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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 Xx.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.

3GPP



Release 10 6 3GPP TS 36.213 V10.6.0 (2012-06)

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.

e For anon-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 TS36.321, “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”

9] 3GPP TS36.423, “Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)”

[10] 3GPP TS36.133, “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management”

[11] 3GPP TS36.331, “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".
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3 Definitions, symbols, and abbreviations

3.1 Symbols

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

N¢ System frame number as defined in [3]

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

N ki Number of configured cells

N5 Downlink bandwidth configuration, expressed in units of N 2P as defined in [3]

Nrs Uplink bandwidth configuration, expressed in units of NX° as defined in [3]

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

NS'EB Resource block size in the frequency domain, expressed as a number of subcarriers as defined in
3]

T Basic time unit as defined in [3]

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply.

ACK Acknowledgement

BCH Broadcast Channel

CCE Control Channel Element

CIF Carrier Indicator Field

cal Channel Quality Indicator

CRC Cyclic Redundancy Check

Csl Channel State Information

DAI Downlink Assignment Index

DCI Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

DTX Discontinuous Transmission

EPRE Energy Per Resource Element
MCS Modulation and Coding Scheme
NACK Negative Acknowledgement
PBCH Physical Broadcast Channel
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indicator Channel
PMCH Physical Multicast Channel

PMI Precoding Matrix Indicator
PRACH Physical Random Access Channel
PRS Positioning Reference Symbol
PRB Physical Resource Block

PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator

QoS Quality of Service

RBG Resource Block Group

RE Resource Element

RI Rank Indication

RPF Repetition Factor

RS Reference Signal

3GPP
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SIR Signal-to-Interference Ratio

SINR Signal to Interference plus Noise Ratio

SPS C-RNTI Semi-Persistent Scheduling C-RNTI

SR Scheduling Request

SRS Sounding Reference Symbol

TA Time alignment

TTI Transmission Time Interval

UCI Uplink Control Information

UE User Equipment

UL Uplink

UL-SCH Uplink Shared Channel

VRB Virtual Resource Block

Synchronisation 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.

4.2 Timing synchronisation

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.

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 (Q..: and Qj,) 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 (Q..: and Qi) 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 Qin, 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 synchronisation

No functionality is specified in this section in this release.

4.2.3 Transmission timing adjustments

Upon reception of a timing advance command, the UE shall adjust its uplink transmission timing for
PUCCH/PUSCH/SRS of the primary cell. The timing advance command indicates the change of the uplink timing
relative to the current uplink timing as multiples of 16 T, . The start timing of the random access preamble is specified in

[3]. The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell.

3GPP
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In case of random access response, 11-bit timing advance command [8], Ta, indicates Ny, values by index values of
Ta=0,1,2,.., 1282, where an amount of the time alignment is given by Nta = Ta x16. N4 is defined in [3].

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

For a timing advance command received on subframe n, the corresponding adjustment of the timing shall apply from
the beginning of subframe n+6. When the UE’s uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe
n+1 are overlapped due to the timing adjustment, the UE shall transmit complete 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 Nt 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 in subframe n+8.

When a UE receives a deactivation command [8] for a secondary cell or a secondary cell’s deactivation timer expires in
subframe n, the corresponding actions in [8] shall apply no later than subframe n+8, except for the actions related to
CSl reporting which shall be applied in subframe n+8.

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 ﬁPUSCH‘C(i) defined in section 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 ﬁPUCCH (i), defined in Section 5.1.1.1, or FA’SRS’C(i) is split equally across

the configured antenna ports for PUCCH or SRS. ﬁSRS,c(i) is the linear value of Psgs (i) defined in Section 5.1.3.

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

51.1 Physical uplink shared channel

5.1.1.1 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 ¢, then the UE transmit power
Ppusch,c (i) for PUSCH transmission in subframe i for the serving cell cis given by

3GPP
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Pemax,c (i), } [dBm]

P (i) =min . . . . .
PUSCH.C {10|0910(M pusch.c()) + Po_pusch,e (1) +ac (i) - Plg + Agg o (i) + o (i)

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

Pruscns ) = min] 21000 Fonax e~ Frucoa ). o e
1010910 (M pysch,c (i) + Po_pusch,c (1) +ac() - PLe + Atg (i) + f (i)

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

subframe i for the serving cell ¢ is computed by

Pouschc (1) = min{PCMAX,c(i)v Po_puscr,c @ +ac (1) -PL, + f (i) } [dBm]

where,

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

ﬁCMAX,c(i) is the linear value of Pcpax ¢ (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 (1) as given by section 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 Peyax (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].
J |5PUCCH (i) isthe linear value of Ppyccn (i) defined in section 5.1.2.1

*  Mpysch,c (i) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks
valid for subframe i and serving cell c.

*  Po pusch,c (1) is a parameter composed of the sum of a component Py nominaL_pusch,c(J) provided from

higher layers for j=0 and 1 and a component P yg pusch,c(J) 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. Pg yg pusch,c(2) =0 and
Po_NoMINAL_PuscH,c(2) = Po pre +ApreamBLE _Msg3+ Where the parameter

preamblelnitialReceivedTargetPower [8] (P pre) and Appeaveie wmsgs are signalled from higher layers.

e Forj=0orl, o,c€ {O, 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.

e PL. isthe downlink pathloss 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. The serving cell chosen as the reference serving cell and used for
determining referenceSignalPower and higher layer filtered RSRP is configured by the higher layer parameter
pathlossReferenceLinking.

o Agg (i) =1OIoglo((25PRE'KS —1)~ g#ggf”) for Kg=1.25and 0 for Ky =0where Kj is given by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and ﬁopﬁggtCH , for

each serving cell ¢, are computed as below. Kg =0 for transmission mode 2.
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c-1
0 BPRE =0Ocq, / Ngg for control data sent via PUSCH without UL-SCH data and Z K, /Ngg for

r=0
other cases.

= where C isthenumber of code blocks, K, is the size for code block r, Ocq isthe
number of CQI/PMI bits including CRC bits and Ng¢ is the number of resource elements

determined as NRE -M sF;USCH—initiaI . Ng,%%CH-initial ) where C ’ Kr ’ M SFZUSCH —initial and

Nemp " are defined in [4].

o pBREM = g for control data sent via PUSCH without UL-SCH data and 1 for other cases.

offset offset

®  JpyscHc Isa correction value, also referred to as a TPC command and is included in PDCCH with DCI

format 0/4 for serving cell cor jointly coded with other TPC commands in PDCCH with DCI format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control adjustment
state for serving cell cis given by f. (i) which is defined by:

o fe(i)=fc(i-1)+pyschc(i—Kpyscr) if accumulation is enabled based on the parameter

Accumulation-enabled provided by higher layers or if the TPC command Spysc ¢ is included in a

PDCCH with DCI format 0 for serving cell ¢ where the CRC is scrambled by the Temporary C-
RNTI

= where Spysch (i — Kpyscn ) was signalled on PDCCH with DCI format 0/4 or 3/3A on
subframe i— Kpygcn » and where f,(0) is the first value after reset of accumulation.

= Thevalue of Kpygey IS

e For FDD, Kpyscy = 4

e For TDD UL/DL configurations 1-6, Kpscy is given in Table 5.1.1.1-1

e For TDD UL/DL configuration 0
0 If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH
of DCI format 0/4 in which the LSB of the UL indexissetto 1, Kpysey =
7

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

= For serving cell ¢ the UE attempts to decode a PDCCH of DCI format 0/4 with the UE’s
CRNTI 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.

= |f 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 pygcy ¢ provided in DCI format 0/4.

*  JpuscH, = 0dB for a subframe where no TPC command is decoded for serving cell cor
where DRX occurs or i is not an uplink subframe in TDD.

= The SpyscH dB accumulated values signalled on PDCCH with DCI format 0/4 are given

in Table 5.1.1.1-2. If the PDCCH with DCI format O is validated as a SPS activation or
release PDCCH, then 6pyscp ¢ is 0dB.

* The dpyscy 0B 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 hasreached Poyax (i) for servingcell c, positive TPC commands for serving cell
¢ shall not be accumulated
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= If UE has reached minimum power, negative TPC commands shall not be accumulated
= UE shall reset accumulation

e Forservingcell ¢, when Py yg pusch,c value is changed by higher layers

e  For the primary cell, when the UE receives random access response message

0 fo(i) = dpusch,c (i — Kpysch ) if accumulation is not enabled for serving cell ¢ based on the
parameter Accumulation-enabled provided by higher layers

= where Spysch (i — Kpysch ) was signalled on PDCCH with DCI format 0/4 for serving
cell ¢ on subframe i-Kpyscn

= Thevalue of Kpygey IS

e For FDD, Kpyscy = 4

e For TDD UL/DL configurations 1-6, Kpscy is given in Table 5.1.1.1-1

e For TDD UL/DL configuration 0

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

7
o For all other PUSCH transmissions, Kpscy is given in Table 5.1.1.1-1.

= The Jpyscy,c dB absolute values signalled on PDCCH with DCI format 0/4 are given in

Table 5.1.1.1-2. If the PDCCH with DCI format 0 is validated as a SPS activation or release
PDCCH, then 6pysch ¢ is 0dB.

= f.(i) = f. (i —21) for a subframe where no PDCCH with DCI format 0/4 is decoded for
serving cell ¢ or where DRX occurs or i is not an uplink subframe in TDD.

o For both types of f.(*) (accumulation or current absolute) the first value is set as follows:
= If Po ug puscH, Valueis changed by higher layers and serving cell c is the primary cell

or, if Py ye pusch,c Value isreceived by higher layers and serving cell ¢ isa Secondary
cell

o f.(0)=0
= Else
e Ifserving cell ¢ isthe primary cell
0 fc(0) = APrampup + Omsg2
" where Sy, isthe TPC command indicated in the random
access response, see Section 6.2, and

= AP

r
power ramp-up from the first to the last preamble

ampup 1S Provided by higher layers and corresponds to the total

Table 5.1.1.1-1 Kpusci for TDD configuration 0-6

TDD UL/DL subframe number i
Configuration

0(1|2|3(4|5|6|7|8|9
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0 “[-J6]7]4]-[-]6[7]4
1 -6 la-[-[-]6]4a]-
2 - lal--1-T-Ta]-1-
3 - lalalal--1-1-1-
4 - lalal-[-1-1-1-1-
5 e la - T-1-1-71-
6 =775 --17]7]~

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated
dpuscH,c values.

Accumulated
TPC Command Field in S Absolute Opysch,c [dB]
DCl format 0/3/4 P[lijsg]H,c 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 Jpyscn Values.

TPC Command Field in Accumulated SpyscH,c
DCI format 3A [dB]
0 -1
1 1

If the total transmit power of the UE would exceed ISCMAX (i) , the UE scales Ppysch ¢ (i) for the serving cell ¢ in
subframe i such that the condition

Z W(i) ' lsPUSCH,c (') < (ﬁCMAX (') - lsPUCCH ('))

is satisfied where Poyccp (i) is the linear value of Poyccp (i), ﬁPUSCH,C(i) is the linear value of Ppygcp ¢ (i),
ISCMAX (i) isthe linear value of the UE total configured maximum output power P, defined in [6] in subframe i
andw(i) is ascaling factor of ﬁPUSCH’C (i) for serving cell ¢ where 0<w(i)<1. In case thereisno PUCCH
transmission in subframe i ﬁpUCCH (i)=0.

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 ﬁPUSCH’C (i) for the serving cells
without UCI in subframe i such that the condition

S W) Proscrs (1) < (Ponua (1) = Poosn ; (1)

c#j

is satisfied where f’PUSCH’] (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 FA’pUSCH,j (i)
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unless Zw(i) -Pouscr (i) =0 and the total transmit power of the UE still would exceed ISCMAX (i). Note
C#j

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 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 P,y (i) , the

UE obtains Ppygcy ¢ (i) according to

IsPUSCH,j (') = min(ISPUSCH,j (i)’ (ISCMAX (') - ISPUCCH (')»

and
ZW(i) ' PPUSCH,c (') < (PCMAX (') - PPUCCH (') - PPUSCH,j ('))
C#])

51.1.2 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.

Type 1:

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

PH ype1.c (1) = Pomax.c (D)= {1010010(Mpuscrc (i) + Po_puscie (1) + @ (J) - PLe + Aqeo(i) + fo(i) | [dB]

where, PCMAX,c(i)’ Mpusch,c () Po puscH,c (1), @c(i), PLe, An (i) and fc(i) are defined in section 5.1.1.1.

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

PHyper,c (1) = |5(:MAx,c(i)— {10|0910(M puscH,c())+Po pusch,c (1) +ac () PLe +Ate (1) + fe (i) } [dB]

where, Mpysch,c(). Po pusch.c(i), @c(i), PLe, A (i) and fc(i) are defined in section 5.1.1.1.
ISCMAX ¢ (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 (i) instead of  Pepax (i) tohigher layers.

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

PH ype1c(i) = |SCMAx,c(i)— { Po_puscr,c @ +ac () - PL; + fe (i) } [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]. P pyscH,c(1), ac(1), PLc,and fc(i)are defined in section 5.1.1.1.
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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

(10 10910 (M pusch,c () +Po_pusch,c (1) +ac (§)-PLe +Arec i)+ fe (i))/lO

N — B dB
Pthpez(l) Pemax ¢ (1) ~10l0g1o + 10(P0_PUCCH+PLc+h(”CQ|v”HARQ!nSR)*AF_PUCCH(F)+ATxD(F')+g(i))/1O L8]

where, Pcvaxc: Mpusch,c () Po pusch,c (1), (i), A (i) and fc(i) arethe primary cell parameters as
defined in section 5.1.1.1and Py pyccn» PLe, N(Ncqr NHARQNsR) + Ar puccr(F), Aty (F') and g(i) are
defined in section 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(MPUSCH,c(i))+Po_PUSCH,c(j)+0‘c(j)'PLc+ATF,c(i)+fc(i))/lo [dB]
B

PH i)="P i)—10lo
type2 () = Pemax,c (1) 910 .+ 1P sucen +PLe ()10
where, Pemaxc(), Mpuschc(), Po pusch,c (1), ac(i), A (i) and fc(i) arethe primary cell parameters as

defined in section 5.1.1.1 and Py pyccy PLc and g(i) are defined in section 5.1.2.1.

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_PUSCH,C D+ac(1)-PL.+f; (i))/lO

W — B dB
PthpeZ(') Pomax ¢ (1) 10101 + 10(PO_PUCCH +F"—chh(ncolvnHARQxnsre)*AF_PUCCH(F)JrATxD(F')Jrg(i))/lo L8]

where, Po pusch,c(D), ac(l)and f.(i) arethe primary cell parameters as defined in section 5.1.1.1,

Pemax.c (1) » Po pucch s PLes h(NcgiNHARQNsR)+ Ar pucer(F) . Atxp (F') and g(i) are also defined in section
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_PUSCH,C D+ac(@)-PLc+ 1, (i))/lO
[dB]

PH ez (i) = P, i)-10lo
type2 (1) = Pemax ¢ (1) J10 N 10(PO_PUCCH +PLo+g(i)10

where, |SCMAx,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], Py pusch,c(d), ac(l) and f.(i) arethe primary cell parameters as

defined in section 5.1.1.1 and Py pyccy PLc and g(i) are defined in section 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.
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5.1.2 Physical uplink control channel

5121 UE behaviour

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

Pemax e (i),

P i)=min . ¢ [dBm]
PUCCH ( ) {PO_PUCCH + PLC + h(nCQ| y I"]HARQ, 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 received with DCI
format 3/3A for PUCCH, the UE shall assume that the UE transmit power Ppccy for the PUCCH transmission in

subframe i is computed by
Poucen (i): min{PCMAX,c (1), Py_pucch +PLc + g(i )} [dBm]
where

*  Pcmaxc (i) 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 received with DCI format 3/3A for PUCCH, the UE shall assume Peyax (i) as given by section

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 received with DCI format 3/3A for PUCCH, the UE shall compute
Pomaxc (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].

e The parameter Ag pyccn(F) is provided by higher layers. Each Ag pycc (F) value 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]

e [fthe UE is configured by higher layers to transmit PUCCH on two antenna ports, the value of Aq,p (F')is
provided by higher layers where each PUCCH format F’ is defined in Table 5.4-1 of [3] ; otherwise,
Ao (F ') =0.

*  h(ncqr,NHARg:Nsr) isa PUCCH format dependent value, where ncq, corresponds to the number of

information bits for the channel quality information defined in section 5.2.3.3 in [4]. ngg = 1if 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 one serving cell nyarq is the number of HARQ-ACK bits sent in subframe i;

otherwise, the value of nyarq is defined in section 10.1.

0 For PUCCH format 1,1a and 1b h(nCQl ,NHARQ » NsR ): 0

0 For PUCCH format 1b with channel selection, if the UE is configured with more than one serving

(harg —1)
2

cell, h(ncor,NHARG:NSR) = , otherwise, h(anl ,nHARQ,nSR): 0

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

n
): 10|Og10(%j if nCQ| >4

0 otherwise

h(nCQI NHARQ, NsR

0 For PUCCH format 2 and extended cyclic prefix
Ncol + NHARQ

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

0 otherwise

h(“0Q| 'NHARQ, NsR ):
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For PUCCH format 3
= [fthe UE is configured by higher layers to transmit PUCCH on two antenna ports, or if the
UE transmits more than 11 bits of HARQ-ACK/SR
NHARQ + Nsr —1

h(ncor s NHARQ NsR) = 3

= Otherwise

NHARQ +Nsr —1
h(ncor s NHARQ NsR) = — 5,

Po_puccr s @ parameter composed of the sum of a parameter Py nominal_puccn Provided by higher layers

and a parameter Py g pyccy Provided by higher layers.

Jpuccr 1S @ 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 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.

(0]

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 with the UE’s C-RNTI or SPS C-RNTI
on every subframe except when in DRX.

If the UE decodes a PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C for the primary cell and the
corresponding detected RNTI equals the C-RNTI or SPS C-RNT]I of the UE and the TPC field in the
DCI format is not used to determine the PUCCH resource as in section 10.1, the UE shall use the
Opuccy Provided in that PDCCH.

else

= if the UE decodes a PDCCH with DCI format 3/3A, the UE shall use the &pccy provided
in that PDCCH

else the UE shall set Spyccy = 0dB.

M-1

g(i)=9g(@-2)+ z Opuccn (i—ky,) where g(i) is the current PUCCH power control adjustment
m=0

state and where g (0)is the first value after reset.

= ForFDD, M =1 and k, =4.
= For TDD, valuesof M and Kk, are given in Table 10.1.3.1-1.

= The Opycey 0B values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C are

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

= The Opycey 0B 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,
e g (0) =0

= Else
*  9(0) = APampup +Omsg2

0 where J, isthe TPC command indicated in the random access
response, see Section 6.2 and
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0 AP, isthe total power ramp-up from the first to the last preamble

provided by higher layers

= If UE hasreached Pgyax (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

e Wwhen Py yg puccn Value is changed by higher layers

o when the UE receives a random access response message

g(i)=g(i—1) if i isnotan uplink subframe in TDD.

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2/3t0 Opccn

values.
TPC Command Field in
DCI format Opycen [dB]

1A/1B/1D/1/2A/2B/2C/2/3

0 -1

1 0

2 1

3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3A to Jp oy Values.

TPC Command Field in
DCI format 3A 5PUCCH [dB]

0 -1

1 1

5.1.3 Sounding Reference Symbol

5.1.3.1 UE behaviour
The setting of the UE Transmit power Pggsfor the Sounding Reference Symbol transmitted on subframe i for serving
cell c is defined by

Pars,cli)= min{ Pemax.c (i), Psrs_orrseT,c(M) +1010g30(Msrs ) + Po_puscr,c (1) + ac(J) - Ple + fc (i) } [dBm]

where

*  Pcomaxc(i) isthe configured UE transmit power defined in [6] in subframe i for serving cell c.

*  Psrs orrseT,c(M) is a 4-bit parameter 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. ForKg =125, Psrs orrseT,c(M) has 1dB step size in the range [-3, 12] dB. For K¢ =0,

Psrs_oFrseT,c(M) has 1.5 dB step size in the range [-10.5, 12] dB.

*  Mggsc Isthe bandwidth of the SRS transmission in subframe i for serving cell ¢ expressed in number of
resource blocks.

e  f.(i) isthe current PUSCH power control adjustment state for serving cell c, see Section 5.1.1.1.
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e Po puschc(]) and ac(j) are parameters as defined in Section 5.1.1.1, where j =1.

If the total transmit power of the UE for the Sounding Reference Symbol would exceed ISCMAX (i), the UE scales
FA’SRSVC(i) for the serving cell ¢ in subframe i such that the condition

ZW(i) + Pugs,o (i) < Powax (1)

is satisfied where FAgRSyc(i) is the linear value of Psgs (i), ISCMAX (i) isthe linear value of P.yax defined in [6] in

subframe i and w(i) is a scaling factor of '35Rs,c(i) for serving cell ¢ where 0<w(i) <1. Note that w(i) values are
the same across serving cells.

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 or 9 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, spatial multiplexing
with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission scheme,

= p, isequaltod + P, +10l0g,,(2) [dB] when the UE receives a PDSCH data transmission using

precoding for transmit diversity with 4 cell-specific antenna ports according to Section 6.3.4.3 of [3];

power-offset

= p, isequaltod + P, [dB] otherwise

power-offset

where 5power—offset

parameter provided by higher layers.

