB is enabled and 1, = 29 for
the enabled TB and the signalled number of transmission layers is 1, and if

the "CSI request” bit field is 1 bit and the bit is set to trigger an aperiodic report and, Npgg <4 or,

- the "CSlI request"” bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to
Table 7.2.1-1A, and, Nppg <4 or,

- the "CSlI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one serving cell
according to Table 7.2.1-1Aand, Npgg <20, or,

- the "CSlI request” bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to
Table 7.2.1-1Band Npgpg <4, 0r,

- the "CSlI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process
according to Table 7.2.1-1B and Npgg <20,

then the modulation order issetto Q, =2.

- Otherwise, the modulation order shall be determined from the DCI transported in the latest PDCCH/EPDCCH
with DCI format 0/4 for the same transport block using 0<1,,.. < 28. If there is no PDCCH/EPDCCH with

MCS —
DCI format 0/4 for the same transport block using 0<1,,.. <28, the modulation order shall be determined from

MCS

- the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,
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- the random access response grant for the same transport block, when the PUSCH is initiated by the random

access response grant.

The UE shall use I, and Table 8.6.1-1 to determine the redundancy version (rvis) to use in the physical uplink shared

channel.

Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

MCS Index | Modulation Order | TBS Index Redundancy Version
Ivcs Qp I 7es MVidx
0 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 1
30 reserved 2
31 3

8.6.2  Transport block size determination

For0 < I, <28, the UE shall first determine the TBS index ( |55 ) using |,,cs and Table 8.6.1-1 except if the

transport block is disabled in DCI format 4 as specified below. For a transport block that is not mapped to two-layer
spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.1. For a transport block that is
mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.17.2.2.

For29 < I,,cs <31,

- if DCI format 0 is used and 1,5 =29 or, if DCI format 4 is used and only 1 TB is enabled and 1,,~5 =29
for the enabled TB and the number of transmission layers is 1, and if

- the "CSI request” bit field is 1 bit and is set to trigger an aperiodic CSI reportand Nppg <4, or

- the "CSlI request"” bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to

Table 7.2.1-1A,and, Npgg <4 or,
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- the "CSl request” bit field is 2 bits and is triggering aperiodic CSI report for more than one serving cell
according to Table 7.2.1-1A and, Npgg <20, or,

- the "CSlI request” bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to
Table 7.2.1-1Band Npgpg <4, 0r,

- the "CSI request"” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process
according to Table 7.2.1-1B and, Npgg <20

then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH
reporting mode is transmitted by the UE.

- Otherwise, the transport block size shall be determined from the initial PDCCH/EPDCCH for the same transport
block using 0< | 28. If there is no initial PDCCH/EPDCCH with an uplink DCI format for the same

28, the transport block size shall be determined from

MCSs <

transport block using 0< 1, <

- the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

- the random access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

In DCI format 4 a transport block is disabled if either the combination of 1, =0 and Npgg >1 or the combination

of Ipcs =28 and Npgg =1 is signalled, otherwise the transport block is enabled.
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8.6.3 Control information MCS offset determination

Offset values are defined for single codeword PUSCH transmission and multiple codeword PUSCH transmission.

Single codeword PUSCH transmission offsets ,BO%\SQ_ACK , ,B;f'set and ;&t shall be configured to values

HARQ-ACK RI |
| HARQ-ACK: and 152

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes | .. offset offeet + FESPECtively.

Multiple codeword PUSCH transmission offsets B *% BR and B shall be configured to values

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes IO':{:S?,\ZQCK , I(?f;set,MC and I;SQLMC ,

respectively.
If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢, and if a

subframe belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-
r12, then for that subframe, the UE shall use

. . HARQ-ACK RI CQl - HARQ-ACK RI CQl
- the hlgher Iayer indexes Ioffset,setz ' Ioffset,setz and Ioffset,setz in place of Ioffset ! Ioffset ' and Iof‘fset

respectively in Tables 8.6.3-1,2,3, to determine e "™ BH

codeword PUSCH transmissions, and

., and ﬁgge't respectively for single

. . HARQ-ACK RI CcQl . HARQ-ACK RI
- the hlgher Iayermdexes Ioffset,MC,setZ’ Ioffset,MC,setZ and Ioffset,MC,setZ n place of Ioffset,MC ’ Ioffset,MC and

I cal
offset,MC

multiple codeword PUSCH transmissions.

respectively in Tables 8.6.3-1,2,3, to determine Bira° *™ B and BS respectively for

Table 8.6.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers

| HARQ-ACK | HARQ-ACK ﬂHARQ—ACK
offset offset,MC offset

2.000

2.500

3.125

4.000

5.000

6.250

8.000

10.000

12.625

Ol | N|]OoO|J]O ]|~ |]W]|IN]F]|O

15.875

20.000

[En
o

31.000

[
[

[EnY
N

50.000

Ay
w

80.000

126.000

[y
n

[EnY
&)

1.0
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Table 8.6.3-2: Mapping of Rl offset values and the index signalled by higher layers

I oRffIset or I oFifIset MC ﬂ oF;fIset
0 1.250
1 1.625
2 2.000
3 2.500
4 3.125
5 4.000
6 5.000
7 6.250
8 8.000
9 10.000
10 12.625
11 15.875
12 20.000
13 reserved
14 reserved
15 reserved
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Table 8.6.3-3: Mapping of CQI offset values and the index signalled by higher layers

I c?ff%(let or | ocffcs)elt,MC B ocffgelt
0 reserved
1 reserved
2 1.125
3 1.250
4 1.375
5 1.625
6 1.750
7 2.000
8 2.250
9 2.500

10 2.875
11 3.125
12 3.500
13 4.000
14 5.000
15 6.250
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8.7 UE transmit antenna selection

UE transmit antenna selection is configured by higher layers via parameter ue-TransmitAntennaSelection.
A UE configured with transmit antenna selection for a serving cell is not expected to

e be configured with more than one antenna port for any uplink physical channel or signal for any configured
serving cell, or

e be configured with trigger type 1 SRS transmission on any configured serving cell, or
e Dbe configured with simultaneous PUCCH and PUSCH transmission, or

e be configured with demodulation reference signal for PUSCH with OCC for any configured serving cell (see
[3], subclause 5.5.2.1.1), or

e receive DCI Format 0 indicating uplink resource allocation type 1 for any serving cell.
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port 0.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection
for PUSCH in response to the most recent command received via DCI Format 0 in subclause 5.3.3.2 of [4].

If a UE is configured with more than one serving cell, the UE may assume the same transmit antenna port value is
indicated in each PDCCH/EPDCCH with DCI format 0 in a given subframe.

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna for PUSCH/SRS to be
selected by the UE is not specified.

9 Physical downlink control channel procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , “serving cell’, ‘serving
cells” in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term “‘primary cell” in this clause refers to the PSCell of the SCG.

9.1 UE procedure for determining physical downlink control

channel assignment
9.1.1 PDCCH assignment procedure

The control region of each serving cell consists of a set of CCEs, numbered from0to Nccg —1 according to
subclause 6.8.1 in [3], where Ncg  is the total number of CCEs in the control region of subframe k.

The UE shall monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the PDCCHs in the set
according to all the monitored DCI formats.

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space Slﬁ"’ at
aggregation level L e {1,2,4,8} is defined by a set of PDCCH candidates. For each serving cell on which PDCCH is

monitored, the CCEs corresponding to PDCCH candidate m of the search space Sif") are given by

L { (Y +m)ymod | Neggy /L J+i
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whereY, is defined below, i=0,---,L—1. For the common search space m'=m . For the PDCCH UE specific search
space, for the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator field

then m'=m+M®) ‘Nc; where ng; s the carrier indicator field value, else if the monitoring UE is not configured

with carrier indicator field then m’=m, where m=0,---,M® —1. M s the number of PDCCH candidates to
monitor in the given search space.

Note that the carrier indicator field value is the same as ServCelllndex given in [11].

The UE shall monitor one common search space in every non-DRX subframe at each of the aggregation levels 4 and 8
on the primary cell.

A UE shall monitor common search space on a cell to decode the PDCCHSs necessary to receive MBMS on that cell
when configured by higher layers.

If a UE is not configured for EPDCCH monitoring, and if the UE is not configured with a carrier indicator field, then
the UE shall monitor one PDCCH UE-specific search space at each of the aggregation levels 1, 2, 4, 8 on each activated
serving cell in every non-DRX subframe.

If a UE is not configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the
UE shall monitor one or more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more
activated serving cells as configured by higher layer signalling in every non-DRX subframe.

If a UE is configured for EFDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is not
configured with a carrier indicator field, then the UE shall monitor one PDCCH UE-specific search space at each of the
aggregation levels 1, 2, 4, 8 on that serving cell in all non-DRX subframes where EPDCCH is not monitored on that
serving cell.

If a UE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is
configured with a carrier indicator field, then the UE shall monitor one or more PDCCH UE-specific search spaces at
each of the aggregation levels 1, 2, 4, 8 on that serving cell as configured by higher layer signalling in all non-DRX
subframes where EPDCCH is not monitored on that serving cell.

The common and PDCCH UE-specific search spaces on the primary cell may overlap.

A UE configured with the carrier indicator field associated with monitoring PDCCH on serving cell ¢ shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the PDCCH UE specific search
space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring PDCCH on the primary cell shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the PDCCH UE specific
search space of the primary cell.

The UE shall monitor the common search space for PDCCH without carrier indicator field.

For the serving cell on which PDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the PDCCH UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a
carrier indicator field it shall monitor the PDCCH UE specific search space for PDCCH with carrier indicator field.

A UE is not expected to monitor the PDCCH of a secondary cell if it is configured to monitor PDCCH with carrier
indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which PDCCH is
monitored, the UE shall monitor PDCCH candidates at least for the same serving cell.

A UE configured to monitor PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI with a common
payload size and with the same first CCE index ngce (as described in subclause 10.1) but with different sets of DCI

information fields as defined in [4] in the
- common search space
- PDCCH UE specific search space
on the primary cell shall assume that for the PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI,

- ifthe UE is configured with the carrier indicator field associated with monitoring the PDCCH on the
primary cell, only the PDCCH in the common search space is transmitted by the primary cell;
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- otherwise, only the PDCCH in the UE specific search space is transmitted by the primary cell.

A UE configured to monitor PDCCH candidates in a given serving cell with a given DCI format size with CIF, and
CRC scrambled by C- RNTI, where the PDCCH candidates may have one or more possible values of CIF for the given
DCI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted in the given
serving cell in any PDCCH UE specific search space corresponding to any of the possible values of CIF for the given
DCI format size.

The aggregation levels defining the search spaces are listed in Table 9.1.1-1. The DCI formats that the UE shall monitor
depend on the configured transmission mode per each serving cell as defined in subclause 7.1.

Table 9.1.1-1: PDCCH candidates monitored by a UE

Search space S{") Number of PDCCH

Type Aggregation level L | Size[in CCEs] | candidates M®
6
12
8
16
16
16

UE-specific

||| AN
NIARININ|IO O

Common

For the common search spaces, Y, is set to O for the two aggregation levels L =4 and L=8.
For the UE-specific search space SlEL) at aggregation level L, the variable Y, is defined by
Yk = (A-Yk_l)mOd D

where Y ; =ngym 20, A=39827, D=65537 and K = \_nS/ZJ , N, is the slot number within a radio frame.

The RNTI value used for Ngyqp, is defined in subclause 7.1 in downlink and subclause 8 in uplink.

9.1.2 PHICH assignment procedure

If a UE is not configured with multiple TAGs, or if a UE is configured with multiple TAGs and PUSCH transmissions
scheduled from serving cell cin subframe n are not scheduled by a Random Access Response Grant corresponding to a
random access preamble transmission for a secondary cell

- For PUSCH transmissions scheduled from serving cell cin subframe n, the UE shall determine the
corresponding PHICH resource of serving cell ¢ insubframe n+Kkpycy » Where

Kpicn 1 always 4 for FDD.

- Kpuicy is 6 for FDD-TDD and serving cell ¢ frame structure type 2 and the PUSCH transmission is for
another serving cell with frame structure type 1.

- Kpuicy is 4 for FDD-TDD and serving cell ¢ frame structure type 1and the PUSCH transmission is for a
serving cell with frame structure type 1.

- Kppicn s given in table 9.1.2-1 for FDD-TDD and serving cell ¢ frame structure type 1 and the PUSCH
transmission is for another serving cell with frame structure type 2.

- For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell and, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, for PUSCH transmissions scheduled from serving
cell cin subframe n, the UE shall determine the corresponding PHICH resource of serving cell ¢ in subframe

N+ Kppicy » Where Kppycn 1S givenin table 9.1.2-1.

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cells is not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for
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at least one serving cell , or for FDD-TDD and serving cell ¢ frame structure type 2, for PUSCH transmissions
scheduled from serving cell cin subframe n, the UE shall determine the corresponding PHICH resource of
serving cell c¢ insubframe n+Kkpy ey, Where Kpycp is given in table 9.1.2-1, where the "TDD UL/DL

Configuration" in the rest of this subclause refers to the UL-reference UL/DL configuration (defined in
subclause 8.0) of the serving cell corresponding to the PUSCH transmission.

If a UE is configured with multiple TAGs, for PUSCH transmissions on subframe n for a secondary cell ¢ scheduled
by a Random Access Response grant corresponding to a random access preamble transmission for the secondary cell ¢,

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cells is not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for
at least one serving cell, or for FDD-TDD and serving cell ¢ frame structure type 2, the "TDD UL/DL
Configuration” in the rest of this subclause refers to the UL-reference UL/DL configuration (defined in
subclause 8.0) of secondary cell c.

- If the UE is not configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary
cell ¢ inanother serving cell, the UE shall determine the corresponding PHICH resource on the secondary cell

c insubframe n+Kpycy , Where
- Kpuicy is always 4 for FDD and where Kp,cy 1S given in table 9.1.2-1 for TDD.

Kpnicw is 4 for FDD-TDD and secondary cell ¢ frame structure type 1.

Kpnicy 1S given in table 9.1.2-1 for FDD-TDD and secondary cell ¢ frame structure type 2

- If the UE is configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary cell
¢ in another serving cell c1, the UE configured with multiple TAGs shall determine the corresponding PHICH
resource on the serving cell ¢l insubframe n+Kkpy ey » Where

- Kpuicy is always 4 for FDD and where Kpy,cy 1S given in table 9.1.2-1 for TDD.
Kppicn is 4 for FDD-TDD and primary cell frame structure type 1 and frame structure type 1 for secondary
cell ¢ and serving cell cl1

Kpnicn 1S given in table 9.1.2-1 for FDD-TDD and serving cell ¢ frame structure type 2

Kpmicy 1S 6 for FDD-TDD and serving cell ¢ frame structure type 1 and serving cell ¢l frame structure

type 2
For subframe bundling operation, the corresponding PHICH resource is associated with the last subframe in the bundle.

Table 9.1.2-1: Kppycy for TDD

TDD UL/DL subframe index n
Configuration |0 |12 |3|4|5|6|7|8]|9
0 4|17|6 4|17 |6
1 4|6 4|6
2 6 6
3 6|6]|6
4 6|6
5 6
6 4/16|6 4|7

The PHICH resource is identified by the index pair (ng5i&  Npricy ) Where ngifi&, is the PHICH group number and

Npmic 1S the orthogonal sequence index within the group as defined by:
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group group
npricH = (Ipra_Rra +NDMrs) Mod NBCH * Iprick NBHICH

eq PHICH
NPHICH = (\_ pre_Ra/ NSk J+ Npmrs ) Mod 2Nge

where

*  Npugs IS mapped from the cyclic shift for DMRS field (according to Table 9.1.2-2) in the most recent

PDCCH with uplink DCI format [4] for the transport block(s) associated with the corresponding
PUSCH transmission. npygs shall be set to zero, if there is no PDCCH with uplink DCI format for

the same transport block, and
» if the initial PUSCH for the same transport block is semi-persistently scheduled, or

« if the initial PUSCH for the same transport block is scheduled by the random access response
grant .

o NEMCH s the spreading factor size used for PHICH modulation as described in subclause 6.9.1 in

[3]-
for the first TB of a PUSCH with associated PDCCH or for the case of
no associated PDCCH when the number of negatively acknowledged
| I 'POF‘{"’BE“ R,&”dex TBs is not equal to the number of TBs indicated in the most recent
PRB_RA ™ PDCCH associated with the corresponding PUSCH
I,'jog"BeSt ﬁ,i\”dex +1 forasecond TB of a PUSCH with associated PDCCH

where | [West_IndeX s the Jowest PRB index in the first slot of the corresponding PUSCH

transmission

Ny is the number of PHICH groups configured by higher layers as described in subclause 6.9 of

3],

| _ |1 for TDD UL/DL configuration 0 with PUSCH transmission in subframen = 4 or 9
PHICH ™10 otherwise

Table 9.1.2-2: Mapping between npyrs and the cyclic shift for DMRS field
in PDCCH with uplink DCI format in [4]

Cyclic Shift for DMRS Field in PDCCH n
with uplink DCI format in [4] DMRS
000 0
001
010
011
100
101
110
111

N[OOI~ WIN|F-

9.1.3 Control Format Indicator (CFI) assignment procedure

PHICH duration is signalled by higher layers according to Table 6.9.3-1 in [3]. The duration signalled puts a lower

limit on the size of the control region determined from the control format indicator (CFI). When N ;QBL >10,if
extended PHICH duration is indicated by higher layers then the UE shall assume that CFI is equal to PHICH duration.
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In subframes indicated by higher layers to decode PMCH, when N % > 10, a UE may assume that CFl is equal to the
value of the higher layer parameter non-MBSFNregionLength [11].

9.1.4 EPDCCH assignment procedure

For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH
monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in

subclause 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from0to N ECCE.pk —1where

NECCE'ka is the number of ECCEs in EPDCCH-PRB-set [ of subframe k. Each EPDCCH-PRB-set can be
configured for either localized EPDCCH transmission or distributed EPDCCH transmission.

The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set
according to the monitored DCI formats.

The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by
higher layers.

The UE shall not monitor EPDCCH

- For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5 shown
in Table 4.2-1 of [3].

- For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7
shown in Table 4.2-1 of [3].

- In subframes indicated by higher layers to decode PMCH.

- For TDD and if the UE is configured with different UL/DL configurations for the primary and a secondary cell,
in a downlink subframe on the secondary cell when the same subframe on the primary cell is a special subframe
and the UE is not capable of simultaneous reception and transmission on the primary and secondary cells.

An EPDCCH UE-specific search space ES,EL) at aggregation level L e { 1,2,4,816,32 } is defined by a set of
EPDCCH candidates.

For an EPDCCH-PRB-set P, the ECCEs corresponding to EPDCCH candidate m of the search space ES&L) are
given by

m-N
Ly (Y, + {#ﬁfﬁky b)mod | Necee o /L] | +i
p

where

Y, is defined below,

b =n, ifthe UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,

otherwise b =0

nc; s the carrier indicator field value,
m=01..M{" -1,

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, M éL) is

the number of EPDCCH candidates to monitor at aggregation level L in EPDCCH-PRB-set P for the serving cell on
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which EPDCCH is monitored, as given in Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a,
9.4.4-4b, 9.1.4-5a, 9.1.4-5b below; otherwise, M E)U is the number of EPDCCH candidates to monitor at aggregation

level L in EPDCCH-PRB-set P for the serving cell indicated by nc; .

Note that the carrier indicator field value is the same as ServCelllndex given in [11].

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is
mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary
synchronization signals in the same subframe.

If a UE is configured with two EPDCCH-PRB-sets with the same n,EL;iDCCH value (where n,EL;iDCCH is defined in

subclause 6.10.3A.1 in [3]), if the UE receives an EPDCCH candidate with a given DCI payload size corresponding to
one of the EPDCCH-PRB-sets and mapped only to a given set of REs (as described in subclause 6.8A.5 in [3]), and if
the UE is also configured to monitor an EPDCCH candidate with the same DCI payload size and corresponding to the
other EPDCCH-PRB-set and which is mapped only to the same set of REs, and if the number of the first ECCE of the
received EPDCCH candidate is used for determining PUCCH resource for HARQ-ACK transmission (as described in
subclause 10.1.2 and subclause 10.1.3), the number of the first ECCE shall be determined based on EPDCCH-PRB-set

p=0.
The variable 5 is defined by

Y,u = (A, Y, Jmod D

where Y | =nNg., #0, A, =39827, A =39829, D=65537 and K = LnS/ZJ, N, is the slot number within a

radio frame. The RNTI value used for Ngyq, is defined in subclause 7.1 in downlink and subclause 8 in uplink. The

DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in
subclause 7.1.

The aggregation levels defining the search spaces and the number of monitored EPDCCH candidates is given as follows

- For a UE configured with only one EPDCCH-PRB-set for distributed transmission, the aggregation levels
defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-1a, Table
9.1.4-1b.

- For a UE configured with only one EPDCCH-PRB-set for localized transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-2b.

- For a UE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.

- For a UE configured with two EPDCCH-PRB-sets for localized transmission, the aggregation levels defining the
search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-4a, 9.4.4-4b.

- For a UE configured with one EPDCCH-PRB-set for distributed transmission, and one EPDCCH-PRB-set for
localized transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH
candidates are listed in Table 9.1.4-5a, 9.1.4-5b.

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,
NF?E'; = NRDé of the serving cell on which EPDCCH is monitored. If the UE is configured with a carrier indicator field

for the serving cell on which EPDCCH is monitored, NAF?é‘ = N%‘ of the serving cell indicated by ng .
For Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-43, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b

- Case 1 applies

- for normal subframes and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and
Ny >25 ,or
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- for special subframes with special subframe configuration 3,4,8 and normal downlink CP when DCI formats
2/2A/2B/2C/2D are monitored and Ny > 25 |, or

- for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4/5 are
monitored, and when Ngppecy <104 (Ngppeey defined in subclause 6.8A.1 in [3]), or

- for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI formats
1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5 are monitored, and when nNgppecy <104 (Ngppecey defined in subclause

6.8A.1 in [3]);

- Case 2 applies

- for normal subframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5 are
monitored or,

- for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP when DCI
formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5 are monitored , or

- for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when DCI
formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5 are monitored,;

- otherwise

- Case 3is applied.

N F):E;’ is the number of PRB-pairs constituting EPDCCH-PRB-set .

Table 9.1.4-1a: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates

X M &) for Case 1 M &) for Case 2
N RB P p
L=2 [ L=4 [ L=8 [ L=16 | L=32 | L=1 [ L=2 [ L=4 | L=8 | L=16
2 4 2 1 0 0 4 2 1 0 0
4 8 4 2 1 0 8 4 2 1 0
8 6 4 3 2 1 6 4 3 2 1
Table 9.1.4-1b: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set — Case 3)
Number of EPDCCH candidates
i (L) for Case 3
N g M for Case
L=1 [ L=2 | L=4 | L=8 | L=16
2 8 4 2 1 0
4 4 5 4 2 1
8 4 4 4 2 2
Table 9.1.4-2a: EPDCCH candidates monitored by a UE
(One Localized EPDCCH-PRB-set - Casel, Case 2)
Number of EPDCCH candidates | Number of EPDCCH candidates
Xp M) for Case 1 M (D for Case 2
N RB P p
L=2 L=4 L=8 L=16 L=1 L=2 L=4 L=8
2 4 2 1 0 4 2 1 0
4 8 4 2 1 8 4 2 1
8 6 6 2 2 6 6 2 2
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Table 9.1.4-2b: EPDCCH candidates monitored by a UE
(One Localized EPDCCH-PRB-set — Case 3)

Number of EPDCCH candidates
X (L)
N RBP M o for Case 3
L=1 L=2 L=4 L=8
2 8 4 2 1
4 6 6 2 2
8 6 6 2 2

Table 9.1.4-3a: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
N ;(51 N F’;gz [M &) ‘M ;;)] for Case 1 [M ;i) M gg)] for Case 2
L=2 | L=4 | L=8 | L=16 | L=32 | L=1 | L=2 | L=4 | L=8 | L=16
4,4 2,2 1,1 0,0 0,0 4,4 2,2 1,1 0,0 0,0
331 33|11 1,1 0,0 33 (33|11 | 11 0,0
3,3 2,2 1,1 1,1 1,1 3,3 2,2 1,1 1,1 1,1
5,3 3,2 1,1 1,0 0,0 5,3 3,2 1,1 1,0 0,0
4,2 4,2 1,1 1,0 1,0 4,2 4,2 1,1 1,0 1,0
33| 22|21 1,1 1,0 33 [ 22|21 ]| 11 1,0

|00~ |0~ IN
AINN|O(AIN

Table 9.1.4-3b: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets — Case 3)

Number of EPDCCH candidates
N Sgl N ;(sz [M M ég)] for Case 3
L=1 | L=2 | L=4 | L=8 | L=16
22 [ 33| 22|11 0,0
22 | 2211 22|11 1,1
2,2 2,2 2,2 1,1 1,1
3,1 3,2 3,1 1,1 1,0
3,1 4,1 3,1 1,1 1,0
22 | 22|22 |11 1,1

00|00~ ||~ (IN
AININ(O|A™IN

Table 9.1.4-4a: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
X X| (L) (L) (L) (L)
NRgl NRBpZ [|\/| I ,Mpz ]for Case 1 [M I ,Mpz ] for Case 2

L=2 L=4 L=8 L=16 L=1 L=2 L=4 L=8
2 2 4.4 2,2 1,1 0,0 4.4 2,2 1,1 0,0
4 4 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
8 8 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
4 2 4,3 4,2 1,1 1,0 4.3 4,2 1,1 1,0
8 2 5,2 4,2 1,1 1,0 5,2 4,2 1,1 1,0
8 4 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1

3GPP



Release 127T 160 3GPP TS 36.213 V12.5.0 (2015-03)

Table 9.1.4-4b: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets — Case 3)

Number of EPDCCH candidates
N | N3z | MG M| for Cases
L=1 L=2 L=4 L=8
3,3 3,3 1,1 1,1
3,3 3,3 1,1 1,1
3,3 3,3 1,1 1,1
4,2 4,2 1,1 1,1
4,2 4,2 1,1 1,1
3,3 3,3 1,1 1,1

00|00 |~ || IN
AININ(CO|A™(N

Table 9.1.4-5a: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates Number of EPDCCH candidates
N é(BPl N Fi(gz [M .M Evli)] for Case 1 [M .M éli)] for Case 2
L=2 L=4 L=8 L=16 L=32 L=1 L=2 L=4 L=8 L=16
4.4 2,2 1,1 0,0 0,0 4.4 2,2 1,1 0,0 0,0
4,2 4,3 0,2 0,1 0,0 4,2 4,3 0,2 0,1 0,0
4,1 4,2 0,2 0,2 0,1 4,1 4,2 0,2 0,2 0,1
4,3 2,4 0,2 0,1 0,0 4,3 2,4 0,2 0,1 0,0
4,1 2,2 0,4 0,2 0,1 4.1 2,2 0,4 0,2 0,1
5,2 4,2 1,1 1,0 0,0 5,2 4,2 1,1 1,0 0,0
4,1 4,2 0,2 0,2 0,1 4,1 4,2 0,2 0,2 0,1
5,1 4,2 2,1 1,0 0,0 51 4,2 2,1 1,0 0,0
6,1 4,2 0,2 0,1 0,0 6,1 4,2 0,2 0,1 0,0

O[O |~ |AININ|O(A~IN
AIN|O N[O IN

NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set, - Casel, Case 2;
P, is the identity of the localized EPDCCH-PRB-set,

P, is the identity of the distributed EPDCCH-PRB-set

Table 9.1.4-5b: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates
X X| (L) (L)
N 28" N g2 [M MG | for case 3
L=1 L=2 L=4 L=8 L=16
2 2 4.1 4,2 2,2 0,1 0,0
4 4 4.1 4,1 2,2 0,1 0,1
8 8 4,1 4,1 2,2 0,1 0,1
2 4 4,1 4,1 2,2 0,1 0,1
2 8 4,1 4,1 2,2 0,1 0,1
4 2 4.1 4,1 2,2 1,1 0,0
4 8 4.1 4,1 2,2 0,1 0,1
8 2 4,1 4,1 4,1 0,1 0,0
8 4 4,1 4,1 2,2 0,1 0,1
NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set - Case 3);
P, is the identity of the localized EPDCCH-PRB-set,
P, is the identity of the distributed EPDCCH-PRB-set)

If the UE is not configured with a carrier indicator field, then the UE shall monitor one EPDCCH UE-specific search
space at each of the aggregation levels given by Tables 9.1.4-1a to 9.1.4-5b on each activated serving cell for which it is
configured to monitor EPDCCH.
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If a UE is configured for EFDCCH monitoring, and if the UE is configured with a carrier indicator field, then the UE
shall monitor one or more EPDCCH UE-specific search spaces at each of the aggregation levels given by Tables 9.1.4-
la to 9.1.4-5b on one or more activated serving cells as configured by higher layer signalling.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on serving cell ¢ shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the EPDCCH UE specific
search space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on the primary cell shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the EPDCCH UE specific
search space of the primary cell.

For the serving cell on which EPDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the EPDCCH UE specific search space for EPDCCH without carrier indicator field, if the UE is configured
with a carrier indicator field it shall monitor the EPDCCH UE specific search space for EPDCCH with carrier indicator
field.

A UE is not expected to monitor the EPDCCH of a secondary cell if it is configured to monitor EPDCCH with carrier
indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which EPDCCH is
monitored, the UE shall monitor EPDCCH candidates at least for the same serving cell.

A UE configured to monitor EPDCCH candidates in a given serving cell with a given DCI format size with CIF, and
CRC scrambled by C- RNTI, where the EPDCCH candidates may have one or more possible values of CIF for the
given DCI format size, shall assume that an EPDCCH candidate with the given DCI format size may be transmitted in
the given serving cell in any EPDCCH UE specific search space corresponding to any of the possible values of CIF for
the given DCI format size.

For the serving cell on which EPDCCH is monitored, a UE is not required to monitor the EPDCCH in a subframe
which is configured by higher layers to be part of a positioning reference signal occasion if the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is normal
cyclic prefix.

A UE may assume the same C,;, value (described in subclause 6.10.3A.1 of [3]) is used for antenna ports 107,108
while monitoring an EPDCCH candidate associated with either antenna port 107 or antenna port 108.
A UE may assume the same C,;, value (described in subclause 6.10.3A.1 of [3]) is used for antenna ports 109,110
while monitoring an EPDCCH candidate associated with either antenna port 109 or antenna port 110.

