\

\
\)
V)
v

/

J

.94

|

INTERNATIONAL TELECOMMUNICATION UNION

ITU-T H.223

TELECOMMUNICATION Annex D
STANDARDIZATION SECTOR
OF ITU (05/99)

SERIES H: AUDIOVISUAL AND MULTIMEDIA SYSTEMS

Infrastructure of audiovisual services — Transmission
multiplexing and synchronization

Multiplexing protocol for low bit rate multimedia
communication

Annex D: Optional multiplexing protocol for low
bit rate multimedia mobile communication over
highly error-prone channels

ITU-T Recommendation H.223 — Annex D

(Previously CCITT Recommendation)




ITU-T H-SERIES RECOMMENDATIONS
AUDIOVISUAL AND MULTIMEDIA SYSTEMS

Characteristics of transmission channels used for other than telephone purposes
Use of telephone-type circuits for voice-frequency telegraphy

Telephone circuits or cables used for various types of telegraph transmission or
simultaneous transmission

Telephone-type circuits used for facsimile telegraphy
Characteristics of data signals
CHARACTERISTICS OF VISUAL TELEPHONE SYSTEMS
INFRASTRUCTURE OF AUDIOVISUAL SERVICES
General
Transmission multiplexing and synchronization
Systems aspects
Communication procedures
Coding of moving video
Related systems aspects
Systems and terminal equipment for audiovisual services
Supplementary services for multimedia

H.10-H.19
H.20-H.29
H.30-H.39

H.40-H.49
H.50-H.99
H.100-H.199

H.200-H.219
H.220-H.229
H.230-H.239
H.240-H.259
H.260-H.279
H.280-H.299
H.300-H.399
H.450-H.499

For further details, please refer to ITU-T List of Recommendations.




ITU-T RECOMMENDATION H.223

MULTIPLEXING PROTOCOL FOR LOW BIT RATE
MULTIMEDIA COMMUNICATION

ANNEX D

Optional multiplexing protocol for low bit rate multimedia
mobile communication over highly error-prone channels

Summary

Described in this annex are error robust adaptation layers as an extension of
Recommendation H.223. They are specified as an optional definition of Annex C/H.223. These
adaptation layers use Reed-Solomon codes, which represent an alternative to RCPC coding, as
defined in Annex C/H.223, for error correction.

Source

Annex D to ITU-T Recommendation H.223 was prepared by ITU-T Study Group 16 (1997-2000)
and was approved under the WTSC Resolution No. 1 procedure on the 27th of May 1999.
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FOREWORD

ITU (International Telecommunication Union) is the United Nations Specialized Agency in the field of
telecommunications. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of
the ITU. The ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years,
establishes the topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on
these topics.

The approval of Recommendations by the Members of the ITU-T is covered by the procedure laid down in
WTSC Resolution No. 1.

In some areas of information technology which fall within ITU-T’s purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation the term recognized operating agency (ROA) includes any individual, company,
corporation or governmental organization that operates a public correspondence service. The terms
Administration, ROA and public correspondence are defined in the Constitution of the ITU (Geneva, 1992).

INTELLECTUAL PROPERTY RIGHTS

The ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. The ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, the ITU had received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementors are
cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database.

© ITU 1999

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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Recommendation H.223

MULTIPLEXING PROTOCOL FOR LOW BIT RATE
MULTIMEDIA COMMUNICATION

ANNEX D

Optional multiplexing protocol for low bit rate multimedia
mobile communication over highly error-prone channels

(Geneva, 1999)

D.1 Scope

In this annex, an optional level 3 protocol of the H.223 mobile extensions is specified. In order to
maintain compatibility, the basic features of the level 3 protocol described in Annex C/H.223 shall
be included.

D.2 Acronyms and definitions

ARQ Automatic Repeat reQuest

CF Control Header Field

CRC Cyclic Redundancy Check

FEC Forward Error Correction

SRS Shortened Reed-Solomon (code)

D.3 Multiplex (MUX) layer specification
See C.3/H.223.