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

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 or 64QAM, 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, 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.
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The cell-specific ratio pg / p, is given by Table 5.2-1 according to cell-specific parameter Pz 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, Pel 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 or 64QAM, 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 OFDM symbol indices within a slot where
Number of antenna the ratio of the corresponding PDSCH the ratio of the corresponding PDSCH
ports EPRE to the cell-specific RS EPRE is EPRE to the cell-specific RS EPRE is
denoted by p, denoted by pg

Normal cyclic prefix Extended cyclic Normal cyclic prefix Extended cyclic

prefix prefix
One or two 1,2,3,5,6 1,2,4,5 0,4 0,3

Four 2,3,56 2,4,5 0,1,4 0,1,3

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 | OFDM symbol indices within a slot where
Number of antenna the ratio of the corresponding PDSCH the ratio of the corresponding PDSCH
ports EPRE to the cell-specific RS EPRE is EPRE to the cell-specific RS EPRE is
denoted by p, denoted by pg
Normal cyclic Extended cyclic Normal cyclic Extended cyclic
prefix prefix prefix prefix
ng mod ng mod ng mod ng mod ng mod ng mod ng mod ng mod
2=0 2=1 2=0 2=1 2=0 2=1 2=0 2=1
One or two 1, 2,3, 0,1, 2, 1, 2,3, 0,1, 2, 0 - 0 -
4,56 3,4,5,6 4,5 3,45
Four 2, 3,4, 0,12 |2435]| 01,2, 0,1 - 0,1 -
5,6 3,4,5,6 3,4,5

521 eNodeB Relative Narrowband TX Power restrictions

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

EA(nPRB)
(p)

max_nom

O If < RN-I-F)threshold

RNTP(Npgg) =

E,(n .
W is made

max_nom

1 if nopromiseabout the upper limit of

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; N is the physical resource
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block number Npee =0,..., N2 —1; RNTP, .., takes on one of the following
values RNTP,, g € i—0,-11,-10,-9,-8,~7,-6,-5,-4,-3,—2,-1,0,4+1,+2,+3} [dB] and

SONES

) .\
Emax_nom = N DL N RB
RB " 'Vsc

where Pn(];’)z is the base station maximum output power described in [7], and Af NRDBL and NSRCB are defined in [3].

6 Random access procedure

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

1. Random access channel parameters (PRACH configuration and frequency position)

2. 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 (Ng), 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:
1. Layer 1 procedure is triggered upon request of a preamble transmission by higher layers.

2. 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.

3. A preamble transmission power Pprach is determined as
Peract = Min{ Pcpaxc (i), PREAMBLE_RECEIVED_TARGET_POWER + PL; }_[dBm], where
Pcmax ¢ (i) is the configured UE transmit power defined in [6] for subframe i of the primary cell and PL, is
the downlink pathloss estimate calculated in the UE for the primary cell.

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

5. Asingle preamble is transmitted using the selected preamble sequence with transmission power Pprach On the
indicated PRACH resource.

6. Detection of a PDCCH with the indicated RA-RNTI is attempted during a window controlled by higher layers
(see [8], clause 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 section 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.
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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 section 6.2 is set to zero where n+k; is the first available UL subframe

for PUSCH transmission. The UE shall postpone the PUSCH transmission to the next available UL
subframe after n+k; 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. Ifnorandom 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+k,, k, > 6, where a PRACH resource is available.

6.2 Random Access Response Grant

The higher layers indicate the 20-bit UL Grant to the physical layer, as defined in [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 Npg <44
Truncate the fixed size resource block assignment to its b least significant bits, where

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

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 Nu_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 = Ulog2 (N RS ~(N Ry +1)/ 2)-‘ —10), and interpret the

expanded resource block assignment according to the rules for a regular DCI format 0
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end if

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 6,5, 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 &y, for Scheduled PUSCH

TPC Command Value (in dB)
0 -6
1 -4
2 -2
3 0
4 2
5 4
6 6
7 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 section 7.2.1. In contention
based random access procedure, the CSI request field is reserved.

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

7 Physical downlink shared channel related procedures

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

For TDD, 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.

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ
processes for both FDD and TDD.

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

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

OO |WINIFO

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfn-SubframeConfigList, a UE shall upon detection of a
PDCCH of a serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B or 2C intended for the UE in a subframe,
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decode the corresponding PDSCH in the same subframe with the restriction of the number of transport blocks defined
in the higher layers.

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 section 9.1. Otherwise,
the configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH located in
the UE specific search space described in section 9.1 when the PDCCH 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.

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

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH
DCI format 1C | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used, otherwise Transmit diversity.
DCI format 1A | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used, otherwise Transmit diversity

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the P-RNTI, 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.

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

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

DCI format 1C | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 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 0 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, UE is not required to decode a
PDSCH indicated by a PDCCH 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 Space Transmission scheme of PDSCH corresponding to PDCCH

DCI format 1C | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 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 0 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 according to one of nine transmission modes, denoted mode 1 to mode 9.

For frame structure type 1,
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- 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 synchronisation 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.

- 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 synchronisation 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 VVRB resource allocation
is assigned.

- 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 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 with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the serving cell
indicated by the carrier indicator field value in the decoded PDCCH.

When a UE configured in transmission mode 3, 4, 8 or 9 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 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, in the subframes indicated by the higher layer parameter mbsfn-
SubframeConfigList 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 or 2C intended for
the UE, decode the corresponding PDSCH in the same subframe.
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PDCCH and PDSCH configured by C-RNTI

Transmission

DCI format

Search Space

Transmission scheme of PDSCH

mode corresponding to PDCCH
Mode 1 DCI format 1A Common and Single-antenna port, port O (see subclause
UE specific by C-RNTI 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port O (see subclause
7.1.1)
Mode 2 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2A UE specific by C-RNTI Large delay CDD (see subclause 7.1.3)
or Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2 UE specific by C-RNTI Closed-loop spatial multiplexing (see
subclause 7.1.4)or Transmit diversity (see
subclause 7.1.2)
Mode 5 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1D UE specific by C-RNTI Multi-user MIMO (see subclause 7.1.5)
Mode 6 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1B UE specific by C-RNTI Closed-loop spatial multiplexing (see
subclause 7.1.4) using a single
transmission layer
Mode 7 DCI format 1A Common and If the number of PBCH antenna ports is
UE specific by C-RNTI one, Single-antenna port, port 0 is used
(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)
Mode 8 DCI format 1A Common and If the number of PBCH antenna ports is
UE specific by C-RNTI one, Single-antenna port, port 0 is used
(see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)
DCI format 2B UE specific by C-RNTI Dual layer transmission, port 7 and 8 (see
subclause 7.1.5A) or single-antenna port,
port 7 or 8 (see subclause 7.1.1)
Mode 9 DCI format 1A Common and Non-MBSFN subframe: If the number of

UE specific by C-RNTI

PBCH antenna ports is one, Single-
antenna port, port 0 is used (see subclause
7.1.1), otherwise Transmit diversity (see
subclause 7.1.2)

MBSFN subframe: Single-antenna port,
port 7 (see subclause 7.1.1)

DCI format 2C

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)

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 PDCCHs

and PDSCH without a corresponding PDCCH is by SPS C-RNTI.

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

When a UE is configured in transmission mode 9, in the subframes indicated by the higher layer parameter mbsfn-
SubframeConfigList except in subframes for the serving cell
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- 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 or 2C or for a
configured PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH in the same subframe.

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

Transmission DCI format Search Space Transmission scheme of PDSCH
mode corresponding to PDCCH
Mode 1 DCI format 1A Common and Single-antenna port, port 0 (see
UE specific by C-RNTI subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port O (see
subclause 7.1.1)
Mode 2 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
Mode 6 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
Mode 7 DCI format 1A Common and Single-antenna port, port 5 (see
UE specific by C-RNTI subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see
subclause 7.1.1)
Mode 8 DCI format 1A Common and Single-antenna port, port 7(see
UE specific by C-RNTI subclause 7.1.1)
DCI format 2B UE specific by C-RNTI Single-antenna port, port 7 or 8 (see
subclause 7.1.1)
Mode 9 DCI format 1A Common and Single-antenna port, port 7 (see
UE specific by C-RNTI subclause 7.1.1)
DCI format 2C 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-RNTI, 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

DCI format 1A

Common and UE specific
by Temporary C-RNTI

If the number of PBCH antenna port is one, Single-antenna
port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

DCI format 1

UE specific by
Temporary C-RNTI

If the number of PBCH antenna port is one, Single-antenna
port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)
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The transmission schemes of the PDSCH are described in the following sub-clauses.

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 Section 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.

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 Section 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 Section 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 Section 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 Section 6.3.4.2.1 of [3]. The 0, dB value signalled

power-offset

on PDCCH 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 &g er-ofrser VaIUE.
Downlink power offset field 5power_0ﬁset [dB]
0 -10'0910(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 Section 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 Section 6.3.4.4 of [3].

7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH DCI format detected. A resource
allocation field in each PDCCH includes two parts, a resource allocation header field and information consisting of the
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actual resource block assignment. PDCCH DCI formats 1, 2, 2A, 2B and 2C with type 0 and PDCCH DCI formats 1, 2,
2A,2B and 2C 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 (section 5.3.3.1 of [4]),
where type 0 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 and 2C 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.

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 section 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 ( Nggg ) for downlink system bandwidth of Ngg is

given by Nggg = (N Re ! P-‘ where LN s/ PJ of the RBGs are of size P and if N5t modP >0 then one of the RBGs

is of size NO5 — P-[NB5 /P |. The bitmap is of size Npgg 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 N g —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 0 Resource Allocation RBG Size vs. Downlink System Bandwidth

System Bandwidth | RBG Size

P

NDL (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 Npg, indicates to a scheduled UE

the VVRBs from the set of VRBs from one of P RBG subsets. The virtual resource blocks used are of localized type as
defined in section 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 ﬂogz(Pﬂ 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 Njy -~ and is defined as

NP =[NBL /P | ~iog, (P)] -1

The addressable VRB numbers of a selected RBG subset start from an offset, A (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 given by Ay, (P) = 0. Otherwise, the offset for RBG
subset p isgiven by A (P)=NEC* " (p)— Ny =, 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 p and
can be calculated by the following equation,

DL DL
NR82 Lipyp ,p<MmodP
P P
NDL 1 NPL —1
NRBG subset () R;Z ‘P+(Ngg ~DmodP+1 ,p=| =52 — modP
DL DL
NR82 Lp p>|Nes Liogp
P P

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

nsgg Sumer(p) =[MJ P? 4+ p'P+(i +Ashift(p))m0d P.

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, one bit flag indicates whether localized virtual resource
blocks or distributed virtual resource blocks are assigned (value O 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 VRBupto Nt VRBs, where NOt  is defined in [3], if the DCI CRC is scrambled by P-RNTI, RA-RNT], or

SI-RNTI. With PDCCH 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 or Temporary C-RNTI distributed VRB allocations for a UE vary from a single

VRBupto NOt, VRBs if NS is6-49 and vary from a single VRB up to 16 if N2 is 50-110. With PDCCH DCI
format 1C, distributed VRB allocations for a UE vary from N3% VRB(s) up to |_N5$B / N;;;pj. N VRBs with an
increment step of N3, where N3 value is determined depending on the downlink system bandwidth as shown in

RB '’
Table 7.1.6.3-1.

Table 7.1.6.3-1: N3 values vs. Downlink System Bandwidth

System BW N s
DL
(Ngg DCI format 1C
6-49 2
50-110 4

For PDCCH 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 ( RB,, ) and a length in terms of virtually contiguously allocated resource
blocks Lqrg, - The resource indication value is defined by

if (Leggs —1) < \_N o /2j then
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RIV = NF?BL(LCRBs _l) + RBstart
else

RIV = Ngg (Ngg — Leggs +1) + (Ngg —1-RB,,)

DL
where Lgg, > 1 and shall not exceed N,z — 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, 2NZ%,..., (ND% /NP [~1)N:) and a length in terms
of virtually contiguously allocated resource blocks ( Lorgs = N3P, 2N, ..., |_N oINS J Ni). The resource

indication value is defined by RB ' “TTRB 1T
it (Ligee —1) <|[N/2E /2] then
RIV = Nigg (Liges —1) + RBLp
else
RIV = N2 (NGRS — Ling, 1)+ (NJRE ~1- RBL,)

where L{ng, = Lepss / Noe”, RB! INZ® and N/t = \_NVDRLB / N;tépj. Here,

start

=RB

start

’ rDL ’
Lires = 1 and shall not exceed Nyzz — RB,, -

7.1.6.4 PDSCH starting position

The starting OFDM symbol for the PDSCH of each activated serving cell given by index | inthe first slotin a
subframe is given by
— the higher-layer parameter pdsch-Start for the serving cell on which PDSCH is received if the UE is configured

with carrier indicator field for the given serving cell and if PDSCH and the corresponding PDCCH are received
on different serving cells,

— the span of the DCI given by the CFI of the serving cell according to Section 5.3.4 of [4] otherwise.

7.1.6.5 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. Fixed system bandwidth dependent
Precoding Resource block Groups (PRGs) of size P’ partition the system bandwidth and each PRG consists of
consecutive PRBs. If NR§ modP’>0 then one of the PRGs is of size NRS — P'\_N RE 1 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 (NRg PRG Size (P')
(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,,.s) 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:

0 set the Table 7.1.7.2.1-1 column indicator N, to Npg from Section 5.3.3.1.3 in [4]

- for DCI format 1C:
0 use Table 7.1.7.2.3-1 for determining its transport block size.

else
- set Njgg tothe total number of allocated PRBs based on the procedure defined in Section 7.1.6.

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

set the Table 7.1.7.2.1-1 column indicator N, = max{LNF’,RB X 0.75J, 1} ,

else, set the Table 7.1.7.2.1-1 column indicator NPRB =N ,;RB .

The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than
0.930, 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-RNT], otherwise, the UE shall
use |,,.s 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
IMCS 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
7.1.7.2 Transport block size determination

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

— for DCI format 1A:

0 the UE shall set the TBS index (155) equal to 1,,.s and determine its TBS by the procedure in

Section 7.1.7.2.1.

— for DCI format 1C:

o0 the UE shall set the TBS index (1,55 ) equal to I, and determine its TBS from Table 7.1.7.2.3-1.

else

— for0< 1y, <28, the UE shall first determine the TBS index ( |55 ) using I,,.s and Table 7.1.7.1-1 except if

the transport block is disabled in DCI formats 2, 2A, 2B and 2C 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 Section
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 Section 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 Section 7.1.7.2.4.

multiplexing, the TBS is determined by the procedure in Section 7.1.7.2.5.
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— for29<1,,s <31, the TBS is assumed to be as determined from DCI transported in the latest PDCCH for the

same transport block using 0< 1, < 28. If there isno PDCCH for the same transport block
using0 < 1,,.c <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.

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

The NDI and HARQ process ID, as signalled on PDCCH, 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< Ngzs <110, the TBS is given by the (I;55, Npgg ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 27x110)

I N PRB
Tes 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
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

S ——
I TBS N s
11 12 13 14 15 16 17 18 19 20

288 328 344 376 392 424 456 488 504 536
376 424 456 488 520 568 600 632 680 712
472 520 568 616 648 696 744 776 840 872
616 680 744 808 872 904 968 1032 | 1096 | 1160
776 840 904 1000 | 1064 | 1128 | 1192 | 1288 | 1352 | 1416
968 1032 | 1128 | 1224 | 1320 | 1384 | 1480 | 1544 | 1672 | 1736
1128 | 1224 | 1352 | 1480 | 1544 | 1672 | 1736 | 1864 | 1992 | 2088
1320 | 1480 | 1608 | 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2472

~N OO IWN RO
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8 1544 | 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2536 | 2664 | 2792
9 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
S ——
I N PRB
21 22 23 24 25 26 27 28 29 30

—
vs}
[%2]

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

I TBS N e

31 32 33 34 35 36 37 38 39 40
0 840 872 904 936 968 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
5
6

2216 | 2280 | 2344 | 2408 | 2472 | 2600 | 2664 | 2728 | 2792 | 2856
2728 | 2792 | 2856 | 2984 | 3112 | 3112 | 3240 | 3368 | 3496 | 3496
3240 | 3368 | 3496 | 3496 | 3624 | 3752 | 3880 | 4008 | 4136 | 4136
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7 3752 | 3880 | 4008 | 4136 | 4264 | 4392 | 4584 | 4584 | 4776 | 4968
8 4392 | 4584 | 4584 | 4776 | 4968 | 4968 | 5160 | 5352 | 5544 | 5544
9 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 prg
es 41 42 43 44 45 46 47 48 49 50

1128 | 1160 | 1192 | 1224 | 1256 | 1256 | 1288 | 1320 | 1352 | 1384
1480 | 1544 | 1544 | 1608 | 1608 | 1672 | 1736 | 1736 | 1800 | 1800
1800 | 1864 | 1928 | 1992 | 2024 | 2088 | 2088 | 2152 | 2216 | 2216
2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2728 | 2792 | 2856 | 2856
2084 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3496 | 3496 | 3624
3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4264 | 4392 | 4392
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
9 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

O N[OOI W IN RO

I TBS N i
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
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5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 5992 | 6200 | 6200
6200 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 7224 | 7224
7224 | 7224 | 7480 | 7480 | 7736 | 7736 | 7992 | 7992 | 8248 | 8504
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

I TBS
61 62 63 64 65 66 67 68 69 70

0 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 6456 | 6456 | 6456 | 6712 | 6712 | 6968 | 6968 | 6968 | 7224 | 7224
7 7480 | 7480 | 7736 | 7736 | 7992 | 7992 | 8248 | 8248 | 8504 | 8504
8 8504 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9912
9 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

|
88 71 72 73 74 75 76 77 78 79 80
0 1092 | 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

4

4136 | 4264 | 4264 | 4392 | 4392 | 4392 | 4584 | 4584 | 4584 | 4776
5160 | 5160 | 5160 | 5352 | 5352 | 5544 | 5544 | 5544 | 5736 | 5736
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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
9

9912 | 9912 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064
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
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
e —

I N PRB
88 81 82 83 84 85 86 87 88 89 90

0 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 8504 | 8504 | 8760 | 8760 | 8760 | 9144 | 9144 | 9144 | 9144 | 9528
7 9912 | 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064
8 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
9 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

I 8BS N PRB

91 92 93 94 95 96 97 98 99 100
0 2536 | 2536 | 2600 | 2600 | 2664 | 2664 | 2728 | 2728 | 2728 | 2792
3368 | 3368 | 3368 | 3496 | 3496 | 3496 | 3496 | 3624 | 3624 | 3624
4136 | 4136 | 4136 | 4264 | 4264 | 4264 | 4392 | 4392 | 4392 | 4584
5352 | 5352 | 5352 | 5544 | 5544 | 5544 | 5736 | 5736 | 5736 | 5736

WIN| -
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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
8

11064 | 11448 | 11448 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216
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

res 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110
0 2792 | 2856 | 2856 | 2856 | 2984 | 2984 | 2984 | 2984 | 2984 | 3112
1 3752 | 3752 | 3752 | 3752 | 3880 | 3880 | 3880 | 4008 | 4008 | 4008
2 4584 | 4584 | 4584 | 4584 | 4776 | 4776 | 4776 | 4776 | 4968 | 4968
3 5992 | 5992 | 5992 | 5992 | 6200 | 6200 | 6200 | 6200 | 6456 | 6456
4 7224 | 7224 | 7480 | 7480 | 7480 | 7480 | 7736 | 7736 | 7736 | 7992
5

6

7

8

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
9 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
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7.1.7.2.2 Transport blocks mapped to two-layer spatial multiplexing

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

For56 < Npzs <110, a baseline TBS_L1 is taken from the (1,55, 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

7.1.7.2.3 Transport blocks mapped for DCI Format 1C

The TBS is given by the | ;¢ entry of Table 7.1.7.2.3-1.

Table 7.1.7.2.3-1: Transport Block Size Table for DCI format 1C

l1gs 0 1 2 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

. 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

71724 Transport blocks mapped to three-layer spatial multiplexing

For 1< Nprg <36, the TBS is given by the (1,45,3- Npgg) entry of Table 7.1.7.2.1-1.

For 37 < Npgg <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_L3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBS is given by TBS_L3.
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Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

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

7.1.7.25 Transport blocks mapped to four-layer spatial multiplexing

For 1< Nprg <27, the TBS is given by the (1,55, 4- Npgg) entry of Table 7.1.7.2.1-1.

For 28 < Npgg <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_L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBS is given by TBS_L4.
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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

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
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

Both for FDD and TDD, if the UE is configured with more than one serving cell, then for each serving cell, for at least

K yimo - 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 Wy, Winoq(ing, -1.n,, ) - WHere:
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Ne, =min| N N o ;
SB b .
’ C- Nc[e):_ls : KMIMO 'mm(M DL_HARQ ’ M Iimil)

W, C, N, K and M, aredefined in Section 5.1.4.1.2 of [4].

MIMO ' !

MbL_Harg IS the maximum number of DL HARQ processes.

DL
Ncells

is the number of configured serving cells.