9.14.1 EPDCCH starting position

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9,

— if the UE is configured with a higher layer parameter epdcch-StartSymbol-r11,

o the starting OFDM symbol for EPDCCH given by index |zppecpsae i the first slot in a subframe is
determined from the higher layer parameter,

- otherwise
o the starting OFDM symbol for EPDCCH given by index |zppoopsae i the first slot in a subframe is
given by the CFI value in the subframe of the given serving cell when NRg >10, and |gppechstart
is given by the CFI value+1 in the subframe of the given serving cell when NZt <10

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, for each EPDCCH-PRB-set, the starting OFDM symbol for monitoring EPDCCH

in subframe k is determined from the higher layer parameter pdsch-Start-r11 (defined in subclause 9.1.4.3) as follows
— if the value of the parameter pdsch-Start-r11 belongs to {1,2,3,4},

o] is given by the higher layer parameter pdsch-Start-r11

1
| EPDCCHStart

— otherwise
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o] is given by the CFI value in subframe k of the given serving cell when N F?E'; >10, and

1
I EPDCCHStart

I'copccnsan 1S 9iven by the CFI value+1 in subframe k of the given serving cell when N F?E'; <10

- ifsubframe k isindicated by the higher layer parameter mbsfn-SubframeConfigList-r11 (defined in subclause
9.1.4.3), or if subframe k is subframe 1 or 6 for frame structure type 2,

IEPDCCHStart = min(zl IlEPDCCHStart ) '
— otherwise

0 I EPDCCHStart *

I EPDCCHStart

9.1.4.2 Antenna ports quasi co-location for EPDCCH

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9, and if the UE is configured to monitor EPDCCH,

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in [3])
with respect to Doppler shift, Doppler spread, average delay, and delay spread.

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set,

- if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-A as described in
subclause 7.1.10

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in
[3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

- if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-B as described in
subclause 7.1.10

- the UE may assume antenna ports 15 — 22 corresponding to the higher layer parameter qcl-CSI-RS-
ConfigNZPId-r11 (defined in subclause 9.1.4.3) and antenna ports 107-110 are quasi co-located (as defined
in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

9.1.4.3 Resource mapping parameters for EPDCCH

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set, the
UE shall use the parameter set indicated by the higher layer parameter re-MappingQCL-Configld-r11 for determining
the EPDCCH RE mapping (defined in subclause 6.8A.5 of [3]) and EPDCCH antenna port quasi co-location. The
following parameters for determining EPDCCH RE mapping (as described in subclause 6.8A.5 of [3]) and EPDCCH
antenna port quasi co-location are included in the parameter set:

- crs-PortsCount-ril.

- crs-FregShift-r11.

- mbsfn-SubframeConfigList-r11.
- csi-RS-ConfigZzPId-r11.

- pdsch-Start-rii.

- qcl-CSI-RS-ConfigNZPId-r11.

- csi-RS-ConfigZPId-Second-r12 if the UE is configured with CSI subframe sets Ccg o and Ccg , by the higher
layer parameter csi-SubframePatternConfig-r12 for the serving cell.
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9.14.4 PRB-pair indication for EPDCCH
For a given serving cell, for each EPDCCH-PRB-pair set P, the UE is configured with a higher layer parameter
resourceBlockAssignment-r11 indicating a combinatorial index I corresponding to the PRB index {ki }i'“:%‘p -,
DL : : Nef 1 /NPL DL . .
(1<k <Ng, k <k,,)andgiven by equation | _ Z Re ~ i\ where Npg is the number of PRB pairs
= \Np2 —i

associated with the downlink bandwidth, N ;E;’ is the number of PRB-pairs constituting EPDCCH-PRB-set P, and is

X
configured by the higher layer parameter numberPRBPairs-r11, and < >= (VJ Xy is the extended binomial
y
0 x<y

p
RB

N DL
coefficient, resulting in unique label I e {0,...,( F)*(B -1
N
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9.2 PDCCH/EPDCCH validation for semi-persistent scheduling

A UE shall validate a Semi-Persistent Scheduling assignment PDCCH only if all the following conditions are met:

- the CRC parity bits obtained for the PDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- the new data indicator field is set to '0". In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator
field refers to the one for the enabled transport block.

A UE shall validate a Semi-Persistent Scheduling assignment EPDCCH only if all the following conditions are met:

- the CRC parity bits obtained for the EPDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- the new data indicator field is set to '0". In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator
field refers to the one for the enabled transport block.

Validation is achieved if all the fields for the respective used DCI format are set according to Table 9.2-1 or Table 9.2-
1A

If validation is achieved, the UE shall consider the received DCI information accordingly as a valid semi-persistent
activation or release.

If validation is not achieved, the received DCI format shall be considered by the UE as having been received with a
non-matching CRC.

Table 9.2-1: Special fields for Semi-Persistent Scheduling Activation PDCCH/EPDCCH Validation

DCI format
DCI format O DCI format 1/1A 2/2A/2B/2C/2D
TPC command for scheduled PUSCH set to '00’ N/A N/A
Cyclic shift DM RS set to '000' N/A N/A
Modulation and coding scheme . .
and redundancy version MSB is set10 ‘0 N/A N/A
FDD: set to '000' FDD: set to '000'
HARQ process number N/A TDD: set to '0000" TDD: set to '0000"
Modulation and coding scheme N/A MSB is set to '0' For the enablgd trans;l)olrt block:
MSB is set to 'O
Redundancy version N/A set to '00' For the enabled tl:an'sport block:
set to '00

Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH/EPDCCH Validation

DCI format 0 DCI format 1A

TPC command for scheduled PUSCH setto ‘00 N/A

Cyclic shift DM RS set to '000' N/A

Modulation and coding scheme
and redundancy version
Resource block assignment and
hopping resource allocation

setto '11111' N/A

Settoall'l's N/A
FDD: set to '000'

HARQ process number N/A TDD: set to '0000"
Modulation and coding scheme N/A setto '11111"
Redundancy version N/A set to '00'
Resource block assignment N/A Settoall'l's

For the case that the DCI format indicates a semi-persistent downlink scheduling activation, the TPC command for
PUCCH field shall be used as an index to one of the four PUCCH resource values configured by higher layers, with the
mapping defined in Table 9.2-2
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Table 9.2-2: PUCCH resource value for downlink semi-persistent scheduling

Value of 'TPC command 1,p)
for PUCCH: NPUCCH
‘00" [The first PUCCH resource value configured by the higher layers
'01' The second PUCCH resource value configured by the higher layers
'10' [The third PUCCH resource value configured by the higher layers
11 The fourth PUCCH resource value configured by the higher layers

9.3 PDCCH/EPDCCH control information procedure

A UE shall discard the PDCCH/EPDCCH if consistent control information is not detected.

10 Physical uplink control channel procedures
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , “serving cell’, ‘serving
cells” in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, “‘serving cell’, ‘serving
cells” in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term “‘primary cell” in this clause refers to the PSCell of the SCG.

10.1  UE procedure for determining physical uplink control

channel assignment

If the UE is configured for a single serving cell and is not configured for simultaneous PUSCH and PUCCH
transmissions, then in subframe n uplink control information (UCI) shall be transmitted

- on PUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH

- on PUSCH if the UE is transmitting PUSCH in subframe n unless the PUSCH transmission corresponds to a
Random Access Response Grant or a retransmission of the same transport block as part of the contention based
random access procedure, in which case UCI is not transmitted

If the UE is configured for a single serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only of periodic CSI

- on PUCCH using format 2/2a/2b/3 if the UCI consists of periodic CSI and HARQ-ACK and if the UE is not
transmitting PUSCH

- on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and
periodic/aperiodic CSI and if the UE is transmitting PUSCH in subframe n, in which case the HARQ-
ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3 and the periodic/aperiodic
CSI transmitted on PUSCH unless the PUSCH transmission corresponds to a Random Access Response Grant
or a retransmission of the same transport block as part of the contention based random access procedure, in
which case periodic/aperiodic CSI is not transmitted

If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH
transmission, then in subframe n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH
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- on PUSCH of the serving cell given in subclause 7.2.1 if the UCI consists of aperiodic CSI or aperiodic CSI and
HARQ-ACK

- on primary cell PUSCH if the UCI consists of periodic CSI and/or HARQ-ACK and if the UE is transmitting on
the primary cell PUSCH in subframe n unless the primary cell PUSCH transmission corresponds to a Random
Access Response Grant or a retransmission of the same transport block as part of the contention based random
access procedure, in which case UCI is not transmitted

- on PUSCH of the secondary cell with smallest SCellindex if the UCI consists of periodic CSI and/or HARQ-
ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one
secondary cell

If the UE is configured with more than one serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only of periodic CSI

- as described in subclause 10.1.1, if the UCI consists of periodic CSI and HARQ-ACK and if the UE is not
transmitting on PUSCH

- on PUCCH and primary cell PUSCH if the UCI consists of HARQ-ACK and periodic CSI and the UE is
transmitting PUSCH on the primary cell, in which case the HARQ-ACK is transmitted on PUCCH using format
1a/1b/3 and the periodic CSl is transmitted on PUSCH unless the primary cell PUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, in which case periodic CSI is not transmitted

- on PUCCH and PUSCH of the secondary cell with the smallest SCellIndex if the UCI consists of HARQ-ACK
and periodic CSI and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at
least one secondary cell, in which case, the HARQ-ACK is transmitted on PUCCH using format 1a/1b/3 and the
periodic CSI is transmitted on PUSCH

- on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and aperiodic CSI in
which case the HARQ-ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3
and the aperiodic CSl is transmitted on PUSCH of the serving cell given in subclause 7.2.1

If the UE is configured with more than one serving cell, then reporting prioritization and collision handling of periodic
CSI reports of a certain PUCCH reporting type is given in subclause 7.2.2.

A UE transmits PUCCH only on the primary cell.

A UE is configured by higher layers to transmit PUCCH on one antenna port (p = pg) or two antenna ports
(pelpo. p1l)-

For FDD or FDD-TDD and primary cell frame structure 1, with two configured serving cells and PUCCH format 1b
with channel selection or for FDD with two or more configured serving cells and PUCCH format 3,
Nc[(:hsfl i
NHARQ = Z NJeceived where N2f is the number of configured cellsand N*** is the number of transport
c=0

blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe N —4 inservingcell C.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell, if a UE is
configured with one serving cell, or the UE is configured with more than one serving cell and the UL/DL configurations
of all serving cells are the same, then

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and a subframe n with
thhs_l i
M =1, or for TDD UL/DL configuration 0 and PUCCH format 3, NHARQ = z Z Nl?’accelved _where
c=0 keK
N s the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe

Nn—Kk inservingcell C,where k e K ,and M is the number of elements in K.
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For TDD UL/DL configurations 1-6 and PUCCH format 3, or for TDD with two configured serving cells and
PUCCH format 1b with channel selection and M = 2,
Neg 1 i DL DL

NHARQ = Z ((\/SAL,’C —UDA|,c)m0d4)- nock ZN{?"C‘*'V“’ where Vg, . isthe Vpy inservingcell C,

c=0 keK
K" is the number of HARQ-ACK bits corresponding to the
configured DL transmission mode on serving cell C. In case spatial HARQ-ACK bundling is applied,
nA* =1 and NE?“’Ed is the number of PDCCH/EPDCCH or PDSCH without a corresponding
PDCCH/EPDCCH received in subframe n—K and serving cellC, where k € K and M is the number of
elements in K. In case spatial HARQ-ACK bundling is not applied, N;‘fcfi"ed is the number of transport blocks
received or the SPS release PDCCH/EPDCCH received in subframe n—K inservingcell C, where k e K
and M is the number of elements in K. VDDALLC =0 if no transport block or SPS release PDCCH/EPDCCH is

Upac isthe Up,, inservingcell €, and n2°

detected in subframe(s) n—Kk inservingcell C, where k e K .

For TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4,

Nparg = 2 if UE receives PDSCH or PDCCH/EPDCCH indicating downlink SPS release only on one serving

cell within subframes n—K ,where k € K ;otherwise N oo = 4.

For TDD if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving
cell, or for FDD-TDD and primary cell frame structure 2, then

For PUCCH format 3, or for two configured serving cells and PUCCH format 1b with channel selection and
M <2 (defined in subclause 10.1.3.2.1 for TDD and subclause 10.1.3A for FDD-TDD),

NOh—1
-8 DL .U d4 ). nACK nreceived | where VP5 isthe VL inserving cell C
NHARQ = DAl, ¢ ~YDAl ¢ /MOd4)-ne ™" + k¢ DAl ¢ DAI g '
c=0 keK

ACK
c

is the number of HARQ-ACK bits corresponding to the
configured DL transmission mode on serving cell C. In case spatial HARQ-ACK bundling is applied,

no =1 and N is the number of PDCCH/EPDCCH or PDSCH without a corresponding
PDCCH/EPDCCH received in subframe n—Kk and serving cellC, where ke K and K = K. (defined in
subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). In case spatial HARQ-ACK bundling is not
applied, leccei"ed is the number of transport blocks received or the SPS release PDCCH/EPDCCH received in

Upa . isthe Up, inservingcell C,and n

subframe N—K inservingcell C,where ke K and K = K (defined in subclause 7.3.2.2 for TDD and

subclause 7.3.4 for FDD-TDD). VDELL,VC =0 if no transport block or SPS release PDCCH/EPDCCH is detected

in subframe(s) N—Kk inservingcell C,where ke K and K = K, (defined in subclause 7.3.2.2 for TDD and

subclause 7.3.4 for FDD-TDD). For a serving cell C, set VDDALI,C =Upa ¢ if the DL-reference UL/DL

configuration (defined in subclause 10.2) for serving cell C is TDD UL/DL configuration 0,

For two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4 (defined in
subclause 10.1.3.2.1 for TDD and subclause 10.1.3A for FDD-TDD), Nparg = 2 if UE receives PDSCH or

PDCCH/EPDCCH indicating downlink SPS release only on one serving cell within subframes n —k ,where
keK and K =K_(defined in subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD); otherwise

Nparg = 4.

Throughout the following subclauses, subframes are numbered in monotonically increasing order; if the last subframe
of a radio frame is denoted as k , the first subframe of the next radio frame is denoted as k +1.

Throughout the following subclauses, if the UE is configured with higher layer parameter n1PUCCH-AN-r11 then
NSy is given by nIPUCCH-AN-r11, else N, is given by higher layer parameter nLIPUCCH-AN .
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10.1.1 PUCCH format information

Using the PUCCH formats defined in subclause 5.4.1 and 5.4.2 in [3], the following combinations of UCI on PUCCH
are supported:

- Format 1a for 1-bit HARQ-ACK or in case of FDD or FDD-TDD primary cell frame structure type 1 for 1-bit
HARQ-ACK with positive SR.

- Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR.

- Format 1b for up to 4-bit HARQ-ACK with channel selection when the UE is configured with more than one
serving cell or, in the case of TDD, when the UE is configured with a single serving cell.

- Format 1 for positive SR.

- Format 2 for a CSI report when not multiplexed with HARQ-ACK.

- Format 2a for a CSI report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix.
- Format 2b for a CSI report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix.
- Format 2 for a CSI report multiplexed with HARQ-ACK for extended cyclic prefix.

- Format 3 for up to 10-bit HARQ-ACK for FDD or FDD-TDD primary cell frame structure type 1 and for up to
20-bit HARQ-ACK for TDD and for up to 21 bit HARQ-ACK for FDD-TDD primary cell frame structure type
2.

- Format 3 for up to 11-bit corresponding to 10-bit HARQ-ACK and 1-bit positive/negative SR for FDD or FDD-
TDD and for up to 21-bit corresponding to 20-bit HARQ-ACK and 1-bit positive/negative SR for TDD and for
up to 22-bit corresponding to 21-bit HARQ-ACK and 1-bit positive/negative SR for FDD-TDD primary cell
frame structure type 2.

- Format 3 for HARQ-ACK, 1-bit positive/negative SR (if any) and a CSI report for one serving cell.

For a UE configured with PUCCH format 3 and HARQ-ACK transmission on PUSCH or using PUCCH format 3, or
for a UE configured with two serving cells and PUCCH format 1b with channel selection and HARQ-ACK
transmission on PUSCH, or for UE configured with one serving cell and PUCCH format 1b with channel selection
according to Tables 10.1.3-5, 10.1.3-6, 10.1.3-7 and HARQ-ACK transmission on PUSCH:

- if the configured downlink transmission mode for a serving cell supports up to 2 transport blocks and only one
transport block is received in a subframe, the UE shall generate a NACK for the other transport block if spatial
HARQ-ACK bundling is not applied.

- if neither PDSCH nor PDCCH/EPDCCH indicating downlink SPS release is detected in a subframe for a serving
cell, the UE shall generate two NACKSs when the configured downlink transmission mode supports up to 2
transport blocks and the UE shall generate a single NACK when the configured downlink transmission mode
supports a single transport block.

The scrambling initialization of PUCCH format 2, 2a, 2b and 3 is by C-RNTI.

For a UE that is configured with a single serving cell and is not configured with PUCCH format 3, in case of collision
between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, the periodic CSI report is
multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is
set TRUE, otherwise the CSl is dropped.

For TDD and for a UE that is configured with a single serving cell and with PUCCH format 3, in case of collision
between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, if the parameter
simultaneousAckNackAndCQI provided by higher layers is set TRUE or if the parameter simultaneousAckNackAndCQI-
Format3-r11 provided by higher layers is set TRUE, the periodic CSI report is multiplexed with HARQ-ACK or
dropped as described in subclause 7.3, otherwise the CSI is dropped.

For FDD or for FDD-TDD and primary cell frame structure type 1 and for a UE that is configured with more than one

serving cell, in case of collision between a periodic CSI report and an HARQ-ACK in a same subframe without
PUSCH,
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- if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE and if the HARQ-ACK
corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating downlink SPS release only on the
primary cell,

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using PUCCH format 2/2a/2b

- else if the UE is configured with PUCCH format 3 and if the parameter simultaneousAckNackAndCQI-Format3-
r11 provided by higher layers is set TRUE, and if PUCCH resource is determined according to subclause
10.1.2.2.2, and

- if the total number of bits in the subframe corresponding to HARQ-ACKS, SR (if any), and the CSl is not
larger than 22 or

- if the total number of bits in the subframe corresponding to spatially bundled HARQ-ACKSs, SR (if any), and
the CSlI is not larger than 22

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using the determined PUCCH
format 3 resource according to [4]

- otherwise,
CSl is dropped.

For TDD or for FDD-TDD and primary cell frame structure type 2 and for a UE that is configured with more than one
serving cell, in case of collision between a periodic CSI report and an HARQ-ACK in a same subframe without
PUSCH, if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE or if the parameter
simultaneousAckNackAndCQI-Format3-r11 provided by higher layers is set TRUE, the periodic CSI report is
multiplexed with HARQ-ACK or dropped as described in subclause 7.3, otherwise the CSI is dropped.

In case of collision between a periodic CSI report and an HARQ-ACK in a same subframe with PUSCH, the periodic
CSlI is multiplexed with the HARQ-ACK in the PUSCH transmission in that subframe if the UE is not configured by
higher layers for simultaneous PUCCH and PUSCH transmissions. Otherwise, if the UE is configured by higher layers
for simultaneous PUCCH and PUSCH transmissions, the HARQ-ACK is transmitted in the PUCCH and the periodic
CSl is transmitted in the PUSCH.

If each of the serving cells configured for the UE has frame structure type 1, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.2.

If each of the serving cells configured for the UE has frame structure type 2, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 1, UE procedure for HARQ-ACK feedback is given in
subclause 10.1.2A.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK feedback is given in
subclause 10.1.3A.

10.1.2 FDD HARQ-ACK feedback procedures

For FDD and for a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection or PUCCH format 3,
the UE shall determine the number of HARQ-ACK bits, o0, based on the number of configured serving cells and the
downlink transmission modes configured for each serving cell. The UE shall use two HARQ-ACK bits for a serving
cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-ACK bit
otherwise.

A UE that supports aggregating at most 2 serving cells with frame structure type 1 shall use PUCCH format 1b with
channel selection for transmission of HARQ-ACK when configured with more than one serving cell with frame
structure type 1.

A UE that supports aggregating more than 2 serving cells with frame structure type 1 is configured by higher layers to
use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 1.

3GPP



Release 127T 170 3GPP TS 36.213 V12.5.0 (2015-03)

The FDD HARQ-ACK feedback procedure for one configured serving cell is given in subclause 10.1.2.1 and
procedures for more than one configured serving cell are given in subclause 10.1.2.2.

10.1.2.1 FDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1a/1b.

For FDD and one configured serving cell, the UE shall use PUCCH resource nélUE:)CH for transmission of HARQ-ACK
in subframe n for p mapped to antenna port p for PUCCH format 1a/1b [3], where

for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 , or for a
PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 |, the UE shall use
né,{,?ggH =Neee + NF(,lJCCH for antenna port p,, where ncce is the number of the first CCE (i.e. lowest CCE
index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and N $ccpy
is configured by higher layers. For two antenna port transmission the PUCCH resource for antenna port p, is

. 1P, 1
given by NEGRY, = Nece +1+ NDeey -

for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in
subframe n—4, the value of n,&{’,@CH is determined according to higher layer configuration and Table 9.2-2.
For a UE configured for two antenna port transmission, a PUCCH resource value in Table 9.2-2 maps to two
PUCCH resources with the first PUCCH resource né,b@gH for antenna port pg and the second PUCCH

resource né,tﬁc%H for antenna port p,, otherwise, the PUCCH resource value maps to a single PUCCH

(L,7o)
resource Np,ocy for antenna port pg.

for a PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe n—4 , or for
an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4 |, the UE shall use

o if EPDCCH-PRB-set qis configured for distributed transmission

(L) _ (e1)
Npicen = Necceq + Appo + NPUCCH,q

o ifEPDCCH-PRB-set qis configured for localized transmission

= n
L) _ ECCE, ECCE, . (e1)
nPU'().‘?CH - ECCE(,]q ’ NRB ‘ +n +AARO + NPeUCCH,q
N RB
for antenna port p,, where Ngcee is the number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q,
A jro is determined from the HARQ-ACK resource offset field in the DCI format of the corresponding

EPDCCH as given in Table 10.1.2.1-1, N IS‘TJl)CCH,q for EPDCCH-PRB-set q is configured by the higher layer

parameter pucch-ResourceStartOffset-ri1, N FEBCCE’q for EFDCCH-PRB-set q is given in subclause 6.8A.1 in

[3], N'is determined from the antenna port used for localized EPDCCH transmission which is described in
subclause 6.8A.5in [3]. For two antenna port transmission the PUCCH resource for antenna port p, is given

by
o if EPDCCH-PRB-set qis configured for distributed transmission

@p) (e1)
Npdcen = nECCE,q +1+ AARo +N PUCCH,q

o if EPDCCH-PRB-set qis configured for localized transmission

ECCE q

= n
Lp) ECCEq ECCE q ! (1)
nPUClCH - {N—J N RB +1+n'+A ARO T N PUCCH,q
RB
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Table 10.1.2.1-1: Mapping of ACK/NACK Resource offset Field

in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D to A 4z, Values
ACK/NACK Resource offset field A
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D ARO
0 0
1 -1
2 -2
3 2

10.1.2.2 FDD HARQ-ACK procedures for more than one configured serving cell

The FDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.2.2.1 or a PUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.2.2.2.

HARQ-ACK transmission on two antenna ports (p €[pg, p;]) is supported for PUCCH format 3.

HARQ-ACK transmission on two antenna ports (p €[pg, p]) is supported for PUCCH format 1b with channel
selection and FDD with two configured serving cells.

10.1.2.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

For two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit p(o)n) on

PUCCH resource n(l’ﬁ) for p mapped to antenna port p using PUCCH format 1b where
PUCCH p mapp portp g

n&i) _n®

PUCCH pucch Tor antenna port p, where nélL),CCH is selected from A PUCCH resources,

néldccm where 0< j<A-1 and Ae{2,3,4}, according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table

10.1.2.2.1-5 in subframe n. HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transport block or
SPS release PDCCH/EPDCCH associated with serving cell ¢, where the transport block and serving cell for
HARQ-ACK(j) and A PUCCH resources are given by Table 10.1.2.2.1-1.

nélUﬁC%H for antenna port p, , where né,lUﬁC%H is selected from A PUCCH resources, néluﬁc%H j configured by

higher layers where 0< j<A-1 and Ae{2,3,4}, according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table

10.1.2.2.1-5 by replacing né,ll)JCCHwith nF(,luﬁc%H and replacing nél&CCHViwith nF(,lL'JﬁC%HJ in subframe n, when

the UE is configured with two antenna port transmission for PUCCH format 1b with channel selection.
A UE configured with a transmission mode that supports up to two transport blocks on serving cell, c, shall use the

same HARQ-ACK response for both the transport blocks in response to a PDSCH transmission with a single transport
block or a PDCCH/EPDCCH indicating downlink SPS release associated with the serving cell c.

Table 10.1.2.2.1-1: Mapping of Transport Block and Serving Cell to HARQ-ACK(j)
for PUCCH format 1b HARQ-ACK channel selection

o HARQ-ACK(j)
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
TB1 Primary cell | TB1 Secondary cell NA NA
3 | TB1 Serving celll | TB2 Serving celll TB1 Serving cell2 NA
TB1 Primary cell TB2 Primary cell TB1 Secondary cell | TB2 Secondary cell
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The UE shall determine the A PUCCH resources, né,lL),CCH’j associated with HARQ-ACK(j) where 0< j< A-1 in
Table 10.1.2.2.1-1, according to

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 on the

primary cell, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 on
the primary cell, the PUCCH resource is néldccm =Neee + NéﬂCCH , and for transmission mode that supports

up to two transport blocks, the PUCCH resource nF(,lL),CCH’H1 is given by néﬂccwm = Nee +1+ NS een

where N is the number of the first CCE used for transmission of the corresponding PDCCH and N ey,
is configured by higher layers.

- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in
subframe n-—4, the value of nél&CCHJ is determined according to higher layer configuration and Table 9.2-2.

For transmission mode that supports up to two transport blocks, the PUCCH resource néﬂCCH’H is given by

n® _n®

PUCCH, j+1 — ''PUCCH, +1

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n-4
on the secondary cell, the value of né,lL)JCCH’j , and the value of nlg’:BCCH,Hl for the transmission mode that

supports up to two transport blocks is determined according to higher layer configuration and Table
10.1.2.2.1-2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to
determine the PUCCH resource values from one of the four resource values configured by higher layers, with
the mapping defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode that supports up to two
transport blocks a PUCCH resource value in Table 10.1.2.2.1-2 maps to two PUCCH resources

1)

(nélL),CCH'j , nl(DlL)JCCH,j+l) , otherwise, the PUCCH resource value maps to a single PUCCH resource Ngjjccyy j -

- for a PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe n-4 on the
primary cell, or for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4
on the primary cell, the PUCCH resource is given by

- ifEPDCCH-PRB-set qis configured for distributed transmission

(1) _ (e1)
Neucen,j = Neceegq Appo + NPUCCH,q

- ifEPDCCH-PRB-set qis configured for localized transmission

n
) | Mecceg ECCEq |, p ©)
NpuceH,j = { N ECCE.d J Ngg " +N'+Axz0 + Npjecng
RB

where Ngcceq IS the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q, A .z, is determined from the
HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-
1, N F(,ej)CCH’q for EFDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-

ri1, N Ffé:CE’q for EEDCCH-PRB-set q is given in subclause 6.8A.1 in [3], N'is determined from the antenna
port used for localized EPDCCH transmission which is described in subclause 6.8A.5 in [3].

For transmission mode that supports up to two transport blocks, the PUCCH resource nélL),CCH’M is given by

- ifEPDCCH-PRB-set g is configured for distributed transmission

1) _ (e1)
nPUCCH,j+l - nECCE,q +1+ AARo +N PUCCH,q

- ifEPDCCH-PRB-set qis configured for localized transmission
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nECCE,q

1) _ ECCE,q ! (e1)
nPUCCH,j+l - { N ECCE,q J N RB +1+n'+A AR T N PUCCH,q
RB

Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

el (;LrTFI?L(J:Cc&Tmand nlgll.)JCCH,j o (nlgllleCH,j’nlglliCCH,jﬂ)
'00' The 1st PUCCH resource value configured by the higher layers|
'01' The 2" PUCCH resource value configured by the higher layers
'10' The 3" PUCCH resource value configured by the higher layers
11’ The 4" PUCCH resource value configured by the higher layers
NOTE: (I‘]é,lL)JCCHYj , néﬂCCH’M) are determined from the first and second PUCCH
resource lists configured by n1PUCCH-AN-CS-List-r10 in [11], respectively.

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selection for A=2

Table 10.1.2.2.1-4: Transmission of Format 1b HARQ-ACK channel selection for A=3

HARQ-ACK(0) | HARQ-ACK(1) [ n%eey | BODQ
ACK ACK nec | 11
ACK NACKDTX | n§ccno | 11

NACK/DTX ACK nlcc1 | 0.0
NACK NACKDTX | n§ccno | 0.0
DTX NACK/DTX No Transmission

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | N%Dcqyy | OB

@

ACK ACK ACK NSlccns | 11
@

ACK NACK/DTX ACK NSlcchs | 10
@

NACK/DTX ACK ACK NSlccns | 01
(1)

NACK/DTX | NACK/DTX ACK NSOcchz | L1
@

ACK ACK NACKDTX | N§dccno | 1.1
@)

ACK NACK/DTX | NACKDTX | n§lecno | 1.0
@

NACK/DTX ACK NACKDTX | N§lccno | 0.1
@

NACK/DTX | NACK/DTX NACK NScchz | 0.0
@

NACK NACK/DTX DTX NSccho | 0.0
@

NACK/DTX NACK DTX NSccho | 0.0

DTX DTX DTX No Transmission
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Table 10.1.2.2.1-5: Transmission of Format 1b HARQ-ACK channel selection for A=4

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK(3) nF(,ﬂCCH b(0)b(2)

(1)

ACK ACK ACK ACK NBUCCH.1 11
@)

ACK NACK/DTX ACK ACK NBUCCH.2 0,1
(1)

NACK/DTX ACK ACK ACK NBUCCH.1 0,1
(1)

NACK/DTX NACK/DTX ACK ACK NPUCCH.3 11
(1)

ACK ACK ACK NACK/DTX NPUCCH.1 1,0
o)

ACK NACK/DTX ACK NACK/DTX | N{jcch 2 0,0
)

NACK/DTX ACK ACK NACK/DTX NBUCCH.1 0,0
)

NACK/DTX NACK/DTX ACK NACK/DTX NBUCCH.3 1,0
@)

ACK ACK NACK/DTX ACK NBUCCH 2 11
@)

ACK NACK/DTX NACK/DTX ACK NBUCCH 2 1,0
)

NACK/DTX ACK NACK/DTX ACK NBUCCH.3 0,1
)

NACK/DTX NACK/DTX NACK/DTX ACK NBUCCH.3 0,0
@)

ACK ACK NACK/DTX NACK/DTX | Npicenio 1,1
@)

ACK NACK/DTX NACK/DTX NACK/DTX | Npicehio 1,0
o)

NACK/DTX ACK NACK/DTX NACK/DTX | Npicenio 0,1
)

NACK/DTX NACK NACK/DTX NACK/DTX | Npicehio 0,0
)

NACK NACK/DTX NACK/DTX NACK/DTX | Npiceno 0,0

DTX DTX NACK/DTX NACK/DTX No Transmission

10.1.2.2.2 PUCCH format 3 HARQ-ACK procedure

For PUCCH format 3, the UE shall use PUCCH resource néﬂg)CH or nSUE)CH for transmission of HARQ-ACK in
subframe n for p mapped to antenna port p where

- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-4, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4

on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource nI(DIUEZ)CH with

né,luz"c)H =Neee + NF(,lJCCH for antenna port p,, where ncce is the number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and N, is

configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antenna port p, is given by nS2L =n.e +1+ NS, .

