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| TU-T Recommendation H.223

Multiplexing protocol for low bit rate multimedia communication

Summary

This Recommendation specifies a packet-oriented multiplexing protocol for low bit rate multimedia
communication. This protocol can be used between two low bit rate multimedia terminals, or
between alow bit rate multimedia terminal and a multipoint control unit or an interworking adapter.
The protocol alows the transfer of any combination of digital voice/audio, digital video/image and
data information over a single communication link. This protocol provides low delay and low
overhead by using segmentation and reassembly and by combining information from different
logical channelsin a single packet. The control procedures necessary to implement this multiplexing
protocol are specified in ITU-T H.245. Annexes A, B and C are multiplexing protocol extensions for
low, medium and highly error-prone channels, respectively. Annex D provides an optional
Reed-Solomon code error correction which is an alternative to the RCPC coding of Annex C.

Sour ce

ITU-T Recommendation H.223 was revised by ITU-T Study Group 16 (2001-2004) and approved
under the WTSA Resolution 1 procedure on 29 July 2001.
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| TU-T Recommendation H.223

Multiplexing protocol for low bit rate multimedia communication

1 General

This Recommendation specifies the frame structure, format of fields and procedures of the packet
multiplexing protocol for low bit rate multimedia communication. This protocol can be used
between two low bit rate multimedia terminals, or between a low bit rate multimedia terminal and a
Multipoint Control Unit (MCU) or an InterWorking adapter (IWA). The control procedures
necessary to implement this multiplexing protocol are specified in ITU-T H.245.

In this Recommendation communication between different protocol layers is modelled as a set of
abstract primitives, which represent a logical exchange of information. The decomposition of
functionality into (sub)layers, as well as the description of the primitives, do not imply a particular
method of implementation. In particular, layers may exchange the contents of a logical unit
(an SDU) in a"streaming" mode where information exchange may start before the transferring layer
has the complete unit in its possession.

2 Nor mative refer ences

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the currently
valid ITU-T Recommendationsis regularly published.

[1] ITU-T H.245 (2000), Control protocol for multimedia communication.

[2] ITU-T V.42  (1996), Error-correcting procedures  for DCEs using
asynchronous-to-synchronous conversion.

[3] ITU-T H.324 (1998), Terminal for low bit rate multimedia communication.
[4] ITU-T Q.922 (1992), ISDN data link layer specification for frame mode bearer services.

3 Definitions and format conventions

31 Definition of terms
This Recommendation defines the following terms:

3.1.1 adaptation layer (AL): The upper of the two layers of the multiplexer of this
Recommendation.

3.1.2 AL-PDU: An information unit exchanged between peer Adaptation Layer entities. An
AL-PDU is conveyed as one MUX-SDU.

3.1.3 AL-SDU: A logica information unit whose integrity is preserved in transfer from one AL
user to the peer AL user.

3.1.4 AL user: A higher-layer entity which makes use of the services of the Adaptation Layer.
3.1.5 control channel: A logical channel which carries H.245 control messages.

ITU-T H.223 (07/2001) 1



3.1.6 header error control (HEC) field: A 3-bit CRC field in the MUX-PDU header which is
used to detect errorsthat affect the MC field.

3.1.7 logical channel number (LCN): A unique integer between 0 and 65535 assigned to a
logical channel.

3.1.8 multiplex code (MC) field: A 4-bit field in the MUX-PDU header which specifies, by
reference to a multiplex table entry, the logical channel to which each octet in the information field
belongs.

3.1.9 multiplex (MUX) layer: The lower of the two layers of the multiplexer of this
Recommendation.

3.1.10 multiplex table: A table with up to 16 entries which specifies the multiplexing pattern for
the information field of aMUX-PDU.

3.1.11 MUX-PDU: Aninformation unit exchanged between peer MUX layer entities.

3.1.12 MUX-SDU: A logical information unit whose integrity is preserved in transfer from one
Adaptation Layer to the peer Adaptation Layer.

3.1.13 non-segmentable logical channel: A logical channel whose MUX-SDUs may not be
segmented. MUX-SDUs from a non-segmentable logical channel are transmitted in consecutive
octets of asingle MUX-PDU.

3.1.14 packet marker (PM) field: A one-bit field used to mark the end of a MUX-SDU from a
segmentable logical channel.

