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Foreword

The Association of Radio Industries and Businesses establishes as ARIB standards the basic
technical requirements such as standard various radio-equipment specifications with regard to
various radio-wave utilization systems, with the participation of broadcasting-equipment
manufacturers, broadcasting service carriers, radio-equipment manufacturers, common carriers, and
their users.

ARIB standards are private standards established by compiling private and voluntary standards
that have been developed to increase convenience for broadcasting-equipment manufacturers,
broadcasting service carriers, radio-equipment manufacturers, common carriers, and their users,
such as by ensuring the appropriate quality of and compatibility between broadcasting and radio
facilities. These standards are intended to be used in conjunction with national technical standards
established for the purpose of ensuring the efficient use of available frequencies and avoiding radio
interference between users.

This ARIB standard was established with regard to a transmission system for digital terrestrial
television broadcasting. In order to ensure fairness and transparency in the establishment process,
the standard was determined as the consensus of all participants in our standard meeting, selected
without bias from among a broad range of interested parties - foreign and domestic, firms and
individuals - including broadcasting-equipment manufacturers, broadcasting service carriers, radio
equipment manufacturers, common carriers, and their users.

We hope that the standard will be widely used by broadcasting-equipment manufacturers,
broadcasting service carriers, radio-equipment manufacturers, common carriers, and their users.

Notice:

This standard does not describe industrial property rights mandatory to this standard. However,
the right proprietor of the industrial property rights has expressed that "Industrial property rights
related to this standard, listed in the annexed table below, are possessed by the applicator shown in
the list. However, execution of the right listed in the annexed table below is permitted
indiscriminately, without exclusion, under appropriate condition, to the user of this standard. In
the case when the user of this standard possesses the mandatory industrial property rights for all or
part of the contents specified in this standard, and when he asserts his rights, it is not applied.”
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Chapter 1: General Terms

1.1 Objective

The purpose of this standard is to define the transmission system for digital terrestrial television
broadcasting among various types of standard television broadcasting handled by broadcasting
stations.

1.2 Scope

This standard applies to digital terrestrial television broadcasting using UHF and VHF bands. For
details on the source coding-scheme and multiplexing-scheme standards among those related to
digital terrestrial television broadcasting, see relevant standards.

1.3 References
1.3.1 Normative documents

The following documents are those from which excerpts included in this standard were taken:

—  “Ministerial ordinance for amending the entire standard transmission system for digital
broadcasting among standard television broadcasting and the like (Ordinance No. 26 of the
Ministry of Public Management, Home Affairs, Posts and Telecommunications, 2003)”
(hereinafter referred to as “ordinance”), and “Notification of the Ministry of Public Management,
Home Affairs, Posts and Telecommunications (Notification No. 37 of the Ministry of Public
Management, Home Affairs, Posts and Telecommunications, 2003)” (hereinafter referred to as
“notification”) related to the above ordinance

—  “Rules for radio facilities (Regulation No. 18 of the Radio Regulatory Committee, 1950)”
(hereinafter referred to as “ordinance”)

1.3.2 Related documents

The following are the standards and other documents related to the transmission of digital

terrestrial television broadcasting based on this standard:

—  “Service Information for Digital Broadcasting System,” ARIB Standard, ARIB STD-B10

—  “Data Coding and Transmission Specification for Digital Broadcasting,” ARIB Standard, ARIB
STD-B24

—  “Access Control System Specifications for Digital Broadcasting,” ARIB Standard, ARIB
STD-B25

—  “Video Coding, Audio Coding and Multiplexing Specifications for Digital Broadcasting,” ARIB
Standard, ARIB STD-B32

—  “Transmission System for Digital Terrestrial Sound Broadcasting,” ARIB Standard, ARIB
STD-B29



ARIB STD - B31
Version 1.6-E2

1.4 Terminology

1.4.1 Definitions

Data segment:

OFDM segment:

Partial reception:
Mode:

IFFT:
ISDB-T:

ISDB-Tsg:
OFDM symbol:
OFDM frame:
Multiplex frame:

Model receiver:

Carrier symbol:
Segment number:

Subchannel number:

Connected signal transmission:

Constraint length:

Hierarchical transmission:

Hierarchical layer information:

Control information:

Additional information:

Transmission TSP:

Spurious emission

Data group that corresponds to the effective carrier. This is an
elementary block for channel coding.

Basic band (1/14 of television-channel bandwidth) for transmission
signals, generated by adding control-signal carriers to data carriers.
OFDM segment also means signal processed to make up a frame.
Reception of only one OFDM segment at the center of a group of
segments

Identification of transmission mode based on the spacings between
OFDM carrier frequencies

Inverse Fast Fourier Transform

Digital terrestrial television broadcasting system in which
transmission bands consist of 13 OFDM segments

Digital terrestrial sound broadcasting system in which
transmission bands consist of one or three OFDM segments
Transmission symbol for the OFDM transmission signal
Transmission frame consisting of 204 OFDM symbols

Frame that is provided for signal-processing purposes and is used to
re-multiplex MPEG-2 TSs to create a single T'S. This frame is
identical to an OFDM frame in terms of duration.

Virtual receiver used to arrange transmission TSPs on a multiplex
frame

A symbol per OFDM carrier

Number used to identify 13 OFDM segments and their
corresponding data segments

ISDB-Tsg tuning step with a virtual bandwidth of 1/7 MHz

A type of transmission of ISDB-Tsp signals arranged without a
guard band

Number obtained by adding 1 to the number of delay elements in a
convolutional coder

Simultaneous transmission of multiple OFDM segments that are
channel-coded differently

Channel-coding parameter information on each layer in
hierarchical transmission

Information other than MPEG-2 TS that assists the receiver in
demodulation and decoding operations

Information for non-broadcasting purposes that is transmitted
using part of the control information carrier

204-byte packet formed by adding 16-byte parity to 188-byte
MPEG-2 TSP

Emission on a frequency or frequencies which are outside the
necessary bandwidth and the level of which may be reduced without
affecting the corresponding transmission of information. Spurious
emissions include harmonic emissions, parasitic emissions,
intermodulation products and frequency conversion products, but
exclude out-of-band emissions.



Out-of-band emission
Unwanted emissions
Spurious domain

Out-of-band domain

Necessary bandwidth
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Emission on a frequency or frequencies immediately outside the
necessary bandwidth resulting from the modulation process, but
excluding spurious emissions.

Consist of spurious emission and out-of-band emissions.

The frequency range beyond the out-of-band domain in which
spurious emissions generally predominate.

The frequency range, immedeately outside the necessary
bandwidth but excluding the spurious domain, in which out-of-band
emissions generally predominate. In the case of digital terrestrial
television broadcasting, the out-of-band domain is within +/-15
MHz from the center frequency of the necessary bandwidth (the
frequency of the boundary between the out-of-band and spurious
domain is included in the spurious domain).

A 6-MHz-wide frequency band in the case of digital terrestrial
television broadcasting.
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1.4.2 Abbreviations

AC:

CP:
DBPSK:
DQPSK:
IF:
IFFT:
ISDB:
ISDB-T:
ISDB-Tsg:
MPEG:
OCT:
OFDM:
PRBS:
QAM:
QPSK:
RF:

RS:

SP:
SFN:
TMCC:
TSP:

Auxiliary Channel

Continual Pilot

Differential Binary Phase Shift Keying
Differential Quadrature Phase Shift Keying
Intermediate frequency

Inverse Fast Fourier Transform

Integrated Services Digital Broadcasting
ISDB for Terrestrial Television Broadcasting
ISDB for Terrestrial Sound Broadcasting
Moving Picture Experts Group

Octal notation

Orthogonal Frequency Division Multiplexing
Pseudo-Random Binary Sequence
Quadrature Amplitude Modulation
Quadrature Phase Shift Keying

Radio frequency

Reed-Solomon

Scattered Pilot

Single Frequency Network

Transmission and Multiplexing Configuration Control
Transport Stream Packet
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Chapter 2: ISDB-T Overview

With ISDB-T, one or more transport stream (TS) inputs, defined in “MPEG-2 Systems,” are
re-multiplexed to create a single TS. This TS is then subjected to multiple channel-coding steps in
accordance with the intentions of the service, and is finally sent as a single OFDM signal. ISDB-T
also offers time interleaving to provide powerful channel coding for mobile-reception in which
variations in field strength are inevitable.

The transmission spectrum of television broadcasting consists of 13 successive OFDM blocks
(hereinafter referred to as “OFDM segments”), each bandwidth of which is equal to one fourteenth of
a television-broadcasting channel bandwidth. An OFDM-segment carrier configuration that allows
connection of multiple segments makes it possible to provide a transmission bandwidth appropriate
in terms of units of segment width for the target media, while at the same time enabling use of the

same receiver for both ISDB-T and ISDB-Tsg (see “Transmission System for Digital Terrestrial
Sound Broadcasting,” ARIB Standard, ARIB STD-B29).

2.1 Hierarchical transmission

Channel coding is conducted in units of OFDM segments. Therefore, part of a single television
channel can be used for fixed-reception service and the rest for mobile-reception service. Such
signal transmission is defined as hierarchical transmission. Each hierarchical layer consists of one
or more OFDM segments, and parameters such as the carrier modulation scheme, inner-code coding
rate, and time interleaving length can be specified for each hierarchical layer. Note that up to three
hierarchical layers can be provided and that the segment used for partial reception, which will be
discussed later, is also counted as one hierarchical layer.

The number of segments and the set of channel-coding parameters for each hierarchical layer are
determined in accordance with the organization information. Note that TMCC signals convey
control information that assists in receiver operations.

Source coding
Channel coding
Video —p| Video coding |y Multiplexer o Hierarchical parallel
. e ) c processing
Sound —| Sound coding |__: lelte(.j TS pl > - Error correction OFDM
Dot . reception . 2 | TS |- Modulation = trans-
ata —b Data coding — processor . % ——> - Interleaving, —» & I mission
= TMCC signal -
. > b generation, frame wave
= tructure
TS °
Making-up *
information

Fig. 2-1: ISDB-T Overview
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2.2 Partial reception

As for an OFDM segment at the center of a television-broadcasting signal consisting of 13 segments,
it is possible to conduct channel coding such that the range of frequency interleaving is limited
within the segment. This configuration enables an ISDB-Tss receiver to receive one-segment
service embedded in a hierarchical television signal(see “Channel Coding Scheme” in Chapter 3).

2.3 Modes

In consideration of the suitability of the distance between SFN stations and the robustness to
Doppler shift during mobile-reception, ISDB-T offers three different spacings between OFDM carrier
frequencies. These spacings are identified as system modes. The available spacings between
OFDM carrier frequencies are approximately 4 kHz, 2 kHz, and 1 kHz in modes 1, 2, and 3,
respectively.

The number of carriers used varies depending on the mode, but the information bit rate that can be
transmitted remains the same in all modes.
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Chapter 3: Channel-Coding Scheme

Data transmitted through ISDB-T consists of a group of data (hereinafter referred to as “data
segments”) that includes multiple TSPs (transport-stream packets) defined in “MPEG-2 Systems.”
These data segments are subjected to required channel coding. Further, pilot signals are added to
data segments in the OFDM framing section to form an OFDM segment (with a bandwidth of 6/14
MHz). A total of 13 OFDM segments are converted to OFDM transmission signals collectively by
IFFT.

This channel-coding scheme allows hierarchical transmission in which multiple hierarchical layers
with different transmission parameters can be transmitted simultaneously. Each hierarchical layer
consists of one or more OFDM segments. Parameters such as the carrier modulation scheme,
inner-code coding rate, and time interleaving length can be specified for each hierarchical layer.

In the configuration that contains one-segment service, a center OFDM segment of TV signal can be
also received by a digital sound broadcasting receiver.

Note that up to three hierarchical layers can be transmitted.

Fig. 3-1 shows conceptual drawings of hierarchical transmission and partial reception. In addition,
Tables 3-1 and 3-2 present OFDM segment transmission parameters identified as system modes and
transmission signal parameters, respectively.

Note also that Table 3-3 shows the data rate per segment, while Table 3-4 presents the total data
rate for all 13 segments.

Hierarchical ||Hierarchical ||Hierarchical
| Hierarchical layer A| layer A layer B layer C
Bl .
Data multiplexing 1
(combining of 4
hierarchical layers)
data segments @ Channel coding, OFDM framing
Transmission Z
spectrum
V V
\ Partial reception
13-segment receiver| | 1-segment receiver

Fig. 3-1: Hierarchical Transmission and Partial Reception in Digital Terrestrial Television Broadcasting
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Table 3-1: OFDM-Segment Parameters

Mode

Mode 1

Mode 2

Mode 3

Bandwidth

3000/7 = 428.57--- kHz

Spacing between
carrier frequencies

250/63 = 3.968--- kHz

125/63 = 1.9841--- kHz

125/126 = 0.99206--- kHz

Guard interval

31.5 ps (1/8),
15.75 ps (1/16),
7.875 ps (1/32)

63 us (1/8),
31.5 ps (1/16),
15.75 us (1/32)

" Total 108 108 216 216 432 432
g count
% Data 96 96 192 192 384 384
S Sp1 9 0 18 0 36 0
; Cp 0 1 0 1 0 1
e TMCC*? 1 5 2 10 4 20
Z AC1"3 2 2 4 4 8 8
AC2*3 0 4 0 9 0 19
Carrier modulation QPSK QPSK QPSK
scheme 16QAM DQPSK 16QAM DQPSK 16QAM DQPSK
64QAM 64QAM 64QAM
Symbols per frame 204
Effecf;'legtsgmb‘ﬂ 252 s 504 ps 1008 ps
63 us (1/4), 126 us (1/4), 252 us (1/4),

126 us (1/8),
63 s (1/16),
31.5 s (1/32)

Frame length

64.26 ms (1/4),
57.834 ms (1/8),
54.621 ms (1/16),
53.0145 ms (1/32)

128.52 ms (1/4),
115.668 ms (1/8),
109.242 ms (1/16),
106.029 ms (1/32)

257.04 ms (1/4),

231.336 ms (1/8),
218.484 ms (1/16),
212.058 ms (1/32)

IFFT sampling

512/63 = 8.12698--- MHz

frequency
Inner code Convolutional code (1/2, 2/3, 3/4, 5/6, 7/8)
Outer code RS (204,188)

*1:

*2:
*3:

demodulation purposes.

SP (Scattered Pilot) and CP (Continual Pilot) are used by the receiver for synchronization and

TMCC (Transmission and Multiplexing Configuration Control) is control information.
AC (Auxiliary Channel) is used to transmit additional information. AC1 is available in an equal number

in all segments, while AC2 is available only in differential modulated segments.
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Mode

Mode 1

| Mode 2

Mode 3

Number of OFDM
segments Ns

13

Bandwidth

3000/7 (kHz) x Ns +
250/63 (kHz)
=5.575--*-MHz

3000/7 (kHz) x Ns +
125/63 (kHz)
=5.573---MHz

3000/7 (kHz) x Ns + 125/126
(kHz)
=5.572:--MHz

Number of
segments of
differential
modulations

nd

Number of
segments of
synchronous
modulations

Ns (ns +ng= Ns)

Spacings between
carrier

250/63 = 3.968---kHz

125/63 = 1.984---kHz

125/126 = 0.992---kHz

frequencies
. Total 108 x Ny + 1 = 1405 216 x Ns + 1 = 2809 432 x N+ 1 = 5617
= count
§ Data 96 x N5 = 1248 192 x Ns = 2496 384 x Ns = 4992
O SP 9 x ns 18 x ns 36 x ns
; cp1 ng+1 ng+1 ng+1
'é TMCC ns + 5 x nd 2x1ns+ 10 x ng 4 x1ns+ 20 xng
= AC1 2 x No= 26 4 x Ny= 52 8 x No= 104
AC2 4 x nq 9 x nd 19 x n4
Carrier
modulation QPSK, 16QAM, 64QAM, DQPSK
scheme
Symbols per 204
frame
Effeci‘r’leg:gmb‘ﬂ 252 us 504 ps 1.008 ms
63 ps (1/4), 126 ps (1/4), 252 us (1/4),

Guard interval

31.5 us (1/8),
15.75 us (1/16),
7.875 us (1/32)

63 us (1/8),
31.5 ps (1/16),
15.75 us (1/32)

126 us (1/8),
63 s (1/16),
31.5 ps (1/32)

Frame length

64.26 ms (1/4),
57.834 ms (1/8),
54.621 ms (1/16),
53.0145 ms (1/32)

128.52 ms (1/4),
115.668 ms (1/8),
109.242 ms (1/16),
106.029 ms (1/32)

257.04 ms (1/4),
231.336 ms (1/8),
218.484 ms (1/16),
212.058 ms (1/32)

Inner code

Convolutional code (1/2, 2/3, 3/4, 5/6, 7/8)

Outer code

RS (204,188)

*1: The number of CPs represents the sum of those CPs in segments, plus one CP added to the right of the

entire bandwidth.
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Table 3-3: Data Rate of a Single Segment

. . Number of TSPs Data rate (kbps) *2
Carrier Convolutional . .
modulation code transmitted ' | Guard ratio: | Guard ratio: | Guard ratio: | Guard ratio:
(Mode 1/2/3) 1/4 1/8 1/16 1/32
1/2 12/24/48 280.85 312.06 330.42 340.43
DQPSK 2/3 16/32/64 374.47 416.08 440.56 453.91
3/4 18/36/72 421.28 468.09 495.63 510.65
QPSK 5/6 20/40/80 468.09 520.10 550.70 567.39
7/8 21/42/84 491.50 546.11 578.23 595.76
1/2 24/48/96 561.71 624.13 660.84 680.87
2/3 32/64/128 748.95 832.17 881.12 907.82
16QAM 3/4 36/72/144 842.57 936.19 991.26 1021.30
5/6 40/80/160 936.19 1040.21 1101.40 1134.78
7/8 42/84/168 983.00 1092.22 1156.47 1191.52
1/2 36/72/144 842.57 936.19 991.26 1021.30
2/3 48/96/192 1123.43 1248.26 1321.68 1361.74
64QAM 3/4 54/108/216 1263.86 1404.29 1486.90 1531.95
5/6 60/120/240 1404.29 1560.32 1652.11 1702.17
7/8 63/126/252 1474.50 1638.34 1734.71 1787.28

*1: Represents the number of TSPs transmitted per frame
*2: Represents the data rate (bits) per segment for transmission parameters
Data rate (bits): TSPs transmitted x 188 (bytes/TSP) x 8 (bits/byte) x 1/frame length
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) ) Number of TSPs Data rate (Mbps)
Carrle.r Convolutional transmitted Guard ratio: | Guard ratio: | Guard ratio: | Guard ratio:
modulation code
(Mode 1/2/3) 1/4 1/8 1/16 1/32
1/2 156/312/624 3.651 4.056 4.295 4.425
DQPSK 2/3 208/416/832 4.868 5.409 5.727 5.900
3/4 234/468/936 5.476 6.085 6.443 6.638
QPSK 5/6 260/520/1040 6.085 6.761 7.159 7.376
7/8 273/546/1092 6.389 7.099 7.517 7.744
1/2 312/624/1248 7.302 8.113 8.590 8.851
2/3 416/832/1664 9.736 10.818 11.454 11.801
16QAM 3/4 468/936/1872 10.953 12.170 12.886 13.276
5/6 520/1040/2080 12.170 13.522 14.318 14.752
7/8 546/1092/2184 12.779 14.198 15.034 15.489
1/2 468/936/1872 10.953 12.170 12.886 13.276
2/3 624/1248/2496 14.604 16.227 17.181 17.702
64QAM 3/4 702/1404/2808 16.430 18.255 19.329 19.915
5/6 780/1560/3120 18.255 20.284 21.477 22.128
7/8 819/1638/3276 19.168 21.298 22.551 23.234

*1:

segments.
hierarchical parameter configuration.

This table shows an example of the total data rate in which the same parameters are specified for all 13
Note that the total data rate during hierarchical transmission varies depending on the
In the case shown above, the data volume transmitted by all 13

segments is equal to the sum of all data volumes transmitted by these segments that can be determined
based on Table 3-3.
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3.1 Basic configuration of the channel coding

Multiple TSs output by the MPEG-2 multiplexer are fed to the T'S re-multiplexer such that TSPs can
be properly arranged for signal processing one data segment at a time. In the re-multiplexer, each
TS is first converted into 188-byte burst-signal form by means of a clock having a rate four times
higher than that of the IFFT sample clock. An outer code is then applied, and these TSs are
converted into a single T'S.

When hierarchical transmission is performed, the TS is divided into multiple hierarchical layers in
accordance with the hierarchy information. These layers are then fed to a maximum of three
parallel-processor blocks.

In the parallel processor, digital data-processing steps including error-correction coding, interleaving,
and carrier modulation are primarily conducted. Note also that the difference in delay time
(generated in byte-interleaving and bit-interleaving signal processes) between hierarchical layers is
adjusted in advance to adjust timing. Error correction, interleaving length, and the carrier
modulation scheme are specified for one hierarchical layer independently.

Following parallel processing, hierarchical layer signals are combined and then fed to the time and
frequency interleaving sections to ensure the improvement of error-correction effectively against
both the variation of field strength and multipath interference in mobile-reception.

Convolutional interleaving is used as the time-interleaving scheme to reduce both transmission and
reception delay times and minimize the receiver memory size. As for frequency interleaving, both
inter-segment and intra-segment interleaving are employed to ensure the appropriate segment
structure and proper interleaving.

To ensure that the receiver properly performs demodulation and decoding in hierarchical
transmission in which multiple sets of transmission parameters are used, a TMCC (Transmission
and Multiplexing Configuration Control) signal is also transmitted using specific carriers. The
TMCC signal forms the OFDM frame together with program signals and pilot signals for
synchronization and reproduction purposes. Once formation of a frame is complete, all signals are
converted to OFDM transmission signals by IFFT process.
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Fig. 3-2 shows the basic configuration of the channel coding.

Byte -> Bits| .| Energy Delay | |Bjts -> Byte Byte Byte -> Bits| | convolutional
| MsB first [ *]dispersal [*[2945 [P sp first | |interieaving[®| MSB first [*| coding | >
TS
MPEG-2 ¥ 15 [} Outer | ] ool ,[Byte -> Bits| | Energy | |Delv] IBits -> Byte| | Byte | IByte > Bits| | convolutionai|
multlplexerI re-multiple | 7| (204,188)| " [irarch- MSB first | |dispersal [ |570%["| MSB first [ |interleaving|™| MSB first coding
cal levels []
Byte -> Bits Energy Delay | [IBits -> Byte Byte Byte -> Bits| | Convolutional
| MSB first dispersal_’a::ss:' MSB first | "interieaving[™ MSB first | 7| coding [ >
Carrier modulation E o o
——bl Bit interleaving |->|Mapping |——> § g '% %
s = 2 E
Carrier modulation £ 2 = £ g Guard-
——>| Bit interleaving |->|Mapping|——> gi — < ! I > @ IFFT interval  {—
£ g é = addition
Carrier modulation .g [= g Q
——>| Bit interleaving |->|Mapping |——> 3 w o

Pilot signals

TMCC signal

Fig. 3-2: Blocks Available in the Channel Coding

3.2 TS re-multiplexing
3.2.1 Multiplex-frame configuration

A re-multiplexed transport stream (TS) is formed by multiplex frames as elementary units, each of
which consists of n pieces of transport-stream packets (TSPs). Table 3-5 shows the numbers of
TSPs used for different transmission modes and guard-interval ratios.

Each of the TSPs comprising a multiplex frame is 204 bytes in length, consisting of 188-byte program
data and 16-byte null data. This TSP is referred to as “transmission TSP.” The multiplex-frame
length matches that of the OFDM frame when the clock rate for sending transmission TSP is
increased to four times that of the IFFT sample clock rate.

As shown in Fig. 3-3, each of the transmission T'SPs within a multiplex frame is transmitted by
hierarchical layer X of an OFDM signal (layer X designates either layer A, B, or C) or belongs to a
null packet (TSPnun) that is not transmitted as an OFDM signal. The arrangement of transmission
TSPs within a multiplex frame is determined in advance to ensure that it is identical to that of the
TSs that will be reproduced by the model receiver shown in Fig. 3-4.
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Table 3-5: Multiplex-Frame Configuration

Number of transmission TSPs included in one multiplex frame
Mode Guard-interval ratio | Guard-interval ratio | Guard-interval ratio | Guard-interval ratio
1/4 1/8 1/16 1/32
Mode 1 1280 1152 1088 1056
Mode 2 2560 2304 2176 2112
Mode 3 5120 4608 4352 4224

(Ordinance)

Because the number of transport-stream packets that can be transmitted per unit time varies
substantially depending on the parameters specified for each hierarchical layer, it is generally not
possible to achieve consistency between TSs input to the re-multiplexer and a single T'S output from
it. However, the addition of an appropriate number of null packets allows interfacing between the
transmitter and receiver during transmission of transport streams at a constant clock rate,
regardless of which transmission parameters are specified.

Because multiplex-frame length is the same as OFDM-frame length, the receiver can reproduce
transport-stream synchronization based on OFDM-signal synchronization, thus ensuring improved
synchronization performance.

Correlating TSP arrangement within a multiplex frame with “division of T'S into multiple
hierarchical layers and combining of these layers” allows the receiving side to select the same single
TS as the one transmitted from among multiple signals of different layers, and to reproduce that TS.
For this reason, we define the model receiver operation on the transmitting side to indirectly
stipulate TSP arrangement. The receiving side can reproduce TS without any TSP position
information when it operates in the same manner as the model receiver.

Fig. 3-3 shows an example of a re-multiplexed transport stream.

One multiplex frame
< i<
#w | #we | w3 |-------- | #1151 (w152 [ w1 | w2 |---
TSPs TSPs TSPnu TSPa TSPnu| TSPs TSPs

Fig. 3-3: Example of a Re-Multiplexed Transport Stream
(Mode 1, Guard Interval of 1/8)
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3.2.2 Model receiver for forming multiplex frame patterns

TSPs are arranged on a multiplex frame in accordance with the configuration of T'S reproduced by
the model receiver shown in Fig. 3-4. Note that an FFT sampling clock is used in this case.

Differantial Frequency/time
demodulation
—>» FFT P synchronous > de-interleaving >

demodulation

TS
reproduction
AAAAAAAAAAAAAA section
; ; s3 s2 c
Hierarchical S
level A TS buffer Bl isa
St ]
F 38—

De- Hierarchical =

R . P 0 a

o g puncturing buffer 5 g Null TSP )
ce ol . .
E © iOHi hical i STl T Viterbi

. G .9 lerarchica _g o decoding
25 ; level C ; 5

s e gEQ° S2 p=

a5 S§| e{Tsbuf 2

K} De- Hierarchical 2 urrer ©

< > puncturing > buffer = JYIZE]

F8re

2

S

Null TSP l—. o

Fig. 3-4: Model Receiver for Forming Multiplex Frame Patterns

3.2.2.1 Input signals to the hierarchical divider

Upon completion of processing such as carrier demodulation and de-interleaving, input signals to the
hierarchical divider are arranged in ascending order of segment number, and also in ascending order
of the carrier frequency of information symbol within a segment (obtained by excluding the carriers
of control symbol). Fig. 3-5 shows an example in which two hierarchical layers are available (one
layer modulated through DQPSK 1/2 with 5 segments, and the other modulated through 64QAM 7/8
with 8 segments), and a guard interval of 1/8 and mode 1 are selected.

During the period of one OFDM symbol, data the size of 480 (96 x 5) carriers is input to hierarchical
layer A, followed by the input of data the size of 768 (96 x 8) carriers to hierarchical layer B and a
null signal the size of 1056 carriers.

The null signal corresponds to the sum of sampling (equivalent to pilot signals inserted by the OFDM
framing section), FFT sampling (sampling in excess of the net signal band), and guard-interval
sampling. This operation is repeated as many times as 204 symbols for the duration of one OFDM
frame.

Note that delays are adjusted such that the periods of time required for differential or synchronous
demodulation become the same.
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OFDM symbol period = 2304 clocks

< >

96 clocks
P

Segment O | - Segment 4 | Segment 5 | e Segment 12

Carrier 0 Carrier 1 [ - Carrier 95
Hierarchical level A Hierarchical level B

T (5 segments) ’l‘ (8 segments) 'I" Null signal >

Fig. 3-5: Time Arrangement for Input Signals to Hierarchical Layers

3.2.2.2 Operation of the model receiver from the hierarchical divider to the Viterbi decoding
input

Signal, divided into multiple hierarchical layers, is then subjected to de-puncturing before being
stored in the hierarchical buffer. In this case, we assume that the processing delay time is the same
for all layers, and that there is no delay time for the model receiver.

At this time, the number of bits Bxx that are input to and stored in the hierarchical buffer upon input
of the kth datum to hierarchical layer X in a single multiplex frame can be determined by the
following formula:

Bxir =2 x ([k x Se x Bx/ - [(k-1) x Sx x Bx/)

where [ ] indicates that all digits to the right of the decimal point are discarded. Note that Rx
represents the convolutional-code coding rate at hierarchical layer X. Note also that Sx takes one of
the values given in Table 3-6, depending on the modulation scheme selected for hierarchical layer X.

Table 3-6: S, Value

Modulation scheme Sx
DQPSK/QPSK 2
16QAM 4
64QAM 6

Switch S1 is switched over to another hierarchical buffer when data the size of one TS packet (408
bytes*) is input to the hierarchical buffer. This data is transferred to the TS buffer provided in the
TS reproduction section. In this case, we assume that data transfer is instantaneous.
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* Convolutional coding of a single TS packet (204 bytes) of data produces 408 bytes, as the coding
rate of the mother code of the convolutional code is 1/2.

The TS reproduction section checks the TS buffer every TS packet period (408 clocks). If there is
more data than the size of one TS packet, this section switches S2 over to the TS buffer position and
reads out one TS packet of data. When there is no data in the T'S buffer, the T'S reproduction
section switches S2 over to the null TSP position and transmits a null packet.

Switch S3 is used to alternately switch between two TS reproduction sections for inputting a
hierarchical combiner output signal. In mode 1, switching is performed at the beginning of an
OFDM frame. Switch S4 is used to switch between TS reproduction-section signal outputs. This
switch is switched over to the same position as S3 in three TS packet period (408 x 3 clocks) following
the switching of S3, that is, at the beginning of an OFDM frame.

In modes 2 and 3, switching of S3 and S4 is performed at 1/2 OFDM-frame intervals (102
OFDM-symbol intervals) and 1/4 OFDM-frame intervals (51 OFDM-symbol intervals), respectively.

3.3 Outer code

A shortened Reed-Solomon code (204,188) is used in every TSP as an outer code. The shortened
Reed-Solomon (204,188) code is generated by adding 51-byte 00HEX at the beginning of the input of
the data bytes of Reed-Solomon (255,239) code, and then removing these 51 bytes.

The GF (28) element is used as the Reed-Solomon code element. The following primitive polynomial
p (x) is used to define GF (29):

pGx)=x5+xt+x3+x2+ 1

Note also that the following polynomial g (x) is used to generate (204,188) shortened Reed-Solomon
code:

g =G -9 -A) (x-12) - (x - A13) provided that 1 = 02 HEX

(Ordinance)

[Description]
Shortened Reed-Solomon (204,188) code is the same as the outer code used for digital satellite
broadcasting, and can correct up to 8 random bytes in error among 204 bytes.
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Fig. 3-6 shows MPEG2 TSP and TSP that is error-protected by RS code. Note that the
error-protected 204-byte packet is also called “transmission TSP.”

Synchbrotnization Data
e
(1 byte) (187 bytes)
(a) MPEG2 TSP
Synchronization Data Parity
byte
(1 byte) (187 bytes) (16 bytes)

(b) TSP error-protected by RS code (transmission TSP)
Fig. 3-6: MPEG2 TSP and Transmission TSP

3.4 Division of TS into hierarchical layers

The hierarchical divider divides re-multiplexed TS into multiple portions (transmission TSPs, each of
which is 204 bytes in length, containing all bytes from the byte next to the TS synchronization byte to
the next synchronization byte), and assigns each portion to the specified hierarchical layer. At the
same time, the divider removes the null packet. The hierarchical layer to which each of the
transmission TSPs belongs is specified by hierarchy information based on organization information.
The maximum number of hierarchical layers must be three. Note also that OFDM-frame
synchronization shifts by one byte, to the beginning of the information bytes.

Fig. 3-7 shows an example of the division of TS into two hierarchical layers.

OFDM-frame synchronization

S Iy | P, |9] 1, | P, |9] I3 | P [S]
. Transmission > Null TSP —>l Transmission
! TSP #1 TSP #2
+ OFDM frame

Shifted OFDM-frame synchronization

Hierarchical level A I, | P, |[S]
! OFDM frame
Removed null TSP | 1, | P, |8
Hierarchical level B | Iy | P, [S]

S: Synchronization byte | Information P: Parity

Fig. 3-7: Example of Hierarchical Divider Operation
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3.5 Energy dispersal

Energy dispersal is conducted at each hierarchical layer using a circuit, shown in Fig. 3-8, that is
generated by a PRBS (Pseudo Random Bit Sequence). All signals other than the synchronization
byte in each of the transmission TSPs at different hierarchical layers are EXCLUSIVE ORed using
PRBSSs, on a bit-by-bit basis.