- for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected in subframe n—4, the UE shall use PUCCH format 1a/1b and PUCCH resource néluFé)CH where the

value of n,ﬁ{fc’CH is determined according to higher layer configuration and Table 9.2-2. For a UE configured

for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to
two PUCCH resources with the first PUCCH resource né,b‘é’c)H for antenna port p, and the second PUCCH
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resource n,ﬁt@éH for antenna port p,, otherwise, the PUCCH resource value maps to a single PUCCH

(L,Po)
resource Ng,ccy for antenna port py.

- for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n -4, the UE shall use PUCCH format 3 and PUCCH resource néfJE)CH where

the value of nésug)CH is determined according to higher layer configuration and Table 10.1.2.2.2-1.

The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. For a UE configured for two antenna port transmission for PUCCH format 3, a
PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
n,%EOC)H for antenna port py and the second PUCCH resource n,gfjglc)H for antenna port p,, otherwise, the

PUCCH resource value maps to a single PUCCH resource néﬁ?gH for antenna port pgy. A UE shall assume

that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format of the corresponding
secondary cell PDCCH assignments in a given subframe.

- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n-—4, or for a EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe

n—4 on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource nI(DIUEZ)CH given by

- ifEPDCCH-PRB-set qis configured for distributed transmission
(LB) _ 1
r]PU‘(]SOCH - r]ECCE,q + AARO + NF(’eU():CH,q
- ifEPDCCH-PRB-set qis configured for localized transmission

= n

(LPo) _ ECCEgq ECCE.q ' (e1)

nPUCOCH - \\WJ N RB +N'+A ARO +N PUCCH,q
RB

for antenna port p,, where Ngcee is the number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢,

A ppo s determined from the HARQ-ACK resource offset field in the DCI format of the corresponding

EPDCCH as given in Table 10.1.2.1-1, N IS‘TJl)CCH,q for EPDCCH-PRB-set q is configured by the higher layer

parameter pucch-ResourceStartOffset-ri1, N FEBCCE’q for EFDCCH-PRB-set q is given in subclause 6.8A.1 in

[3], N'is determined from the antenna port used for localized EPDCCH transmission which is described in
subclause 6.8A.5 in [3]. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antenna port p, is given by.

- if EPDCCH-PRB-set ¢ is configured for distributed transmission
Lp) (e1)
nPUpC1CH - nECCE,q +1+ AARo +N PeUCCH,q

- ifEPDCCH-PRB-set ¢ is configured for localized transmission

5 n

Lm) ECCEq ECCE q ' (1)

Npucen = {WJ N RB +1+n'+A aro T N PUCCH,q
RB
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Table 10.1.2.2.2-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of 'TPC command for PUCCH' n(3,ﬁ)
or '"HARQ-ACK resource offset' PUCCH
'00' [The 1st PUCCH resource value configured by the higher layers
'01' The 2" PUCCH resource value configured by the higher layers
'10' The 3™ PUCCH resource value configured by the higher layers
‘11 The 4" PUCCH resource value configured by the higher layers

10.1.2A FDD-TDD HARQ-ACK feedback procedures for primary cell frame
structure type 1

For a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection, the UE shall determine the number
of HARQ-ACK bits, o insubframe n, based on the number of configured serving cells with subframe n-4
configured as a downlink or special subframe according to the DL-reference UL/DL configuration (defined in subclause
10.2) of each serving cell and the downlink transmission modes configured for each serving cell. For a UE transmitting
HARQ-ACK using PUCCH format 3, the UE shall determine the number of HARQ-ACK bits, o insubframe n,
based on the number of configured serving cells with subframe n—4 configured as a downlink or special subframe
except a special subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with
extended downlink CP according to the DL-reference UL/DL configuration (defined in subclause 10.2) of each serving
cell and the downlink transmission modes configured for each serving cell. The UE shall use two HARQ-ACK bits for
a serving cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-
ACK bit otherwise.

A UE that supports aggregating at most 2 serving cells shall use PUCCH format 1b with channel selection for
transmission of HARQ-ACK when configured with primary cell frame structure type 1 and secondary cell frame
structure type 2.

A UE that supports aggregating more than 2 serving cells with primary cell frame structure type 1 is configured by
higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-
ACK when configured with more than one serving cell and primary cell frame structure type 1 and at least one
secondary cell with frame structure type 2.

For HARQ-ACK transmission in subframe n with PUCCH format 1b with channel selection, the FDD-TDD HARQ-
ACK procedure follows HARQ-ACK procedure described in subclause 10.1.2.1 if subframe n—4 isan uplink or a
special subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended
downlink CP for the secondary cell according to the higher layer parameter subframeAssignment for UE not configured
with the higher layer parameter EIMTA-MainConfigServCell-r12, and according to the higher layer parameter eimta-
HargReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-MainConfigServCell-r12, and
HARQ-ACK procedure described in subclause 10.1.2.2.1 otherwise.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 3 HARQ-ACK procedure as described in
subclause 10.1.2.2.2.

HARQ-ACK transmission on two antenna ports (p €[pg, p;]) is supported for PUCCH format 3.

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1b with channel
selection and with two configured serving cells.

10.1.3 TDD HARQ-ACK feedback procedures

For TDD and a UE that does not support aggregating more than one serving cell with frame structure type 2, two
HARQ-ACK feedback modes are supported by higher layer configuration.

- HARQ-ACK bundling and
- HARQ-ACK multiplexing

For TDD UL/DL configuration 5 and a UE that does not support aggregating more than one serving cell with frame
structure type 2 and the UE is not configured with EIMTA-MainConfigServCell-r12 for the serving cell, only HARQ-
ACK bundling is supported.
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A UE that supports aggregating more than one serving cell with frame structure type 2 is configured by higher layers to
use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 2.

A UE that supports aggregating more than one serving cell with frame structure type 2 and is not configured with the
parameter EIMTA-MainConfigServCell-r12 for any serving cell is configured by higher layers to use HARQ-ACK
bundling, PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of
Tables 10.1.3-5/6/7, or PUCCH format 3 for transmission of HARQ-ACK when configured with one serving cell with
frame structure type 2.

A UE that is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell is configured
by higher layers to use PUCCH format 1b with channel selection according to the set of Tables 10.1.3-5/6/7, or PUCCH
format 3 for transmission of HARQ-ACK.

PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of Tables
10.1.3-5/6/7 is not supported for TDD UL/DL configuration 5.

TDD HARQ-ACK bundling is performed per codeword across M multiple downlink or special subframes associated
with a single UL subframe n, where M is the number of elements in the set K defined in Table 10.1.3.1-1, by a
logical AND operation of all the individual PDSCH transmission (with and without corresponding PDCCH/EPDCCH)
HARQ-ACKs and ACK in response to PDCCH/EPDCCH indicating downlink SPS release. For one configured serving
cell the bundled 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively.

For TDD HARQ-ACK multiplexing and a subframe n with M >1, where M is the number of elements in the set K
defined in Table 10.1.3.1-1, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is performed by a logical AND operation of all the corresponding individual HARQ-ACKs. PUCCH format
1b with channel selection is used in case of one configured serving cell. For TDD HARQ-ACK multiplexing and a
subframe n with M =1, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is not performed, 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b,
respectively for one configured serving cell.

In the case of TDD and more than one configured serving cell with PUCCH format 1b with channel selection and more
than 4 HARQ-ACK bits for M multiple downlink or special subframes associated with a single UL subframe n, where
M is defined in subclause 10.1.3.2.1, and for the configured serving cells, spatial HARQ-ACK bundling across
multiple codewords within a downlink or special subframe for all configured cells is performed and the bundled
HARQ-ACK bits for each configured serving cell is transmitted using PUCCH format 1b with channel selection. For
TDD and more than one configured serving cell with PUCCH format 1b with channel selection and up to 4 HARQ-
ACK bits forM multiple downlink or special subframes associated with a single UL subframe n, where M is defined
in subclause 10.1.3.2.1, and for the configured serving cells, spatial HARQ-ACK bundling is not performed and the
HARQ-ACK bits are transmitted using PUCCH format 1b with channel selection.

In the case of TDD and more than one configured serving cell with PUCCH format 3 and more than 20 HARQ-ACK
bits for M multiple downlink or special subframes associated with a single UL subframe n, where M is the number
of elements in the set K defined in subclause 10.1.3.2.2 and for the configured serving cells, spatial HARQ-ACK
bundling across multiple codewords within a downlink or special subframe is performed for each serving cell by a
logical AND operation of all of the corresponding individual HARQ-ACKSs and PUCCH format 3 is used. For TDD and
more than one configured serving cell with PUCCH format 3 and up to 20 HARQ-ACK bits for M multiple downlink
or special subframes associated with a single UL subframe n, where M is the number of elements in the set K
defined in subclause 10.1.3.2.2 and for the configured serving cells, spatial HARQ-ACK bundling is not performed and
the HARQ-ACK bits are transmitted using PUCCH format 3.

For TDD with PUCCH format 3, a UE shall determine the number of HARQ-ACK bits, 0, associated with an UL
subframe n

DL
N cells

accordingto O = ZOCACK where N Q2ji is the number of configured cells, and OcACK is the number of HARQ-bits
c=1

for the c-th serving cell defined in subclause 7.3.

TDD HARQ-ACK feedback procedures for one configured serving cell are given in subclause 10.1.3.1 and procedures
for more than one configured serving cell are given in subclause 10.1.3.2.
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10.1.3.1 TDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[pg, p;]) is supported for PUCCH format 1a/1b with TDD
HARQ-ACK bundling feedback mode and for PUCCH format 3.

A UE that supports aggregating more than one serving cell with frame structure type 2 can be configured by higher
layers for HARQ-ACK transmission on two antenna ports (p €[pg. p1]) for PUCCH format 1b with channel

selection.

The TDD HARQ-ACK procedure for a UE configured with PUCCH format 3 is as described in subclause 10.1.3.2.2
when the UE receives PDSCH and/or SPS release PDCCH/EPDCCH only on the primary cell.

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK
bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n with M =1 where M

is the number of elements in the set K defined in Table 10.1.3.1-1, the UE shall use PUCCH resource n&,@CH for
transmission of HARQ-ACK in subframe n for p mapped to antenna port p for PUCCH format 1a/1b, where

- If there is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k, where ke K and K (defined
in Table 10.1.3.1-1) is a set of M elements {k;,k;,---ky,_;} depending on the subframe n and the UL/DL
configuration (defined in Table 4.2-2 in [3]), and if PDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n—k,,, where k, isthe smallest value in set K such that UE detects a
PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and
k € K, the UE first selectsa c value out of {0, 1, 2, 3} which makes N; <nccg < N¢,1 and shall use

NSl = (M =m—1)-N_+m-N_,; +Neee + NSeey for antennaport pg, where NBq, is

configured by higher layers, N, = max{O, L[NEE'; -(NSFEB -c—4)]/36 J} ,and ngep is the number of the first

CCE used for transmission of the corresponding PDCCH in subframe n -k and the corresponding m. When
two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK

bundling for antenna port p, isgivenby n&P. =(M —m—1)-N_+m-N_, + e +1+ NPeey -

- Ifthere is only a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected within
subframe(s) n—k, where ke Kand K isdefined in Table 10.1.3.1-1, the UE shall use PUCCH format 1a/1b
and PUCCH resource nétf:)CH with the value of né,lu'é)CH is determined according to higher layer configuration

and Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b and HARQ-
ACK bundling, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH
resource ngtﬁogH for antenna port py and the second PUCCH resource né,bﬁc%H for antenna port pq,
otherwise, the PUCCH resource value maps to a single PUCCH resource nSU%C)H for antenna port pg.

- If there is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k, where k€ K and K (defined
in Table 10.1.3.1-1) is a set of M elements {k,k;,---ky_;} depending on the subframe n and the UL/DL
configuration (defined in Table 4.2-2 in [3]), and if EPDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n—k.,, where k, isthe smallest value in set K such that UE detects a
PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and
k € K, the UE shall use

- ifEPDCCH-PRB-set qis configured for distributed transmission

m-1
(LBo) _ (e1)
Npdcer = Neceeg Z Neccegnk, T Aaro T Npuceng
iT=0

- if EPDCCH-PRB-set Yis configured for localized transmission
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N n m-1

Lp) _ ECCEq ECCE,q ' (e1)

Npucch = { N ECCEq J “Ngg + Z N EccE.qnk, TN +A jro T N PUCCH.q
RB i1=0

for antenna port pg, where Ngeee o is the number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin

subframe n—k, and the corresponding m, N F(,eJ)CCqu for EPDCCH-PRB-set q is configured by the higher

layer parameter pucch-ResourceStartOffset-ri1, N EgCE’q for EPDCCH-PRB-set q in subframe n—k_, is
given in subclause 6.8A.1 in [3], n'is determined from the antenna port used for EPDCCH transmission in
subframe n -k, which is described in subclause 6.8A.5in [3]. If m=0, A,,, isdetermined from the
HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-
1.1f m>0, A,y isdetermined from the HARQ-ACK resource offset field in the DCI format of the
corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in
subframe n—k,, N ECCE gk, 15 €qual to the number of ECCEs in EPDCCH-PRB-set g configured for that

iz’
UE in subframe n —k;, . If the UE is not configured to monitor EPDCCH in subframe n—k,,, N ECCE,qnk, 1S

equal to the number of ECCEs computed assuming EPDCCH-PRB-set q is configured for that UE in subframe
n—Kk;, . For normal downlink CP, if subframe n—Kk;, is a special subframe with special subframe configuration

Oor5 N ECCE qn-k, IS equal to 0. For extended downlink CP, if subframe n—k;, is a special subframe with
special subframe configuration 0 or 4 or 7, N ECCE q.n-k, 1S equal to 0. When two antenna port transmission is

configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK bundling for antenna port p, is
given by

- ifEPDCCH-PRB-set qis configured for distributed transmission

m-1

Lp) _ (e1)
Npocen = Mecceq 1+ Z N eccegnk, T Aaro + Neozenq
10

- ifEPDCCH-PRB-set qis configured for localized transmission

_ n m-1
wp) ECCEq ECCE q ' (e1)
nPUClCH - \‘ N ECCE q J ' NRB +1+ Z N ECCE,q,n—kj; +N +AARO +N PUCCH,q
RB i1=0

Table 10.1.3.1-1: Downlink association set K : {kg,k;,---ky_;} for TDD

UL/DL Subframe n
Configuration | 0 | 1 2 3 4 |56 7 819
0 - 6 - 4 6 -4
1 - |- 7,6 4 - [-1- 7,6 4 -
2 - |- 8,7,4,6 - - -1 -18,7,46]-|-
3 - [ - 7,6,11 6,5 54[-]- - - |-
4 - [ - 12,8,7,11 6,547 - |-]- - - |-
5 -] -113,12,9,8,7,5,4,11,6 - - [ -1- - - |-
6 - |- 7 7 5 [-]- 7 7] -
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Table 10.1.3.1-1A: elMTA downlink association set K*: {k(f,kl’*,...,kshl} for TDD

Higher layer parameter | Higher layer Subframe n

‘eimta- parameter

HarqReferenceConfig- | ‘subframeAss 2 3 4 |5]|6 7 819
ri2’ ignment’

0 - |- 7,8,4 - -l - - 7,8,4 - |-

2 1 - |- 8,4 - -l -] - 8,4 - |-

6 - |- 6,8,4 - -l -] - 8,6,4 - |-

0 - |- 12,7,11,8 7456 | - | - | - - i

4 1 - |- 12,8,11 7,5,6 -l -] - - - |-

3 - |- 12,8 4,7 -l - - - o

6 - |- 12,118 4,5,6 -l - - - -] -

0 -|-1 12,7,11,13,8,4,9,5 - - - - - -] -

1 - |- 13,12,8,11,4,9,5 - -l - - - o

5 2 - |- 13,12,9,11,5 - - - - - -] -

3 - |- 13,12,5,4,8,9 - - - - - -] -

4 - |- 13,5,4,6,9 - - - - - i

6 -1-1 13,12,11,6,8,4,9,5 - -1 - - - o

Table 10.1.3.1-2: Mapping of ACK/NACK Resource offset Field in DCI format
1A/1B/1D/1/2A/2/2B/2CI2D to A 4z, values for TDD when m >0

ACK/NACK Resource offset field in

DCI format 1A/1B/1D/1/2A/2/2B/2C/2D AARO
0 0
m-1
1 - N ECCE,q,n—kj; 2
i1=0
m-1
2 - N ECCE.qn-k; 1
il=m-[m/3]
3 2

Table 10.1.3.1-3: Mapping of ACK/NACK Resource offset Field in DCI format
1A/1B/1D/1/2AI2/2B/2C/2D to A',.,values for TDD when i4=M"and i5#0

ARO

ACK/NACK Resource offset
field in A
DCI format ARO
1A/1B/1D/1/2A/2/2B/2C/2D
0 0
i4-1 i5-1
1 _; N ECCE,q,n—k'; _Z N ECCE.q.n-k2
11= 11=!
i4-1 i5-1 (|4 + |5)
2 - z N ECCE,q,n-ky Z N ECCE,q,n—kj} -1 ’5=[ 3
i1=min(i4, i4-5+i5) il=max(0, i5-5)
3 2

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK
multiplexing and sub-frame n with M >1 and one configured serving cell, where M is the number of elements in

the set K defined in Table 10.1.3.1-1, denote ng&CCH‘i as the PUCCH resource derived from sub-frame n-k; and
HARQ-ACK(i) as the ACK/NACK/DTX response from sub-frame n—k; , where k; € K (defined in Table 10.1.3.1-1)
and 0<i<M -1.

- For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating
downlink SPS release in sub-frame n—k; where k; € K, the PUCCH resource

3GPP




Release 127T 181 3GPP TS 36.213 V12.5.0 (2015-03)

nél&CCH’i =(M —i-1)-N¢ +i-Ngyg +Neegj + Né,BCCH , where c is selected from {0, 1, 2, 3} such that

N¢ <nccei <Ners Ne= max{O, \_[N% -(NSFéB~c—4)]/36 J} » Nece,; is the number of the first CCE used

for transmission of the corresponding PDCCH in subframe n—k;, and N{).c, is configured by higher
layers.

- For a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe n—k;,

the value of nlglL)JCCH,i is determined according to higher layer configuration and Table 9.2-2.

- For a PDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating
downlink SPS release in sub-frame n—k; where k; € K, the UE shall use

- ifEPDCCH-PRB-set qis configured for distributed transmission

i-1

(1) _ (e1)
Noucch,i = Necceg z NECCE,q,n—kil +Apro NPUCCH,q
i1=0

- if EPDCCH-PRB-set ¢ is configured for localized transmission

n i-1

@ | Mecceq ECCE g . 1)

Npucen,i = \‘ N ECCE.q J Neg " + Z N ECCE,gn-k, T 1 +Apro + NPUCCH,q
RB i1=0

where Ngeee, IS the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPEDCCH-PRB-set q in subframe n—k;, N ,ﬁejéCqu
for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-r11 ,

N EgCE’q for EEDCCH-PRB-set qin subframe n—k; is given in subclause 6.8A.1 in [3], n'is determined
from the antenna port used for EPDCCH transmission in subframe n —k; which is described in subclause
6.8A5iIn[3].If i=0, A,., isdetermined from the HARQ-ACK resource offset field in the DCI format of

the corresponding EPDCCH as given in Table 10.1.2.1-1. If i>0, A,., is determined from the HARQ-

ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2, where
the variable M in the table is substituted with i . If the UE is configured to monitor EPDCCH in subframe

n—Kki,. N ECCE qin—k; is equal to the number of ECCEs in EPDCCH-PRB-set q configured for that UE in

to the number of ECCEs computed assuming EPDCCH-PRB-set q is configured for that UE in subframe
n—k;, . For normal downlink CP, if subframe n—Kk;, is a special subframe with special subframe configuration

subframe n—k, . If the UE is not configured to monitor EPDCCH in subframe n—k;;, Necce qn, iSequal

Oor5 N ECCE qn-k, IS equal to 0. For extended downlink CP, if subframe n—k;, is a special subframe with
special subframe configuration 0 or 4 or 7, N ECCE q.n-k, IS equal to 0.
If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then K'= K where the set K is

defined in Table 10.1.3.1-1 (where “UL/DL configuration” in the table refers to the higher layer parameter
subframeAsssignment), and M'is the number of elements in set K'.

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then the set K for the rest of
this subclause is as defined in Sec 10.2, and M is the number of elements for subframe n in the set K

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK

multiplexing and sub-frame ", denote nlglL?ICCH,iO as the PUCCH resource derived from sub-frame n —k. and HARQ-

ACK(i0) as the ACK/NACK/DTX response from sub-framen —k, , where k; e K, and 0<i<M 1.

- i0 corresponding to each subframe n—k;,Vvi,0<i<M -1 is determined as follows
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Set b=0;
for iz=01..mM -1
if the value of k/, is the same as the value of an element k. inset K, where k/, e K',
i0 corresponding to subframe n—k;=b;

b=b+1
end if
end for

for i3=021,...M, -1

if the value of k3 is same as the value of an element k. inset K, where ki3 e K* (defined in Table
10.1.3.1-1A)

i0 corresponding to subframe n—k,=b;
b=b+1
end if

end for

- For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating
downlink SPS release in sub-frame n—k,

- ifthe value of ki is same as the value of an element Kz inset K', the PUCCH resource né,lL),CCH]io is given

by 8o = (M'=i2-1)-N_ +i2-N

@ .
e T Necei + Npocch ;

L k. . kA A kA eK”
- otherwise, if the value of "i is same as the value of an element "3 inset K", where "i3
Table 10.1.3.1-1A), the UE shall set, the PUCCH resource n,(,BCCH]iO is given by

N® oo =(M*—i3-1)-N, +i3-N

PUCCH,i0

(defined in

Ky .
er1 T Necei + Nelcen

where M # i the number of elements in the set K* defined in Table 10.1.3.1-1A, C is selected from {0, 1,

DL ,\RB
Ne = max{o, \‘[NRB ((Nsc™-c—4)1/36 J} NccEi s the number of the
(1)
, and NF',<UACCH, NBucer | are

< .
2, 3} such that N¢ <Ncce,i < Nc+1’

first CCE used for transmission of the corresponding PDCCH in subframe n—k

configured by higher layers.
- For a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe n—k ,
the value of nr(nl&ccmo is determined according to higher layer configuration and Table 9.2-2.

- For a PDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating

downlink SPS release in sub-frame n-k; where ki eK , the UE shall use

- if EPDCCH-PRB-set Yis configured for distributed transmission
i4-1 i5-1

1) _ ' ' ' (e1)
nPUCCH,iO - r]ECCE,q + NECCE,q,n—ki’l + NECCE,q,n—ki’i + AARO + NPUCCH,q
i1=0 i1=0
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- if EPDCCH-PRB-set Yis configured for localized transmission

n i4-1 i5-1
@ _ | Mecceq | pjECCEaq z ' z ' N (e1)
Neuccrio = { N ECCE.q Nrg + N ECCE q,n-kj; + 2N ECCE q,n—k/} + N Ao + NPUCCH,q

RB i1=0 i1=0

where

- if the value of Ki is same as the value of an index k'iz,where k', € K" then i4=i2and i5=0;

- otherwise, if the value of K; is same as the value of an index kig, where ki/; € KA, then i4=M'and i5=i3;

, and where Necceq is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used for
transmission of the corresponding DCI assignment in EPDCCH-PRB-set din subframe N — ki, N éﬂ)ccﬂq for
EPDCCH-PRB-set 0 is configured by the higher layer parameter pucch-ResourceStartOffset-ri1, N EgCE‘q for
EPDCCH-PRB-set 4 in subframe N—K; is given in subclause 6.8A.1 in [3], n'is determined from the antenna port

used for EPDCCH transmission in subframe N —K; which is described in subclause 6.8A.5 in [3].

A'jro 18 determined as follows

- 1f 14=0 gng i5=0, A',ro 1 determined from the HARQ-ACK resource offset field in the DCI format
of the corresponding EPDCCH as given in Table 10.1.2.1-1.

- If 0<i4<M'and i5=0, A',,, isdetermined from the HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH as given in Table 10.1.3.1-2, where the variable A ,., in the table is

substituted with A' ., , the variable M in the table is substituted with 14 the variable N in the table is
substituted with N'and the variable k, in the table is substituted with k', .

- If i4=M'and i5#0, A',,, isdetermined from the HARQ-ACK resource offset field in the DCI format
of the corresponding EPDCCH as given in Table 10.1.3.1-3,

For a given subframe u N Eccequ 1S determined as follows

If the UE is configured to monitor EPDCCH in subframe Y, N'gcee ,, is equal to the number of ECCEs
in EPDCCH-PRB-set Y configured for that UE in subframe U .

- If the UE is not configured to monitor EPDCCH in subframe Y, N'g.ce ., is equal to the number of

ECCEs computed assuming EPDCCH-PRB-set 9is configured for that UE in subframe Y.

- For normal downlink CP, if subframe Y is a special subframe with special subframe configuration 0 or 5,
N'cccequ isequal toO.

- For extended downlink CP, if subframe U is a special subframe with special subframe configuration 0 or 4
or7, N'gcee qu iSe€qual to 0.

If a UE is not configured with two antenna port transmission for PUCCH format 1b with channel selection, and if the
UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, based on higher layer signalling
the UE configured with a single serving cell will perform channel selection either according to the set of Tables 10.1.3-
2, 10.1.3-3, and 10.1.3-4 or according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.

If a UE is configured with two antenna port transmission for PUCCH format 1b with channel selection, and if the UE is
not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then the UE will perform channel
selection according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.
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If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, the UE configured with a
single serving cell will perform channel selection according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.

For the selected table set, the UE shall transmit b(0),b(1) on PUCCH resource né,luﬁc)CH in sub-frame n for p

mapped to antenna port P using PUCCH format 1b according to subclause 5.4.1 in [3] where

- nélUE:)CH = n,(jll)JCCH for antenna port p, and the value of p(0),b(1) and the PUCCH resource né,lL)JCCH are

generated by channel selection according to the selected set of Tables for M = 2, 3, and 4 respectively

- nélUﬁC%H for antenna port p, , where né,tﬁc%H is selected from PUCCH resources nF(,ll‘fC%Hyiconfigured by

higher layers where 0<i< M -1, according to selected set of Tables for M = 2, 3, and 4 respectively by
replacing né,lL)JCCH with nélu‘é%H and replacing né,lL),CCH’i with n,ﬁlu"’clgHyi , when the UE is configured with two

antenna port transmission for PUCCH format 1b with channel selection.

Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M =2

HARQ-ACK(0), HARQ-ACK(1) | n§).oy | b(0),b(®)
ACK, ACK Neca | L1
ACK, NACK/DTX Necno | 0.1
NACK/DTX, ACK NOcers | 0,0
NACK/DTX, NACK NOcers | 1,0
NACK, DTX NOcero | 1,0
DTX, DTX No transmission

Table 10.1.3-3: Transmission of HARQ-ACK multiplexing for M =3

HARQ-ACK (0), HARQ-ACK(1), HARQ-ACK(2) | n® ., | b(0).b@)

ACK, ACK, ACK Ncens | 11

ACK, ACK, NACK/DTX NOcens | 11
ACK, NACK/DTX, ACK Necro | L1
ACK, NACK/DTX, NACK/DTX Necho | 0.1
NACK/DTX, ACK, ACK Necnz | 1.0
NACK/DTX, ACK, NACK/DTX NScens | 0.0
NACK/DTX, NACK/DTX, ACK NScenz | 0.0
DTX, DTX, NACK NScens | 0.1

DTX, NACK, NACK/DTX Neca | 1.0
NACK, NACK/DTX, NACK/DTX Necho | 1.0
DTX, DTX, DTX No transmission
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Table 10.1.3-4: Transmission of HARQ-ACK multiplexing for M =4

HARQ-ACK (0), HARQ-ACK (1), HARQ-ACK (2), HARQ-ACK(3) | n® ..., | b(0).b@)
ACK, ACK, ACK, ACK NOcers | 1.1
ACK, ACK, ACK, NACK/DTX NOceus | 1,0
NACK/DTX,NACK/DTX,NACK,DTX NOcenz | 11
ACK, ACK, NACK/DTX, ACK Neca | L0
NACK, DTX, DTX, DTX Neco | L0
ACK, ACK, NACK/DTX, NACK/DTX Neca | L0
ACK, NACK/DTX, ACK, ACK NOcenz | 0.1
NACK/DTX, NACK/DTX, NACK/DTX, NACK NOcenz | 1.1
ACK, NACK/DTX, ACK, NACK/DTX NOcenz | 0.1
ACK, NACK/DTX, NACK/DTX, ACK Necro | 0.1
ACK, NACK/DTX, NACK/DTX, NACK/DTX Necro | 1.1
NACK/DTX, ACK, ACK, ACK Necns | 0.1
NACK/DTX, NACK, DTX, DTX NOceus | 0,0
NACK/DTX, ACK, ACK, NACK/DTX NOcenz | 1,0
NACK/DTX, ACK, NACK/DTX, ACK NOcenz | 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX NOceus | 0.1
NACK/DTX, NACK/DTX, ACK, ACK Necns | 0.1
NACK/DTX, NACK/DTX, ACK, NACK/DTX NOccuz | 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK NOcenz | 0,0
DTX, DTX, DTX, DTX No transmission

Table 10.1.3-5: Transmission of HARQ-ACK multiplexing for M =2

HARQ-ACK(0), HARQ-ACK(1) | n$)., | bO)bQ)

@

ACK, ACK Nelcchs | 1.0
@)

ACK, NACK/DTX Nelccro | 1.1
@

NACK/DTX, ACK NelocHa | 01
@)

NACK, NACK/DTX Nelccro | 0.0

DTX, NACK/DTX No Transmission

Table 10.1.3-6: Transmission of HARQ-ACK multiplexing for M =3
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n®., | b(0)b(1)

ACK, ACK, ACK nUecnz | L1

ACK, ACK, NACK/DTX nPecns | 1.0

ACK, NACK/DTX, ACK Yooz | 1.0

ACK, NACK/DTX, NACK/DTX nPecro | 1.1
NACK/DTX, ACK, ACK nPecrz | 0.1
NACK/DTX, ACK, NACK/DTX nlec1 | 0.1
NACK/DTX, NACK/DTX, ACK nUechz | 0.0

NACK, NACK/DTX, NACK/DTX nYecro | 0.0

DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M =4

HARQ-ACK (0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) | n®., | b(O)b()
@)

ACK, ACK, ACK, ACK Nelccny | 11
@

ACK, ACK, ACK, NACK/DTX Nelcchz | 1.1
@

ACK, ACK, NACK/DTX, ACK Nelccho | 1.0
@)

ACK, ACK, NACK/DTX, NACK/DTX Nelcchy | 1.0
@)

ACK, NACK/DTX, ACK, ACK NelccHs | 101
@

ACK, NACK/DTX, ACK, NACK/DTX NelocHz | 1.0
@

ACK, NACK/DTX, NACK/DTX, ACK Nelccro | 0.1
@

ACK, NACK/DTX, NACK/DTX, NACK/DTX Nelccho | 1.1
@)

NACK/DTX, ACK, ACK, ACK Nelcch | 0.0
@

NACK/DTX, ACK, ACK, NACK/DTX Nelcchz | 0.1
@)

NACK/DTX, ACK, NACK/DTX, ACK NelccHs | 1.0
@)

NACK/DTX, ACK, NACK/DTX, NACK/DTX NelocHa | 01
@)

NACK/DTX, NACK/DTX, ACK, ACK NelccHs | 01
@

NACK/DTX, NACK/DTX, ACK, NACK/DTX Nelcchz | 0.0
@

NACK/DTX, NACK/DTX, NACK/DTX, ACK NBlcchs | 0.0
@

NACK, NACK/DTX, NACK/DTX, NACK/DTX Nelccho | 0.0

DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission
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10.1.3.2 TDD HARQ-ACK procedure for more than one configured serving cell

If a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell, “UL/DL configuration” of the serving cell
in the rest of this subclause refers to the UL/DL configuration given by the parameter eimta-HargReferenceConfig-r12
for the serving cell unless specified otherwise.

The TDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.3.2.1 or a PUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.3.2.2.

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 3 and TDD with more
than one configured serving cell.

If a UE is configured with more than one serving cell and the TDD UL/DL configurations of all serving cells are the
same, TDD UL/DL configuration 5 with PUCCH format 3 is only supported for up to two configured serving cells.

If a UE is configured with two serving cells and the TDD UL/DL configuration of the two serving cells is the same,
TDD UL/DL configuration 5 with PUCCH format 1b with channel selection for two configured serving cells is not
supported. If a UE is configured with two serving cells and if the TDD UL/DL configuration of the two serving cells are
not the same and if the DL-reference UL/DL configuration (as defined in subclause 10.2) of at least one serving cell is
TDD UL/DL Configuration 5, PUCCH format 1b with channel selection is not supported.

If a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, the UE is not
expected to be configured with more than two serving cells having UL/DL Configuration 5 as a DL-reference UL/DL
configuration.

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1b with channel
selection and TDD with two configured serving cells.

10.1.3.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then K'= K where the set K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration™ in the table refers to the higher layer parameter

subframeAssignment), and M "is the number of elements in set K'.

If a UE is configured with two serving cells with the same UL/DL configurations, then in the rest of this subcaluse, K

is as defined in Sec 10.2 and M is the number of elements for subframe n in the set K ,and M orimary = M -
If a UE is configured with two serving cells with different UL/DL configurations,
- then the UE shall determine M for a subframe n in this subclause as M = max(M orimary * M secondary ) where

- M orimary denotes the number of elements for subframe n in the set K for the primary cell (as defined in
subclause 10.2)

- M denotes the number of elements for subframe n in the set K _ for the secondary serving cell (as
sec ondary C

defined in subclause 10.2)

- if Mgongary <M, then the UE shall, for the secondary serving cell, set HARQ-ACK(j) to DTX for j =
Msecondaw to M _1'

- if M inay <M, then the UE shall, for the primary cell, set HARQ-ACK(j) to DTX forj= M ;... to
M-1

If the UE is configured with two serving cells with different UL/DL configurations, then in the rest of this subclause,
K =K, where K_is defined in subclause 10.2.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells

and a subframe n with M =1, a UE shall determine the humber of HARQ-ACK bits, o, based on the number of
configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall use two
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HARQ-ACK bits for a serving cell configured with a downlink transmission mode that supports up to two transport
blocks; and one HARQ-ACK bit otherwise.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframe n with M < 2, the UE shall transmit p(0)b1) on PUCCH resource n,ﬁlug’CH for p mapped to antenna
port p using PUCCH format 1b where

néluﬁc)CH = nE,lL)JCCH for antenna port p,, where né,ll)JCCH selected from A PUCCH resources, né,lL),CCH’j

where 0< j<A-1 and Ae{2,3,4}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 in subframe n
using PUCCH format 1b.

- nélUﬁC%H for antenna port p, , where né,lUﬁC%H selected from A PUCCH resources, nélLlﬁc%H, j configured by

higher layers where 0< j< A-1 and A<{2,3,4}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 by
replacing né,ll)JCCH with né,tﬁc%H and replacing néﬂCCH]i with nF(,lL'JﬁC%HYi in subframe n, when the UE is
configured with two antenna port transmission for PUCCH format 1b with channel selection,
and for a subframe n with M =1, HARQ-ACK(j) denotes the ACK/NACK/DT X response for a transport block or SPS
release PDCCH/EPDCCH associated with serving cell, where the transport block and serving cell for HARQ-ACK(j)
and A PUCCH resources are given by Table 10.1.2.2.1-1. For a subframe n with M =2, HARQ-ACK(j) denotes the
ACK/NACK/DTX response for a PDSCH transmission or SPS release PDCCH/EPDCCH within subframe(s) given by
set K on each serving cell, where the subframes on each serving cell for HARQ-ACK(j) and A PUCCH resources
are given by Table 10.1.3.2-4.
If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, the UE shall determine
the A PUCCH resources, n,&{jCCH,j associated with HARQ-ACK(j) where 0< j<A-1 inTable 10.1.2.2.1-1 for

M =1 and Table 10.1.3.2-4 for M = 2, according to

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe N — km , Where
k, € K on the primary cell, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in

subframe N — km , where k, € K on the primary cell, the PUCCH resource is

(€] _ @ .
NedceH.j = (M primary — M —1)~ N +m-N_, +Nece o + Npgeen » where ¢ s selected from {0, 1, 2, 3}

suchthat N, <neee < Noypo No =max{0,| [N2: (N2 .c—4)]/36 |} where NE is
determined from the primary cell, and for a subframe n with M =1 and a transmission mode that supports up
to two transport blocks on the serving cell where the corresponding PDSCH transmission occurs, the PUCCH

1) L @ _ (1)
resource Mpyccp,ji1 1S 9IVENbY Npicep ja = M primary =M _1)' N +m-Ng; +Nece m +1+ Npyeen

where Neee o, is the number of the first CCE used for transmission of the corresponding DCI assignment and

Nccy s configured by higher layers.

- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n-k, where k € K, the value of n,&{),CCH,j is determined according to higher layer
configuration and Table 9.2-2.

- For a PDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating
downlink SPS release in sub-frame N — km wherek , € K on the primary cell, the PUCCH resource
nF(’BCCH,j is given by

- ifEPDCCH-PRB-set qis configured for distributed transmission

m-1
1) _ (e1)
nPUCCH,j - nECCE,q + z NECCE,q,n—kil + AARo + NPUCCH,q
i1=0
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- if EPDCCH-PRB-set Yis configured for localized transmission

n m-1

(] _ ECCE,q ECCE q ' (e1)

nPUCCH,j - \\ N ECCE q J N RB + Z N ECCE,q,n—k;; +n +AARO +N PUCCH,q
RB i1=0

where Ngece, is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPEDCCH-PRB-set q in subframe n—k_, N F(,ej():CHﬂ

for EFDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-r11 ,
N EgCE’q for EPDCCH-PRB-set qin subframe n -k, is given in subclause 6.8A.1 in [3], n'is determined
from the antenna port used for EPDCCH transmission in subframe n —k, which is described in subclause
6.8A5iIn[3].If m=0, A, isdetermined from the HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A, is determined from the HARQ-
ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the
UE is configured to monitor EPDCCH in subframe n—k,, N ECCE qnk, 15 €qualto the number of ECCEs in
EPDCCH-PRB-set q configured for that UE in subframe n—k;, . If the UE is not configured to monitor
EPDCCH in subframe n—k,, N ECCE,qn-k, 15 €qualto the number of ECCEs computed assuming EPDCCH-
PRB-set g is configured for that UE in subframe n—k;, . For normal downlink CP, if subframe n—k;, isa
special subframe with special subframe configuration 0 or 5, N ECCE q.nk, IS equal to 0. For extended downlink

CP, if subframe n—k,, isa special subframe with special subframe configuration O or 4 or 7, N ECCE qnk, IS
equal to 0. For a subframe n with M =1 and a transmission mode that supports up to two transport blocks on
the serving cell where the corresponding PDSCH transmission occurs, the PUCCH resource néldccmﬂ is
given by

- ifEPDCCH-PRB-set ¢ is configured for distributed transmission

m-1
Lp)  _ (e1)
Npocen = Necceq 1+ Z N eccegnk, T Aaro + Neozenq
i-0

- if EPDCCH-PRB-set Yis configured for localized transmission

N n m-1
@€p) _ ECCEq ECCE q ' (e1)
NeUceh = { N ECCEd J “Ngg +1+ Z N EcCE gk, TN +Apo +N PUCCH,q
RB i1=0

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s)

n—k, where ke K onthe secondary cell, the value of nélL),CCHY]- , and the value of né,ldccm+l fora

subframe n with M =2 or for a subframe n with M =1 and a transmission mode on the secondary cell that
supports up to two transport blocks is determined according to higher layer configuration and Table 10.1.2.2.1-
2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode on the secondary cell that supports
up to two transport blocks and a subframe n with M =1, or for a subframe n with M =2, a PUCCH resource

value in Table 10.1.2.2.1-2 maps to two PUCCH resources (n»(al&ccm , nl(DlL)JCCH,j+l) , otherwise, the PUCCH

resource value maps to a single PUCCH resource néﬂCCH’j . A UE shall assume that the same HARQ-ACK

PUCCH resource value is transmitted in the TPC field on all PDCCH/EPDCCH assignments on the secondary
cell within subframe(s) n—k, where ke K.

Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A =2
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HARQ-ACK(0), HARQ-ACK(1) | n§).., | PO)b®)

(1)

ACK, ACK NplccH1 | 1.0
@

ACK, NACK/DTX NBlccho | 1.1
1)

NACK/DTX, ACK Nelcch | 0.1
@)

NACK, NACK/DTX Nelccro | 0.0

DTX, NACK/DTX No Transmission

Table 10.1.3.2-2: Transmission of HARQ-ACK multiplexing for A =3

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n®., | b(0)b(2)

@)

ACK, ACK, ACK NBUCCH2 1,1
@)

ACK, ACK, NACK/DTX NBUCCH 1 1,0
@

ACK, NACK/DTX, ACK NBUCCH.2 1,0
(@)

ACK, NACK/DTX, NACK/DTX NBUCCH.0 1,1
(@)

NACK/DTX, ACK, ACK NBUCCH.2 0,1
@

NACK/DTX, ACK, NACK/DTX NBUCCH 1 0,1
)

NACK/DTX, NACK/DTX, ACK NBUCCH 2 0,0
)

NACK, NACK/DTX, NACK/DTX NBUCCH.0 0,0

DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3.2-3: Transmission of HARQ-ACK multiplexing for A =4
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK (3)

1
nflecn | OPD

ACK, ACK, ACK, ACK

@
NBUCCcH,1 1,1

ACK, ACK, ACK, NACK/DTX

&)
NpuccH2 | L1

ACK, ACK, NACK/DTX, ACK

@)
NBUCCH,0 1,0

ACK, ACK, NACK/DTX, NACK/DTX

@)
NpuccHy | 1.0

ACK, NACK/DTX, ACK, ACK

@
NpuccHs | 11

ACK, NACK/DTX, ACK, NACK/DTX

@)
Npucchz | 1.0

ACK, NACK/DTX, NACK/DTX, ACK

(@)
NBUCcH,0 0,1

ACK, NACK/DTX, NACK/DTX, NACK/DTX

(@)
NBUCCH,0 11

NACK/DTX, ACK, ACK, ACK

@
NpUCCH,1 0,0

NACK/DTX, ACK, ACK, NACK/DTX

@)
NpuccH2 | 01

NACK/DTX, ACK, NACK/DTX, ACK

@
Npucchs | 1.0

NACK/DTX, ACK, NACK/DTX, NACK/DTX

1)
NBUCCH,1 0,1

NACK/DTX, NACK/DTX, ACK, ACK

@
NpuccHs | 0.1

NACK/DTX, NACK/DTX, ACK, NACK/DTX

(@)
NBUCCH,2 0,0

NACK/DTX, NACK/DTX, NACK/DTX, ACK

@
NpUccH,3 0,0

NACK, NACK/DTX, NACK/DTX, NACK/DTX

@
NpuccHo | 9.0

DTX, NACK/DTX, NACK/DTX, NACK/DTX

No Transmission

Table 10.1.3.2-4: Mapping of subframes on each serving cell to HARQ-ACK(j) for PUCCH format 1b
HARQ-ACK channel selection for TDD with M =2

HARQ-ACK(j)
A
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
The first subframe | The second subframe | The first subframe | The second subframe
4 . .
of Primary cell of Primary cell of Secondary cell of Secondary cell

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and sub-frame n with M > 2
and two configured serving cells, denotes né,lL)JCCH’i 0 <i<3asthe PUCCH resource derived from the transmissions

in M downlink or special sub-frames associated with the UL subframe n . n,(plL)J
with the PDSCH transmission(s) or a PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) on
the primary cell and n,(,lL),CCHY2 and néﬂCCHB are associated with the PDSCH transmission(s) on the secondary cell.

For Primary cell:

(1) i
ccho and Npjecy q are associated

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
and if there is a PDSCH transmission on the primary cell without a corresponding PDCCH/EPDCCH detected
within the subframe(s) n—k, where ke K,

1)

- the value of néucmo is determined according to higher layer configuration and Table 9.2-2.
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for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe N—K_, where k, € K with the DAI value in the PDCCH equal to '1' (defined in Table 7.3-X)

or a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe N — krn , Where

km € K with the DAI value in the PDCCH equal to '1', the PUCCH resource

néﬂcml = (M orimary — M —1)- N.+m-N_,+n + N where c is selected from {0, 1, 2, 3}

c+l CCE,m

N, = max{ 0, \_[NFE’BL ((N2P-c-4)]/36 J} , where Nece o, isthe

number of the first CCE used for transmission of the corresponding PDCCH in subframe n-k , and

c+l?

suchthat N, <Ngoe <N

Ny is configured by higher layers.

for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe N —Kk_ , where K € K with the DAI value in the EPDCCH equal to '1' (defined in Table 7.3-X)
or an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe N — km , Where

km € K with the DAI value in the EEDCCH equal to '1', the PUCCH resource is given by

- If EPDCCH-PRB-set q is configured for distributed transmission

m-1
1) _ (e1)
nPUCCH,l - nECCE,q + z N ECCE,q,n—k;; + AARo + NPUCCH,q
i1=0

- If EPDCCH-PRB-set ¢ is configured for localized transmission

n m-1

(1) _ ECCEq ECCE q ! (e1)

Npucer1 = |‘ N ECCE g J ’ NRB + Z N ECCE,q,n—k;, +n +AARO + NPUCCH,q
RB i1=0

where Ngece, s the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)

used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set g in subframe n—k_ ,
N lg(ijlg:CH,q for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-

ri1, N FEE?CE” for EPDCCH-PRB-set qin subframe n—k_ is given in subclause 6.8A.1in [3], n'is
determined from the antenna port used for EPDCCH transmission in subframe n—k  which is described in
subclause 6.8A.5in [3]. If m=0, A ,,, isdetermined from the HARQ-ACK resource offset field in the

DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A ., is determined
from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k;;, Ngcee g0k, iSequal to

i1’

the number of ECCEs in EPDCCH-PRB-set ¢ configured for that UE in subframe n—k;, . If the UE is not

configured to monitor EPDCCH in subframe n—k.

. N ECCE,qn-k, 15 €qualto the number of ECCEs

computed assuming EPDCCH-PRB-set ¢ is configured for that UE in subframe n —k;, . For normal downlink

CP, if subframe n—k,, isa special subframe with special subframe configuration 0 or 5, N ECCE qnk, IS

equal to 0. For extended downlink CP, if subframe n—k;, is a special subframe with special subframe

configuration 0 or 4 or 7, N ECCE q.n-k, 1S equal to 0.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, and
if there is a PDSCH transmission on the primary cell without a corresponding PDCCH/EPDCCH detected within
the subframe(s) n—k, where ke K,

the value of nlglL)JCCH,O is determined according to higher layer configuration and Table 9.2-2.
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for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—k, , where k; € K with the DAI value in the PDCCH equal to '1' (defined in Table 7.3-X) or

a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k; , where k, e K
with the DAI value in the PDCCH equal to '1',

- ifthe value of k; is same as the value of an element k',,, where k', e K', the PUCCH resource

Q) - - 1 [ H 1 .
Npuccna 1S given by n}gl.)JCCH,l =(M'-i2-1)-N_  +i2-N_,; +Nece; + NéJCCH ;

- otherwise, if the value of k; is same as the value of an element ki’; inset K”, where ki‘; e K* (defined

in Table 10.1.3.1-1A), the PUCCH resource n,(,ldcml is given by

(1) _ A s : KA .
Netccns = (M7 =13=1)- N +i3-N_; +Neee; + Npyeey s

where M * is the number of elements in the set K”* defined in Table 10.1.3.1-1A , where ¢ is selected

from{0, 1, 2, 3} such that N <ng.; <N N, = max{O, L[Ngé (NEP.c-4)]/36 J}

c+l?
where N F?BL is determined from the primary cell, nccg; is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n -k, , and NF'fSCCH , NScen » are configured by
higher layers .

for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in
subframen —k; , where k, e K with the DAI value in the EPDCCH equal to '1' (defined in Table 7.3-X) or
an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n -k, , where

k; € K withthe DAI value in the EPDCCH equal to '1', the PUCCH resource is given by

- If EPDCCH-PRB-set g is configured for distributed transmission

i4-1 i5-1
@) _ Z ' z ' ' (e1)
Npdcena = Necceg + ’\IECCE,q,n_k;1 + NECCE,q,n_k@ + Ao + NPUCCH,q
i1=0 i1=0

- If EPDCCH-PRB-set g is configured for localized transmission

n i4-1 i51
0 _ | Mecceq | pjECCEQ Z ' Z ' VoAY )
NpdccH1 = N ECCE Neg " + NECCE,q,n,kirl + NECCE’q]n,k@ +N"+ Algo + Npyceng
RB i1=0 10

where

- ifthe value of k; issame as the value of an index k',,, where k',,e K', then i4=i2and i5=0;

- otherwise, if the value of k. is same as the value of an index k4, where k/ e K*, then i4 = M’and
i5=i3;

,and where Ngeee o is the number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in subframe

n—xk, . N F(,‘LléCH'q for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-
ResourceStartOffset-ril, N FEE?CE‘q for EPDCCH-PRB-set ¢ in subframe n—Kk; is given in subclause

6.8A.1in [3], n'is determined from the antenna port used for EPDCCH transmission in subframe

n —k,, which is described in subclause 6.8A.5in [3]. A'ys N'ecceqnw, N'cooe qns e determined
' - 11, MR

as described in section 10.1.3.1.
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HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH transmission without a corresponding
PDCCH/EPDCCH. For 1< j<M -1, if a PDSCH transmission with a corresponding PDCCH/EPDCCH

and DAI value in the PDCCH/EPDCCH equal to ' j ' or a PDCCH/EPDCCH indicating downlink SPS release
and with DAI value in the PDCCH/EPDCCH equal to ' j ' is received, HARQ-ACK(j) is the corresponding
ACK/NACK/DTX response; otherwise HARQ-ACK(j) shall be set to DTX.

Otherwise,

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell, for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe N— km , Wwhere km € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or '2' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe N — km , where K € K and for TDD UL/DL configuration
of the primary cell belonging to {1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or '2', the
PUCCH resource N$)ccy; = (M -m —1)~ N, +m- Ny +Neee m + NSeen» where ¢ is

primary c+l

selected from {0, 1, 2, 3} such that N, <N . <N

c+l?

N, = max{ 0, \_[N (NZP.c-4)]/36 J } , where Neee - is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe N—K,_ Né,BCCH is configured by higher layers

and for TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, i =0 for the corresponding
PDCCH with the DAI value equal to '1'and i =1 for the corresponding PDCCH with the DAI value equal
to '2', and for the primary cell with TDD UL/DL configuration 0 i =0 for the corresponding PDCCH.

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in

subframe n-k, ,where k eK andfor TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or '2' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe n—k ,where k <K and for TDD UL/DL configuration

of the primary cell belonging to {1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or 2/,
- ifthe value of k_ is same as the value of an element k', , where k', e K', the PUCCH resource

(1) - - 1 [ H 1 .
NeUcen,i 1S given by nIE’L)JCCH,i =(M'-i2-1)-N_ +i2-N_; +Ncee , + N}S’JCCH ;

- otherwise, if the value of k_is same as the value of an element k/ inset K*, where k% e K*(defined

in Table 10.1.3.1-1A), the PUCCH resource n,(,lL),CC,J,Yi is given by

() A . KA .
Npicen,i = (M7 —i3-1) N +i3-Ngyg +Necem + Npycen s

where M* s the number of elements in the set K*, where ¢ is selected from {0, 1, 2, 3} such that
N, = max{ 0, \_[NSE'; (NB®.c-4)]/36 J } where Ngt is determined

is the number of the first CCE used for transmission of the corresponding

N, < Necem < N

c+l?

from the primary cell, n.. .

PDCCH in subframe n—k_,, and NPK:CCH , NéﬂCCH , are configured by higher layers. Here, for TDD

UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, i =0 for the corresponding PDCCH
with the DAI value equal to '1'and i =1 for the corresponding PDCCH with the DAI value equal to '2', and
for the primary cell with TDD UL/DL configuration 0 i =0 for the corresponding PDCCH.

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in

subframe N — km ,where K, € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI value in the EPDCCH equal to either '1'or '2' or an EPDCCH indicating downlink SPS
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release (defined in subclause 9.2) in subframe N — km , where km € K and for TDD UL/DL configuration

of the primary cell belonging to {1,2,3,4,6}the DAI value in the EPDCCH equal to either '1' or '2', the
PUCCH resource is given by

- IfEPDCCH-PRB-set qis configured for distributed transmission

m-1
1 _ (e1)
Npdceni = Necceq T Z NECCE,q,n—kil +Appo t+ NPUCCH,q
i1=0

- IfEPDCCH-PRB-set g is configured for localized transmission

n m-1

1 . ECCE,q ECCE, , (e1)

nPUCCH,i - { N ECCEq J N RB I+ Z N ECCE,q,n—k;; +n +AARo +N PeUCCH,q
RB i1=0

where Ngoce s the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)

used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in subframe n—k_,

N éeJ)CCHVq for EFDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-

ri1, N FEBCCE’q for EPEDCCH-PRB-set q in subframe n—k is given in subclause 6.8A.1in [3], n'is
determined from the antenna port used for EPDCCH transmission in subframe n -k  which is described in
subclause 6.8A.5in [3]. If m=0, A, is determined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A ., is determined

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k,, NECCE’an_ki1 is equal to

the number of ECCEs in EPDCCH-PRB-set q configured for that UE in subframe n—k;, . If the UE is not

configured to monitor EPDCCH in subframen —k;, ,

computed assuming EPDCCH-PRB-set g is configured for that UE in subframe n—k;, . For normal

Necce gnk, 15 equal to the number of ECCEs

downlink CP, if subframe n—Kk;, is a special subframe with special subframe configuration 0 or 5,
N ECCE q.nk, IS equal to 0. For extended downlink CP, if subframe n—k;, is a special subframe with special

subframe configuration 0 or 4 or 7, N ECCE gk, IS equal to 0. Here, for TDD UL/DL configuration of the

primary cell belonging to {1,2,3,4,6} i =0 for the corresponding EPDCCH with the DAI value equal to '1'
and i=1 for the corresponding EPDCCH with the DAI value equal to '2', and for the primary cell with
TDD UL/DL configuration 0 i = O for the corresponding EPDCCH.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell
for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in

subframe N — km , Where km € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI value in the EPDCCH equal to either '1'or '2' or an EPDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe N — km , where K, € K and for TDD UL/DL configuration

of the primary cell belonging to {1,2,3,4,6}the DAI value in the EPDCCH equal to either '1' or '2', the
PUCCH resource is given by

- If EPDCCH-PRB-set q is configured for distributed transmission

i4-1 i5-1
o =Necee + 2 >
nPUCCH,i - nECCE,q + NECCE,q,n—k,'1 + NECCE,q,n_k@ + AARo + NPUCCH,q
i1=0 i1=0

- If EPDCCH-PRB-set ¢ is configured for localized transmission
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n i4-1 i5-1

@) _ ECCEqQ | pj ECCE g ' (e1)

Npdcen,i = { N ECCE.a J N RB + z N ECCE,q,n—K}, + Z N ECCE,q,n—k? +N+ Ao + NPUCCH,q
RB i1=0 i1=0

where

- ifthe value of k_ issame as the value of an index k',,, where k',,e K', then i4=i2;

- otherwise, if the value of k_ is same as the value of an index ki’;, where ki‘; e KA, then i4=i3;

,and where Ngeee o is the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in subframe

n-k,, N F(,ej():CH,q for EEDCCH-PRB-set q is configured by the higher layer parameter pucch-

ResourceStartOffset-ril, N FE§CE’q for EPDCCH-PRB-set q in subframe N—K_, is given in subclause
6.8A.1in[3], n'is determined from the antenna port used for EFDCCH transmission in subframe

n —k,, which is described in subclause 6.8A.5in [3].. A'xeo Necee gnke, ’ N ECCE qn kA &€ determined

as described in section 10.1.3.1. Here, for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} 1 =0 for the corresponding EPDCCH with the DAI value equal to '1'and i =1 for the
corresponding EPDCCH with the DAI value equal to '2', and for the primary cell with TDD UL/DL
configuration 0 i = O for the corresponding EPDCCH.

- For 0< j<M -1 and TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, if a PDSCH

transmission with a corresponding PDCCH/EPDCCH and DAI value in the PDCCH/EPDCCH equal to
" j+1'or a PDCCH/EPDCCH indicating downlink SPS release and with DAI value in the PDCCH/EPDCCH

equal to ' j +1'is received, HARQ-ACK(j) is the corresponding ACK/NACK/DTX response; otherwise

HARQ-ACK(j) shall be set to DTX. For 0 < j <M -1 and the primary cell with TDD UL/DL configuration

0, if a PDSCH transmission with a corresponding PDCCH/EPDCCH or a PDCCH/EPDCCH indicating
downlink SPS release is received, HARQ-ACK(O0) is the corresponding ACK/NACK/DTX response;
otherwise HARQ-ACK(j) shall be set to DTX.

For Secondary cell:

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the

primary cell in subframe N—K_, where K, € K with the DAI value in the PDCCH equal to either '1' or 2,

the PUCCH resources nF(,BCCHVi = (M -m —1)- Ne+m-Ng; +Necen + N Ueey Where ¢ is

c+l

N, = max{0, | [N2: - (N7®.c—4)]/36 |},

primary

selected from {0, 1, 2, 3} suchthat N, <n., <N

c+l?
where N F?BL is determined from the primary cell, n.., isthe number of the first CCE used for transmission

of the corresponding PDCCH in subframe n-Kk_,, NSJCCH is configured by higher layers, i =2 for the

corresponding PDCCH with the DAI value equal to '1'and i =3 for the corresponding PDCCH with the DAI
value equal to 2.

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the

primary cell in subframe N—XK,, where K, € K with the DAI value in the PDCCH equal to either '1' or 2,

1)

- ifthe value of k_ is same as the value of an element k', , where k';, e K", the PUCCH resource Npjccp;

is given by NG)ce; = (M'=i2=1)- N, +i2-N_,; +Nee m + Necn s

- otherwise, if the value of k_is same as the value of an element k/ in set K*, where k5 € K* (defined in
Table 10.1.3.1-1A, where "UL/DL configuration" in the table refers to the higher layer parameter
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subframeAssignment), the PUCCH resource n,(,lL),CCHi is given by

@ = (MA=i3=1)-N. +i3-N N
Npcen,i = ( iI3=1)-Ng +i c+1 tNecem + NpuccH s

where M * is the number of elements in the set K* defined in Table 10.1.3.1-1A , where ¢ is selected from
{0,1,2,3}suchthat N, <ncee <N, N, = max{ 0, \_[NFE’E'; (NB®.c-4)]/36 J} where N2&

is determined from the primary cell, n... . is the number of the first CCE used for transmission of the

corresponding PDCCH in subframe n-k_ ,and NF'fUACCH , NScen » are configured by higher layers. Here,

i =2 for the corresponding PDCCH with the DAI value equal to '1'and i =3 for the corresponding PDCCH
the DAI value in the PDCCH equal to either '1' or 2°.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding EPDCCH on the

primary cell in subframe N—XK_, where K, € K with the DAI value in the PDCCH equal to either '1' or 2,
the PUCCH resources are given by

- If EPDCCH-PRB-set q is configured for distributed transmission

m-1
1) _ (e1)
Npucenr,i = Necceq T Z NECCE,q,n—kil +Appo t+ NPUCCH,q
i1=0

- If EPDCCH-PRB-set ¢ is configured for localized transmission

n m-1

1) _ ECCEq ECCE q [ (e1)

nPUCCH,i - \‘ N ECCE q J : NRB + Z N ECCE ,q,n—kj; +n +AARO + NPUCCH,q
RB i1=0

where Ngeee, s the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in subframe n—k_, N Sﬂécm

for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-r11 ,

N FEEECE‘Q for EPDCCH-PRB-set qin subframe n—Kk_ is given in subclause 6.8A.1in [3], n'is determined from

the antenna port used for EPDCCH transmission in subframe n—k_ which is described in subclause 6.8A.5 in
[8].1f m=0, A,q, isdetermined from the HARQ-ACK resource offset field in the DCI format of the
corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A, is determined from the HARQ-ACK
resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is
configured to monitor EPDCCH in subframe n—k, , N ECCE.qn-k, 15 €qual to the number of ECCEs in

EPDCCH-PRB-set ¢ configured for that UE in subframe n—k;, . If the UE is not configured to monitor
EPDCCH in subframe n — k.

i1’
PRB-set g is configured for that UE in subframe n —k;, . For normal downlink CP, if subframe n—k;, isa

N ECCE qnk, 15 €qual to the number of ECCEs computed assuming EPDCCH-

special subframe with special subframe configuration 0 or5, N ECCE q,n-k, 1S equal to 0. For extended
downlink CP, if subframe n—k,, is a special subframe with special subframe configuration 0 or 4 or 7,

NECCE’an_ki1 is equal to 0. Here, i=2 for the corresponding EPDCCH with the DAI value equal to '1" and
i =3 for the corresponding EPDCCH with the DAI value equal to '2'.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
a PDSCH transmission on the secondary cell indicated by the detection of a corresponding EPDCCH on the

primary cell in subframe N—K_, where K, € K with the DAI value in the PDCCH equal to either '1' or 2,
the PUCCH resources are given by

- IfEPDCCH-PRB-set qis configured for distributed transmission
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i4-1 i5-1

o) _ Z ' z ' ' (1)
Npdcen,i = Necceg + NECCE,q,n_k;1 + NECCE,q,n_k@ + Ao + NPUCCH,q
i1=0 1120

- If EPDCCH-PRB-set q is configured for localized transmission

n i4-1 i5-1

() _ ECCEq |, N ECCEq Z ' Z ' ' ' (e1)

Npucen,i = N ECCE.d Ngs "+ D N EcCEqnk, T NECCEVan_k@ + N+ Alro + Noyceng
RB i1=0 =0

where

- ifthe value of k issame as the value of anindex Kk',,, where k',,e K', then i4=i2;

- otherwise, if the value of k_ is same as the value of an index ki’g, where kié e KA, then i4=i3;

and where Ngecee o is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)
used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin subframe N — km ,
N ﬁ}’CCH,q for EFDCCH-PRB-set g is configured by the higher layer parameter pucch-ResourceStartOffset-

ri1, N ,EBCCE’q for EPDCCH-PRB-set qin subframe N — km is given in subclause 6.8A.1in [3], Nn'is
determined from the antenna port used for EPDCCH transmission in subframe n -k  which is described in

subclause 6.8A.51n [3].  A'yng N'ecce gnke, , N 'ECCEyqynka are determined as described in subclause

10.1.3.1. For extended downlink CP, if subframe n—k;, is a special subframe with special subframe

configurationOor4or7, N is equal to 0. Here, i =2 for the corresponding EPDCCH with the

ECCE,q,n—k;;
DAl value equal to '1'and i =3 for the corresponding EPDCCH with the DAI value equal to '2'.

for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within the
subframe(s) n—k, where k e K on the secondary cell, the value of n,(,ﬂCCH’Z and nF(,lL),CCHY3 is determined

according to higher layer configuration and Table 10.1.2.2.1-2. The TPC field in the DCI format of the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-2. A UE shall assume
that the same HARQ-ACK PUCCH resource value is transmitted in the TPC field on all PDCCH/EPDCCH
assignments on the secondary cell within subframe(s) n—k, where ke K.