D4 Adaptation layer
D4.1 ALIM

D.4.1.1 Framework of AL1M
See C.4.1.1/H.223.

D.4.1.2 Primitive exchanged between AL1 and AL1M
See C.4.1.2/H.223.

D.4.1.3 Functions of AL1IM
ALIM provides the following functions:

. optional error detection and indication;
. optional sequence numbering;
. optional forward error correction;
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. optional support of retransmission via ARQI';
. optional AL-SDU splitting for framed frames.

D.4.1.4 Format and structure of AL1M
The format of the ALIM can be seen in Figure D.1.

Bit 8 7 6 5 4 3 2 1 Octet

Optional Control Field (2 or 3 octets) 1

AL-PDU

AL-PDU Payload Field (0 or more octets)

n

T1605910-99

Figure D.1/H.223 — Format of the AL-PDU of the AL1M

The AL-PDU payload shall consist of either an I-PDU or a S-PDU. If a S-PDU is transmitted, the
length of the AL-PDU payload is 0, otherwise it is an I-PDU. In the following descriptions the
AL-PDU payload is assumed to be an I-PDU unless some other indication is given. The maximum
length of AL-PDUs that an ALIM receiver can accept shall be signalled via the H.245 capability
exchange.

In contrast to AL1 of Recommendation H.223, the AL-SDU is not always directly mapped to the
AL-PDU payload, see Figure D.2. The application layer (AL1 user) transfers its data through
AL-SDUs to the adaptation layer. The adaptation layer forms its own AL-SDUs* from the
AL-SDUs. The length of the AL-PDU can be derived from the procedure given in D.4.1.7.1. The
AL-PDU is formed by the AL-PDU payload and the optional Control Field (CF).

I' Note that ARQII is not supported.

2 Recommendation H.223/Annex D (05/99)



“““ Application

Bit stream Layer
—X
_____ALSDU AL-SDU ___AL-SDU.
AL-SDU* | crc |
Reed-Solomon Reed-Solomon
encoding decoding
AL-SDU* | crc | Rs |
Adaptation
Layer
transmitting receiving
codeword codeword
| cF AL-PDU Payload |
| AL-PDU |
v
A
| MUX-SDU | Multiplex
Layer

T1605920-99

Figure D.2/H.223 — ALIM structure

The error protocol allows the AL1M to operate the following two modes:

FEC ONLY In this mode an AL-SDU* with a CRC is Reed-Solomon encoded with a code rate

r < 1.0. The length of the AL-SDU* shall be shorter than 255 — 2e;4,6¢s —Icrc/8. The
resulting AL-PDU consists only of an AL-PDU payload field. Splitting mode is not
supported. In this mode, no retransmission is possible.

ARQ If the mode is set to ARQI (only ARQI supported), it is possible to request
retransmissions.

When ARQI is used, each (re)transmission shall contain the same encoded data.
Therefore, the AL-PDU of each retransmission of the same SN shall contain the
identical number of octets.

D.4.1.5 Control Field (CF)
See C.4.1.5/H.223.

D.4.1.6 Procedures for splitting an AL-SDU (splitting mode)

Only in framed transfer mode, the adaptation layer may split the AL-SDU into one or several
AL-SDU*s if the use of this splitting procedure is signalled by the OpenLogicalChannel message.
This procedure is mandatory for the receiver. In the event that AL-SDU is longer than

255 = 2esyrger —Icrc/8 octets, transmitter shall apply this splitting procedure. In the event that
AL-SDU is shorter than 255 = 2e4,0¢; —Icrc/8 Octets, transmitter may apply this splitting procedure.
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Each AL-SDU* is transmitted as described in D.4.1.7. To identify the end of an AL-SDU, the last
AL-SDU* of the AL-SDU shall be marked by setting the RN field to logical "1", otherwise the RN
field shall be set to "0".