If the UE signals ue-Category-v10xy, N/ is the total number of soft channel bits [12] according to the UE category
indicated by ue-Category-v10xy [11]. Otherwise, N/ is the total number of soft channel bits [12] according to the UE
category indicated by ue-Category[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, W, ;... Wyyo400:n , —1.n,,) MY include subsets not containing
received soft channel bits.

7.2 UE procedure for reporting Channel State Information (CSl)

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 (PTI1), 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 is configured with resource-restricted CSI measurements if the subframe sets Ccg g and Ccg; 1 are configured
by higher layers.

CSl 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.

The CSI transmissions on PUCCH and PUSCH for various scheduling modes are summarized in the following table:

Table 7.2-1: Physical Channels for Aperiodic or Periodic CSI reporting

Scheduling Mode Periodic CSI reporting channels Aperiodic CSI reporting channel
Frequency non-selective PUCCH
Frequency selective PUCCH PUSCH

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSlI report in that subframe.
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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 or 9
with PMI/RI reporting, a UE shall determine a RI from the supported set of RI values for the corresponding eNodeB
antenna configuration and UE category and report the number in each RI report. For each RI reporting interval when the
UE is configured in transmission mode 3, a UE shall determine RI for the corresponding eNodeB antenna configuration
and UE category 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 NSBE 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 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 and 9
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 @, ;,...,85,8,,8;,8,where a, isthe LSBand a, _, 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. 2 antennaports: bit a ,, v = 2 is associated with the precoder in Table 6.3.4.2.3-1 of [3]

v-11
corresponding to v layers and codebook index 0 while bit a, is associated with the precoder for 2
antenna ports in Section 6.3.4.3 of [3].

b. 4 antenna ports: bit @, ;, v = 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 @, is associated with
the precoder for 4 antenna ports in Section 6.3.4.3 of [3].

2. Transmission mode 4
a. 2 antenna ports: see Table 7.2-1c
b. 4 antenna ports: bit ayg, ), 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: 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], v=12.
5. Transmission mode 9
a. 2 antenna ports: see Table 7.2-1c

b. 4 antenna ports: bit a;¢(, 1), is associated with the precoder for v layers and with codebook
index i in Table 6.3.4.2.3-2 of [3].

3GPP



Release 10 45 3GPP TS 36.213 V10.6.0 (2012-06)

c. 8 antenna ports: bit af1(v-1)+iy, is associated with the precoder for v layers (v €{1,2,3,4,5,6,7,8}) and
codebook index ig; where f1(-) = {0,16,32,36,40,44,4852 } and bit asg. 1(,,1)+i,, IS associated
with the precoder for v layers (v €{1,2,3,4}) and codebook index i, where gi(-)= {0,16,32,48 }

Codebook indices i.; and iy, aregivenin 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 4 antenna 8 antenna

ports ports ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
Transmission mode 8 6 32
Transmission mode 9 6 64 109

Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna

port codebook of Table 6.3.4.2.3-1in [3].

Codebook Number of layers v
index iC

1 2

0 ao -

1 ai a4

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

DL

fewer than k contiguous PRBs depending on NF?E'; . The number of subbands for system bandwidth given by Ngg is

defined by N = (N Fﬁ’é /k-‘ . The subbands shall be indexed in the order of increasing frequency and non-increasing
sizes starting at the lowest frequency.

For transmission modes 1, 2, 3 and 5, as well as transmission modes 8 and 9 without PMI/RI reporting,
transmission mode 4 with RI=1, and transmission modes 8 and 9 with PMI/RI reporting and RI=1, a single 4-
bit wideband CQI is reported according to Table 7.2.3-1.

For transmission modes 3 and 4, as well as transmission modes 8 and 9 with PMI/RI reporting, CQI is
calculated assuming transmission of one codeword for RI=1 and two codewords for RI > 1.
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= For RI > 1 with transmission mode 4, as well as transmission modes 8 and 9 with PMI/RI reporting, PUSCH
based triggered reporting includes reporting a wideband CQI which comprises:

0 A 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1
0 A 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1

= For RI > 1 with transmission mode 4, as well as transmission modes 8 and 9 with PMI/RI reporting, PUCCH
based reporting includes reporting a 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1 and a
wideband spatial differential CQI. The wideband spatial differential CQI value comprises:

0 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.

0 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 Offset level
value
0 0
1 1
2 2
3 >3
4 <-4
5 -3
6 -2
7 -1

7.2.1 Aperiodic CSI Reporting using PUSCH

A UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell c, upon decoding in
subframe n either:

» an uplink DCI format, or
= a Random Access Response Grant,

for serving cell ¢ if the respective CSI request field is set to trigger a report and is not reserved. If the CSI request field
is 1 bit [4], a report is triggered for serving cell ¢ if the CSI request field is set to ‘1’. If the CSI request field size is 2
bits [4], a report is triggered according to the value in Table 7.2.1-1A corresponding to aperiodic CSI reporting.

A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.

Table 7.2.1-1A: CSI Request field for PDCCH with uplink DCI format in UE specific search space

Value of CSl request field Description
’00° No aperiodic CSI report is triggered
‘or Aperiodic CSlI 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 CSl report is triggered for a 2™ set of

serving cells configured by higher layers
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Note: PDCCH 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.

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 kl if the UL delay field in section 6.2 is set to zero, where kl is given in section 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
CQI 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 section 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 Section 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.

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 Mode 1-2
o (wideband CQI)
o=
z é UE Selected Mode 2-0 Mode 2-2
cg 2 (subband CQI)
o (]
()]
g

Higher Layer-
configured Mode 3-0 Mode 3-1

(subband CQI)

For each of the transmission modes defined in Section 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

Transmission mode 5 : Mode 3-1

Transmission mode 6 : Modes 1-2, 2-2, 3-1

Transmission mode 7 : Modes 2-0, 3-0

Transmission mode 8 : Modes 1-2, 2-2, 3-1 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 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 cqi-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.
RI is only reported for transmission modes 3 and 4, as well as transmission modes 8 and 9 with PMI/RI reporting.

3GPP



Release 10

48 3GPP TS 36.213 V10.6.0 (2012-06)

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 for transmission mode 9 with 8 CSI-RS ports configured 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 and 9, 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 for
transmission mode 9 with 8 CSI-RS ports configured in which case a first and second
precoding matrix indicator are reported corresponding to the selected single precoding
matrix.

For transmission modes 4, 8 and 9, 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 Subband CQI value for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by
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= 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 Offset level
CQIl value
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
NES “
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.

= 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.

0 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 for transmission mode 9 with 8 CSI-RS ports configured, 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.
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= For transmission mode 9 with 8 CSI-RS ports 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 and 9, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

o0 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

M-1

= where the set {si}i:O

, (1<s, <N, s <s,,) contains the M sorted subband indices

X
X
and < >: (yj X2Y s the extended binomial coefficient, resulting in unique label
y 0 x<y

0 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.

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQI 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 = {Iogz(M ﬂ .
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Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

71.2.2

System Bandwidth
DL Subband Size k (RBs) | M
Nrs
6-—7 NA NA
8-10 2 1
11-26 2 3
27 - 63 3 5
64 — 110 4 6

Periodic CSI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CSI (CQI, PMI, PTI, and/or RI)
on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below.

Table 7.2.2-1: CQIl and PMI Feedback Types for PUCCH CSI reporting Modes

PMI Feedback Type
No PMI Single PMI
e
g > Wideband Mode 1-0 Mode 1-1
5 (wideband CQI)
O ®©
O <
D0
a3 UE Selected Mode 2-0 Mode 2-1
w
(subband CQI)

For each of the transmission modes defined in Section 7.1, the following periodic CSI reporting modes are supported on

PUCCH:

Transmission mode 1
Transmission mode 2
Transmission mode 3
Transmission mode 4
Transmission mode 5
Transmission mode 6
Transmission mode 7
Transmission mode 8

Transmission mode 9

: Modes 1-0, 2-0
: Modes 1-0, 2-0
: Modes 1-0, 2-0
: Modes 1-1, 2-1
: Modes 1-1, 2-1
: Modes 1-1, 2-1
: Modes 1-0, 2-0

: 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

: 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.

The periodic CSI reporting mode for each serving cell is configured by higher-layer signalling. For a UE configured
with transmission mode 9 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 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
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There are a total of N subbands for a serving cell system bandwidth given by Ngg where LN Re /kJ subbands

are of size k. If (N Re /k-‘ —LN Re /kJ> 0 then one of the subbands is of size NRg — k -|_NF'?BL / kj.

e A bandwidth part j is frequency-consecutive and consists of Nj subbands where J bandwidth parts span S or
Ngs asgiven in Table 7.2.2-2. If J =1 then N, is(N FE’BL/k/ﬂ IfJ>1then N, iseither (N FE’BL/k/ﬂ

r (NF?EE /k/J—‘ ~1, depending on NRg , k and J.
e Each bandwidth part j, where 0 <j < J-1, is scanned in sequential order according to increasing frequency.
e For UE selected subband feedback a single subband out of N j subbands of a bandwidth part is selected
along with a corresponding L-bit label indexed in the order of increasing frequency,

where L :[IogJNRDélk/Jﬂ .

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:
o 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 Rl and wideband PMI feedback
Type 6 report supports Rl and PT1 feedback

For each serving cell, the periodicity N pq (in subframes) and offset Noggger oo (in subframes) for CQI/PMI
reporting are determined based on the parameter cqi-pmi-Configindex (g ,py ) given in Table 7.2.2-1A for FDD and
Table 7.2.2-1C for TDD. The periodicity Mg, and relative offset Nqoepser 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-Configindex are
configured by higher layer signalling. The relative reporting offset for Rl Norrser gy takes values from the set
{0-1...—(N g —1)}. Ifa UE is configured to report for more than one CSI subframe set then parameter cqji-pmi-

Configlndex 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.

In the case where wideband CQI/PMI reporting is configured:
e The reporting instances for wideband CQI/PMI are subframes satisfying

(10 xNs + |_ns /ZJ— NOFFSET,CQ| )mOd(N pd )= 0.

e Incase Rl reporting is configured, the reporting interval of the RI reporting is an integer multiple Mg, of
period Npq (in subframes).

0 The reporting instances for RI are subframes satisfying
(oxn¢ +[ng/2]- NorrseT,col — NoFFsET R Jmod(N pd “MR )=0.
In the case where both wideband CQI/PMI and subband CQI reporting are configured:
e The reporting instances for wideband CQI/PMI and subband CQI are subframes satisfying
(10>< ng + Lns /ZJ— NOFFSET,CQl )mOd N pd = 0.

= When PTI is not transmitted (due to not being configured) or the most recently transmitted PTI was
equal to 1:
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=  The wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for
transmission mode 9) report has period H - N4, and is reported on the subframes

satisfying  (L0xn¢ +|ng /2]~ Nopeser,cor Jmod(H - N g )= 0. The integer H
is definedas H =J-K+1, where J isthe number of bandwidth parts.

= Between every two consecutive wideband CQI/ wideband PMI (or wideband
CQI/wideband second PMI for transmission mode 9) reports, the remaining J -K
reporting instances are used in sequence for subband CQI 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 reports which have not been transmitted before the second of
the two wideband CQI/ wideband PMI (or wideband CQIl/wideband second PMI for
transmission mode 9) 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 O:

=  The wideband first precoding matrix indicator report has period H'-N 4, and is

reported on the subframes satisfying
(oxn¢ +[ng /2]~ Nopeser.cor Jmod(H'-N g ) =0, where H'is signalled 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

e Incase RI reporting is configured, the reporting interval of Rl is My, times the wideband CQI/PMI period
H - N pq , 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
(oxn¢ +[ng/2]- NorrseT,cQl — NoFFSET RI Jmod(H - N pd “MRj )=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.

If the UE is configured with more 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, in case of collision between CSI reports of different serving cells with PUCCH reporting type of
the same priority, the CSI of the serving cell with lowest ServCellindex is reported, and CSI of all other serving cells are
dropped.

See section 10.1 regarding UE behaviour for 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 né,fjcﬁ)cH as defined in
[3], where né,fjg)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 lcqpm t0 Npg and Nogeger oo for FDD.

ICQI/PMI Value of N nd Value of NOFFSET,CQI
0< leqipm <1 2 lcqirpmi
2< leoipm <6 5 lcqipm —2
75 leopm <16 10 lequem =7
17 < lcqipw <36 20 lequpm =17
37 < lcqipm <76 40 lcqipm =37
77< legpm <156 80 leqipm =77
157 < lequpm <316 160 lcoipm — 157
lequem =317 Reserved
318 < legpwi < 349 32 lcoipm —318
350 < lgrpmn <413 64 lcoipmi — 350
414 < legpm <541 128 lcqipm —414
542 < lgopwm <1023 Reserved

Table 7.2.2-1B: Mapping of I to Mg and Noppser g -

Ir Value of My, Value of Noppser i

0< Iy <160 1 =g

161< lg <321 2 - (lg —161)
322< g <482 4 -(lg —-322
483 < g <643 8 - (lg —483)
644 < lp <804 16 - (lg —644)
805< lg <965 32 - (lg —805)
966 < lg, <1023 Reserved
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Table 7.2.2-1C: Mapping of lgqpm t0 Npg and Nogeger oo for TDD.

ICQI/PMI Value of N pd Value of NOFFSET’CQI
lcqiem =0 1 Icqi/pmi
1< leqipm <5 5 lcqipm —1
6< lcqipm <15 10 lcqipm —6
16 < leqpw <35 20 lcqipm —16
36 < leqipmi <75 40 lcqipm —36
76 < lcopm < 155 80 lcqipm — 76
156 < lcoipmi <315 160 lcqi/pmi — 156
316 < lcgi/pw <1023 Reserved

For TDD periodic CQI/PMI reporting, the following periodicity values apply depending on the TDD UL/DL
configuration [3]:
0 Thereporting period of N4 =1 isonly applicable to TDD UL/DL configurations 0, 1, 3, 4, and 6,

where all UL subframes in a radio frame are used for CQI/PMI reporting.
The reporting period of N4 =5 is only applicable to TDD UL/DL configurations 0, 1, 2, and 6.

The reporting periods of N,y ={10,20,40,80,160} are applicable to all TDD UL/DL configurations.

For a serving cell with N RDBL < 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 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 the second precoding matrix indicator i,.
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Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling.

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 lowia Codebook index " PMI oy, Codebook index i, #bits
1 0-7 2oy, 0-1 2oy, 4
2 0-7 2o, 0-1 Lomi2 4
3 0-1 2oy, 0-7 4LIPMI2/4J+ Lo 4
4 0-1 2oy 0-7 Lo 4
5 0-3 Lo 0 0 2
6 0-3 Tons 0 0 2
7 0-3 Tons 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 Codebook index i,
encoding of
Rl and the
first PMI RI
i spmin
0-7 1 2|RI/PMI1
8-15 2 2( Ve /pwin-8)
16-17 3 2(1gy pwi1-16)
18-19 4 2(1gy pwi1-18)
20-21 5 2( IRI/PMI1_20)
22-23 6 2( IRI/PMI1_22)
24-25 7 2(1gy pwii-24)
26 8 0
27-31 reserved NA

Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling.

value and

Value

RI of the

second
PMI

IPMI2

Relationship between the second PMI

Codebook index iy

codebook index iy
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1 0-15 Lo 2
2 0-3 2l o2
3 0-3 8'L|PM|2/2_|+(|PM|2m0d2)+2
4 0-3 2|PMI2

An RI or PTI or any precoding matrix indicator reported for a serving cell in a periodic reporting mode is valid only for
CSl reports for that serving cell on that periodic CSI reporting mode.

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 . 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.

o 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:

e 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.

e 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.

0 Mode 1-1 description:

= In the subframe where RI is reported (only for transmission mode 4 and transmission
mode 8 and transmission mode 9):

e A UE shall determine a Rl assuming transmission on set S subbands.
e The UE shall report a type 3 report consisting of one RI.

= In the subframe where RI and a first PMI are reported (only for transmission mode 9
with submode 1 and when 8 CSI-RS ports are configured)

e A UE shall determine a Rl assuming transmission on set S subbands.

e 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.

e 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
transmission mode 9 with 8 CSI-RS ports configured:

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 consisting of
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0 Assingle 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).

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e  For transmission mode 4, 8 and 9, the PMI and CQI 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 wideband CQIl/second PMI is reported for transmission mode 9
with 8 CSI-RS ports configured to submode 1 only:

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
o 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 CQl,
which is shown in Table 7.2-2.

e The wideband second PMI value is calculated conditioned on the last reported
periodic RI and the wideband first PMI. The wideband CQI value is calculated
conditioned on the selected precoding matrix and the last reported periodic RI.

= In the subframe where wideband CQI/first PMI/second PMI is reported for transmission
mode 9 with 8 CSI-RS ports configured to submode 2 only:

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

o0 Assingle 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 Section 7.2.4.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e The wideband first PMI, the wideband second PMI and the wideband CQI are
calculated conditioned on the last reported periodic RI.

e UE Selected subband feedback
0 Mode 2-0 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 wideband CQI is reported:

e The UE shall report a type 4 report on each respective successive reporting
opportunity consisting of one wideband CQI value which is calculated
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assuming transmission on set S subbands. The wideband CQI represents
channel quality for the first codeword, even when RI>1.

e  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:

e 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.

e 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.

e 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.

0 Mode 2-1 description:

= In the subframe where RI is reported (only for transmission mode 4, 8 and 9 if the
number of configured CSI-RS ports is 2 or 4):

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 RI is reported for transmission mode 9 with 8 CSI-RS ports
configured then:

e A UE shall determine a RI assuming transmission on set S subbands.
e A UE shall determine a precoder type indication (PTI).
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
transmission mode 9 with 8 CSI-RS ports configured:

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:

0 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).

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e  For transmission modes 4, 8 and 9, the PMI 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 the wideband first PMI is reported for transmission mode 9 with
8 CSI-RS ports configured and the last reported PTI=0:

e A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.

3GPP



Release 10 60 3GPP TS 36.213 V10.6.0 (2012-06)

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 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 mode 9
with 8 CSI-RS ports configured and the last reported PTI=1:

e Assingle 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 The wideband second PMI value is calculated conditioned on the last reported
periodic RI and the wideband first PMI. The wideband CQI value is calculated
conditioned on the selected precoding matrix and the last reported periodic RI.

0 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 CQI for the selected subband is reported for all transmission
modes except for transmission mode 9 with 8 CSI-RS ports 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 1 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.

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 and 9, the subband selection and CQI values are
calculated conditioned on the last reported periodic wideband PMI and RI. For
other transmission modes they are calculated conditioned on the last reported
PMI and transmission rank 1.
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= In the subframe where wideband CQI/second PMI is reported for transmission mode 9
with 8 CSI-RS ports configured and the last reported PTI1=0:

e Assingle 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.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e The wideband second PMI value is calculated conditioned on the last reported
periodic RI and the wideband first PMI. The wideband CQI value is calculated
conditioned on the selected precoding matrix and the last reported periodic RI.

0 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 CQIl/second PMI for the selected subband is reported
for transmission mode 9 with 8 CSI-RS ports configured and the last reported PT1=1:

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.

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 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.

0 Asecond 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 The subband second PMI values are calculated conditioned on the last reported
periodic Rl and the wideband first PMI. The subband selection and CQI values
are calculated conditioned on the selected precoding matrix and the last
reported periodic RI.
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0 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 Subband Size k Bandwidth Parts
NRg (RBs) )
6-7 NA NA
8-10 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.

Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State

PUCCH PUCCH Reporting Modes
Reporting | Reported Mode State Mode 1-1 | Mode 2-1 | Mode 1-0 | Mode 2-0
T . . . .
ype (bits/BP) | (bits/BP) | (bits/BP) | (bits/BP)
1 Sub-band RI=1 NA 4+L NA 4+L
cal RI>1 NA 7+L NA 4+L
Sub-band 8 antenna ports Rl =1 NA 8+L NA NA
la CQIl/second | 8 antenna ports 1<RI<5 NA 9+L NA NA
PMI 8 antenna ports Rl > 4 NA 7+L NA NA
2 antenna ports Rl = 1 6 6 NA NA
Wideband 4 antenna ports RI =1 8 8 NA NA
2
CQiPMI 2 antenna ports Rl > 1 8 8 NA NA
4 antenna ports RI > 1 11 11 NA NA
. 8 antenna ports Rl < 3 NA 4 NA NA
2a V}/i;gtet;al\;:ld 8 antenna ports 2<RI < 8 NA 2 NA NA
8 antenna ports Rl = 8 NA 0 NA NA
. 8 antenna ports Rl = 1 8 8 NA NA
2b C\(/gvll(jesbeacrc])id 8 antenna ports 1 <RI < 4 11 11 NA NA
PMI 8 antenna ports Rl =4 10 10 NA NA
8 antenna ports Rl > 4 7 7 NA NA
Wideband 8 antenna ports Rl = 1 8 NA NA NA
COQI / first 8 antenna ports 1 <RI <4 11 NA NA NA
2c PMI / second | 8 antenna ports4 <RI <7 9 NA NA NA
PMI 8 antenna ports Rl = 8 7 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
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4 Wideband RI =1 or RI>1 NA NA 4 4
CQl
8 antenna ports, 2-layer 4
5 RI/ first PMI spatial multiplexing NA NA NA
8 antenna ports, 4 and 8- 5
layer spatial multiplexing
8 anter_ma por_ts, 2-_Iayer NA > NA NA
spatial multiplexing
6 8 antenna ports, 4-layer
RI/PTI na parts, s-ay NA 3 NA NA
spatial multiplexing
8 anter_ma por_ts, 8-_Iayer NA 4 NA NA
spatial multiplexing

7.2.3 Channel quality indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

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 which satisfies the following condition, or
CQl index 0 if CQI index 1 does not satisfy the condition:

- A single 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 Ccgo and Ccg; 1 are configured by higher layers, each CSI reference resource belongs to either
Ccsio or Cgg 1 butnot to both. When CSI subframe sets Ccg o and Cggy g 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 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 defined in [3] for which the UE is configured to assume non-zero power. For a UE
in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in other transmission
modes the UE shall derive the channel measurements for computing CQI based on CRS.