For 0< j<M -1, ifaPDSCH transmission with a corresponding PDCCH/EPDCCH and DAL value in the
PDCCH/EPDCCH equal to ' j +1' is received, HARQ-ACK(j) is the corresponding ACK/NACK/DTX response;
otherwise HARQ-ACK(j) shall be set to DTX.

A UE shall perform channel selection according to the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit p(0),b(1) on

PUCCH resource né,ﬂ‘(’;’CH for p mapped to antenna port p using PUCCH format 1b according to subclause 5.4.1 in
[3] where

néluﬁcoc)H = nél&CCH in sub-frame N for p mapped to antenna port p, where “any" in Tables 10.1.3.2-5, and
10.1.3.2-6 represents any response of ACK, NACK, or DTX. The value of b(0),b(1) and the PUCCH resource

néﬂcCH are generated by channel selection according to Tables 10.1.3.2-5, and 10.1.3.2-6 for M =3, and 4
respectively.

nélUﬁC%H for antenna port p, , where né,lUﬁC%H selected from PUCCH resources, nébﬁcléHyi configured by higher

layers where 0<i<3 according Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4 respectively by replacing
NS ey with NS2, and replacing NSce; With NSGRY,;, where “any” in Tables 10.1.3.2-5, and 10.1.3.2-

6 represents any response of ACK, NACK, or DTX, when the UE is configured with two antenna port
transmission for PUCCH format 1b with channel selection.
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Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M =3

Primary Cell Secondary Cell Resource | Constellation E]I\SLEO;?S

HARQ-ACK(0), HARQ-ACK(0),

HARQ-ACK(1), HARQ-ACK(1), n® cen b(0),b@) | 0(0),0(1),0(2),0(3)

HARQ-ACK(2) HARQ-ACK(2)

ACK, ACK, ACK ACK, ACK, ACK | n§lccis 1,1 11,11
ACK, ACK, NACK/DTX |  ACK,ACK, ACK | n§)ccns 0,0 1,0,1,1
ACK, NACK/IDTX, any |  ACK,ACK,ACK | n§lccys 1,1 01,11

NACK/DTX, any,any |  ACK, ACK,ACK | nflccs 0,1 0,0,1,1

ACK, ACK, ACK | ACK, ACK, NACK/IDTX | n§)cchig 1,0 1,1,1,0
ACK, ACK, NACKIDTX | ACK, ACK, NACK/IDTX | n§Jciig 1,0 1,0,1,0
ACK, NACK/DTX, any | ACK, ACK, NACK/IDTX | nSccrig 01 0,1,1,0

NACK/DTX, any, any | ACK, ACK, NACK/DTX | n§)ccp 3 0,0 0,0,1,0

ACK, ACK, ACK | ACK, NACK/DTX, any | n$ccn . 1,1 1,1,0,1
ACK, ACK, NACKIDTX | ACK, NACK/DTX, any | n§lcci 01 1,0,0,1
ACK, NACK/DTX, any | ACK, NACK/DTX, any | nSccn 1,0 0,1,0,1

NACK/DTX, any, any | ACK, NACK/DTX, any | nSccn 0,0 0,0,0,1

ACK, ACK, ACK NACK/DTX, any, any | n§lccns 1,0 1,1,0,0
ACK, ACK, NACK/DTX | NACK/DTX, any, any | n§lccns 01 1,0,0,0
ACK, NACK/DTX, any | NACK/DTX, any,any | nSccro 1,1 0,1,0,0

NACK, any, any NACK/DTX, any, any | n§lcero 0,0 0,0,0,0

DTX, any, any NACK/DTX, any, any No Transmission 0,0,0,0
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Primary Cell

Secondary Cell

Resource

Constellation

RM Code
Input Bits

HARQ-ACK(0),
HARQ-ACK(1),

HARQ-ACK(0),
HARQ-ACK(1),

®
HARQ-ACK(). HARQ-ACK(). ecn | DOLD | 0(0).00).0(2).00)
HARQ-ACK (3) HARQ-ACK (3)
ACK, ACK, ACK, NACK/IDTX | ACK, ACK, ACK, NACK/DTX | n® s 1,1 1,1,1,1
ACK, ACK, NACK/DTX, any | ACK, ACK, ACK, NACK/DTX | n&) oy 0,0 1,0,1,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, NACK/IDTX | NS cpia 1,1 0,1,1,1
ACK, ACK, ACK, ACK ACK, ACK, ACK, NACKIDTX | n s 1,1 0,1,1,1
NACK/DTX, any, any, any ACK, ACK, ACK, NACK/IDTX | NS cpia 0,1 0,0,1,1
(ACK, NACK/DTX, any, any), "
except for (ACK, DTX, DTX, | ACK, ACK, ACK, NACK/DTX | n¥ . 0,1 0,0,1,1
DTX) '
ACK, ACK, ACK, NACK/IDTX |  ACK, ACK, NACK/DTX, any | N ciio 1,0 1,1,1,0
ACK, ACK, NACK/DTX, any ACK, ACK, NACK/DTX, any | NS4 1,0 1,0,1,0
ACK, DTX, DTX, DTX ACK, ACK, NACK/DTX, any | NS ~iq 0,1 0,1,1,0
ACK, ACK, ACK, ACK ACK, ACK, NACK/DTX, any | NS4 0,1 0,1,1,0
NACK/DTX, any, any, any ACK, ACK, NACK/DTX, any nélL)JCCH 3 0,0 0,0,1,0
(ACK, NACK/DTX, any, any), "
except for (ACK, DTX, DTX, ACK, ACK, NACK/DTX, any | NS4 0,0 0,0,1,0
DTX) ’
ACK, ACK, ACK, NACK/DTX ACK, DTX, DTX, DTX N ccro 1,1 1,1,0,1
ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, ACK N ccro 1,1 1,1,0,1
ACK, ACK, NACK/DTX, any ACK, DTX, DTX, DTX NS ccro 0,1 1,0,0,1
ACK, ACK, NACK/DTX, any ACK, ACK, ACK, ACK N8 ccn2 0,1 1,0,0,1
ACK, DTX, DTX, DTX ACK, DTX, DTX, DTX N cch2 1,0 0,1,0,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, ACK N e o 1,0 0,1,0,1
ACK, ACK, ACK, ACK ACK, DTX, DTX, DTX N oo 1,0 0,1,0,1
ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK N ccro 1,0 0,1,0,1
NACK/DTX, any, any, any ACK, DTX, DTX, DTX N cch2 0,0 0,0,0,1
NACK/DTX, any, any, any ACK, ACK, ACK, ACK N ccn2 0,0 0,0,0,1
(ACK, NACK/DTX, any, any), n
except for (ACK, DTX, DTX, ACK, DTX, DTX, DTX (TS 0,0 0,0,0,1
DTX) ’
(ACK, NACK/DTX, any, any), "
except for (ACK, DTX, DTX, ACK, ACK, ACK, ACK N cch2 0,0 0,0,0,1
DTX) ’
ACK, ACK, ACK, NACK/DTX NACK/DTX, any, any, any | nccns 1,0 1,1,0,0
(ACK, NACK/DTX, any, any), N
ACK, ACK, ACK, NACK/IDTX | except for (ACK, DTX, DTX, | ¥ s 1,0 1,1,0,0
DTX) ’
ACK, ACK, NACK/DTX, any NACK/DTX, any, any, any | nccns 0,1 1,0,0,0
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(ACK, NACK/DTX, any, any),

ACK, ACK, NACK/DTX, any except for (ACK, DTX, DTX, | NS cpiy 0,1 1,0,0,0
DTX) ’
ACK, DTX, DTX, DTX NACK/DTX, any, any, any NS ccro 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), "
ACK, DTX, DTX, DTX except for (ACK, DTX, DTX, | n®ccho 1,1 0,1,0,0
DTX) ’
ACK, ACK, ACK, ACK NACK/DTX, any, any, any | n%ccno 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), "
ACK, ACK, ACK, ACK except for (ACK, DTX, DTX, | n®ccho 1,1 0,1,0,0
DTX) ’
NACK, any, any, any NACK/DTX, any, any, any n,(glt)JCCH 0 0,0 0,0,0,0
(ACK, NACK/DTX, any, any), N
NACK, any, any, any except for (ACK, DTX, DTX, | n%cho 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any), "
except for (ACK, DTX, DTX, NACK/DTX, any, any, any | NS0 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any), (ACK, NACK/DTX, any, any), "
except for (ACK, DTX, DTX, except for (ACK, DTX, DTX, | n%cho 0,0 0,0,0,0
DTX) DTX) ’
DTX, any, any, any NACK/DTX, any, any, any No Transmission 0,0,0,0
(ACK, NACK/DTX, any, any),
DTX, any, any, any except for (ACK, DTX, DTX, No Transmission 0,0,0,0

DTX)
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10.1.3.2.2 PUCCH format 3 HARQ-ACK procedure

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then K'= K where the set K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration™ in the table refers to the higher layer parameter
subframeAssignment), and M "is the number of elements in set K'.

If a UE is configured with one serving cell, or if a UE is configured with more than one serving cells and the UL/DL
configuration of all serving cells is same, then in the rest of this subclause K is as defined in Sec 10.2, and M is the
number of elements in the set K .

If a UE is configured with more than one serving cell and if at least two cells have different UL/DL configurations, then
K in this subclause refersto K (as defined in subclause 10.2) , and M is the number of elements in the set K .

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame n with M >1 and more than one
configured serving cell, where M is the number of elements in the set K , the UE shall use PUCCH resource n,%g)CH

or n&,@CH for transmission of HARQ-ACK in subframe n for p mapped to antenna port p where

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH
in subframe n—k_, where k<K, and fora TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1' (defined in Table 7.3-X), or for a PDCCH indicating
downlink SPS release (defined in subclause 9.2) in subframe n—k_, where k e K, and fora TDD UL/DL

configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1', the UE
shall use PUCCH format 1a/1b and PUCCH resource nébf:)CH with
neP =(M-m-1)-N_+m-N_, + Necenm + Nicen for antenna port py, where N, is

configured by higher layers, c is selected from {0, 1, 2, 3} such that N, <n. <N

c+l’?

N¢ = max{O, L[N% ((NRB.c—4)]/36 J} ,and Neee , s the number of the first CCE used for transmission
of the corresponding PDCCH in subframe n—k, where k< K . When two antenna port transmission is
configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p; is given by
nlgb%ng = néldbé)c)H +1

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for

a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-k_,where k <K, and fora TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,5,6} the DAI value in the PDCCH is equal to 1' (defined in Table 7.3-X), or for a PDCCH indicating
downlink SPS release (defined in subclause 9.2) in subframe n—k_, where k <K, and fora TDD UL/DL

configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1', the UE
shall use PUCCH format 1a/1b and

- ifthe value of k_ is same as the value of an element k',,, where k',,e K", the PUCCH resource né,luﬁc)CH is

given by Nfuley = (M'=i2-1)- N, +i2- N,y + e+ Nideon

- otherwise, if the value of k_is same as the value of an element k/ inset K*, where k’ e K*(defined in

Table 10.1.3.1-1A, where "UL/DL configuration" in the table refers to the higher layer parameter

subframeAssignment), the PUCCH resource nSUﬁC)CH is given by

@wp) A s : KA .
Npteen = (M7 =i3=1)- N +13-N_; +Necen + Nppeen s

where M * is the number of elements in the set K* defined in Table 10.1.3.1-1A ,where ¢ is selected from
N, =max{0,| [N2 -(NF®-c—4)]/36 |} where N2

is determined from the primary cell, n_.. . is the number of the first CCE used for transmission of the

{0,1,2,3}such that N, <Neeey <N

c+l?
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corresponding PDCCH in subframe n-k , and NﬁUACCH , NScen » are configured by higher layers. When
two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p,
is given by né,luﬁc%H = nélUﬁC"C)H +1

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n—k_, where k e K, and fora TDD UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or for a
PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where k e K, and for

a TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is
equal to '1', the UE shall use PUCCH format 1a/1b and PUCCH resource né,lUFé)CH given by

- If EPDCCH-PRB-set q is configured for distributed transmission

m-1
p)  _ (e1)
NedccH = Necceq T Z NECCE,q,n—kil +Apro + Npjeeng
i1=0

- If EPDCCH-PRB-set g is configured for localized transmission

N n m-1

Lp) _ ECCEq ECCE,q 1 (e1)

nPUCCH - \\ N ECCE q J N RB + Z N ECCE,q,n—kj; +Nn +AARO +N PUCCH,q
RB i1=0

where Ngceeq i the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin subframe n-Kk_, N é‘ﬁ();CH,q
for EPDCCH-PRB-set g is configured by the higher layer parameter pucch-ResourceStartOffset-r11 ,

N :gCE'q for EPDCCH-PRB-set q in subframe n—k_is given in subclause 6.8A.1in [3], n'is determined
from the antenna port used for EPDCCH transmission in subframe n —k which is described in subclause
6.8A5in[3].If m=0, A,;, isdetermined from the HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A, isdetermined from the HARQ-
ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the
UE is configured to monitor EPDCCH in subframe n—k,,, NECCE’qyn_ki1 is equal to the number of ECCEs in
EPDCCH-PRB-set ¢ configured for that UE in subframe n—k;, . If the UE is not configured to monitor

EPDCCH in subframe n — k.

i1’
PRB-set (g is configured for that UE in subframe n—k;, . For normal downlink CP, if subframe n—k,, isa

N ECCE qnk, 1S ¢€qual to the number of ECCEs computed assuming EPDCCH-

special subframe with special subframe configuration 0 or 5, N ECCE q.n-k, 1S equal to 0. For extended downlink

CP, if subframe n—k, is a special subframe with special subframe configuration 0 or 4 or 7, N ECCE q.n-k;, 1S
equal to 0. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for

antenna port p, is given by né{%@H = né,tbé)C)H +1.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n-k_,where k <K, and fora TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,5,6} the DAI value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or for a PDCCH indicating
downlink SPS release (defined in subclause 9.2) in subframe n—-k_, where k e K, and fora TDD UL/DL

configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is equal to '1', the UE
shall use PUCCH format 1a/1b and PUCCH resource n,(,lupC)CH given by

- if EPDCCH-PRB-set Yis configured for distributed transmission
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i4-1 i5-1
i '

Lp) _ ’ (e1)
Nedcen = Necceg '\lECCEVan_ki,1 + NEccE,q,n—ki‘; + Ao T Npuceng
=0 im0

- if EPDCCH-PRB-set Yis configured for localized transmission

i4-1 i5-1
' ' ' ’ (el)
Necceani T 2N ecceankd T+ Aro + Nbuceng
0 i1=0

n@)  _ | Mecceq | \eEccea
PUCCH — N ECCE q RB
RB il=

where

- ifthe value of k_ issame as the value of an index k',,, where k',,e K', then i4=i2;

- otherwise, if the value of k_ is same as the value of an index ki’;, where kig e KA, then i4=i3;

and where Ngeee o is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)
used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin subframe N — km ,
N éejéCqu for EFDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-

ri1, N ,ESCE’q for EPDCCH-PRB-set qin subframe N — km is given in subclause 6.8A.1in [3], N'is
determined from the antenna port used for EPDCCH transmission in subframe n -k  which is described in

subclause 6.8A51in [3]. A'jp N 'ECCEVanfk.H , N 'ECCEyq’nka are determined as described in section 10.1.3.1.

When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna
port p, isgivenby NS =n{) 11

- for asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release

(defined in subclause 9.2) within subframe(s) n—k, where k € K, the UE shall use PUCCH format 1a/1b and

PUCCH resource nﬁ,@CH with the value of né,lu@c,JI is determined according to higher layer configuration and
Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH
resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource né,lu’é)c)H for

antenna port py and the second PUCCH resource né,ll‘Jﬁc%H for antenna port pq, otherwise, the PUCCH

resource value maps to a single PUCCH resource nélu%)c)H for antenna port py.

- for M >1 and a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH
detected within subframe(s) n—k, where k e K and an additional PDSCH transmission only on the primary
cell indicated by the detection of a corresponding PDCCH in subframe n-k_, where k e K with the DAI
value in the PDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH indicating downlink SPS release (defined
in subclause 9.2) in subframe n—k_, where k e K with the DAI value in the PDCCH equal to '1', the UE

shall transmit b(o),b(l) in subframe n using PUCCH format 1b on PUCCH resource néﬂCCH selected from

A PUCCH resources nélL),CCH]i where 0<i< A—1, according to Table 10.1.3.2-1 and Table 10.1.3.2-2 for

A=2 and A =3, respectively. For a UE configured with a transmission mode that supports up to two
transport blocks on the primary cell, A = 3; otherwise, A= 2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary

cell, the PUCCH resource nglg,CCH,O is determined according to higher layer configuration and Table 9.2-2.

L i )
The PUCCH resource néL)JCCHYl is determined as
NSocena = (M =m=2)-N_+m-N_; +Neee + NSeen where N&ec,, is configured by higher

layers, c is selected from {0, 1, 2, 3} such that N_ <n.. . <N

c+1’

3GPP



Release 127T 205 3GPP TS 36.213 V12.5.0 (2015-03)

N¢ = max{O, L[NF?E'; ((NRB.c-4)]/36 J} ,and Neeg o, is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k; where k eK.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

the PUCCH resource nSL)JCCHD is determined according to higher layer configuration and Table 9.2-2. The

PUCCH resource n{)..,,, is determined as

- ifthe value of k_ issame as the value of an element k',,, where k';,e K", the PUCCH resource

. . 1 Vo H 1 .

NeUccna IS given by nlgL)JCCH,l =(M'-i2-1) N, +i2-Ng; +Neepy + N Sccn i

- otherwise, if the value of k_ is same as the value of an element ki’; inset K”, where ki’; e K* (defined
in Table 10.1.3.1-1A, where "UL/DL configuration" in the table refers to the higher layer parameter

subframeAssignment), the PUCCH resource néﬂccm is given by

) A . KA .
NpiceHs = (M7 —i3=1)-N¢ +13-N¢g +Necem + Npycch

where M * is the number of elements in the set K* defined in Table 10.1.3.1-1A , where ¢ is selected
from {0, 1, 2, 3} such that N, <ngee < Nyipo N, =max{0,| [N2 - (N -c—4)]/36 |}, nece is
the number of the first CCE used for transmission of the corresponding PDCCH in subframe n-Xk_ , and

NS ey s Ny . are configured by higher layers.

- For a UE configured with a transmission mode that supports up to two transport blocks on the primary cell,

the PUCCH resource nl)..,,, isdetermined as n{ccy, = NScens +1-HARQ-ACK(0) is the

ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1) is the
ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of a
corresponding PDCCH for which the value of the DAI field in the corresponding DCI format is equal to '1' or
for the PDCCH indicating downlink SPS release for which the value of the DAI field in the corresponding
DCI format is equal to '1'. HARQ-ACK(2) is the ACK/NACK/DTX response for the second transport block of
the PDSCH indicated by the detection of a corresponding PDCCH for which the value of the DAI field in the
corresponding DCI format is equal to '1".

for M >1 and a PDSCH transmission only on the primary cell where there is not a corresponding EPDCCH
detected within subframe(s) n—k, where k e K and an additional PDSCH transmission only on the primary
cell indicated by the detection of a corresponding EPDCCH in subframe n—k_, where k e K with the DAI
value in the EPDCCH equal to '1' (defined in Table 7.3-X) or a EPDCCH indicating downlink SPS release
(defined in subclause 9.2) in subframe n—k_, where k e K withthe DAI value in the EPDCCH equal to '1',

the UE shall transmit b(O),b(l) in subframe n using PUCCH format 1b on PUCCH resource n®

PUCCH

selected from A PUCCH resources nS&CCHJ where 0<i< A-1, according to Table 10.1.3.2-1 and Table

10.1.3.2-2for A=2 and A =3, respectively. For a UE configured with a transmission mode that supports up
to two transport blocks on the primary cell, A = 3; otherwise, A=2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary

cell, the PUCCH resource nélL)JCCH’O is determined according to higher layer configuration and Table 9.2-2.

The PUCCH resource N, is determined as

- If EPDCCH-PRB-set g is configured for distributed transmission

m-1
(@) — (e1)
I"lPUCCH,l - nECCE,q + Z N ECCE,q,n—kj; + AARO + NPUCCH,q
i1=0

- If EPDCCH-PRB-set ¢ is configured for localized transmission
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n m-1

(1 _ ECCE,q ECCE g . (e1)

nPUCCH,l - |‘ N ECCE q J ’ NRB + z N ECCE,q,n—k;; +n +AARO + NPUCCH,q
RB i1=0

where Ngcceq is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)

used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin subframe n—k_,

N Si}écH,q for EEDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-
ril, N Ffé:CE'q for EPDCCH-PRB-set qinsubframe n-—Kk_ is given in subclause 6.8A.1 in [3], N'js
determined from the antenna port used for EPDCCH transmission in subframe n —k  which is described in
subclause 6.8A.5in[3]. If m=0, A,z isdetermined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A ,z, is determined

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k;;, Ngcee gy, i €qual

to the number of ECCEs in EPDCCH-PRB-set q configured for that UE in subframe n—k;, . If the UE is

not configured to monitor EPDCCH in subframe n —k

0 NE(:CE’W_l(I1 is equal to the number of ECCEs

computed assuming EPDCCH-PRB-set q is configured for that UE in subframe n —k, . For normal downlink

CP, if subframe n—k,, isa special subframe with special subframe configuration 0 or 5, N ECCE qnk, IS

equal to 0. For extended downlink CP, if subframe n—k;, is a special subframe with special subframe

configuration 0 or 4 or 7, N ECCE q.n-k, 1S equal to 0.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

the PUCCH resource nSL),CCH’O is determined according to higher layer configuration and Table 9.2-2. The

PUCCH resource n%)..,,, is determined as

- IfEPDCCH-PRB-set 4is configured for distributed transmission

i4-1 51
0 _ Z ' Z ' ' (1)
Npdceni = Necceg T '\IECCE'q’n,kif1 + NEccE,q,n—ki‘i +Alro T Neuceng
i1=0 i1=0

- IfEPDCCH-PRB-set Jis configured for localized transmission

n i4-1 i5-1
0 _ | Mecceq | p\jECCEq Z ' Z ' VoAl )
Npdceni = N ECCEq Neg ™" + NECCE,q,n,kif1 + NECCE‘q‘n,kS +N"+ Algo + Npyeeng
RB iT=0

i1=0
where
- ifthe value of Km is same as the value of an index K i2 , where K, e K ,then 14=12:
o k. . kA kj e KA i4-i3.
- otherwise, if the value of "™ is same as the value of an index i3, where , then ;

and where Ngeee i the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in subframe

n-— km . N éﬁ():CH’q for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-

ResourceStartOffset-ril, N FEEECE"* for EPDCCH-PRB-set g in subframe N—K_ is given in subclause
6.8A.1in [3], n'is determined from the antenna port used for EPDCCH transmission in subframe

n -k, which is described in subclause 6.8A.5in [3]. A’,q; | N 'ECCE’q’n_k,il N’ » are determined

ECCE,q,n—ki;
as described in section 10.1.3.1.
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- For a UE configured with a transmission mode that supports up to two transport blocks on the primary cell,

the PUCCH resource N, is determinedas n{)..,,, =NSccn, +1.HARQ-ACK(0) is the

ACK/NACK/DTX response for the PDSCH without a corresponding EPDCCH detected. HARQ-ACK(1) is
the ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of a
corresponding EPDCCH for which the value of the DAI field in the corresponding DCI format is equal to '1'
or for the EPDCCH indicating downlink SPS release for which the value of the DAI field in the
corresponding DCI format is equal to '1". HARQ-ACK(2) is the ACK/NACK/DTX response for the second
transport block of the PDSCH indicated by the detection of a corresponding EPDCCH for which the value of
the DAI field in the corresponding DCI format is equal to '1'.

for M >1 and a PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n-k_,where k e K withthe DAI value in the PDCCH greater than '1' (defined in Table

7.3-X) or a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_, where
k,, € K with the DAI value in the PDCCH greater than '1', the UE shall use PUCCH format 3 and PUCCH

resource néﬁg)CH where the value of néﬁg’CH is determined according to higher layer configuration and Table

10.1.2.2.2-1 and the TPC field in a PDCCH assignment with DAI value greater than '1' shall be used to
determine the PUCCH resource value from one of the four PUCCH resource values configured by higher layers,
with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource
value is transmitted on all PDCCH assignments used to determine the PUCCH resource values within the
subframe(s) n—k, where ke K.

for M >1 and a PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n—k_, where k e K with the DAI value in the EPDCCH greater than '1' (defined in

Table 7.3-X) or an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_,
where ke K with the DAI value in the EPDCCH greater than '1', the UE shall use PUCCH format 3 and

PUCCH resource néfJE’CH where the value of n,ﬁﬁg)CH is determined according to higher layer configuration

and Table 10.1.2.2.2-1 and the HARQ-ACK resource offset field in the DCI format of the corresponding
EPDCCH assignment with DAI value greater than '1' shall be used to determine the PUCCH resource value from
one of the four PUCCH resource values configured by higher layers, with the mapping defined in Table
10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all
EPDCCH assignments used to determine the PUCCH resource values within the subframe(s) n—k, where
keK.

If the UL/DL configurations of all serving cells are the same, for a PDSCH transmission on the secondary cell
indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where k € K, the

UE shall use PUCCH format 3 and PUCCH resource néﬁE’CH where the value of néﬁg)CH is determined

according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in the corresponding
PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For TDD UL/DL configurations 1-
6, if a PDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where ke K, ora
PDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where ke K, is
detected, the TPC field in the PDCCH with the DAI value greater than '1' shall be used to determine the PUCCH
resource value from one of the four resource values configured by higher layers, with the mapping defined in
Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all
PDCCH assignments in the primary cell and in each secondary cell that are used to determined the PUCCH
resource value within the subframe(s) n—k, where k € K. For TDD UL/DL configurations 1-6, if an EPDCCH
corresponding to a PDSCH on the primary cell within subframe(s) n—k, where k € K, or an EPDCCH
indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where k € K, is detected,
the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH assignment with the
DAI value greater than '1' shall be used to determine the PUCCH resource value from one of the four resource
values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the
same HARQ-ACK PUCCH resource value is transmitted on all EPDCCH assignments in the primary cell and in
each secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k, where
keK.
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- Ifthe UL/DL configurations of at least two serving cells are different, for a PDSCH transmission on the
secondary cell indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where

k € K, the UE shall use PUCCH format 3 and PUCCH resource néfJE)CH where the value of néfJE)CH is

determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For a UL/DL
configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if a PDCCH
corresponding to a PDSCH on the primary cell within subframe(s) n—k, where k € K, or a PDCCH indicating
downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where k € K, is detected, the TPC
field in the PDCCH with the DAI value greater than '1' shall be used to determine the PUCCH resource value
from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-
1. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH
assignments in the primary cell and in each secondary cell that are used to determined the PUCCH resource
value within the subframe(s) n—k, where k € K. For a UL/DL configuration of the primary cell belonging to
{1,2,3,4,5,6} as defined in subclause 10.2, if an EPDCCH corresponding to a PDSCH on the primary cell within
subframe(s) n—k, where k € K, or an EPDCCH indicating downlink SPS release (defined in subclause 9.2)
within subframe(s) n—k, where k € K, is detected, the HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH assignment with the DAI value greater than '1' shall be used to determine the
PUCCH resource value from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is
transmitted on all EPDCCH assignments in the primary cell and in each secondary cell that are used to
determined the PUCCH resource value within the subframe(s) n—k, where ke K.

- For PUCCH format 3 and PUCCH resource néﬂg)CH and a UE configured for two antenna port transmission, a

PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource

né%g"C)H for antenna port pg and the second PUCCH resource né,f,glc)H for antenna port p,, otherwise, the

PUCCH resource value maps to a single PUCCH resource néﬁ,@(gH for antenna port pg.

10.1.3A FDD-TDD HARQ-ACK feedback procedures for primary cell frame
structure type 2

A UE is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3 for
transmission of HARQ-ACK.

For a serving cell, if the serving cell is frame structure type 1, and a UE is not configured to monitor PDCCH/EPDCCH

in another serving cell for scheduling the serving cell, set K is defined in Table 10.1.3A-1, otherwise set K is defined
in Table 10.1.3.1-1.

PUCCH format 1b with channel selection is not supported if a UE is configured with more than two serving cells, or if
the DL-reference UL/DL configuration 5 (as defined in subclause 10.2) is defined for any serving cell, or if the DL-
reference UL/DL configuration of a serving cell with frame structure type 1 belongs to {2, 3, 4} and the UE is not
configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell.

If a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, the UE is not
expected to be configured with more than two serving cells having DL-reference UL/DL configuration 5.

If a UE is configured to use PUCCH format 1b with channel selection for HARQ-ACK transmission, for the serving
cells,

- if more than 4 HARQ-ACK bits for M multiple downlink and special subframes associated with a single UL
subframe n, where M is as defined in subclause 10.1.3.2.1 for case where the UE is configured with two
serving cells with different UL/DL configurations,

- spatial HARQ-ACK bundling across multiple codewords within a downlink or special subframe is performed
for each serving cell by a logical AND operation of all the corresponding individual HARQ-ACKSs, and the
bundled HARQ-ACK bits for each serving cell is transmitted using PUCCH format 1b with channel
selection,

- otherwise,
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- spatial HARQ-ACK bundling is not performed, and the HARQ-ACK bits are transmitted using PUCCH
format 1b with channel selection.

If a UE is configured to use PUCCH format 3 for HARQ-ACK transmission, for the serving cells,

- if more than 21 HARQ-ACK bits for M multiple downlink and special subframes associated with a single UL
subframe n, where M as defined in subclause 10.1.3.2.2 for the case of UE configured with more than one
serving cell and if at least two cells have different UL/DL configurations,

- spatial HARQ-ACK bundling across multiple codewords within a downlink or special subframe is performed
for each serving cell by a logical AND operation of all of the corresponding individual HARQ-ACKSs, and
PUCCH format 3 is used,

- otherwise,

- spatial HARQ-ACK bundling is not performed, and the HARQ-ACK bits are transmitted using PUCCH
format 3.