The initial value of the PRBS-generating circuit must be “100101010000000” (arranged in ascending
order of bits, from left to right), and this value must be initialized every OFDM frame. At this time,
the beginning of an OFDM frame must be the MSB of the byte next to the transmission TSP’s
synchronization byte. Note also that the shift register must also perform shifting of the
synchronization byte.

glx)=X"+X" +1

—» output

Fig. 3-8: PRBS-Generating Polynomial and Circuit

(Ordinance)
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3.6 Delay adjustment

Delay adjustment associated with byte interleaving, intended to provide identical transmission and
reception delay times for all hierarchical layers, is conducted on the transmitting side.

An appropriate adjustment value must be selected and specified for each hierarchical layer from
among those (equivalent to the number of transmission TSPs) shown below, such that all delays,
including transmission and reception delays caused by byte interleaving (11 transmission TSPs), are
one frame in length.

Table 3-7: Delay-Adjustment Values Required as a Result of Byte Interleaving

Carrier Convolutional Delay-adjustment value (number of transmission TSPs)
modulation code Mode 1 Mode 2 Mode 3
1/2 12 x N-11 24 x N-11 48 x N-11
DQPSK 2/3 16 x N-11 32 x N-11 64 x N-11
3/4 18 x N-11 36 x N-11 72 x N-11
QPSK 5/6 20 x N-11 40 x N-11 80 x N-11
7/8 21 x N-11 42 x N-11 84 x N-11
1/2 24 x N-11 48 x N-11 96 x N-11
2/3 32 x N-11 64 x N-11 128 x N-11
16QAM 3/4 36 x N-11 72 x N-11 144 x N-11
5/6 40 x N-11 80 x N-11 160 x N-11
7/8 42 x N-11 84 x N-11 168 x N-11
1/2 36 x N-11 72 x N-11 144 x N-11
2/3 48 x N-11 96 x N-11 192 x N-11
64QAM 3/4 54 x N-11 108 x N-11 216 x N-11
5/6 60 x N-11 120 x N-11 240 x N-11
7/8 63 x N-11 126 x N-11 252 x N-11

N represents the number of segments used by that hierarchical layer.
(Ordinance)

With hierarchical transmission, it is possible to specify different sets of transmission parameters
(number of segments, inner-code coding rate, modulation scheme) for different hierarchical layers.
In this case, however, the transmission bit rate for one layer differs from that for another layer,
resulting in different transmission capacities calculated as the time periods from coding of the inner
code on the transmitting side to decoding on the receiving side.

Therefore, the amount of transmission TSP delay (11 TSPs) caused by byte interleaving (discussed
later) for one layer differs from that for another layer when it is converted to delay time.

To compensate for this relative difference in delay time between hierarchical layers, delay
adjustment is conducted at each layer prior to byte interleaving, in accordance with the transmission
bit rate.
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3.7 Byte interleaving

The 204-byte transmission TSP, which is error-protected by means of RS code and energy-dispersed,
undergoes convolutional byte interleaving. Interleaving must be 12 bytes in depth. Note, however,
that the byte next to the synchronization byte must pass through a reference path that causes no
delay.

Fig. 3-9 shows the byte interleaving circuit.

In the intercode interleaving circuit, path 0 has no delay. The memory size for path 1 must be 17
bytes, that for path 2 be 17 x 2 = 34 bytes, and so on. Input and output must be switched over to a
different path every byte, in a sequential and cyclic manner, in ascending order of path number (path
0 -> path 1 -> path 2 ---- path 11 -> path 0 -> path 1 -> path 2).

@ 0 ®
' [ 47bytes ——o
o2 [ 17x2bytes ——o

&—— 17X3 bytes —@

Switching between paths
every byte

11
*~— 17 X 11 bytes —®

FIFO shift register

Fig. 3-9: Byte Interleaving Circuit

(Ordinance)
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3.8 Inner code

The inner code is a punctured convolutional code with a mother code having a constraint length k of 7,
and a coding rate of 1/2. The generating polynomial of the mother code must be G1 = 171ocr and G2
=1330cr. Fig. 3-10 shows the coding circuit of the original code with constraint length k of 7, and a
coding rate of 1/2.

Table 3-8 shows the selectable inner-code coding rates and transmission signal sequence that are
punctured at that time. Note that the puncturing pattern must be reset such that the patterns
shown in Table 3-8 are initiated by frame synchronization. This is intended to ensure improved
receiver reliability in compensating for synchronization between puncturing patterns.

G, =171 Octal

P Output X

Data input

— P Output Y
G, = 133 Octal Hipu

Fig. 3-10: Coding Circuit of a Convolutional Code with Constraint Length k of 7
and a Coding Rate of 1/2

Table 3-8: Inner-Code Coding Rates and Transmission-Signal Sequence

Coding rate Puncturing pattern Transmission-signal sequence
1/2 v X1, Y1
213 é - X1, Y1, Y2
3/4 § 1(1)(1) X1, Y1, Y2, X3
5/6 vl X1, Y1, Y2, X3 Y4, X5
718 vyl X1, Y1, Y2, Y3, Y4, X5, Y6, X7

(Ordinance)
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3.9 Carrier modulation
3.9.1 Configuration of the carrier modulator

In the carrier modulation process, the input signal is bit-interleaved and mapped through the
schemes specified for each hierarchical layer. Fig. 3-11 shows the carrier-modulator configuration.

Carrier modulator
O—> Bitinterleaving [ DQPSK mapping —<
Delay O—> Bitinterleaving [—» QPSK mapping —C
adjustment O — - _ —0—
Selection Bit interleaving  —» 16QPSK mapping —C
O— Bitinterleaving [—» 64QPSK mapping —

Fig. 3-11: Carrier-Modulator Configuration

3.9.2 Delay adjustment

Transmission and reception delays equivalent to 120 carrier symbols occur as a result of bit
interleaving of the carrier modulator. The delay time varies depending on the carrier modulation
scheme, that is, the number of bits comprising the carrier symbol.

This difference in delay time is corrected at the bit interleaving input side through the addition of the
delay-adjustment value shown in Table 3-9 such that the total transmission and reception delays are
equal to 2 OFDM symbols.

Table 3-9: Delay-Adjustment Values Required as a Result of Bit Interleaving

Carrier Delay-adjustment value (number of bits)
modulation Mode 1 Mode 2 Mode 3
DQPSK : : .
QPSK 384 x N-240 768 x N-240 1536 x N-240
16QAM 768 x N-480 1536 x N-480 3072 x N-480
64QAM 1152 x N-720 2304 x N-720 4608 x N-720

N represents the number of segments used by that hierarchical layer.

(Ordinance)
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3.9.3 Bitinterleaving and mapping
3.9.3.1 DQPSK

The input signal must be 2 bits per symbol and p/4-shift DQPSK-mapped to output multi-bit I- and

Q-axes data.

Upon completion of serial-parallel conversion, the 120-bit delay element shown in Fig.

3-12 is inserted into the phase-calculator input for bit interleaving. Figs. 3-12 and 3-13 show the
system diagram and mapping constellation, respectively.

b0 b0’ 0
Phase k
—>(SIP 120-bit retardation calculation
b0,b1,-- b1 element b1’
Ij-1 IJ I
Phase 7
shift 4
on 3 —> Q
Delay

Fig. 3-12: n/4-Shift DQPSK Modulation System Diagram

Table 3-10: Phase Calculation

input output
b0’ b1’ 0j
0 0 n/4
01 -n/4
1 0 3n/4
11 -3n/4

The following shows the phase shift:

I cosO;j —sin@;\ 1Ij-1
Qj - sinfi  cosOi \Qj-1

Q
2 é
[ ] +1 T [ ]
*—+ —e |
-2 -1 +1 +42
° 1+ °
_\/ET

Fig. 3-13: n/4-Shift DQPSK Constellation

Provided that (7, @) and (Ij-1, @j-1) represent the output symbol and the OFDM symbol immediately

preceding the output symbol, respectively

(Ordinance)
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3.9.3.2 QPSK

The input signal must be 2 bits per symbol and QPSK-mapped to output multi-bit I- and Q-axes

data. To conduct mapping, the 120-bit delay element shown in Fig. 3-14 is inserted into the
mapping input for bit interleaving.

Figs. 3-14 and 3-15 show the system diagram and mapping constellation, respectively.

b0

_Ql

QPSK
S/p 120-bit delay

b0,b1,--- b1 element mapping 7/ Q

Fig. 3-14: QPSK Modulation System Diagram

Q (level corresponding to b1)

(1,0) b0,b1)=(0,0
o al ICDACY
} } | (level corresponding to bQ)
-1 +1
(1’1) . -1 T .(0,1)

Fig. 3-15: QPSK Constellation

(Ordinance)
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3.9.3.3 16QAM

The input signal must be 4 bits per symbol and 16QAM-mapped to output multi-bit I- and Q-axes

data.
interleaving.

To conduct mapping, the delay elements shown in Fig. 3-16 are inserted into b1 to b3 for bit

Figs. 3-16 and 3-17 show the system diagram and mapping constellation, respectively.

S/P

b0,b1,b2,b3---

b0
b1 40-bit delay
element 16QAM ——> |
b2 80-bit delay mapping
b3 element [ >Q
120-bit delay >
element

Fig. 3-16: 16QAM Modulation System Diagram

Q (Level corresponding to b1, b3)

(1,0,0,0)(1,0,1,0)|(0,0,1,0) (b0,b1,b2,b3) =(0,0,0,0)
® ® + © ®
+3
(1,0,0,1)(1,0,1,1)|(0,0,1,1) (0,0,0,1)
o ®e +— © o
+1
} I f | | (Level corresponding
-3 -1 ’ +1 +3 to b0, b2)
o ®e - o o

(1,1,0,1) (1,1,1,1)

° @ 3

(1,1,0,0) (1,1,1,0)

(0,1,1,1) (0,1,0,1)

o @
(0,1,1,0) (0,1,0,0)

Fig. 3-17: 16QAM Constellation

(Ordinance)
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3.9.34 64QAM

The input signal must be 6 bits per symbol and 64QAM-mapped to output multi-bit I- and Q-axes
data. To conduct mapping, the delay elements shown in Fig. 3-18 are inserted into b1 to b5 for bit
interleaving.

Figs. 3-18 and 3-19 show the system diagram and mapping constellation, respectively.

b0 24-bit retardation
b1 element
48-bit retardation 64QAM —F+——> |
S/P b2 element mapping

b0,b1,b2,b3,b4,b5--- 72-bit retardation
53 ——>a
96-bit retardation
b4 element

120-bit retardation
b5 element

Fig. 3-18: 64QAM Modulation System Diagram

Q (Level corresponding to b1, b3, b5)

(100000) (100010) (101010) (101000)| (001000) (001010) (000010) (b0,b1,b2,b3,b4,b5)=(000000)
{ o { +7T { { { {

(100001) (100011) (101011) (101001)| (001001) (001011) (000011) (000001)
{ o { +5 { { { {

(100101) (100111) (101111) (101101)| (001101) (001111) (000111) (000101)
{ o { +30 { { { {

(100100) (100110) (101110) (101100)| (001100) (001110) (000110) (000100)
[ [ ] [ i @ [ [ [
t I ; ; ; ; ] | (Level corresponding to
-7 -3 -1 1 +1 +3 +5 +7 b0, b2, b4)
[ ] [ ] e + O [ ] [ ] [ ]

(110100) (110110) (111110) (111100)| (011100) (011110) (010110) (010100)

S+

° ® ° o> o ° ® ®
(110101) (110111) (111111) (111101)] (011101) (011111) (010111) (010101)

° ® ° el o ° ® ®
(110001) (110011) (111011) (111001)| (011001) (011011) (010011) (010001)

° ® ° el o ° ® ®
(110000) (110010) (111010) (111000)| (011000) (011010) (010010) (010000)

Fig. 3-19: 64QAM Constellation

(Ordinance)
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3.9.4 Modulation-level normalization

When we let the points in the constellations shown in Figs. 3-13, 3-15, 3-17, and 3-19 be expressed as
Z (=1+jQ), the transmission-signal level must be normalized by multiplying each of these points by
the corresponding normalization factor shown in Table 3-11.

As a result, the average OFDM symbol power becomes 1 regardless of which modulation scheme is

used.

Table 3-11: Modulation Level Normalization

Carrier modulation scheme Normalization factor
n/4-shift DQPSK ZIN2
QPSK ZIN2
16QAM N
64QAM ZN42

(Ordinance)

3.9.5 Data-segment configuration

A data segment is equivalent to data part in an OFDM segment shown in Section 3-12. Data
segments consists of 96, 192, and 384 carrier symbols in modes 1, 2, and 3, respectively. Note that
Sijk in the figure represents the kth segment carrier symbol. Note also that “1” must be equivalent
to the carrier direction in the OFDM segment, while “” must be equivalent to the symbol direction in
the OFDM segment. Fig. 3-20 shows the data-segment configuration.



—

96 carrier modulation
symbols

<—

192 carrier modulation
symbols

384 carrier modulation
symbols
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SO,O‘k SO,Lk SO,Z‘k
S1,0‘k S1,1‘k S1,2‘k
S2,0,k S2,1,k SZ,Z,k
Si,j,k
SQS,O,k S95,1,k S95,2,k

(a) Data-segment configuration in mode 1

SO,O,k SO,1,k SO,Z,k
S1,O,k S1,1,k S1,2,k
S2,0,k S2,1,k SZ.Z,k
Si,j,k
S191,0,k S191,1,k S191,2,k

(b) Data-segment configuration in mode 2

Soox  Soik So.2k
S1ok Stk Si2k
Sz0k Saak Sz2k
Sijk
Saesok  Sassik  Sasszk

(c) Data-segment configuration in mode 3

Fig. 3-20: Data-Segment Configurations
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3.10 Combining hierarchical layers

Signals of different hierarchical layers, subjected to channel coding and carrier modulation by the

specified parameters, must be combined and inserted into data segments and undergo speed

conversion.

Fig. 3-21 shows the configuration of the hierarchical combiner.

Hierarchical level A

Switched every
level-A modulation
symbol

Hierarchical level B

Switched every
level-B modulation
symbol

Hierarchical level C

Switched every

level-C modulation
symbol

0 Data segment No. 1-1 0
O 1 1 O
O——2 2 ———O
o—: O
o— | n.-1 -1 5
O—— 0 Data segment No. 1-2 0
O—n.1 1

0 Data segmen.t No. 1-Ns1 0

ne-1 ~1

0 Data segment No. 2-1 0

Ne-1 ~1

0 Data segmen.t No. 2-Ns2 0

ne-1 ~1

0 Data segment No. 3-1 0

Ne-1 ~1

O—

0 Data segmen.t No. 3-Ns3 0

ne-1 ~1

Switched
i every IFFT
: sample clock

Fig. 3-21: Configuration of the Layer Combiner

Buffer RAM

In the figure shown above, nc is 96, 192, and 384 in modes 1, 2, and 3, respectively. Note also that

Ns1 + Ns2 + N3 = 13.

(Ordinance)
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3.11 Time and frequency interleaving
3.11.1 Time interleaving

Once signals of different hierarchical layers are combined, they must be time-interleaved in units of
modulation symbols (for each of the I and Q axes), as shown in Fig. 3-22.

O—— 1 0 Intradata-segment time 0 O

o— 1 interleaving section 1
© 2 No. 0 2 ———©
O——— I

n-1 -1

o——10 _Intradata_—segme_nt time 0 o
interleaving section :

O———ng1 No. 1 o0

Switched ; Switched
‘ O—— 0 Intradata-segment time 0 H——o

every IFFT interleaving section : . every IFFT

sample clock sample clock

O——n -1 No. 2

C

O—— 0 Intradata-segment time 0 ——o0
' interleaving section : v

O—— r.1-1 No. 12 1O

c c

ne is 96, 192, and 384 in modes 1, 2, and 3, respectively.

Fig. 3-22: Configuration of the Time Interleaving Section
(Natification)

Fig. 3-23 shows the configuration of one of the intra-data segment time interleaving sections
presented in Fig. 3-22. Note that “I” in the figure is a parameter related to interleaving length that
can be specified for each hierarchical layer. This parameter is shown in Table 3-12.

0
O— Ixmy symbol buffer —O
1
O Ixmi symbol buffer O
2
O Ixm: symbol buffer O
Nes1
O— Ixmy,.; symbol buffer —O
Provided that m; = (i x 5) mod 96

ne is 96, 192, and 384 in modes 1, 2, and 3, respectively.
Fig. 3-23: Configuration of the Intra-segment Time Interleaving Section

(Natification)

The time interleaving length must be specified as I for each hierarchical layer, independently of
other layers. The resulting difference in delay time must be corrected on the transmitting side
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using the number of symbols or the delay appropriate for each layer shown in Table 3-12, such that
the total number of transmission and reception delays is a multiple of the number of frames.

Table 3-12: Time Interleaving Lengths and Delay Adjustment Values

Mode 1 Mode 2 Mode 3
Number Number of Number Number of Number Number of
of delayed of delayed of delayed
Length (D) | delay-adju frames in Length () | delay-adju frames in Length () | delay-adju frames in
stment transmission stment transmission stment transmission
symbols | and reception symbols | and reception symbols | and reception
0 0 0 0 0 0 0 0
4 28 2 2 14 1 1 109 1
8 56 4 4 28 2 2 14 1
16 112 8 8 56 4 4 28 2

(Notification)

Note that this delay adjustment must be conducted on signals prior to time interleaving.

[Description]

Time interleaving is intended to ensure improved the robustness against fading interference by
randomizing symbol data in terms of the time after modulation. Specification of the interleaving
length for each hierarchical layer allows the optimal interleaving length to be specified for the target
channel if each layer employs a different channel, that is, a type of reception that differs from that of
other layers.

Fig. 3-24 shows the arrangement of carriers following time interleaving.

The purpose of using convolutional interleaving as the time interleaving method is to reduce the
total transmission and reception delay time and decrease the amount of receiver memory taken up.

800 o o
(4 @
700 4 (4 @ ®
@

600

500

400

300

200

Number of delayed symbols

100

@ ® ®
@ [ ) ® °
S & & ¢
[ ] @ ®
Y Y B
K4 e o 3
e & c e
S & & ¢
0 S & 2 s

$

&
é
&

10 20 30 40 50 60 70 80 90
Carrier No.

Fig. 3-24: Arrangement of Carriers Following Time Interleaving (Mode 1,1=8)
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3.11.2 Frequency interleaving

Fig. 3-25 shows the configuration of the frequency interleaving section.

During segment division, data-segment numbers 0 to 12 are assigned sequentially to the
partial-reception portion, differential modulations (segments for which DQPSK is specified for
modulating carriers), and coherent modulation (segments for which QPSK, 16QAM, or 64QAM is
specified for modulating carriers).

As for the relationship between the hierarchical configuration and data segments, data segments of
the same hierarchical level must be successively arranged, and hierarchical layers must be named
layer A, B, and C sequentially, in ascending order of data-segment number (that is, from smaller to
larger segment numbers).

Inter-segment interleaving must be conducted on two or more data segments when they belong to
the same type of modulated portion, even if their hierarchical levels differ.

Partial-reception portion | Intrasegment carrier | Intrasegment carrier R
rotation randomizing
Differential
modulation
Segment .| Inter-segment _| Intrasegment carrier _| Intrasegment carrier R OFDM-
division interleaving rotation randomizing frame
] structure
.| Inter-segment | Intrasegment carrier | Intrasegment carrier R
Coherent "l interleaving d rotation d randomizing g
modulation
Fig. 3-25: Configuration of the Frequency Interleaving Section
(Natification)
[Description]

Inter-segment interleaving is not conducted on the partial-reception portion, as it is assumed that
the receiver designed to receive only that segment will be used.

Note also that because the differential and synchronous modulations differ in terms of frame
structure, as shown in Section 3-12 (“Frame structure”), inter-segment interleaving is performed in
each group.

Inter-segment interleaving conducted across layer boundaries is intended to maximize the frequency
interleaving effect.
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3.11.21

Inter-segment interleaving

Inter-segment interleaving must be conducted on each of the differential modulation (DQPSK) and
synchronous modulation (QPSK, 16QAM, 64QAM), as shown in Figs. 3-26 (a), 3-26 (b), and 3-26 (c).
Note that Sijk, and n in the figures represent carrier symbols in the data-segment configuration
(Fig. 3-20) and the number of segments assigned to the differential and synchronous modulation,

respectively.
Data segment Data segment Data segment Data segment
< No. 0 < No. 1 > No. 2 No. n-1
SD,U,U S‘\,D,D ___________ 395 0,0 30,0,1 31,0,1 ,,,,,,,,,,, 395,0,1 0,0,2 102 ... 395 02 | SD,U,H-1 S‘\,D,n»1 ___________ SQ5,U,"-1
=9 =8, = Ogs = Ogs =Sy = Oq91 = O = Oqe3 = Oog7 =S%(n-1) =S%(n-1)+1 = Sgen1
Arrangement of symbols before interleaving
Data segment Data segment Data segment Data segment
No. 0 > No. 1 > No. 2 No. n-1 >
S, S, |- Sesn S, Sy e Sesner S, Sy e Sesmiz | S Sony | Sesna
Arrangement of symbols after interleaving
Fig. 3-26 (a): Inter-segment Interleaving in Mode 1
Data segment Data segment Data segment Data segment
< No. 0 < No. 1 2N No. 2 No. n-1 >
SD,U,U S‘\,D,D ___________ 3191,0,0 0,0,1 1,01 | 3191,0,1 0,0,2 102 ... 3191 02 | SD,U,H-1 S‘\,D,n»1 ___________ 3191,0,71»1
=9 =8, =Sg¢ = O = Oq93 = Ozg3 = O3as = Oggs = Os75 =S192(n-1) =S192(n-1)+1 = Sign1
Arrangement of symbols before interleaving
Data segment Data segment Data segment Data segment
No. 0 > No. 1 > No. 2 No. n-1 >
S, S, | Siomn S, St | Siom S, ST - Sigmea | S, Spny | S
Arrangement of symbols after interleaving
Fig. 3-26 (b): Inter-segment Interleaving in Mode 2
(Natification)
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Data segment Data segment Data segment Data segment
No. 0 > No. 1 > No. 2 No. n-1 >
SO,O,O SW‘O‘O vvvvvvvvvvv 8383‘0‘0 0,0,1 1,01 | S383‘0‘1 0,0,2 102 | 3383 0,2 S SW‘OJH vvvvvvvvvvv S383‘0J'|-1
= SU = 81 = 3353 3354 = 3355 = 3767 = 3768 = 3769 = S 151 = S.’i = SGBA n-1)+1 = SGBAVH
Arrangement of symbols before interleaving
Data segment Data segment Data segment Data segment
No. 0 2 No. 1 > No. 2 No. n-1 2
S, S, |- Suean S, (S TP - Sganet S, (ST - Sagane Sps | Sapun
Arrangement of symbols after interleaving
Fig. 3-26 (c): Inter-segment Interleaving in Mode 3
(Notification)
3.11.2.2 Intra-segment interleaving

Intra-segment interleaving must be conducted in two steps: carrier rotation by segment number,

followed by carrier randomizing.

In the carrier rotation, carrier changes are carried out as shown in Figs. 3-27 (a), 3-27 (b), and 3-27

(c). Here, S’ijx represents the carrier symbol of the kth segment following inter-segment

interleaving.

S'o0k |

S’1,O,k

| S0k

S’QS,O,k

1

I S’ (k mod 96),0.k |

;
S’ (k + 1 mod 96),0.k |

>
S’ (k + 2 mod 96),0k

>
S’ (k + 95 mod 96),0.k

Fig. 3-27 (a): Carrier Rotation in Mode 1

I S0.0k | S0k | S0k | S191,0k I
2
I S’ (k mod 192),0.k | S’k + 1 mod 192),0k | S’ (k + 2 mod 192),0k | S’k + 191 mod 192),0.k I
Fig. 3-27 (b): Carrier Rotation in Mode 2
I S0.0k | S0k | S0k | S’383,0 I
J
I S’ mod 384),0.k | S (k + 1 mod 384).0k | S (k + 2mod 384).0k | S (k + 383 mod 384),0.k I

Fig. 3-27 (c): Carrier Rotation in Mode 3

(Natification)
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Next, carrier randomizing in Mode 1, 2, and 3 is shown in Table 3-13 (a), (b), and (c), respectively.

These tables show which carriers are assigned, as a result of carrier randomizing, to carrier-rotated
data arranged in ascending order of carrier number.

Table 3-13 (a): Intrasegment Carrier Randomizing in Mode 1

Before | 0 1 2 3 4 5 6 7 8 9 10|11 )12 | 13| 14| 15|16 | 17| 18 | 19 | 20 | 21 | 22 | 23
After | 80 | 93 | 63 [ 92 | 94 | 55 | 17 | 81 6 | 51 9 85 | 89 [ 65 | 52 [ 15 | 73 [ 66 | 46 [ 71 [ 12 [ 70 | 18 | 13

Before | 24 | 25 [ 26 | 27 | 28 | 29 [ 30 | 31 | 32 | 33 | 34 | 35| 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47
After | 95 | 34 1 38 |78 | 59 [ 91|64 | O | 28 | 11 4 | 45| 35| 16 7 148122 |23 |77|56|19] 8 |36

Before | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 [ 61 | 62 | 63 [ 64 | 65 | 66 | 67 | 68 | 69 | 70 [ 71
After | 39 | 61 | 21 3 1266967 |20 | 74|86 | 72| 25| 31 5 149 | 42 | 54 | 87| 43|60 | 29| 2 76 | 84

Before | 74 | 73 | 74 | 75 | 76 | 77 [ 78 | 79 | 80 | 81 [ 82 | 83 | 84 [ 85 | 86 | 87 [ 88 [ 89 | 90 | 91 [ 92 | 93 | 94 | 95
After | 83 | 40 | 14 [ 79 | 27 | 57 | 44 | 37 | 30 | 68 | 47 | 88 | 75 [ 41 | 90 | 10 | 33 [ 32 | 62 | 50 | 58 | 82 | 53 | 24

Table 3-13 (b): Intrasegment Carrier Randomizing in Mode 2

Before | 0 1 2 3 4 5 6 7 8 9 10 [ 11 ) 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
After | 98 | 35 | 67 | 116 | 135 | 17 54 | 143 | 43 | 74 | 165 | 48 | 37 | 69 | 154 | 150 | 107 | 76 | 176 | 79

ot
©
5}
-
35
—
(=2
@

Before | 24 | 25 [ 26 | 27 | 28 | 29 | 30 | 31 32 |1 33 |34 | 35| 36| 37 | 38| 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47
After | 175 | 36 | 28 | 78 | 47 [ 128 94 | 163 | 184 | 72 | 142 | 2 86 14 | 130 | 151 [ 114 | 68 | 46 | 183 | 122 | 112 | 180 | 42

Before | 48 | 49 | 50 | 51 | 52 | 53 | 54
After | 105 | 97 33 | 134 | 177 | 84 | 170

ot

'S
ST Sl

187 | 38 | 167 | 10 (189 | 51 | 117|156 | 161 | 25 | 89 | 125 | 139 | 24 19 | 57

Before | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 | 87 | 88 | 89 | 90 | 91 | 92 | 93 | 94 | 95
After | 71 | 39 | 77 | 191 | 88 | 85 0 [162]181 113|140 61 | 75 | 82 | 101 [ 174 | 118 | 20 | 136 | 3 | 121|190 | 120 | 92

Before | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119
After | 160 | 52 | 1563 | 127 | 65 | 60 | 133 | 147 | 131 | 87 | 22 | 58 | 100 | 111 | 141 | 83 | 49 | 132 | 12 | 155 | 146 | 102 | 164 | 66

Before | 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143
After 1 62 | 178 | 15 | 182 | 96 | 80 | 119 | 23 6 166 | 56 | 99 | 123 [ 138 | 137 | 21 | 145|185 | 18 | 70 | 129 ] 95 | 90

158 | 159 | 160 | 161 | 162 | 163 | 164 | 165 | 166 | 167
41 8 7 144 | 16 | 26 | 173 | 81 | 44 | 103

Before | 144 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152 | 153 | 154 | 155
After | 149 [ 109 [ 124 | 50 11 [ 152 | 4 31 | 172 | 40 13 | 32

-
ot
)
—_
51

3

o]
5]
-
ISH
©

Before | 168 | 169 | 170 | 171 | 172 | 173 | 174 | 175 | 176 | 177 [ 178 | 179 | 180 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191
After | 64 9 30 | 157 [ 126 | 179 | 148 | 63 | 188 | 171 | 106 | 104 | 158 | 115 | 34 | 186 | 29 | 108 | 53 | 91 | 169 [ 110 | 27 | 59

(Notification)
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Table 3-13 (c): Intrasegment Carrier Randomizing in Mode 3

Before 0 1 2 3 4 5 6 7 8 9 10 [ 11 | 12 | 13 | 14 [ 15 [ 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23

After 62 13| 371 11| 285] 336 | 365220 | 226 | 92| 56| 46| 120 | 175 | 298 | 352 | 172 | 235 | 53 | 164 | 368 | 187 | 125 82

Before 24 | 25 | 26 | 27 | 28 1 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47

After 5 45 | 173 | 258 | 135 | 182 | 141 | 273 | 126 | 264 | 286 | 88 [ 233 | 61 | 249 | 367 | 310 | 179 | 155 | 57 [ 123 | 208 | 14 | 227

Before 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 [ 64 | 65 | 66 | 67 [ 68 | 69 | 70 | 71

After 100 | 311 | 205 | 79 | 184 | 185|328 | 77 | 115 | 277 | 112 | 20 | 199 | 178 | 143 | 152 | 215 | 204 | 139 | 234 | 358 | 192 | 309 | 183

Before 72 1 73| 74|75 |76 77 78 [ 79| 8 | 81 82 | 83 | 84 | 8 | 8 | 87 | 88 | 89 | 90 | 91 | 92 | 93 | 94 | 95

After 81 | 129 | 256 | 314 [ 101 | 43 | 97 | 324 | 142 | 157 | 90 | 214 [ 102 | 29 | 303 | 363 [ 261 | 31 | 22 | 52 [ 305 | 301 | 293 | 177

Before 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119

After 116 | 296 | 85 [ 196 | 191 | 114 | 58 [ 198 | 16 | 167 | 145 | 119 | 245 | 113 | 295 [ 193 | 232 | 17 | 108 | 283 | 246 | 64 | 237 | 189

Before 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130 | 131 | 132 | 133 | 134 [ 135 | 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143

After 128 | 373 | 302 | 320 [ 239 | 335 | 356 | 39 | 347 [ 351 | 73 | 158 | 276 | 243 | 99 | 38 [ 287 | 3 | 330|153 | 315 | 117 | 289 | 213

Before 144 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 | 161 | 162 | 163 | 164 | 165 | 166 | 167

After 210 | 149 | 383 | 337 | 339 [ 151 | 241 | 321 | 217 | 30 [ 334 | 161 | 322 | 49 | 176 | 359 | 12 [ 346 | 60 | 28 | 229 | 265 | 288 | 225

Before 168 |1 169 | 170 | 171 | 172 | 173 | 174 [ 175 | 176 | 177 | 178 | 179 | 180 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191

After 382 | 59 | 181 [ 170 | 319 | 341 | 86 | 251 | 133 | 344 | 361 | 109 | 44 | 369 | 268 | 257 | 323 | 55 | 317 | 381 [ 121 | 360 | 260 | 275

Before 192 | 193 | 194 | 195 [ 196 | 197 | 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | 211 | 212 | 213 | 214 | 215

After 190 | 19 | 63 | 18 | 248 | 9 | 240 | 211 | 150 | 230 | 332 | 231 | 71 | 255 | 350 [ 355 | 83 | 87 | 154 | 218 | 138 | 269 | 348 | 130

Before 216 | 217 | 218 | 219 | 220 | 221 | 222 | 223 | 224 | 225 | 226 | 227 | 228 | 229 | 230 | 231 | 232 | 233 | 234 | 235 | 236 | 237 | 238 | 239

After 160 | 278 | 377 | 216 | 236 | 308 | 223 | 254 | 25 | 98 | 300 [ 201 | 137 [ 219 | 36 | 325 | 124 | 66 | 353 | 169 | 21 35 | 107 | 50

Before 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 | 249 | 250 | 251 | 252 | 253 | 254 | 255 | 256 | 257 | 258 | 259 | 260 | 261 | 262 | 263

After 106 | 333 | 326 | 262 | 252 | 271 | 263 [ 372 | 136 | O | 366 | 206 | 159 | 122 | 188 [ 6 | 284 | 96 | 26 | 200 | 197 | 186 | 345 | 340

Before 264 | 265 | 266 | 267 | 268 | 269 | 270 | 271 | 272 | 273 | 274 | 275 | 276 | 277 | 278 | 279 | 280 | 281 | 282 | 283 | 284 | 285 | 286 | 287

After 349 | 103 | 84 (228|212 2 67 | 318 | 1 T4 | 342 | 166 | 194 | 33 | 68 | 267 | 111 | 118 | 140 | 195 | 105 | 202 | 291 | 259

Before | 288 | 289 | 290 | 291 | 292 | 293 | 294 | 295 | 296 | 297 | 298 | 299 | 300 | 301 | 302 | 303 | 304 | 305 | 306 | 307 | 308 | 309 | 310 | 311

After 23 | 171 | 65 [ 281 24 | 165 | 8 94 | 222|331 34 | 238|364 | 376|266 | 89 | 80 | 253 [ 163 | 280 | 247 | 4 | 362 | 379

Before | 312 | 313 | 314 | 315 | 316 | 317 | 318 | 319 | 320 | 321 | 322 | 323 | 324 | 325 | 326 | 327 | 328 | 329 | 330 | 331 | 332 | 333 | 334 | 335

After 290|279 | 54 | 78 | 180 | 72 | 316 | 282 | 131 | 207 | 343 | 370 | 306 | 221 [ 132 | 7 148 | 299 | 168 | 224 | 48 | 47 | 357 | 313

Before | 336 | 337 | 338 | 339 | 340 | 341 | 342 | 343 | 344 | 345 | 346 | 347 | 348 [ 349 | 350 | 351 | 352 | 353 | 354 | 355 | 356 | 357 | 358 | 359

After 75 | 104 [ 70 | 147 | 40 | 110 [ 374 | 69 | 146 | 37 | 375 | 354 | 174 | 41 [ 32 | 304 | 307 | 312 [ 15 | 272 | 134 | 242 | 203 | 209

Before | 360 | 361 | 362 | 363 | 364 | 365 | 366 | 367 | 368 | 369 | 370 | 371 | 372 | 373 | 374 | 375 | 376 | 377 | 378 | 379 | 380 | 381 | 382 | 383

After 380 | 162 | 297 [ 327 | 10 | 93 | 42 | 250 | 156 | 338 | 292 | 144 | 378 | 294 | 329 | 127 | 270 | 76 | 95 | 91 | 244 | 274 | 27 51

(Natification)
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[Description]

Carrier rotation and carrier randomizing are intended to eliminate periodicity in carrier
arrangement. These operations make it possible to prevent burst errors of a specific segment’s
carrier, which may occur if the carrier arrangement period matches the frequency-selective fading
after inter-segment interleaving.