D.4.1.7 Procedures for encoding and decoding the AL-PDU payload
See C.4.1.7/H.223.

D.4.1.7.1 Evaluation of the AL-PDU (I-PDU) length

The following parameters are given:

. [y length of AL-PDU in bits;

. t length of AL-SDU* in bits;

. eurger  CorTECtioON ability of the SRS code in octets;

. Iy length of the control header (CF) field in bits;

. lcre  length of the Cyclic Redundancy Check (CRC) field in bits.

The length /, of the AL-PDU can be evaluated by the following equation:
L, =l +t +ICRC +16etarget (D-1)
The parameters /,, ¢ and /cgc shall be byte aligned. Equation (D-1) shall be used by the ALIM

transmitter. At the AL1M receiver the length of the AL-SDU* ¢ shall be evaluated by the following
equation:

t=1, =l ~lcrc _16etarget (D-2)
Both equations shall be calculated in octets, as illustrated by the following example:

Example

The ALIM wants to transmit an AL-SDU* of ¢ = 376 bits (47 octets), erger = 2, I = 24 bits
(3 octets), Icrc = 16 bits (2 octets). Using the equation (D-1), the length of the AL-PDU is
[, =56 octets. The instant rate 7,,,;; can be evaluated by:

t+1]
Tresult = ] fl]izc (D'3)
y

In this example 7., = % =0.9245 .

D.4.1.7.2 Cyclic Redundancy Check (CRC)

The CRC provides error detection capability across the entire AL-SDU*, however no CRC may be
used. The CRC is appended to the AL-SDU* before the error correction coding procedure is done.
The CRC is used by the ALIM receiver to verify whether the decoding attempt of the error
correction algorithm is error-free. CRC lengths of 8, 16 and 32 bits are supported. The length of the
CRC field shall be specified during the H.245 OpenLogicalChannel procedure.

Description of the CRC polynomials:

a) 8-bit CRC:  see 7.3.3.2.3/H.223;
b) 16-bit CRC: see 7.4.3.2.3/H.223;
c) 32-bit CRC: see 8.1.1.6.2/V.42.
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D.4.1.7.3 Shortened Reed-Solomon encoder

The channel encoder is based on a Shortened Reed-Solomon (SRS) encoder with correction ability
Cargers Where ey can  be selected as an arbitrary integer value satisfying
0 < 2€4g¢ <255 —(t +ICRC)/ 8, where ¢ and /crc denote length of AL-SDU* and length of CRC,

respectively. At the ALIM sending unit, the AL-PDU payload is generated by Reed-Solomon
encoding of the concatenated field of the AL-SDU* and CRC field. The Reed-Solomon encoding of
the CRC field starts with the highest order term of the polynomial representing the CRC field. At the
ALIM receiving entity, the concatenation of AL-SDU* and CRC field may be reconstructed by
Reed-Solomon decoding. As this code is systematic the receiver may also directly extract the CRC
protected AL-SDU* from the received bit stream without Reed-Solomon decoding. The SRS code

defined in the Galois field GF(28) is generated from a generator polynomial

gx)=(x—-a)(x— 0(2)K (x— aze’“’ge’ ), where o i (0<i<254) denotes a root of the primitive

4 3

polynomial m(x)=x"+x" +x +x2 +1. Table D.L1 shows binary 8-tuple representations for o'.

A shift register realization is shown in Figure D.3.

gzeturget_z gzeturget_l

- }< :

Po P p 2etarget_z p Zetarget_l T

‘ Uy ‘ul ‘ ‘uk—z‘uk—l

Ay

> O—

oo oo -]
T1605930-99

Figure D.3/H.223 — Shift register realization for Reed-Solomon encoder

Each element of the message sequence u = (uj_1,u;—»,K ,uy,uy) corresponds to that of AL-SDU*
and CRC in octets. The parity check polynomial p(x) is calculated as:

2
p(x)  =x gy (x)ymod g(x)
D-4)
— zetarget -1 zetarget -2 (
= P2eyger 1 * P2eyyger 2% +A\ +pix+po
where u(x) denotes the message polynomial defined as:
u(x) =uk_1xk_1 +uk_2xk_2 +A\ +upx +ug (D-5)
From (D-4) and (D-5), the code polynomial is given by:
C()C) = uy _1xzetarget +k-1 + uk_zxzetarget +hk=2 +A + ulxzetarget +1 + uoxzemrget
D-6)
zetarget -1 2etarget -2 (
F P26,y -1% * P2eyyger 2% +A\ pix+pg
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Example

* etarget =2
. u=(u2,u1,u0)=(O(4,O(7,0231)
. lcre =8

In this example, uy, and u; are assumed to be AL-SDU* and ugbe CRC. According to the procedure
0f 7.3.3.2.3/H.223, CRC polynomial h(x) is given by:

5 3 2

b(x)=x"+x"+x"+x“+x+1 (D-7)

231

Then, upg =0 is obtained.

The generator polynomial g(x) is given by:
g =-nx-aH)x-ad)x-ah)

:x4+076x3+0251x2+081x+010

(D-8)

Each element of the message sequence u = (0(4, 0(7, 0(231) corresponds to that of AL-SDU* and CRC
in octets. The parity check polynomial p(x) is then calculated as:

p(x) = x* (O(4x2 +ox+ 0(231)m0dg(x)

(D-9)
— 034)63 +O(12x2 +0189x +0188
From (D-8) and (D-9), the code polynomial is given by:
e =atxS +alxd +aB it + a3 +al2x? + !y + o158 (D-10)

7 ~231 34 12 189 0188

Therefore, the code sequence ¢ = (O 4,0( ,a= a7, a e, a ) is obtained.

Figure D.4 shows a shift register realization of this example.

<> @y @) @2
ey
H—>
@)

P3

Y
>

‘GISS‘GIW‘ 012‘034 ‘GZSI‘ a7 ‘ a4 ‘

T1607170-99

Figure D.4/H.223 — Example of Reed-Solomon encoder (es4ger = 2)

D.4.1.8 Encoding procedure: AL-SDU* (I-PDU) to AL-PDU
The following steps are necessary to obtain an AL-PDU from an AL-SDU*.

1) The CRC of the length required in the H.245 OpenLogicalChannel message field shall be
added to the AL-SDU*.

2) Generate the encoded data by passing the AL-SDU* plus CRC through the Reed-Solomon
encoder.

6 Recommendation H.223/Annex D (05/99)



3) For the first transmission read the highest order term of the code polynomial (e.g. uyx_; in

Figure D.3). The first octet of the output (e.g. ux_; in Figure D.3) is the first octet of the
AL-PDU payload field.

4) If required (as indicated in the H.245 OpenLogicalChannel message), the Control Field (CF)
shall be added at the beginning of the AL-PDU.

These steps are valid for the modes FEC_ONLY and ARQL
Figure D.5 illustrates the encoding procedures of the AL1M at the transmitter side.

Bitt
8k 1
CRC AL-SDU* RS CRC AL-SDU*
Uy Uy o Ug g Po Py Uy Uy o Ug g
) Reed-Solomon )
Encoder
11101000 00010000[00000100 00010010[11110110 11101000 00010000[00000100
qll aé a2 224 al” qll a4 a2
T1605950-99

Figure D.5/H.223 — Encoding procedure of the AL1M at the transmitter side

D.4.1.9 Decoding of the AL-PDU payload (I-PDU)

The receiver may check the received systematic symbols before decoding the Reed-Solomon code. If
CRC check fails, any kind of Reed-Solomon decoding may be used.

After Reed-Solomon decoding, the CRC may be used to check the correctness of the decoding
attempt. If the CRC fails, another retransmission may be requested, or the wrong data may be given
to the AL1M user with an appropriate Error Indication (EI) message. If error correction fails, the
receiver may use the decoded information symbols or the systematic symbols before Reed-Solomon
decoding as received in the AL-SDU*. Again passing the wrong data to the ALIM user along with
an El message.