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 CSlI reference resource 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.

- Inthe time domain, the CSI reference resource is defined by a single downlink subframe n-ncg rer,

o where for periodic CSI reporting nco) ref 1S the smallest value greater than or equal to 4, such that it
corresponds to a valid downlink subframe;
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o where for aperiodic CSI reporting nco rer 1S such that the reference resource is in the same valid
downlink subframe as the corresponding CSI request in an uplink DCI format.

0 where for aperiodic CSI reporting ncoi rer 1S equal to 4 and downlink subframe n-ncq rer COrresponds
to a valid downlink subframe, where downlink subframe n-ncq,_ is received after the subframe with
the corresponding CSI request in a Random Access Response Grant.

A downlink subframe in a serving cell shall be considered to be valid if:

= itis configured as a downlink subframe for that UE, and

except for transmission mode 9, it is not an MBSFN subframe, and

= itdoes 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.

If there is no valid downlink 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 Rl 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 synchronisation signals or PBCH
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
Section 7.2.5
For transmission mode 9 CSI reporting:
0 CRS REs are as in non-MBSFN subframes;
o Ifthe UE is configured for PMI/RI reporting, the UE-specific reference signal overhead is consistent
with the most recent reported rank; and PDSCH signals on antenna ports {7...6+ v}for v layers

would result in signals equivalent to corresponding symbols transmitted on antenna ports

y o (i) X (i)
{15...14 + P}, as given by : =W (i) : , where
y(14+P) (|) X(u—l) (l)
x(i) = [x(o)(i) .o xeD (i)]T is a vector of symbols from the layer mapping in section 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 section 7.2.5

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
Section 5.2 with the exception of p , which shall be assumed to be
0 pp=Py+A e +10l0g,,(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 RI is equal to one;

0 pp = Pa + Agystset [dB] for any modulation scheme and any number of layers, otherwise.
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The shift A gset 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 mode Transmission scheme of PDSCH
1 Single-antenna port, port 0
2 Transmit diversity
3 Transmit diversity if the associated rank
indicator is 1, otherwise large delay
CDD
4 Closed-loop spatial multiplexing

5 Multi-user MIMO

6 Closed-loop spatial multiplexing with a
single transmission layer

7 If the number of PBCH antenna ports is

one, Single-antenna port, port 0;
otherwise Transmit diversity
8 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

9 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)

Table 7.2.3-1: 4-bit CQI Table

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 64QAM 567 3.3223
12 64QAM 666 3.9023
13 64QAM 772 4.5234
14 64QAM 873 5.1152
15 64QAM 948 5.5547
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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 mode 9, 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 and 4 antenna ports, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 or Table

6.3.4.2.3-2 of [3] as follows:

For 2 antenna ports {0,1} or {15,16} and an associated RI value of 1, a PMI value of n e {0,1,2,3} corresponds

to the codebook index N given in Table 6.3.4.2.3-1 of [3] with v =1.

For 2 antenna ports {0,1} or {15,16} and an associated RI value of 2, a PMI value of ne{0,1} corresponds to
the codebook index n + 1given in Table 6.3.4.2.3-1 of [3] with v = 2.

For 4 antenna ports {01,2,3} or {15,16,17,18}, a PMI value of ne{0,1,---,15} corresponds to the codebook
index N given in Table 6.3.4.2.3-2 of [3] with v equal to the associated RI value.

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

@n =elm?

v, :b_ pi2m/s2 o jam/32 ej67zm/32]T

as follows:For 8 antenna ports {15,16,17,18,19,20,21,22 }, a first PMI value of n, €{0,1,---, f (v)-1} anda

second PMI value of n, e {0,1,---,g(u)—l}corresponds to the codebook indices n; and n, given in Table
7.2.4-j with v equal to the associated RI value and wherej= v, f(v)= {16,16,4,4,4,4,4,1} and

g(v) = {16,1616,81111}.

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 the second
precoding matrix indicator i, .

Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22.

h Iy
0 1 2 3 4 5 6 7
@) @) @) @) @) @) @) @)
0-15| Wy Waia Wai'o Wi 2i,+1,0 2i,+11 2i,+1,2 2i,+13
h Iy
8 9 10 11 12 13 14 15
@) @) @) @) @) @) @) @)
0-15 | Woi'no | Wailan | Waioo | Wailos | Waiiso | Waitan | Waitaz | Wailas
1 v
where Wrr(]l% =—{ m }
NEIA

Table 7.2.4-2: Codebook for 2-layer CSl reporting using antenna ports 15 to 22.

Iy Iy
0 1 2 3
(2) (2) (2) (2)
0-15| Wy %0 Wi 2,1 Woisaziao | Waiiazi 11
Iy Iy
4 | 5 | 6 | 7
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(2) (2) (2) )
0-15 | Wyilooia0 | Waitooion | Waitazi+ao | Waiss2i+as
iy iy
8 9 10 11
(2) (2) (2) (2)
0-15| Wy %0 Woiziaar | Waitoio0 | Waiiazi+2a
h iy
12 13 14 15
(2) (2) (2) )
0-15 2i,.2i,+3,0 Woiivar | Waisiaiiso | Wailsi a1
1 v Vo
where Wn(lzgq. n = —{ " " }
o 4 PnVm — PV

Table 7.2.4-3: Codebook for 3-layer CSl reporting using antenna ports 15 to 22.

Iy iy
0 1 2 3
©) ©) v (3) v (3
0-3 Wai. si, 8i,+8 Wai. 8,81, 8i,+8 Wai. gi,+8,8i,+8 Wi, +8.8i, 8,
h i
4 5 6 7
® ©) S, e
0-3 W8i1+2,8i1+2,8i1+10 W8i1+10,8i1+2,8i1+10 W8i1+2,8i1+10,8i1+10 W8i1+10,8i1+2,8i1+2
h i
8 9 10 11
® ® VS 6
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
h Iy
12 13 14 15
® ® V3 6
0-3 8i,+6,8i,+6,8i; +14 W8i1+14,8i1+6,8i1+14 W8i1+6,8i1+14,8i1+14 W8i1+14,8i1+6,8i1+6
1 |V Vi Ve ~ 1 |V Vi Ve
where W(3). P m m ’ W(S). L m m
m,m',m 1—24 Vo =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.

Iy Iy
0 1 2 3
(4) (4) (4) (4)
0-3 W8i1,8il+8,0 W8i1,8i1+8,1 W8i1+2,8i1+10,0 W8il+2,8i1+10,1
h iy
4 5 6 7
(4) (4) (4) (4)
0-3 W8i1+4,8il+12,0 W8il+4,8i1+12,1 W8i1+6,8i1+14,0 W8il+6,8i1+14,1
1 \ Ve \Y Vo
where Wn24r)n' e " " " }
Y \/32 PV PnVm —PVm PV

Table 7.2.4-5: Codebook for 5-layer CSl reporting using antenna ports 15 to 22.

iy iy
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0.3| wo _ 1 |:V2i1 Voi,  Vaivs  Vais V2i1+16:|

[ \/E

Vo, —Vai, Vai+s  —Vai+s  Voi 416

Table 7.2.4-6: Codebook for 6-layer CSl reporting using antenna ports 15 to 22.

Iy iy
0

) 1 {Vzh Voi,  Voivs Vois Voi4ie Vzmm}

0-3| WY =

iy \/E

Voi, —Vai, Vairs  ~Vai+s  Vaiwie  ~Voi+16

Table 7.2.4-7: Codebook for 7-layer CSl reporting using antenna ports 15 to 22.

h I
0
0.3 | W = 1 |Vai, Vo, Vaipvs  Voivs Vo Voi+ie Vo4
I
' 56 | Vai, —Vai, Vai+s  —Vai+s Voise —Voiae Voi+24

Table 7.2.4-8: Codebook for 8-layer CSl reporting using antenna ports 15 to 22.

iy iy
0
W® _ 1|:V2il Voi,  Voi+s Voi+s Voiie Voivae Vai+24 V2i1+24:|

Voi, —Vai, Voivs  —Voi+s Voirie ~Voi+ie  Voip+24  —Vaij+24

7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

The followmg parameters for CSI-RS are configured via higher layer signaling:
Number of CSI-RS ports. The allowable values and port mapping are given in Section 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 |.g_gs. The allowable values are given in Section 6.10.5.3 of [3].
Subframe configuration period T.g.gs. The allowable values are given in Section 6.10.5.3 of [3].
Subframe offset Ag.gs. The allowable values are given in Section 6.10.5.3 of [3].
UE assumption on reference PDSCH transmitted power for CSI feedback P,. 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/or zero-power CSI-RS and PMCH in the same subframe of a
serving cell.

7.3 UE procedure for reporting HARQ-ACK

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 section 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:

3GPP



Release 10 69 3GPP TS 36.213 V10.6.0 (2012-06)

— ifonly one transport block or a PDCCH 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
indicating downlink SPS release;

— iftwo 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 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 hits 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 section 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 section 5.2.3.1 in [4], unless the HARQ-ACK corresponds to a PDSCH transmission on
the primary cell only or a PDCCH 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 TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH indicating downlink SPS release (defined
in section 9.2) within subframe(s) n—k, where k e K and K is 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 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 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, V,;JAL, , detected by the UE according to Table

7.3-X in subframe n—K', where k' is defined in Table 7.3-Y, represents the total number of subframes with PDSCH
transmissions and with PDCCH indicating downlink SPS release to the corresponding UE within all the

subframe(s) n—k , wherek € K . The value V,;JAL, includes all PDSCH transmission with and without corresponding
PDCCH within all the subframe(s) n—k . In case neither PDSCH transmission, nor PDCCH 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), , 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 WEL,’:, is determined by the

Downlink Assignment Index (DAI) in DCI format 0/4 according to Table 7.3-Z in subframe n—Kk', where K' is
defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH indicating the downlink SPS resource release

is intended to the UE, the UE can expect that the value of WEL)’ALI 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 denotes the
accumulative number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH 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 VE% ¢ asthe value of the DAI in PDCCH with DCI format
1/1A/1B/1D/2/2AJ2B/2C detected by the UE according to Table 7.3-X in subframe N — km in serving cell ¢, where
k

1/1A/1B/1D/2/2A/2B/2C. When configured with one serving cell, the subscript of ¢ in VD ¢ can be omitted.

is the smallest value in the set K (defined in Table 10.1.3.1-1) such that the UE detects a DCI format

m

For all TDD UL-DL configurations, denote Uy . as the total number of PDCCH(s) with assigned PDSCH

transmission(s) and PDCCH indicating downlink SPS release detected by the UE within the subframe(s) n—k in
serving cell ¢, where k e K. When configured with one serving cell, the subscript of ¢ in Upp; o can be omitted.
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Denote N g4, which can be zero or one, as the number of PDSCH transmissions without a corresponding PDCCH
within the subframe(s) n—k, where ke 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 DL subframes

associated with a single UL subframe, of all the corresponding U ,, + Ngpg individual PDSCH transmission HARQ-

ACKs and individual ACK in response to received PDCCH 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, 1.4 - FOr

TDD UL-DL configuration 0, N, 4es Shall be 1 if the UE detects the PDSCH transmission with or without
corresponding PDCCH within the subframe n—k, where ke K.

- 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 Voo # (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 with DCI format 0/4 intended for the UE and TDD UL-DL configurations 1-6, if
Vo # (Upy + 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 is determined by the UE as
N puaies = Vo + 2 If the UE does not detect any downlink assignment missing, N, .q iS determined by

the UE as N, ges = Via; - UE shall not transmit HARQ-ACK if U, + Ngpe =0and V5, = 4.

- For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected
PDCCH with DCI format 0/4 intended for the UE and TDD UL-DL configurations 1-6, if U, >0 and

Vo # (Upa —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, qeq = (Upa + Ngps) as the number of
assigned subframes. The UE shall not transmit HARQ-ACK if U, + Ngs = 0.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits

0 SK oK | oACK for the c-th serving cell configured by RRC are constructed as follows, where ¢>0,
c,0 cl c OACK 4
Y

OcACK = BCDL if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and O/ = 2B"" otherwise, where B" is the number of downlink 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 isthe 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 BX" =M —1.

- For TDD UL-DL configuration 0 or for a PUSCH transmission not adjusted based on a detected PDCCH with
DCI format 0/4, the UE shall assume BCDL =M where M isthe 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. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH 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
with DCI format 0/4, the UE shall assume BP" =W, . The UE shall not transmit HARQ-ACK on PUSCH if
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the UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe(s)n—k where k e K
and Wy, = 4.

For TDD UL-DL configurations 5 and a PUSCH transmission adjusted based on a detected PDCCH with DCI
format 0/4, the UE shall assume BCD" :W,;'\‘I + 4[(U —W[L)J,';, )/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 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 indicating downlink SPS release in

subframe(s)n—k where k e K and W5, = 4.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK,

- for TDD UL-DL configurations 1-6, the HARQ-ACK for a PDSCH transmission with a corresponding
PDCCH or for a PDCCH indicating downlink SPS release in subframe n—k is associated with o5 Biay_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 0f5f5aiky_2 and og5tsai_1 Otherwise, where DAI(K) is the value of

DAL in DCI format 1A/1B/1D/1/2/2A/2B/2C detected in subframe n—k, of§5aik)_2 and ofSHaj 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 is mapped to 0:8}2% .
1~e -

The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH
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 indicating

ACK

downlink SPS release in subframe n -k is associated with 0., if transmission mode configured in the c-th

serving cell supports one transport block or spatial HARQ-ACK bundling is applied, or associated with OQSK

and oélc “ otherwise, where OQOCK and oéfK 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 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

serving cells, the HARQ-ACK feedback bits 0,

ACK L ACK ACK

0, e oOACK ,on PUSCH are constructed as follows.

For TDD UL-DL configuration 0, 0] = HARQ-ACK(j), 0< j< A—1 as defined in section 10.1.3.2.1. The

UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH 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
with DCI format 0/4 with Wé’k, =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 DL
subframe is performed for all serving cells configured with a downlink transmission mode that supports up to

two transport blocks in case Wy, =2.

For TDD UL-DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected PDCCH
with DCI format 0/4 with WSy, =3 or 4, 0] =0(j), 0< j <3as defined in Table 10.1.3.2-5 or in Table
10.1.3.2-6 respectively, where the value of M is replaced by WH,kI . The UE shall not transmit HARQ-ACK on
PUSCH if the UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe(s) n—k

where ke K and WSy, =4.
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- For TDD UL-DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected
PDCCH with DCI format 0/4 and a subframe n with M =1or2, 0{° = HARQ-ACK(j), 0< j<A-1 as

defined in section 10.1.3.2.1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH 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 not adjusted based on a detected
PDCCH with DCI format 0/4 and a subframe n with M =3 or 4, 0;°“ =0(j), 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 indicating downlink SPS release in subframe(s)n—k where k e K .

For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4, 8 or 9 defined in Section 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

DAl U yoL Nlim ber qf s_ubfrarr(;es.\t/\r/]itSDP(I:DCS:H
or ransmission and wi
MSB, LSB DAl DAl indicating DL SPS release
0.0 1 lor5or9
0.1 2 20r6
1.0 3 3or7
11 4 Oor4or8

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 4| 4| 4

4 4 4

5 4

6 7 7 5 7 7

Table 7.3-Z: Value of W, determined by the DAI field in DCI format 0/4

DAI uL
MSB, LSB WDA'
0,0 1
0,1 2
1,0 3
11 4

For TDD HARQ-ACK multiplexing and a subframe n with M >1, spatial HARQ-ACK bundling across multiple
codewords within a DL 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

0" and the HARQ-ACK feedback bits ofCK , n=0,...,0% —1 tobe transmitted in subframe n.
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- If the PUSCH transmission is adjusted based on a detected PDCCH with DCI format 0/4 intended for the UE,
then O =V unless V5y =4 and U, + Ngs =0 in which case the UE shall not transmit
HARQ-ACK. The spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding PDCCH or
for a PDCCH indicating downlink SPS release in subframe n—k is associated with OS,CA:IK(k)—l where DAI(K) is

the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C detected in subframe n—k . For the case with

Ngps > 0, the HARQ-ACK associated with a PDSCH transmission without a corresponding PDCCH is

mapped to OQACfK - The HARQ-ACK feedback bits without any detected PDSCH transmission or without

detected PDCCH indicating downlink SPS release are set to NACK.

- If the PUSCH transmission is not adjusted based on a detected PDCCH with DCI format 0/4 intended for the
UE, 0" =M ,and OiACK is associated with the spatially bundled HARQ-ACK for DL subframe n—K;,

wherek; € K. The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected

PDCCH indicating downlink SPS release are set to NACK. The UE shall not transmit HARQ-ACK if
Upai +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 section 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 in
subframe n-k_,where k e K, and for TDD UL-DL configurations 1-6 the DAI value in the PDCCH is

equal to ‘1’ (defined in Table 7.3-X), or a PDCCH indicating downlink SPS release (defined in section 9.2) in
subframe n-k_,where k e K, and for TDD UL-DL configurations 1-6 the DAI value in the PDCCH 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 e K and no PDCCH indicating downlink SPS release (defined in section
9.2) within subframe(s) n—k, where k e K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH 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 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 section
9.2) in the subframe n—k_, where k e K with the DAI value in the PDCCH equal to ‘17,

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 section 10.1) on its assigned HARQ-ACK
PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit b(0),b(1) on its assigned

SR PUCCH resource using PUCCH format 1b according to section 5.4.1 in [3]. The value of b(0),b(1) are generated
Nc[e):hs -1
according to Table 7.3-1 from the Ngpg + ZU pal.c HARQ-ACK responses including ACK in response to
c=0
PDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each
N(ghs -1
PDSCH transmission for all serving cells N2k . For TDD UL-DL configurations 1-6, if ZU pal ¢ >0 and
c=0
VDDAL,’C # (U DAI ¢ —1)mod 4+1 for aserving cell ¢, 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[e)zhs -1
Number of ACK among multiple (Ngpg + ZU DAl ,c ) b(0),b(1)
c=0
HARQ-ACK responses
0 or None (UE detect at least one DL assignment is missed)

o|o|N|o|u| M |w|[N|Fk
olr|r|olr|r|olrirlo
R|Oo|R|k|o|k|rk|lolr|lo

For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same sub-frame on the PUCCH, 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 indicating downlink SPS release only on the primary cell within
subframe(s) n—k, where k e K, a UE shall transmit the CSl and b(0),b(1) using PUCCH format 2b for normal CP

or PUCCH format 2 for extended CP, according to section 5.2.3.4 in [4] with ag,a; replaced by b(0),b(1) . The value
Nc[s):hs -1
of b(0),b(1) are generated according to Table 7.3-1 fromthe Ngpg + ZU pal.c HARQ-ACK responses including
c=0
ACK in response to PDCCH 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 configurations 1-6, if
N(ghs -1
ZU pal ¢ >0 and VD%@ # (U DAI ¢ —1)mod 4+1 for aserving cell ¢, the UE detects that at least one downlink

c=0
assignment has been missed.

For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same sub-frame and 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 section
10.1.3.

For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same sub-frame and a UE configured
with PUCCH format 3, if the UE receives

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-k_,where k e K, and for TDD UL-DL configurations 1-6 the DAI value in the PDCCH is

equal to ‘1’ (defined in Table 7.3-X), or a PDCCH indicating downlink SPS release (defined in section 9.2) in
subframe n-k_,where k e K, and for TDD UL-DL configurations 1-6 the DAI value in the PDCCH 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 indicating downlink SPS release (defined in section
9.2) within subframe(s) n—k, where k e K,

the UE shall transmit the CSI and HARQ-ACK using PUCCH format 2/2a/2b according to section 5.2.3.4 in [4];
otherwise, the UE shall drop the CSI and transmit the HARQ-ACK according to section 10.1.3.

When only a positive SR is transmitted a UE shall use PUCCH Format 1 for the SR resource as defined in section 5.4.1
in [3].
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8 Physical uplink shared channel related procedures

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 4 uplink HARQ processes for subframe bundling operation. 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

For FDD and normal HARQ operation, the UE shall upon detection on a given serving cell of a PDCCH 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 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 section 8.0.2 and the UE does not detect a PDCCH
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, if the number of negatively acknowledged transport blocks is
equal to the number of transport blocks indicated in the most recent PDCCH 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 section 8.0.2 and the UE does not detect a PDCCH
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 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. In this
case, the UL DMRS resources are calculated according to the cyclic shift field for DMRS [3] in the most recent
PDCCH 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 with uplink DCI format to determine the serving cell for the corresponding PUSCH
transmission.