3.1.15 protocol data unit (PDU): A unit of information exchanged between peer protocol layer
entities.

3.1.16 quality of service (QOS): The quality of the service that individual information streams
receive from the multiplexer, as measured by parameters such as bit rate, delay jitter, loss, etc.

3.1.17 segmentable logical channel: A logical channel whose MUX-SDUs may be segmented.
Segmentation alows the temporary suspension of the transmission of a MUX-SDU in order to
transmit octets from another MUX-SDU.

3.1.18 service data unit (SDU): A logica unit of information whose integrity is preserved in
transfer from one protocol layer entity to the peer protocol layer entity.

3.1.19 dot: A consecutive sequence of octets within a single MUX-PDU, described by a single
H.245 MultiplexElement structure of type logicalChannelNumber. Each slot holds an integral
number of octets from asingle MUX-SDU.

3.2 Format conventions

The numbering, field mapping and bit transmission conventions used in this Recommendation are
consistent with those used in ITU-T V.42.

3.2.1 Numbering convention

The basic numbering convention used in this Recommendation is illustrated in Figure 1. The bitsin
each information unit are grouped into octets. The bits of an octet are shown horizontally and are
numbered from 1 to 8. Multiple octets are shown vertically and are numbered from 1 to n.

3.2.2 Order of bit transmission

The octets are transmitted in ascending numerical order; inside an octet, bit 1 is the first bit to be
transmitted.

2 ITU-T H.223 (07/2001)



3.23 Field mapping convention

When a field is contained within a single octet, the lowest-numbered bit of the field represents the
lowest-order value (or the least significant bit).

When a field spans more than one octet, the highest-numbered bit of the first octet represents the
highest-order value, and the lowest-numbered bit of the last octet represents the lowest-order value.

8 7 6 5 4 3 2 1 Octets
1

T1520080-95

Figure 1/H.223 — Format convention

An exception to the preceding field-mapping convention is the Cyclic Redundancy Check (CRC)
field. In this case, the lowest-numbered bit of the first octet is the highest-order term of the
polynomial representing the CRC field; the highest-numbered bit of the last octet is the |owest-order
term of the polynomial representing the CRC field.

4 Abbreviations
This Recommendation uses the following abbreviations:

AL Adaptation Layer

AL1-AL3 Adaptation Layer 1-3

CRC Cyclic Redundancy Check
DRTX Declined Retransmission

El Error Indication

HDLC High-level Data Link Control
HEC Header Error Control

IWA InterWorking Adapter

LAPM Link Access Procedure for Modems
LCN Logical Channel Number
MC Multiplex Code

MUX Multiplex

PDU Protocol Data Unit

PM Packet Marker

PT Payload Type

I TU-T H.223 (07/2001) 3



QoS Quality of Service
SDuU Service Data Unit
SN Sequence Number
SREJ Selective Regject

5 Overview

This Recommendation specifies a packet-oriented multiplexing protocol designed for the exchange
of one or more information streams between higher-layer entities such as data and control protocols
and audio and video codecs.

In this Recommendation, each information stream is represented by a uni-directional logical channel
which is identified by a unique Logical Channel Number (LCN), an integer between 0 and 65535.
LCNO is a permanent logical channel assigned to the H.245 control channel. All other logical
channels are dynamically opened and closed by the transmitter using the H.245 OpenL ogical Channel
and CloselLogicalChannel messages. All necessary attributes of the logical channel are specified in
the OpenLogical Channel message. For applications that require a reverse channel, a procedure for
opening bi-directional logica channelsisalso defined in ITU-T H.245.

The genera structure of the multiplexer is shown in Figure 2. The multiplexer consists of two
distinct layers: aMultiplex (MUX) layer and an Adaptation Layer (AL).

Application Layer Audio I/O Video I/O
H.245
Control
Control Data Audio Video
Data Audio Video
LAPM Protocol Coder Coder

Adaptation Layer

Multiplex Layer

ITU-T H.223

| T1520090-95

Physica Layer

Figure 2/H.223 — Protocol stack for ITU-T H.223

51 Multiplex (MUX) layer overview

The MUX layer is responsible for transferring information received from the AL to the far end using
the services of an underlying physical layer. The MUX layer exchanges information with the AL in
logical units called MUX-SDUs. MUX-SDUs aways contain an integral number of octets that
belong to a single logical channel. MUX-SDUs typicaly represent information blocks whose start
and end marks the location of fields which need to be interpreted in the receiver.