If ARQI retransmission procedure is used, each retransmission gives the same data as the previous
one. After each decoding attempt, the decoding result may be checked by the CRC.

D.4.1.10 Procedures for abort
See C.4.1.11/H.223.

D.4.1.11 Procedures for error control
See C.4.1.12/H.223.

D.4.1.12 Retransmission procedures (ARQI)
See C.4.1.13/H.223.

D4.2 AL2M
See C.4.2/H.223.

Recommendation H.223/Annex D (05/99) 7



D43 AL3M

See C.4.3/H.223. AL3M in Annex D shall use SRS code in stead of RCPC code.

This appendix expresses the binary representation for o' over GF(28) used in Annex D/H.223. In a
binary represented a' (u(g), u(7), u(6), u(s), u(4), u(3), u(z), u(l)), u(l) is defined as LSB and u(g) as MSB.

APPENDIX I

(to Annex D to H.223)

Binary representation for o'

Table D.I.1/H.223 — Binary representation for o' (0 <i < 254) over GF(2")

o Binary rep. o Binary rep. a Binary rep. o Binary rep.
0 00000000 af? 10100001 a'?’ 11001100 o'l 01000001
o’ 00000001 o 01011111 a2 10000101 a'?? 10000010
al 00000010 af’ 10111110 a'? 00010111 o' 00011001
o’ 00000100 % 01100001 a3 | ooro1110 | o' 00110010
o 00001000 a®’ 11000010 a3l 01011100 | o'*? 01100100
at 00010000 o 10011001 a'?? 10111000 | o' 11001000
o 00100000 a® 00101111 ol 01101101 o'’ 10001101
al 01000000 a’® 01011110 a3t 11011010 | o'*8 00000111
a’ 10000000 a’! 10111100 o'’ 10101001 al®? 00001110
al 00011101 a’? 01100101 ol 01001111 a% 00011100
o’ 00111010 a’? 11001010 al?’ 10011110 a0t 00111000
a'® 01110100 o’ 10001001 ol 00100001 a??? 01110000
all 11101000 a”? 00001111 a'?® 01000010 a?® 11100000
a'? 11001101 a’® 00011110 o4l 10000100 o’ 11011101
o 10000111 a’’ 00111100 o' 00010101 a’® 10100111
a 00010011 a’® 01111000 o' 00101010 a?% 01010011
al? 00100110 a’’ 11110000 o' 01010100 | o>’ 10100110
alt 01001100 a0 11111101 a'# 10101000 o208 01010001
al’ 10011000 a®! 11100111 a'® 01001101 a2 10100010
a'd 00101101 a®? 11010011 ol4e 10011010 o’'0 01011001
al® 01011010 a®? 10111011 o' 00101001 a2t 10110010
a’° 10110100 o 01101011 ol 01010010 o’'? 01111001
a’! 01110101 a®’ 11010110 a'® 10100100 a’l3 11110010
a’? 11101010 ad® 10110001 ol 01010101 a4 11111001
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Table D.I.1/H.223 — Binary representation for o (0<i<254)over GF(28) (continued)

