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FOREWORD

The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of the International Telecommunication Union. 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, established the topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

Recommendation H.223 Annex D was prepared by the ITU-T Study Group 16 (1997-2000) and was approved by the WTSC (Place, Month xx-xx, 199x).

___________________

NOTES

1
In this Recommendation, the word "shall" is used to specify a mandatory requirement, the word "should" is used to specify a suggested, but not required, course of action, and the word "may" is used to specify an optional course of action, without expressing preference.

SUMMARY

Described in this document are error robust adaptation layers as an extension of H.223. They are specified as an optional definition of H.223/Annex C. These adaptation layers use Reed-Solomon codes, which represent an alternative to RCPC coding, as defined in H.223/Annex C, for error correction.
Optional Multiplexing Protocol for Low Bitrate Multimedia Communication over Highly Error-prone Channels

D.1.
Scope

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

D.2.
Acronyms and Definitions

ARQ
Automatic Repeat Request

CRC
Cyclic Redundancy Check

CF
Control Header Field

FEC
Forward-Error Correction

SRS
Shortened Reed-Solomon (code)

D.3.
Multiplex (MUX) layer specification

See C.3..

D.4.
Adaptation layer

D.4.1.
AL1M
D.4.1.1.
Framework of AL1M

See C.4.1.1..

D.4.1.2.
Primitive exchanged between AL1 and AL1M

See C.4.1.2..

D.4.1.3.
Functions of AL1M
· AL1M provides the following functions:

· Optional error detection and indication

· Optional sequence numbering

· Optional forward error correction

· 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 AL1M can be seen in Figure 1.
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Figure 1  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 AL1M receiver can accept shall be signaled via the H.245 capability exchange.

In contrast to AL1 of the Recommendation H.223 the AL-SDU is not always directly mapped to the AL-PDU payload, see Figure 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 Chapter D.4.1.7.1. The AL-PDU is formed by the AL-PDU payload and the optional Control Field (CF). 
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 255-2etarget-lCRC/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.

[image: image1.wmf]Figure 2  AL1M structure

D.4.1.5.
Control Field (CF)

See C.4.1.5..

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 signaled by the OpenLogicalChannel message. This procedure is mandatory for the receiver. In the event that AL-SDU is longer than 255-2etarget-lCRC/8 octets, transmitter shall apply this splitting procedure. In the event that AL-SDU is shorter than 255-2etarget-lCRC/8  octets, transmitter may apply this splitting procedure.
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..

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

· The following parameters are given:

· lv
Length of AL-PDU in bits

· t
Length of AL-SDU* in bits

· etarget
Correction ability of the SRS code in octets
· lh 
Length of the control header (CF) field in bits

· lCRC
Length of the cyclic redundancy check (CRC) field in bits 

The length lv of the AL-PDU can be evaluated by the following equation:
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The parameters lv, t and lCRC shall be byte aligned. Eq.(1) shall be used by the AL1M transmitter. At the AL3M receiver the length of the AL-SDU* t shall be evaluated by the following equation:
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(2) 

Both equations shall be calculated in octets, as illustrated by the following example:

Example:

The AL1M wants to transmit a AL-SDU* of t = 376 bits (47 octets), etarget = 2, lh = 24 bits (3 octets), lCRC = 16 bits (2 octets). Using the eq.(1), the length of the AL-PDU is lv = 56 octets. The instant rate rresult can be evaluated by 
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In this example 
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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 AL1M 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 of Recommendation H.223

b)
16-bit CRC: 
see 7.4.3.2.3 of Recommendation H.223

c)
32-bit CRC: 
see 8.1.1.6.2 of Recommendation V.42

D.4.1.7.3.
Shortened Reed-Solomon Encoder

The channel encoder is based on a shortened Reed-Solomon (SRS) encoder with correction ability etarget, where etarget can be selected as an arbitrary integer value satisfying
. 
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, where t and lCRC denote length of AL-SDU* and length of CRC, respectively. At the AL1M 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 AL1M 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 bitstream without Reed-Solomon decoding. The SRS code defined in the Galois field GF(28) is generated from a generator polynomial 
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Figure 3  Shift register realization for Reed-Solomon encoder 

Each element of the message sequence u=(uk-1, uk-2, … ,u1, u0) corresponds to that of AL-SDU* and CRC in octets. The parity check polynomial p(x) is calculated as:
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where u(x) denotes the message polynomial defined as
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From (4) and (5), the code polynomial is given by
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· Example

· etarget=2

· u=( u2, u1, u0) =()

· lCRC=8

In this example, u2, and u1are assumed to be AL-SDU* and u0 be CRC. According to the procedure of 7.3.3.2.3 of Recommendation H.223, CRC polynomial b(x) is given by  
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Then , u0=231 is obtained. 

The generator polynomial g(x) is given by 
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Each element of the message sequence u=() corresponds to that of AL-SDU* and CRC in octets. The parity check polynomial p(x) is then calculated as:
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From (8) and (9), the code polynomial is given by
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Therefore, the code sequence c=() is obtained.
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    Figure 4 shows a shift register realization of this example.

Figure 4  Example of Reed-Solomon encoder (etarget=2)

D.4.1.8.
Encoding Procedure: AL-SDU* (I-PDU) to AL-PDU

1. The following steps are necessary to obtain an AL-PDU from an AL-SDU*.

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

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

4. For the first transmission read the highest order term of the code polynomial (eg. uk-1 in Figure 3) The first octet of the output (eg. uk-1 in Figure 3) is the first octet of the AL-PDU payload field. 

5. 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 ARQI.

Figure 5 illustrates the encoding procedures of the AL1M at the transmitter side.
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Figure  5  Encoding procedure of the AL1M at the transmitter side

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

1. 
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 AL1M user along with an EI 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..

D.4.1.11.
Procedures for error control
See C.4.1.12..

D.4.1.12.
Retransmission procedures (ARQI)
See C.4.1.13..

D.4.2.
AL2M
See C.4.2..
D.4.3.
AL3M
See C.4.3.. AL3M in Annex D shall use SRS code in stead of RCPC code.
Appendix I to Annex D to H.223

Binary representation for i
This appendix expresses the binary representation for i over GF(28) used in H.223/Annex D. In a binary represented i (u(8), u(7), u(6), u(5), u(4), u(3), u(2), u(1)), u(1) is defined as LSB and u(8) as MSB.

Table 1 Binary representation for 
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
Binary rep.

binary rep.

binary rep.

binary rep.



































































































































































































































































































































































































































































































































































































































































































































































� Note that ARQII is not supported.
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Optional Control Field (2 or 3 octets)







AL-PDU Payload Field (0 or more octets) 
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