For FDD and normal HARQ operation, if a PDCCH with CSI request field set to trigger an aperiodic CSI report, as
described in section 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 and normal HARQ operation, if a PDCCH with CSI request field set to trigger an aperiodic CSI report, as
described in section 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 and subframe bundling operation, the UE shall upon detection of a PDCCH 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 and PHICH information.

For FDD and TDD, the NDI as signalled on PDCCH, the RV as determined in section 8.6.1, and the TBS as determined
in section 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 DL/UL
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 DL/UL
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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].

Table 8-1: Number of synchronous UL HARQ processes for TDD

TDD UL/DL Number of HARQ processes for | Number of HARQ processes for
configuration normal HARQ operation subframe bundling 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 UL/DL configurations 1-6 and normal HARQ operation, the UE shall upon detection of a PDCCH 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 and PHICH information.

For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a PDCCH with uplink
DCI format and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+Kk if the MSB of the UL index in the PDCCH 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 Section 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 set to 1 in subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to
lpicy =1, as defined in Section 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 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 UL/DL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a PDCCH
with DCI format O in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-|
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 and PHICH information.

For TDD UL/DL configuration 0 and subframe bundling operation, the UE shall upon detection of a PDCCH with DCI
format O 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 O isset to 1 or if Ipy,cy =0, asdefined in Section 9.1.2, with k given in Table 8-2,
according to the PDCCH and PHICH information. If, for TDD UL/DL configuration 0 and subframe bundling
operation, the LSB of the UL index in the PDCCH with DCI format O is set to 1 in subframe nor if lpcy =1, as
defined in Section 9.1.2, the UE shall adjust the corresponding first PUSCH transmission in the bundle in subframe
n+7, according to the PDCCH 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 4|6
1 6 4 6 4
2 4 4
3 4 44
4 414
S 4
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Table 8-2a | for TDD configurations 0, 1 and 6

TDD UL/DL subframe number n
Configuration

0(1|2|3(4|5|6|7|8|9

0 916 96
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
according to one of two uplink transmission modes, denoted mode 1 - 2 as defined in Table 8-3.If a UE is configured by
higher layers to decode PDCCHs with the CRC scrambled by the C-RNTI, 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 PDCCHs 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.

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 corresponding to PDCCH
Mode 1 DCI format 0 Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)
Mode 2 DCI format 0 Common and Single-antenna port, port 10 (see
UE specific by C-RNTI 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 PDCCHs 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.

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

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the SPS C-RNTI, 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.
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Table 8-5: PDCCH 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 Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)
Mode 2 DCI format 0 Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)

If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode PDCCHs 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 Section 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 Section 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 Section 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 Section 5.3.2A.2 of [3].

8.1 Resource Allocation for PDCCH with uplink DCI Format

Two resource allocation schemes Type 0 and Type 1 are supported for PDCCH with uplink DCI format.
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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 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
uplink PDCCH 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 nyrg. A resource allocation field in the scheduling

grant consists of a resource indication value (RIV) corresponding to a starting resource block ( RBgrart ) @nd a length in
terms of contiguously allocated resource blocks ( Lorgs = 1). The resource indication value is defined by

if (Lcras —1)£\_NF‘§,§/2J then

RIV = NI%IB_(LCRBS —1) + RBgrart
else

RIV = Ngg (Ngg — Legas +1) + (Ngg —1- RBgragt)

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
7.1.6.1-1 assuming N}{é‘ as the system bandwidth. A combinatorial index r consists of {Iogz[[ﬁ\l RB 4/1P +1TJN 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
NE/N -,

resource block set 2, s,and s3;—1 respectively, where r is given by equation r = Z< _'> defined in section 7.2.1
i=0 -1

with M=4and N = ’-N Fl{é- / P-‘ +1. Section 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.

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 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.

3GPP



Release 10 80 3GPP TS 36.213 V10.6.0 (2012-06)

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 IZTC , as defined in Section 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 Section 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 Ty and SRS subframe offset T as defined in Table 8.2-1 and

offset

and SRS subframe offset T as defined in Table

Table 8.2-2 for trigger type 0 and SRS periodicity offset 11

8.2-4 and Table 8.2-5 trigger type 1

TSRS,l

e SRS bandwidth Bggg , as defined in Section 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
type 1

e Frequency hopping bandwidth, b, , as defined in Section 5.5.3.2 of [3] for trigger type 0

hop *

e  Cyclic shift n§;$ , as defined in Section 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger type
1

*  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, 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 0/1A/2B/2C, 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 for frame structure type 2 if the
UE is configured with SRS parameters for DCI formats 0/1A/2B/2C 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_l§t SRS parameter set
configured by higher layers
‘10’ The 2" SRS parameter set
configured by higher layers
1’ The 3" SRS parameter set

configured by higher layers

The serving cell specific SRS transmission bandwidths C.s are configured by higher layers. The allowable values are
given in Section 5.5.3.2 of [3].

The serving cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given
in Section 5.5.3.3 of [3].

When 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 ngps is given by
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a(nSRS)znSRS mod2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,
bhop 2 BSRS)’

A(e) = (nsrs +|Nsrs /2 |+ B-| Ners /K [)mod2 when K is even 4= 1 where Kmod4 =0
SRS77  ngrg Mod 2 when K is odd "0 otherwise
when frequency hopping is enabled (i.e., bhop < Bgs),
BSRS
where values Bsgrs, bhop, N, and nsgs are given in Section 5.5.3.2 of [3], and K = H Nb. (where th =1
op
b'=bpep

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, {012} 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 shall not transmit SRS whenever SRS and PUSCH transmissions happen to coincide in the same symbol.

For TDD, when one SC-FDMA symbol exists in UpPTS of a given serving cell, it can be used for SRS transmission.
When two SC-FDMA symbols exist in UpPTS of a given serving cell, both can be used for SRS transmission and both
can be assigned to the same UE.

A UE shall not transmit type 0 triggered SRS whenever type 0 triggered SRS and PUCCH format 2/2a/2b transmissions
happen to coincide in the same subframe. A 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. A 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.

A 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.
A UE shall transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive
SR using shortened format as defined in Sections 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 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 Sections 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 Sections 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 Section 5.5.3.3 of [3]. Otherwise, the UE
shall use the normal PUCCH format 1/1a/1b as defined in Section 5.4.1 of [3] or normal PUCCH format 3 as defined in
Section 5.4.2A of [3] for the transmission of HARQ-ACK and SR.
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Trigger type 0 SRS configuration of a UE in a serving cell for SRS periodicity, T, and SRS subframe offset, T, is

1 offset *
defined in Table 8.2-1 and Table 8.2-2, for FDD and TDD, respectively. The periodicity T, 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 Tz 0f 2 msin TDD, two SRS resources are configured in a half frame containing UL subframe(s) of a

given serving cell.

Type 0 triggered SRS transmission instances in a given serving cell for TDD with T >2 and for FDD are the
subframes satisfying (10-n, +k YymodTgss =0, Where for FDD k {0,1,...,9} is the subframe index

srs ~ Toffset SRS —

within the frame, for TDD Kgg is defined in Table 8.2-3. The SRS transmission instances for TDD with Ty, =2 are
the subframes satisfying (kgpg — Togreer)M0d5=0.

Trigger type 1 SRS configuration of a UE in a serving cell for SRS periodicity, T, , and SRS subframe offset, T

offset,1?
is defined in Table 8.2-4 and Table 8.2-5, for FDD and TDD, respectively. The periodicity Tgq, of the SRS

transmission is serving cell specific and is selected from the set {2, 5, 10} ms or subframes. For the SRS periodicity

Tsrsy Of 2ms in TDD, two SRS resources are configured in a half frame containing UL subframe(s) of a 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 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 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

(10 ng + kSRS _Toffset,l) mOdTSRSYl =0 for TDD with TSRS,l > 2 and for FDD,
(ksrs — Toftset1) mod5 =0 for TDD with Tgpg, =2

where for FDD Kgpe = {0,1,...,9} is the subframe index within the frame n , for TDD Kgpg 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.

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.
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Table 8.2-1: UE Specific SRS Periodicity T, and Subframe Offset Configuration T for trigger
type 0, FDD
SRS Configuration Index Isrs | SRS Periodicity Tqrq (MS) SRS Subframe Offset Toffset
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 Isrs — 157
317 — 636 320 Isrs — 317
637 — 1023 reserved reserved

Table 8.2-2: UE Specific SRS Periodicity T, and Subframe Offset Configuration T for trigger
type O, TDD
SRS Configuration Index Isrs | SRS Periodicity Tgrg (mMS) SRS Subframe Offset 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 lsrs — 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: Kgzs for TDD
subframe index n
0 1 2|1 3|4|5 6 71819
1st symbol | 2nd symbol 1st 2nd
of UpPTS of UpPTS symbol of | symbol of
UpPTS UpPTS
Kk in case 0 1 2|34 5 6 71819
SRS
UpPTS length
of 2 symbols
kSRS in case 1 2|34 6 71819
UpPTS length
of 1 symbol
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Table 8.2-4: UE Specific SRS Periodicity T, and Subframe Offset Configuration T, , for trigger
type 1, FDD
SRS Periodicit
SRS Configuration Index Isrs e”? IC)I Y Tsrsa SRS Subframe Offset TomeLl
ms

0-1 2 Isrs

2-6 5 Isrs — 2

7-16 10 Isrs — 7

17 -31 reserved reserved

Table 8.2-5: UE Specific SRS Periodicity T, and Subframe Offset Configuration T, , for trigger
type 1, TDD
SRS Periodicit
SRS Configuration Index Isrs e“? IC)I Y Tsrsa SRS Subframe Offset ToﬁseLl
ms

0 2 0,1
1 2 0,2
2 2 1,2
3 2 0,3
4 2 13
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

25-31 reserved reserved

8.3 UE HARQ-ACK procedure

For 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 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 Ipycy =0, as defined in Section 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 Ip,cy =1, as defined in
Section 9.1.2, assigned to a UE in subframe i is associated with the PUSCH transmission in the subframe i-6.

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
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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 downlink 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 received in downlink 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.

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 with DCI format O 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 ( nSﬁB (n) ) in subframe n from the resource allocation field in the latest

PDCCH with DCI format O for the same transport block. If there is no PDCCH 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, 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 rvmod 2) Type 1PUSCH hopping
N g " =4 Ngg Type 2N,, =1 PUSCH hopping
NU - NHO Type 2 N, >1PUSCH hopping

For type 1 and type 2 PUSCH hopping, NHO =NHO +1 if NES isan odd number where NHO defined in [3].

N‘HO

HO — NHO in other cases. The size of the resource allocation field in DCI format 0 after excluding either 1 or 2 bits

shallbe y = ’_Iog2 (Nas (Ngs +1)/ 2)-‘ — NyL_hop » Where Nui_nop = 1 0r 2 bits. The number of contiguous RBs

that can be assigned to a type-1 hopping user is limited to \_2" / N:BLJ. The number of contiguous RBs that can be

assigned to a type-2 hopping user is limited to min(\_Zy I Ngs |, \_NEESCH / 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 section 8.4.1 and type 2 is described in section 8.4.2.

3GPP



Release 10

86

3GPP TS 36.213 V10.6.0 (2012-06)

Table 8.4-1: Number of Hopping Bits Ny nop VS. System Bandwidth

System BW #Hopping bits for
Ngé 2nd slot RA
(NUL hop)
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”.

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 njkg (i) = finks (i) + N

O /2, where

Nemg (1) = RBsragy » and  RBgyagy i Obtained from the uplink scheduling grant as in Section 8.4 and Section 8.1.

The lowest index PRB (npgg (i) ) of the 2" slot RA in subframe i is defined as npgg (i) = fipgg (i) + NES /2.

The set of physical resource blocks to be used for PUSCH transmission are Lgg, contiguously allocated resource

blocks from PRB index nPRB (i) for the 1% slot, and from PRB index npgg (i) for the 2" slot, respectively, where
Lcres IS obtained from the uplink scheduling grant as in Section 8.4 and Section 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] section 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 Ny, >1 for TDD, where N, is

defined in [3].

Table 8.4-2: PDCCH DCI Format 0 Hopping Bit Definition

System BW Number of Information in Npgg (i)
NYL Hopping bits hopping bits ™
PUSCH PUSCH
e . 0 (L IZJ + nPRB(l)j mod Ngg ,
1 Type 2 PUSCH Hopping
00 (LN PUSCH /4J " nPRB(|)j mod N &g >
o1 LN PUSCH /4J +ASks (i) | mod N EYSCH
50 — 110 2 i -
10 (L PUSCH /2J 4 nPRB (|)j mod N PUSCH
11 Type 2 PUSCH Hopping
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8.5 UE Reference Symbol 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.

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 (1,,.s ), and
— check the “CSI request” bit field, and

- compute the total number of allocated PRBs ( N .55 ) based on the procedure defined in Section 8.1, and

— compute the number of coded symbols for control information.

8.6.1 Modulation order and redundancy version determination
For0 < I,cs <28, the modulation order (Q,, ) is determined as follows:

- Ifthe 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 resource allocation size is
restricted to N,z <3 and the modulation order is setto Q, =2.

For29 < 1,,cs <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

0 the “CSl request” bit field is 1 bit and the bit is set to trigger an aperiodic report and, Nppg <4 or,

0 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,

o0 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,

then the modulation order issetto Q,, =2.

— Otherwise, the modulation order shall be determined from the DCI transported in the latest PDCCH with DCI
format 0/4 for the same transport block using 0<1,,.; <28. If there is no PDCCH with DCI format 0/4 for the

< 28, the modulation order shall be determined from

same transport block using 0< 1, <
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o0 the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same
transport block is semi-persistently scheduled, or,

o0 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 (rvig) 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
I MCS Qm ITBS version
I'Vidx
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 ,cs <28, the UE shall first determine the TBS index ( 1,55 ) using I,,.s 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 Section 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 Section 7.17.2.2.

For29 <1, <31,

— if DClI format O isused and 1,,~g =29 or, if DCI format 4 is used and only 1 TB is enabled and 1~ =29
for the enabled TB and the number of transmission layers is 1, and if

0 the “CSl request” bit field is 1 bit and is set to trigger an aperiodic CSl reportand Npgg <4, or

3GPP



Release 10 89 3GPP TS 36.213 V10.6.0 (2012-06)

o0 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,

o0 the “CSlI 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,

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 for the same transport block

using 0<1,,.c <28. If there is no initial PDCCH with an uplink DCI format for the same transport block using

0< 1,5 <28, the transport block size shall be determined from

o0 the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same
transport block is semi-persistently scheduled, or,

0 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 I,,.o =0 and Npgg >1 or the combination

of lycs =28 and Npgg =1 issignalled, otherwise the transport block is enabled.

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 Bl "<, B . and Bs. shall be configured to values

HARQ-ACK

offset C 18 and 152 respectively.

offset offset

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes |

Multiple codeword PUSCH transmission offsets B 2 A% gR and BSY shall be configured to values

offset offset offset
according to Table 8.6.3-1,2,3 with the higher layer signalled indexes |- » | me and 1o v »

respectively.

Table 8.6.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers

IHARQ—ACK or IHARQ—ACK IBHARQ—ACK
offset offset,MC offset

2.000

2.500

3.125

4.000

5.000

6.250

8.000

10.000

12.625

O]l N|]OO]JTO ]| Bl W|IDN]|PFL]O

15.875

[Ey
o

20.000
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11 31.000
12 50.000
13 80.000
14 126.000
15 1.0

Table 8.6.3-2: Mapping of Rl offset values and the index signalled by higher layers

| gtset OF IoRffIset,Mc Pt
1.250
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

Table 8.6.3-3: Mapping of CQI offset values and the index signalled by higher layers

(ef0]] cal CQl
Ioﬁset or Ioffset,MC IBoffset

reserved

reserved

1.125

1.250

1.375

1.625

ol bW IN]EF-,]|]O

1.750
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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

8.7 UE Transmit Antenna Selection

UE transmit antenna selection is configured by higher layers via parameters ue-TransmitAntennaSelection and ue-
TransmitAntennaSelection-ri0.

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  be configured with simultaneous PUCCH and PUSCH transmission, or

¢  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 O 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 O.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection
in response to the most recent command received via DCI Format 0 in section 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 DCI format 0
PDCCH grant in a given subframe.

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna to be selected by the UE is
not specified.

9 Physical downlink control channel procedures

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 from 0to N —1 according to Section
6.8.1in [3], where Nccg  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
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information in every non-DRX subframe, 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 Sé” 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 S&L) are given by

L {(Y +m)mod |[Negy /L J+i

whereY, is defined below, i=0,---,L-1. For the common search space m’=m. For the 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,; is 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 ServCellIndex given in [11].
The UE shall monitor one common search space at each of the aggregation levels 4 and 8 on the primary cell.

A UE not configured with a carrier indicator field shall monitor one UE-specific search space at each of the aggregation
levels 1, 2, 4, 8 on each activated serving cell. A UE configured with a carrier indicator field 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.

The common and 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 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 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 UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a carrier
indicator field it shall monitor the 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 nccg (as described in section 10.1) but with different sets of DCI
information fields as defined in [4] in the

- common search space
- UE specific search space
on the primary cell shall assume that only the PDCCH in the common 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 UE specific search space corresponding to any of the possible values of CIF for the given DCI
format size.
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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 Section 7.1.

Table 9.1.1-1: PDCCH candidates monitored by a UE.

Search space SIEL) Number of PDC((E;—|

Type Aggregation level L Size [in CCEs] candidates M
1 6 6
UE- 2 12 6
specific 4 8 2
8 16 2
Common 4 16 4
8 16 2

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 SéL) at aggregation level L, the variable Y, is defined by
Y, =(A-Y,_;)modD

where Y =ngyy 20, A=39827, D=65537 and k = |_ns/2J, N, is the slot number within a radio frame. The

RNTI value used for Ngyq, is defined in section 7.1 in downlink and section 8 in uplink.

9.1.2 PHICH Assignment Procedure

For PUSCH transmissions scheduled from serving cell cin subframe n, a UE shall determine the corresponding PHICH
resource of serving cell ¢ in subframe n+Kkpy ey » Where Kpyicy 1S always 4 for FDD and is given in table 9.1.2-1

for TDD. 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|1(2|3|4|5|6]7|8]9

0 4716 4716

1 4|6 4|6

2 6 6

3 6|66

4 6|6

5 6

6 4(16|6 4|7

The PHICH resource is identified by the index pair (ng5idy . Npicy ) Where ndid, is the PHICH group number and
Npricy 1S the orthogonal sequence index within the group as defined by:
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group _ group group
NpicH = (Ipre_ra+ MbMRs)MOAN S + Topicn NpricH
PHICH

seq  _ group J
NeHicH = (Ipre_ra/NPHICH I+ NbmRrs) mod 2Nk
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.

N SHICH s the spreading factor size used for PHICH modulation as described in section 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 'ngVBeStﬁkndex TBs s not equal to the number of TBs indicated in the most recent

PRB_RA ™ PDCCH associated with the corresponding PUSCH

I'Fﬁ),‘{’;Stﬁ,L”dex +1 forasecond TB of a PUSCH with associated PDCCH

where |[9west_IndeX js the Jowest PRB index in the first slot of the corresponding PUSCH

transmission

« NpGd&, isthe number of PHICH groups configured by higher layers as described in section 6.9 of

(3],

| _ |1 for TDD UL/DL configuration 0 with PUSCH transmission in subframen =4or9
PHICH ™10 otherwise

Table 9.1.2-2: Mapping between npygs 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|jo|o]h|wIN| -

9.1.3 Control Format Indicator assignment procedure

PHICH duration is signalled by higher layers according to Table 6.9.3-1in [3]. The duration signalled puts a lower

limit on the size of the control region determined from the control format indicator (CFI). When N % >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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9.2 PDCCH 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 and 2C, 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 Validation

DCI format 0 DCI format 1/1A DCI format
2/2A/2B/2C
TPC command for set to ‘00’ N/A N/A
scheduled PUSCH
Cyclic shift DM RS set to ‘000’ N/A N/A
Modulation and coding MSB is set to ‘0’ N/A N/A
scheme and
redundancy version
HARQ process N/A FDD: set to ‘000’ FDD: set to ‘000’
number
TDD: set to ‘0000’ TDD: set to ‘0000’
Modulation and coding N/A MSB is set to ‘0’ For the enabled
scheme transport block:
MSB is set to ‘0’
Redundancy version N/A set to ‘00’ For the enabled
transport block:
set to ‘00’

Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH Validation

DCI format 0 DCI format 1A
TPC command for scheduled set to ‘00’ N/A
PUSCH
Cyclic shift DM RS set to ‘000’ N/A
Modulation and coding scheme and setto ‘11111’ N/A
redundancy version
Resource block assignment and Settoall ‘1’s N/A
hopping resource allocation
HARQ process number N/A FDD: set to ‘000’

TDD: set to ‘0000’

Modulation and coding scheme N/A setto ‘11111’
Redundancy version N/A set to ‘00’
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| Resource block assignment | N/A | Settoall ‘1’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

Table 9.2-2: PUCCH Resource value for Downlink Semi-Persistent Scheduling

Value of “TPC command for

n.p)
PUCCH’ PUCCH
‘00’ The first PUCCH resource value

configured by the higher layers
The second PUCCH resource value

01 configured by the higher layers

‘10’ The _third PUCCH resource value
configured by the higher layers

‘1 The fourth PUCCH resource value

configured by the higher layers

9.3 PDCCH control information procedure

A UE shall discard the PDCCH if consistent control information is not detected.