i

i

i

i

a Binary rep. a Binary rep. a Binary rep. a Binary rep.
o 11001001 a?’ 01111111 al! 10101010 a2 11101111
a*t 10001111 o8 11111110 al>? 01001001 a’'6 11000011
a?’ 00000011 a®’ 11100001 ol 10010010 a’l’ 10011011
a’® 00000110 a’? 11011111 ol 00111001 a’!® 00101011
a’’ 00001100 ol 10100011 ol 01110010 ol 01010110
a’® 00011000 a’? 01011011 o't 11100100 a??0 10101100
a’’ 00110000 o 10110110 al’ 11010101 a?! 01000101
a’? 01100000 o 01110001 al? 10110111 a??? 10001010
o’ 11000000 o’ 11100010 o'’ 01110011 o 00001001
a2 10011101 ot 11011001 o'o0 11100110 a2 00010010
o3 00100111 a7 10101111 alf! 11010001 o*® 00100100
o 01001110 o8 01000011 a'®? 10111111 a?%6 01001000
a3 10011100 o 10000110 a6 01100011 a2’ 10010000
o’® 00100101 a'% | 00010001 o't 11000110 | o**8 00111101
o’ 01001010 o't 00100010 ol® 10010001 a?® 01111010
o8 10010100 ol 01000100 o' 00111111 a0 11110100
o’ 00110101 al® 10001000 a'®’ 01111110 a3 11110101
a*f 01101010 ol 00001101 ol 11111100 a’*? 11110111
at! 11010100 a'® 00011010 a'® 11100101 a3 11110011
a*? 10110101 a'% 00110100 a7l 11010111 o>t 11111011
a® 01110111 o'’ 01101000 ol 10110011 o 11101011
a* 11101110 a'0® 11010000 o' 01111011 o236 11001011
a®? 11000001 al® 10111101 173 11110110 a2 10001011
a’t 10011111 all? 01100111 ol 11110001 o238 00001011
at’ 00100011 alll 11001110 al” 11111111 a2 00010110
a* 01000110 | o''? 10000001 al7t 11100011 a40 00101100
a* 10001100 a3 00011111 al’’ 11011011 o4 01011000
a? 00000101 a4 00111110 al’® 10101011 o’ 10110000
ol 00001010 a'l’ 01111100 al”® 01001011 o’ 01111101
a2 00010100 alle 11111000 o8 10010110 o’ 11111010
a3 00101000 all’ 11101101 o'®! 00110001 a*® 11101001
o 01010000 all® 11000111 a'® 01100010 a4 11001111

Recommendation H.223/Annex D (05/99)
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Table D.1.1/H.223 — Binary representation for o (0<i<254)over GF(28) (concluded)

i

ai Binary rep. ai Binary rep. qi Binary rep. a Binary rep.
a3 10100000 all? 10010011 ol'®? 11000100 Al 10000011
a® 01011101 a2l 00111011 ol® 10010101 a*® 00011011
o’ 10111010 a'?! 01110110 o!® 00110111 o’ 00110110
a® 01101001 o' 11101100 o' 86 01101110 a?> 01101100
o’ 11010010 a'? 11000101 a'®’ 11011100 a>! 11011000
af° 10111001 a2t 10010111 o'® 10100101 a>? 10101101
al! 01101111 a'? 00110011 a'® 01010111 a3 01000111
ab? 11011110 al26 01100110 a0 10101110 a?? 10001110
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Series A
Series B
Series C
Series D
Series E
Series F

Series G
Series H
Series |

Series J

Series K
Series L

Series M

Series N
Series O
Series P
Series Q
Series R
Series S
Series T
Series U
Series V
Series X
Series Y

Series Z

ITU-T RECOMMENDATIONS SERIES
Organization of the work of the ITU-T
Means of expression: definitions, symbols, classification
General telecommunication statistics
General tariff principles
Overall network operation, telephone service, service operation and human factors
Non-telephone telecommunication services
Transmission systems and media, digital systems and networks
Audiovisual and multimedia systems
Integrated services digital network
Transmission of television, sound programme and other multimedia signals
Protection against interference
Construction, installation and protection of cables and other elements of outside plant

TMN and network maintenance: international transmission systems, telephone circuits,
telegraphy, facsimile and leased circuits

Maintenance: international sound programme and television transmission circuits
Specifications of measuring equipment

Telephone transmission quality, telephone installations, local line networks
Switching and signalling

Telegraph transmission

Telegraph services terminal equipment

Terminals for telematic services

Telegraph switching

Data communication over the telephone network

Data networks and open system communications

Global information infrastructure and Internet protocol aspects

Languages and general software aspects for telecommunication systems
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