- UE shall determine the number of HARQ-ACK bits, 0, associated with an UL subframe n according to
N gais
O= ZOCACK where N Qji is the number of configured cells, and OCACK is the number of HARQ-bits for
c=1
the c-th serving cell defined in subclause 7.3.4. If a UE is not configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling a serving cell with frame structure type 1, and the DL-reference UL/DL

configuration of the serving cell belongs to {2, 3, 4, 5}, then the UE is not expected to be configured with chhs
which resultin O > 21.

HARQ-ACK transmission on two antenna ports (p €[pg, p;]) is supported for PUCCH format 3.

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1b with channel
selection and with two configured serving cells.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 1b with channel selection follows the HARQ-
ACK procedure described in subclause 10.1.3.2.1 for the case of UE configured with two serving cells with different
UL/DL configurations, and for PUCCH format 3 follows the HARQ-ACK procedure described in subclause 10.1.3.2.2
for the case of UE configured with more than one serving cell and if at least two cells have different UL/DL
configurations.

Table 10.1.3A-1: Downlink association set K : {ky,k,---ky,_;} for FDD-TDD and serving cell frame
structure type 1

DL-reference UL/DL Subframe n
Configuration 0|1 2 3 4 |5|6 7 8 9
0 6,5 54 4 -] - 6,5 54 4
1 - - 7,6 6,5, 4 - -] - 7,6 6,5 4| -
2 - - 8,7,6,5,4 - - -1-18,7,6,5,4 - -
3 - - 11,10,9,8,7,6 6,5 54| - | - - - -
4 - - 12,11, 10,9,8,7 7,6,5 4 - - | - - - -
5 - | -113,12,11,10,9,8,7,6,5,4 - - - - - - -
6 - - 8,7 7,6 6,5 - | - 7 7,6,5| -

10.1.4 HARQ-ACK Repetition procedure

HARQ-ACK repetition is enabled or disabled by a UE specific parameter ackNackRepetition configured by higher
layers. Once enabled, the UE shall repeat any HARQ-ACK transmission with a repetition factor N ANRep » Where

NANRep is provided by higher layers and includes the initial HARQ-ACK transmission, until HARQ-ACK

repetition is disabled by higher layers. For a PDSCH transmission without a corresponding PDCCH/EPDCCH
detected, the UE shall transmit the corresponding HARQ-ACK response N ANRep times using PUCCH resource

n,ﬁ{fc’CH configured by higher layers. For a PDSCH transmission with a corresponding PDCCH/EPDCCH detected,
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or for a PDCCH/EPDCCH indicating downlink SPS release, the UE shall first transmit the corresponding HARQ-
ACK response once using PUCCH resource derived from the corresponding PDCCH CCE index or EPDCCH
ECCE index (as described in subclauses 10.1.2 and 10.1.3), and repeat the transmission of the corresponding

HARQ-ACK response N ANRep —1 times always using PUCCH resource né,b@CH ANRep + Where né,b@CH ANRep 1S
configured by higher layers.

HARQ-ACK repetition is only applicable for UEs configured with one serving cell for FDD and TDD. For TDD,
HARQ-ACK repetition is only applicable for HARQ-ACK bundling.

HARQ-ACK repetition can be enabled with PUCCH format 1a/1b on two antenna ports. For a UE configured for
two antenna port transmission for HARQ-ACK repetition with PUCCH format 1a/1b, a PUCCH resource value

n,&b@CH,ANRep maps to two PUCCH resources with the first PUCCH resource néldbé’c)H,ANRep for antenna port [,

and the second PUCCH resource nF(,lL'Jﬁc%HY ANRep fOF antenna port py, otherwise, the PUCCH resource value maps to

a single PUCCH resource néhﬁc"c)HyANRep for antenna port pg.
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10.1.5 Scheduling Request (SR) procedure

A UE is configured by higher layers to transmit the SR on one antenna port or two antenna ports.
The scheduling request shall be transmitted on the PUCCH resource(s) né’t%)CH = né,lL’fé)CHVSR, for p mapped to

antenna port p as defined in [3], where n,(,lL’,ﬁc)CHSRI is configured by higher layers unless the SR coincides in time

with the transmission of HARQ-ACK using PUCCH Format 3 in which case the SR is multiplexed with HARQ-
ACK according to subclause 5.2.3.1 of [4]. The SR configuration for SR transmission periodicity SRperiopicity @nd

SR subframe offset Ngprsersp IS defined in Table 10.1.5-1 by the parameter sr-Configindex |, given by higher
layers.

SR transmission instances are the uplink subframes satisfying

(10X Ng + I_ns / 2_| — NorrseT sr )mod SReeriopicity =0

Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration

SR configuration Index | SR periodicity (ms) | SR subframe offset
I SRoerioDICITY Norrser sr
0-4 5 I
5-14 10 Iz =5
15-34 20 Iz —15
35— 74 40 lg —35
75-154 80 I —75
155 — 156 2 I —155
157 1 I, —157
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10.2  Uplink HARQ-ACK timing

For TDD or for FDD-TDD and primary cell frame structure type 2 or for FDD-TDD and primary cell frame structure
type 1, if a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell, “UL/DL configuration” of the
serving cell in subclause 10.2 refers to the UL/DL configuration given by the parameter eimta-HargReferenceConfig-
r12 for the serving cell unless specified otherwise.

For FDD or for FDD-TDD and primary cell frame structure type 1, the UE shall upon detection of a PDSCH
transmission in subframe n-4 intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-
ACK response in subframe n. If HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission in
subframe n-4 intended for the UE and for which HARQ-ACK response shall be provided, and if the UE is not repeating
the transmission of any HARQ-ACK in subframe n corresponding to a PDSCH transmission in subframes

n_NANRep_Sv ey n—5,the UE:

- shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in subframe
n—4)on PUCCH in subframes n, n+1, ..., n+ N anzep =13

- shall not transmit any other signal in subframes n, n+1, ..., n+N,yg,, —1; and

- shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in
subframes n-3, ..., n+ N anep =5

For TDD and a UE configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, if the UE is
configured with one serving cell or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, the DL-reference UL/DL configuration for a serving cell is
the UL/DL configuration of the serving cell.

For FDD-TDD and primary cell frame structure type 1, if a serving cell is a secondary serving cell with frame structure
type 2, the DL-reference UL/DL configuration for the serving cell is the UL/DL configuration of the serving cell.

For TDD, if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations and if a serving cell is a primary cell, then the primary cell UL/DL configuration is the DL-reference
UL/DL configuration for the serving cell.

For FDD-TDD and primary cell frame structure type 2, if a serving cell is a primary cell or if a serving cell is a
secondary cell with frame structure type 1, then the primary cell UL/DL configuration is the DL-reference UL/DL
configuration for the serving cell.

For TDD and if the UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations and if a serving cell is a secondary cell, or for FDD-TDD and primary cell frame structure type 2
and if a serving cell is a secondary cell with frame structure type 2

- if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to Set 1 in
Table 10.2-1 or

- if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell,
and if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to Set
2 or Set 3 in Table 10.2-1 or

- if the UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, and
if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration) belongs to Set 4 or
Set5in Table 10.2-1

then the DL-reference UL/DL configuration for the serving cell is defined in the corresponding Set in Table 10.2-1.

For TDD and if a UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations or for FDD-TDD and primary cell frame structure type 2, if the DL-reference UL/DL
configuration for at least one serving cell is TDD UL/DL Configuration 5, then the UE is not expected to be configured
with more than two serving cells.

For TDD and a UE not configured with EIMTA-MainConfigServCell-r12 for any serving cell, if the UE is configured
with one serving cell, or the UE is configured with more than one serving cell and the UL/DL configurations of all
serving cells is same, then the UE shall upon detection of a PDSCH transmission within subframe(s) n-k, where
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k e K and K isdefined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be
provided, transmit the HARQ-ACK response in UL subframe n.

For TDD and if a UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations, or if a UE is configured with EIMTA-MainConfigServCell-r12 for at least one serving cell. or
for FDD-TDD and primary cell frame structure type 2 and if a serving cell ¢ is frame structure type 2, then the UE shall

upon detection of a PDSCH transmission within subframe(s) n—k for serving cell c, where K K. intended for
the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n,
wherein set K contains values of k e K such that subframe n-k corresponds to a DL subframe or a special subframe

for serving cell ¢, where DL subframe or special subframe of serving cell ¢ is according to the higher layer
parameter eimta-HargReferenceConfig-r12 if the UE is configured with the higher layer parameter EIMTA-
MainConfigServCell-r12 for serving cell c; K defined in Table 10.1.3.1-1 (where "UL/DL configuration™ in Table
10.1.3.1-1 refers to the "DL-reference UL/DL configuration") is associated with subframe n.

For FDD-TDD and primary cell frame structure type 2, if a serving cell ¢ is frame structure type 1 and a UE is not
configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell ¢, then the UE shall
upon detection of a PDSCH transmission within subframe(s) n—k for serving cell c, where K K., KC =K and

K is defined in Table 10.1.3A-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit
the HARQ-ACK response in subframe n.

For FDD-TDD and primary cell frame structure type 2, if a serving cell ¢ is frame structure type 1 and a UE is
configured to monitor PDCCH/EPDCCH in another serving cell for scheduling serving cell ¢, then the UE shall upon
detection of a PDSCH transmission within subframe(s) n—k for serving cell c, where K K., K, =Kand Kis

defined in Table 10.1.3.1-1, intended for the UE and for which HARQ-ACK response shall be provided, transmit the
HARQ-ACK response in subframe n, where "UL/DL configuration" in Table 10.1.3.1-1 refers to the "DL-reference
UL/DL configuration" of serving cell c.

For TDD, if HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission within subframe(s) n-Kk,
where ke K and K isdefined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be
provided, and if the UE is not repeating the transmission of any HARQ-ACK in subframe n corresponding to a
PDSCH transmission in a downlink or special subframe earlier than subframe n-k , the UE:

- shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in

subframe n—k’) on PUCCH in UL subframe N and the next N ., —1UL subframes denoted as n,,

., N ;
"N ANRep 1!

- shall not transmit any other signal in UL subframe n, n;, ...,N and

N anrep =1’

- shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in
subframes N, —K, where k € K,, K;is the set defined in Table 10.1.3.1-1 corresponding to UL subframe
N and 1<i <N jgyge — 1
For TDD, HARQ-ACK bundling, if the UE detects that at least one downlink assignment has been missed as described

in subclause 7.3, the UE shall not transmit HARQ-ACK on PUCCH if HARQ-ACK is the only UCI present in a given
subframe.

The uplink timing for the ACK corresponding to a detected PDCCH/EPDCCH indicating downlink SPS release shall be
the same as the uplink timing for the HARQ-ACK corresponding to a detected PDSCH, as defined above.
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Table 10.2-1: DL-reference UL/DL configuration for serving cell based on pair formed by (primary cell
UL/DL configuration, secondary cell UL/DL configuration)

Set #

(Primary cell UL/DL configuration,
Secondary cell UL/DL configuration)

DL-reference
UL/DL configuration

Set 1

(0,0)

(1,0),(1,1),(1,6)

(2,0),(2,2),(2,1),(2,6)

(3.0),(3,3),(3,6)

(4,0),(4,1),(4,3),(4,4),(4,6)

(5,0),(5,1),(5,2),(5,3),(5,4),(5,5),(5,6)

(6,0),(6,6)

Set 2

(0,1),(6,1)

(0.2),(1,2),(6,2)

(0,3),(6.,3)

(0,4),(1,4),(3,4),(6,4)

(0,5),(1,5),(2,5),(3,5),(4,5),(6,5)

(0,6)

Set 3

(3,1),(1,3)

(3.2),(4,2),(2,3),(2,4)

Set 4

(0,1),(0,2),(0,3),(0,4),(0,5),(0,6)

(1,2),(1,4),(1,5)

(2,9)

(3,4),(3,5)

(4,5)

(6,1),(6,2),(6,3),(6,4),(6,5)

Set 5

(1,3)

(2,3),(2,4)

(3,1),(3,2)

(4.2)

AIWIN|FRP|IOAWIN|FPIO|O|RO|OR|IWIN|IFR(OO|AW|NIF|O
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11 Physical Multicast Channel (PMCH) related
procedures

11.1  UE procedure for receiving the PMCH

The UE shall decode the PMCH when configured by higher layers. The UE may assume that an eNB transmission on
the PMCH is performed according to subclause 6.5 of [3].

The I,,.s for the PMCH is configured by higher layers. If the UE is configured by higher layers to decode the PMCH
based on QPSK, 16QAM, 64QAM, and 256QAM then the UE shall use I,,.; and Table 7.1.7.1-1A to determine the
modulation order (Q,, ) and TBS index ( 1,5 ) used in the PMCH. Else the UE shall use I, for the PMCH and Table
7.1.7.1-1 to determine the modulation order (Q,, ) and TBS index ( |5 ) used in the PMCH.

The UE shall then follow the procedure in subclause 7.1.7.2.1 to determine the transport block size, assuming N oz is
equal to NR5 . The UE shall set the redundancy version to 0 for the PMCH.

11.2  UE procedure for receiving MCCH change notification

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the M-RNT], the UE shall
decode the PDCCH according to the combination defined in Table 11.2-1.

Table 11.2-1: PDCCH configured by M-RNTI

DCI format Search Space
DCI format 1C Common

The 8-bit information for MCCH change notification [11], as signalled on the PDCCH, shall be delivered to higher
layers.

12 Assumptions independent of physical channel

A UE shall not assume that two antenna ports are quasi co-located unless specified otherwise.

A UE may assume the antenna ports 0 — 3 of a serving cell are quasi co-located (as defined in [3]) with respect to delay
spread, Doppler spread, Doppler shift, average gain, and average delay.

For the purpose of discovery-signal-based measurements, a UE shall not assume any other signals or physical channels
are present other than the discovery signal.

If a UE supports discoverySignalsinDeactSCell-r12, and if the UE is configured with discovery-signal-based RRM
measurements on a carrier frequency applicable for a secondary cell on the same carrier frequency, and if the secondary
cell is deactivated, and if the UE is not configured by higher layers to receive MBMS on the secondary cell, the UE
shall, except for discovery-signal transmissions, assume that PSS, SSS, PBCH, CRS, PCFICH, PDSCH, PDCCH,
EPDCCH, PHICH, DMRS and CSI-RS may be not transmitted by the secondary cell until the subframe where an
activation command is received for the secondary cell.

13 Uplink/Downlink configuration determination
procedure for Frame Structure Type 2
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , “serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.
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- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, “‘serving cell’, ‘serving
cells” in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term “‘primary cell” in this clause refers to the PSCell of the SCG.

For each serving cell

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12,

- the UE shall set the UL/DL configuration equal to the UL/DL configuration (i.e., the parameter

subframeAssignment) indicated by higher layers.

If the UE is configured by higher layers with the parameter EIMTA-MainConfigServCell-r12, then for each radio

frame,

- the UE shall determine eIMTA-UL/DL-configuration as described in subclause 13.1.

- the UE shall set the UL/DL configuration for each radio frame equal to the eIMTA-UL/DL-configuration of that

radio frame.

13.1  UE procedure for determining eIMTA-uplink/downlink

configuration

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the eIMTA-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 13.1-1.

Table 13.1-1: PDCCH configured by eIMTA-RNTI

DCI format

Search Space

DCI format 1C

Common

The subframes in which the UE monitors PDCCH with CRC scrambled by eIMTA-RNTI are configured by higher

layers.
For each serving cell,
- ifT=10,

- if the UE detects PDCCH with CRC scrambled by eIMTA-RNTI in subframe 0 of a radio frame m or if the
UE detects PDCCH with CRC scrambled by eIMTA-RNTI in a subframe other than subframe 0 of a radio

frame m-1,

- the eIMTA-UL/DL-configuration for radio frame m is given by the UL/DL configuration indication

signalled on the PDCCH as described in [4],

- the UE may assume that the same UL/DL configuration indication is indicated by PDCCH with CRC
scrambled by eIMTA-RNTI in subframe 0 of radio frame m and in all the subframes other than subframe
0 of radio frame m-1 in which PDCCH with CRC scrambled by eIMTA-RNTI is monitored,

- otherwise

- the eIMTA-UL/DL-configuration for radio frame m is same as the UL/DL configuration (i.e., the
parameter subframeAssignment) indicated by higher layers;

- if T is a value other than 10,

- if the UE detects PDCCH with CRC scrambled by eIMTA-RNTI in a subframe in radio frame mT/10,

- the eIMTA-UL/DL-configuration for radio frames {mT/10+1 , mT/10+2,.... (m + 1)T/10} is given by the
UL/DL configuration indication signalled on the PDCCH as described [4],

- the UE may assume that the same UL/DL configuration indication is indicated by PDCCH with CRC
scrambled by eIMTA-RNTI in all the subframes of radio frame mT/10 in which PDCCH with CRC

scrambled by eIMTA-RNTI is monitored,
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- otherwise

- the eIMTA-UL/DL-configuration for radio frames {mT/10+1 , mT/10+2,.... (m +1) T/10} is same as the
UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers.

where T denotes the value of parameter eimta-CommandPeriodicity-r12.

For a serving cell c, if subframe i is indicated as uplink subframe or a special subframe by higher layer parameter
eimta-HargReferenceConfig-r12, the UE is not expected to receive a PDCCH with CRC scrambled by eIMTA-RNTI
containing an UL/DL configuration for serving cell ¢ that would indicate subframe i as a downlink subframe.

For a serving cell c, if subframe i is indicated as downlink subframe or a special subframe by higher layer parameter
subframeAssignment, the UE is not expected to receive a PDCCH with CRC scrambled by eIMTA-RNTI containing an
UL/DL configuration for serving cell ¢ that would indicate subframe i as an uplink subframe.

For a serving cell ¢, a UE is not expected to be configured with parameter eimta-HargReferenceConfig-rl12 if a
subframe indicated as an uplink subframe by eimta-HarqReferenceConfig-r12 is not indicated as an uplink subframe by
the UL-reference UL/DL configuration.

If UE is not configured with the parameter EIMTA-MainConfigServCell-r12 for any activated serving cell, the UE is not
expected to monitor PDCCH with CRC scrambled by eIMTA-RNTI.

14 UE procedures related to Sidelink

A UE can be configured by higher layers with one or more PSSCH resource configuration(s). A PSSCH resource
configuration can be for reception of PSSCH, or for transmission of PSSCH. The physical sidelink shared channel
related procedures are described in subclause 14.1.

A UE can be configured by higher layers with one or more PSCCH resource configuration(s). A PSCCH resource
configuration can be for reception of PSCCH, or for transmission of PSCCH and the PSCCH resource configuration is
associated with either sidelink transmission mode 1 or sidelink transmission mode 2. The physical sidelink control
channel related procedures are described in subclause 14.2.

A UE can be configured by higher layers with one or more PSDCH resource configuration(s). A PSDCH resource
configuration can be for reception of PSDCH, or for transmission of PSDCH. The transmissions of PSDCH according
to a PSDCH resource configuration are associated with either sidelink discovery type 1 or sidelink discovery type 2B.
The physical sidelink discovery channel related procedures are described in subclause 14.3.

The physical sidelink synchronization related procedures are described in subclause 14.4.

For a UE transmitting PSBCH, the transmit power of PSBCH ( Psggcy ) is same as the transmit power of primary

sidelink synchronisation signal P .

A UE is not expected to be configured with PSCCH resource configuration(s) such that, in a given subframe, the total
number of resource blocks across the resource block pools (as described in subclause 14.2.3) indicated by the PSCCH
resource configuration(s) exceeds 50.

If a UE uplink transmission in subframe n+1 of a serving cell overlaps in time domain with sidelink
transmission/reception by the UE in subframe n of the serving cell, then the UE shall drop the sidelink
transmission/reception in subframe n.

For a given carrier frequency, a UE is not expected to receive sidelink physical channels/signals with different cyclic
prefix lengths in the same sidelink subframe.

For a given carrier frequency, in a sidelink subframe, if a UE has a sidelink transmission, the sidelink transmission shall
occur only in contiguous physical resource blocks.
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14.1  Physical Sidelink Shared Channel related procedures
14.1.1 UE procedure for transmitting the PSSCH

If the UE transmits SCI format 0 on PSCCH according to a PSCCH resource configuration in subframe n belonging to a
PSCCH period (described in subclause 14.2.3), then for the corresponding PSSCH transmissions

- the transmissions occur in a set of subframes in the PSCCH period and in a set of resource blocks within the set
of subframes. The first PSSCH transport block is transmitted in the first four subframes in the set, the second
transport block is transmitted in the next four subframes in the set, and so on.

- for sidelink transmission mode 1,

- the set of subframes is determined using the subframe pool indicated by the PSSCH resource
configuration (described in subclause 14.1.4) and using time resource pattern ( I, ) in the SCI format 0
as described in subclause 14.1.1.1.

- the set of resource blocks is determined using Resource block assignment and hopping allocation in the
SCI format 0 as described in subclause 14.1.1.2.

- for sidelink transmission mode 2,

- the set of subframes is determined using the subframe pool indicated by the PSSCH resource
configuration (described in subclause 14.1.3) and using time resource pattern ( |, ) in the SCI format 0
as described in subclause 14.1.1.3.

- the set of resource blocks is determined using the resource block pool indicated by the PSSCH resource
configuration (described in subclause 14.1.3) and using Resource block assignment and hopping
allocation in the SCI format 0 as described in subclause 14.1.1.4.

- the modulation order is determined using the “"modulation and coding scheme " field (1,,.s) in SCI format 0.

For0 < lycs <28, the modulation order is setto Q"= min(4,Qy,), where Qy, is determined from Table 8.6.1-1.

- the TBS index ( ;g ) is determined based on |, and Table 8.6.1-1, and the transport block size is determined

using 1.5 and the number of allocated resource blocks ( Npgg ) using the procedure in subclause 7.1.7.2.1.

14111 UE procedure for determining subframes for transmitting PSSCH for sidelink
transmission mode 1

Within the PSCCH period (described in subclause 14.2.3), the subframes used for PSSCH are determined as follows:

- asubframe indicator bitmap (bé, bl’,...b,’qmpfl) and N1gp are determined using the procedure described in
subclause 14.1.1.1.1.

- abitmap (bo,bl,.. b

“LpsscH

. - - _ !
-1) is determined usingb; =074y

| PSscH
j

PSSCH .
and a subframe | j in the subframe

pool is used for PSSCH if b i = 1, otherwise the subframe is not used for PSSCH, where

0

(| PSSCH |1pSSCH .| Psser ) and Lpgs.,, are described in subclause 14.1.4. The subframes used for PSSCH

-1
PSSCH
are denoted by (n(fSSCH , nl"SSCH ,__._,_n’ZSSCH 1) arranged in increasing order of subframe index and where n .,
PSSCH
is a multiple of 4.
141111 Determination of subframe indicator bitmap

For FDD and TDD with UL/DL configuration belonging to {1,2,4,5}, NTRP is 8, and the mapping between Time
Resource pattern Index ( |z ) and subframe indicator bitmap (b(’), bl’,...b,’qmpfl) is given by table 14.1.1.1.1-1.
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For TDD with UL/DL configuration 0, NTRP is 7, and the mapping between Time Resource pattern Index ( ITRP ) and
subframe indicator bitmap (b(;, b{,...b,QTRP_l) is given by table 14.1.1.1.1-2.

For TDD with UL/DL configuration belonging to {3,6}, NTRP is 6, and the mapping between Time Resource pattern
Index ( |1gp ) and subframe indicator bitmap (b(’,, bl’,...b,’qmpfl) is given by table 14.1.1.1.1-3.

Table 14.1.1.1.1-1: Time Resource pattern Index mapping for Nz, =8

ITRP kTRP (b(;’ bl'""b’!\'mp—l) ITRP kTRP (bé’ bl'""b"\lmp—l) ITRP kTRP (bf;’ bl,,.“b"\‘TRP_l)
0 1] (1,0,0,0,0,0,0,0) 37 41(1,1,1,0,1,0,0,0) 74 41(0,11,1,0,0,0,11)
1 1(0,1,0,0,0,0,0,0) 38 41(1,1,0,1,1,0,0,0) 75 41(1,1,0,0,1,0,0,1)
2 1] (0,0,1,0,0,0,0,0) 39 41(1,0,1,1,1,0,0,0) 76 41(01,01,0,0,1)
3 1 (0,0,0,1,0,0,0,0) 40 41(0,1,1,1,1,0,0,0) 77 41(0,1,1,0,1,0,0,1)
4 1(0,0,0,0,1,0,0,0) 41 41(1,1,1,0,0,1,0,0) 78 41(1,0,0,1,1,0,0,1)
5 1] (0,0,0,0,0,1,0,0) 42 41(1,1,0,1,0,1,0,0) 79 41(,10,1,1,0,0,1)
6 1 (0,0,0,0,0,0,1,0) 43 4(1,0,1,1,0,1,0,0) 80 41(0,0,1,1,1,0,0,1)
7 1] (0,0,0,0,0,0,0,1) 44 41(0,1,1,1,0,1,0,0) 81 41(1,0001,0,1)
8 2 ](1,1,0,0,0,0,0,0) 45 4(1,1,0,0,1,1,0,0) 82 41(1,01,00,1,01)
9 21(,01,0,0,0,0,0) 46 41(1,0,1,0,1,1,0,0) 83 41(,11,001,0,11)

10 21(,1,1,0,0,0,0,0) 47 41(0,1,1,01,1,0,0) 84 41(001,01,0,1)
11 21(1,0,0,1,0,0,0,0) 48 4(1,0,0,1,1,1,0,0) 85 41(0,1,01,0,1,01)
12 21(,1,01,0,0,0,0) 49 41(0,1,01,1,1,0,0) 86 41(,01,1,01,0,1)
13 21(0,0,1,1,0,0,0,0) 50 41(0,0,1,1,1,1,0,0) 87 41(1,0,0,01,1,01)
14 21 (1,0,0,0,1,0,0,0) 51 41(1,1,1,0,0,0,1,0) 88 41(,10,0,1,1,0,1)
15 2 |(0,1,0,0,1,0,0,0) 52 4(1,1,0,1,0,0,1,0) 89 41(0,0,1,0,1,1,0,1)
16 21(0,0,1,0,1,0,0,0) 53 4(1,0,1,1,0,0,1,0) 90 41(0,0,0,1,1,1,01)
17 2| (0,0,0,1,1,0,0,0) 54 41(0,1,1,1,0,0,1,0) 91 41(1,1,0,0,0,0,1,1)
18 2 ](1,0,0,0,0,1,0,0) 55 4(1,1,0,0,1,0,1,0) 92 41(1,01,00,0,1,1)
19 21(0,1,0,0,0,1,0,0) 56 41(1,0,1,01,0,1,0) 93 41(,11,0,0,0,1,1)
20 21(0,0,1,0,0,1,0,0) 57 41(0,1,1,0,1,0,1,0) 94 41(1,0,0,1,0,0,1,1)
21 21(0,0,0,1,0,1,0,0) 58 41(1,0,01,1,0,1,0) 95 41(,101,00,1,1)
22 21 (0,0,0,0,1,1,0,0) 59 41(0,1,01,1,0,1,0) 96 41(,01,1,00,1,1)
23 2 ](1,0,0,0,0,0,1,0) 60 41(0,0,1,1,1,0,1,0) 97 41(1,0,0,01,0,1,1)
24 21(,1,0,0,0,0,1,0) 61 41(1,1,0,0,01,1,0) 98 41(0,1,0,0,1,0,1,1)
25 21(0,0,1,0,0,0,1,0) 62 4(1,0,1,0,0,1,1,0) 99 41(0,01,01,0,1,1)
26 21(0,0,0,1,0,0,1,0) 63 41(0,1,1,0,01,1,0) 100 41(0,0,01,1,01,1)
27 2 |(0,0,0,0,1,0,1,0) 64 4 (1,0,0,1,0,1,1,0) 101 41(1,0,0,00,1,1,1)
28 2 1(0,0,0,0,0,1,1,0) 65 41(0,1,0,1,0,1,1,0) 102 41(0,1,0,0,0,1,1,1)
29 2] (1,0,0,0,0,0,0,1) 66 41(0,01,1,01,1,0) 103 41(0,01,001,1,1)
30 21(0,1,0,0,0,0,0,2) 67 4(1,0,0,0,1,1,1,0) 104 41(0,0,01,01,1,1)
31 21(0,0,1,0,0,0,0,1) 68 41(0,1,0,01,1,1,0) 105 41(0,0,0,0,1,1,1,1)
32 21(0,0,0,1,0,0,0,1) 69 41(0,0,1,01,1,1,0) 106 8](1,1111111)
33 2] (0,0,0,0,1,0,0,2) 70 4(0,0,0111,10 112077 reserved | reserved