10 Physical uplink control channel procedures

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 on PUSCH

- on PUSCH if the UE is transmitting on 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
subframen 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 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 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
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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

- on PUSCH of the serving cell given in section 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

- asdescribed in section 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 CSI 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 CSl 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 Section 7.2.1

If the UE is configured with more than one serving cell, then reporting prioritization and collision handling of periodic
CSl reports of a certain PUCCH reporting type is given in Section 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, pul)-

For FDD with two configured serving cells and PUCCH format 1b with channel selection or for FDD with two or more

thhs_l i
configured serving cells and PUCCH format 3, nyarq = Z Nfeceived  where N2Lis the number of configured cells
c=0

and N[ is the number of transport blocks or the SPS release PDCCH, if any, received in subframe n—4 in
serving cell C.

For TDD with two configured serving cells and PUCCH format 1b with channel selection and a subframe n with M =1,
thhs_l )
or for TDD UL-DL configuration 0 and PUCCH format 3, NHARQ = Z Z lecceived _Where Nfcce.ved is the number
c=0 keK
of transport blocks or the SPS release PDCCH, if any, received in subframe n—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

NcDehs_l .
format 1b with channel selection and M =2, nyapq = Z (6/&-' ¢« ~Upa c)mOd 4). nACK 4 Z Neceived | where
c=0 keK

Voni o isthe Vg inservingcell ¢, Uy, . isthe Uy, inservingcell €, and n2 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, n* =1 and NV is the number of PDCCH or PDSCH without a corresponding PDCCH

received in subframe N —K and serving cell C, where k € K and M is the number of elements in K. In case spatial
HARQ-ACK bundling is not applied, Nfcce“’e" is the number of transport blocks received or the SPS release PDCCH

received in subframe N—Kk inserving cell C, where k e K and M is the number of elements in K. VDDALch =0ifno

transport block or SPS release PDCCH is detected in subframe(s) n—K inserving cell C, where k e K .

For TDD with two configured serving cells and PUCCH format 1b with channel selection and M =3 or 4, n,;pq =2

if UE receives PDSCH or PDCCH indicating downlink SPS release only on one serving cell within subframes

n—Kk ,where k e K ;otherwise Naro = 4.

Throughout the following sections, 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.

10.1.1 PUCCH format information

Using the PUCCH formats defined in section 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 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 and for up to 20-bit HARQ-ACK for TDD

- Format 3 for up to 11-bit corresponding to 10-bit HARQ-ACK and 1-bit positive/negative SR for FDD and for
up to 21-bit corresponding to 20-bit HARQ-ACK and 1-bit positive/negative SR for TDD.

For a UE configured with PUCCH format 3 and HARQ-ACK transmission on PUSCH or PUCCH, 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 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.
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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 CSI 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, the periodic CSI report is multiplexed with
HARQ-ACK or dropped as described in section 7.3, otherwise the CSI is dropped.

For FDD 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, the periodic CSI report is multiplexed with HARQ-
ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE and if the
HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary
cell, otherwise CSI is dropped.

For TDD 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, the periodic CSI report is multiplexed with HARQ-ACK or dropped as
described in section 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 CSI is multiplexed with the HARQ-ACK in the PUSCH
transmission in that subframe if the UE is not configured by higher layers simultaneous PUCCH and PUSCH
transmissions. Otherwise, if the UE is configured by higher layers simultaneous PUCCH and PUSCH transmissions, the
HARQ-ACK is transmitted in the PUCCH and the periodic CSI in transmitted in the PUSCH.

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, o, 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.

The FDD HARQ-ACK feedback procedure for one configured serving cell is given in section 10.1.2.1 and procedures
for more than one configured serving cell are given in section 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, p;]) is supported for PUCCH format 1a/1b.

For FDD and one configured serving cell, the UE shall use PUCCH resource né,b@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 section 9.2) in subframe n—4 , the UE shall use

n,(,tbgc)H =Neee + NF(’lU)CCH 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 )¢y,
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is configured by higher layers. For two antenna port transmission the PUCCH resource for antenna port p, is

: 15 1
given by NGyl = Nece +1+ Nfoeey -

- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH detected in subframe
n—4, the value of n,ﬁb@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 n,ﬁt@gH for antenna port p, and the second PUCCH resource

n,(jlug%H for antenna port p,, otherwise, the PUCCH resource value maps to a single PUCCH resource

né,tbggH for antenna port py.

10.1.2.2

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 section 10.1.2.2.1 or a PUCCH format 3
HARQ-ACK procedure as described in section 10.1.2.2.2.

FDD HARQ-ACK procedures for more than one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 3.

10.1.2.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

For FDD with two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit

b(0)b) on PUCCH resource “E’l&CCH selected from A PUCCH resources, nélL)JCCHijhere 0<j<A-1

and A € {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 using PUCCH
format 1b. HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transport block or SPS release PDCCH
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.

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 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

A HARQ-ACK(j)

HARQ-ACK(0)

HARQ-ACK(1)

HARQ-ACK(2)

HARQ-ACK(3)

TB1 Primary cell

TB1 Secondary cell

NA

NA

TB1 Serving celll

TB2 Serving celll

TB1 Serving cell2

NA

TB1 Primary cell

TB2 Primary cell

TB1 Secondary cell

TB2 Secondary cell

The UE shall determine the A PUCCH resources, néﬂcm,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 section 9.2) in subframe n—-4 on
the primary cell, the PUCCH resource is nF(,l&CCHJ =Neee + NF(,BCCH , and for transmission mode that supports

up to two transport blocks, the PUCCH resource nF(’l&CCH,jJrl is given by nF(>13lCCH,j+l =Ngee +1+ N¥oe

where Nece is the number of the first CCE used for transmission of the corresponding PDCCH and N,
is configured by higher layers.
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- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH detected in subframe

n—4, the value of nélL)JCCHyj 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 néﬂCCHJH is given by

@ —n®
Npucen, j+1 = Npucen, j +1

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 on the

secondary cell, the value of nélL)JCCH’j , and the value of né,ldcc,{j+l 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 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 (né,ﬂcmj , néﬂcc&ju) , otherwise, the PUCCH

n®o

resource value maps to a single PUCCH resource Npjccy -

Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

n®o

puccH,j Of

Value of ‘TPC command for
PUCCH’ ) )
(nPUCCH,j » Medccn, j+1)

The 1st PUCCH resource value

00 configured by the higher layers
01’ The _2”‘j PUCCH resource value
configured by the higher layers
“10° The 3" PUCCH resource value
configured by the higher layers
1 The 4" PUCCH resource value

configured by the higher layers

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selection for A=2

HARQ-ACK(0) | HARQ-ACK(1) NS et b(0)b(1)
@)
ACK ACK nScch1 1,1
ACK NACK/DTX n®echo 1,1
NACK/DTX ACK nccht 0,0
NACK NACK/DTX n®echo 0,0
DTX NACK/DTX No Transmission
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Table 10.1.2.2.1-4: Transmission of Format 1b HARQ-ACK channel selection for A=3

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) NS et b(0)b(2)
ACK ACK ACK nSccri 1,1
ACK NACK/DTX ACK nccra 1,0

NACK/DTX ACK ACK nccra 0,1
NACK/DTX NACK/DTX ACK nSlcch2 1,1
ACK ACK NACK/DTX nS8ccro 1,1
ACK NACK/DTX NACK/DTX nS8ccro 1,0
NACK/DTX ACK NACK/DTX nS8ccro 0,1
NACK/DTX NACK/DTX NACK nSlcch2 0,0
NACK NACK/DTX DTX nS8ccro 0,0
NACK/DTX NACK DTX nS8ccro 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

1
HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK®) |  n{ ., b(0)b(1)

@

ACK ACK ACK ACK NSlcch 1,1
@

ACK NACK/DTX ACK ACK nSlcch.2 0,1
@

NACK/DTX ACK ACK ACK NSlcch 0,1
@

NACK/DTX | NACK/DTX ACK ACK NSlcch.s 1,1
@

ACK ACK ACK NACK/DTX NSlcch 1,0
@

ACK NACK/DTX ACK NACKIDTX | n§lech. 0,0
@

NACK/DTX ACK ACK NACK/DTX NSlcch 0,0
@

NACK/DTX | NACK/DTX ACK NACK/DTX NSOcch.s 1,0
@

ACK ACK NACK/DTX ACK NSlcch.2 1,1
@

ACK NACK/DTX NACK/DTX ACK NSlcch.2 1,0
@

NACK/DTX ACK NACK/DTX ACK nSlcch.s 0,1
@

NACK/DTX | NACK/DTX NACK/DTX ACK nSlcch.s 0,0
@

ACK ACK NACK/DTX | NACKIDTX | n§lecho 1,1
@

ACK NACK/DTX NACK/DTX | NACKIDTX | n§lecho 1,0
@

NACK/DTX ACK NACK/DTX | NACKIDTX | n§lecho 0,1
@

NACK/DTX NACK NACK/DTX | NACKIDTX | n§lecho 0,0
@

NACK NACK/DTX NACK/DTX | NACKIDTX | n§lecho 0,0

DTX DTX NACK/DTX NACK/DTX No Transmission

10.1.2.2.2 PUCCH format 3 HARQ-ACK procedure

For FDD with PUCCH format 3, the UE shall use PUCCH resource néﬁgéH or nélu@(:H 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 section 9.2) in subframe n-4
on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource nélu@(:H with
nétbgc)H =Neee + NF(,lu)CCH 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, isgiven by n{2 =nc +1+Neq, -

- for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected in

subframe n—4, the UE shall use PUCCH format 1a/1b and PUCCH resource nélu@CH where the value of
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nét@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 nét@gH for antenna port p, and the second PUCCH

resource né,hﬂ%H for antenna port p,, otherwise, the PUCCH resource value maps to a single PUCCH

resource NS;%) ., for antenna port p.

- for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH in
subframe n -4, the UE shall use PUCCH format 3 and PUCCH resource néﬁgﬂm where the value of néﬁg)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 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 néﬁg‘gH for antenna port py and
the second PUCCH resource néﬁggH for antenna port p,, otherwise, the PUCCH resource value maps to a

single PUCCH resource néig‘gH for antenna port py. 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.

Table 10.1.2.2.2-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of ‘TPC command for nGp
PUCCH’ 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
1’ The 4" PUCCH resource value
configured by the higher layers

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, only HARQ-ACK bundling is supported.

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 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.

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.
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TDD HARQ-ACK bundling is performed per codeword across M multiple DL 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) HARQ-ACKSs and ACK
in response to PDCCH 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 DL 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 DL 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 DL subframes associated with a single UL subframe n, where M isthe
number of elements in the set K defined in Table 10.1.3.1-1 and for the configured serving cells, spatial HARQ-ACK
bundling across multiple codewords within a DL 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 for M multiple DL subframes associated with a single UL subframe n, where M is the number of elements
inthe set K defined in Table 10.1.3.1-1 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 DL 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 and for the configured serving cells, spatial HARQ-ACK bundling across
multiple codewords within a DL 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 DL 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 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, o, associated with an UL
subframe n based on the number of configured serving cells, the downlink transmission modes configured for each
serving cell and M which is the number of elements in the set K defined in Table 10.1.3.1-1 according to

Ngais
0= ZOCACK where N2k is the number of configured cells, and O*““ is the number of HARQ-bits for the for

c=1
the c-th serving cell defined in section 7.3.

TDD HARQ-ACK feedback procedures for one configured serving cell are given in section 10.1.3.1 and procedures for
more than one configured serving cell are given in section 10.1.3.2.

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.

The TDD HARQ-ACK procedure for a UE configured with PUCCH format 3 is as described in section 10.1.3.2.2 when
the UE receives PDSCH and/or SPS release PDCCH only on the primary cell.

For TDD HARQ-ACK bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n
with M =1 where M isthe number of elements in the set K defined in Table 10.1.3.1-1, the UE shall use PUCCH
resource nélu‘é)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 or there is PDCCH
indicating downlink SPS release within subframe(s) n—k, where k e K and K (defined in Table 10.1.3.1-1)

is a set of M elements {ko, Ky, kM_l} depending on the subframe n and the UL-DL configuration (defined in
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Table 4.2-2 in [3]), the UE first selects a ¢ value out of {0, 1, 2, 3} which makes N, <nccg <Ng,q and

shalluse NSl =(M —m—1)-N_+m-N_, +Neee + Ny for antennaport po, where Ny,

c+l
is configured by higher layers, N, = max{O, \_[NF?'B- ((NRB.c—4)]/36 J} ,and ngee is the number of the

first CCE used for transmission of the corresponding PDCCH in subframe n—k_, and the corresponding m,
where ki, isthe smallest value in set K such that UE detects a PDCCH in subframe n—Kk, . 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 N2, =(M —m—1)-N_+m-N_,, +Ngee +1+NDeeys -

If there is only a PDSCH transmission where there is not a corresponding PDCCH 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 né,lU@CH with the value of né,lU@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 né,lubggH for antenna port p, and the second PUCCH resource né,luzl():H for antenna port pq,

otherwise, the PUCCH resource value maps to a single PUCCH resource n,ﬁt@gH for antenna port pg.

Table 10.1.3.1-1: Downlink association set index K : {ky,k--ky_} for TDD

UL-DL Subframe n
Configuration

01 2 3 4 |5]6 7 819
0 - 6 - 4 |- 6 - 14
1 - |- 7,6 4 - -] 7,6 |4]-
2 -] - 8,7,4,6 - - -1-18746]|-|-
3 - |- 7,6,11 6,5 |54]-]- - - |-
4 - |- 12,8,7,11 6,547 - |-]|- - - |-
5 - [ -113,12,9,8,7,5,4,11,6 - - 1-1- - - |-
6 - |- 7 7 5 |-]- 7 71 -

For TDD HARQ-ACK multiplexing and sub-frame n with M >1 and one configured serving cell, where M isthe

1

number of elements in the set K defined in Table 10.1.3.1-1, denote né&CCH i asthe PUCCH resource derived from

sub-frame n-k; and HARQ-ACK(i) as the ACK/NACK/DTX response from sub-frame n—k; , where
ki € 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

né,lL)JCCH i =(M —i-1)-N¢+i-Ngyg+Nnccgj + NéﬂCCH , where c is selected from {0, 1, 2, 3} such that

N¢ <nceei <Nesas Ne= max{o, L[NRD,'B‘ (NRB.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 detected in subframe n—k; , the value

of né,lL)JCCH‘i is determined according to higher layer configuration and Table 9.2-2.

Based on higher layer signalling a 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. For the selected table set indicated by higher layer signalling, the UE shall transmit p(0),b(1) on PUCCH

resource nélL)JCCH in sub-frame n using PUCCH format 1b according to section 5.4.1 in [3]. The value of b(0),b(1)

and the PUCCH resource nélL)JCCH are generated by channel selection according to the selected set of Tables for M =
2, 3, and 4 respectively.
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Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M = 2

HARQ-ACK (0), HARQ-ACK(1) N cen b(0),b(2)
ACK, ACK NSecna 1,1
ACK, NACK/DTX N$ecno 0,1
NACK/DTX, ACK NSecna 0,0
NACK/DTX, NACK NSecna 1,0
NACK, DTX NSecho 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 cen b(0),b(1)
ACK, ACK, ACK N$ecn2 1,1
ACK, ACK, NACK/DTX N$ecna 1,1
ACK, NACK/DTX, ACK NSecno 1,1
ACK, NACK/DTX, NACK/DTX NSecho 0,1
NACK/DTX, ACK, ACK N$ecnz2 1,0
NACK/DTX, ACK, NACK/DTX NSecna 0,0
NACK/DTX, NACK/DTX, ACK NSecn2 0,0
DTX, DTX, NACK NSecn2 0,1
DTX, NACK, NACK/DTX NSecna 1,0
NACK, NACK/DTX, NACK/DTX NSecno 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 cen b(0),b(1)
ACK, ACK, ACK, ACK NSecna 1,1
ACK, ACK, ACK, NACK/DTX NSecna 1,0
NACK/DTX,NACK/DTX,NACK,DTX NSecn2 1,1
ACK, ACK, NACK/DTX, ACK NSecna 1,0
NACK, DTX, DTX, DTX NSecho 1,0
ACK, ACK, NACK/DTX, NACK/DTX NSecna 1,0
ACK, NACK/DTX, ACK, ACK NSecns 0,1
NACK/DTX, NACK/DTX, NACK/DTX, NACK NSecns 1,1
ACK, NACK/DTX, ACK, NACK/DTX NSecn2 0,1
ACK, NACK/DTX, NACK/DTX, ACK NSecho 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX NSecno 1,1
NACK/DTX, ACK, ACK, ACK NSecns 0,1
NACK/DTX, NACK, DTX, DTX NSecna 0,0
NACK/DTX, ACK, ACK, NACK/DTX N$ecn2 1,0
NACK/DTX, ACK, NACK/DTX, ACK N$ecns 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX N$ecna 0,1
NACK/DTX, NACK/DTX, ACK, ACK N$ecns 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX NSecn2 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK NSecns 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 cen b(0)b(D)

@)

ACK, ACK NSUccH.L 1,0
@)

ACK, NACK/DTX NBUCCH.0 1,1
@)

NACK/DTX, ACK NSUcCH.L 0,1
@)

NACK, NACK/DTX NBUCCH.0 0,0

DTX, NACK/DTX No Transmission

Table 10.1.3-6: Transmission of HARQ-ACK multiplexing for M = 3

HARQ-ACK (0), HARQ-ACK(1), HAROQ- "
ACK(2) ncen b(0)b()
@)
ACK, ACK, ACK NSOcch.2 1,1
@)
ACK, ACK, NACK/DTX nccri 1,0
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ACK, NACK/DTX, ACK nSlccr2 1,0
ACK, NACK/DTX, NACK/DTX nS3ccro 1,1

NACK/DTX, ACK, ACK (IS 0,1
NACK/DTX, ACK, NACK/DTX nccri 0,1
NACK/DTX, NACK/DTX, ACK nSlccm2 0,0
NACK, NACK/DTX, NACK/DTX nSlccro 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 cen b(0)b(D)
ACK, ACK, ACK, ACK (IS, 1,1
ACK, ACK, ACK, NACK/DTX nSlccm2 1,1
ACK, ACK, NACK/DTX, ACK nSlccro 1,0
ACK, ACK, NACK/DTX, NACK/DTX nSlccr 1,0
ACK, NACK/DTX, ACK, ACK nSlccra 1,1
ACK, NACK/DTX, ACK, NACK/DTX nSlcch2 1,0
ACK, NACK/DTX, NACK/DTX, ACK nS3ccro 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX nSlccro 1,1
NACK/DTX, ACK, ACK, ACK (IS, 0,0
NACK/DTX, ACK, ACK, NACK/DTX nSlccm2 0,1
NACK/DTX, ACK, NACK/DTX, ACK nSlccra 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX (IS, 0,1
NACK/DTX, NACK/DTX, ACK, ACK nSlccra 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX nSlccm2 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nSlccra 0,0
NACK, NACK/DTX, NACK/DTX, NACK/DTX nS3ccro 0,0
DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission

10.1.3.2 TDD HARQ-ACK procedure for more than one configured serving cell

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 section 10.1.3.2.1 or a PUCCH format 3
HARQ-ACK procedure as described in section 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. TDD UL-DL configuration 5 with PUCCH format 3 is only supported for up to two
configured serving cells. TDD UL-DL configuration 5 with PUCCH format 1b with channel selection for two
configured serving cells is not supported.
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10.1.3.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframe nwith M =1 where M is the number of elements in the set K defined in Table 10.1.3.1-1, a UE
shall determine the number 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 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 nwith M <2 where M is the number of elements in the set K defined in Table 10.1.3.1-1, the UE

shall transmit p(o)br)y on PUCCH resource ng&CCH selected from A PUCCH resources, néﬂCCH' 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. For a subframe n with M =1, HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transport block
or SPS release PDCCH 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 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. The UE shall determine the A PUCCH resources, nélL)JCCH’j associated with HARQ-ACK(j) where
0<j<A-1inTable10.1.2.2.1-1 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 section 9.2) in
subframe N — km , where k, € K on the primary cell, the PUCCH resource is

nF(,BCCHyj = (M —-m —1)- Ne+m-Ng;+Neeg n + N Occn » Where ¢ is selected from {0, 1, 2, 3} such
that N, <Necen <Ng, N = max{ 0, |_[NF?E'; (NJ®P.c—4)]/36 J} where NSt is determined

from the primary cell, and for a subframe nwith 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

(1) ie qi (1) — 1) i
Npucch, j+1 1S 9iven by Ngjeey jou = (M —-m _1)' Ne+m- N,y +Neee n +1+ Npjegy where Neee ) is
the number of the first CCE used for transmission of the corresponding DCI assignmentand N{cqy i
configured by higher layers.

- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH detected within

subframe(s) n—k, where k € K, the value of nélL)JCCH’j is determined according to higher layer configuration

and Table 9.2-2.