Fig. 3-28 (a) and (b) show examples of carrier randomizing in mode 1 and carrier randomizing
including time interleaving, respectively.
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Fig. 3-28 (a): Example of Carrier Arrangement before and after Carrier Randomizing
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Fig. 3-28 (b): Example of Carrier Arrangement after Time Interleaving and Carrier Randomizing
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3.12 Frame structure

All data-processing tasks in data segments required for channel coding are complete when the steps
discussed up to Section 3.11 are performed. This section stipulates OFDM-frame structure
achieved through the addition of various pilot signals to data segments.

3.12.1 OFDM-segment configuration for the differential modulation

Fig. 3-29 shows the OFDM-segment configuration for a differential modulation (DQPSK) (Mode 1).

Carrier number

0 1 2 107

o Soo Sio Ses.0
~— So,1 S1‘1 S95,1
N Soz Sz Ses.2
(sp} Sys Sis Ses.3
< Sos Sia Sesa
o Sys Sis Ses5

. © Sye Si6 S5

(O]

'g ~ Sos Si7 C’\I\ Ses 7

2 2

— (@) -

3 o O -

S O = O

? EEEEEEEEEEENEN] F EEEEEEEEESR $ EEEEEEEEESR

E O

Q <

©]
™
8 So.203 Si203 Ses.208

Fig. 3-29: OFDM-Segment Configuration for the Differential Modulation
(Ordinance)

Note, however, that Si;j represents carrier symbols within data segments following interleaving.
Note also that the CP (Continual Pilot), the TMCC (Transmission and Multiplexing Configuration
Control), and the AC (Auxiliary Channel) are the continuous carrier, the signal for conveying control
information, and the extension signal for conveying additional information, respectively.

In Mode 1, carrier numbers 0 to 107 are available, while in modes 2 and 3, carrier numbers 0 to 215
and 0 to 431 are assigned, respectively.
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The arrangement of various control signals (represented by carrier numbers) that are added by the
OFDM-frame structure section in each mode is shown in Tables 3-14 (a), (b), and (c).

Table 3-14: Arrangement of the CP, TMCC, and AC Carriers for the Differential Modulation
(a) Arrangement of the CP, AC, and TMCC Carriers in Mode 1

Segment No. | 11 9 7 5 3 1 0 2 4 6 8 10 12

CP 0 0 0 0 0 0 0 0 0 0 0 0 0
AC1_1 10 53 61 11 20 74 35 76 4 40 8 7 98
AC1_2 28 83 | 100 | 101 | 40 | 100 | 79 97 89 89 64 89 | 101
AC2_1 3 3 29 28 23 30 3 5 13 72 36 25 10
AC2_2 45 15 41 45 63 81 72 18 93 95 48 30 30
AC2_3 59 40 84 81 85 92 85 57 98 100 | 52 42 55
AC2_4 77 58 93 91 105 | 103 | 89 92 | 102 | 105 | 74 | 104 | 81

TMCC 1 13 25 4 36 10 7 49 31 16 5 78 34 23
TMCC 2 50 63 7 48 28 25 61 39 30 10 82 48 37
TMCC 3 70 73 17 55 44 47 96 47 37 21 85 54 51
TMCC 4 83 80 51 59 47 60 99 65 74 44 98 70 68
TMCC 5 87 93 71 86 54 87 104 | 72 83 61 102 | 101 | 105

Segment numbers are arranged in ascending order of frequency along the frequency axis (see
Section 3.14).

(Natification)
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(b) Arrangement of the CP, AC, and TMCC Carriers in Mode 2

Segment No. | 11 9 7 5 3 1 0 2 4 6 8 10 12

CP 0 0 0 0 0 0 0 0 0 0 0 0
AC1_1 10 61 20 35 4 8 98 53 11 74 76 40 7
AC1_2 28 | 100 | 40 79 89 64 | 101 | 83 | 101 | 100 | 97 89 89

AC1_3 161 | 119 | 182 | 184 | 148 | 115 | 118 | 169 | 128 | 143 | 112 | 116 | 206

AC1_4 191 | 209 | 208 | 205 | 197 | 197 | 136 | 208 | 148 | 187 | 197 | 172 | 209

AC2_1 3 29 23 3 13 36 10 3 28 30 5 72 25
AC2_2 45 41 63 72 93 48 30 15 45 81 18 95 30
AC2_3 59 84 85 85 98 52 55 40 81 92 57 | 100 | 42
AC2_4 77 93 | 105 | 89 | 102 | 74 81 58 91 103 | 92 105 | 104

AC2_5 108 | 108 | 108 | 108 | 108 | 108 | 108 | 108 | 108 | 108 | 108 | 108 | 108

AC2_6 111 | 136 | 138 | 113 | 180 | 133 | 111 | 137 | 131 | 111 | 121 | 144 | 118

AC2_7 123 | 1563 | 189 | 126 | 203 | 138 | 153 | 149 | 171 | 180 | 201 | 156 | 138

AC2_8 148 | 189 | 200 | 165 | 208 | 150 | 167 | 192 | 193 | 193 | 206 | 160 | 163

AC2_9 166 | 199 | 211 | 200 | 213 | 212 | 185 | 201 | 213 | 197 | 210 | 182 | 189
TMCC 1 13 4 10 49 16 78 23 25 36 7 31 5 34

TMCC 2 50 7 28 61 30 82 37 63 48 25 39 10 48

TMCC 3 70 17 44 96 37 85 51 73 55 47 47 21 54

TMCC 4 83 51 47 99 74 98 68 80 59 60 65 44 70

TMCC 5 87 71 54 104 | 83 102 | 105 | 93 86 87 72 61 101

TMCC 6 133 | 144 | 115 | 139 | 113 | 142 | 121 | 112 | 118 | 157 | 124 | 186 | 131

TMCC 7 171 | 156 | 133 | 147 | 118 | 156 | 158 | 115 | 136 | 169 | 138 | 190 | 145

TMCC 8 181 | 163 | 155 | 155 | 129 | 162 | 178 | 125 | 152 | 204 | 145 | 193 | 159
TMCC 9 188 | 167 | 168 | 173 | 162 | 178 | 191 | 159 | 1565 | 207 | 182 | 206 | 176

TMCC 10 201 | 194 | 195 | 180 | 169 | 209 | 195 | 179 | 162 | 212 | 191 | 210 | 213

(Notification)
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(c) Arrangement of the CP, AC, and TMCC Carriers in Mode 3

Segment No. 11 9 7 5 3 1 0 2 4 6 8 10 12
CP 0 0 0 0 0 0 0 0 0 0 0 0 0
AC1_1 10 20 4 98 11 76 7 61 35 8 53 74 40
AC1_2 28 40 89 101 101 97 89 100 79 64 83 100 89
AC1_3 161 182 148 118 128 112 206 119 184 115 169 143 116
AC1_4 191 208 197 136 148 197 209 209 205 197 208 187 172
AC1_5 277 | 251 224 | 269 | 290 256 | 226 | 236 | 220 314 | 227 | 292 223
AC1_6 316 | 295 | 280 | 299 316 305 | 244 | 256 | 305 317 317 313 305
AC1_7 335 | 400 331 385 359 332 377 398 | 364 334 344 328 | 422
AC1_8 425 421 413 424 403 388 407 424 413 352 364 413 425
AC2_1 3 23 13 10 28 5 25 29 3 36 3 30 72
AC2_2 45 63 93 30 45 18 30 41 72 48 15 81 95
AC2_3 59 85 98 55 81 57 42 84 85 52 40 92 100
AC2_4 77 105 102 81 91 92 104 93 89 74 58 103 105
AC2_5 108 108 108 108 108 108 108 108 108 108 108 108 108
AC2_6 111 138 180 111 131 121 118 136 113 133 137 111 144
AC2_7 123 189 | 203 153 171 201 138 153 126 138 149 180 156
AC2_8 148 200 208 167 193 206 163 189 165 150 192 193 160
AC2_9 166 | 211 213 185 | 213 210 189 199 200 212 201 197 182
AC2_10 216 216 216 216 216 216 216 216 216 216 216 216 216
AC2_11 245 | 219 | 252 219 | 246 288 | 219 239 229 226 | 244 | 221 241
AC2_12 257 288 264 231 297 311 261 279 309 246 261 234 246
AC2_13 300 301 268 | 256 308 316 | 275 301 314 271 297 | 273 | 258
AC2_14 309 305 | 290 | 274 319 321 293 321 318 | 297 307 308 320
AC2_15 324 | 324 324 324 324 324 | 324 | 324 324 324 324 324 324
AC2_16 352 329 349 353 327 360 327 354 | 396 327 347 337 334
AC2_17 369 342 354 365 396 372 339 405 419 369 387 | 417 354
AC2_18 405 381 366 | 408 | 409 376 | 364 | 416 | 424 383 | 409 | 422 379
AC2_19 415 | 416 | 428 | 417 | 413 398 | 382 427 429 401 429 | 426 | 405
TMCC 1 13 10 16 23 36 31 34 4 49 78 25 7 5
TMCC 2 50 28 30 37 48 39 48 7 61 82 63 25 10
TMCC 3 70 44 37 51 55 47 54 17 96 85 73 47 21
TMCC 4 83 47 74 68 59 65 70 51 99 98 80 60 44
TMCC 5 87 54 83 105 86 72 101 71 104 102 93 87 61
TMCC 6 133 115 113 121 118 124 131 144 139 142 112 157 186
TMCC 7 171 133 118 158 136 138 145 156 147 156 115 169 190
TMCC 8 181 155 129 178 152 145 159 163 155 162 125 | 204 193
TMCC 9 188 168 152 191 155 182 176 167 173 178 159 207 206
TMCC 10 201 195 169 195 162 191 213 194 180 209 179 | 212 210
TMCC 11 220 265 294 241 223 221 229 226 232 239 252 247 250
TMCC 12 223 | 277 | 298 | 279 | 241 226 | 266 | 244 | 246 | 253 | 264 | 255 | 264
TMCC 13 233 312 301 289 263 237 286 260 253 267 271 263 270
TMCC 14 267 315 314 | 296 | 276 260 299 263 290 284 | 275 | 281 286
TMCC 15 287 320 318 309 303 277 303 | 270 | 299 321 302 288 317
TMCC 16 360 355 358 328 373 402 349 331 329 337 334 340 347
TMCC 17 372 363 372 331 385 406 | 387 349 334 374 352 354 361
TMCC 18 379 371 378 341 420 409 397 371 345 394 368 361 375
TMCC 19 383 389 394 375 | 423 422 404 | 384 | 368 | 407 371 398 392
TMCC 20 410 396 | 425 395 | 428 426 | 417 411 385 411 378 | 407 | 429

(Natification)
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The CP of a differential modulation’s segment serves as the SP of a synchronous modulation’s
segment when the differential modulation’s segment at the lowermost frequency is adjacent to one of
the synchronous modulation’s segments. The CP is thus provided at this low-frequency end. The
receiver synchronously detects this CP as the high-frequency end the SP of the synchronous
modulation’s segment.

The TMCC and AC (AC1, AC2) carriers are arranged randomly with respect to the frequency in order
to reduce the degradation caused by periodic dips on channel characteristics under multi-path
environment. AC carriers not only serve as AC pilot signal, but can also be used as carriers for
additional information on transmission control.

Note that AC1 carriers for the differential modulation’s segments are arranged at the same positions
as those for the synchronous modulation’s segments.

3.12.2 OFDM-segment configuration for the synchronous modulation

Fig. 3-30 shows an example of OFDM-segment configuration for a synchronous modulation (QPSK,
16QAM, 64QAM) in mode 1. Sijrepresents carrier symbols within data segments following

interleaving.
Carrier number
o 1 2 3 4 5 6 7 8 9 10 11 12 107
0 SP | Soo | S0 | Sz20 | Sso | Sao | Sso | Seo | Sro | Seo | Seo | Sw0o | SP | R Ses.0
1 Soi | S11| Szt | SP | Ssi | San | Sst | Ser | Sz | Sen | Sen | Swon | Svaq || || Ses
2 | Soz | Siz2| S22 | Ss2|Siz|Ss2| SP | Sez2]| Sra| Sez2| Sez|Swz|Su2f | [T [T Sos.2
3 | Sos | Si3 | Sas | Ssaz | Sas | Ssa | Ssa | Ses | Sra | SP | Sos | Stos | Sua Sos3
4 | SP | Sos | S2a | Sza | Ssa | Saa | Ssa | Sea | Sza | Ssa | Sos | S1oa | SP Sos.4
SP Ss5
Sos6
6 S95,7
e}
S
>
c =
° ©)
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200 ) sp
201 | So201 [ S1.201| S2201| SP | S3201 | Sa201 [ Ss.201 | Se.201 | S7.201 | Sg.201 Sos,201
202 | So.202 | S1.202 | S2,202 | S3202 | S5.201 | Ss.202 | SP | Se.202 | S7.202 | Ss.202 Sos,202
203 | So.203 | S1.203 | S2,203 | S3.203 | Sa,203 | S5.203 | Se,208 | S7.203 | Ss203 | SP Sos.203
Fig. 3-30: OFDM-Segment Configuration for the Synchronous Modulation
(Ordinance)
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The SP (Scattered Pilot) is inserted into a segment once every 12 carriers in the carrier direction, and
once every 4 symbols in the symbol direction, as shown in the figure. Table 3-15 shows the AC and
TMCC carrier arrangements.

The AC1 carrier arrangement for the synchronous modulation is the same as that for the differential
modulation. Note that AC2 is available only for the differential modulation. Therefore, the
synchronous modulation does not have any AC2.

Table 3-15: AC and TMCC Carrier Arrangements for the Synchronous modulation
(a) AC and TMCC Carrier Arrangements in Mode 1

Segment No. | 11 9 7 5 3 1 0 2 4 6 8 10 12
AC1_1 10 53 61 11 20 74 35 76 4 40 8 7 98
AC1_2 28 83 100 101 40 100 79 97 89 89 64 89 101
TMCC 1 70 25 17 86 44 47 49 31 83 61 85 | 101 | 23

(b) AC and TMCC Carrier Arrangements in Mode 2

Segment No. | 11 9 7 5 3 1 0 2 4 6 8 10 12
AC1_1 10 61 20 35 4 8 98 53 11 74 76 40 7
AC1_2 28 | 100 | 40 79 89 64 | 101 | 83 | 101 | 100 | 97 89 89
AC1_3 161 | 119 | 182 | 184 | 148 | 115 | 118 | 169 | 128 | 143 | 112 | 116 | 206
AC1_4 191 | 209 | 208 | 205 | 197 | 197 | 136 | 208 | 148 | 187 | 197 | 172 | 209
TMCC 1 70 17 44 49 83 85 23 25 86 47 31 61 101
TMCC 2 133 | 194 | 155 | 139 | 169 | 209 | 178 | 125 | 1562 | 157 | 191 | 193 | 131

(c) AC and TMCC Carrier Arrangements in Mode 3

Segment No. | 11 9 7 5 3 1 0 2 4 6 8 10 12
AC1_1 10 20 4 98 11 76 7 61 35 8 53 74 40
AC1_2 28 40 89 | 101 | 101 | 97 89 | 100 | 79 64 83 | 100 | 89
AC1_3 161 | 182 | 148 | 118 | 128 | 112 | 206 | 119 | 184 | 115 | 169 | 143 | 116
AC1_4 191 | 208 | 197 | 136 | 148 | 197 | 209 | 209 | 205 | 197 | 208 | 187 | 172
AC1_5 277 | 2561 | 224 | 269 | 290 | 256 | 226 | 236 | 220 | 314 | 227 | 292 | 223
AC1_6 316 | 295 | 280 | 299 | 316 | 305 | 244 | 256 | 305 | 317 | 317 | 313 | 305
AC1_7 335 | 400 | 331 | 385 | 359 | 332 | 377 | 398 | 364 | 334 | 344 | 328 | 422
AC1_8 425 | 421 | 413 | 424 | 403 | 388 | 407 | 424 | 413 | 352 | 364 | 413 | 425
TMCC 1 70 44 83 23 86 31 | 101 | 17 49 85 25 47 61
TMCC 2 133 | 155 | 169 | 178 | 152 | 191 | 131 | 194 | 139 | 209 | 125 | 157 | 193
TMCC 3 233 | 265 | 301 | 241 | 263 | 277 | 286 | 260 | 299 | 239 | 302 | 247 | 317
TMCC 4 410 | 355 | 425 | 341 | 373 | 409 | 349 | 371 | 385 | 394 | 368 | 407 | 347

(Notification)

The TMCC and AC (AC1) carriers are arranged randomly with respect to the frequency direction in
order to reduce the periodic impact of dip on channel characteristics caused by multipath. Note that
AC1 carriers for the differential modulation’s segments are arranged at the same positions as those
for the synchronous modulation’s segments.
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3.13.1 Scattered pilot (SP)
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Scattered pilot is a BPSK signal that correlates output bit sequence Wi of the PRBS-generating
circuit shown in Fig. 3-31, where the i1 of Wi is corresponds to the carrier number i of OFDM-segment.

The initial value of the PRBS-generating circuit is defined for each segment.
The initial values are shown in Table 3-16, while the correspondence between Wi and the modulating

signal is presented in Table 3-17.

gx)=X"+X +1

+ )
LD—PD > D> DM D —>D—>Di>D—>D—l—>
output =W,
1 2 4 5 6 8 9 11
Fig. 3-31: PRBS-Generating Circuit
Table 3-16: Initial Value of the PRBS-Generating Circuit
(Arranged in Ascending Order of Bits from Left to Right)

Segment No. Initial value in mode 1 Initial value in mode 2 Initial value in mode 3
11 11111111111 11111111111 11111111111
9 11011001111 01101011110 11011100101
7 01101011110 11011100101 10010100000
5 01000101110 11001000010 01110001001
3 11011100101 10010100000 00100011001
1 00101111010 00001011000 11100110110
0 11001000010 01110001001 00100001011
2 00010000100 00000100100 11100111101
4 10010100000 00100011001 01101010011
6 11110110000 01100111001 10111010010
8 00001011000 11100110110 01100010010
10 10100100111 00101010001 11110100101
12 01110001001 00100001011 00010011100

Note: Each of the initial values shown in Table 3-16 matches the value obtained by setting all bits to
an initial value of 1s and continuously generating all carriers in the entire band, starting with the

leftmost carrier (carrier 0 of segment 11) and ending with the rightmost carrier.

(Ordinance)
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Table 3-17: W; and Modulating Signal

Modulating-signal
amplitude (I, Q)

1 (-4/3, 0)

(+4/8, 0)

Wi value

(Ordinance)

3.13.2 Continual pilot (CP)

As with the scattered pilot discussed in Section 3.13.1, CP is a BPSK signal modulated in accordance
with the carrier position (carrier number within a segment) into which it is to be inserted, and also in
accordance with the Wi value. The correspondence between Wi and the modulating signal is the
same as that shown in Table 3-17. Note that the phase angle of CP determined with respect to
carrier position is constant in every symbol.

3.13.3 TMCC

TMCC is transmitted by means of the DBPSK signal modulated in accordance with the information
shown in Section 3.14. The reference for differential modulation BO is stipulated by Wi shown in
Section 3.13. After differential coding, the TMCC modulating signal takes signal points (+4/3, 0)
and (-4/3, 0) for information 0 and 1, respectively.

Information B’o to B’203 available following differential coding is stipulated in relation to information
Bo to Beos prior to differential coding, as follows:

B’o = Wi (reference for differential modulation)
Bk =Bk1 @ Bk (k =1, 203, @ represents EXCLUSIVE OR)

3.13.4 AC (Auxiliary Channel)

AC is a channel designed to convey additional information on modulating signal-transmission
control.

AC’s additional information is transmitted by modulating the pilot carrier of a type similar to CP
through DBPSK. The reference for differential modulation is provided at the first frame symbol,
and takes the signal point that corresponds to the Wi value stipulated in Section 3.13.1.

The AC modulating signal takes signal points (+4/3, 0) and (-4/3, 0) for information 0 and 1,
respectively, available following differential coding. If there is no additional information,
information 1 is inserted as stuffing bits.



ARIB STD - B31
Version 1.6-E2

Two channels are available as ACs: AC1 channel with which the same carrier position is employed

for all segments, regardless of which modulation scheme is used; and AC2 channel, which is provided

in the differential modulation’s segments.

To ensure diversity in applications, we include only one stipulation in relation to the AC

transmission scheme, which is that DBPSK is used as the modulation scheme.

Table 3-18 shows examples of the transmission capacity per segment.

Note that the transmission

capacity for all television channels varies depending on the segment configuration.

Table 3-18: Examples of Transmission Capacities for AC Carriers (Mode 1, Guard Ratio of 1/8)

Synchronous modulation’s Differential modulation’s
segment segment
Type 1 13 1 13
AC1 7.0 (kbps) 91.3 (kbps) 7.0 (kbps) 91.3 (kbps)
AC2 - - 14.0 (kbps) 182.5 (kbps)

(without error-correction coding)
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3.14 Transmission spectrum configuration

Fig. 3-32 stipulates the arrangement of OFDM segments. Segment No. 0 must be positioned at the
center of the entire band, with successively numbered segments placed alternately above and below
that segment.

For hierarchical transmission, segments of the differential modulation must be assigned alternately
above and below segment No. 0, in ascending order of segment number, with segments of the
synchronous modulation assigned alternately above and below segments of the differential
modulation.

(“Partial-reception portion,” “Differential modulation portion,” and “Synchronous modulation
portion” in the figure are merely examples of segment usage.)

Note also that, for hierarchical transmission, the segment position assigned to partial reception must
be always No. 0.

To make up the entire transmission spectrum, a continuous carrier with its phase stipulated by Wi is
provided at the right-hand end of the band. The modulating signal used for the rightmost carrier is
shown in Table 3-19.
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Fig. 3-32: OFDM-Segment Numbers on the Transmission Spectrum and Example of Usage
(Ordinance)

Table 3-19: Modulating Signal for the Rightmost Continuous Carrier

Mode Modulating-signal amplitude (I, Q)
Mode 1 (-4/3, 0)
Mode 2 (+4/3, 0)
Mode 3 (+4/3, 0)

(Ordinance)
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The continuous carrier at the uppermost frequency of the television band is a pilot carrier required
for demodulation when the adjacent segment is a synchronous modulation. This carrier is always

provided with ISDB-T.
The partial-reception segment must be assigned to No. 0 in order to ensure easy tuning by the

receiver.

3.14.1 RF-signal format

The signal format in the RF band is stipulated as follows:

Definition
k Carrier number that is successive across the entire band, with number 0
assigned to carrier O of segment 11
n Symbol number
K Carrier total count (mode 1: 1405; mode 2: 2809; mode 3: 5617)

Ts Time duration of OFDM Symbol

Te Time duration of guard-interval
Ty Time duration of useful part of a symbol
& RF-signal center frequency
K Carrier number corresponding to the RF-signal center frequency
(mode 1: 702; mode 2: 1404; mode 3: 2808)
cnk): Complex signal-point vector corresponding to symbol number n and carrier
number k

s): RF signal

n=0 k=0

. o K-1
s(t) = Re{ejzm‘;t Z Zc(n, k)¥(n,k, t)}

Provided

., k-Ke
Jj2r (t-Tg—-nTs)
e Tu nTs<t<(n+1)Ts

Y(nk,t)=
0 t<nTs, m+1)Ts<t

Note that the center frequency for digital terrestrial Televison broadcasting is stipulated by the RF

frequency corresponding to Ke.
(Ordinance)
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3.14.2 Insertion of a guard interval

A guard interval, the latter part of the IFFT (Inverse Fast Fourier Transform) data output for the
specified duration, is added without any modification to the beginning of the effective symbol. This

operation is shown in Fig. 3-33.

< [IFFToutput data > < IFFT output data >
Guard i Guard )
interval Effective symbol interval Effective symbol — >t
— [
1 . ,

Fig. 3-33: Insertion of a Guard Interval

(Ordinance)

3.15 TMCC signal (Transmission and Multiplexing Configuration Control)
The information coding scheme and transmission system for the transmission and multiplexing

configuration control signal (TMCC signal) are stipulated in this section.

3.15.1 Overview

The TMCC signal is used to convey information on how the receiver is to perform demodulation of
information such as the hierarchical configuration and the OFDM-segment transmission parameters.
The TMCC signal is transmitted by means of the TMCC carrier stipulated in Section 3.13.

3.15.2 Assignment of TMCC carrier bits
Table 3-20 shows the assignment of 204 TMCC carrier bits Bo to Bzos.

Table 3-20: Bit Assignment

Bo Reference for differential demodulation
B1—Bais Synchronizing signal
(w0 =0011010111101110, wl =1100101000010001)
Bi17— B Segment type identification (differential: 111;synchronous: 000)
Bzo — Bi21 TMCC information (102 bits)
Bi22 — Baos Parity bit

(Ordinance)
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3.15.3 References for differential demodulation

The reference amplitude and phase for differential demodulation are given by Wi in Table 3-17.

(Ordinance)

3.15.4 Synchronizing signal

The synchronizing signal consists of a 16-bit word and takes one of two forms: one with w0 =
0011010111101110 and the other with w1l = 1100101000010001 obtained by inverting each bit of w0.
One of w0 and w1 is transmitted alternately for each frame. The following shows an example of
synchronizing signal transmission:

Table 3-21: Example of Synchronizing Signal

Frame No. Synchronizing signal
1 0011010111101110
2 1100101000010001
3 0011010111101110
4 1100101000010001

Note: Frame numbers are assigned for convenience of description.

(Ordinance)

[Description]

A synchronizing signal is designed to establish synchronism between transmission and reception of a
TMCC signal and OFDM frame. To prevent false synchronization lock caused by the
TMCC-information bit pattern matching that of the synchronizing signal, the polarity of the
synchronizing signal is inverted every frame. Because TMCC information itself is not inverted
every frame, it is possible to prevent false synchronization lock by means of inversion of the
synchronizing-signal polarity.

3.15.5 Segment type identification

This signal is used to determine whether a segment is a differential or synchronous modulation and
consists of a 3-bit word. “111” and “000” are assigned to this signal for a differential and
synchronous modulation, respectively.

(Ordinance)

[Descriptionl]

The number of TMCC carriers varies depending on the segment format. There is only one TMCC
carrier if the partial-reception segment belongs to one of the synchronous modulations. Even in this
case, to ensure reliable decoding, three bits are assigned to the identification signal such that the
code-to-code distance becomes maximal when these bits are inverted.
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3.15.6 TMCC information

TMCC information assists the receiver in demodulating and decoding various information, including
the system identification, the indicator of transmission-parameter switching, the start flag for
emergency-alarm broadcasting, the current information, and the next information.

The current information represents the current hierarchical configuration and transmission
parameters, while the next information includes the transmission parameters following switching.
Prior to the countdown for switching (see Section 3.15.6.2), the next information can be specified or
changed at the desired time. However, no changes can be made during countdown.

Tables 3-22 and 3-23 show the TMCC-information bit assignment and the transmission parameters
included in next information, respectively.

The phase-shift-correction value for connected segment transmission is control information for ISDB
for terrestrial sound broadcasting (ISDB-Tsp) that uses the same transmission system as ISDB-T.
Of the 102 bits of TMCC information, 90 bits have been defined as of today. The remaining 12 bits
are reserved for future expansion. For operation, all these bits are stuffed with 1s.

Table 3-22: TMCC Information

Bit assignment Description Remarks
Bao — Bas System identification See Table 3-24.
Baz2 — Bas Indicator of transmission-parameter switching See Table 3-25.

Bss Start flag for emergency-alarm broadcasting See Table 3-26.
Bor Partial-reception flag See Table 3-27.
Transmission-parameter information
Bas — Bao . .
for hierarchical layer A
Current T — tor inf "
Bu1 — Bss information ransmission-parameter information | ¢ o8 9s

for hierarchical layer B

Transmission-parameter information
for hierarchical layer C

Be7 Partial-reception flag See Table 3-27.
Transmission-parameter information

Bes — Bso for hierarchical layer A
Next information ission- i i
Bs1 — Bos Transm1551qn parameter information See Table 3-23.
for hierarchical layer B
Boi— B Transmission-parameter information
o 106 for hierarchical layer C
Bio7 — Bios Phase-shift-correction Vglqe fo(llr\I co)nnected segment 1 for all bits
transmission (Note
Bi1o — Biz1 Reserved 1 for all bits

Note: Used for ISDB for terrestrial sound broadcasting

(Notification)
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Table 3-23: Contents of Transmission-Parameter Information

Description Number of bits Remarks

Carrier modulation scheme 3 See Table 3-28.
Convolutional-coding rate 3 See Table 3-29.
Interleaving length 3 See Table 3-30.

4 See Table 3-31.

Number of segments

(Notification)

3.15.6.1 System identification

Two bits are assigned to the signal provided for system identification purposes. “00” and “01” are
employed to represent a system based on this specification and that for ISDB-Tsg that uses the same
transmission system as ISDB-T, respectively. The remaining values are reserved. Table 3-24
shows the contents of the system identification bits.

Table 3-24: System Identification

B2o — Ba: Meaning
00 System based on this specification
01 System for ISDB-Tsp
10, 11 Reserved

(Notification)
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3.15.6.2 Indicator of transmission-parameter switching

To switch between sets of transmission parameters, the contents of the indicator of
transmission-parameter switching are counted down in order to inform the receiver of
transmission-parameter switching and adjust the timing accordingly. These indicator bits are
normally set to “1111.” However, when it is necessary to switch parameters, the countdown starts
15 frames prior to switching, thus decrementing the contents of these bits by 1 every frame. Note
that when the contents reach “0000,” they must be set back to “1111.”

Switching must be performed in synchronization with the next frame that outputs “0000.” That is,
a new set of transmission parameters apply, starting with the frame with which the contents of the
bits are set back to “1111.” Table 3-25 shows the meaning of each count of the indicator of
transmission-parameter switching.

Table 3-25: Indicator of Transmission-Parameter Switching

B2z — Bss Meaning

1111 Normal value

1110 15 frames prior to switching
1101 14 frames prior to switching
1100 13 frames prior to switching
0010 3 frames prior to switching
0001 2 frames prior to switching
0000 1 frame prior to switching

(Notification)

[Description]

When switching any of the transmission parameters and flags contained in the current information
and the next information in Table 3-22 (partial-reception flag, carrier modulation scheme,
convolutional-coding rate, interleaving length, and the number of segments), the contents of the 4-bit
indicator of transmission parameter switching shown in Table 3-25 are counted down. When
switching only the start flag for emergency-alarm broadcasting, the contents of the indicator of
transmission parameter switching are not counted down.
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3.15.6.3 Start flag for emergency-alarm broadcasting

The content of the start flag must be 1 and 0 when the receiver startup is and is not controlled,
respectively. Table 3-26 shows the meaning of the flag content in each case.

Table 3-26: Start Flag for Emergency-Alarm Broadcasting

Bas Meaning
0 No startup control
1 Startup control available

(Notification)

3.15.6.4 Partial-reception flag

The content of the partial-reception flag must be 1 and 0 when the segment at the center of the
transmission band is and is not used for partial reception, respectively. Table 3-27 shows the

meaning of the flag content in each case.
When segment No .0 is used for partial reception, hierarchical layer A in Table 3-22 must be assigned
to that segment. Note that the content of this flag is 1 if there is no next information.