4 ITU-T H.223 (07/2001)



MUX-SDUs are transferred by the MUX layer to the far end in one or more variable-length packets
called MUX-PDUs. MUX-PDUs consist of a one-octet header, followed by a variable number of
octets in the information field. MUX-PDUs are delimited by HDLC flags. The HDLC zero-hit
insertion method is used to ensure that aflag is not simulated within the MUX-PDU.

Octets from multiple logical channels may be present in a single MUX-PDU information field. The
header octet contains a 4-bit Multiplex Code (MC) field which specifies, by reference to a multiplex
table entry, the logical channel to which each octet in the information field belongs. Multiplex table
entry 0 is permanently assigned to the control channel. Other multiplex table entries are formed by
the transmitter and are signalled to the far end viathe control channel prior to their use.

Multiplex table entries specify a pattern of sots each assigned to a single logical channel. Any one
of 16 multiplex table entries may be used in any given MUX-PDU. This allows rapid, low-overhead
switching of the number of bits allocated to each logical channel from one MUX-PDU to the next.
The construction of multiplex table entries and their use in MUX-PDUs is entirely under the control
of the transmitter, subject to certain receiver capabilities.

When a logical channel is opened, it is designated to be either non-segmentable or segmentable.
MUX-SDUs from segmentable logical channels may be broken into segments which are then
transferred to the far end in one or more MUX-PDUs. Such segmentation is useful in providing
improved Quality of Service (QoS), for example, by alowing the temporary suspension of the
transmission of a long MUX-SDU from a segmentable data logical channel, in order to transmit a
MUX-SDU from a non-segmentable audio logical channel.

5.2 Adaptation layer overview

The unit of information exchanged between the AL and the higher-layer AL users is an AL-SDU.
The method of mapping information streams from higher layers into AL-SDUs is outside the scope
of this Recommendation, and is specified in the System Recommendation that uses H.223.

AL-SDUs contain an integer number of octets. The AL adapts AL-SDUs to the MUX layer by
adding, where appropriate, additional octets for purposes such as error detection, sequence
numbering and retransmission. The information unit exchanged between peer AL entitiesis called an
AL-PDU. An AL-PDU is conveyed as one MUX-SDU.

Three different types of ALs, named AL 1 through AL3, are specified in this Recommendation:

. AL1 is designed primarily for the transfer of data or control information. AL1 does not
provide any error control; all necessary error protection should be provided by the AL1 user.

In the framed transfer mode, AL 1 receives information from its higher layer (e.g. a data link
layer protocol such as LAPM/V.42 or LAPF/Q.922, which provides error control) in
variable-length AL-SDUs, and simply passes these to the MUX layer in MUX-SDUs
without any modifications.

In the unframed mode, AL1 is used to transfer an unframed sequence of octets from an AL1
user. In this mode, one AL-SDU represents the entire sequence and is assumed to continue
indefinitely.

. AL2 isdesigned primarily for the transfer of digital audio.

AL2 receives information from its higher layer (e.g. an audio encoder) in AL-SDUs,
possibly of variable-length and passes these to the MUX layer in MUX-SDUSs, after adding
1 octet for an 8-bit CRC, and optionally adding 1 octet for sequence numbering.

. AL3isdesigned primarily for the transfer of digital video.

AL3 receives information from its higher layer (e.g. a video encoder) in variable-length
AL-SDUs and passes these to the MUX layer in MUX-SDUs, after adding 2 octets for a
16-bit CRC, and optionally adding 1 or 2 control octets. AL3 includes a retransmission
protocol designed for video.

I TU-T H.223 (07/2001) 5



6 Multiplex (MUX) layer specification

6.1 Framework of MUX layer

The MUX layer provides the capabilities to transfer MUX-SDUs from the sending AL to the
receiving AL using the services of a physical layer below. MUX-SDUs shall always contain an
integral number of octets. MUX-SDUSs that belong to a given logical channel shall be transferred by
the MUX layer in the same order they are received from the AL above.

6.2 Primitives exchanged between the MUX layer and the AL

The MUX layer may interface with one or more ALs. The information exchanged between the MUX
layer and each individual AL includes the following primitives:

. MUX-DATA. .request (MUX-SDU).