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH within subframe(s) n-k,
where k € K on the secondary cell, the value of néﬂCCH'j , and the value of nF(’lliCCH,jJrl for a subframe n

with M =2 or for a subframe nwith 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 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 nwith 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 (nF(,lL),CCHyj \ néﬂccum) , otherwise, the PUCCH resource value maps to a single

PUCCH resource nélL),CCH’ j - A UE shall assume that the same HARQ-ACK PUCCH resource value is

transmitted in the TPC field on all PDCCH assignments on the secondary cell within subframe(s) n—k, where
keK.

Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A =2

HARQ-ACK(0), HARQ-ACK(1) b(0)b(2)

@)
NBGccH
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(1)
ACK, ACK NPUCCH.1 1,0
(1)
ACK, NACK/DTX NBUCCH.0 1,1
(1)
NACK/DTX, ACK NPOCCH.1 0,1
(1)
NACK, NACK/DTX NBUCCH,0 0,0
DTX, NACK/DTX No Transmission

Table 10.1.3.2-2: Transmission of HARQ-ACK multiplexing for A=3

HARQ-ACK(0), :(A:E((%ACK(l), FARQ o b(O)b()

ACK, ACK, ACK (IS 1,1

ACK, ACK, NACK/DTX nccri 1,0

ACK, NACK/DTX, ACK nSlccr2 1,0

ACK, NACK/DTX, NACK/DTX nSlccro 1,1
NACK/DTX, ACK, ACK (IS 0,1
NACK/DTX, ACK, NACK/DTX nccra 0,1
NACK/DTX, NACK/DTX, ACK nSlcch2 0,0
NACK, NACK/DTX, NACK/DTX nS8ccro 0,0
DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3.2-3: Transmission of HARQ-ACK multiplexing for A=4

HARQ-ACK (0), HARQ-ACK (1), HARQ-ACK (2), HARQ-ACK(3) O b(0)b(1)
ACK, ACK, ACK, ACK nS3ccm 1,1
ACK, ACK, ACK, NACK/DTX nSlcch2 1,1
ACK, ACK, NACK/DTX, ACK nS3ccro 1,0
ACK, ACK, NACK/DTX, NACK/DTX (IS, 1,0
ACK, NACK/DTX, ACK, ACK nSlccra 1,1
ACK, NACK/DTX, ACK, NACK/DTX nSlcch2 1,0
ACK, NACK/DTX, NACK/DTX, ACK nSlccro 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX nSlccro 1,1
NACK/DTX, ACK, ACK, ACK (IS, 0,0
NACK/DTX, ACK, ACK, NACK/DTX nSlcch2 0,1
NACK/DTX, ACK, NACK/DTX, ACK nSlccra 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX (IS 0,1
NACK/DTX, NACK/DTX, ACK, ACK nSlccra 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX nSlcch2 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nSlccra 0,0
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@
NACK, NACK/DTX, NACK/DTX, NACK/DTX NBUCCH.0 0,0

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

A HARQ-ACK())
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
4 The first subframe of | The second subframe | The first subframe of | The second subframe
Primary cell of Primary cell 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, where M is the number of elements in the set K defined in Table 10.1.3.1-1,

denotes né,lL)JCCH i 0<i<3as the PUCCH resource derived from the transmissions in M DL sub-frames associated

with the UL subframe n . néﬂCCHYO and nél&CCH,l are associated with the PDSCH transmission(s) or a PDCCH

indicating downlink SPS release (defined in section 9.2) on the primary cell and nél&CCHyz and nF(,l&CCHS are

associated with the PDSCH transmission(s) on the secondary cell.

For Primary cell:

- If there is a PDSCH transmission on the primary cell without a corresponding PDCCH detected within the
subframe(s) n—k, where k e K,

o the value of néﬂCCHYO is determined according to higher layer configuration and Table 9.2-2.

o for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH
in subframe n—Kk_ , where kK € 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 section 9.2) in subframe

n-— km , Where km € K with the DAI value in the PDCCH equal to ‘1’, the PUCCH resource
néBCCHvl =(M-m-1)-N_+m-N_,, +Neee p + Neey where ¢ is selected from {0, 1, 2, 3}
suchthat N, <Ngeen <Ny, N = max{O, |_[N§E§ (N2 .c—4)]/36 J} , where Neee

is the number of the first CCE used for transmission of the corresponding PDCCH in subframe
n—k, and NSy is configured by higher layers.

c+l?

0 HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH transmission without a
corresponding PDCCH. HARQ-ACK(j), 1< j< M -1, isthe ACK/NACK/DTX response for the

PDSCH transmission with a corresponding PDCCH and DA value in the PDCCH equal to “ j*, or
for the PDCCH indicating downlink SPS release and with DAI value in the PDCCH equal to * j°.

- Otherwise,
o for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH
in subframe N — km , Where km € K with the DAI value in the PDCCH equal to either “1” or ‘2’ or
a PDCCH indicating downlink SPS release (defined in section 9.2) in subframe n— km , Where
K., € K with the DAI value in the PDCCH equal to either *1’ or ‘2’, the PUCCH resource

NSccn i = (M-m-1)-N,+m-N_, + Nece m + Niocen » Where ¢ is selected from {0, 1, 2,

3} suchthat N, <Ngee, <N N, = max{ 0, L[Ngé «(N2P.c-4)]/36 J} , Where

c+l?
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Necem 18 the number of the first CCE used for transmission of the corresponding PDCCH in

subframe N—K_ , NF(,BCCH is configured by higher layers, 1 =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°.

0 HARQ-ACK(j), 0< j<M -1, isthe ACK/NACK/DTX response for the PDSCH transmission with

corresponding PDCCH and DAI value in the PDCCH equal to “ j+1”, or for the PDCCH indicating
downlink SPS release and with DAI value in the PDCCH equal to * j +1".

For Secondary 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 néﬂccm = (M -m —1)- Ne+m-N¢;+Neee n + N e » Where ¢ is selected

from {0, 1, 2, 3} such that N, <n..., <N N, = max{ 0, |_[N e (N2B.c—-4)]/36 J } , where

c+l?
N FE’; is determined from the primary cell, n., isthe number of the first CCE used for transmission of the

corresponding PDCCH in subframe n-Kk_,, NF(,{}CCH 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.

for a PDSCH transmission indicated by the detection of a corresponding PDCCH  within the subframe(s)
n—k, where k e K on the secondary cell, the value of néﬂCCHyz and né,lL)JCCHV3 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 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 assignments on the secondary cell
within subframe(s) n—k, where ke K.

HARQ-ACK(j), 0< j<M -1, isthe ACK/NACK/DTX response for the PDSCH transmission with a
corresponding PDCCH and DAI value in the PDCCH equal to “ j +1°.

A UE shall perform channel selection according to the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit b(0),b(1) on

PUCCH resource né,lL)JCCH in sub-frame N using PUCCH format 1b according to section 5.4.1 in [3] where “any”

represents any response of ACK, NACK, or DTX. The value of b(0),b(1) and the PUCCH resource né,lL)JCCH 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.

Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M = 3

Primary Cell Secondary Cell Resource Constellation | RM Code Input Bits
HARQ-ACK(0), HARQ- | HARQ-ACK(0), HARQ- n® b(0).b(1) 0(0),0(2),0(2),0(3)
ACK(1), HARQ-ACK(2) | ACK(1), HARQ-ACK(2) PUCCH '

ACK, ACK, ACK ACK, ACK, ACK nlglL)JCCH ) 11 1,1,1,1
ACK, ACK, NACK/DTX ACK, ACK, ACK nccht 0,0 1011
ACK, NACK/DTX, any ACK, ACK, ACK n®cch 3 11 0,111

NACK/DTX, any, any ACK, ACK, ACK né’lL)JCCH 3 0,1 0,0,1,1
@ 1,1,1,0

ACK, ACK, ACK ACK, ACK, NACK/DTX nSccH.o 1,0

ACK, ACK, NACK/DTX | ACK, ACK, NACK/DTX n®cch 3 1,0 1010
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ACK, NACK/DTX, any | ACK, ACK, NACKIDTX | n§J ey 0,1 0,110
NACK/DTX, any, any | ACK, ACK, NACKIDTX | n$)q,s 0,0 0.0.1,0

ACK, ACK, ACK ACK, NACK/DTX, any nSlcch2 1,1 1,1,0,1
ACK, ACK, NACK/DTX |  ACK, NACK/DTX, any nSlcch2 0,1 1,0,0,1
ACK, NACK/DTX, any | ACK, NACK/DTX, any nSlccm2 1,0 0,101

NACK/DTX, any, any ACK, NACK/DTX, any nSlccm2 0,0 0,0,0,1

ACK, ACK, ACK NACK/DTX, any, any nS3ccm 1,0 1,1,0,0
ACK, ACK, NACK/DTX |  NACK/DTX, any, any nS3ccm 0,1 1,0,0,0
ACK, NACK/DTX, any NACK/DTX, any, any nS8ccro 1,1 0,1,0,0

NACK, any, any NACK/DTX, any, any ng,lL),CCH,O 0,0 0,0,0,0

DTX, any, any NACK/DTX, any, any No Transmission 0,0,0,0

Table 10.1.3.2-6: Transmission of HARQ-ACK multiplexing for M = 4

Primary Cell Secondary Cell Resource Constellation RM Code Input Bits
HARQ-ACK(0), HARQ-ACK(0), HARQ- n® 0(0),0(1),0(2),0(3)
HARQ-ACK(1), ACK(1), HARQ-ACK(2), PUCCH b(0).b()

HARQ-ACK(2), HARQ-ACK(3) '

HARQ-ACK(3)
ACK, ACK, ACK, a
NACK/DTX ACK, ACK, ACK, NACKIDTX | NGycch 1 1,1 1,1,1,1
ACK, ACK, )
NACK/DTX, any ACK, ACK, ACK, NACKIDTX | Npicch,1 0,0 1,011
ACK, DTX, DTX, DTX | ACK, ACK, ACK, NACK/DTX n,(,ll)JCCH 3 1,1 0,1,1,1
ACK, ACK, ACK, a
ACK ACK, ACK, ACK, NACK/DTX NBUCCH.3 1,1 0,111
NACK/DTX, any, any, )
any ACK, ACK, ACK, NACK/DTX NPUCCH.3 0,1 0,01,1
(ACK, NACK/DTX,
any, any), except for @
(ACK, DTX, DTX, ACK, ACK, ACK, NACKIDTX | Np(cch 3 0,1 0,0,1,1
DTX)
ACK, ACK, ACK, O
NACK/DTX ACK, ACK, NACK/DTX, any NpdcceH,0 1,0 1,110
ACK, ACK, O
NACK/DTX, any ACK, ACK, NACKIDTX, any | Ngycch3 1,0 1,0,1,0
ACK, DTX, DTX, DTX | ACK, ACK, NACK/DTX, any n®ccho 0.1 01,10
ACK, ACK, ACK, O
ACK ACK, ACK, NACK/DTX, any NBUCCH.0 0,1 0,1,1,0
NACK/DTX, any, any, @
any ACK, ACK, NACK/DTX, any NPUCCH.3 0,0 0,0,1,0

(ACK, NACK/DTX,

any, any), except for O
(ACK, DTX, DTX, ACK, ACK, NACK/DTX, any | Nggceh 3 0,0 0,0,1,0
DTX)
ACK, ACK, ACK, O
NACK/DTX ACK, DTX, DTX, DTX NBUCCH,2 1,1 1,1,0,1
ACK, ACK, ACK, a
NACK/DTX ACK, ACK, ACK, ACK NPUCCH,2 1,1 1,1,0,1
ACK, ACK, O
NACK/DTX, any ACK, DTX, DTX, DTX NBUCCH,2 0,1 1,0,0,1
ACK, ACK, O
NACK/DTX, any ACK, ACK, ACK, ACK NBUCCH,2 0,1 1,0,0,1
ACK, DTX, DTX, DTX | ACK, DTX, DTX, DTX n®cch 1,0 01,0 1
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ACK, DTX, DTX, DTX | ACK, ACK, ACK, ACK nSccH.2 1,0 0,101
Aok ACK, ACK, ACK, DTX, DTX, DTX nScch.2 1,0 0,101
Aok ACK, ACK, ACK, ACK, ACK, ACK D ccra 1,0 0,1,0,1
SQCK’ DTX, any. any. | ack, pTX, DTX, DTX nD e 0,0 0,0,0,1
NACK/DTX, any, any, 1)
any ACK, ACK, ACK, ACK NBUCCH.2 0,0 0,0,0,1

(ACK, NACK/DTX,
any, any), except for )
(ACK. DTX. DTX, ACK, DTX, DTX, DTX NPUCCH 2 0,0 0,0,0,1
DTX)
(ACK, NACK/DTX,
any, any), except for )
(ACK, DTX, DTX, ACK, ACK, ACK, ACK NBUCCH.2 0,0 0,0,0,1
DTX)
ACK, ACK, ACK, (1)
NACK/DTX NACK/DTX, any, any, any NBOCCH 1 1,0 1,1,0,0
ACK, NACK/DTX, any, any),
ACK, ACK, ACK, ( (1)
NACK/DTX eD>_(IE:)?)pt for (ACK, DTX, DTX, NBOCCH 1 1,0 1,1,0,0
ACK, ACK, o
NACK/DTX, any NACK/DTX, any, any, any NBUccH 1 0,1 1,0,0,0
ACK, NACK/DTX, any, any),
ACK, ACK, ( @
NACK/DTX, any eD)'(l?)?)pt for (ACK, DTX, DTX, NBUccH 1 0,1 1,0,0,0
ACK, DTX, DTX, DTX | NACK/DTX, any, any, any n®echo 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), ’
ACK, DTX, DTX, DTX | except for (ACK, DTX, DTX, | n§dcpio 1,1 0,1,0,0
DTX) ’
ACK, ACK, ACK, (1)
ACK NACK/DTX, any, any, any NBUCCH,0 1,1 0,1,0,0
(ACK, NACK/DTX, any, any),
ﬁgﬁ’ 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 nlgl&CCH 0 0,0 0,0,0,0
(ACK, NACK/DTX, any, any), ’
NACK, any, any, any except for (ACK, DTX, DTX, nE,L)JCCH 0 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX,
any, any), except for )
(ACK, DTX, DTX, NACK/DTX, any, any, any NBUCCH,0 0,0 0,0,0,0
DTX)
gAré/:KérL\ly)ACeii:zgtxf’or (ACK, NACK/DTX, any, any), 0
(ACK, DTX, DTX, eDXTCQ)pt for (ACK, DTX, DTX, NBUCCH,0 0,0 0,0,0,0
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)

10.1.3.2.2 PUCCH format 3 HARQ-ACK procedure

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 defined in Table 10.1.3.1-1, the UE shall
use PUCCH resource néﬁgéH or né,lu‘é)CH for transmission of HARQ-ACK in subframe n for p mapped to antenna

port p where
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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 for TDD UL-DL configurations 1-6 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 section 9.2)
in subframe n—k_,where k e K, and for TDD UL-DL configurations 1-6 the DAI value in the PDCCH is

equal to 1, the UE shall use PUCCH format 1a/1b and PUCCH resource né,b@CH with
nak =(M-m-1)-N_+m-N_, + Necem + NSocey for antenna port py, where Ny, is
configured by higher layers, c is selected from {0, 1, 2, 3} such that N <n... . <N

c+l’

N¢ = max{O, \_[NF?'B- (NQB.c-4)]/36 J} ,and Ngee o, is 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

nlg’t?:l():H = né,t%c),_' +1

for a single 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 indicating downlink SPS release (defined in section
9.2) within subframe(s) n—k, where k € K, the UE shall use PUCCH format 1a/1b and PUCCH resource
nélu‘é)CH with the value of nélu‘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, a PUCCH resource value in Table

9.2-2 maps to two PUCCH resources with the first PUCCH resource n,(,tbggH for antenna port py and the
second PUCCH resource nébﬁc%H for antenna port pq, otherwise, the PUCCH resource value maps to a single

PUCCH resource n,(,tbgC)H for antenna port pg.

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 € K and an additional PDSCH transmission only on the primary
cell indicated by the detection of a corresponding PDCCH in subframe n—k_, where ke 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 section 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 néﬂCCH’i where 0 <1< 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.

o The PUCCH resource n® is determined according to higher layer configuration and Table 9.2-2.

PUCCH,0
L . )
The PUCCH resource nIgL)JCCH,l is determined as
Necns = (M =m=1)- N, +m-N_; +Neee o + NSeen, where NSy, is configured by higher

layers, c is selected from {0, 1, 2, 3} such that N, <n..., <N

c+l1’
N¢ = max{O, \_[NF?'B- ((NJB.c-4)1/36 J} ,and Nece o, is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k,, where k e K . For a UE configured
with a transmission mode that supports up to two transport blocks on the primary cell, the PUCCH

resource n$..,,, is determined as n{..,, = NSccn, +1.HARQ-ACK(0) is the ACK/INACK/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°.
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- 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 with the DAI value in the PDCCH greater than ‘1’ (defined in

Table 7.3-X) or a PDCCH indicating downlink SPS release (defined in section 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 néﬁgéH where the value of néﬁgéH 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 a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH within
subframe(s) n—k, where k € K, the UE shall use PUCCH format 3 and PUCCH resource néﬁgéH where the

value of nF(,?[JQ:H is determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC

field in the corresponding PDCCH 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 k e K, or a PDCCH indicating downlink SPS release (defined in section 9.2) within subframe(s) n—k,
where k e 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 e K.

- For PUCCH format 3 and PUCCH resource néfJEZ:H 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

néﬁg‘gH for antenna port p, and the second PUCCH resource né%ggH for antenna port pq, otherwise, the

PUCCH resource value maps to a single PUCCH resource néﬁE‘QH for antenna port py.

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 g, , 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 detected, the
. . . . 1,p

UE shall transmit the corresponding HARQ-ACK response N ANRep tImes using PUCCH resource né,uré)cH

configured by higher layers. For a PDSCH transmission with a corresponding PDCCH detected, or for a PDCCH
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 (as described in Sections 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,lubgm ANRep » Where né,tbgCH ANRep IS 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

né,tb(;)CH ANrep Maps to two PUCCH resources with the first PUCCH resource né,tbgc)H ANRep TOF @ntennaport [,
and the second PUCCH resource né,luﬁc%H ANRep fOr @ntenna port py, otherwise, the PUCCH resource value maps to
(L,po)

asingle PUCCH resource Np(iccy anrep TOF @NteNNa port py.
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10.1.5 Scheduling Request (SR) procedure

A UE is configured by higher layers to transmit the scheduling request (SR) on one antenna port or two antenna

ports. The scheduling request shall be transmitted on the PUCCH resource(s) né,lu@CH = néb@CHYSR, for p mapped

to antenna port p as defined in [3], where né,tbgCHYSRI 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 section 5.2.3.1 of [4]. The SR configuration for SR transmission periodicity SRpggiopicity @nd

SR subframe offset Nqprsersg 1S defined in Table 10.1.5-1 by the parameter sr-Configindex |, given by higher
layers.
SR transmission instances are the uplink subframes satisfying

(10>< ng + L”s / ZJ — NorrseT sr )mod SReeriopiciTy =0

Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration

SR configuration Index |, SRé)Reriodicity (ms) SR subframe offset Nggpser or
PERIODICITY
0-4 5 ISR
514 10 lsr =5
15-34 20 Iz —15
35-74 40 Il —35
75— 154 80 lg =75
155 — 156 2 lsg =155
157 1 sz —157

10.2  Uplink HARQ-ACK timing

For FDD, 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 — N Anrep -3,..., n-5, the UE:

o 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 angep — 1

¢ shall not transmit any other signal in subframes n, n+1, ..., n+ N anrep — 17 and

o shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission

in subframes n-3, ..., n+ N anrep =5 -
For TDD, the UE shall upon detection of a PDSCH transmission within subframe(s) n—k, where ke K and K is
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 UL subframe n. If HARQ-ACK repetition is enabled, upon detection of a PDSCH
transmission within subframe(s) n—k, where k e K and K is defined 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 DL subframe earlier than subframe n-k, the UE:
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o shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in

subframen—k ) on PUCCH in UL subframe N and the next N ..., —1UL subframes denoted as n,

..., N ;
' 'Nanrep—1?

e shall not transmit any other signal in UL subframe n, n,,...,n and

NANRep -1 '
o shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission
in subframes N, —Kk, where k € K;, K;is the set defined in Table 10.1.3.1-1 corresponding to UL
subframe Nn;, and 1 <0 < Njyge, —1.
For TDD, HARQ-ACK bundling, if the UE detects that at least one downlink assignment has been missed as described

in Section 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 indicating downlink SPS release shall be the same
as the uplink timing for the HARQ-ACK corresponding to a detected PDSCH, as defined above.

11 Physical multicast channel related procedures

11.1  UE procedure for receiving the physical multicast channel

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 Section 6.5 of [3].