Table 3-27: Partial-Reception Flag

Ba7/Bes7 Meaning
0 No partial reception
1 Partial reception available

(Notification)
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3.15.6.5 Carrier modulation scheme

Table 3-28 shows the meanings of carrier modulation scheme bits.
Note that the content of these bits is 111 for an unused hierarchical layer, or when there is no next
information.

Table 3-28: Carrier Modulation Scheme

B2s—Bs0/B41—Bas/B54+—Bse Meaning
Bes—B170/Bs1 —Bss/Bos—Bos

000 DQPSK

001 QPSK

010 16QAM

011 64QAM

100-110 Reserved
111 Unused hierarchical layer

(Notification)

With a TMCC signal, the meanings of all sets of bit contents are the same for all three hierarchical
layers. When signals of two hierarchical layers or fewer are transmitted, the content of these bits
for vacant hierarchical layer(s) must be 111. Note also that the content of these bits must be 111 if
there is no next information, as when broadcasting ends.
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3.15.6.6 Convolutional-coding rate

Table 3-29 shows the meanings of contents of convolutional-coding-rate bits.
Note that the content of these bits is 111 for an unused hierarchical layer or when there is no next

information.

Table 3-29: Convolutional-Coding Rate

B31—Bss/Bas—Bas/Bs7—Bsg Meaning
B71—B73/Bss—Bss/Bo7—Bog

000 1/2

001 2/3

010 3/4

011 5/6

100 7/8

101-110 Reserved
111 Unused hierarchical layer

(Notification)

3.15.6.7 Interleaving length

Table 3-30 shows the meanings of contents of time-interleaving-length bits. This information

represents time interleaving length I shown in Table 3-12.
Note that the content of these bits is 111 for an unused hierarchical layer or when there is no next

information.

Table 3-30: Interleaving Length

Bs4—Bse/B47—Bao/Beo—Bs2 Meaning (value T)
B74—B76/Bs7—Bso/B1oo— Bioz
000 0 (Mode 1), 0 (Mode 2) , 0 (Mode 3)
001 4 (Mode 1) , 2 (Mode 2) , 1 (Mode 3)
010 8 (Mode 1) , 4 (Mode 2) , 2 (Mode 3)
011 16 (Mode 1) , 8 (Mode 2) , 4 (Mode 3)
100-110 Reserved
111 Unused hierarchical layer

(Notification)
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3.15.6.8 Number of segments

Table 3-31 shows the meanings of contents of segments bits. Note that the content of these bits is
1111 for an unused hierarchical layer or when there is no next information.

Table 3-31: Number of Segments

B37—Ba10/Bs0—Bs3/Bss—Bes Meaning
B77—Bso/Boo—Bos/B10s—B1oe

0000 Reserved
0001 1 segment
0010 2 segment
0011 3 segment
0100 4 segment
0101 5 segment
0110 6 segment
0111 7 segment
1000 8 segment
1001 9 segment
1010 10 segment
1011 11 segment
1100 12 segment
1101 13 segment
1110 Reserved
1111 Unused hierarchical layer

(Notification)

3.15.6.9 Channel-coding scheme

Ba2o to Bi21 of TMCC information are error-correction coded by means of the shortened code (184,102)
of the difference cyclic code (273,191). The following shows the generating polynomial of the
(273,191) code:

g(X): X2+ x774+ x76 4+ x71 4+ x67+ x66 + x56 + x52 + x48
+ x40+ x56 4+ x34 + x24+ x22+ xI8+ xI10+ x4+ |
(Ordinance)

[Description]

Because TMCC information is used to specify transmission parameters and control the receiver
operation, it must be transmitted with higher reliability than program signals. Due to the
difficulties involved with a receiver using the same concatenated-code decoding circuit for TMCC
information and program signals, and in consideration of the fact that the use of block code is
advantageous due to its shorter processing time, the shortened code (184,102) of the difference cyclic
code (273,191) is used as the error-correction code for TMCC information. Note also that the same
TMCC signals are transmitted by means of multiple carriers. Therefore, it is possible to reduce the
required C/N by simply adding these signals, thus ensuring improved reception performance. These
error-correction techniques and the addition process make it possible to receive TMCC signals at a
lower C/N than for program signals.
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Note also that, by excluding the synchronizing signal and segment type identification from the group
of bits checked for errors, the contents of all TMCC carrier bits are the same, which makes it possible
to determine the content of each bit, including a parity bit, by determining the contents of the
majority of the carriers.

3.15.6.10 Modulation scheme
TMCC carriers must be modulated through DBPSK (see Section 3.13.3).
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Chapter 4: Frequency Utilization Requirements

4.1 Frequency bandwidth

A frequency bandwidth of 5.7 MHz must be used for digital terrestrial television broadcasting. The
carrier frequency must be the center frequency of the frequency bandwidth.
(Ordinance)

[Description]

The frequency bandwidth must be 5.7 MHz when the OFDM carrier bandwidth is 5.572.. MHz with
4-kHz spacings between carrier frequencies in Mode 1. This bandwidth must apply regardless of
which mode is chosen, and has been selected to ensure that the bandwidth of 5.610 MHz has some
margin to determine that each carrier of the uppermost and lowermost in the 5.572.. MHz bandwidth
includes 99% of energy.

The center frequency is the frequency of the carrier at the center, among an odd number of OFDM
carriers.

4.2 Permissible transmission-frequency deviation

The permissible transmission-frequency deviation must be 1 Hz.
Note: A deviation of 500 Hz is allowed if the Minister for Public Management, Home Affairs, Posts
and Telecommunications approves it on the grounds that it will not substantially hinder the efficient
use of radio waves.

(Ordinance)

4.3 IFFT sampling frequency and permissible deviation

The IFFT sampling frequency for use with OFDM for digital terrestrial television broadcasting must
be as follows:
fs = 8,126,984 Hz
Note also that the permissible deviation must be 0.3 ppm.
(Ordinance)

[Description]

This deviation has been determined to ensure that the frequency deviation (caused by FFT sample
frequency error) of the carrier at each end of the bandwidths is 1 Hz or less.

An IFFT sampling frequency of 512/63 MHz, a theoretical sample frequency, may be used if the
permissible deviation requirement is met.
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4.4 Transmission-spectrum mask

The transmission-spectrum limit mask is specified as shown below in Fig. 4-1. The related break
points for the spectrum mask are listed in Table 4-1.

-20 I I I ]

- === WhenP=025W
-30 When P>0.25 W
-40 (P:|average power)
-50

) |
of——F—1- "1 "l/ \ e s
/ \

-80

Attenuation [dB/10 kHz]

-90
-15 -12 -9 —6 -3 0 3 6 9 12 15

Difference from the center frequency [MHz]

Fig. 4-1 Transmission-spectrum limit mask for digital terrestrial television broadcasting

Table 4-1 Breakpoints for transmission-spectrum mask

. Attenuation relative to
Difference from the center frequency . .
(MHz) average power P Type of stipulation
(dB/10 kHz)
+2.79 -27.4 Upper limit
+2.86 -47.4 Upper limit
+3.00 -54.4 Upper limit
+4.36 -77.4% Upper limit

*

If the frequency corresponding to an adjacent channel number (the channel number between 13
and 62 that is one number different from the channel number of the television broadcasting
corresponding to the allocated frequency in the Plan for the Available Frequencies Allocated to
Broadcasting stipulated in item (ii) of paragraph (2) of Article 7 of the Radio Law) is not used for
standard television broadcasting (excluding digital broadcasting and restricted to the effective
radiation power that is less than ten times the own effective radiation power) within the own
broadcasting area, the following specifications should be applied:

-(73.4+10logP) dB/10 kHz in the case of radio equipment whose transmission power is more
than 0.25 W and equal to or less than 2.5 W;

-67.4 dB/10 kHz in the case of radio equipment whose transmission power is 0.25 W or less.
Note: For the adjacent channels of radio equipment that amplifies multiple waves together, an
attenuation of -27.4 dB/10 kHz relative to average power P can be set as the upper limit
regardless of the above table.

(Ministerial Ordinance)

The above specifications are accompanied with transitional measures (supplementary
provisions to the Radio Equipment Rules--Ministerial Ordinance No. 119 issued by the MIC
(Ministry of Internal affairs and Communications) in 2005).

Explanation
If an adjacent channel is used for standard television broadcasting (excluding digital broadcasting
and restricted to the effective radiation power that is less than ten times the own effective radiation
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power) within the own broadcasting area, the solid line of Fig. 4-1 (attenuation relative to average
power P is -77.4 dB/10 kHz at the frequencies of +/-4.36 MHz from the center frequency) should be
applied regardless of the value of P.

4.5 Maximum permitted power level of spurious emission or unwanted

emission

The power supplied to antenna
transmission line

Maximum permitted power level of
spurious emission in out-of-band
domain

Maximum permitted power level
of unwanted emission in
spurious domain

Above 25 W

20 mW or less, and 60 dB* lower
than the average power of basic
frequency

12 mW or less, and 60 dB lower
than the average power of basic
frequency

Above 1 W, and 25 W or less

25 uW or less

1 W or less

100 uW or less

25 W or less

* For the maximum permitted power level of spurious emission in the out-of-band region for transmission
equipment whose transmission power exceeds 8 kW, the values specified in section 4.4 shall be used.

(Table extracted from the Radio Equipment Rules)

The above specifications are accompanied with transitional measures (supplementary
provisions to the Radio Equipment Rules--Ministerial Ordinance No. 119 issued by the MIC
(Ministry of Internal affairs and Communications) in 2005).
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Chapter 1: Objective

This standard presents as guidelines those operational recommendations for digital terrestrial
television broadcasting in relation to program broadcasting and transmission equipment.
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Chapter 2: Transmission-Spectrum Arrangement

2.1 OFDM carrier number corresponding to the ISDB-T center frequency

As shown in Chapter 4 of this document, the ministerial ordinance stipulates that the carrier-wave
frequency must be the center frequency of the frequency bandwidth.

Because ISDB-T program signals consist of an odd number of OFDM carriers regardless of the mode,
the following numbers must be assigned to the OFDM carrier that corresponds to the carrier-wave

frequency.
Table 2-1: OFDM Carrier Number Corresponding to the Carrier-Wave Frequency
Transmission mode Mode 1 Mode 2 Mode 3
Carrier number corresponding to the center frequency 702 1404 2808

OFDM carrier number when 0 is assigned to the lowermost carrier along the RF frequency axis

2.2 Frequency assignment

The ISDB-T program-signal carrier-wave frequency must be shifted upward by 1/7 MHz (142,857
Hz) from the center frequency used in the current Television-channel plan.

Table 2-2: UHF Channels and ISDB-T Program-Signal Carrier-Wave Frequencies

Number of UHF channels Channel 13 Channel 14 Channel 62
Carrier-wave frequenc 473 + 1/7 MHz 479 + 1/7 MHz 767 + 1/7 MHz
d y =473.142857TMHz | =479.142857MHz =1767.142857TMHz
' 6 MHz '
< 1
i< P =
| Carrier number 3 MHz i 3 MHz |
I 012346 i N I
i | |
i i |
| | |
5/14 MHz 17 MHz <> = <1/14 MHz
39/14 MHz=2,785,714Hz 39/14 MHz=2,785,714Hz

ISDB-T signal carrier-wave frequency

Fig. 2-1: Example of OFDM Signal Arrangement
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Chapter 3: Operational Guidelines for Hierarchical Transmission

3.1 Outline

ISDB-T allows switching between transmission systems and the use of multiple such systems. This
allows the stable transmission of program signals to mobile receivers, portable receivers, and
stationary receivers in exchange for large-volume transmission.

For example, when 64QAM and 7/8 are selected as the modulation scheme and error correction,
respectively, it is possible to achieve a transmission capacity of 20 Mbps or more per 6 MHz.
However, in order to provide service to mobile receivers and portable receivers, we believe that
hierarchical transmission, in which DQPSK or 16QAM is employed as the modulation scheme for
part of the bandwidth, is advantageous.

Example in which hierarchical transmission is not used Example in which three hierarchical levels are used
(high-volume data transmission to a stationary receiver) (service provided for stationary and portable
receivers, as well as partial-reception receivers)

All select 64QAM and 7/8. 64QAM, 7/8 Partial reception

— N - l w&(’zpsm 1/2)
B
\/

Mobile reception (16QAM, 1/2)

The figures shown above are conceptual drawings made without taking frequency interleaving into
consideration.

Fig. 3-1: Example of a Hierarchical Transmission System
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3.2 Multiplexed signals for hierarchical transmission
3.2.1 Multiplexing PAT, NIT, and CAT for hierarchical transmission

PAT, NIT, and CAT, among transmission control signals, shall be basically transmitted
with the hierarchical layers shown in Table 3-1.

Table 3-1: Hierarchical Layers for Transmitting PAT, NIT, and CAT

Condition Hierarchical layer for transmitting PAT, NIT, and CAT*!
1 | Broadcasting with no partial reception | Multiplexed into the robustest layer*2
(1) Multiplexed into the layer for partial reception*?

(2) Multiplexed into not only the layer for partial reception but
also another layer if this layer is robuster than the layer for
partial reception*2

2 | Broadcasting with partial reception

*1: CAT is required for partial reception.

*2: If the transmission in the hierarchical layers shown above is difficult, exceptional operations are also
admitted. In this case, however, detailed operational provisions shall be set separately to ensure that
services in each layer will be received successfully.

Table 3-2: Robustness of Hierarchical Layers

Ranking of SEFONE € =277 =mr = mrmmm e S Weak
hierarchical
Jayers 12|34 |5|6|7|8|9]10]11]|12]|13|14|15|16|17]18]19]20

M:Sﬁl;iion DQ| Q |DQ| Q |[DQ| Q |DQ| Q |DQ| Q 16QAM 64QAM
Inner-code |19 | )0 1 os5 | /3 | 374 | 814 | 576 | 5/6 | 718 | 78 | 1/2 | 213 | 314 | 506 | 118 | 112 | 23 | 314 | 56 | 78
coding rate

DQ: DQPSK

Q: QPSK

QPSK is preferable to DQPSK in terms of the required C/N. However, DQPSK offers better
performance in the event of time variations under mobile-reception conditions. Therefore, DQPSK is
robuster than QPSK.
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3.2.2 Notes on multiplexing transmission

When transmission control signals are transmitted with multiple hierarchical layers, including those
for partial reception, the continuity of the continuity_counter for transport-stream packets conveying
transmission control signals must be taken into consideration.

Because this counter is continuous even for narrow-band receivers that reproduce only the
hierarchical layer for partial reception, duplicate packets must be used*!.

For this reason, when transmission control signals are multiplexed into multiple hierarchical layers,
as in “Condition 2 (2)” of Table 3-1, duplicate packet transmission must be used. Note, however,
that if different time interleaving lengths are specified for the partial-reception hierarchical layer
and the robustest hierarchical layer, it is necessary to exercise caution when duplicate packet
transmission is used.

*1: A duplicate packet, as defined in “MPEG-2 systems,” is designed to send two TSPs (transport
packets) successively within the same PID. Note that the contents of these TSPs other than
PCR are the same within the transport stream. Note also that the contents of the continuity
counter are the same for both of these T'SPs.

3.2.3 Multiplexing PMT

PMT must be transmitted with the following hierarchical layers:

Table 3-3: Hierarchical Layers for Transmitting PMT

Condition Hierarchical layer for transmitting PAT

1 | Partial-reception service Transmitted with the hierarchical layer for partial reception

PMT should be transmitted at the robustest layer among those

. . . transmitting elementary streams (hereinafter referred to as
When a hierarchical transmission « " . .
2 descriptor is used within PMT*! ESS ). 'However,' PMT may be transmlfcted with the other

hierarchical layer if it has robuster ranking of the layer than the

layer specified above.
PMT should be transmitted with one of the hierarchical layers
3 | Service other than the above transmitting ESs. It may also be transmitted with another
hierarchical layer if it has robuster ranking of the layer .

*1: Services such as those in which video and other service qualities are changed in steps, in accordance with

the reception status
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As for Condition 1, the partial-reception service PMT should always be transmitted with the
hierarchical layer for partial reception. This requirement must be met for narrow-band receivers
that receive only the hierarchical layer for partial reception. Therefore, PMT must be transmitted
with this hierarchical layer.

With those services presented as Condition 2, in which service qualities can be changed in steps in
accordance with the reception status through the use of the hierarchical transmission descriptor
which is used in PMT, it is necessary to ensure that PMT can be received even under adverse
reception conditions in which service qualities may be degraded. For this reason, we have
concluded that the one with robuster of those layers transmitting ESs, or another layer that has even
robuster must be used to transmit PMT. For example, if there are service ESs in the weakest
hierarchical layer and the medium hierarchical layer, as with Combination “a” in Table 3-4, PMT
must be transmitted with either the medium layer or the robustest layer.

In Condition 3, a service can be provided only when all service-multiplexed ESs are received. In this
case, PMT should not be sent with a weaker hierarchical layer than ES-transmission hierarchical
layers. As with Combination “” in Table 3-4, for example, when service ESs are included in the
medium layer and the robustest layer, transmission of PMT using the weakest hierarchical layer can
make it impossible to receive that service, depending on the reception status, even if all ESs are
successfully received.

Table 3-4: ES- and PMT-Transmission Hierarchical Layers*1

. L. ES-transmission hierarchical layer PMT-transmission hierarchical layer
Condition | Combination - -
Weakest Medium Robustest Weakest Medium Robustest
a o o (] [
22 b o [ ] [
c  J [ ] [ J
d [ ] ] (] )
e [ ) o [ )
f [ ] [ ] ([ o
3 g ® L
h [ [ ] ([ )
i o [ ] (] [
j [ ([ [ o ([ o

*1: With provisional digital terrestrial television broadcasting, up to three hierarchical layers can be
transmitted. These layers are classified into three groups, “Weakest,” “Medium,” and “Robustest”.

*2: A hierarchical transmission descriptor can be used in up to two hierarchical layers.
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3.2.4 Multiplexing PCR packets at the partial-reception hierarchical layer

When a service is provided using the partial-reception hierarchical layer, PCR packets for this
service must be transmitted in accordance with Table 3-5.

To reduce power consumption, the rate at which a single-segment receiver reproduces TS is likely to
be lower than that for a 13-segment receiver. Therefore, the intervals at which TS packets are
reproduced by the single-segment receiver do not always match those at which TS packets at the
partial-reception hierarchical layer are reproduced by the 13-segment receiver, resulting in PCR
jitter (see Fig. 3-2).

To prevent this problem, limitations are imposed on PCR transmission as shown in Table 3-5.
These limitations ensure that PCR packets are reproduced by single- and 13-segment receivers at
equal intervals, thus eliminating the need for a PCR jitter correction step, although some difference
in offset is produced.

Table 3-5: Regulations for PCR-Packet Transmission at the Partial-Reception Hierarchical Layer

Mode PCR-packet transmission regulations

Mode 1 For the duration of a single multiplex frame, only one PCR packet must be multiplexed per
service, and the multiplexing position must remain constant for all multiplex frames (see Fig.
3-3).

Mode 2 For the duration of a single multiplex frame, two PCR packets must be multiplexed per service at

the same intervals (see Fig. 3-4).

Mode 3 For the duration of a single multiplex frame, four PCR packets must be multiplexed per service
at the same intervals (see Fig. 3-5).
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Duration of 1 multiplex frame

TS for wide-band
receivers

TS for narrow-band
receivers

TSPO NULL TSP TSPn

I PCR

‘ Intervals at which PCR packets are '

reproduced by wide-band receivers

4— Intervals at which PCR packets are >

reproduced by narrow-band receivers

Fig. 3-2: TSs Reproduced by Wide- and Narrow-Band Receivers (No Limitations on PCR Transmission)

Duration of 1 multiplex frame

<

TS forwide-band | ®® | | | . (1 1 |'®=™ | |
receivers

TS for narrow-band
receivers

I PCR

TSPO NULL TSP TSPn

4— Intervals at which PCR packets are reproduced by wide-band receivers—>

.4_ Intervals at which PCR packets are reproduced by narrow-band —>
receivers

Difference in offset

Fig. 3-3: PCR-Packet Transmission in Mode 1

Duration of 1 multiplex frame

< >
TS for wide-band ] I
receivers | ‘
Same pattern ™ Same pattern
< i >< >
TS for narrow-band I ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
receivers |

Intervals at which PCR packets are i
i ‘ reproduced by wide-band receivers '

’ ‘ Intervals at which PCR packets are '

reproduced by narrow-band receivers

Fig. 3-4: PCR-Packet Transmission in Mode 2
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Duration of 1 multiplex frame

< >

TS for Wlde-band ....................................................
receivers

><

TS for narrow-band :I:| AAAAAAA I:| ,,,,,,, I:| AAAAAAA I:| ,,,,,,,
receivers i i ] |
H Intervals at which 5 Intervals at which : I PCR
PCR packets are PCR packets are
4_ reproduced by _> 4_ reproduced by _"
H wide-band : narrow-band :
receivers i receivers

*1 “Same pattern” in the figures indicates that each PCR packet is arranged in the same relative

position within the stream.

Fig. 3-5: PCR-Packet Transmission in Mode 3
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3.3 Channel-coding scheme for hierarchical transmission

TS is divided into TSPs, each of which 1s assigned to the specified hierarchical layer, as described in

Section 3.4 of Chapter 3 in ARIB STD-B31.

every 204 bytes (starting with the byte next to the TS synchronization byte (47H)).
The following Fig. 3-6 and 3-7 show examples of the clock periods required by the channel coding in

Switching between hierarchical layers is performed

which two hierarchical layers are available (one layer modulated through DQPSK 1/2 and with 5

segments, and the other modulated through 64QAM 7/8 and with 8 segments) and a guard interval of
1/8 is selected. Note that “F's” in the figure represents the FFT sampling clock. Fig. 3-8 and 3-9
show examples of the signal processes for time interleaving and delay adjustment.

Division of TS into
hierarchical levels

Fs/2

energy dispersal,
byte interleaving

Delay adjustment, || Delay adjustment,
energy dispersal,
byte interleaving

&8

&8

| ps | | pis

Convolutional-
coding rate:

Convolutional-
coding rate:
1/2 7/8

TSP = 188 clock periods = 46.3us

A B [[Nu|] B [[ B[] A []Nu]
Transmission TSP = 204 clock periods = 50.2us
A B Null B B A Null

Hierarchical

level A

(DQPSK 1/2)

Hierarchical
level B

204 clock periods = 50.2us

1632 clock periods = 50.

2us

(64QAM 7/8)

Hierarchical

level A

(DQPSK 1/2)

Hierarchical
level B

3264 clock periods = 50

.2us

(64QAM 7/8)

Hierarchical

level A

(DQPSK 1/2)

Hierarchical
level B

1866
clock
period

1865
clock
period

1865 1866-clock-period of
clock
period | :

Fig. 3-6: Example of a Signal Transmission System (1)

(64QAM 7/8)
data every 7 TSPs




Convolutional-| [Convolutional-

coding rate: coding rate:
1/2 7/8
8Fs
| sp | [ sP |
> > 4 Fs
T 2 T 6 (DQPSK,
QPSK)
2Fs
(16QAM)
+ + 4/3 Fs
| DQPSK | [ 64QAM | (64QAM)
1 nx2 A 2
Combining of hierarchical
levels, speed conversion
nx2 Fs
Time and frequency
interleaving
g nx2
\ 4
OFDM-frame stracture
g nx2
) 4
IFFT |
Fig. 3-7:

3264 clock periods = 50.2us

<—
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Hierarchical

level A

(DQPSK 1/2)

Hierarchical

level B

1866
clock
periods

1632 clock periods = 50.2us

1865
clock clock
periods iperiods

(64QPSK 7/8)

1865  1866-clock-period of data every 7 TSPs

Hierarchical

level A (4Fs)

Hierarchical

level B

311
clock
periods

1632 clock periods = 50.2us

clock
periods

clock
periods

(4/3Fs)

310 311 310-clock-period of data every 7 TSPs

Hierarchical

level A (4Fs)

Hierarchical

level B

311
clock
periods

1symbol = 2048 clock periods

310 311
clock clock
periods periods

(4/3Fs)

310-clock-period of data every 7 TSPs

Hierarchical level A, B
(Fs)

—

[T

480 clock
periods

1symbol = 2048 clock periods

768 clock ~ 1>800 clock periods
periods

[TTTITII

Hierarchical level A, B
(Fs)

480 clock
periods

1symbol = 2048 clock periods

768 clock ~ 1800 clock periods
periods

Hierarchical level A, B
(Fs)

1=\[EIIIIIIIIIIIIIII |
540 clock ~ |~ 864 clock 543 clock
periods periods periods

1 clock period

Example 2 of a Signal Transmission System




Frame synchronization

Frame synchronization

Frame \{
TS packet
<>
Multiplexer
l:)ulfpu)t( BO,1 | BOZ | BO;! ‘ 804 | N | N | N | BOS | BOS BO7 N | N | A0,1 | BO,& ‘ BO 500 | BO.SOI N | N | N | AO 60 BO.SOZ BO‘SDS BO‘SM
Byte-interleaving delay correction
B—1.12 | B—1,13 | B—1,14 | B—1.15 | N | N | N | B4‘16 | B4‘17 | Br1‘18 | N | N | A—1.12 | B—1.19 ‘ BOJ | BO‘B | N | N | N | AO,H | BO.9 B(MO | BO‘M
Byte interleaving (start-byte position stored)
B’-«‘\Z | B’-‘MS B’-«‘M ‘ BY‘HS | N | N | N | B’-1 16 | B’-1 17 B’-MB N | N | A’-11Z | B’-«‘\B | ‘ B’OJ | B’OB N | N | N | A’D.M | B’O,Q B’Oﬂﬂ | B'O“M
ﬂConvolutional coding (puncturing reset by frame synchronization)
BHVWAZ BHVW.H BHVW.M B"rW.WS | N | N | N | B”r1‘16 | B”rtﬂ B”—1‘18 N | N | AHVWAZ BHVW.W ‘ BHDJ | BHD‘B N | N | N | AHO‘H | B“U.Q Bﬂu.m B“O.H
ﬂBit interleaving (including delay correction; start bit position delayed by the correction value)
B"-LIZ | Bw-1,|3 BW-W 14 B"-WJS | N | N | N | B‘-I 16 | B ‘-I 17 B -1,18 N | N A"-1.|2 | Bw-1.|9 ‘ B 07 | B 08 N N N Am&ﬁ | B 09 B ‘0‘10 B 0,11

\

ﬂ Combining of  (Formation of OFDM symbol by 1-frame buffer; S-1,B,

n is a symbol made up of B"-2,12 to B"’-1,11.)
hierarchical (Two-symbol delay is caused by bit interleaving. Therefore, frame synchronization is delayed by two symM

levels
| S-1.A‘1 | S-1B‘1 | ‘ S-«A‘Z S-‘LB‘Z | S-LAG | S-I‘E.S | | S-1A.4 S-1.B‘4 | ‘s-«A‘ZOSl S-‘LB‘ZOE | |S-1‘A204 S-I‘E.ZOA | | SO.AA | SO‘B“\ | ‘ SO‘AZ SD‘B.Z |
Time-interleaving delay correction
| S—Z.A‘Qﬁ S—Z.BJAQ ‘ S—Z‘A‘Qﬁt | 3—2‘5‘150 SVZ‘A.% | SVZ‘EAM ‘ | S—Z.A.% | S—Z.B‘152 ‘ S—1‘A‘91 | S—1‘B.147 | | SrtA,QZ S—1‘E.148 | | s—1.A‘93 s—1.B‘149 ‘ S—1‘A‘94 | S—1‘B‘150
ﬂTime interleaving (start-symbol position stored)
| S,-Q‘A‘93 S’-Z‘B“Hg ‘ SY-2,A‘94 S’-Z‘E,150 S’-Z‘A‘Qs | S,-Q,E‘151 | | S’-Z‘A‘QS 81-2‘5‘152 | ‘ SY-1.A‘91 | S’-1‘E_1A7 | | S’-MA,QZ SY-1,E‘MS | | S,-1‘A,93 S’-‘LB“MQ ‘ SY-1,A‘94 S’-1‘E,15(}
OFDM-frame formation

A, .- mth TSP of the nth frame of hierarchical level A N:Null TSP S, 5. Mth OFDM symbol of the nth frame of hierarchical level B
(Hierarchical layer A: DQPSK, convolutional-coding rate of 1/2, 5 segments, | = 16)
(Hierarchical layer B: 64QAM, convolutional-coding rate of 7/8, 8 segments, | = 8)

Fig. 3-8: Time Interleaving and Delay Adjustment (Example of Processing on the Transmitting Side)
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Frame synchronization

OFDM frame
S oo | Sapist Sone | Sapis S'oner | S2eis Sone | Sapise onea | ey S iaet | Slapiso
ﬂ Time de-interleaving (start symbol delayed by 1520 symbols for hierarchical level A, and 760
symbols for hierarchical level B)
Sens S S Ssp4 SEee Sses S SR SR S.gi S e
Bit de-interleaving (start bit delayed by 120 bits)
S” gan S S S” 5602 S”gns S 85 S” gha Sper S oazs | S"sp208 Sonmn| S
\ ﬂCombining of hierarchical levels (performed after 3-TSP delay) \
Duration of 3TSPs | g* 1B | B 4w [BHw| N | N Bore | Barr [Bow| N | N |An| B Ber [ Bas | N | N | N [Agn] Buo|Bowl|Ban
ﬂViterbi decoding (block formed by 47H)
B's12 | B'g1s | B'sis | Boss N N B'g1s | B's17 | Bots N N A orz | Bere B's; | B'sg N N N Ao | Bso | Bsio | Bsi
ﬂByTe de-interleaving (start byte delayed by 11 packets for the same hierarchical level)
Bs: | Bsz | Bss | Bes N N Bss | Bss | Bsr N N A | Buss Besoo | Bussor N N N | Aloeo | Bosoe | Besos | Buosos
Frame

(Hierarchical layer A: DQPSK, convolutional-coding rate of 1/2, 5 segments, | = 16)
(Hierarchical layer B: 64QAM, convolutional-coding rate of 7/8, 8 segments, | = 8)

Fig. 3-9: Time Interleaving and Delay Adjustment (Example of Processing on the Receiving Side)
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3.4 Video coding scheme

In the case of hierarchical transmission with multiple layers, it is possible to transmit services whose
video coding scheme is conformed to the MPEG-2 Video (ITU-T Rec. H.262, ISO/IEC 13818-2) with
the constraints shown below in addition to television services specified in the ARIB STD-B32
standard. Selection of each coding parameter should be made by the judgment of each broadcasting
provider considering picture quality, required bit rate and reception quality, etc.

3.4.1 Constraints of video coding parameter

Table 3-6 shows constraints of video coding parameter.

Table 3-6: Constraints of video coding parameter

Constraints .
. Constraints of Other
Constraints of sequence_header of sequence_ . .
extension sequence_display_extension parameters
Zfzr:wal— horizontal _ i;g?t— i];atrene_ progressive_ |color_ transfer_ matrix_
Valu_e size_value infor;na tion |co de_ sequence primaries characteristics  |coefficients
240 352 9.3 4(Note2) 1 1 1 1 Value specified for
120Mote1) 176 ’ MP@LL

(Note 1) In the MPEG-2 coding scheme, 128 lines are coded actually.

(Note 2) When transmittable bit rate is extremely low, encoding method that does not change the
frame_rate_code and lowering the actual coded frame rate by using skipped macroblock, etc., is
also effective.

3.4.2 Constraints of still picture coding parameter

Table3-7 shows constraints of coding parameter in still picture. One frame of still picture is coded
as I frame and transmitted by surrounding it with sequence_header_code and sequence_end_code, as
an independent sequence.

Table 3-7: Constraints of still picture coding parameter

. . Other
Constraints of sequence_header Constraints ij Congtramts of . parameters
sequence_extension sequence_display_extension  [.:. 5
vertical_ |horizontal_|aspect_ frame_ . .
size size ratio rate progressive_ |low_ col.or_ . transfer_. ) matr.n%_
value value information leodetore » [Sequence delay |primaries [characteristics |coefficients
Value
&82?) 11?;;%’ 3 4 Q(Note 3) specified  for
MP@HL
Value
3 7 1 specified  for
480 720 1ot | 1 1 1 (MPeHIAL
Value
2,3 4 Q(Note 3) specified  for
MP@ML
Value
240 352 2,3 4 1 specified for
MP@LL

(Note 1) In the MPEG-2 coding scheme, 1088 lines are coded actually.

(Note 2) Timing of decoding and display is controlled by time stamp value in the PES header, and
the value of vbv_delay should be OxFFFF.
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(Note 3) In the case of progressive_frame=0 (with timing difference due to interlaced scanning of the
two fields in a frame), display of a freeze field is recommended and in the case of
progressive_frame=1 (same timing in the two fields in a frame) display of a freeze frame is
recommended.

(Note 4) In the case of low_delay=1, time stamps of decoding and display are the same value
(DTS=PTS). Only PTS is attached in the still picture coded as I frame.