. MUX-DATA.indication (MUX-SDU).

. MUX-Abort.request.

. MUX-Abort.indication

6.2.1 Description of primitives

. MUX-DATA . .request: This primitive isissued to the MUX layer by an AL sending entity to
request the transfer of a MUX-SDU to the corresponding receiving entity.

. MUX-DATA.indication: This primitive is issued by the MUX layer to an AL receiving
entity to indicate the arrival of aMUX-SDU from the corresponding sending entity.

. MUX-Abort.request: This primitive is issued to the MUX layer by an AL sending entity to
signal that a partially delivered MUX-SDU isto be discarded. This primitive may be used by
al AL types.

. MUX-Abort.indication: This primitive isissued by the MUX layer to an AL receiving entity

to signal that apartially delivered MUX-SDU isto be discarded.

6.2.2 Description of parameter

. MUX-SDU: This parameter contains the information of an integral number of octets from or
toan AL. A MUX-SDU shall contain exactly one complete AL-PDU.

6.3 MUX-PDU framing
All MUX-PDUs shall be delimited using HDLC flags.

6.3.1 Flag

All MUX-PDUs shall be preceded and followed by the flag consisting of the unique bit pattern
"01111110". The flag preceding the MUX-PDU is defined as the opening flag. The flag following
the MUX-PDU is defined as the closing flag. The closing flag may also serve as the opening flag of
the next MUX-PDU. However, al receivers conforming to this Recommendation shall accommodate
receipt of more than one consecutive flag, as the flag may be transmitted repetitively between
MUX-PDUs.

6.3.1.1 Transparency

The transmitter shall examine the MUX-PDU content between the opening and closing flags, and
shall insert a "0" bit after al sequences of five contiguous "1" bits to ensure that a flag is not
simulated within the MUX-PDU. The receiver shall examine the received bitstream between the
opening and closing flags and shall discard any "0" bit which directly follows five contiguous
"1" hits.

6 ITU-T H.223 (07/2001)



6.4 MUX-PDU format and coding
All MUX-PDUs shall conform to the format shown in Figure 3.

8 7 6 5 4 3 2 1 Octets

Header (1 octet) 1

MUX-PDU

Information field (O or more octets)

T1520790-96

Figure 3/H.223 — MUX-PDU for mat

6.41 Header
The format of the header shall conform to the format shown in Figure 4.

8 7 6 5 4 3 2 1
HEC MC PM

T1520110-95

MC  Multiplex Code
HEC Header Error Control
PM Packet Marker

Figure 4/H.223 — Header format of the MUX-PDU

6.4.1.1 Multiplex Code (MC) field

The 4-bit MC field specifies to which logical channel each octet of the MUX-PDU information field
belongs, by referencing an entry in the multiplex table. The field represents the number of the
multiplex table entry, from 0 to 15. Multiplex table entry O is permanently assigned to the control
channel, and shall always represent a pattern of octets assigned to the control channel (LCNO) which
continue until the closing flag. Prior to their use, multiplex table entries 1 to 15 are sent to the far end
in H.245 MultiplexEntrySend messages, according to the procedure and syntax described in
ITU-T H.245.

Unless specified otherwise in the System Recommendation, at the start of communication, only table
entry O is available, and table entries 1 to 15 are deactivated. The multiplex table entries used in each
direction of transmission are independent of each other, and may be different.

Receivers should discard any MUX-PDU whose MC field references a deactivated multiplex table
entry. Receivers should also discard any MUX-PDU which contains octets for a logical channel
which is not open.

ITU-T H.223 (07/2001) 7



All receivers conforming to this Recommendation shall signal their capability to receive and
correctly interpret either basic or enhanced MultiplexEntryDescriptors (for definitions,
see ITU-T H.245) using the receive capability indication h223M ultiplexTableCapability, specified in
ITU-T H.245.

Receivers signalling basic h223MuxTableCapability shall be capable of receiving and correctly
interpreting MultiplexEntryDescriptors which satisfy the following constraints:

. Maximum e ementList size: 2
. Maximum nesting depth: 1
. M aximum subElementList size: 2

and whose first MultiplexElement in the elementList does not use a non-segmentable logical channel
more than once and whose second MulitplexElement in the elementList uses only segmentable
logical channels.