The I, for the PMCH is configured by higher layers. The UE shall use I, for the PMCH and Table 7.1.7.1-1 to
determine the modulation order (Q,, ) and TBS index ( |55 ) used in the PMCH. The UE shall then follow the

procedure in Section 7.1.7.2.1 to determine the transport block size, assuming N o is equal to NRg . 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 PDCCHs 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.
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Coding of Control Information in PUSCH
03/12/08 | RAN_42 |RP-081122| 183 1 [CQIl reporting for antenna port 5 8.4.0 [8.5.0
03/12/08 | RAN_42 |RP-081110| 168 1 [Clarification on path loss definition 8.4.0 [8.5.0
04/03/09 | RAN_43 |RP-090236| 184 1 [Corrections to Transmitted Rank Indication 8.5.0 [8.6.0
04/03/09 [ RAN_43 |RP-090236| 185 4 | Corrections to transmission modes 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 186 2 |Delta_TF configuration for control only PUSCH 8.5.0 [8.6.0
04/03/09 [ RAN_43 |RP-090236| 187 1 |Correction to concurrent SRS and ACK/NACK transmission 8.5.0 [8.6.0
04/03/09 | RAN _43 |RP-090236| 191 1 [PDCCH release for semi-persistent scheduling 8.5.0 [8.6.0
04/03/09 [ RAN_43 [RP-090236| 192 1 |Correction on ACKNACK transmission on PUSCH for LTE TDD 8.5.0 [8.6.0
04/03/09 | RAN_43 193 - |Correction to subband differential CQI value to offset level mapping (8.5.0 |8.6.0
RP-090236 o ;
for aperiodic CQI reporting
04/03/09 | RAN _43 |RP-090236| 194 - [Correction for DRS Collision handling 8.5.0 [8.6.0
04/03/09 | RAN_43 RP-090236 196 2 [Alignment of RAN1/RAN4 specification on UE maximum output 8.5.0 [8.6.0
power
04/03/09 [ RAN_43 [RP-090236| 197 - | Transmission scheme for transmission mode 7 with SPS C-RNTI 8.5.0 [8.6.0
04/03/09 | RAN_43 RP-090236 198 - |Clarifying bandwidth parts for periodic CQI reporting and CQI 8.5.0 [8.6.0
refererence period
04/03/09 | RAN_43 199 2 [Correction to the ACK/NACK bundling in case of transmission 8.5.0 [8.6.0
RP-090236
mode 3 and 4
04/03/09 | RAN_43 |RP-090236| 200 - |ACK/NAK repetition for TDD ACK/NAK multiplexing 8.5.0 |8.6.0
04/03/09 | RAN_43 |RP-090236| 201 - |Clarifying UL ACK/NAK transmission in TDD 8.5.0 |8.6.0
04/03/09 [ RAN_43 |RP-090236| 202 - | Corrections to UE Transmit Antenna Selection 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 203 - [Correction to UE PUSCH hopping procedure 8.5.0 [8.6.0
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04/03/09 | RAN _43 |RP-090236| 204 - [Correction to PHICH resource association in TT| bundling 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 205 - [Clarification of the length of resource assignment 8.5.0 [8.6.0
04/03/09 | RAN_43 RP-090236 206 - Ccl)rrection on ACK/NACK transmission for downlink SPS resource |8.5.0 (8.6.0
release
04/03/09 | RAN_43 |RP-090236| 207 - Introduction of additional values of wideband CQI/PMI periodicities [8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 208 2 [Correction to CQI/PMI/RI reporting field 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 209 2 [Correction to rho_A definition for CQI calculation 8.5.0 [8.6.0
04/03/09 [ RAN_43 |RP-090236| 210 - | Correction to erroneous cases in PUSCH linear block codes 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 211 1 [Removing RL monitoring start and stop 8.5.0 [8.6.0
04/03/09 | RAN _43 |RP-090236| 214 1 [Correction to type-1 and type-2 PUSCH hopping 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 215 - |Contradicting statements on determination of CQI subband size 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 216 - |Corrections to SRS 8.5.0 |8.6.0
04/03/09 [ RAN_43 |RP-090236| 219 2 |Miscellaneous corrections on TDD ACKNACK 8.5.0 [8.6.0
04/03/09 | RAN _43 |RP-090236| 221 1 [CR for Redundancy Version mapping function for DCI 1C 8.5.0 [8.6.0
04/03/09 | RAN_43 223 - |Scrambling of PUSCH corresponding to Random Access 8.5.0 [8.6.0
RP-090236
Response Grant
04/03/09 | RAN_43 |RP-090236| 225 - _|Removal of SRS with message 3 8.5.0 |8.6.0
04/03/09 | RAN_43 |RP-090236| 226 3 |PRACH retransmission timing 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 227 - _[Clarifying error handling of PDSCH and PUSCH assignments 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 228 - |Clarify PHICH index mapping 8.5.0 |8.6.0
04/03/09 [ RAN_43 |RP-090236| 229 - | Correction of CQI timing 8.5.0 |8.6.0
04/03/09 | RAN_43 |RP-090236| 230 - [Alignment of CQI parameter names with RRC 8.5.0 [8.6.0
04/03/09 | RAN _43 |RP-090236| 231 1 [Removal of ‘Off' values for periodic reporting in L1 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 232 - | Default value of RI 8.5.0 |8.6.0
04/03/09 | RAN_43 |RP-090236| 233 1 [Clarification of uplink timing adjustments 8.5.0 [8.6.0
04/03/09 | RAN _43 |RP-090236| 234 - [Clarification on ACK/NAK repetition 8.5.0 [8.6.0
27/05/09 | RAN_44 RP-090529 235 1 Correct_ion to the condition of resetting accumulated uplink power |8.6.0 |8.7.0
correction
27/05/09 | RAN_44 236 - |Correction to the random access channel parameters received from(8.6.0 |8.7.0
RP-090529
higher layer
27/05/09 | RAN_44 |RP-090529| 237 - _|Correction on TDD ACKNACK 8.6.0 |8.7.0
27/05/09 | RAN_44 [RP-090529| 238 1 [Correction on CQI reporting 8.6.0 [8.7.0
27/05/09 [ RAN_44 [RP-090529| 239 - [Correction on the HARQ process number 8.6.0 [8.7.0
27/05/09 | RAN_44 [RP-090529| 241 1 [CR correction of the description on TTI-bundling 8.6.0 [8.7.0
27/05/09 | RAN_44 242 1 [Clarify latest and initial PDCCH for PDSCH and PUSCH 8.6.0 |8.7.0
RP-090529 e L
transmisisons, and NDI for SPS activation
27/05/09 | RAN_44 |RP-090529| 243 - _|Clarify DRS EPRE 8.6.0 |8.7.0
27/05/09 | RAN_44 |RP-090529( 244 1 |Clarification on TPC commands for SPS 8.6.0 [8.7.0
15/09/09 | RAN_45 [RP-090888| 245 1 [Correction to PUSCH hopping and PHICH mapping procedures 8.7.0 [8.8.0
15/09/09 | RAN_45 [RP-090888| 246 - [Clarification on subband indexing in periodic CQI reporting 8.7.0 [8.8.0
15/09/09 | RAN_45 [RP-090888| 247 2 [Correction to DVRB operation in TDD transmission mode 7 8.7.0 [8.8.0
15/09/09 | RAN_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 [ RAN_45 [RP-090888| 250 - _[Clarify Inter-cell synchronization text 8.7.0 [8.8.0
01/12/09 | RAN _46 |RP-091172| 248 1 [Introduction of LTE positioning 8.8.0 [9.0.0
01/12/09 | RAN _46 |RP-091172| 254 - [Clarification of PDSCH and PRS in combination for LTE positioning {8.8.0 [9.0.0
01/12/09 [ RAN_46 |RP-091177| 255 5 |Editorial corrections to 36.213 8.8.0 |9.0.0
01/12/09 | RAN_46 |RP-091257| 256 1 [Introduction of enhanced dual layer transmission 8.8.0 [9.0.0
01/12/09 | RAN_46 |RP-091177| 257 1 [Add shorter SR periodicity 8.8.0 |9.0.0
01/12/09 | RAN_46 |RP-091256| 258 - |Introduction of LTE MBMS 8.8.0 ]9.0.0
17/12/09 | RAN_46 256 1 [Correction by MCC due to wrong implementation of CR0256r1 — 9.0.0 (9.01
RP-091257 ; .
Sentence is added to Single-antenna port scheme section 7.1.1
16/03/10 | RAN_47 RP-100211 259 3 |UE behavior when collision of antenna port 7/8 with PBCH or SCH |9.0.1 |9.1.0
happened and when distributed VRB is used with antenna port 7
16/03/10 | RAN_47 [RP-100210| 260 1 [MCCH change notification using DCI format 1C 9.0.1 [9.1.0
16/03/10 | RAN_47 263 - |Correction on PDSCH EPRE and UE-specific RS EPRE for Rel-9 (9.0.1 |9.1.0
RP-100211 iy
enhanced DL transmissions
01/06/10 | RAN_48 RP-100589 265 - |Clarification for TDD when multiplexing ACK/NACK with SR of 9.1.0 (9.2.0
ACK/NACK with CQI/PMI or RI
01/06/10 | RAN_48 |RP-100590| 268 1 [Clarification of PRS EPRE 9.1.0 [9.2.0
14/09/10 [ RAN_49 [RP-100900( 269 - _[Clarification on Extended CP support with Transmission Mode 8 9.2.0 [9.3.0
07/12/10 | RAN_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 section 7.2.2 10.0.0 [10.0.1
15/03/11 | RAN_51 [RP-110255| 271 1 [A clarification for redundancy version of PMCH 10.0.1 [10.1.0
15/03/11 | RAN_51 |RP-110258( 272 - | RLM Procedure with restricted measurements 10.0.1 {10.1.0
15/03/11 | RAN_51 |RP-110256( 273 - | Corrections to Rel-10 LTE-Advanced features in 36.213 10.0.1 {10.1.0
01/06/11 | RAN 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 [ RAN_52 [RP-110819| 275 3 |Determination of PUSCH A/N codebook size for TDD 10.1.0 {10.2.0
01/06/11 | RAN 52 |RP-110823| 276 - [The triggering of aperiodic SRS in DCI formats 2B and 2C 10.1.0 [10.2.0
01/06/11 | RAN 52 |RP-110819| 278 3 |Corrections to power headroom 10.1.0 [10.2.0

3GPP



Release 10 124 3GPP TS 36.213 V10.6.0 (2012-06)

Change history
Date TSG # TSG Doc. |CR Rev |Subject/Comment Old New
01/06/11 | RAN 52 |RP-110819| 279 1 [Removal of square brackets for PUCCH format 3 ACK/NACK 10.1.0 [10.2.0
01/06/11 | RAN_52 |RP-110819| 281 1 [Correction of AN repetition and PUCCH format 3 10.1.0 [10.2.0
01/06/11 | RAN 52 |RP-110819| 282 2 [Correction to timing for secondary cell activation and deactivation {10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110823| 283 1 [Correction to MCS offset for multiple TBs 10.1.0 [10.2.0
01/06/11 [ RAN_52 |RP-110820| 286 1 |Miscellaneous Corrections 10.1.0 {10.2.0
01/06/11 | RAN 52 |RP-110819| 288 1 [Corrections on UE procedure for determining PUCCH Assignment {10.1.0 |10.2.0
01/06/11 | RAN 52 |RP-110819| 289 2 [Correction to Multi-cluster flag in DCI format 0 10.1.0 [10.2.0
01/06/11 [ RAN_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 | RAN_52 |RP-110819| 291 3 |Correction of uplink resource allocation type 1 10.1.0 [10.2.0
01/06/11 [ RAN_52 |[RP-110821| 292 1 |Correction on CSI-RS configuration 10.1.0 {10.2.0
01/06/11 | RAN_52 294 - |ACK/NACK and CQI simultaneous transmission in ACK/NACK 10.1.0 {10.2.0
- RP-110818 L
bundling in TDD
01/06/11 | RAN 52 |RP-110823| 295 - |UE specific disabling of UL DMRS sequence hopping 10.1.0 [10.2.0
01/06/11 [ RAN_52 |[RP-110821| 296 - | PDSCH transmission in MBSFN subframes 10.1.0 {10.2.0
01/06/11 | RAN 52 |RP-110819| 297 - [Introduction of PCMAX for PUSCH power scaling 10.1.0 [10.2.0
01/06/11 [ RAN_52 [RP-110819| 298 - | Power control for SR and ACK/NACK with PUCCH format 3 10.1.0 {10.2.0
01/06/11 | RAN 52 |RP-110819| 299 2 [CR on power control for HARQ-ACK transmission on PUCCH 10.1.0 [10.2.0
01/06/11 [ RAN_52 |RP-110819| 300 2 |Correction to handling of search space overlap 10.1.0 {10.2.0
01/06/11 | RAN_52 301 1 |Correction to simultaneous transmission of SRS and PUCCH 10.1.0 {10.2.0
= RP-110819
format 2/2a/2b
01/06/11 | RAN_52 302 1 |Correction for Simultaneous PUCCH and SRS Transmissions on 10.1.0 {10.2.0
= RP-110819 CA
01/06/11 | RAN_52 |RP-110821| 303 - [Correction on 8Tx Codebook Sub-sampling for PUCCH Mode 1-1 {10.1.0 |10.2.0
01/06/11 | RAN_52 304 1 [Corrections on CQI type in PUCCH mode 2-1 and clarification on  {10.1.0 |10.2.0
RP-110821 simultaneous PUCCH and PUSCH transmission for UL-SCH
subframe bundling
01/06/11 | RAN_52 RP-110818 305 1 [Correction on UE behaviour upon reporting periodic CSI using 10.1.0 {10.2.0
PUCCH Model-1
01/06/11 | RAN 52 |RP-110818| 306 - | Clarification for the definition of CQI 10.1.0 [10.2.0
01/06/11 | RAN_52 |RP-110818| 307 - |Clarification for the definition of Precoding Matrix Indicator 10.1.0 [10.2.0
01/06/11 [ RAN_52 [RP-110819| 308 - | Simultaneous SRS transmissions in more than one cell 10.1.0 {10.2.0
01/06/11 | RAN_52 |RP-110819| 310 1 [Miscellaneous Corrections for TS36.213 10.1.0 [10.2.0
01/06/11 | RAN 52 |RP-110821| 311 1 [Configuration of pmi-RI-Report 10.1.0 [10.2.0
01/06/11 | RAN_52 RP-110819 312 1 Colrregtion on the support of PUCCH format 3 and channel 10.1.0 {10.2.0
selection
01/06/11 | RAN_52 313 - |Correction on UE behaviour during DM-RS transmission on 10.1.0 {10.2.0
RP-110821 - L A
subframes carrying synchronisation signals
01/06/11 [ RAN_52 |[RP-110820| 314 1 |36.213 CR on antenna selection 10.1.0 {10.2.0
01/06/11 | RAN 52 |RP-110823| 316 1 [Number of HARQ process for UL spatial multiplexing 10.1.0 [10.2.0
01/06/11 [ RAN_52 |[RP-110819| 317 - | PUCCH format 3 Fallback procedure in TDD 10.1.0 {10.2.0
01/06/11 | RAN 52 |RP-110819| 318 - [Clarification on CSI reporting under an invalid downlink subframe  {10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110819| 320 - [Multiple Aperiodic SRS Triggers for Same Configuration 10.1.0 [10.2.0
01/06/11 [ RAN_52 |RP-110823| 321 - _|UE antenna switch in UL MIMO 10.1.0 {10.2.0
01/06/11 | RAN_52 |RP-110819| 322 - |UE behaviour for PDSCH reception with limited soft buffer in CA 10.1.0 [10.2.0
01/06/11 | RAN_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 | RAN 53 [RP-111229| 277 1 [Correction to reception of PRS in MBSFN subframes 10.2.0 [10.3.0
15/09/11 | RAN 53 [RP-111230( 325 3 |Corrections on UE procedure for reporting HARQ-ACK 10.2.0 [10.3.0
15/09/11 | RAN_53 |RP-111230( 326 2 |Corrections on Physical Uplink Control Channel Procedure 10.2.0 {10.3.0
15/09/11 | RAN_53 Correction to uplink transmission scheme usage for random access [10.2.0 {10.3.0
RP-111231| 331 1 . -
response and PHICH-triggered retransmissions
15/09/11 | RAN_53 |RP-111229( 336 - | Corrections on transmission mode 9 10.2.0 {10.3.0
15/09/11 | RAN_53 [RP-111230| 339 - [Corrections on HARQ-ACK codebook size determination 10.2.0 [10.3.0
15/09/11 | RAN_53 RP-111230| 340 _ | Corrections on TDD_ PUCCH format 1b with channel selection and |10.2.0 [10.3.0
HARQ-ACK transmission on PUSCH
15/09/11 | RAN_53 [RP-111230| 341 - [Corrections on NACK generation 10.2.0 [10.3.0
15/09/11 | RAN 53 [RP-111230( 342 - [Corrections on power headroom reporting 10.2.0 [10.3.0
15/09/11 | RAN_53 [RP-111229| 346 - [Correction on TBS translation table 10.2.0 [10.3.0
15/09/11 | RAN 53 [RP-111229| 347 2 [Correction to the condition of enabling PMI feedback 10.2.0 [10.3.0
15/09/11 | RAN_53 [RP-111232| 348 - |[Miscellaneous corrections to 36.213 10.2.0 [10.3.0
15/09/11 | RAN_53 |RP-111229( 349 - | Corrections on PUSCH and PUCCH modes 10.2.0 {10.3.0
15/09/11 | RAN_53 |RP-111231| 350 1 |CR on UL HARQ ACK determination 10.2.0 {10.3.0
15/09/11 | RAN_53 RP-111231| 351 1 Correctio_n on UL DMRS resources for PHICH-triggered 10.2.0 {10.3.0
retransmission
15/09/11 | RAN_53 [RP-111230| 352 - |Clarification on the common search space description 10.2.0 [10.3.0
15/09/11 | RAN_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 | RAN_53 RP-111229| 354 } Eleaef(ijf:;::gikon of Reference PDSCH Power for CSI-RS based CSI 10.2.0 {10.3.0
15/09/11 | RAN_53 [RP-111230| 355 2 [Corrections on reporting Channel State Information 10.2.0 [10.3.0
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05/12/11 | RAN 54 |RP-111669| 324 3 |Accumulation of power control commands from DCI format 3/3A 10.3.0 [10.4.0
05/12/11 | RAN_54 |RP-111666| 357 1 [Miscellaneous corrections on uplink power control 10.3.0 [10.4.0
05/12/11 | RAN 54 |RP-111666| 358 - [Corrections on N_c”received} 10.3.0 [10.4.0
05/12/11 | RAN_54 359 - |Corrections on TDD PUCCH format 1b with channel selection and {10.3.0 |10.4.0
= RP-111666 - f
two configured serving cells
05/12/11 | RAN 54 |RP-111666| 360 - [Corrections on the notation of k and k_m 10.3.0 [10.4.0
05/12/11 | RAN_54 |RP-111668| 361 1 [Corrections on PUCCH mode 2-1 10.3.0 [10.4.0
05/12/11 | RAN_54 362 3 | A correction to PDSCH transmission assumption for CQI 10.3.0 {10.4.0
RP-111668 -
calculation
05/12/11 | RAN 54 |RP-111666| 363 1 [Corrections on PUCCH Resource Notation 10.3.0 [10.4.0
05/12/11 | RAN 54 |RP-111667| 364 - [Correction on the notation of SRS transmission comb 10.3.0 [10.4.0
05/12/11 | RAN_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 | RAN_54 366 2 [Clarification on the determination of resource for PUCCH Format 10.3.0 {10.4.0
- RP-111666 . L
1b with channel selection in TDD mode
05/12/11 | RAN 54 |RP-111666| 367 1 [Correction on HARQ-ACK procedure 10.3.0 [10.4.0
05/12/11 | RAN_54 RP-111666 368 - |Correction for A/IN on PUSCH with W=1,2 in case of TDD channel (10.3.0 |10.4.0
selection
05/12/11 | RAN_54 |RP-111668| 369 - |Clarification of PUCCH 2-1 Operation 10.3.0 |10.4.0
05/12/11 | RAN_54 |RP-111668| 370 1 [Correction on PMIindex 10.3.0 |10.4.0
05/12/11 | RAN_54 |RP-111666| 371 2 [Correction to periodic CSI reports for carrier aggregation 10.3.0 [10.4.0
05/12/11 | RAN 54 |RP-111666| 373 1 [Removal of square bracket in HARQ-ACK procedure 10.3.0 [10.4.0
05/12/11 | RAN_54 |RP-111666| 374 1 [Clarification on UE's capability of supporting PUCCH format 3 10.3.0 [10.4.0
05/12/11 | RAN 54 |RP-111666| 375 1 [Clarifications of UE behavior on PUSCH power control 10.3.0 [10.4.0
28/02/12 | RAN_55 [RP-120286| 376 1 [RNTI Configuration associated with DL Resource Allocation Type 2 {10.4.0 |10.5.0
28/02/12 | RAN_55 377 2 [Correction for ACK/NACK related procedure in case of TDD UL-DL {10.4.0 |10.5.0
= RP-120283 ) .
configuration 0
13/06/12 | RAN_56 RP-120737 378 3 |Correction of FDD channel selection HARQ-ACK and SR 10.5.0 [10.6.0
transmission
13/06/12 | RAN 56 [RP-120738| 379 - |Removal of description with square brackets 10.5.0 [10.6.0
13/06/12 | RAN_56 RP-120738 381 - |Correction on transmission mode 9 with a single antenna port 10.5.0 [10.6.0

transmission
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