(Note 5) For values of vbv_buffer_size_value, etc., values specified in ISO/IEC 13818-2 for each level
of the Main Profile should be adopted. = However, bti_rate_value should be the maximum value
of each level and MP@LL should be 4Mbps, MP@ML should be 15Mbps, and values for MP@H14L
and MP@HL should be the maximum capacity that can be transmitted by terrestrial digital
broadcasting.

Table 3-8 shows meaning of each code number of the MPEG-2 coding parameter shown in Tables 3-6
and 3-7.
Table 3-8: Meaning of each code number of MPEG-2 coding parameter

aspect_ratio_information 2 = 4:3 display 3 =16:9 display
frame_rate_code 4 =30/1.001 Hz 7 =60/1.001 Hz
progressive_sequence 0 = Interlaced 1 = Progressive

low_delay 1 = Not including B picture

color_primaries 1 = Nominal value of Rec.ITU-R BT.709(BT.1361)
transfer_characteristics 1 = Nominal value of Rec.ITU-R BT.709(BT.1361)
matrix_coefficients 1 = Nominal value of Rec.ITU-R BT.709(BT.1361)
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Chapter 4: Guidelines for Synchronization

4.1 Synchronization for SFN

To implement SFN, the following requirements must be met in order to establish synchronism
between broadcast waves:

4.1.1 Transmission frequency

To prevent interference between carriers within the SNF service area, the variations in the
transmission frequency of each broadcast wave must be 1 Hz or less.

4.1.2 IFFT sampling frequency

To implement SNF by means of OFDM signals generated by different IFFT sample clocks, as when
multiple OFDM modulators are used, all IFFT sample-clock frequencies must be identical.

If one of the frequencies differs from the others, the difference affects the OFDM symbol period, that
is, symbol speed. Consequently, a symbol shift beyond the guard interval length is produced
between OFDM signals, causing interference between symbols.

Note also that the frequency of each of the uppermost and lowermost carriers of the frequency band
must not vary any more than 1 Hz as a result of variations in the sample frequency.

4.1.3 OFDM signals

When multiple OFDM modulators are used, the output OFDM-signal waveforms must be the same
at all SFN stations.

Note that it is preferable to select a transmission timing such that the difference in delay time within
the service area is shorter than the guard interval.
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Chapter 5: Signal Transmission Scheme to STL/TTL

This chapter specifies the signal format and synchronization establishment scheme to transmit the
terrestrial digital television broadcast signal to STL.

The signal transmission method among broadcasting stations is also specified for the network

configuration including SFN.

5.1 Types of interface point

Interface points are indicated in the figures as shown below.

Video —p| ! ! !
| o | o |
Audio—» 2| | | § T E: i
g 0 [ 2] 1@ | B = |
: s —» 5 > & He —H——> IF
- =y . — . S LY-< .
. = I = I o o I
P E| 0 Bl | B i
) | ~ | = |
! ! !
! ! !
! ! T“ !
TMCC J } I
| | |
AC i i i
Others———————:————————:——————————————~:————>
I/F (1) I/F (2) I/F (3)

TS (1) The TS signal in accordance with the MPEG-2 systems, which does not have the multiplexed

frame construction of terrestrial digital television signal. Hereinafter referred to as usual TS.

TS (2) The TS signal in accordance with the MPEG-2 systems, which has the multiplexed frame
construction of terrestrial digital television signal. Hereinafter referred to as broadcasting TS.
The signal after T'S re-multiplexing is specified in Chapter 3 clause 3.2 in this document and

having multiplexed frame construction.

Fig. 5-1: Types of interface point
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5.2 Types of synchronization scheme

Among the interface points defined in clause 5.1, The signal format is TS signal in I/F (1) and I/F (2).
Therefore, the IFFT sample frequency should be synchronized with the studio and the broadcasting
station or among the broadcasting stations.

Table 5-1: Interface point and synchronizing scheme

Relay method| Interface point Interface signal Note
ggiidfgit RF Unnecessary
Y OFDM signal
I/F (3) Only RF
synchronization
Slave
synchronization
ynchronization uasl- synchronization
Svnchronizati Quasi hronizat
UF (2) Broadcasting TS conversion equipment required
Complete. . Clock should be returned
STL/TTL synchronization
Reference? . Usage of JJY, GPS, etc.
synchronization
Slave
synchronization
UF (1) Usual TS Synchronization Synchronization conversion
conversion by re-multiplex device.
Referencg . Usage of JJY, GPS, etc.
synchronization

Synchronization method types are specified in this section.

5.2.1 Complete synchronization

Any of one modulator clock in either of the broadcasting stations should be used as a referene clock of
network, and the clock of other broadcasting station or studio should synchronize to the reference
clock. However, a separate link to transmit the clock should be prepared, in addition to the T'S
transmission link, to transmit the terrestrial digital television broadcasting signal.

5.2.2 Slave synchronization

The clock of modulator in each transmitting stations is synchronized to the clock of multiplexer or
re-multiplexer in braodcasting studio .

For the studio clock transmission method, there is a method to synchronize with the bit clock of
STL/TTL, etc.

5.2.3 Reference synchronization

This method synchronizes the studio and all the broadcasting stations by synchronizing with a signal
other than the terrestrial digital television broadcasting network.
For the synchronizing signal, there are GPS and JJY, etc.

5.2.4 Synchronization conversion (Quasi-synchronization)

This synchronization conversion method is to_write the received TS signal which is transmitted from
the forward station or studio on the input buffer temporary,and read out this TS signal by the clock
signal of following station, which is asynchronous to the forward station or studio.
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A TS signal from the forward_station is transmitted by inserting more than a specific null TSP, and
this TSP signal can be inserted and deleted at the following station to obtain the synchronization
conversion.

However, as up to three hierarchical layers can be transmitted as a layer transmission in the
terrestrial digital television broadcasting, the synchronization conversion device is necessary in each
layer, in the case of the layer transmission. But,the re-multiplexer written in Fig. 5-1 has a
equivalent function of synchronaization conversion, therefore,in case of interface I/F(1),
re-multiplexer can be substituted for synchronization conversion function.

In case of the SFN operation, the OFDM signals must be same at all SFN stations, but, in this
method, transmitting signal may be changed by adding/deleting the null packets therefore, this
method is not appropriate as a synchronizing method among the broadcasting stations for the SFN
operation.
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5.3 Assumed broadcasting network types

As specified in the Appendix Chapter 4 “Synchronization Operation Guideline,” the following
conditions should be satisfied for SFN operation.

(1) The RF frequency accuracy should be within 1Hz.

(2) The IFFT sampling clock should coincide averagely and the frequency difference between
each transmission-band edge carriers due to frequency drift of IFFT sample clock should be
within +/-0.3ppm.

(3) The multiplexed frames should be the same. (The TS (2) in Fig. 5-1 should coincide.)

(4) The delay time difference of the OFDM frame synchronization signal phase (including even
number (W0), odd number (W1) frame synchronization signal phase) should be positioned
within the guard interval period at the SFN interference area.

On the other hand, when the frequency differs from that of other broadcasting stations, or when the
frequency is the same but the broadcasting area does not overlap geographically, (hereinafter,
referred to as MFN) the condition should be as follows.

(1) The RF frequency accuracy should be within 500Hz, provided the Minister of Public
Management, Home Affairs, Posts and Telecommunications has agreed that it does not
obstruct the effective radio wave usage excessively.

(2) The frequency difference between transmission-band edge carriers due to the frequency
drift of the IFFT sample clock should be within +/-0.3ppm.

(3) It is not necessary for the multiplexed frames to be identical.

(4) The sending timing of the OFDM frame synchronization phase (including TMCC frame
synchronization phase) does not have to be specified.

For (3), it means that TS (2) do not necessarily have to be identical as long as the receiver
unit can decode without contradiction.

As the required specification of the sending interface condition and synchronizing method differs
according to whether the SFN is assumed or not in the broadcasting network, the broadcasting
network is modeled depending on whether it is SFN or MFN.

-------------------------
-------------------------
..........
ws .

. .
. L
. ‘.

Vv Y
Studio > Broadcasting > Broadcasting » Broadcasting
station S ELTTEPERTEH >  station Grrrrrrnnans > station
A %, A A
vk AV
Broadcasting|g..esssseess >{Broadcasting
station > station
——— ! Signal flow
&Geeeeenees > L Combination of having possibility of SFN

Fig. 5-2: Construction of broadcasting network and combination with SFN
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5.3.1 Network construction without having to consider SFN conditions

(1) When transmitting signal from a studio to one broadcasting station.

(Case 1)

Studio Broadcasting
station

Fig. 5-3: When transmitting signal from a studio to one broadcasting station

Studio | Broadcasting
"|  station 1

In the case of MFN or when there is no SFN
between the routes after this

Broadcasting
station 2

Fig. 5-4: When transmitting signal from a studio to plural broadcasting stations of MFN operation

(2) When the forward station and following station are in MFN operation and the entire route
after the following station is MFN operation.
(Case 2)

Broadcasting _| Broadcasting| When there is no SFN operation in
station 1 7| station 2 the route after this

Fig. 5-5: When the entire route after the following station is MFN construction
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5.3.2 Network operation necessary to consider the SFN condition

(1) When transmitting the signal from a studio to multiple broadcasting stations of SFN ruction-

operation.

(Case 3)
N —_— :

Studio ! Broadcasting | ! Including a case when
] station 1 ' broadcasting stations 1 and 2
i Broadcasting i operate aSsFl\lillFN , but after these
. 1

! station 2 | stations operation exists.
I SFN :

Fig. 5-6: When transmitting signal to a studio to plural broadcasting station of SFN operation

(2) When forming the SFN construction between the forward_station and following station
(Case 4)

Broadcasting _ | Broadcasting
station 1 station 2 SFN

__________________________________________________

Fig. 5-7: When SFN construction is formed between the forward_station and following station

(3) When MFN construction is employed between the forward and following stations but SFN
construction is employed in the route after the following station.
(Case 5)

Broadcasting
station 1

. |Broadcasting| Broadcasting
station 2 station 3

Cases when SFN construction is employed between the following station and the
broadcasting stations in the other route are included.

Fig. 5-8: When SFN construction is employed in the routes after the following station

(4) Cases when MFN construction is employed between the forward and following station but SFN
construction is employed after both the forward and following stations.
(Cases 6)

_____________________________________

.| Broadcasting
station 2

Broadcasting
station 1

station 3

- — — + — p| Broadcasting
|
)

Fig. 5-9: When SFN construction is employed after both the forward and following stations



ARIB STD - B31
Version 1.6-E2

5.4 Usage examples of synchronization method considering SFN

For cases 3 to 6 in clause 5.3.2 in the network construction shown in clause 5.3, consideration of SFN

condition for the synchronization method is necessary.

This clause discusses usage examples of synchronization method applicable to the network

construction, in which consideration of SFN is necessary.

5.41

Interface point and synchronization method when considering SFN

Problems and conditions when considering SFN in the interface point and synchronization method

shown in clause 5.2 are shown in Table 5-2.

Table 5-2: Interface point and synchronization method when considering SFN

No. Interfface Synchronization Problems and conditions when considering SFN
point method
1 RF Unnecessary Delay time in the SFN area cannot be controlled
For the delay time control in the SFN area, the delay time of forward
Only RF transmitting station is controlled by adding the fixed delay to
2 I/F (3) yh L compensate the time delay difference between forward station and
synchronization following station which is caused by TTL transmission to following
station. .
Slave synchronization to the signal sent from
3 Slave o .
synchronization forward station
4 Synchronization The synchronization conversion process may change the multiplexed
I/F (2) conversion frame construction.
Complete L. . . .
5 L. Synchronization signal delivery method should be studied separately.
synchronization
6 Reference? . Entire network is synchronized by GPS and JJY, etc.
synchronization
7 Slave
synchronization Re-multiplexer should be equipped at the transmitting station,
3 UF (1) Synchronization therefqrg, multiplexed frame const.ruct'ion may be cha.nged. .
conversion In addition above, a method to verify final output TS is required
9 Reference separately.
synchronization

As shown in the above table, I/F (1) can be applied to STL (signal delivery method to a main

transmitting station, shown in clause 5.3.2 case 1) in which a loopback link is comparatively easy to

secure, in the cases of MFN shown in clause 5.3.1.
considering SFN.

However,it is difficult to apply to network

It may be possible to apply the synchronization conversion in I/F (2) to STL, similar to the I/F(1),

however, there is a problem in multiplexed frame coincidence, when considering the application to

SEN. For complete synchronization, application to SFN is not practical as consideration of a

synchronized signal distribution method is necessary.




5.4.2 Usage examples of synchronization method corresponding to the broadcasting network

For the network considering SFN as shown in clause 5.4.1, use of I/F (3) and RF broadcasting signal relay method are recommended in
addition to the slave synchronization of I/F (2) and reference synchronization.
In this clause, usage examples of each synchronization method and important notice when applying to cases 3 to 6 of the broadcasting

network construction shown in clause 5.3.2 are discussed.
Table 5-3: Example of the interface using I/F (2)

Synchronization

system

Slave synchronization

Reference synchronization

Signal format

204 byte broadcasting TS format

204 byte broadcasting TS format

Example of network

construction

Main station modulator

SFN station
modulator
MFN station
modulator

=
&
g
é’.
5
B,
5
kel

9
SFN station
v modulator
MFN station
GPS, JJY, etc. modulatior
AN
Q—— ®

Surxerdnmur-ay

Frequency difference should be within 1Hz in each

broadcast station

should be within 1Hz in each broadcast station

Synchronization reproduction of STL/TTL signal from the
studio or forward station
Care should be taken when using ATM line in place of
STL/TTL of radio system
In the case of cascade link connection, care should be
taken for the amount of jitter generated in

synchronization reproduction.

The clock synchronized with GPS or JJY should be used in
the studio and each broadcast station.

Jitter absorption should be considered when using ATM.

RF frequency

>

3

= IFFT

o

o] N

= sampling

o

s clock

-

o

w

=

Z

aQ

o

5

=

o

= Multiplexed
frame

The signal discriminating the head of the OFDM frame is
added (see clause 5.5).

The signal discriminating the top of the OFDM frame is
added (see clause 5.5).

TH-9°] UOISIOA
I€d - dLS 919V



Sending

timing

Adjust the transmitting timing to add the fixed delay in

condition that the delay of the system is constant.

Relative delay from second pulse supplied from GPS and/or

JJY is used for transmitting timing adjustment (see clause
5.5)

@ : Master clock

@ * Slave clock

-9 UOISIdA

I€ed — dLS dI9v



Table 5-4: Examples of the interface using I/F (3) and broadcasting signal relay method

Synchronization OFDM-IF interface Broadcasting signal relay method
system
Signal format OFDM signal OFDM signal
IF sional _ RFsignal
= [ ] - Main station frequency conversion § et station -Z
Example of % E 8 § 7%%’ tStF'N r(e-tran:mitting )|
network g SFN station frequency e conversion Z> & station {same Irequency, Z
construction g g?
=) — e . = i s
g T —— R & 755% MEN setransmitting. |
— conversion)
RF e Deviation should be within 1Hz in each broadcast e Frequency difference should be within 1Hz in each transmitting
frequency station station by using common local signal for both transmitting and
. receiving portion in broadcasting signal relay station.
% IFFT e Not applicable as it is OFDM transmission. ¢ Not applicable as it is OFDM transmission.
é' sampling
=
S clock
g
C»Q Multiplexed |e Not applicable as it is OFDM transmission. e Not applicable as it is OFDM transmission.
? frame
= Sending e _.Adjust the transmitting timing to add the fixed delay |¢ Delay adjustment is impossible by receiving the broadcasting
Z;:: timing in condition that the delay of the system is constant. wave.
® It is desirable to apply this system not to occur the interference
for considering the relationship between distance of stations
and guard interval length

TH-9°T UOIS.I9A
I€d — dLS d1IidV



Interface examples when using each synchronization method are shown in Tables 5-3 and 5-4.

Network construction can be made by combining multiple synchronized methods among the 4 types of method shown in the table. Therefore,
it is recommended to select an appropriate synchronization method according to each network condition.

TH-9°T UOISI9A

1€d — dLS dIaVv
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5.5 Additional information necessary for re-multiplexing TS transmission

The transmitting control information should be provided when transmitting the re-multiplexing TS
using I/F (2) in which the interface is TS having multiplexed frame construction, among the interface
points shown in Fig. 5-1. The types and transmission method are discussed in this clause.

5.5.1 Types of additional information

There are the following two types of multiple positions when multiplexing the transmitting control
information to the broadcast TS.

(1) Multiplexed to the dummy byte part of each TSP (Transport Stream Packet)

(2) Multiplexed as invalid hierarchical TSP (such as IIP, ISDB-T Information Packet).
Transmission is made as shown below, according to the transmission items of the transmitting
control information.

Table 5-5: Transmission items of the transmitting control information and multiplex position

Multiplex position
No. Transmission item Description Dummy byte Invalid
hierarchy
00: BS digital
1 |TMCCID 10: Terrestrial digital TV O
11: Terrestrial digital audio
2 |Buffer reset flag Synchronization device buffer reset O
control
Starting control for Designating the duration of
3 . . O O
emergency-alarm broadcasting emergency-alarm broadcast execution
4 |TMCC change top packet flag Designation of top packet to change O
Designation of top packet of
5 |Frame top packet flag multiplexed frame O
Frame synchronization Designation of duration of even number
6 . . O O
designation (w0,w1) or odd number frames
Hierarchy discrimination of A, B, C,
7 Hierarchy information of each NULL o
TSP Designation of TSP that carries IIP or
that carries AC data
3 Tra'lnsn'mss.mn parameter O O
switching index
Multiplexed frame top packet is O.
TSP t .
9 SP counter Incremented in the order of packet.
10 |TMCC (including mode and GI) TMCC ar.ld modulation device control o
information
Broadcasting network control Control information such as delay at .
11 | . Optional
information SFN
12 |AC data Information transmitted by AC Optional Optional

However, for items overlapping both dummy byte and invalid hierarchy, it should be multiplexed so
as not to contradict each other.
Detailed information on AC data is described in Capter 6 in this Appendix .
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5.5.2 Multiplex to dummy byte part

(1) Multiplex position
Interface signal format should be re-multiplexing T'S format having multiplexed frame
construction of 204 byte and should be multiplexed on 8 byte other than information part of

188 byte, and information shown in Table 5-5 should be multiplexed.

Information part Multiplex Parity
position (option)
188 byte < 8byte >|« 8byte >

Fig. 5-10: Multiplex position on dummy byte

Additional information multiplexed on the above dummy byte indicates the information of the
TSP. The multiplexed additional information is called ISDB-T_information.

It should be possible to add the following parity when required.
The parity should apply the shortened Reed-Solomon code (204,196) generated by adding
00HEX of 51 byte in front of the input data byte in the case of (255,247) Reed-Solomon code

and deleting the top 51 byte.
As for the original (255, 247) Reed-Solomon code, original of GF(28) and the primitive

polynomial defining GF(28) are as follows:

p(x) =x8+x4 +x8 +x2+ 1
For generator polynomial:

gx)=(x-19 (x40 (x-12) (x-29) (x-24) (x-1%) (x-16) (x-17),
where, A =02pzx
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(2) Multiple information

Table 5-6: Syntax of ISDB-T_information

Data Structure Number of Bit String
Bits Notation

ISDB-T_information({
TMCC_identifier 2 bslbf
reserved 1 bslbf
buffer_reset_control_flag 1 bslbf
switch-on_control_flag_for_emergency_broadcasting 1 bslbf
initialization_timing_head_packet_flag 1 bslbf
frame_head_packet_flag 1 bslbf
frame_indicator 1 bslbf
layer_indicator 4 bslbf
count_down_index 4 bslbf
AC_data_invalid_flag 1 bslbf
AC_data_effective_bytes 2 bslbf
TSP_counter 13 bslbf
if(AC_data_invalid_flag==1)

stuffing bit 32 bslbf
elsel
AC_data 32 bslbf

}

¥
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of ISDB-T_information syntax (bit0 = LSB)

Byte| bit Syntax Description
0 Z ?&%%ﬁf;?iﬁfna tion) ; (1) Discrimination of terrestrial digital TV
5|Reserved To be ‘1’
4|buffer_reset_control_flag Synchronized device buffer reset control signal
(Buffer reset flag) In case of buffer reset, ‘1’
Normally, ‘0’
3|switch-on_control_flag for_ |Receiver unit start control signal in case of emergency
emergency_broadcasting broadcasting.
(Start control for During emergencye broadcasting, ‘1’
emergency-alarm Normally, ‘0’
broadcasting
2|initialization_timing_head_pa|The changed head packet is ‘1’. Normally, it is ‘1’.
cket_flag (The transmission parameter switching index is counted
(Changing designation) down and when it returned to ‘1111,” the head packet of the
frame is ‘1.
1|{frame_head_packet_flag Discriminates the head of multiple frames.
(Frame head flag) The multiple frame head packet is ‘1’ regardless of even
number or odd number frames. Others are ‘0.
O|frame_indicator During even frame (W0) of the OFDM frame, it is ‘0.’
(Frame synchronization During odd frame (W1) of the OFDM frame, it is ‘1.
discrimination)

1 7-4|layer_indicator Indicates the hierarchy by which the TSP is transmitted.
(Hierarchy information for ‘0000: A null-TSP which is not transmitted by any of
each TSP) hierarchy A, B, or C.

‘00071’ TSP transmitted by hierarchy A.
‘0010’ TSP transmitted by hierarchy B
‘0011: TSP transmitted by hierarchy C
‘0010’: TSP which transmits AC data but not transmitted
by any of hierarchy A, B, or C
‘0101’~’0111: TSP that service providers multiplex the
original data
‘1000: TSP which transmits the ITP but not transmitted by
any of hierarchy A, B, or C.
‘1001’~1111 TSP that service providers multiplex the
original data
3-0|count_down_index Transmission parameter switching index described in the
(Transmission parameter TMCC information.
switching index)
2 7|AC_data_invalid_flag When AC data is not added to the dummy byte part: ‘1’
(AC data flag multiplexed on |When AC data is added to the dummy byte part: ‘0’
the dummy byte part)
6-5|AC_data_effective_bytes ‘00 1-byte
(Actual number of AC data  [‘01’: 2-byte
bytes to be transmitted by ‘10’ 3-byte
broadcasting waves) ‘11 4-byte (including the case in which AC data is not added
to the dummy byte part)
Among bytes 4 to 7, the byte position to be used should be
specified by each service provider.
4-0|/TSP_counter A counter in which the head packet of the multiplex frame is
(TSP counter) 0 and increments one by one in the order of packet.
3 7-0 Increments including NULL-TSP, TSP that transmits IIP or

AC data, etc.




ARIB STD - B31
Version 1.6-E2

7-0/AC_data (AC data) Area for AC data

7-0/AC_data (AC data)

(S| O

7-0/AC_data (AC data)

7-0|AC_data (AC data) (Is not transmitted in the case of AC_data_invalid_flag =1°)

5.5.3 Multiplex to invalid hierarchy IIP (ISDB-T_Information_Packet)

(1) Multiplex position

The IIP is inserted in the 188th byte of the packet information part in which the

layer_indicator in Table 5-7 becomes ‘1000,” and only one packet is multiplexed in the

multiplex frame.

Information indicated by IIP indicates the information of next multiplex frame.

(2) IIP information

Table 5-8: Syntax of IIP (ISDB-T_Information_Packet)

Data Structure Number of Bit String
Bits Notation
ISDB-T_information_packetO{

TSP_header{
sync_byte 8 bslbf
transport_error_indicator 1 bslbf
payload_unit_start_indicator 1 bslbf
transport_priority 1 bslbf
PID 13 uimsbf
transport_scrambling_control 2 bslbf
adaptation_field_control 2 bslbf
continuity_counter 4 uimsbf

}

payload{
ITP_packet_pointer 16 uimsbf
modulation_control_configuration_information() 160 bslbf
IIP_branch_number 8 uimsbf
last_IIP_branch_number 8 uimsbf
network_synchronization_information_length 8 uimsbf
network_synchronization_information()
for(i=0;i<(159- network_synchronization_information
_length);i++){ 8 bslbf

stuffing byte(0xFF)

}

}

— 100 —
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Table 5-9: Description of the syntax of IIP

Syntax

Description

sync_byte

TSP synchronization byte. 0x47(0100 0111’)

transport_error_indicator

Not used. Should be always ‘0’

Payload_unit_start_indicator

Should be always ‘1’

transport_priority

Not used. Should be always ‘0’

PID

Should be service provider defined. However, the same PID is
used for terrestrial digital television broadcasting.

transport_scrambling_control

Not used. Should be always ‘00’

adaptation_field_control

Should be always 01’ (only payload)

continuity_counter

Should be used in accordance with ISO/IEC13818-1.

IIP_packet_pointer

Indicates the number of packet from the multiplex position to
the next multiplex frame head in the multiplex frame of the
ISDB-T Information Packet. The value of the last TPS of the
multiplex frame should be 0 and should be counted from the
multiplex position of the ISDB-T Information_Packet to the
next multiplex frame head in TSP unit.

ITP_branch_number

Indicates the branch number of the ITP. When the
network_synchronization_information is not within 159 byte,
the network_ synchronization_information can be overlapped
on multiple packets (sub IIP packet). This branch number
(sub IIP packet) goes round for each IIP packet. The
IIP_branch_number of the first packet in the sub IIP packet is
0x00.

last_ITP_branch_number

Indicates the last IIP_branch_number of the sub IIP packet.
When the sub IIP packet is constructed by only one packet
(when the network_synchronization_ information is within 159
byte), 0x00 is indicated and when the sub IIP packet is
constructed by two packets, 0x01 is indicated.

network_synchronization_
information_length

Length of the following network_synchronization_ information
is designated. The value of this length should be 159 or less.

— 101 —
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As the IIP packet should be one TSP per multiplex frame, the payload is 184 bytes.

For

transmitting information exceeding 184 bytes, it should be transmitted by overlapping on
multiple multiplex frames.
When the IIP is constructed by multiple TSPs, the TSP inserted in the multiplex frame is
called the sub ITP packet.
The relation between IIP_branch_number and last_IIP_branch_number, when the sub IIP is
constructed by two packets, is shown below.

Multiplex frame

"

N

\

modulation_control
configuration_info

modulation_control
_configuration_info

modulation_control
_configuration_info

modulation_control
_configuration_info

modulation_control
_configuration_info

ITP_branch_number

0x00

0x01

0x00

0x01

last_ITP_branch
_number

0x01

0x01

0x01

0x01

network_synchronizati

net_sync_info_A

net_sync_info_B

net_sync_info_A

on._info net_sync_info_B

Note 11 Unless the contents of modulation_control_configuration_information is changed, the same
content is maintained, not in accordance with the IIP_branch_number.

Note 2:  For net_sync_info_A / B, different contents of the equipment loop (mentioned later) goes

round.

Fig. 5-11: Configuration example of sub IIP
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(3) Configuration of modulation_control_configuration_information

Table 5-10: Syntax of modulation_control_configuration_information

Data Configuration Number of Bit String
Bits Notation
modulation_control_configuration_information(1
TMCC_synchronization_word 1 bslbf
AC_data_effective_position 1 bslbf
reserved 2 bslbf
mode_GI_information{
initialization_timing_indicator 4 bslbf
current_mode 2 bslbf
current_guard_interval 2 bslbf
next_mode 2 bslbf
next_guard_interval 2 bslbf
H
TMCC_information{
system_identifier 2 bslbf
count_down_Index 4 bslbf
switch-on_control_flag_used_for_alert_broadcasting 1 bslbf
current_configuration_information{
partial_reception_flag 1 bslbf
transmission_parameters_for_layer_ A{
modulation_scheme 3 bslbf
coding_rate_of_inner_code 3 bslbf
length_of time_interleaving 3 bslbf
number_of _segments 4 bslbf
}
transmission_parameters_for_layer_ B{
modulation_scheme 3 bslbf
coding_rate_of_inner_code 3 bslbf
length_of time_interleaving 3 bslbf
number_of_segments 4 bslbf
§
transmission_parameters_for_layer_ C{
modulation_scheme 3 bslbf
coding_rate_of_inner_code 3 bslbf
length_of time_interleaving 3 bslbf
number_of_segments 4 bslbf
}
}
next_configuration_information{
partial_reception_flag 1 bslbf
transmission_parameters_for_layer A{
modulation_scheme 3 bslbf
coding_rate_of_inner_code 3 bslbf
length_of time_interleaving 3 bslbf
number_of_segments 4 bslbf
}
transmission_parameters_for_layer_B{
modulation_scheme 3 bslbf
coding_rate_of_inner_code 3 bslbf
length_of time_interleaving 3 bslbf
number_of segments 4 bslbf
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}

transmission_parameters_for_layer_C{
modulation_scheme
coding_rate_of_inner_code
length_of _time_interleaving
number_of_segments
}
}
phase_correctiton_of_CP_in_connected_transmission
TMCC_reserved_future_use
reserved_future_use
}
CRC_32

A~ W ww

12
10

32

bslbf
bslbf
bslbf
bslbf

bslbf
bslbf
bslbf

rpchof

— 104 —
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Table 5-11: Description of syntax of modulation_control_configuration_information

Syntax

Description

TMCC_synchronization_word

Synchronizes to the OFDM frame synchronization signal
allocated in B1 to B16 of the TMCC carrier and transfers as
follows.

w0 (0011010111101110) =“0’

w1 (1100101000010001) = ‘1’

AC_data_effective_position

Indicates whether invalid hierarchical data or dummy byte
data is used as the actual AC data to be transmitted by
broadcasting waves.

‘0’ invalid hierarchical data is used

‘I’ dummy byte data is used (including the case in which AC
data is not multiplexed)

mode_GI_information

Information of transmission mode and guard interval ratio

initialization_timing_indicator

Indicates the switching timing of mode and guard_interval.

e Normal value is 15(‘1111°). The value is decremented by
OFDM frame unit from 15 frames before the switching
timing.

e The switching timing should be the start timing of the first
OFDM frame when the initial setting pointer value returns
from 0 to 15.

During count down (when the value is other than 15), a revision

of next_mode and next_guard_interval cannot be made.

Current_mode

Indicates the Mode (1,2,3) now being used
‘00’: reserved
‘01’ Mode 1 ‘10’ Mode 2 ‘11’ Mode 3

Current_guard_interval

Indicates the guard interval ratio now being used.
‘00 1/32 ‘01’ 1/16 ‘10 1/8 ‘111 1/4

next_mode

Indicates the next Mode

next_guard_interval

Indicates the next guard interval

TMCC_information

Same as the TMCC information in ISDB-T.

System_identifier

Same as the system discrimination in TMCC information.

count_down_index

Same as the transmission parameter switching index described
in the TMCC information.

switch-on_control_flag_used
_for_alert_broadcasting

Same as the start flag for emergency-alarm broadcasting
described in the TMCC information.

current_configuration
_information

Same as the current information of the TMCC information.

partial_reception_flag

Same as the conditional access flag described in the TMCC
information.

transmission_parameters
_for_layer_A

Same as the transmission-parameter information for
hierarchical layer A of the TMCC information.

modulation_scheme

Same as the carrier modulation described in the TMCC
information.

coding_rate_of_inner_code

Same as the convolution coding ratio described in the TMCC
information.

length_of_time_interleaving

Same as time interleave length described in the TMCC
information.

Number_of _segments

Same as the segment number described in the TMCC
information.
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transmission_parameters
_for_layer_B

Same as the transmission-parameter information for
hierarchical layer B in the TMCC information.

transmission_parameters
_for_layer_C

Same as the transmission-parameter information for
hierarchical layer C in the TMCC information.

next_configuration_information

Same as the next information of the TMCC information.

phase_correction_of_CP
_1n_connected_transmission

Same as the phese-shift-correction value for connected segment
transmission described in the TMCC information.

TMCC_reserved_ future_use

Same as the reserved bit (B110 to B121) described in the TMCC
information

reserved_future use

Reserved bit for future extension. All of them should be ‘1°.

CRC_32

CRC value calculated by the following polynomial used in
ISO/IEC13818-1.

Ranges are to all the modulation_control_configuration_
information from TMCC_synchronization_word to future_
use_bit.

Polynomial=x32 + x26 + x23 + x22 + x16 + x12 4 x11 4+ x10 4 x84 X7+ x5
+xt+x2+x+1

(4) Structure of network_synchronization_information

Table 5-12:Syntax of network_synchronization_information

Data Structure Number of Bit String
Bits Notation
network_synchronization_information({
synchronization_id 8 uimsbf
if(synchronization_id==0x00)1
SFN_ synchronization_information{
SFN_ synchronization_information_header{
synchronization_time_stamp 24 bslbf
maximum_delay 24 bslbf
H
equipment_loop_length 8 uimsbf
for(i=0;i<equipment_loop_length/5;i++){
equipment_control_information{
equipment_id 12 uimsbf
renewal_flag 1 bslbf
static_delay_flag 1 bslbf
reserved_future_use 1 bslbf
time_offset_polarity 1 bslbf
Time_offset 24 bslbf
H
§
}
CRC_32 32 rpchof
§
else if(synchronization_id==0xFF){
for(j=0;j<N;j++){ 8
stuffing_byte(0xFF) bslbf
}
§
}
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Table 5-13: Description of syntax of network_synchronization_information

Syntax Description

Synchronization_id 0x00 :SFN_synchronization_information is added
0x01~0xFE : For future extension
OxFF : SFN_synchronizaion_information is not added.