34 21(0,0,0,0,0,1,0,1) 71 41(1,1,1,0,0,0,0,1)
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35 (0,0,0,0,0,0,1,1) 72 (1,1,0,1,0,0,0,1)
36 (1,1,1,1,0,0,0,0) 73 (1,0,1,1,0,0,0,1)
Table 14.1.1.1.1-2: Time Resource pattern Index mapping for N =7
ITRP kTRP (bf;’ bl,'.“b;\‘TRP_l) ITRP kTRP (bé’ bl'""b’!\lmp—l) ITRP kTRP (b‘;’ bl'""b’!\'mp—l)
0 | reserved | reserved 44 31(0,011,0,10) 88 31(0,00,1,1,0,1)
1 1| (1,0,0,0,0,0,0) 45 41(1,01,1,0,1,0) 89 41(1,0,0,1,1,0,1)
2 1 (0,1,0,0,0,0,0) 46 41(0,1,1,1,0,1,0) 90 41(0,1,01,1,0,1)
3 2] (1,1,0,0,0,0,0) 47 51(1,1,1,1,0,1,0) 91 51(1,1,0,1,1,0,1)
4 1 (0,0,1,0,0,0,0) 48 2 1(0,0,0,0,1,1,0) 92 41(0,01,1,1,0,1)
5 2 |(1,0,1,0,0,0,0) 49 3 (1,0,0,0,1,1,0) 93 5 (1,0,1,1,1,0,1)
6 21(0,1,1,0,0,0,0) 50 31(0,1,0,0,1,1,0) 94 51(0,1,1,1,1,0,1)
7 31 (1,1,1,0,0,0,0) 51 41 (1,1,0,0,1,1,0) 95 6|(1,1,1,1,1,0,1)
8 1| (0,0,0,1,0,0,0) 52 31(0,0,1,0,1,1,0) 96 2 |(0,0,0,0,0,1,1)
9 21(1,0,0,1,0,0,0) 53 4(1,01,01,1,0 97 3](1,0,00,0,1,1)
10 2 |(0,1,0,1,0,0,0) 54 41(0,1,1,0,1,1,0) 98 31(0,1,0,0,0,1,1)
11 31(1,1,01,0,0,0) 55 51(1,1,1,0,1,1,0) 99 4(1,1,000,1,1)
12 2 |(0,0,1,1,0,0,0) 56 31(0,0,0,1,1,1,0) 100 31(0,0,1,0,0,1,1)
13 3(1,0,1,1,0,0,0) 57 41(1,0,0,1,1,1,0) 101 41(1,01,00,1,1)
14 31(0,1,1,1,0,0,0) 58 41(0,1,01,1,1,0) 102 41(0,1,1,0,0,1,1)
15 4(1,1,1,1,0,0,0) 59 51(1,1,0,1,1,1,0) 103 51(1,1,1,0,0,1,1)
16 1 (0,0,0,0,1,0,0) 60 410,011,110 104 31(0,0,0,1,0,1,1)
17 2 ](1,0,0,0,1,0,0) 61 51(1,01,1,1,1,0) 105 41(1,0,01,0,1,1)
18 21(0,1,0,0,1,0,0) 62 51(0,1,1,1,1,1,0) 106 41(0,1,01,0,1,1)
19 31 (1,1,0,0,1,0,0) 63 6|(1,1,1,1,1,1,0) 107 51(1,1,0,1,0,1,1)
20 2| (0,0,1,0,1,0,0) 64 1| (0,0,0,0,0,0,1) 108 41(0,0,1,1,0,1,1)
21 31(1,0,1,0,1,0,0) 65 2 ](1,0,0,0,0,0,1) 109 51(10,1,1,0,1,1)
22 31(0,1,1,0,1,0,0) 66 2 ](0,1,0,0,0,0,1) 110 51(0,1,1,1,0,1,1)
23 4(1,1,1,0,1,0,0) 67 31(1,1,0,0,00,1) 111 6|(1,1,1,1,01,1)
24 2 | (0,0,0,1,1,0,0) 68 2 |(0,0,1,0,0,0,1) 112 31(0,0,00,1,1,1)
25 3 (1,0,0,1,1,0,0) 69 3](1,0,1,0,0,0,1) 113 41(1,0,00,1,1,1)
26 31(0,1,0,1,1,0,0) 70 31(0,1,1,0,0,0,1) 114 41(0,1,00,1,1,1)
27 4(1,1,0,1,1,0,0) 71 41(1,1,1,0,0,0,1) 115 51(1,1,0,0,1,1,1)
28 31(0,0,1,1,1,0,0) 72 2 1(0,0,0,1,0,0,1) 116 41(0,01,01,1,1)
29 4(1,01,1,1,0,0) 73 31](1,0,01,0,0,1) 117 51(1,01,0,1,1,1)
30 41(0,1,1,1,1,0,0) 74 31(0,1,0,1,0,0,1) 118 51(01,1,0,1,1,1)
31 51 (1,1,1,1,1,0,0) 75 41(1,1,0,1,0,0,1) 119 6|(1,1,1,0,1,1,1)
32 1| (0,0,0,0,0,1,0) 76 31(0,0,1,1,0,0,1) 120 41(0,0,01,1,1,1)
33 21(1,0,0,0,0,1,0) 77 4(1,01,1,0,0,1) 121 51(10,01,1,1,1)
34 21(0,1,0,0,0,1,0) 78 41(0,1,1,1,0,0,1) 122 51(0,1,0,1,1,1,1)
35 31(1,1,0,0,0,1,0) 79 51(11,1,1,0,0,1) 123 6|(1,1,01,1,11)
36 2 | (0,0,1,0,0,1,0) 80 2 |(0,0,0,0,1,0,1) 124 51 (0,0,1,1,1,1,1)
37 3 (1,0,1,0,0,1,0) 81 3](1,0,0,0,1,0,1) 125 6 |(1,0,1,1,1,1,1)
38 31(0,1,1,0,0,1,0) 82 31(0,1,0,0,1,0,1) 126 6](01,1,1,21,11)
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39 4(1,1,1,0,0,1,0) 83 4 (1,1,00,1,0,1) 127 71(1,111,111)
40 21(0,0,0,1,0,1,0) 84 3((0,0,1,0,1,0,1)
41 3|(1,0,0,1,0,1,0) 85 41(1,0,10,1,01)
42 3(0,1,0,1,0,1,0) 86 41(0,1,1,0,1,0,1)
43 4(1,1,01,0,10) 87 5((1,1,1,0,1,0,1)

Table 14.1.1.1.1-3: Time Resource pattern Index mapping for NTRP =6

ITRP kTRP (bf;’ bl’,.“b"\‘TRP_l) ITRP kTRP (bé’ bl'""b"\lmp—l) ITRP kTRP (bé’ bl'""b"\lmp—l)
0 | reserved | reserved 22 31(0,11,0,1,0 44 31(0,0,1,1,0,1)
1 1 (1,0,0,0,0,0) 23 41](1,1,1,0,1,0 45 41](1,011,0,1)
2 1 (0,1,0,0,0,0) 24 2 1(0,0,0,1,1,0) 46 41(0,1,1,1,0,1)
3 2 ](1,1,0,0,0,0) 25 31(1,0,01,1,0) 47 51(1,1,1,1,0,1)
4 1| (0,0,1,0,0,0) 26 31](0,1,0,1,1,0) 48 2 ](0,0,0,0,1,1)
5 21(1,0,1,0,0,0) 27 4((1,1,01,1,0) 49 31(1,0,00,1,1)
6 2 |(0,1,1,0,0,0) 28 3(0,0,1,1,1,0) 50 3](0,1,0,0,1,1)
7 3](1,1,1,0,0,0) 29 4((1,01,1,1,0 51 4((1,1,00,1,1)
8 1| (0,0,0,1,0,0) 30 41(0,1,1,1,1,0) 52 3](0,0,1,0,1,1)
9 21(1,0,0,1,0,0) 31 5] (1,1,1,1,1,0) 53 4((1,01,01,1)

10 2 |(0,1,0,1,0,0) 32 1| (0,0,0,0,0,1) 54 41(0,1,1,0,1,1)
11 31(1,1,01,0,0) 33 2 |(1,0,0,0,0,1) 55 51(1,1,1,0,1,1)
12 21(0,0,1,1,0,0) 34 21(0,1,0,0,0,1) 56 31(0,0,01,1,1)
13 31(1,0,1,1,0,0) 35 31(1,1,0,0,0,1) 57 4](1,001,1,1)
14 31(0,1,1,1,0,0) 36 2 1(0,0,1,0,0,1) 58 41(0,1,01,1,1)
15 4(1,1,1,1,0,0) 37 31](1,0,1,0,0,1) 59 51(1,1,0,1,1,1)
16 1| (0,0,0,0,1,0) 38 31](0,1,1,0,0,1) 60 41(0,0,1,1,1,1)
17 21(1,0,0,0,1,0) 39 4((1,1,1,0,0,1) 61 5](10,1,11,1)
18 2 |(0,1,0,0,1,0) 40 2 |(0,0,0,1,0,1) 62 5(0,1,1,1,1,1)
19 31(1,1,0,0,1,0) 41 31(1,0,01,0,1) 63 6| (1,1,1,11,1)
20 21(0,01,0,1,0 42 31(,1,01,0,1) 16247 reserved | reserved
21 31(1,01,0,1,0) 43 4{(1,1,01,0,1)
14.1.1.2 UE procedure for determining resource blocks for transmitting PSSCH for

sidelink transmission mode 1
The set of resource blocks is determined using the procedure described in subclause 14.1.1.2.1 and 14.1.1.2.2.

14.1.1.2.1 PSSCH resource allocation for sidelink transmission mode 1

The resource allocation and hopping field of the SCI format 0 is used to determine a set of indices denoted by Ny, (0

< Nipe< NZb), astarting index RB;qr, and a number of allocated PRBs Liqg, and N 5o using the

procedure in subclause 8.1.1, and 8.4 (for sidelink frequency hopping with type 1 or type 2 hopping) with the following
exceptions:

- the term ‘PUSCH’ in subclauses 8.1.1 and 8.4 is replaced with ‘PSSCH”.

- the quantity nygg insubclause 8.1.1 is replaced with N{gg .
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the quantity Ny in subclauses 8.1.1 and 8.4 is replaced with N 35 .

the quantity RB in subclauses 8.1.1and 8.4 is replaced with RB!

START START *

the quantity Leggs in subclauses 8.1.1 and 8.4 is replaced with Liqg, -

the quantity N/5°" in subclause 8.4 is replaced with N 22> .
the quantity NFT[? is given by higher layer parameter rbHoppingOffset associated with the corresponding

PSSCH resource configuration.

the quantity N, is given by higher layer parameter type2DataNumSubbands associated with the corresponding
PSSCH resource configuration.

14.1.1.2.2 PSSCH frequency hopping for sidelink transmission mode 1

If sidelink frequency hopping with type 1 hopping is enabled, the set of physical resource blocks for PSSCH
transmission is determined using subclause 8.4 with the following exceptions:

the term ‘PUSCH’ is replaced with ‘PSSCH".

only inter-subframe hopping shall be used.

the quantity RBgragr is replaced with RBg;aqy -

the quantity N sy is replaced with N 3.

N 55> is replaced with N Z5°

the quantity
the quantity NRHE? is given by higher layer parameter rbHoppingOffset associated with the PSSCH resource
configuration.

the frequency hopping field in the SCI format 0 is used instead of DCI format O.

the quantity NSag (i) is replaced with N3ng .

the quantity Npqg (i) is replaced with Nrs .

PSSCH

for odd Ngg (described in subclause 9.2.4 of [3]), the set of physical resource blocks for PSSCH

SLO

transmission are L g, contiguous resource blocks starting from PRB with index Npgg -

for even nSPS?SCH (described in subclause 9.2.4 of [3]), the set of physical resource blocks for PSSCH

transmission are L _.g contiguous resource blocks starting from PRB with index npgg -

14.1.1.3 UE procedure for determining subframes for transmitting PSSCH for sidelink

transmission mode 2

For FDD or for TDD, and the UE not configured with the higher layer parameter mode2TRPTSubset

The allowed values of |1z, correspond to the values of Kigp satisfying kg =k, , for a value of 1in

0<i< X;gp,where k; and X,z are determined from table 14.1.1.3-1.

For FDD or for TDD with UL/DL configuration belonging to {0,1,2,3,4,6}, and the UE configured with the higher
layer parameter mode2TRPTSubset
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- The allowed values of | o, correspond to the values of Kiqp satisfying Koge =k; , for values of 1 in
0<i< Xigpsatisfying @, =1, 0<i< Xz and where k; and X, are determined from table

14.1.1.3-1,and (8,,,,...,ay__ ;) is the bitmap indicated by mode2TRPTSubset.

Table 14.1.1.3-1: Determination of X, and kK; for sidelink transmission mode 2

XTRP k0 k1 kz k3 k4
FDD and TDD with UL/DL configuration 1,2,4,5 3 1 2 4 - -
TDD with UL/DL configuration 0 5 1 2 3 4 5
TDD with UL/DL configuration 3,6 4 1 2 3 4

Within a PSCCH period, the subframes used for PSSCH are determined as follows:

- asubframe indicator bitmap (b(’,, bl’,...b,’\‘w_l) and N, are determined using the procedure described in

subclause 14.1.1.1.1 from the allowed values of |z, described in this subclause.

- abitmap (bo,bl,.. b

“LpsscH

) . . N PSSCH
-1) is determined usingb; =b7{ ., N, @andasubframe | j

in the subframe

pool is used for PSSCH if b ) =1, otherwise the subframe |;3SSCH is not used for PSSCH, where

PSSCH PSSCH
| PsseH |

. e, PSSCH ) and Log,, are described in subclause 14.1.3. The subframes used for PSSCH

PSSCH -1
are denoted by (nOPSSCH , anSSCH ,_.__,_n'Z’SSCH 1) arranged in increasing order of subframe index and
where N, is a multiple of 4.
14.1.1.4 UE procedure for determining resource blocks for transmitting PSSCH for

sidelink transmission mode 2

The set of resource blocks within the resource block pool (defined in 14.1.3) is determined using the subclause
14.1.1.2.1.

If sidelink frequency hopping with type 1 hopping is enabled, the set of physical resource blocks for PSSCH
transmission is determined using subclause 14.1.1.2.2 with the following exceptions

- the quantity N s is replaced with M 75°°" =" (defined in 14.1.3).

- for odd nSF;?SCH , the set of physical resource blocks for PSSCH transmission are given by L. contiguous

resource blocks m,,m,;,..m, . __, belonging to the resource block pool, where X = NSk

PRB *

PSSCH

- foreven ng>~", the set of physical resource blocks for PSSCH transmission are given by L(’:RBS contiguous

resource blocks m,, m, .;,..m, ., belonging to the resource block pool, where X = nﬁle :
14.1.1.5 UE procedure for PSSCH power control
For sidelink transmission mode 1 and PSCCH period i, the UE transmit power Pqc,, is given by the following
- if the TPC command field in configured sidelink grant (described in [8]) for PSCCH period i is set to 0

PPSSCH = PCMAX, PSSCH

- if the TPC command field in configured sidelink grant (described in [8]) for PSCCH period i is set to 1
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PPSSCH = min{PCMAX,PSSCH ) 1O|Oglo (M PSSCH ) + PO_PSSCH,l + Xpssch g Pl—} [dBm]

where Poyax psscr 19 defined in [6], and M gqcy, is the bandwidth of the PSSCH resource assignment expressed in

number of resource block and PL = PL_ where PLis defined in subclause 5.1.1.1. Py pegepyy @nd Qpggey ; are
provided by higher layer parameters modelDataPo and modelDataAlpha, respectively.

For sidelink transmission mode 2, the UE transmit power Pggq,, is given by

Posscn = min{PCMAX,PSSCH , 10 IOglO(M PSSCH )+ PO_PSSCH,Z + Apssey 2 PL} [dBm] ,

where Poyax psscy i defined in [6], and M ¢4, is the bandwidth of the PSSCH resource assignment expressed in

number of resource blocks and PL = PL where PL is defined in subclause 5.1.1.1. Py pssepy, and @pgsey

are provided by higher layer parameter mode2DataPo and mode2DataAlpha, respectively and that are associated with
the corresponding PSSCH resource configuration.

14.1.2 UE procedure for receiving the PSSCH

For sidelink transmission mode 1, a UE upon detection of SCI format 0 on PSCCH can decode PSSCH according to the
detected SCI format 0.

For sidelink transmission mode 2, a UE upon detection of SCI format 0 on PSCCH can decode PSSCH according to the
detected SCI format 0, and associated PSSCH resource configuration configured by higher layers.

14.1.3 UE procedure for determining resource block pool and subframe
pool for sidelink transmission mode 2
For a PSCCH period associated with the PSCCH resource configuration (determined in subclause 14.2.3) which is also

associated with the PSSCH resource configuration, the UE determines a PSSCH pool consisting of a subframe pool and
resource block pool as follows.

- For TDD, if the parameter tddConfig is indicated by the PSCCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tddConfig, otherwise, the TDD
UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- Within the PSCCH period, the uplink subframes with subframe index greater than or equal to j.;, + O, are
denoted by (|0 Ay ,_,_,_|N,_1) arranged in increasing order of subframe index, where  J,;. is described in

subclause 14.2.3 and O2 is the mode2DataOffsetIndicator indicated by the PSSCH resource configuration,

where N denotes the number of uplink subframes within the PSCCH period with subframe index greater than
orequal o jyo.in +O,.

- Abitmap by,b, ,b,,...,by. , isdetermined usingb; = a for 0< j<N’,where

jmodNg !
8y,8,,8,,...,8y_ 4 and N, are the bitmap and the length of the bitmap indicated by
mode2DataSubframeBitmap, respectively.

- Asubframe |j (0< j< N') belongs to the subframe pool if bj =1. The subframes in the subframe pool are
denoted by (| PSSCH ,|1PSSCH | PSseH ) arranged in increasing order of subframe index and Ly, denotes

0 ! LPSSCH -1

the number of subframes in the subframe pool.

- APRBwithindex g (0<q<N ;E) belongs to the resource block pool if §1 < q<S1+M or if
S2-M <q<S2, where S1, S2, and M denote the Mode2DataStartPRB, Mode2DataEndPRB and
Mode2DataNumPRB indicated by the PSSCH resource configuration respectively.
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- i PSSCH PSSCH PSSCH i
The resource blocks in the resource block pool are denoted by (mo ,m; o mM:SSCHfRP—l) arranged in
increasing order of resource block indices and M /5" ="" s the number of resource blocks in the resource

block pool.

14.1.4 UE procedure for determining subframe pool for sidelink
transmission mode 1

For a PSCCH period associated with the PSCCH resource configuration (described in subclause 14.2.3) which is also
associated with the PSSCH resource configuration, the UE determines a PSSCH pool consisting of a subframe pool as
follows.

- For TDD, if the parameter tddConfig is indicated by the PSCCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tddConfig, otherwise, the TDD
UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- Each uplink subframe with subframe index greater than or equal to IfSCCH L +1belongs to the subframe pool

PSCCH

for PSSCH, where |7°°°" 41 and L.y, are described in subclause 14.2.3.

PSCCH

- The subframes in the subframe pool for PSSCH are denoted by (| PSSCH | |1F’55CH

: | PSscH ) arranged in

Ll
Lpsscr —1

increasing order of subframe index and L ¢, denotes the number of subframes in the subframe pool.

14.2  Physical Sidelink Control Channel related procedures

For sidelink transmission mode 1, if a UE is configured by higher layers to receive DCI format 5 with the CRC
scrambled by the SL-RNTI, the UE shall decode the PDCCH/EPDCCH according to the combination defined in Table
14.2-1.

Table 14.2-1: PDCCH/EPDCCH configured by SL-RNTI

DCI format Search Space
DCI format 5 | For PDCCH: Common and UE specific by C-RNTI
For EPDCCH: UE specific by C-RNTI

14.2.1 UE procedure for transmitting the PSCCH

For sidelink transmission mode 1and PSCCH period i,
— the UE shall determine the subframes and resource blocks for transmitting SCI format 0 as follows.

- SCI format 0 is transmitted in two subframes in the subframe pool and one physical resource block per slot in
each of the two subframes, wherein the physical resource blocks belong to the resource block pool, where the
subframe pool and the resource block pool are indicated by the PSCCH resource configuration (as defined in
subclause 14.2.3)

- the two subframes and the resource blocks are determined using “Resource for PSCCH” field (Npgecyy ) In
the configured sidelink grant (described in [8]) as described in subclause 14.2.1.1.

— the UE shall set the contents of the SCI format 0 as follows:

- the UE shall set the Modulation and coding scheme field according to the Modulation and coding scheme
indicated by the higher layer parameter mode1MCS if the parameter is configured by higher layers.

- the UE shall set the Frequency hopping flag according to the “Frequency hopping flag” field in the
configured sidelink grant.
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- the UE shall set the Resource block assignment and hopping resource allocation according to the “Resource
block assignment and hopping resource allocation” field in the configured sidelink grant.

- the UE shall set the Time resource pattern according to the “Time resource pattern” field in the configured
sidelink grant .

NTA

- the UE shall set the eleven-bit Timing advance indication to I ={ J to indicate sidelink reception

timing adjustment value using the N+, (defined in [3]) value for the UE in the subframe that is no earlier
than subframe | o3eeH _4(|l;"1SCCH described in subclause 14.2.1.1).

For sidelink transmission mode 2,

- SCI format 0 is transmitted in two subframes in the subframe pool and one physical resource block per slot in
each of the two subframes, wherein the physical resource blocks belongs to the resource block pool, where the
subframe pool and the resource block pool are indicated by the PSCCH resource configuration (as defined in
subclause 14.2.3)

- the two subframes and the resource blocks are determined using the procedure described in subclause

14.2.1.2
- the UE shall set the eleven-bit Timing advance indication |, inthe SCI format 0 to zero.
14211 UE procedure for determining subframes and resource blocks for transmitting

PSCCH for sidelink transmission mode 1

PSCCH _RP
For 0< Npscen < |_M RB /ZJ' Lpscer

- the first transmission of the PSCCH is in resource block m>>*“" of subframe 1.°°“"  of the PSCCH period,

where al = \_nPSCCH /LPSCCHJ and bl = Npgecy MOd Logeey -

- the second transmission of the PSCCH is in resource block m[5°“""  of subframe 17" of the PSCCH
period, where a2 = LnPSCCH / LPSCCH J"*‘ \_M FE’SCCH - /ZJ and

b2 = (nPSCCH + 1+ \_nPSCCH / LPSCCH JmOd(LPSCCH _1))m0d LPSCCH :

PSCCH | PSCCH PSCCH PSCCH PSCCH PSCCH PSCCH _RP
where (Io ’ |1 ,.I L ] )’ (mo ! m1 yeeeny mM PSCCH jzp_l)' LPSCCH and M RB are
PSCCH RB

described in subclause 14.2.3.

14.2.1.2 UE procedure for determining subframes and resource blocks for transmitting
PSCCH for sidelink transmission mode 2

The allowed values for PSCCH resource selection are given by 0,1... Q_M pecen _re /ZJ- L pscen —1) where
Lpseey and M 22" =R described in subclause 14.2.3. The two subframes and the resource blocks are determined

using selected resource value Ny, (described in[8]) and the procedure described in subclause 14.2.1.1.

14.2.1.3 UE procedure for PSCCH power control
For sidelink transmission mode 1 and PSCCH period i, the UE transmit power P.¢.,, is given by the following

- if the TPC command field in the configured sidelink grant (described in [8]) for PSCCH period i is set to 0

PPSCCH = PCMAX, PSCCH

- if the TPC command field in the configured sidelink grant (described in [8]) for PSCCH period i is set to 1

PPSCCH = min{PCMAX,PSCCH , 10 IOglo (M PSCCH) + PO_PSCCH,l + Xpscen g PL} [dBm]
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where Poyax pscen 19 defined in [6], and M oy =1and PL = PL_ where PL is defined in subclause 5.1.1.1.

PO_PSCCH,l and @pgecy o are provided by higher layer parameters saPo and saAlpha, respectively and are associated
with the corresponding PSCCH resource configuration.

For sidelink transmission mode 2, the UE transmit power Ppgc,, is given by

Poscen = min{PCMAX,PSCCH ' 1O|Oglo (M PSCCH )+ PO_PSCCH,Z + Apseen 2 PL} [dBm],

where Poyax pscen 19 the Peyax ¢ configured by higher layers and M gy =1and PL = PL_ where PL is

defined in subclause 5.1.1.1. Py pcep, @nd Qpgecyy, are provided by higher layer parameters saPo and saAlpha,
respectively and are associated with the corresponding PSCCH resource configuration.

14.2.2 UE procedure for receiving the PSCCH

For each PSCCH resource configuration associated with sidelink transmission mode 1, a UE configured by higher
layers to detect SCI format 0 on PSCCH shall attempt to decode the PSCCH according to the PSCCH resource
configuration, and using the Group destination IDs indicated by higher layers.

For each PSCCH resource configuration associated with sidelink transmission mode 2, a UE configured by higher
layers to detect SCI format 0 on PSCCH shall attempt to decode the PSCCH according to the PSCCH resource
configuration, and using the Group destination IDs indicated by higher layers.

14.2.3 UE procedure for determining resource block pool and subframe
pool for PSCCH

A PSCCH resource configuration for transmission/reception is associated with a set of periodically occurring time-
domain periods (known as PSCCH periods). The i-th PSCCH period begins at subframe with subframe

index jyogi, = O +1i-P and ends in subframe with subframe index j.; = O + (i+1)-P—1, where
O < jbeginl jend < 10240

- the subframe index is relative to subframe#0 of the radio frame corresponding to SFN 0 of the serving cell or
DFN 0 (described in [11]),

O is the saOffsetIndicator indicated by the PSCCH resource configuration,

- P is the saPeriod indicated by the PSCCH resource configuration.

For a PSCCH period, the UE determines a PSCCH pool consisting of a subframe pool and a resource block pool as
follows.

- For TDD, if the parameter tddConfig is indicated by the PSCCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tddConfig, otherwise, the TDD
UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- The first N’ uplink subframes are denoted by (| |N,_1) arranged in increasing order of subframe index,

...
0" )
where N is the length of the bitmap saSubframeBitmap indicated by the PSCCH resource configuration.

- Asubframe 1; (0 < j<N’)belongs to the subframe pool ifa; =1, where (ao ,a,,8,,..., aN,_l)is the length
of the bitmap saSubframeBitmap indicated by the PSCCH resource configuration. The subframes in the
subframe pool are denoted by (| ESCCH , |1PSCCH o, | PSCCH ) arranged in increasing order of subframe index and

! LPSCCH -1

Lpscen 1S the number of subframes in the subframe pool. A PRB with index ¢ (0 < g < N35) belongs to the

resource block pool if §1 < q<S1+M or if S2-M < q<S2, where S1, S2, and M denote the saStartPRB,
saEndPRB and saNumPRB indicated by the PSCCH resource configuration respectively.
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- i PSCCH PSCCH PSCCH i
The resource blocks in the resource block pool are denoted by (mo ,m; i mMé’Scc” fRP—l) arranged in
increasing order of resource block indices and M 55°“ ~F" is the number of resource blocks in the resource

block pool.

14.3  Physical Sidelink Discovery Channel related procedures
14.3.1 UE procedure for transmitting the PSDCH

If a UE is configured by higher layers to transmit PSDCH according to a PSDCH resource configuration, in a PSDCH
period |,

- the number of transmissions for a transport block on PSDCH is NST,f(D =n+1 where nis given by the

higher layer parameter discoveryNumRetx , and each transmission corresponds to one subframe belonging to a
set of subframes, and in each subframe, the PSDCH is transmitted on two physical resource blocks per slot.

- for sidelink discovery type 1,
- the allowed values for PSDCH resource selection are givenby 0,1... (N, -N, —1),

where N, = \_LPSDCH /NSTLXDJ and N, = \_M PSDCH _RP /2} and

- the j-th transmission (1< j < NST,f(D ) for the transport block occurs in contiguous resource blocks

PSDCH PSDCH PSDCH H
mz.agi) and mz.agim of subframe INSTLXD-bl“)+j—1 of the PSDCH period, where

aﬁi) = ((J _l)'\_Nf /NSTDJ"'LnPSDCH /NtJ)mOd Nf and bl(i) = Npgpen mod Nt and using selected

resource value Npgpcy, (described in [8]).

PSDCH | PSDCH PSDCH PSDCH ., PSDCH PSDCH PSDCH _RP i i
(IO 'Il """IL 1)’(m0 ymy i""!mMRPéDCH_RP_l)’ LPSDCH andMRB are described in

PSDCH ™

subclause 14.3.3.

- for sidelink discovery type 2B,

- The j-th transmission (1< j < NsTlf(D ) for the transport block occurs in contiguous resource blocks

PSDCH PSDCH PSDCH H
m, s and mz.agim of subframe INSTLXD-bl‘”+j—1 of the PSDCH period, where

al! = (N + )Y mod10+[(@f" + N, b /N, Jmod N,

bl(i) (N Saben + Nidben 'al(i_l) +N; ‘bl(i_l))mOd N,

2’ =((G-0-[N AN JralJmod Ny g g oy

N, —| Lo, INTS | ang Ne = ME 2]

PSDCH | PSDCH PSDCH PSDCH PSDCH PSDCH PSDCH _RP i
and ('o B FR ILPSDCH&)' (mo ,mPseeH mMRPSDCHJP,l)' Lpspey @AM P are described

in subclause 14.3.3.

) afo) and bl(o) are given by higher layer parameters nfType2BDiscovery and ntType2BDiscovery,

respectively and that associated with the PSDCH resource configuration.

N e N2, and N .., are given by higher layer parameters aType2BDiscovery,
bDashType2BDiscovery, and cType2BDiscovery, repectively and that are associated with the PSDCH

resource configuration.
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N’ is the number of PSDCH periods since N %DCH was received.
- the transport block size is 232

For sidelink discovery, the UE transmit power P.gp.,, is given by the following

PPSDCH = min{PCMAX,PSDCH , 10 Ioglo (M PSDCH ) + PO_PSDCH,l + Xpspenn PL} [dBm]

where Peyax pspen 1S defined in [6], and M pp =2and PL = PL_ where PL is defined in subclause 5.1.1.1.
Po pspcra @nd &pgpey 1 are provided by higher layer parameters discoveryPo and discoveryAlpha, respectively and
are associated with the corresponding PSDCH resource configuration.

A UE shall drop any PSDCH transmissions that are associated with sidelink discovery type 1 in a sidelink subframe if
the UE has a PSDCH transmission associated with sidelink discovery type 2B in that subframe.

14.3.2 UE procedure for receiving the PSDCH

For sidelink discovery type 1, for each PSDCH resource configuration associated with reception of PSDCH, a UE
configured by higher layers to detect a transport block on PSDCH can decode the PSDCH according to the PSDCH
resource configuration.

For sidelink discovery type 2B, for each PSDCH resource configuration associated with reception of PSDCH, a UE
configured by higher layers to detect a transport block on PSDCH can decode the PSDCH according to the PSDCH
resource configuration.

14.3.3 UE procedure for determining resource block pool and subframe
pool for sidelink discovery

A PSDCH resource configuration for transmission/reception is associated with a set of periodically occurring time-
domain periods (known as PSDCH periods). The i-th PSDCH period begins at subframe with subframe

index Jyog, =O; +1- P and ends in subframe with subframe index  j, 4 = O, + (i+1)-P -1, where
0 < Jiegin <10240

- the subframe index is relative to subframe#0 of a radio frame corresponding to SFN 0 of the serving cell or DFN
0 (described in [11]),

O, is the discoveryOffsetindicator indicated by the PSDCH resource configuration

- P is the discoveryPeriod indicated by the PSDCH resource configuration.

For a PSDCH period, the UE determines a discovery pool consisting of a subframe pool and a resource block pool for
PSDCH as follows.

- For TDD, if the parameter tddConfig is indicated by the PSDCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tddConfig, otherwise, the TDD
UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- Abitmap b, ,b, ,b,,...,by., isobtained usingb; =a for 0< j<N',where

jmodNg ’
8y,8;,8;,...,8y,1and Nare the bitmap and the length of the bitmap indicated by
discoverySubframeBitmap, respectively, and N’"= N - N, where Ny is the discoveryNumRepetition
indicated by the PSDCH resource configuration.

- Thefirst N 'uplink subframes are denoted by (|0 Ay eyl N’—l) arranged in increasing order of subframe
index.
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- Asubframe |j (0< j < N') belongs to the subframe pool if bj =1. The subframes in the subframe pool are

PSDCH PSDCH PSDCH ini i i
denoted by (| oK . ) arranged in increasing order of subframe index and L,¢,,, denotes

0 LPSDCH -1

the number of subframes in the subframe pool.

- APRBwithindex g (0<g<N Ff',;) belongs to the resource block pool if S1< q < S1+ M orif
S2-M << S2,where S1, 52, and M denote the discoveryStartPRB, discoveryEndPRB and
discoveryNumPRB indicated by the PSDCH resource configuration respectively.

- i PSDCH PSDCH PSDCH
The resource blocks in the resource block pool are denoted by (mo ,m; ey MO pSDCH_Rpil) arranged
RB
in increasing order of resource block indices and M ESDCH """ is the number of resource blocks in the resource

block pool.

14.4  Physical Sidelink Synchronization related procedures

The synchronization resource configuration(s) for the UE are given by the higher layer parameter ProseSyncConfig-r12.
A UE shall transmit sidelink synchronisation signals according to subclause 5.X.7 in [11].

A UE may assume that sidelink synchronization signals are signals transmitted by an eNB as described in subclause
6.11 of [3] or are signals transmitted by a UE as described in [11].

A UE is not expected to blindly detect the cyclic prefix length of sidelink synchronization signals transmitted by
another UE.