SFN_synchronization
_information

Synchronization control information including delay time control in
SEN network.

synchronization
_time_stamp

Time difference from the reference time.

Indicated in 10MHz periodic unit (on the 100ns time scale).
Indicates the delay time of the head of the multiplex frame (start
time) in which the next tmcc_synchronization_word is ‘0’ against
the latest 1pps signal gained from the time reference such as GPS,
at the delivery output (Ex: output to STL) of the line to the
broadcasting station.

maximum_delay

Maximum delay time. The time interval between the delivery
output (Ex: output to STL) of the line to the broadcasting station
at the studio and the broadcasting wave emission from the
transmission antenna of each broadcasting station in the SFN
networkNote L.

Indicated in 10MHz periodic unit (on the 100 ns time scale).

This value should be set to less than 1 second [within the range
between 0 (0x000000) and 9999999 (0x98967F)].

equipment_loop_length

Indicates the following entire length of equipment_loop.
Indicates in byte units.

equipment_control
_information

Information to control the offset of delay time or fixed delay time
individually for each broadcasting station.

equipment_id

Designates each broadcasting station to control by the
equipment_control_information.

renewal_flag

Renewal flag.

When renewing the values of static_delay_flag,
time_offset_polarity, and time_offset, this field in
equipment_control_information of the targeted equipment_id will
be renewed. When renewing the value of maximum_delay, this
field in all equipment_control_information syntaxes (all equipment
loops) will be renewed.

This field toggles between ‘1’ and ‘0’ for renewal.

static_delay_flag

Static delay flag. For the delay control of SFN, the delay time may
be adjusted by the reference time such as GPS in one case and
typical and static delay time may be allocated to the broadcasting
station not using the reference time in another case. The static
delay flag should be ‘1’ when the latter control is employed. In this
case, the control information only time_offset is effective and only
this value is used for delay control.

reserved_future_use

Reserved bit for future extension. The value should be ‘1’.

time_offset_polarity

Indicates polarity of the following time_offset. ‘0’ should be
designated for a positive value and ‘1’ for a negative value. When
static_delay_flag is '1’, ‘0’ should be always designated.
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time_offset

Indicated in 10-MHz periodic unit (on the 100 ns time scale).

The meaning of this field changes according to the value of
static_delay_flag:

[When static_delay_flag = ‘0’]

Indicates the offset of delay time at each broadcasting station
against maximum_delay™Noetel, This value, together with the
polarity given by time_offset_polarity, is specified within the range
of -1 second < time_offset < 1 second (between 0 (0x000000) and
9999999 (0x98967F) as the input value for this field).

[When static_delay_flag = ‘1’]

Indicates delay time, when setting a specific, fixed, delay time to a
broadcasting station without using standard time *Notel, This value,
which is less than 1 second, is specified within the range between 0
(0x000000) and 9999999 (0x98967F).

CRC_32

The CRC value is calculated by the following polynomial used in
ISO/TEC13818-1.

Ranges to all the SFN_ synchronization_information from the
(synchronization_time_stamp) which is the head of
SFN_synchronization_information_header to time_offset.
Polynomial=x32 + x26 + x23 + x22 + x16 + x12 4+ x11 + x10+ x84+ x7+ x5+ x4
+x2+x+1

* Note 1: The following time values indicated in the corresponding fields shall include the OFDM
modulation time excluding the theoretical delay time due to time interleaving:

the time interval between the delivery output of the line to the broadcasting station at

the studio and the broadcasting wave emission from the transmission antenna of each

broadcasting station in the SFN network (maximum_delay);

the value of maximum_delay with the offset of delay time at each broadcasting station

(maximum_delay + time_offset) when static_delay_flag ="0";

["+" or "—" when time_offset_polarity is "0" or "1", respectively]

the fixed delay time of each broadcasting station (time_offset) when static_delay_flag

= H1"
5

Thus, the delay time required for SFN synchronization at each broadcasting station (the

time between arrival at the broadcasting station and input to the modulator) needs to be

calculated by deducting the time required for OFDM modulation (excluding the theoretical

delay time due to time interleaving).

— 108 —




ARIB STD - B31
Version 1.6-E2

Chapter 6: Operational guidelines for AC data transmission

This chapter defines multiplexing of AC data on broadcasting TS, timing of AC data multiplexed on
broadcasting T'S in relation to OFDM frames, and mapping of AC data to OFDM carriers. There are
two types of multiplex positions when multiplexing AC data on broadcasting TS signals:

(1) multiplexed on the dummy byte part of each TSP (Transport Stream Packet);

(2) multiplexed on invalid hierarchy TSP.

6.1 Determination of broadcasting TS multiplex positions

Whether AC data is multiplexed on the dummy byte part or invalid hierarchy TSP is determined by
looking at AC_data_effective_position of ITP's "modulation_control_configuration_information". For
more information, refer to Tables 5-10 and 5-11 in (3) of Section 5.5.3 in this Attachment.

6.2 Multiplexing on dummy byte part
6.2.1 Multiplex position

When multiplexing AC data on the dummy byte part, the data should be multiplexed on the 8-byte
part other than the 188-byte information part in the 204-byte broadcasting T'S format. For more
information, refer to Fig. 5-10 in (1) of Section 5.5.2 in this Attachment.

6.2.2 Syntax for multiplexing AC data on dummy byte part

Multiplexing of AC data on the dummy byte part of TSP is defined by the syntax of
ISDB-T information. For more information, refer to Tables 5-6 and 5-7 in (2) of Section 5.5.2 in this
Attachment.

6.2.3 Mapping of AC data to OFDM carriers

This section defines the mapping of AC data to OFDM carriers; the AC data to be transferred as
broadcasting T'S. The AC data may be multiplexed on the dummy byte part or the invalid hierarchy
of broadcasting T'S. Multiplexing on the dummy byte part has an advantage of transmission with
small delay.

6.2.3.1 Timing of multiplexing AC data in relation to OFDM frames

AC data multiplexed on the dummy byte part is transmitted in synchronization with the OFDM
frame pulse that immediately follows. Fig. 6-1 shows the transmission frame timing of AC data
multiplexed on the dummy byte part. The AC data AC#N multiplexed on the multiplex frame #N is
transmitted in synchronization with the OFDM frame pulse that immediately follows.
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Input multiplex frame Frame #N Frame #N+1 Frame #N+2 Frame #N+3
Extracted AC AC#N AC#N+1 AC#N+2 AC#N+3
E‘—PE Delay of AC within modulator *: Frame pulse position
H 1S * * *
OFDM frame E Frame #N-1 Frame #N Frame #N+1 Frame #N+2
AC data E AC#N AC#N+1 AC#N+2 AC#N+3

Note: Indicates the case where the delay of signal processing in the main line system within the modulator is

one frame plus a fraction.

Fig. 6-1 lllustrated timing of mapping to the dummy byte part

6.2.3.2 Order of mapping to OFDM carriers

Among the AC data multiplexed on the dummy byte part of TSP with AC_data_invalid_flag ="0", the
effective byte part indicated by AC_data_effective_bytes is considered as effective AC data. The
positions of bytes to be used shall be specified by each service provider.

The effective data is mapped sequentially from lower- to higher-frequency AC carrier positions of
OFDM. The MSB side of the effective byte part represents the head of the effective data. When
mapping of data to all AC carriers of one symbol is finished, mapping advances to the next symbol.
"Symbols" in this chapter means “OFDM symbols”. Fig. 6-2 shows the order of mapping to the AC
carrier positions of OFDM.

When there are differential OFDM segments, multiplexed AC data is mapped sequentially,
regardless of AC1 or AC2, to AC carriers in the order of lower to higher frequencies.

Since the first OFDM frame symbol (symbol 0) is the reference for differential modulation for AC
carriers, AC data is not mapped to this symbol. Within one multiplex frame, therefore, the amount
of AC data mapped to AC carriers (including stuffed data if required) corresponds to 203 symbols.

Segment No. 11 9 7 5 3 1 0o 2 4 6 8 10 12

Symbol 1 [ —
] I

Symbol 2 —— //—’?»

I —
T

Symbol 3 —— ///—P»

] I
L

Fig. 6-2 Order of mapping to the AC carrier positions of OFDM
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6.3 Multiplexing on invalid hierarchy
6.3.1 Multiplex position

When multiplexing AC data on the invalid hierarchy, the data is put into the 188-byte information
part of the packet, where layer_indicator described in Table 5-7 in (2) of Section 5.5.2 in this
Attachment is "0100".

6.3.2 Syntax for multiplexing AC data on invalid hierarchy

The syntax for multiplexing AC data on the invalid hierarchy is listed and explained in Tables 6-1
and 6-2, respectively.

Table 6-1 Syntax for multiplexing AC data on the invalid hierarchy

Data Structure Number of Bit String
bits Notation
AC_data_packetO{
TSP_header{
sync_byte 8 bslbf
transport_error_indicator 1 bslbf
payload_unit_start_indicator 1 bslbf
transport_priority 1 bslbf
PID 13 unimsbf
transport_scrambling_control 2 bslbf
adaptation_flag_control 2 bslbf
continuity_counter 4 unimsbf
§
payload{
AC _select_id 4 unimsbf
reserved_future_use 4 bslbf
AC_packet_number 16 unimsbf
data_length 8 unimsbf
For(i=0si<data_length-4;i++){
AC data 8 bslbf
h
CRC_32 32 rpchof
for(G=0;j<180-data_length;j++){
stuffing_byte(0xFF) 8 unimsbf
}
h
}
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Table 6-2 Description of syntax for multiplexing AC data on the invalid hierarchy

Syntax

Description

sync_byte

Synchronization byte (0x47))

transport_error
_indicator

Not used (always "0")

payload_unit_start
_1indicator

Should be always "1" when there is one packet within one multiplex
frame where AC data is multiplexed.

When there are multiple packets, the first packet where AC data is
multiplexed is given a value of "1" and all the subsequent packets are
given a value of "0".

transport_priority

Should be always "0".

PID

Depends on the operational provisions of each service provider.

transport_scrambling
_control

Not used (always "00")

adaptation_flag_control

Should be always "01" (only payload).

continuity_counter

Should be in accordance with ISO/IEC13818-1.

AC_select_id

When AC data is multiplexed and transmitted separately to different
pieces of transmission equipment, this information allows selection of
AC data that is relevant to each piece of equipment. This
information is specified by service providers.

reserved_future use

Reserved bits for future extension. All of them should be "1".

AC_packet_number

Numbers assigned to packets where AC data is multiplexed. These
numbers are assigned sequentially from the first multiplex frame.
AC_packet_number = "0x0000" for the first packet where AC data is
multiplexed in the multiplex frame.

Sequential numbers are given independently to each AC_select_id.

data_length

The length of data between the next byte of this syntax and CRC_32;
specified in bytes.

AC _data

Multiplexed AC data.

AC data is multiplexed as one or more bytes for each packet.

When a fraction of byte occurs in the last packet of the multiplex
frame where AC data is multiplexed, the remaining bits of the byte
are stuffed by inserting "1" (See Section 6.3.3 "Data arrangement on
multiplex frames and TS packets").

CRC_32

The CRC value calculated from the following polynomial used in
ISO/TEC13818-1:

X324 x26+x23+x22+x16+x12+ x11 +x10+ x84+ x7+ x5+ x4 +x2+x+ 1.
The range covers entirely from the beginning to the end of AC_data.
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6.3.3 Data arrangement on multiplex frames and TS packets

Data on multiplex frames and TS packets is arranged as follows:

V)

(2

(3

(4)

AC data multiplexed on one multiplex frame is multiplexed on the AC carriers of one OFDM
frame.

The number of bits in the AC data of one multiplex frame shall be made equal to the number
of AC carriers for the 203 symbols excluding symbol 0, which is the reference for differential
modulation. A value of "1" shall be inserted (stuffing) in AC carrier positions not used for
transmitting AC data.

AC data is multiplexed sequentially from data corresponding to AC carrier positions with
lower frequencies to data with higher frequencies and from the MSB side of each packet.
"Byte#" is a convenient name assigned to indicate the order of data within the multiplex
frame.

Table 6-3 Order of multiplexing AC data

ByteO Bytel Byte2
7 (MSB) DO D8 D16
6 D1 D9 D17
5 D2 D10 D18
4 D3 D11 D19
3 D4 D12 D20
2 D5 D13 D21
1 D6 D14 D22
0 (LSB) D7 D15 D23

Mapped in the order of AC carriers of lower to higher
frequencies, thus in the order of "DO0, D1, D2, D3,..."

When a fraction of byte occurs in the multiplex frame by dividing the number of AC carriers
on a byte basis, the last bytes of the last packet in the multiplex frame where AC data is
multiplexed are stuffed with "1" (see the example below). The stuffed data is discarded in
the modulator because only data corresponding to the AC carriers of one OFDM frame is
acquired.

Example: mode 3, DQPSK, hierarchy A, 13 segments
AC1 carrier: 8 x 13 x 203 = 21,112 bits
AC2 carrier:19 x 13 x 203 = 50,141 bits
Total of 71,253 bits (8,906.625 bytes)

The arrangement of AC data in this case is shown in Fig. 6-3, which only shows the packets where

AC data is multiplexed and only AC data in each packet.
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One multiplex frame

=

. 1TSP :

< >
1 1

AC_data_ID=00h
AC_packet_number=00h
data_length=68h

AC_data_ID=00h
AC_packet_number=01h
data_length=68h

AC_data_ID=00h
AC_packet_number=59h
data_length=0Bh

800bit 800bit 53bit
(100Byte) (100Byte) (6.625Byte)

1 1 1 1 1

1 1 1 1 1

1 1 1 1 1
Byte0 Byte99 Byte100 Byte199 Byte8900 Byte8906
DO D792 D800 D1592 D71200] - - - [D71248
D1 D793 D801 D1593 D71201] -+ [D71249
D2 D794 D802 D1594 D71202| - -+ [D71250
D3 D795 D803 D1595 D71203| -+ [D71251
D4 D796 D804 D1596 D71204] - - - [D71252
D5 D797 D805 D1597 D71205|---[ T
D6 D798 D806 D1598 D71206)---[ T
D7 D799 D807 D1599 D71207| [ T

Fig. 6-3 Example of multiplexing on a multiplex frame (stuffing)

(5) When AC data whose number of bits exceeds the maximum number that can be mapped to
one OFDM frame is multiplexed on one multiplex frame, the part of the AC data beyond the
maximum number counted from the head of the multiplex frame will be discarded.

Example: mode 3, DQPSK, hierarchy A, 13 segments
ACI1 carrier: 8 x 13 x 203 = 21,112 bits
AC2 carrier: 19 x 13 x 203 = 50,141 bits
Total of 71,253 bits (8,906.625 bytes)

When AC data consisting of 72,000 bits is multiplexed on the multiplex frame with the above number
of bits that can be mapped, the AC data of 71,254th and subsequent bits will not be mapped to the
OFDM frame, as shown in Fig. 6-4.

One multiplex frame 1

A
_V.

Data up to the 53rd bit (AC_packet_number

1TSP

IA

o

i

"1

site_ID=00h
AC_packet_number=00h
data_length=68h

site_ID=00h
AC_packet_number=59h
data_length=68h

site_ID=00h

AC_packet_number=5Ah

data_length=68h

800bit 800bit 800bit
(100Byte) (100Byte) (100Byte)
A

Y

= 59h) is mapped to the OFDM frame.

Fig. 6-4 Example of multiplexing data that exceeds the number of bits that can be mapped
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6.3.4 Mapping to OFDM carriers
6.3.4.1 Timing of multiplexing AC data in relation to OFDM frames
AC data multiplexed on the invalid hierarchy shall be transmitted in synchronization with the data

sent by the multiplex frame to which the AC data belongs. Fig. 6-5 shows the transmission frame
timing of AC data multiplexed on the invalid hierarchy.

Input multiplex frame Frame #N Frame #N+1 Frame #N+2 Frame #N+3

Extracted AC AC#N AC#HN+1 ACHN+2 AC#N+3

1

! *: Frame pulse position

':* Delay of AC within modulator
*

1

A

*

OFDM frame Frame #N-1 Frame #N Frame #N+1 Frame #N+2

AC data AC#N-1 AC#H#N AC#HN+1 AC#N+2

Note: Indicates the case where the delay of signal processing in the main line system
within the modulator is one frame plus a fraction.

Fig. 6-5 lllustrated timing of mapping when data is multiplexed on the invalid hierarchy

6.3.4.2 Procedure of mapping to OFDM carriers

Multiplexed AC data is mapped sequentially, regardless of AC1 or AC2, to AC carriers in the order of
lower to higher frequencies. When mapping to all AC carriers of one symbol is finished, mapping
advances to the next symbol.

Since the first OFDM frame symbol (symbol 0) is the reference for differential modulation for AC
carriers, AC data is not mapped to this symbol. Within one multiplex frame, therefore, the amount
of AC data mapped to AC carriers (including stuffed data if required) corresponds to 203 symbols.

Segment No. 11 9 7 5 3 1 0 2 4 6 8 10 12

Symbol 1 [ —
T
P ———
Symbol 2 —— P ——
T
P ———
Symbol 3 —— P ——
]

Fig. 6-6 Procedure of mapping to the AC carrier positions of OFDM
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6.4 Considerations in multiplexing AC data to broadcasting TS
6.4.1 Considerations in the order of AC data carriers

When multiplexing AC data on broadcasting TS, it is necessary to understand which AC carriers are
used to transmit AC data, in light of possible use of multiple lines and partial use of AC carriers.
Suppose that sound system 3 (ADPCM, 64 kbps) shown in Table A2.2-1 of Section A2.2.1 in this
Reference is multiplexed as AC data in a synchronization segment configuration where only AC1 can
be used. Assuming that the OFDM transmission wave is in Mode 3, there are 104 AC1 carriers (8
carriers x 13 segments). Because multiplexed AC data corresponds to 92 carriers, the remaining 12
carriers need to be stuffed. At the multiplex positions corresponding to the stuffed carriers, stuffing
is carried out on a bit basis during multiplexing on broadcasting T'S with AC_data_invalid_flag = "0"
and AC_data ="1".

Since multiplexed AC data is mapped sequentially, regardless of AC1 or AC2, to AC carriers in the
modulator, AC data sorted and stuffed in advance will be multiplexed if distinction of segment
allocation or distinction between AC1 and AC2 is required. Because delay time of AC data
transmission depends on the processing of AC data during multiplexing, delay time during
multiplexing on broadcasting T'S must also be taken into account if AC data needs to be transmitted
with little delay.

6.4.2 Considerations in the timing of multiplexing on dummy bytes

This section describes considerations in avoiding overflow or underflow between AC data multiplexed
to dummy bytes and AC data actually transmitted as broadcasting wave at the OFDM modulator.
AC data is modulated with DBPSK at the AC carriers of each symbol and then transmitted as
broadcasting wave. However, AC data is not transmitted for the first symbol (symbol 0), which is
the reference for differential modulation. AC data is therefore transmitted by symbols 1 to 203,
excluding symbol 0, among the total of 204 symbols in one OFDM frame.

On the other hand, signals are processed (IFFT) on a symbol basis at the channel-coding IFFT block
of the OFDM modulator. In the OFDM modulator, therefore, AC data to be transmitted needs to be
input before or during the signal processing of a preceding symbol.

The OFDM frame defined here coincides with the multiplex frame. This means the head of the
multiplex frame indicated by frame_head_packet_flag in Table 5-7 in (2) of Section 5.5.2 in this
Attachment corresponds to the head of the OFDM frame. The number of bytes in the transmission
TSP corresponding to the duration of one symbol is shown in Table 6-4 for different situations.

Table 6-4 Number of bytes corresponding to the duration of one symbol

Number of bytes of transmission TSP for the duration of one symbol
Mode Guard ir}terval Guard ir}terval Guard ir}terval Guard ir}terval
ratio ratio ratio ratio
1/4 1/8 1/16 1/32
Mode 1 1280 1152 1088 1056
Mode 2 2560 2304 2176 2112
Mode 3 5120 4608 4352 4224
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It must be noted that AC data to be transmitted by the next symbol needs to be input to the OFDM
modulator during or prior to the period required for transmitting the number of bytes of

transmission TSP shown in Table 6-4 for the applicable mode and guard interval ratio.

V)

(2

Guidelines on the underflow of AC data
The amount of AC data transmitted during the period of one symbol needs to be input to the
OFDM modulator for each of symbols 0 to 202.

Guidelines on the overflow of AC data

Given that AC data is transmitted in connection with the TSP transmitted by the same
multiplex frame, the OFDM modulator has a buffer corresponding to the AC data amount of
one OFDM frame. The buffer is renewed on a basis of multiplex frame defined in Table 5-7
in (2) of Section 5.5.2 in this Attachment. Thus, excessive AC data beyond the transmission
limit for one OFDM frame is discarded in the OFDM modulator. AC data input during the
period of symbol 203 is also discarded in the OFDM modulator.
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Reference 1: Transmission Delay Caused by the Channel Coding

The delays shown below occur as a result of interleaving steps conducted at the ISDB-T channel

coding. This section shows examples of delays caused during the period between the TS

re-multiplexing and guard-interval addition steps shown in Fig. 3-2 of Section 3.1, Chapter 3, in

addition to delays caused during the period between the corresponding decoding steps.

Table A1-1: Transmission and Reception Delays (Number of Delayed Frames)
Caused by the Channel Coding

Transmission mode Mode 1 | Mode 2 Mode 3
Byte interleaving 1 frame
Bit interleaving 2 OFDM symbols
0 frames /I=0 0 frames /I=0 0 frames /I=0
. . . 2 frames /=4 1frame /I1=2 1frame /=1
Time interleaving
4 frames /I1=8 2 frames /I1=4 1 frame /I=2
8 frames /I=16 4 frames /1=8 2 frames /1=4
Combining of hierarchical layers
.o . 1 frame
(transmitting side)
Com]{)n.nng .Of hierarchical layers 3TS packets
(receiving side)

Table A1-2: Transmission and Reception Delay Times Caused by the Channel Coding

. Delay time
Mode | . Time : Number of Guard-interval | Guard-interval | Guard-interval | Guard-interval
interleaving | delayed frames : : ; ;
ratio: 1/4 ratio: 1/8 ratio: 1/16 ratio: 1/32
1=0 3 frames 192.8 ms 173.5 ms 163.9 ms 159.0 ms
Mode 1 I=4 5 frames 321.3 ms 289.2 ms 273.1 ms 265.1 ms
1=8 7 frames 449.8 ms 404.8 ms 382.3 ms 371.1 ms
I1=16 11 frames 706.9 ms 636.2 ms 600.8 ms 583.2 ms
1=0 3 frames 385.6 ms 347.0 ms 327.7 ms 318.1 ms
Mode 2 I1=2 4 frames 514.1 ms 462.7 ms 437.0 ms 424.1 ms
I1=4 5 frames 642.6 ms 578.3 ms 546.2 ms 530.1 ms
I=8 7 frames 899.6 ms 809.7 ms 764.7 ms 742.2 ms
1=0 3 frames 771.1 ms 694.0 ms 655.5 ms 636.2 ms
Mode 3 I=1 4 frames 1028.2 ms 925.3 ms 873.9 ms 848.2 ms
I=2 4 frames 1028.2 ms 925.3 ms 873.9 ms 848.2 ms
I=4 5 frames 1285.2 ms 1156.7 ms 1092.4 ms 1060.3 ms

Note: The above delay time has been calculated assuming that the total number of delays that develop as a

result of processing, including time interleaving, byte interleaving, bit interleaving, and the combining of

hierarchical layers, is 3 OFDM frames.
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Reference 2: Example of a Study on an AC (Auxiliary Channel)
Transmission System

A2.1 Foreword

The AC modulation scheme, amplitude, and carrier arrangement are discussed in Chapter 3 of the
standard. However, no stipulations are made regarding its transmission system.

Trunk signals transmitted by digital terrestrial broadcasting are delayed as a result of steps
including time interleaving, delay adjustment, multiplex-frame pattern formation, and the
combining of hierarchical layers conducted at the channel coding and decoder. The transmission
delay time varies from 0.1 seconds to approximately one second depending on the mode,
guard-interval ratio, and time interleaving depth selected.

AC features a small delay time, although its transmission capacity is low. This reference discusses
an example of an AC transmission system in which sound signals are transmitted using AC, in order
to measure the delay time that develops during transmission of trunk sound.

Note that the examples shown in this study are premised on use of the same transmission system for
both ISDB-T and ISDB-Tss.
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Only the coding schemes shown in Table A2.2-1 are applicable to low-bit-rate sound that can be
transmitted by AC. Note that all sampling frequencies must be 8.000 kHz.

Table A2.2-1: Coding-Scheme Specifications for Low-Bit-Rate Sound

Sound system 1 2 3 4 5
Coding scheme PSI-CELP ACELP ADPCM ADPCM ADPCM
Total 5.6 11.2 64 48 38.4
Bit rate Sound 3.45 6.7 32
lkbps] Coigiiron 2.15 45 32 16 6.4
Sampling frequency [kHz] 8 8 8
Frame length [ms] 40 20 5
Subframe length [ms] 10
Data bits/frame 138 134 160 160 160
Total bits/frame 224 224 320 240 192
Convolutional- | Convolutional- | Convolutional-
Sound error correction Convolutional | Convolutional | coding rate coding rate coding rate
1/2 2/3 5/6
ARIB Standard | ARIB Standard
Standard RCR STD-27H | RCR STD-27H U B Standard |
(Section 5.2) (Section 5.4)
Reference (communications PDC PDC PHS, etc.
systern)
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(1) Sound system 1
The sound coding scheme and sound error-correction scheme for this system must satisfy the
requirements specified in Section 5.2 of ARIB Standard RCR STD-27H.

(2) Sound system 2
The sound coding scheme and sound error-correction scheme for this system must satisfy the
requirements specified in Section 5.4 of ARIB Standard RCR STD-27H.

(3) Sound coding scheme for sound systems 3 to 5
The sound coding scheme for these systems must satisfy the requirements specified in G.726 of the
ITU-T Recommendations.

(4) Sound error-correction scheme for sound systems 3 to 5

The convolutional code, the mother code of which features constraint length k = 7 and a coding rate of
1/2, as with the trunk inner code, must be used for sound error correction for sound systems 3 to 5.
Note, however, that three types of puncturing, 1/2, 2/3, and 5/6, must be available.

A2.2.2 Data-coding scheme

The data-coding scheme has yet to be determined.
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A2.3 Channel-coding scheme
A2.3.1 AC-packet configuration

Two AC-packet configurations must be used, as shown in Fig. A2.3-1. There are no parity bits with
configuration 1, though parity bits are available with configuration 2. The packet-configuration
identifier must consist of three bits. The contents of this identifier must be 000 for configuration 1,
and 111 for configuration 2. This identifier must not have any other contents.

Configurations 1 and 2 must be used when sound with little delay time is transmitted, and when
data such as control data that must be highly reliable is transmitted, respectively.

Because the packet-configuration identifier consists of three bits, and because the contents of this
identifier are either 000 or 111, it is possible to properly identify the AC-packet configuration in the
presence of one incorrect bit among three bits.

Reference bit for differential modulation (C0) 1is generated in the modulator side. Therefore, the
reference bit for differential modulation is not multiplexed on broadcasting TS, but 203 bits (C1 to
C203) that correspond to packet header, data, and parity are multiplexed.

(1) Configuration 1 (without parity bits)

Reference bit for differential modulation

(Tit)
: Packet header Data
1 Co C1'Cs‘ C4‘ C5-Cs|C ~ Cis ‘014‘ C15-C18|C19 ~ Caz03
Configuration Line Max.-packet-
identifier number number
(000) identifier
Service Packet Parity
identifier number

(2) Configuration 2 (with parity bits)

Reference bit for differential modulation
(1bit)

Packet header Data Parity
 Co 01-03‘04 ~ Cr

Cs ~ Cis ‘Cn Cis ~ Ci21 [C122 ~ Cao03

f !

Configuration
identifier
(111) Packet Max.-packet-
number
number
Service identifier
identifier

Fig. A2.3-1: AC-Packet Configuration
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A2.3.2 AC-packet bit assignment

Tables A2.3-1 and A2.3-2 show the bit assignments for AC-packet configurations 1 and 2,
respectively.

Table A2.3-1: AC-packet configuration 1

Bit No. Number of bits Description Remarks

Ci—-Cs 3 Configuration identifier (000) Iden‘qﬁcatlo.n of configuration 1 or 2
(Configuration 1)

Ca 1 Service identifier Two types (0: sound; 1: extension)

Cs—Cs 2 Circuit number 4 circuits max. (0 to 3)

Cr— Cis 7 Packet number Packgt sequence for sending sound data with
circuit number n

Cus 1 Max.-packet-number identifier 1 for max. packet number and O for any other
number

Ci5—Cis 4 Par1ty bits from Cq to Cus Parity bits using (15,11) BCH code

(11 bits)
C19 — Caz03 185 Data

Table A2.3-2: AC-packet configuration 2

Bit No. Number of bits Description Remarks

Identification of configuration 1 or 2

Ci-Cs 3 Configuration identifier (111) (Configuration 2)

Ci—Cr 4 Service identifier 16 types

Co Cro 9 Packet number Packet sequence for each service-identifier
content

Cir 1 Max.-packet-number identifier 1 for the max. packet number and O for any
other number

Cis— Cia1 104 Data (13 bytes)

Parity bits using the shortened code
(200,118) of the (273,191) difference cyclic
code

Parity bits from Cs to Ci21 (118

C122Cz203 82 bits)
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(1) Descriptions of bits for AC-packet configuration 1

()  Service identifier (Cs)

The service identifier must be one bit in length. “0” in this bit indicates that sound is transmitted.
When the content of this bit is 1, which indicates an extension, the assignment and descriptions of
bits Cs onward are undefined.

(i) Circuit number (Cs to Ce)

These bits represent one of circuits 0 to 3 for transmitting sound. Up to four circuits can be used
simultaneously for transmission.

With ISDB-T, a 6-MHz channel band (with 13 segments) can transmit three standard-quality
Television programs. Therefore, it is preferable to use at least three circuits for transmission
simultaneously.

With ISDB-Tsg, simultaneous transmission using four circuits may be difficult. However, to ensure
that the ISDB-Tss standard is consistent with the ISDB-T standard, we have decided that up to four
circuits may be used for transmission simultaneously.

(iii) Packet number (C7 to Cis)

These bits represent the sequence for sending packets that convey sound using circuit number n (n =
0to 3). When we let the number of packets in a frame with circuit number n be N, the packet
numbers must be 0 to N-1.

In mode 3 and with a guard-interval ratio of 1/4, the bit rate for one carrier (185 bits) is 185
bits/257.04 msec = 0.720 kbps. Consequently, the bit rates for 8 carriers, 16 carriers, 64 carriers,
and 128 carriers are 5.76 kbps, 11.52 kbps, 46.06 kbps, and 92.13 kbps, respectively. In order to
ensure that signals generated by error-correcting 32-kbps ADPCM sound with a coding rate of 1/2
can be transmitted, the maximum number of packets must be 128 (7 bits).

(iv) Max.-packet-number identifier (C14)

When we let the number of packets in a frame with circuit number n be N, this bit must contain 1 as
the max.-packet-number identifier when the packet number is N-1, and O for any other packet
number.

This flag is intended to indicate how many packets within a frame are used to transmit sound with
circuit number n.

(v) Packet-header parity bits (C15 to Cis)
Eleven (11) bits Ca to C14 of the packet header must be error-protected using the (15,11) BCH code
that can correct one bit error. The generating polynomial must be as follows:

g =xt+x+1

(vi) Data (Ci9 to Cz03)
Bits Ci9 to Cz20s must be data that transmits sound.
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(2) Descriptions of bits for AC-packet configuration 2

() Service identifier (C4 to C7)
The service identifier must consist of 4 bits. “0000” indicates that AC transmission information is
included in the packet. All other values are undefined.

(ii) Packet number (Cs to C16)

These bits represent the sequence for sending packets for each service-identifier content. When we
let the number of packets in a frame with service-identifier value x be N, the packet numbers must
be 0 to N-1.

The total number of AC carriers is 351 when mode 3 and 13 segments are selected. Because nine (9)
bits (29 - 1 = 511) are assigned to packet numbers, all carriers can be accommodated.

In mode 3 and with a guard-interval ratio of 1/4, the bit rate for one carrier (104 bits) is 104
bits/257.04 msec = 0.405 kbps. When all 351 carriers are used, the bit rate will be 142 kbps.

(i) Max.-packet-number identifier (C17)

When we let the number of packets in a frame with service-identifier value x be N, this bit must
contain 1 as the max.-packet-number identifier when the packet number is N-1, and 0 for any other
value.

This flag is intended to indicate how many packets within a frame are used to transmit data with
service-identifier value x.

(iv) Data (Cis to Ci21)
Bits Cis to Ci21 must be data transmitted with AC-packet configuration 2.

(v) Parity bits (Ci22 to C203)

Bits Ci22 to C203 must be parity bits for 118 bits from Cs to Ci21. The shortened code (200,118) of the
(273,191) difference cyclic code must be used as the error-correction code.

The generating polynomial of the (273,191) code is shown below. Note that this polynomial is
identical to that of the TMCC error-correction code.

g(X):X82+X77+X76+X71+X67+X66+X56+X52+X48+X40+X36+X34+X24+X22+X18+X10+X4+1
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A2.4 Descriptions of bits in AC data and packet-transmission sequence
A2.4.1 Descriptions of bits for AC-packet configuration 1

The descriptions of bits in data transmitted with packet configuration 1 are as shown below.

(1) Sound-frame configuration

The number of bits in one sound-signal frame, including parity bits, is as shown in Table A2.2-1. A
5-bit synchronizing signal must be added to the beginning of each frame. Three sound frames must
be used to make up one super sound frame. A 3-bit stuffing-bit identifier must be added after the
5-bit synchronizing signal of the third frame in a super sound frame, in order to adjust the number of
stuffing bits for each frame.

Fig. A2.4-1 shows the super sound frame configuration, while Tables A2.4-1 and A2.4-2 provide
descriptions of bits in a super sound frame and specify the number of stuffing bits, respectively.

Note that sound frames are independent of OFDM frames.

Super sound frame

) - !
i , . >
: Frame 1 ~ Frame 2 ~ Frame 3 :
X I
1 1 1 1
N 1 piece of sound-frame data Sy 1 piece of sound-frame data g E-E 1 piece of sound-frame data
N 2 F
Synchronization bits (5 bits) Stuffing-bit identifier (3 bits) Stuffing bits

Fig. A2.4-1: Configuration of a Super Sound Frame
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Table A2.4-1: Description of Bits in a Super Sound Frame

Description Bits/frame Frame 1 | Frame 2 | Frame 3 Remarks
00100 11010 11110 |FCO0= (0010011010 11110)
Synchronization bits 5 bits FC1 = (11011 00101 00001)
11011 00101 00001 |FCO and FC1 alternate every
super frame.
. ., - - 000
Stuffing-bit identifier 11 SBO = (000), SB1 = (111)

Sound-frame data

See Table A2.2-1.

Varies depending on the
sound-coding scheme

Varies depending on the

Stuffing bits See Table A2.4-2. sound-coding scheme
Table A2.4-2: Numbers of Stuffing Bits
Gr;id;lI 1 sBo/ Frame No. Sound-coding | Sound-coding | Sound-coding | Sound-coding | Sound-coding
Ratio SB1 scheme 1 scheme 2 scheme 3 scheme 4 scheme 5

Frame 1 0 0 5 13 3
SBO | Frame 2 0 0 5 13 3
14 Frame 3 0 0 5 13 3
Frame 1 0 0 5 13 3
SB1 | Frame 2 0 0 5 13 3

Frame 3 0+1 0+1 5+1 13+1 3+2
Frame 1 25 25 41 41 25
SBO | Frame 2 25 25 41 41 25
s Frame 3 25 25 41 41 25
Frame 1 25 25 41 41 25
SB1 | Frame 2 25 25 41 41 25

Frame 3 25+ 3 25+ 3 41+ 2 41+ 3 25+ 3
Frame 1 40 40 63 58 39
SBO | Frame 2 40 40 63 58 39
116 Frame 3 40 40 63 58 39
Frame 1 40 40 63 58 39
SB1 | Frame 2 40 40 63 58 39

Frame 3 40+ 3 40+ 3 63 +2 58+ 3 39+1
Frame 1 49 49 75 68 46
SBO | Frame 2 49 49 75 68 46
1/39 Frame 3 49 49 75 68 46
Frame 1 49 49 75 68 46
SB1 | Frame 2 49 49 75 68 46

Frame 3 49+1 49+1 75+ 1 68+1 46 +1
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(2) Assignment of sound-frame data to AC packets
To minimize transmission delay, AC sound data (shown in (1)) must be assigned to packets as shown
in Fig. A2.4-2.

AC1 1 AC1 2 AC1_3 AC1 4
Carrier No.
0 1 2 3 B i 215
0 Refer-| Refer- Refer- Refer-
1 A ] o o
2 @ o) o @
3 g o ?} - g N g ™
4 c| 5 | o £| o £|o
: 5|12 3|t 5|8 |3|E
° 8|2 |82 5|2 |82
o 2 2 2 2
zZ | | o | | o | | o | | ©
— © © © ©
o) 1| 2 3| 4 (a
O
€ 5 ek 7 8
@ 9 10 411 12
13 14 15 16
203
v Example of
/ sequence for
AC packet configuration shown in transmitting
Figure A2.3-1 AC data

Note: Symbol No. 0 indicates the
reference signal for differential
modulation.

Fig. A2.4-2: Sequence for Transmitting AC-Packet Data (Example in Mode 2)
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A2.4.2 Description of bits for AC-packet configuration 2

Descriptions of bits in data transmitted with packet configuration 2 are given below.

Note that the data specified below is available when the service identifier in the packet header of

AC-packet configuration 2 contains “0000.” Note also that the descriptions of bits are undefined if

the service identifier contains a value other than “0000.”

(1) Basic data configuration

Table A2.4-3 shows the basic data configuration when the service identifier of AC-packet

configuration 2 contains “0000.”

Table A2.4-3: Basic Data Configuration for AC-packet configuration 2 (“0000” in Service Identifier)

Number of bits Description

Remarks

8 Data-body identifier

Data-body identifier

00h: Indicates the data body transmitted with an AC (AC
transmission information)

01h: Indicates that the data body contains additional information
on sound transmitted with packet configuration 1 (sound
transmission information)

Others: Undefined

Number of bytes
transmitted

Represents the number of bytes ((x +y) / 8) available from the
beginning of the data body to the end of the supplementary bits.
Note that if this number is FFh, two bytes will be added as extension
bits to indicate the number of bytes transmitted.

X Data body

Body of data to be transmitted

Supplementary bits

y ©~7 (null bits)

Supplementary bits used to ensure that x +y is an integer. Each of
these bits must contain 0.
y =mod {8 - mod (x,8), 8}

16 16-bit CRC

CRC provided to detect errors bits from the data-body identifier to
supplementary bits
Generating polynomial: g (x) = x16 + x12 + x5 + 1

—132—



ARIB STD - B31
Version 1.6-E2

(2) AC transmission information

(i) Data body
Table A2.4-4 provides descriptions of bits in the data body (number of bits = x) presented in Table
A2.4-3.

Table A2.4-4: Descriptions of Bits When the Data Body Contains AC Transmission Information

l\z)lfnéli:gr Description Remarks Nesting
0: AC transmission configuration being transmitted
1 Distinction between current |1: AC transmission configuration after changes are made 0
and next information The next information must be transmitted after the
current information.
Distinction between 0: AC-packet configuration 1
1 AC-packet configuration 1: AC-packet configuration 2 1
types
00: Not transmitted (will not be transmitted)
9 AC-packet transmission 01: Transmitted (will be transmitted) 1
information 10: Undecided
11: Undefined
Configuration 1 (First 2 bits)
00: Sound
01: Extension
4 Service identifier and circuit (Next 2 bits): Circuit number 9
No. 00 to 11: Circuit number
Configuration 2
0000: Transmission information
0001 to 1111: Undefined
Service-identifier 0: Not transmitted (will not be transmitted)
1 Lo . . . . . 2
transmission information 1: Transmitted (will be transmitted)

00: Undefined
.. o 01: AC1 carriers used
2 AC-carrier identifier 10: AC2 carriers used 3

11: Both AC1 and AC2 carriers used

Represents the max. number of packets for each value in
the service identifier (circuit identifier). When the
number of packets is N, the maximum number of packets is
expressed as N-1. When the contents of these bits are

8 FFh, one byte will be added. This additional byte will be
(g |Mex packet number used to represent the number of packets (N-255). 3
N =1:00h
N =255: FEh
N =256: FFOOh
N =257 FF01h
. . Represents the number of AC carriers transmitting the
Number of carriers carrying . .
4 the same packet same data. There. is only one AC carrier when the 3
contents of these bits are “0000.”
Start segment No. Represents the start segment number (0 to 12) 4
5 Start AC-carrier No. Represents the start AC-carrier number (0 to 27) 4
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Note 1: Nesting

e When “1” or a larger number is given under “Nesting,” the next information is transmitted after
the current information.

e  When “2” or a larger number is given under “Nesting,” that bit or those bits are transmitted if
the contents of the AC-packet transmission identifier are “01” (transmitted).

. When “3” or a larger number is given under “Nesting”, those bits are transmitted if the content
of the service-identifier transmission information is “1” (transmitted).

e When “4” is given under “Nesting,” those bits are transmitted as many times as the number of
carriers carrying the same packet.

Note 2: AC carrier number

¢ The number of AC carriers used varies depending on the mode. The largest number of AC
carriers 1s used in mode 3.

¢ When using both AC1 and AC2 carriers without any differentiation, AC1 and AC2 carriers must
be numbered serially, beginning from the AC carrier position with the lowest frequency
regardless of AC1 or AC2.

Note 3: End segment number and end AC-carrier number

e  When a series of information (identical service number, identical circuit number) is transmitted
using multiple AC carriers, consecutive AC carriers must be used. Because the maximum
packet number, start segment number, and start AC-carrier number are given, the end segment
number and end AC-carrier number can be obtained. Therefore, the end segment number and
end AC-carrier number must not be sent.

(ii) Data volume

The data volume becomes minimal, or 14 bits (00001001000100) in length, when AC information is
transmitted by neither the current nor the next information. The total data volume obtained by
adding the basic data shown in Table A2.4-3 to the above data is six bytes. Therefore, all data can
be transmitted using a single packet.

(iii) Limitations on transmission

When information is transmitted using an AC, it is preferable that the service identifier of AC-packet
configuration 2 and the data-body identifier be set to 0000 and 00h, respectively, for sending AC
transmission information.
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(3) Sound transmission information

(i) Data body
Table A2.4-5 shows descriptions of bits in the data body (number of bits = x) presented in Table
A2.4-3.

Table 2.4-5: Descriptions of Bits When the Data Body Contains Sound Transmission Information

Number

of bits Description Remarks Nesting

Represents the number of circuits used when sound signals
are transmitted with AC-packet configuration 1. No

3 Number of circuits (B) sound signals are transmitted using an AC when these bits 0
contain “0.”
Sound Repeatedly Represents the sound system used for each circuit
3 system transmitted as | 0: Sound system 1; 1: Sound system 2; 2: Sound system 3; 3: 1
many times as | Sound system 4; 4: Sound system 5; 5 or other: Undefined
7 Number of the n'umber of | Represents the number of packets in the OFDM frame 1
packets circuits transmitted with each circuit

(i) Data volume

The data volume becomes maximal, or 3 + 10 x 3 = 33 bits, when 4-circuit sound signals are
transmitted. The total data volume obtained by adding the basic data shown in Table A2.4-3 to the
above data is nine bytes when the service identifier for AC-packet configuration 2 and the data-body
identifier are set to 0000 and 01h. Therefore, all data can be transmitted using a single packet.

(iii) Limitations on transmission

When sound signals are transmitted using AC-packet configuration 1, it is preferable to transmit the
number of circuits used for sound signals and the coding scheme by setting the service identifier of
AC-packet configuration 2 and the data-body identifier to 0000 and O1h, respectively.

(iv) Timing and frequency with which sound signals are transmitted

When sound signals are transmitted using AC-packet configuration 1, it is preferable to transmit
them prior to and during the transmission of sound signals by setting the service identifier of
AC-packet configuration 2 and the data-body identifier to 0000 and O1h, respectively. Note also
that it is preferable to transmit the sound signals at least every 5 seconds.
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A2.5 AC-packet transmission
A2.5.1 AC transmission capacity

Table 2.5-1: Transmission capacity with AC-Packet Configuration 1 (1 Carrier = 185 bits)

Guard-in| Frame Transmission capacity (kbps)
Mode | terval length Per Per segment Per3 segment Per13 segment

ratio (ms) carrier | AC1only | AC2 only | AC1 only | AC2 only | AC1 only | AC2 only

1/4 64.2600 2.879 5.76 11.52 17.27 34.55 74.85 149.70

1 1/8 57.8340 3.199 6.40 12.80 19.19 38.39 83.17 166.34
1/16 54.6210 3.387 6.77 13.55 20.32 40.64 88.06 176.12

1/32 53.0145 3.490 6.98 13.96 20.94 41.88 90.73 181.46

1/4 128.5200 1.439 5.76 12.96 17.27 38.87 74.85 168.42

9 1/8 115.6680 1.599 6.40 14.39 19.19 43.18 83.17 187.13
1/16 109.2420 1.693 6.77 15.24 20.32 45.72 88.06 198.14

1/32 106.0290 1.745 6.98 15.70 20.94 47.11 90.73 204.14

1/4 257.0400 0.720 5.76 13.67 17.27 41.02 74.85 177.77

3 1/8 231.3360 0.800 6.40 15.19 19.19 45.58 83.17 197.53
1/16 218.4640 0.847 6.77 16.09 20.32 48.27 88.07 209.16

1/32 212.0580 0.872 6.98 16.58 20.94 49.73 90.73 215.48

Table 2.5-2: Transmission capacity with AC-packet configuration 2 (1 Carrier = 104 bits)
Guard-in| Frame Transmission capacity (kbps)
Mode | terval length Per Per segment Per3 segment Per13 segment

ratio (ms) carrier | AC1only | AC2 only | AC1 only | AC2 only | AC1 only | AC2 only

1/4 64.2600 1.618 3.24 6.47 9.71 19.42 42.08 84.16

1 1/8 57.8340 1.798 3.60 7.19 10.79 21.58 46.75 93.51
1/16 54.6210 1.904 3.81 7.62 11.42 22.85 49.50 99.01

1/32 53.0145 1.962 3.92 7.85 11.77 23.54 51.00 102.01

1/4 128.5200 0.809 3.24 7.28 9.71 21.85 42.08 94.68

9 1/8 115.6680 0.899 3.60 8.09 10.79 24.28 46.75 105.20
1/16 109.2420 0.952 3.81 8.57 11.42 25.70 49.50 111.39

1/32 106.0290 0.981 3.92 8.83 11.77 26.48 51.00 114.76

1/4 257.0400 0.405 3.24 7.69 9.71 23.06 42.08 99.94

3 1/8 231.3360 0.450 3.60 8.54 10.79 25.63 46.75 111.04
1/16 218.4640 0.476 3.81 9.04 11.43 27.13 49.51 117.58

1/32 212.0580 0.490 3.92 9.32 11.77 27.95 51.00 121.14

—136—



A2.5.2 Number of Carriers Used

ARIB STD - B31
Version 1.6-E2

Table A2.5-3 shows the number of carriers required to transmit five (5) types of sound having

AC-packet configuration 1, and additional sound-related information having AC-packet

configuration 2.

Table A2.5-3: Number of Carriers Used

Sound Sound Sound Sound Sound Additional sound
system 1 | system 2 | system 3 | system 4 | system 5 information
Mode 1 2 4 23 18 14 1
Number of carriers | Mode 2 4 8 46 36 28 1
Mode 3 8 16 92 72 56 1
Number of segments
(simultaneously 1\1/1ng 1 2 12 9 7 1
modulated) o
Number of segments
(differentially Dl/[;d; 1 1 4 3 3 1
modulated) a

A2.5.3 Sound bit rate

The sound bit rate is as shown below when 185 bits per AC packet are transmitted using AC-packet

configuration 1.
guard-interval ratio.

Table A2.5-4; Bit Rate for Sound with Synchronization Bits

Note that the bit rate does not vary depending on the mode, but on the

2 carriers 4 carriers 14 carriers | 18 carriers | 23 carriers
. M1) (M1) (M1) (M1) (M1)
. Frame Bit rate . . . . .
Guard-i length | per carrier 4 carriers 8 carriers 28 carriers | 36 carriers | 46 carriers
Mode | nterval (ms) (kbps) (M2) M2) M2) M2) M2)
ratio p 8 carriers 16 carriers | 56 carriers | 72 carriers | 92 carriers
(M3) (M3) (M3) (M3) (M3)
(ms) (kbps) (kbps) (kbps) (kbps) (kbps) (kbps)

1/4 64.2600 2.88 5.76 11.52 40.31 51.82 66.22
1 1/8 57.8340 3.20 6.40 12.80 44.78 57.58 73.57
1/16 54.6210 3.39 6.77 13.55 47.42 60.97 77.90
1/32 53.0145 3.49 6.98 13.96 48.85 62.81 80.26

1/4 128.5200 1.44 5.76 11.52 40.31 51.82 66.22
9 1/8 115.6680 1.60 6.40 12.80 44.78 57.58 73.57
1/16 109.2420 1.69 6.77 13.55 47.42 60.97 77.90
1/32 106.0290 1.74 6.98 13.96 48.85 62.81 80.26

1/4 257.0400 0.72 5.76 11.52 40.31 51.82 66.22
3 1/8 231.3360 0.80 6.40 12.80 44.78 57.58 73.57
1/16 218.4640 0.85 6.77 13.55 47.42 60.97 77.91
1/32 212.0580 0.87 6.98 13.96 48.85 62.81 80.26
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A2.6 Case study on the timing of AC data transmission by dummy bytes

Regarding AC data transmission by dummy bytes, the followings are several timing models of TSP
with AC_data_invalid_flag = "0" (hereinafter referred to as "AC data dummy byte transmission
TSP") among TSPs input to the OFDM modulator, which are studied in accordance with Section 6.4.2
“Considerations in the timing of multiplexing on dummy bytes" in the Appendix.

A2.6.1 Timing model study

(1) Premises
- Mode and guard ratio: Mode 3, ratio = 1/8
- AC carriers used: only AC1 (all 13 segments are synchronized)
- AC_data_effective_position ="1"(dummy byte data is used)
- AC_data_effective_bytes ="00" (1 byte used)

(2) Basic data (Mode 3, guard ratio = 1/8)
- Number of transmission TSPs (all transmission TSPs) contained

in one OFDM frame = 4608 [TSP]
- Number of TSPs corresponding to one symbol = 4608 + 204 [symbol]l = 22.58824 [TSP]
- Amount of AC data sent by one symbol = 13 [seg] x 8 [bit] =13 [bytel (only AC1)
- Amount of AC data sent by one OFDM frame =13 [bytel x 203
[symbol]

= 2639 [byte] (only AC1)
- Amount of AC data sent by one TSP =1 [byte]
(1 dummy byte used)
- Number of AC data dummy byte transmission TSPs in one OFDM frame = 2639 [TSP]

A2.6.1.1 Timing model considering uniformity

Regarding AC data input to the OFDM modulator as dummy bytes, a timing model considering
uniformity in the OFDM frame is studied. This model allows for minimization of required buffer
capacity for AC data in the OFDM modulator.

From the basic data, about 22 TSPs correspond to the duration of one symbol. Two types with
different numbers of unit block TSPs (22 and 23 TSPs) are defined in consideration of fractions

The number of AC data dummy byte transmission TSPs for the duration of each symbol shall be 13
for symbols 0 to 202. Thus, the number of AC data dummy byte transmission TSPs per unit block is
13. Because the amount of AC data to be transmitted only needs to be input in each unit block, the
pattern of AC data dummy byte transmission TSPs in the unit block is not defined. Based on the
above consideration, two timing models are defined:

(i) When unit blocks are divided into three parts for transmission in the OFDM frame
o Data configuration
- All transmission TSPs
22 [TSP] x 84 + 23 [TSP] x 120 = 4608 [TSP]
- AC data dummy byte transmission TSPs
13 [TSP] x 84 + 13 [TSP] x 119 = 2639 [TSP]
o Timing model (expressed in the form of "number of AC data dummy byte transmission TSPs /
number of unit block TSPs")
- Unit blocks 0 to 83
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13/22x 84

- Unit blocks 84 to 202
13/23x 19

- Unit block 203
0/23x1

(ii) When 17 symbols are taken as one unit for transmission in consideration of repetition
o Data configuration
- All transmission TSPs
(22 [TSPl x 7+ 23 [TSP] x 10) x 12 = 4608 [TSP]
- AC data dummy byte transmission TSPs
(13 [TSP] x 7+ 13 [TSP] x 10) x 11 + (13 [TSP] x 7 + 13 [TSP] x 9) x 1 = 2639 [TSP]
o Timing model (expressed in the form of "number of AC data dummy byte transmission TSPs /
number of unit block TSPs")
- Unit blocks 0 to 186
((13/22x7) +(13/23x10) x 11
- Unit blocks 187 to 203
((13/22x7)+(13/23x9 +(0/23x 1))

A2.6.1.2 Timing model without considering uniformity

Regarding AC data input to the OFDM modulator by dummy bytes, a timing model without
considering uniformity in the OFDM frame is studied. This model allows for maximization of
required buffer capacity for AC data in the OFDM modulator.

(i) When all AC data dummy byte transmission TSPs are input sequentially from the head of the
OFDM frame
o Data configuration
- All transmission TSPs
4608 [TSPI
- AC data dummy byte transmission TSPs
2639 [TSPI
o Timing model
Among all 4608 transmission TSPs, the first 2639 T'SPs from the head of the OFDM frame are AC
data dummy byte transmission TSPs and the remaining 1969 TSPs are not.
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Reference 3: Considerations in the Link Budgets for ISDB-T

To create a broadcast-wave network for ISDB-T, it is necessary to design link budget between the
studio output and the receiver in accordance with the noise (permissible degradation) allocated to the
transmitting side.

In the link budgets, the performance of each piece of broadcasting equipment must be determined.
At the same time, the reception quality in the previous stage and across the service area must be
specified when broadcast waves are relayed.

A broadcast network in particular is predicated on broadcast waves being received by multiple
recipients (receivers). Therefore, it is necessary to create a network capable of withstanding the
harshest conditions within the service area (fringe in general).

However, conditions associated with signal propagation, such as multipath disturbance and radio
interference disturbance, vary depending not only on individual relay stations, but also on the
locations at which receiving antennas are installed within the service area.

For this reason, we have developed a broadcasting-network model and reception model within the
service area based on the current conditions under which analog broadcasting networks are
operating and the Fiscal 1999 Report of the Frequency Planning Technical Committee of the
Telecommunication Technology Council.

Because it may be difficult to satisfy the model case requirements or these requirements may be
discovered to be excessively rigorous during the actual network construction process, the design must
be reviewed based on the results of review given in this document.
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A3.1 Review procedure

In the review steps shown in Section A3.2 onward, we used the following procedure to present
considerations in the link budgets, assuming that broadcast waves would be relayed:

(1) We selected hypothetical stage-to-stage distances between broadcasting stations, and
hypothetical levels of radio interference and multipath disturbance within the service area. We
selected a network model extending from the studio output to receivers.

(2) We assumed that broadcast waves would be received by stationary receivers. We also assumed
that receiving systems (e.g., antenna and booster conditions) based on the Fiscal 1999 Report of
the Frequency Planning Technical Committee of the Telecommunication Technology Council
would be used.

(3) In the link budgets, we selected provisional values based on our assumptions - provisional
equivalent C/N ratios for various types of interference-affected broadcasting equipment,
receivers, and channels (C/N ratios determined by treating equipment deterioration and various
types of interference as noise).

A3.2 Assumptions made in link budget
A3.2.1 Network model

(1) Stage-to-stage distance

We conducted a survey of 2,485 analog stations across the country to determine the distance from the
main station to the 1st-stage relay station, as well as the distances between relay stations at various
stages, and selected stage-to-stage distances that include 80% of all stations.

Table A3.2-1: Stage-to-Stage Distances in an Analog Broadcasting Network

Stage-to-stage distance
50% value 80% value 90% value 950% value 99% value
Main station — 1st stage 30.1 km 52.5 km 66.8 km 78.5 km 118.4 km
1st stage — 2nd stage 12.3 km 25.1 km 32.5 km 40.9 km 61.7 km
2nd stage — 3rd stage 11.6 km 23.1 km 31.3 km 39.9 km 57.2 km
3rd stage — 4th stage 7.4 km 16.3 km 25.3 km 41.1 km 67.7 km
4th stage — 5th stage 10.9 km 23.7 km 49.8 km 64.5 km 95.4 km
5th stage — 6th stage 4.7 km 9.5 km 17.9 km 21.4 km 38.3 km
6th stage — 7th stage 2.6 km 5.8 km 5.8 km 5.8 km 5.8 km
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(2) Fading loss during the relaying of broadcast waves
We selected fading loss for each stage-to-stage distance (value that includes 80% of all stations
selected in (1)) under the assumption that 99.9% fading margin will be available.

Table A3.2-2: 99.9% Fading Margin Selected Based on a Stage-to-Stage Distance Acceptable
for 80% of All Stations

Relay To 1st To 2nd Stage | To 3rd Stage | To 4th Stage | To 5th Stage | To 6th Stage | To 7th Stage
station Stage

Stage-to-sta

. 52.5 km 25.1 km 23.1 km 16.3 km 23.7 km 9.5 km 5.8 km
ge distance

Fading loss 13.1dB 8.7dB 8.4 dB 7.3 dB 8.5 dB 6.7 dB 4.1dB

(3) Maximum number of stages

With the current analog broadcasting network, broadcast waves are relayed by up to seven stages.
However, we selected four stages as the maximum number of stages for the model case for which we
implemented the link budget.

Table A3.2-3: Number of Analog (Relay) Broadcasting Stations Included in Each Stage

sl‘z/zliilil(l)ln 1st stage | 2nd stage | 3rd stage | 4th stage | 5th stage | 6th stage | 7th stage
Number of 54 975 761 452 211 62 21 3
stations
Total number of 54 1,029 1,790 2,242 2,453 2,515 2,536 2,539
stations
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A3.2.2 Transmitter model

A OFDM
o—4€7 > Lo
J modulator

— STL Brogdcasting
Digital transmitter-receiver equipment of

signal the main
station
OFDM 4 )
o— —O
modulator \ =
STL
transmitter-receiver
— -

——
Main-station transmitter

Relay
transmitter

Relay
transmitter

1st-stage repeater Nth-stage repeater

Fig. A3.2-1: Transmission-Circuit Model

(1) Transmission channel

The transmission channel determines the affects of urban noise, receiving-antenna gain, on the
conversion of field strength to terminal voltage. The higher the channel frequency, the lower the
level of urban noise and the higher the receiving-antenna gain. In contrast, the lower the channel
frequency, the longer the effective antenna length (the higher the converted terminal voltage).

In this link budget, we selected 13 channels, which is a generally rigorous condition.
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(2) Broadcasting equipment at the main station

Broadcasting equipment at the main station must consist of an STL transmitter-receiver, OFDM
modulator, and main-station transmitter.

As shown in Fig. A3.2-1, different signals are transmitted by the STL transmitter-receiver,
depending on the location of the OFDM modulator.

If the OFDM modulator is provided at the transmitting station, the STL transmitter-receiver sends
the digital signal (TS signal) to the transmitting station, where TS is reproduced and then modulated
by the OFDM modulator (hereinafter referred to as the “T'S transmission system”).

On the other hand, if the OFDM modulator is provided at the studio, the STL transmitter-receiver
sends the waves modulated by the OFDM modulator to the transmitting station as is (hereinafter
referred to as the “IF transmission system”).

The above two cases were reviewed.

e Case 1 (TS transmission system)

When the TS transmission system is used, TS is reproduced at the transmitting station. Therefore,
it is not necessary to consider any degradation caused by the STL circuit in the link budget process.
As a result, only the possible degradation from the OFDM modulator onward should be calculated.
As the provisional equivalent C/N ratio of the transmitter, we selected 45 dB. The two main factors
in degradation of the transmitter’s C/N ratio are IM and phase noise.

As for degradation caused by phase noise, we selected 50 dB as the equivalent C/N ratio.

It is known that IM can vary depending on whether a PD (predistortion) or FF (feedforward) system
is used.

In general, a PD system provides relatively high efficiency but cannot ensure linearity, while an FF
system ensures linearity but not high efficiency.

Because the main station’s transmitter likely has a high transmission output, we selected 40 dB as
the IM, under the assumption that a PD system was used.

The study conducted using an actual transmitter shows that the equivalent C/N ratio is 2 dB lower
than the value obtained by inverting the a sign of IM. Therefore, we selected 38 dB as the
provisional equivalent C/N ratio of the main station’s transmitter caused by IM.
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e Case 2 (IF transmission system)

When an IF transmission system is used, the OFDM signal is sent from the studio to the main
station’s transmitter. Therefore, it is necessary to calculate the level of degradation caused by the
STL circuit. We selected 37.7 dB as the equivalent C/N ratio (sum of the C/N ratios of the STL
transmitter-receiver and the main station’s transmitter) to enable the C/N ratio for the main-station
output in case 1 to be secured.

OFDM modulator Main station’s transmitter (37.7 dB)
(45 dB) (Phase noise: 50 dB, IM: -40 dB)

Digital signal Main-station output

CIN ratio: o SNV SN » (CIN ratio: 37 dB)

Fig. A3.2-2: Example of Distribution of the Equivalent C/N Ratio for the Main Station’s Transmitter When a
TS Transmission System is Used for STL (Case 1)

OFDM modulator Main Station’s Transmitter and
(45 dB) STL Transmitter-receiver (37.7 dB)

Digital signal Main-station output

CIN ratio: o SV SN »(CIN ratio: 37 dB)

Fig. A3.2-3: Example of Distribution of the Equivalent C/N Ratio for the Main Station’s Transmitter When
an IF Transmission System is Used for STL (Case 2)

(3) Relay broadcasting equipment

e  Reception of a signal from a higher-rank station

When we assume that broadcast waves are relayed, the possible factors causing a degraded C/N ratio
during the reception of a signal by relay broadcasting equipment are thermal noise associated with
field strength, multipath, interference, and the SFN sneak path.

We calculated the field strength at each stage for all analog UHF stations, and selected a level 10 dB
below the level of field strength acceptable for 80% of all stations as the provisional value, as the
transmission power for digital broadcasting is 10 dB lower than that for analog UHF.

As for the noise factor, we selected NF = 3 dB as the provisional value in consideration of the actual
noise factor for the current analog relay broadcasting equipment.

On the other hand, the extent to which the C/N ratio is degraded by multipath disturbance,
interference, and the SFN sneak path varies substantially depending on the reception point, antenna
used, and performance of the cancellers (if any). We believe, therefore, that each of these factors
must be reviewed on an individual basis in the construction of your own network.
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In this link budget, as discussed in (3) of Section A3.2.1, we used various provisional values
necessary to implement 4-stage relaying of broadcast waves, and selected 38.2 dB as the equivalent
C/N ratio for all types of distortion.

e Relay station’s transmitter

The transmitter output at a relay station is likely to be lower than that of the main station.

For this reason, we selected 48 dB as the provisional equivalent C/N ratio of a transmitter caused by
IM, in consideration of the fact that an FF system can be used as discussed in (1) of Section A3.2.2.
On the other hand, we selected 50 dB as equivalent C/N ratio caused by phase noise, as with the
main station.

Th [ noi t iorati
ermal noise Deterioration by Relay station’s transmitter (45.9 dB)

the receiver interference . .
(NF =3 dB) (382 dB) (Phase noise: 50 dB, IM: -50 dB)
Higher-rank % /F Relay-station
station signal P output
Chimto | L " U ON atio

Fig. A3.2-4: Example of Distribution of the Equivalent C/N Ratio for the Relay Station’s Transmitter
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A3.2.3 Reception model within service area

(1) Receiving antenna

According to the Fiscal 1999 Report of the Frequency Planning Technical Committee of the
Telecommunication Technology Council, the channel plan was established under the assumption
that a 14-element Yagi antenna would be used. For this reason, we selected a Yagi antenna with a
gain of 7 dB.

(2) Field strength

We selected 60 dBuV/m as the field strength based on said report.

As for the fading margin, we first made calculations to determine the size of the area for each stage
in which the field strength was 70 dBuV/m, a level that is currently required for analog broadcasting.
Next, we calculated the distance that was acceptable for 95% of all stations. Finally, we selected the
levels of fading margin in which a 99% time rate could be achieved.

Table A3.2-4: Fading Margin (in which a 99% Time Rate can be Achieved) Corresponding
to an Area Size Acceptable for 95% of All Stations

sl‘s/ziiil(?n 1st stage | 2nd stage | 3rd stage | 4th stage | 5th stage | 6th stage | 7th stage
Max. area radius - 35 km 25 km 20 km 20 km 20 km 12 km 8 km
Fading margin 9dB 5dB 4dB 4dB 4dB 4dB 4dB 4dB

(3) Receiver thermal noise

Based on said report, we assumed that a low-noise booster (NF = 3.3 dB) would be used to prevent
area fringe.

Note also that we selected 1 dB as the feeder loss from the antenna to the booster.