For a sidelink synchronization resource configuration associated withPSDCH reception, if cell ¢ is indicated by the
parameter neighborCelllD and if the parameter discoverySynchWindow is configured with value w1 for cell ¢, the UE
may assume that sidelink synchronization signals are transmitted in cell ¢ and that they are recevied within a reference
synchronization window of size +/-wl ms with respect to the sidelink synchronization resource of cell ¢ indicated by
higher layers. The sidelink synchronization identity associated with the sidelink synchronization resource is indicated
by higher layers.

For PSDCH reception, if cell ¢ is indicated by the parameter neighborCelllD and if the parameter
discoverySynchWindow is configured with value w2 for cell ¢, the UE may assume that PSDCH of UE in cell c is
received within a reference synchronization window of size +/-w2 ms with respect to the discovery resource of cell ¢
indicated by higher layers.

The UE transmit power of primary sidelink synchronization signal P,¢ss and the UE transmit power of secondary

synchronization signal Py ¢ are given by

- If the UE is configured with sidelink transmission mode 1, and if the UE transmits sidelink synchronization
signals in PSCCH period i, and if the TPC command field in the configured sidelink grant (described in [8]) for
the PSCCH period i is setto 0

PPSSS = PCMAX,PSBCH

Pssss = PCMAX,SSSS

- otherwise

Posss = min{PCMAX,PSBCH , 10 IOglO(M PSSS) + PO_PSSS + Apgss - PL} [dBm],

Pssss = min{PCMAx,SSSSv 101095 (M psss) + PO_PSSS + pgss PI—} [dBm],

3GPP



Release 127T 231 3GPP TS 36.213 V12.5.0 (2015-03)

where Poyax pssen @ Poyax ssss are defined in [6]. M pqs =6and PL = PL, where PL_ is defined in

subclause 5.1.1.1. Py psgs and pggs are provided by higher layer parameters associated with the corresponding

sidelink synchronization signal resource configuration.
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04/03/09 | RP-43 197 - | Transmission scheme for transmission mode 7 with SPS C- 8.5.0 8.6.0
RP-090236 RNTI
04/03/09 | RP-43 RP-090236 198 - | Clarifying bandwidth parts for periodic CQI reporting and CQI 8.5.0 8.6.0
refererence period
04/03/09 [ RP-43 |RP-090236| 199 2 |Correction to the ACK/NACK bundling in case of transmission [8.5.0 8.6.0
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04/03/09 [ RP-43 |RP-090236( 200 - | ACK/NAK repetition for TDD ACK/NAK multiplexing 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236( 201 - | Clarifying UL ACK/NAK transmission in TDD 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 202 - [Corrections to UE Transmit Antenna Selection 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236| 203 - | Correction to UE PUSCH hopping procedure 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236( 204 - | Correction to PHICH resource association in TTI bundling 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236| 205 - | Clarification of the length of resource assignment 8.5.0 8.6.0
04/03/09 | RP-43 |o5 09003g| 206 | - [Correction on ACK/NACK transmission for downlink SPS 8.5.0 8.6.0
resource release
04/03/09 | RP-43 RP-090236 207 - Introduction of additional values of wideband CQI/PMI 8.5.0 8.6.0
) periodicities
04/03/09 | RP-43 |RP-090236( 208 2 | Correction to CQI/PMI/RI reporting field 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236( 209 2 | Correction to rho_A definition for CQI calculation 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236( 210 - | Correction to erroneous cases in PUSCH linear block codes 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236( 211 1 |Removing RL monitoring start and stop 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236| 214 1 |Correction to type-1 and type-2 PUSCH hopping 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236| 215 - | Contradicting statements on determination of CQI subband size |8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236( 216 - | Corrections to SRS 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 219 2 |Miscellaneous corrections on TDD ACKNACK 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 221 1 |CR for Redundancy Version mapping function for DCI 1C 8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 223 - | Scrambling of PUSCH corresponding to Random Access 8.5.0 8.6.0
Response Grant
04/03/09 [ RP-43 |RP-090236| 225 - |Removal of SRS with message 3 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 226 3 [PRACH retransmission timing 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236( 227 - | Clarifying error handling of PDSCH and PUSCH assignments  |8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 228 - _|Clarify PHICH index mapping 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236( 229 - | Correction of CQI timing 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236( 230 - |Alignment of CQI parameter names with RRC 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 231 1 |Removal of 'Off' values for periodic reporting in L1 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 232 - | Default value of RI 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 233 1 |[Clarification of uplink timing adjustments 8.5.0 8.6.0
04/03/09 [ RP-43 |RP-090236| 234 - | Clarification on ACK/NAK repetition 8.5.0 8.6.0
27/05/09 | RP-44 o5 090509| 235 | 1 [Correction to the condition of resetting accumulated uplink 8.6.0 8.7.0
power correction
27/05/09 | RP-44 | o5 090509| 236 | - [Correction to the random access channel parameters received |8.6.0 8.7.0
from higher layer
27/05/09 | RP-44 |RP-090529( 237 - | Correction on TDD ACKNACK 8.6.0 8.7.0
27/05/09 [ RP-44 |RP-090529( 238 1 |[Correction on CQI reporting 8.6.0 8.7.0
27/05/09 [ RP-44 |RP-090529( 239 - | Correction on the HARQ process number 8.6.0 8.7.0
27/05/09 | RP-44 |RP-090529( 241 1 |CR correction of the description on TTI-bundling 8.6.0 8.7.0
27/05/09 | RP-44 242 1 |Clarify latest and initial PDCCH for PDSCH and PUSCH 8.6.0 8.7.0
RP-090529 . L
transmisisons, and NDI for SPS activation
27/05/09 | RP-44 |RP-090529| 243 - _[Clarify DRS EPRE 8.6.0 8.7.0
27/05/09 | RP-44 |RP-090529| 244 1 |Clarification on TPC commands for SPS 8.6.0 8.7.0
15/09/09 | RP-45 |RP-090888| 245 1 |Correction to PUSCH hopping and PHICH mapping procedures |8.7.0 8.8.0
15/09/09 | RP-45 [RP-090888| 246 - | Clarification on subband indexing in periodic CQI reporting 8.7.0 8.8.0
15/09/09 | RP-45 |RP-090888( 247 2 | Correction to DVRB operation in TDD transmission mode 7 8.7.0 8.8.0
15/09/09 | RP-45 RP-090888 249 - | Clarification of concurrent ACKNACK and periodic PMI/RI 8.7.0 8.8.0
transmission on PUCCH for TDD
15/09/09 | RP-45 [RP-090888| 250 - | Clarify Inter-cell synchronization text 8.7.0 8.8.0
01/12/09 | RP-46 |RP-091172| 248 1 |Introduction of LTE positioning 8.8.0 9.0.0
01/12/09 | RP-46 254 - |Clarification of PDSCH and PRS in combination for LTE 8.8.0 9.0.0
RP-091172 e
positioning
01/12/09 | RP-46 |RP-091177| 255 5 |Editorial corrections to 36.213 8.8.0 9.0.0
01/12/09 | RP-46 |RP-091257( 256 1 |Introduction of enhanced dual layer transmission 8.8.0 9.0.0
01/12/09 | RP-46 |RP-091177| 257 1 |Add shorter SR periodicity 8.8.0 9.0.0
01/12/09 | RP-46 |RP-091256| 258 - |Introduction of LTE MBMS 8.8.0 9.0.0
17/12/09 | RP-46 256 1 |Correction by MCC due to wrong implementation of CR0256r1 —|9.0.0 9.0.1
RP-091257 Sentence is added to Single-antenna port scheme subclause
7.1.1
16/03/10 | RP-47 259 3 | UE behavior when collision of antenna port 7/8 with PBCH or 9.0.1 9.1.0
RP-100211 SCH happened and when distributed VRB is used with antenna
port 7
16/03/10 | RP-47 [RP-100210| 260 1 |MCCH change notification using DCI format 1C 9.0.1 9.1.0
16/03/10 | RP-47 263 - | Correction on PDSCH EPRE and UE-specific RS EPRE for Rel- |9.0.1 9.1.0
RP-100211 R
9 enhanced DL transmissions
01/06/10 | RP-48 |o5 100589| 265 | - [Clarification for TDD when multiplexing ACK/NACK with SR of 19.1.0 9.2.0
ACK/NACK with CQI/PMI or RI
01/06/10 | RP-48 |RP-100590| 268 1 |Clarification of PRS EPRE 9.1.0 9.2.0
14/09/10 | RP-49 [RP-100900| 269 - | Clarification on Extended CP support with Transmission Mode 8 |9.2.0 9.3.0
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07/12/10 | RP-50 |RP-101320| 270 - [Introduction of Rel-10 LTE-Advanced features in 36.213 9.3.0 10.0.0
27/12/10 - - - - | Editorial change to correct a copy/past error in subclause 7.2.2 [10.0.0 ]10.0.1
15/03/11 | RP-51 [RP-110255| 271 1 |A clarification for redundancy version of PMCH 10.0.1 (10.1.0
15/03/11 | RP-51 |RP-110258( 272 - |RLM Procedure with restricted measurements 10.0.1 [10.1.0
15/03/11 | RP-51 [RP-110256| 273 - | Corrections to Rel-10 LTE-Advanced features in 36.213 10.0.1 (10.1.0
01/06/11 | RP-52 |RP-110819| 274 [ 3 |Correction to HARQ-ACK procedure for TDD mode b with M=2 |10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819| 275 3 [Determination of PUSCH A/N codebook size for TDD 10.1.0 (10.2.0
01/06/11 [ RP-52 |RP-110823| 276 - | The triggering of aperiodic SRS in DCI formats 2B and 2C 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819( 278 3 [Corrections to power headroom 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819( 279 1 |Removal of square brackets for PUCCH format 3 ACK/NACK 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 281 1 |Correction of AN repetition and PUCCH format 3 10.1.0 (10.2.0
01/06/11 | RP-52 RP-110819 282 2 |Correction to timing for secondary cell activation and 10.1.0 (10.2.0
) deactivation
01/06/11 | RP-52 |RP-110823| 283 1 |Correction to MCS offset for multiple TBs 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110820| 286 1 |Miscellaneous Corrections 10.1.0 [10.2.0
01/06/11 | RP-52 288 1 |Corrections on UE procedure for determining PUCCH 10.1.0 (10.2.0
RP-110819 ;
Assighment
01/06/11 [ RP-52 |RP-110819( 289 2 | Correction to Multi-cluster flag in DCI format 0 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819| 290 2 | Joint transmission of ACK/NACK and SR with PUCCH format 3 [10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819| 291 3 [Correction of uplink resource allocation type 1 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110821| 292 1 |Correction on CSI-RS configuration 10.1.0 (10.2.0
01/06/11 | RP-52 294 - |ACK/NACK and CQI simultaneous transmission in ACK/NACK [10.1.0 [10.2.0
RP-110818 g
bundling in TDD
01/06/11 | RP-52 |RP-110823[ 295 - |UE specific disabling of UL DMRS sequence hopping 10.1.0 [10.2.0
01/06/11 [ RP-52 |RP-110821| 296 - |PDSCH transmission in MBSFN subframes 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819( 297 - |Introduction of PCMAX for PUSCH power scaling 10.1.0 [10.2.0
01/06/11 [ RP-52 |RP-110819( 298 - | Power control for SR and ACK/NACK with PUCCH format 3 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819( 299 2 |CR on power control for HARQ-ACK transmission on PUCCH [10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819( 300 2 |Correction to handling of search space overlap 10.1.0 [10.2.0
01/06/11 | RP-52 RP-110819 301 1 |Correction to simultaneous transmission of SRS and PUCCH 10.1.0 (10.2.0
format 2/2a/2b
01/06/11 | RP-52 302 1 |Correction for Simultaneous PUCCH and SRS Transmissions |10.1.0 |10.2.0
RP-110819 on CA
01/06/11 | RP-52 303 - |Correction on 8Tx Codebook Sub-sampling for PUCCH Mode 1-{10.1.0 |10.2.0
RP-110821 1
01/06/11 | RP-52 304 1 |Corrections on CQI type in PUCCH mode 2-1 and clarification |10.1.0 |10.2.0
RP-110821 on simultaneous PUCCH and PUSCH transmission for UL-SCH
subframe bundling
01/06/11 | RP-52 RP-110818 305 1 |Correction on UE behaviour upon reporting periodic CSl using |10.1.0 |10.2.0
PUCCH Mode1-1
01/06/11 | RP-52 |RP-110818| 306 - | Clarification for the definition of CQI 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110818( 307 - | Clarification for the definition of Precoding Matrix Indicator 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819| 308 - _[Simultaneous SRS transmissions in more than one cell 10.1.0 [10.2.0
01/06/11 [ RP-52 |RP-110819( 310 1 |Miscellaneous Corrections for TS 36.213 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110821| 311 1 |Configuration of pmi-RI-Report 10.1.0 (10.2.0
01/06/11 | RP-52 312 1 |Correction on the support of PUCCH format 3 and channel 10.1.0 (10.2.0
RP-110819 selection
01/06/11 | RP-52 o5 110g01| 313 | - [Correction on UE behaviour during DM-RS transmission on 10.1.0 (10.2.0
subframes carrying synchronization signals
01/06/11 | RP-52 |RP-110820| 314 | 1 |36.213 CR on antenna selection 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110823| 316 1 [Number of HARQ process for UL spatial multiplexing 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 317 - |PUCCH format 3 Fallback procedure in TDD 10.1.0 (10.2.0
01/06/11 | RP-52 318 - |Clarification on CSI reporting under an invalid downlink 10.1.0 (10.2.0
RP-110819 subframe
01/06/11 | RP-52 |RP-110819( 320 - |Multiple Aperiodic SRS Triggers for Same Configuration 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110823| 321 - |UE antenna switch in UL MIMO 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 322 - |UE behaviour for PDSCH reception with limited soft buffer in CA|10.1.0 |10.2.0
01/06/11 | RP-52 323 - |Joint transmission of ACK/NACK and SR or CSI with PUCCH 10.1.0 (10.2.0
RP-110859 ]
format 3 and channel selection
15/09/11 | RP-53 |RP-111229| 277 1 |Correction to reception of PRS in MBSFN subframes 10.2.0 [10.3.0
15/09/11 | RP-53 [RP-111230| 325 3 [Corrections on UE procedure for reporting HARQ-ACK 10.2.0 (10.3.0
15/09/11 | RP-53 |RP-111230| 326 2 |Corrections on Physical Uplink Control Channel Procedure 10.2.0 [10.3.0
15/09/11 | RP-53 RP-111231| 331 1 Correction to uplink transmissiqn scheme usage_for' random 10.2.0 (10.3.0
access response and PHICH-triggered retransmissions
15/09/11 | RP-53 |RP-111229( 336 - _[Corrections on transmission mode 9 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111230| 339 - |Corrections on HARQ-ACK codebook size determination 10.2.0 [10.3.0
15/09/11 | RP-53 |np 111930| 340 | . [Corrections on TDD PUCCH format 1b with channel selection  110.2.0 110.3.0
and HARQ-ACK transmission on PUSCH
15/09/11 | RP-53 [RP-111230| 341 - | Corrections on NACK generation 10.2.0 (10.3.0
15/09/11 | RP-53 [RP-111230| 342 - | Corrections on power headroom reporting 10.2.0 (10.3.0
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15/09/11 | RP-53 |RP-111229( 346 - _[Correction on TBS translation table 10.2.0 [10.3.0
15/09/11 | RP-53 [RP-111229| 347 2 | Correction to the condition of enabling PMI feedback 10.2.0 (10.3.0
15/09/11 | RP-53 [RP-111232| 348 - | Miscellaneous corrections to 36.213 10.2.0 (10.3.0
15/09/11 | RP-53 |RP-111229( 349 - [Corrections on PUSCH and PUCCH modes 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111231( 350 1 |CRon UL HARQ ACK determination 10.2.0 [10.3.0
15/09/11 | RP-53 RP-111231| 351 1 Correctio_n on UL DMRS resources for PHICH-triggered 10.2.0 (10.3.0
retransmission
15/09/11 | RP-53 |RP-111230| 352 - |Clarification on the common search space description 10.2.0 [10.3.0
15/09/11 | RP-53 Clarification on ambiguous DCI information between UE-specific|10.2.0 |10.3.0
RP-111232( 353 1 |search space and common search space for DCI formats 0 and
1A
15/09/11 | RP-53 RP-111229| 354 ) IC::Lag’tijﬁbc:g:?n of Reference PDSCH Power for CSI-RS based CSI (10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111230| 355 2 |Corrections on reporting Channel State Information 10.2.0 [10.3.0
05/12/11 | RP-54 |RP-111669| 324 3 [Accumulation of power control commands from DCI format 3/3A|10.3.0 (10.4.0
05/12/11 | RP-54 |RP-111666| 357 1 [Miscellaneous corrections on uplink power control 10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111666| 358 - | Corrections on N_c{received} 10.3.0 (10.4.0
05/12/11 | RP-54 359 - [Corrections on TDD PUCCH format 1b with channel selection [10.3.0 [10.4.0
RP-111666 " :
and two configured serving cells
05/12/11 | RP-54 |RP-111666| 360 - | Corrections on the notation of k and k m 10.3.0 (10.4.0
05/12/11 | RP-54 |RP-111668| 361 1 |Corrections on PUCCH mode 2-1 10.3.0 [10.4.0
05/12/11 | RP-54 362 3 | A correction to PDSCH transmission assumption for CQI 10.3.0 (10.4.0
RP-111668 calculation
05/12/11 | RP-54 |RP-111666| 363 1 |Corrections on PUCCH Resource Notation 10.3.0 (10.4.0
05/12/11 | RP-54 |RP-111667| 364 - _|Correction on the notation of SRS transmission comb 10.3.0 [10.4.0
05/12/11 | RP-54 365 - | Clarification on the HARQ-ACK procedure of TDD UL-DL 10.3.0 (10.4.0
RP-111666 ) .
configuration 5
05/12/11 | RP-54 o5 111666| 366 | 2 [Clavification on the determination of resource for PUCCH 10.3.0 (10.4.0
Format 1b with channel selection in TDD mode
05/12/11 | RP-54 |RP-111666| 367 1 |Correction on HARQ-ACK procedure 10.3.0 [10.4.0
05/12/11 | RP-54 368 - | Correction for A/N on PUSCH with W=1,2 in case of TDD 10.3.0 (10.4.0
RP-111666 :
channel selection
05/12/11 | RP-54 |RP-111668| 369 - _[Clarification of PUCCH 2-1 Operation 10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111668| 370 1 |Correction on PMI index 10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111666| 371 2 |Correction to periodic CSI reports for carrier aggregation 10.3.0 (10.4.0
05/12/11 | RP-54 |RP-111666| 373 1 |Removal of square bracket in HARQ-ACK procedure 10.3.0 (10.4.0
05/12/11 | RP-54 |RP-111666| 374 1 |Clarification on UE's capability of supporting PUCCH format3 |10.3.0 |10.4.0
05/12/11 | RP-54 |RP-111666| 375 1 |Clarifications of UE behavior on PUSCH power control 10.3.0 (10.4.0
28/02/12 | RP-55 RP-120286 376 1 |RNTI Configuration associated with DL Resource Allocation 10.4.0 (10.5.0
) Type 2
28/02/12 | RP-55 o5 1500g3| 377 | 2 [Correction for ACK/NACK related procedure in case of TDD UL-110.4.0 110.5.0
DL configuration 0
13/06/12 | RP-56 RP-120737 378 3 Correct_ior] of FDD channel selection HARQ-ACK and SR 10.5.0 [10.6.0
transmission
13/06/12 | RP-56 [RP-120738| 379 - |Removal of description with square brackets 10.5.0 [10.6.0
13/06/12 | RP-56 |pp 15073g| 381 | - [Correction on transmission mode 9 with a single antenna port  110.5.0 110.6.0
transmission
04/09/12 | RP-57 |RP-121265| 382 - | Clarification of codebook subsampling for PUCCH 2-1 10.6.0 (10.7.0
04/09/12 | RP-57 |RP-121266| 383 - [Correction to UE transmit antenna selection 10.6.0 [10.7.0
04/09/12 | RP-57 RP-121264 384 - | TDD HARQ-ACK procedure for PUCCH format 1b with channel |10.6.0 |10.7.0
selection in carrier aggregation
04/09/12 | RP-57 |RP-121265| 385 - | Corrections for Handling CSI-RS patterns 10.6.0 (10.7.0
04/09/12 | RP-57 |RP-121264| 386 1 |Reference serving cell for pathloss estimation 10.6.0 (10.7.0
04/09/12 | RP-57 |RP-121264( 387 - | Power control for PUCCH format 3 with single configured cell 10.6.0 (10.7.0
04/09/12 | RP-57 |RP-121264| 388 - | ACK/NACK resource in case of channel selection 10.6.0 (10.7.0
04/09/12 | RP-57 |RP-121274| 380 4 |Introduction of an additional special subframe configuration 10.7.0 [11.0.0
04/09/12 | RP-57 |RP-121272| 389 - |Introduction of Rel-11 features 10.7.0 (11.0.0
04/12/12 | RP-58 |RP-121839( 393 - | Correction to the parameter ue-Category-v10xy 11.0.0 (11.1.0
04/12/12 | RP-58 395 - | Correction of reference signal scrambling sequence initialization {11.0.0 |11.1.0
RP-121837 : S
for SPS in transmission mode 7
04/12/12 | RP-58 |RP-121846( 396 - | Finalisation for introducing Rel-11 features 11.0.0 (11.1.0
26/02/13 | RP-59 |RP-130254( 398 - | Correction on UE procedure for reporting HARQ-ACK 11.1.0 (11.2.0
26/02/13 | RP-59 |RP-130252( 400 - | Corrections for SRS power scaling in UpPTS 11.1.0 [11.2.0
26/02/13 | RP-59 403 - |CR on UE specific search and Common search space overlap [11.1.0 |11.2.0
RP-130252
on PDCCH
26/02/13 | RP-59 RP-130358 404 - é(il(:lijt:(égal clarifications/corrections for introducing Rel-11 11.1.0 (11.2.0
11/06/13 | RP-60 405 - | Correction to EPDCCH monitoring in case of cross-carrier 11.2.0 (11.3.0
RP-130752 )
scheduling
11/06/13 | RP-60 |RP-130751( 407 1 |Correction on the RI bit width 11.2.0 |11.3.0
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11/06/13 | RP-60 |RP-130750| 408 - | Correction on parallel reception of PDSCH and Msg 2 11.2.0 [11.3.0
11/06/13 | RP-60 [RP-130747| 409 - | Correction on zero power CSI-RS resource configuration 11.2.0 (11.3.0
11/06/13 | RP-60 410 1 |Corrections on different TDD UL-DL configurations on different [11.2.0 |11.3.0
RP-130750 bands
11/06/13 | RP-60 [RP-130752| 411 - | Correction on EPDCCH PRB pair indication 11.2.0 (11.3.0
11/06/13 | RP-60 [RP-130752| 412 - | Correction on EPDCCH hashing function 11.2.0 (11.3.0
11/06/13 | RP-60 413 - | Correction on PUCCH resource determination for FDD 11.2.0 (11.3.0
RP-130752 EPDCCH
11/06/13 | RP-60 RP-130752 414 2 | CR on ambiguity in EPDCCH decoding candidates under two 11.2.0 (11.3.0
] overlapped EPDCCH resource sets
11/06/13 | RP-60 RP-130749 415 - |Removal of the case for spatial domain bundling in TDD UL/DL |11.2.0 |11.3.0
) configuration O
11/06/13 | RP-60 |RP-130752| 416 - |Corrections to EPDCCH PRB pair indication 11.2.0 [11.3.0
11/06/13 | RP-60 |pp 1a30753| 417 | 1 [Correction to PUSCH/PUCCH transmit power after PRACH 1120 (11.3.0
power ramping
11/06/13 | RP-60 |RP-130747( 418 - |CR on RI-Reference CSI Process with Subframe Sets 11.2.0 |[11.3.0
11/06/13 | RP-60 420 - | Correction on UE-specific RS scrambling for SPS PDSCH in 11.2.0 (11.3.0
RP-130747 ™10
11/06/13 | RP-60 [RP-130747| 421 - |CR on resolving ambiguous UE capability signaling for CoMP 11.2.0 (11.3.0
11/06/13 | RP-60 [RP-130750| 422 - | Correction of valid downlink subframe 11.2.0 (11.3.0
11/06/13 | RP-60 424 - |Correction on HARQ-ACK transmission for a UE configured with{11.2.0 [11.3.0
RP-130749
PUCCH format 3
11/06/13 | RP-60 |RP-130750| 425 - | Correction of PHICH resource for half duplex TDD UE 11.2.0 (11.3.0
11/06/13 | RP-60 RP-130750 426 - |Correction on n_{HARQ} for TDD CA with different UL-DL 11.2.0 (11.3.0
] configurations
11/06/13 | RP-60 427 - | Correction on implicit HARQ-ACK resource determination for 11.2.0 (11.3.0
RP-130750 PUCCH format 1b with channel selection for TDD CA with
different UL-DL configurations
11/06/13 | RP-60 [RP-130750| 428 - | Correction on SRS power scaling with multiple TAGs 11.2.0 (11.3.0
11/06/13 | RP-60 [RP-130747| 429 - | Correction on MBSFN subframe configuration 11.2.0 (11.3.0
11/06/13 | RP-60 |RP-130749( 430 - _|CR on SCell activation timing 11.2.0 |[11.3.0
03/09/13 MCC clean-up 11.3.0 [11.4.0
03/09/13 | RP-61 |RP-131249( 432 - | Correction for EPDCCH Search Space 11.3.0 [11.4.0
03/09/13 | RP-61 |RP-131250( 433 - | Correction to QCL behaviour on CRS 11.3.0 [11.4.0
03/09/13 | RP-61 |RP-131250| 434 - | Correction on PUCCH power control 11.3.0 [11.4.0
03/09/13 | RP-61 435 - | Correction on the ratio of PDSCH EPRE to CRS EPRE for 11.3.0 (11.4.0
RP-131248 ™10
03/09/13 [ RP-61 |RP-131249( 436 - |CR on EPDCCH Search Space for Cross-Carrier Scheduling 11.3.0 (11.4.0
03/09/13 | RP-61 RP-131249 437 - | Correction to the UE behaviour in case of collision between 11.3.0 (11.4.0
PRS and EPDCCH in different CP case
03/09/13 | RP-61 RP-131249 438 - | On correction t(_) higher layer parameter name for EPDCCH 11.3.0 (11.4.0
resource mapping
03/09/13 [ RP-61 |RP-131248( 439 - | Correction to PDSCH mapping for CoMP 11.3.0 (11.4.0
03/12/13 | RP-62 |RP-131893| 440 1 |[Correction on parameter ue-Category 11.4.0 [11.5.0
03/12/13 | RP-62 442 1 |Correction on determination of modulation order and transport |11.4.0 |11.5.0
RP-131892 block size
03/12/13 | RP-62 |RP-132024| 445 3 |Correction on CSI reporting type and parameters 11.4.0 ([11.5.0
03/12/13 | RP-62 |RP-131894( 446 - | Correction on deriving the length of the non-MBSFN region 11.4.0 (11.5.0
03/12/13 | RP-62 |RP-131896| 431 5 |Introduction of Rel 12 feature for Downlink MIMO Enhancement {11.5.0 [12.0.0
03/03/14 | RP-63 |RP-140286| 447 - |Correction to CSI Reporting 12.0.0 [12.1.0
03/03/14 | RP-63 |RP-140291| 448 - [Clarification on PUCCH Mode 1-1 for 4Tx Dual Codebook 12.0.0 [12.1.0
03/03/14 | RP-63 |RP-140287( 450 1 |Common search space monitoring for MBMS 12.0.0 (12.1.0
03/03/14 | RP-63 |RP-140290( 452 - |Introduction of new UE categories 12.0.0 (12.1.0
03/03/14 | RP-63 |RP-140288| 455 1 |Modification to |_SRS = 0 for trigger type 1 SRS and TDD 12.0.0 [12.1.0
03/03/14 | RP-63 |RP-140289( 458 - | Correction to CSI processing in TM10 12.0.0 (12.1.0
10/06/14 | RP-64 |RP-140858| 459 1 |Clarification on PUCCH reporting type payload size 12.1.0 [12.2.0
10/06/14 | RP-64 RP-140858 461 - | Clarification on SRS colliding with PUCCH in the same cell 12.1.0 (12.2.0
when the UE is configured with multiple TAGs
10/06/14 | RP-64 [RP-140858| 462 1 |Clarification on SRS antenna switching 12.1.0 (12.2.0
10/06/14 | RP-64 |RP-140862( 463 - [Introduction of Rel-12 LTE-Advanced features in 36.213 12.1.0 [12.2.0
10/09/14 | RP-65 |RP-141479| 464 | - |Correction on SRS transmission for TDD-FDD CA 12.2.0 |12.3.0
10/09/14 | RP-65 RP-141478 465 - | Correction on beta_{offset}*{HARQ-ACK} determination for a 12.2.0 (12.3.0
] UE configured with two uplink power control subframe sets
10/09/14 | RP-65 |RP-141478| 466 - [Corrections for TDD elMTA 12.2.0 |[12.3.0
10/09/14 | RP-65 |RP-141479| 467 | 3 |CR on HARQ-ACK Multiplexing in PUSCH for TDD-FDD CA 12.2.0 [12.3.0
10/09/14 | RP-65 RP-141474 469 - | Correction to UCI embedding in case of a single serving cell 12.2.0 (12.3.0
and simultaneous PUSCH and PUCCH transmission
10/09/14 | RP-65 [RP-141478| 470 - | Corrections on UL-reference UL/DL configuration 12.2.0 [12.3.0
10/09/14 | RP-65 [RP-141473| 471 - | CR for Clarification of special subframe and usage alignment 12.2.0 [12.3.0
10/09/14 | RP-65 |RP-141485| 472 - |Introduction of low-cost MTC and 256QAM features 12.2.0 [12.3.0
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Change history
Date TSG # TSG Doc. |CR Rev [Subject/Comment Old New
08/12/14 | RP-66 |op 140104| 482 | 5 [Introduction of Dual Connectivity, Small Cell Enhancements, 123.0 (12.4.0
NAICS, eIMTA, and TDD-FDD CA features
08/12/14 | RP-66 |RP-142097| 487 1 |Clarification of periodic CSI feedback for subband CQI and PMI [12.3.0 |12.4.0
08/12/14 | RP-66 |RP-142100( 491 - | Correction of the parameter CSIProcessIndex 12.3.0 [12.4.0
09/03/15 [ RP-67 |RP-150366| 492 2 |Introduction of D2D feature into 36.213 12.4.0 [12.5.0
09/03/15 | RP-67 o5 150363| 494 | 1 [Correction to PUCCH procedures in case of FDD Pcell and 1240 (1250
TDD Scell in TDD-FDD CA
09/03/15 | RP-67 |RP-150364| 498 - | Correction on higher layer parameter names for 256QAM 12.4.0 [12.5.0
09/03/15 | RP-67 |RP-150359| 500 - |TM10 CSI-IM Interference Measurements 12.4.0 [125.0
09/03/15 [ RP-67 |RP-150358| 502 - | Clarification on common search reception related to MBMS 12.4.0 [12.5.0
09/03/15 [ RP-67 |RP-150364| 503 - | Correction to Discovery in Small Cell Enhancement feature 12.4.0 [12.5.0
09/03/15 [ RP-67 |RP-150365| 504 1 |Corrections to Dual Connectivity feature 12.4.0 [12.5.0
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