(4) Multipath disturbance and interference

Multipath disturbance within the service area varies substantially depending not only on the
network status (affected by whether an SFN (Single-Frequency Network) is used), but also on the
receiving-antenna location and neighboring buildings and structures. Note that interference
disturbance caused by other digital waves and analog broadcast waves also varies drastically
depending on the specific stationary-station conditions, receiving-antenna installation conditions,
and fading between undesired and desired waves.
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According to the link budget included in the Fiscal 1999 Report of the Frequency Planning Technical
Committee of the Telecommunication Technology Council, a DU ratio of 10 dB (1 dB of degradation
from a C/N ratio of 22 dB when 64QAM and 7/8 are selected as the modulation scheme and
inner-code coding rate, respectively) was taken into consideration as multipath disturbance caused,
for example, by SFN within the service area. In the same link budget, 2 dB of degradation from the
C/N ratio of 22 dB was considered interference disturbance caused by analog broadcasting and other
digital broadcasting.

For this reason, it is necessary to conduct a more specific and detailed survey within the service area.
As a model case, we selected 25 dB as the equivalent C/N ratio for both multipath and interference
disturbance, a ratio that corresponds to 3 dB of degradation from the required C/N ratio of 22 dB
(C/N ratio at which 2 x 104 can be achieved following inner-code correction; see Fig. A3.2-5).

Note also that Fig. A3.2-6 shows the relationship between the multipath DU ratio (at which an
equivalent C/N ratio of 25 dB can be achieved) and interference (co-channel interference). The
equivalent C/N ratio is 25 dB in the area above the curve. When the levels of multipath disturbance
and interference are above the curve (in the area to the upper right), the model-case requirement can
be met, that is, an equivalent C/N ratio of 25 dB can be achieved.

N W A~ O O N ©
T

Degradation from a C/N ratio of
22 dB (dB)

o

40 38 36 34 32 30 28 26 24 22
Equivalent C/N ratio (dB)

Fig. A3.2-5: Equivalent C/N Ratio as a Function of Degradation from a C/N Ratio of 22 dB
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(5) Urban noise

We selected 700 K as the level of urban noise.
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Fig. A3.2-6 Relationship between the Multipath DU Ratio
(at which an Equivalent C/N Ratio of 25 dB can be achieved) and Co-Channel Interference
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This value is equivalent to that of 13 channels in the

Fiscal 1999 Report of the Frequency Planning Technical Committee of the Telecommunication

Technology Council.

(6) Receiver’s deterioration

The equivalent C/N ratio of the receiver should be selected in consideration of the availability of

commercial receive

rsS.

However, we selected 28 dB as the provisional equivalent C/N ratio (1.3 dB of

degradation from 22 dB) for use as a model case in the link budget process.

14-device Yagi antenna
(gain: 7 dB)

-

Urban noise
(700 K)

Receiver thermal noise
Low-noise booster

2

g

(NF 3.3 dB)

Degradation caused
by multipath
disturbance and
interference
(25dB)

Receiver
deterioration
(28dB)

Van

an

an

OFDM

3\

L/
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Cable loss: 1 dB

L

L
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Fig. A3.2-7: Example of Distribution of the Equivalent C/N Ratio for the Reception Model
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A3.2.4 Provisional values selected for the link budget model

Table A3.2-5 lists the provisional values selected from Sections A3.2.1 to A3.2.3.
As specified in these sections, these values were merely provisional, and were selected for link budget purposes.

None of these values represents in any way the goals or guidelines for equipment development efforts.

Table A3.2-5: Provisional Values Selected for Link Budget Purposes

of receiver deterioration

Equipment Parameter Provisional Remarks
value
TS | Equivalent C/N ratio 00 No degradation with T'S transmission system
IF Equivalent C/N ratio To be e’valuated in con]unctlon'w1'th the main
station’s transmitter characteristics
OFDM . . L . _
Equivalent C/N ratio 45 dB Phase noise = 48 dB; 1M =-50 dB or less
modulator
Equivalent .C/N ratio as a result 50 dB
of phase noise
Main station’s | Equivalent C/N ratio as a result _
transmitter | of IM (During TS transmission) 38 dB PD system, 1M =-40 dB or less
Equivalent C/N ratio as a result 37.7 dB (STL equivalent C/N ratio and phase
of IM (During IF transmission) noise combined)
Distance from previous stage 80% 80% of all stations included
Circuit cutoff rate 0.1% Area cutoff rate: 1% (99% time rate)
5 -~ -
Fading loss 99.9% 99.9% (basgd on UHF Television transmission
- and reception)
g Field-strength level acceptable for 80% of all
8 Field strength 80% stations (based on the field strengths at all
2. | Receiving analog UHF stations)
S,;,J system | Receiving antenna 1.8 m ¢ 1.8 m grid parabola (gain: 13 dB)
= Feeder loss 2 dB
§ NF 3dB
8 Equivalent C/N ratio
B (co-channel interference, 38.9 dB Equivalent to 43 dB (f all 3 degradations occur
E‘ multipath disturbance, SFN ’ under the same conditions)
& sneak path combined)
Trans Equivalent .C/N ratio as a result 50 dB Same as main station
Lo of phase noise
g o Givalent C/N rati It
system ofqlul\l/lva en ratioasa resuit | 4q qp FF system, IM = -50 dB or less
Required field strength in the Fiscal 1999
Standard field strength 60 dB Report. of the Frequency Plann.lng rI‘echnlcal
Committee of the Telecommunication
Technology Council
M%X' dlstan.c e (transmission 95% Max. radius acceptable for 95% of all stations
point — receiver)
Fading margin 99% 99% value based on area max. distance
Receiver Receiving antenna 14-element | 14-element Yagi antenna
Feeder loss 1dB
NF 3.3dB Use of booster
Equivalent C/N ratio
(interference and multipath 25 dB
disturbance combined)
Equivalent C/N ratio as a result | ¢ 15 1.3 dB of degradation from 22 dB
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Oth 1st 2nd 3rd 4th 5th 6th Tth
Remarks
stage | stage | stage | stage | stage | stage | stage | stage
(1) C/N of received waves dB 37.0| 33.9| 322| 31.0 30.0| 29.2| 28.5|0th stage: Main station
Distance from previous stage km 52.5| 25.1 23.1 16.3| 23.7 9.5 5.8 80% value .
(number of stations)
80% value (number of
Field strength dBf - 72.8| 70.8| 68.8| 68.0| 67.0| 68.7| 64.1]stations); UHF receiving
stations only
Fading loss dB 181 87| -84| 73| 85| 67| -4.1|929% valueintermsof
1stance
Field strength during fading dB - 59.7| 62.1 60.4| 60.7| 585| 62.0| 60.0
Receiving-antenna gain dBi - 15.0 15.0 15.0 15.0 15.0 15.0 15.0 | 1.8 m grid parabola (50 Q)
Adjustment value aB | - 37| 87| -s7| -a7| -a7| -37| -3.7|21(Gelativegain) +1.6
(conversion from 50 Q)
AMr dB -13.9| -13.9| -13.9| -13.9| -13.9| -13.9| -13.9|13ch
Feeder loss dB - -2.0 -2.0 -2.0 -2.0 -2.0 -2.0 -2.0
Terminal correction value dB -6.0 -6.0 -6.0 -6.0 -6.0 -6.0 -6.0
Terminal voltage dBt - 49.1 51.5| 49.8| 50.1 47.9| 51.4| 49.4|60 dBt (analog)
Value converted from dBm dB - -107.0| -107.0| -107.0 | -107.0 | -107.0 | -107.0 | -107.0 | 50 Q
(2) Received power dBm - -579| -55.5| -57.2| -56.9| -59.1| -55.6| -57.6
kTB dB -106.3 | -106.3 | -106.3 | -106.3 | -106.3 | -106.3 | -106.3 | T = 300°,B = 5.6 MHz
Noise factor (NF) dB 3.0 3.0 3.0 3.0 3.0 3.0 3.0
(3) Noise power dBm -103.3 | -103.3 | -103.3 | -103.3 | -103.3 | -103.3 | -103.3
(4) C/N of HA only dB 45.4| 47.8| 46.1| 464 442 477 45.7|@=(©2-©®)
(5) Total degradation as a 38.9 38.9 38.9 38.9 38.9 38.9 38.9
result of interference, etc.
(6) C/N of HA output
(Main station: OFDM dB | 45.0| 342 324| 31.1| 30.1| 29.3| 286| 28.0|®) =1 +@+(5)
modulator)
(@) C/N of transmitter (phase dB 500! 500! 500! 500! 50.0 500 500! 50.0 Equivalent C/N ratio as a
noise) result of phase noise
(8) C/N of transmitter IM) | dB | 38.0| 48.0| 48.0| 48.0| 480| 480| 480| 4s.0|Bauivalent C/Nratioasa
result of IM
(9) C/N of relay-stationoutput | dB | 37.0| 33.9| 322| 31.0| 30.0| 29.2| 285| 27.9[(9) =(6)+(7D+(®)
Standard received field strength | dBf 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
Max. distance (transmission * Max. radius acceptable for
point - reception point) km 35.0 25.0 20.0 20.0 20.0 12.0 8.0 95% of all stations
- - 0,
Fading loss dB 90| 50| -40| -a0| -40| -40| -a0| -40|TURP370-7(99% value)
Field strength during fading dBf 51.0 55.0 56.0 56.0 56.0 56.0 56.0 56.0
s . 14-element Yagi antenna
Receiving-antenna gain dBd 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 (for 13 to 44 channels)
AMm dB -13.9| -13.9| -13.9| -13.9| -13.9| -13.9| -13.9| -13.9|13ch
Terminal correction value dB -6.0 -6.0 -6.0 -6.0 -6.0 -6.0 -6.0 -6.0
Terminal voltage dBt 38.1 42.1 43.1 43.1 43.1 43.1 43.1 43.1
Value converted from dBm dB |-109.0|-109.0| -109.0 | -109.0 | -109.0 | -109.0 | -109.0 | -109.0 | 75 Q
(10) Received power dBm | -70.9| -66.9| -659| -65.9| -65.9| -65.9| -65.9| -65.9
Bandwidth: B MHz 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Urban noise: 700 k k 700.0| 700.0| 700.0| 700.0| 700.0| 700.0| 700.0| 700.0 | Ta
Ground temperature: 300 k k 300.0 | 300.0| 300.0 | 300.0| 300.0| 300.0 | 300.0| 300.0|To
Booster noise factor (NF) dB 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 | Low-noise booster used
Feeder loss dB 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 | Between antenna and booster
(11) Noise power dBm | -99.3| -99.3| -99.3| -99.3| -99.3| -99.3| -99.3| -99.3 [ KB(Ta+To+To*(NF*L-1))
(12) C/N of receiver only dB 28.4| 32.4| 335| 335| 335| 335| 335| 335[(12=00-@11)
(13) C/N of receiver output dB 279 30.1| 29.8| 29.1| 284| 27.8| 27.3| 26.9|(13)=(9)+(12)
(14) Tnterference and Equivalent C/N ratio as a
. dB 250 25.0| 25.0| 25.0| 250| 25.0 25.0| 25.0 | result of interference and
multipath C/N . -
multipath disturbance
(15) Equivalent C/N ratio
(receiver’s equipment dB 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0
deterioration)
(16) Demodulator input C/N 22.0| 22.4| 224| 222| 221| 21.9| 21.8| 2L.7|(16)=@13)+ (14 +15)
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Table A3.3-1 shows an example of link budget in which broadcast waves are assumed to be relayed.
As discussed in (3) of Section A3.2.1, when the maximum number of stages for relaying broadcast
waves 1is 4, a demodulator-input C/N ratio of 22 dB or higher is available, indicating that the C/N
ratio requirement (22 dB) for 64QAM and the inner-code coding ratio of 7/8 are met.

Table A3.3-2 presents the transmission parameters and required C/N ratio selected for ISDB-T.

As mentioned later in Section A3.6, the robuster transmission parameters are selected agaist
interference, the more margin is gained for the demodulator C/N ratio to be secured. However, such
selection will result in lower transmission capacities, as shown in Table A3.3-3. Therefore, link
budget must be carefully considered not only from service contents view point, but also from selection
of transmission parameters.

Table A3.3-2: Transmission Parameters and Required C/N Ratio

Modulation Inner-code coding ratio
scheme 1/2 2/3 3/4 5/6 7/8
DQPSK 6.2 dB 7.7dB 8.7 dB 9.6 dB 10.4 dB
16QAM 11.5dB 13.5 dB 14.6 dB 15.6 dB 16.2 dB
64QAM 16.5 dB 18.7 dB 20.1dB 21.3dB 22.0dB

Table A3.3-3: Transmission Parameters and Data Rate

Modulation Inner-code coding ratio
scheme 1/2 2/3 3/4 5/6 7/8

DQPSK

4.056 Mbit/s

5.409 Mbit/s

6.085 Mbit/s

6.761 Mbit/s

7.099 Mbit/s

16QAM

8.113 Mbit/s

10.818 Mbit/s

12.170 Mbit/s

13.522 Mbit/s

14.198 Mbit/s

64QAM

12.170 Mbit/s

16.227 Mbit/s

18.255 Mbit/s

20.284 Mbit/s

21.298 Mbit/s

Note: Mode 3 and a guard interval ratio of 1/8 are selected.

The transmission capacity or data rate represents the TS rate when all 13 segments are used (188 bytes).
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A3.4 Standard settings for transmitting equipment in network

Provisional values were used in the link budget for the ISDB-T transmission network shown in

Section A3.3. Each value must be taken into consideration in the actual network construction

process.

Note, however, that because we deal with a broadcasting network, the key factor in the design should

be to protect the reception environment within the service area as much as possible.

For this reason, we present standard settings for transmitting equipment for reference purposes, to

ensure a proper reception environment within the service area discussed in Section A3.2.3.

(1) When the service area is large and requires a fading margin of approximately 9 dB, the
equivalent C/N ratio for the main or relay station’s transmitter output must be 37 dB.

(2) When the service area is relatively small, with a fading margin of 5 dB or less, the equivalent
C/N ratio for the main or relay station’s transmitter output must be 30 dB.

If the corresponding criterion is met, the reception model within the service area discussed in Section
A3.2.3 will be available.

Note, however, that with a very small area as in the case of a relay station at the end of a line or a
gap filler, the reception environment within that area is likely to be relatively stable. In such a case,
the equivalent C/N ratio of 30 dB is excessive and may result in increased transmitting-equipment
costs. Therefore, extreme caution must be exercised in the use of the above values.

Fig. A3.4-1 shows the equivalent C/N ratio for the transmitter output as a function of the required
received field strength within the service area.

When the output C/N ratio is 37 dB, program signals can be properly received as long as the received
field strength is approximately 51 dBuV/m. In this case, a fading margin of approximately 9 dB is
ensured, considering that the standard field strength is 60 dBuV/m.
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Fading margin within the service area
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Fig. A3.4-1: Equivalent C/N Ratio for Transmitter Output as a Function
of the Required Received Field Strength within the Service Area

<— Standard field strength

Area radiuses and fading margins, obtained from the P370-7 propagation characteristics of the
ITU-R Recommendations, are included in the appendix to the Fiscal 1999 Report of the Frequency

Planning Technical Committee of the Telecommunication Technology Council.

Table A3.4-1: Fading Margins obtained from the P370-7 Propagation Characteristics

of the ITU-R Recommendations

Transmission Area radius
height 10 km 20 km 30 km 40 km 50 km 70 km 100 km
300 m 1dB 0.5dB 1.5dB 3dB 4dB 7 dB 11 dB
150 m 1dB 1dB 3dB 5dB 6 dB 9dB 12 dB
75 m 2 dB 3dB 4 dB 6 dB 6 dB 9dB 12.5dB
37.5m 4dB 4dB 4dB 6.5 dB 7 dB 9dB 12 dB

When reviewing networks on an individual basis, first determine the fading margin based on the
transmission height and area radius in Table A3.4-1 that correspond to the service area, and then
find the equivalent C/N ratio for the transmitter output in Fig. 3.4-1 that is appropriate for the
fading margin that was determined.
Note, however, that if there are any lower-rank stations, the service areas of those stations should be
taken into consideration in determining the equivalent C/N ratio.
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A3.4.1 Study on the impact of changes to provisional values on overall link budget

(1) Impact of changes to the equivalent C/N ratio of the main station’s transmitter

As discussed in (2) of Section A3.2.2, 37.7 dB was selected as the provisional equivalent C/N ratio of
the main station’s transmitter.

If this C/N ratio of main transmitter changes from 42 dB to 34 dB, the other transmitter-output C/N
ratio changes as shown in Fig. A3.4-2. Note that in this case, the provisional values for relay
stations given in Table A.3.2-5 were used.

This figure shows that it is possible to provide a transmitter-output C/N ratio of approximately 30 dB
when the relay-station performance matches the provisional value, even if the equivalent C/N ratio
of the main station’s transmitter is approximately 34 dB, provided that the main station’s service
area is not excessively large and that there are no more than three stages of relay stations.

For this reason, there may be no problem, depending on the service-area status and the number of
stages, even if the C/N ratio of the main station’s transmitter is degraded, as long as the STL
transmitter-receiver of the IF system is used.

40
39
38
37
36
35
34
33
32
31
30

29 Main-station C/N

28 ratio: 34 dB
27 |

26 :
0 1 2 3 4 5 6 7
Number of stages

Main-station C/N ratio: 42 dB
Main-station C/N ratio: 40 dB
Main-station C/N ratio: 38 dB

: Main-station C/N
| ratio: 36 dB

Transmitter-output C/N (dB)

Fig. A3.4-2: Impact of Changes to the Equivalent C/N Ratio
of the Main Station’s Transmitter on the Transmitter-Output C/N Ratio
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(2) Study on the use of multi-element Yagi antenna

A 14-element Yagi antenna was selected as the receiving antenna, and 7 dB was used as its gain.
Table A3.4-3 shows the extent to which the reception C/N ratio can be improved when a high-gain
antenna with gain of approximately 10 dB is used to prevent problems such as area fringe.

In general, the higher the antenna gain, the more directional the antenna becomes. As a result,
such higher gain may provide reduced multipath and interference disturbance. However, the figure
shows that if we suppose that impact of the disturbance remains unchanged, 3 dB of additional gain
can improve the demodulator-input C/N ratio by only approximately 0.5 dB.

228

226 Receiving-antenna gain = 10 dB

224

222

o
D 220¢
Z 218 /
<
O L
216 Receiving-antenna gain = 7 dB
21.4 |
212 |
21.0

0 1 2 3 4 5 6 7
Number of stages

Fig. A3.4-3: Impact of Changes to the Receiving-Antenna Gain on the Demodulator-Input C/N Ratio
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A3.5 Corrective actions if model case requirements cannot be met

The link budget model requirements given in Section A3.2 are provisional values that have been
specified for link budget purposes. Therefore, it may be difficult to meet these requirements
through review on an individual basis.

However, as in A3.3, calculation results based on this link budget model indicate that if these
requirements cannot be met, it may not be possible to receive program signals within the service area.
For this reason, the following specifies the corrective actions to be taken if the model-case
requirements cannot be met.

A3.5.1 Corrective action if your stage-to-stage distance is longer than that in the model case

The major problem in this case is a possible reduction in field strength at the relay station’s receiver

due to fading.

(1) Use a receiving antenna larger than that (1.8 m in diameter) in the model case to increase the
received voltage.

(2) Connect multiple TTLs to ensure a more stable reception environment than when broadcast
waves are relayed.

(3) Provide an optical-fiber or other type of cable circuit.
Note, however, that if SFN is to be implemented, extreme caution should be exercised in
establishing synchronization with the higher-rank station providing a digital circuit.

A3.5.2 Corrective action if the multipath disturbance, SFN sneak path, and co-channel
interference levels are higher than those in the model case

In this case, the major problem is possible degradation of the equivalent C/N ratio of the output due

to various types of interference at the relay station’s receiver.

(1) Use cancellers and properly select the reception position to reduce multipath and SFN sneak
path.

(2) Similarly, use cancellers and properly select the reception position to reduce co-channel
interference. Keep in mind that cancellers may not provide a substantial improvement. Use
TTLs to provide a stable reception environment.

(3) When the SFN sneak path is a key problem to be addressed, change the frequency to provide
MFN, if possible. Note that this choice is not readily feasible in terms of the current use of
channels. However, it can be taken into consideration if frequencies are reorganized, as when
analog broadcasting is terminated.
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A3.5.3 Corrective action when there are many stages

The model case discussed earlier shows that the relaying of broadcast waves with five stages or more
would be difficult. For this reason, if there are many stages, the degradation of the C/N ratio at
each stage must be reduced to a greater extent than in the model case.

(1) Use TTLs, particularly at relay stations with high levels of multipath, SFN sneak path, and
co-channel interference, to provide a better C/N ratio.

(2) Use TS system TTLs. This eliminates the need to add noise from the previous stages. Then,
consider reducing the number of stages in an equivalent manner.

(3) Digital demodulation and, if necessary, error correction and other steps eliminate the need to
total the noise, which has accumulated up to the MFN relay station, by OFDM demodulation
and modulation. Note, however, that not only the demodulation and modulation processes but
also the error-correction process produce delays. Therefore, caution should be exercised in the
use of these processes.

A3.5.4 Corrective action when multipath and radio-interference conditions within the service
area are harsher than in the model case

If districts under harsh reception conditions are concentrated within a specific range, a
supplementary relay station may be provided.

If districts under harsh reception conditions are scattered, depending on the multipath status, a
receiving antenna with higher performance may be provided, a taller antenna may be used, or the
antenna location may be changed. Note, however, that increased antenna gain will not offer any
outstanding advantage, as discussed in (2) of Section A3.4.1. Therefore, the primary focus should be
on improving the multipath DU ratio and improving the DU ratio in relation to undesired waves
through improved directionality.

A3.6 Effect of changing transmission parameters, and problems

In the Report of the Frequency Planning Technical Committee of the Telecommunication Technology
Council, a study was conducted based on the assumption that the transmission parameters for
terrestrial broadcasting (64QAM and an inner-code coding rate of 7/8) that would provide the
maximum transmission capacity were used.

As shown in Table A3.3-2, replacing these parameters with those that offer better resistance to
degradation could be highly effective. However, this will result in a lower transmission capacity.
Therefore, this alternative should be reviewed in terms of video quality.

With some carriers, changing the transmitting-equipment settings will make it impossible to use
transmission parameters in the future that provide the maximum transmission capacity, even if it is
assumed that parameters offering better resistance to degradation are used. As a result, future
expansion of the service may be hindered.

For this reason, the margin produced through the use of parameters that offer better resistance to
degradation must be used primarily to ensure stable reception with the service area. It is
preferable to leave the criteria for transmitting equipment unchanged.
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A3.7 Specific network construction process

A model case was used in the link budget discussed in this document. Therefore, it is necessary to
gain a full understanding of propagation conditions and interference levels to enable the link budgets
on an individual basis in each network construction effort.

—1569—



ARIB STD - B31
Version 1.6-E2

—160—



TRANSMISSION SYSTEM FOR DIGITAL TERRESTRIAL
TELEVISION BROADCASTING

ARIB STANDARD

ARIB STD-B31 VERSION 1.6-E2
(November 30, 2005)

This Document is based on the ARIB standard of “Transmission
System For Digital Terrestrial Television Broadcasting” in
Japanese edition and translated into English in December, 2006.

Published by
Association of Radio Industries and Businesses

Nittochi Bldg. 11F
1-4-1 Kasumigaseki, Chiyoda-ku, Tokyo 100-0013, Japan

TEL 81-3-5510-8590
FAX 81-3-3592-1103

Printed in Japan
All rights reserved




	ARIB STD-B31_Version 1.6
	TOTAL CONTENTS
	Foreword
	Transmission System for Digital TerrestrialTelevision Broadcasting
	Contents
	Chapter 1: General Terms
	1.1 Objective
	1.2 Scope
	1.3 References
	1.3.1 Normative documents
	1.3.2 Related documents

	1.4 Terminology
	1.4.1 Definitions
	1.4.2 Abbreviations


	Chapter 2: ISDB-T Overview
	2.1 Hierarchical transmission
	2.2 Partial reception
	2.3 Modes

	Chapter 3: Channel-Coding Scheme
	3.1 Basic configuration of the channel coding
	3.2 TS re-multiplexing
	3.2.1 Multiplex-frame configuration
	3.2.2 Model receiver for forming multiplex frame patterns
	3.2.2.1 Input signals to the hierarchical divider
	3.2.2.2 Operation of the model receiver from the hierarchical divider to the Viterbi decodinginput


	3.3 Outer code
	3.4 Division of TS into hierarchical layers
	3.5 Energy dispersal
	3.6 Delay adjustment
	3.7 Byte interleaving
	3.8 Inner code
	3.9 Carrier modulation
	3.9.1 Configuration of the carrier modulator
	3.9.2 Delay adjustment
	3.9.3 Bit interleaving and mapping
	3.9.3.1 DQPSK
	3.9.3.2 QPSK
	3.9.3.3 16QAM
	3.9.3.4 64QAM

	3.9.4 Modulation-level normalization
	3.9.5 Data-segment configuration

	3.10 Combining hierarchical layers
	3.11 Time and frequency interleaving
	3.11.1 Time interleaving
	3.11.2 Frequency interleaving
	3.11.2.1 Inter-segment interleaving
	3.11.2.2 Intra-segment interleaving


	3.12 Frame structure
	3.12.1 OFDM-segment configuration for the differential modulation
	3.12.2 OFDM-segment configuration for the synchronous modulation

	3.13 Pilot signals
	3.13.1 Scattered pilot (SP)
	3.13.2 Continual pilot (CP)
	3.13.3 TMCC
	3.13.4 AC (Auxiliary Channel)

	3.14 Transmission spectrum configuration
	3.14.1 RF-signal format
	3.14.2 Insertion of a guard interval

	3.15 TMCC signal (Transmission and Multiplexing Configuration Control)
	3.15.1 Overview
	3.15.2 Assignment of TMCC carrier bits
	3.15.3 References for differential demodulation
	3.15.4 Synchronizing signal
	3.15.5 Segment type identification
	3.15.6 TMCC information
	3.15.6.1 System identification
	3.15.6.2 Indicator of transmission-parameter switching
	3.15.6.3 Start flag for emergency-alarm broadcasting
	3.15.6.4 Partial-reception flag
	3.15.6.5 Carrier modulation scheme
	3.15.6.6 Convolutional-coding rate
	3.15.6.7 Interleaving length
	3.15.6.8 Number of segments
	3.15.6.9 Channel-coding scheme
	3.15.6.10 Modulation scheme



	Chapter 4: Frequency Utilization Requirements
	4.1 Frequency bandwidth
	4.2 Permissible transmission-frequency deviation
	4.3 IFFT sampling frequency and permissible deviation
	4.4 Transmission-spectrum mask
	4.5 Maximum permitted power level of spurious emission or unwantedemission


	Appendix: Operation Guidelines for DigitalTerrestrial Television Broadcasting
	Contents
	Chapter 1: Objective
	Chapter 2: Transmission-Spectrum Arrangement
	2.1 OFDM carrier number corresponding to the ISDB-T center frequency
	2.2 Frequency assignment

	Chapter 3: Operational Guidelines for Hierarchical Transmission
	3.1 Outline
	3.2 Multiplexed signals for hierarchical transmission
	3.2.1 Multiplexing PAT, NIT, and CAT for hierarchical transmission
	3.2.2 Notes on multiplexing transmission
	3.2.3 Multiplexing PMT
	3.2.4 Multiplexing PCR packets at the partial-reception hierarchical layer

	3.3 Channel-coding scheme for hierarchical transmission
	3.4 Video coding scheme
	3.4.1 Constraints of video coding parameter
	3.4.2 Constraints of still picture coding parameter


	Chapter 4: Guidelines for Synchronization
	4.1 Synchronization for SFN
	4.1.1 Transmission frequency
	4.1.2 IFFT sampling frequency
	4.1.3 OFDM signals


	Chapter 5: Signal Transmission Scheme to STL/TTL
	5.1 Types of interface point
	5.2 Types of synchronization scheme
	5.2.1 Complete synchronization
	5.2.2 Slave synchronization
	5.2.3 Reference synchronization
	5.2.4 Synchronization conversion (Quasi-synchronization)

	5.3 Assumed broadcasting network types
	5.3.1 Network construction without having to consider SFN conditions
	5.3.2 Network operation necessary to consider the SFN condition

	5.4 Usage examples of synchronization method considering SFN
	5.4.1 Interface point and synchronization method when considering SFN
	5.4.2 Usage examples of synchronization method corresponding to the broadcasting network

	5.5 Additional information necessary for re-multiplexing TS transmission
	5.5.1 Types of additional information
	5.5.2 Multiplex to dummy byte part
	5.5.3 Multiplex to invalid hierarchy IIP (ISDB-T_Information_Packet)


	Chapter 6: Operational guidelines for AC data transmission
	6.1 Determination of broadcasting TS multiplex positions
	6.2 Multiplexing on dummy byte part
	6.2.1 Multiplex position
	6.2.2 Syntax for multiplexing AC data on dummy byte part
	6.2.3 Mapping of AC data to OFDM carriers
	6.2.3.1 Timing of multiplexing AC data in relation to OFDM frames
	6.2.3.2 Order of mapping to OFDM carriers


	6.3 Multiplexing on invalid hierarchy
	6.3.1 Multiplex position
	6.3.2 Syntax for multiplexing AC data on invalid hierarchy
	6.3.3 Data arrangement on multiplex frames and TS packets
	6.3.4 Mapping to OFDM carriers
	6.3.4.1 Timing of multiplexing AC data in relation to OFDM frames
	6.3.4.2 Procedure of mapping to OFDM carriers


	6.4 Considerations in multiplexing AC data to broadcasting TS
	6.4.1 Considerations in the order of AC data carriers
	6.4.2 Considerations in the timing of multiplexing on dummy bytes



	References
	Contents
	Reference 1: Transmission Delay Caused by the Channel Coding
	Reference 2: Example of a Study on an AC (Auxiliary Channel)Transmission System
	A2.1 Foreword
	A2.2 Source coding
	A2.2.1 Sound coding scheme

	A2.3 Channel-coding scheme
	A2.3.1 AC-packet configuration
	A2.3.2 AC-packet bit assignment

	A2.4 Descriptions of bits in AC data and packet-transmission sequence
	A2.4.1 Descriptions of bits for AC-packet configuration 1
	A2.4.2 Description of bits for AC-packet configuration 2

	A2.5 AC-packet transmission
	A2.5.1 AC transmission capacity
	A2.5.2 Number of Carriers Used
	A2.5.3 Sound bit rate

	A2.6 Case study on the timing of AC data transmission by dummy bytes
	A2.6.1 Timing model study
	A2.6.1.1 Timing model considering uniformity
	A2.6.1.2 Timing model without considering uniformity



	Reference 3: Considerations in the Link Budgets for ISDB-T
	A3.1 Review procedure
	A3.2 Assumptions made in link budget
	A3.2.1 Network model
	A3.2.2 Transmitter model
	A3.2.3 Reception model within service area
	A3.2.4 Provisional values selected for the link budget model

	A3.3 Example of link budget
	A3.4 Standard settings for transmitting equipment in network
	A3.4.1 Study on the impact of changes to provisional values on overall link budget

	A3.5 Corrective actions if model case requirements cannot be met
	A3.5.1 Corrective action if your stage-to-stage distance is longer than that in the model case
	A3.5.2 Corrective action if the multipath disturbance, SFN sneak path, and co-channelinterference levels are higher than those in the model case
	A3.5.3 Corrective action when there are many stages
	A3.5.4 Corrective action when multipath and radio-interference conditions within the servicearea are harsher than in the model case

	A3.6 Effect of changing transmission parameters, and problems
	A3.7 Specific network construction process





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Academy
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BabyKruffy
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Chick
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /Croobie
    /DFHSGothic-W5-WINP-RKSJ-H
    /DFHSGothic-W5-WIN-RKSJ-H
    /DFHSMincho-W5-WINP-RKSJ-H
    /DFHSMincho-W5-WIN-RKSJ-H
    /DHHSGothic-W5-WINP-RKSJ-H
    /Dotum
    /DotumChe
    /EstrangeloEdessa
    /Fat
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Freshbot
    /Frosty
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GlooGun
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HGGothicE
    /HGGothicM
    /HGGyoshotai
    /HGKyokashotai
    /HGMaruGothicMPRO
    /HGMinchoB
    /HGMinchoE
    /HGPGothicE
    /HGPGothicM
    /HGPGyoshotai
    /HGPKyokashotai
    /HGPMinchoB
    /HGPMinchoE
    /HGPSoeiKakugothicUB
    /HGPSoeiKakupoptai
    /HGPSoeiPresenceEB
    /HGSeikaishotaiPRO
    /HGSGothicE
    /HGSGothicM
    /HGSGyoshotai
    /HGSKyokashotai
    /HGSMinchoB
    /HGSMinchoE
    /HGSoeiKakugothicUB
    /HGSoeiKakupoptai
    /HGSoeiPresenceEB
    /HGSSoeiKakugothicUB
    /HGSSoeiKakupoptai
    /HGSSoeiPresenceEB
    /Impact
    /Jenkinsv20
    /Jenkinsv20Thik
    /Jokewood
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Regular
    /NewGulim
    /NSimSun
    /OCRB
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /Poornut
    /Porkys
    /PorkysHeavy
    /PussycatSassy
    /PussycatSnickers
    /QuickExpress
    /Raavi
    /Shruti
    /SimHei
    /SimSun
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