Receivers signalling enhanced capability shall signal their capability to receive and correctly
interpret  MultiplexEntry Descriptors, according to the H.245 h223MultiplexTableCapability
indication. A receiver signalling enhanced capability is aso capable of receiving and correctly
interpreting all MultiplexEntryDescriptors that are included in the basic capability.

NOTE — The MC field of each MUX-PDU should be selected in a manner that provides each information

stream the Quality of Service (QoS) it needs. Thisis the responsibility of alocal multiplexing implementation
which is outside the scope of this Recommendation.

6.4.1.2 Header Error Control (HEC) field
The 3-bit HEC field provides error detection capabilities over the MC field using a 3-bit CRC.

The HEC field shall contain the remainder of the division (modulo 2) by the generator polynomial
P(x) = x> + x + 1 of the product x> multi plied by the content of the MC field. The polynomial
representing the content of the MC field is generated using bit number 2 (i.e. the least significant bit)
in the MC field as the coefficient of the highest-order term. The polynomial representing the content
of the CRC field is generated using bit number 6 (i.e. the least significant bit) as the coefficient of
the highest-order term. Table 1 shows the values of the 3-bit HEC field as a function of the 4-bit
MC field.

Receivers should discard any MUX-PDU whose HEC field fails the error check.

6.4.1.3 Packet Marker (PM) field

The 1-bit PM field shall be used to mark the end of MUX-SDUSs of segmentable logical channels, as
described in 6.5.

Table 1/H.223 — Values of the HEC field asa
function of the values of the M C field

MC Field HEC Field
Bit number Bit number
5432 876
0000 000
0001 101
0010 111
0011 010
0100 011
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Table /H.223 - Values of the HEC field asa
function of the values of the M C field

MC Fidd HEC Field

Bit number Bit number
5432 876
0101 110
0110 100
0111 001
1000 110
1001 011
1010 001
1011 100
1100 101
1101 000
1110 010
1111 111

6.4.2 Information field

The multiplex table entry selected by the MC field specifies the multiplexing pattern for the
information field, according to the multiplex table entry syntax described in ITU-T H.245. Octets
from multiple logical channels may be present in the information field. The information field may be
terminated on any octet boundary by closing the MUX-PDU with a closing flag, except a
MUX-SDU from a non-segmentable logical channel shall not be interrupted.

The procedure given in this paragraph is optional and is used only when it is required by the System
Recommendation that uses ITU-T H.223: when this option is used, the transmitter shall
exclusve-OR each octet in the information field with the octet 000uxyzO prior to applying the
transparency procedure where "uxyz" represent the bits of the MC field where z corresponds to the
least significant bit (bit number 2) of the field. The receiver shall perform the same operation to
restore the original information field content. This procedure is followed to ensure that errors
affecting the MC field will alter the received information field octets, with high probability ensuring
the failure of any CRC checks applied to the information field content.

NOTE 1 — When the above procedure is not used, the multiplexer should be designed such that in case of
undetected errors affecting the MC field, the failure of any CRC checks applied to the information field is
ensured with high probability.

The length of the information field is not limited; however, transmitters should consider the error
characteristics of the underlying physical medium when choosing the length of the information field.
In the event of bit errorsthat affect the MC field, the entire MUX-PDU may be lost.

NOTE 2 — In the receiver, the MUX layer may pass the octets of the information field to the AL in a
"streaming" mode before having the complete MUX-PDU in its possession.

6.4.3 Abort

A MUX-PDU which has no information field shall be interpreted in the receiver as an abort, if its
PM field isset to "0" and its MC field is the same as that of the previously received MUX-PDU. The
MUX-SDU to be aborted is the one which occupied the last octet in the previousy received
MUX-PDU.
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6.5 Marking of MUX-SDU boundaries

It is necessary to detect the boundaries of MUX-SDUs in the receiver in order to identify the location
of all fields which the receiver must interpret in the AL and/or in a frame-oriented higher-layer. This
shall be accomplished as follows:

For non-segmentable logical channels, each MUX-SDU shall begin coincident with a slot specified
in a single MultiplexElement structure whose type is logical Channel Number (see ITU-T H.245), and
shall end after the specified repeatCount, or at the closing flag of the current MUX-PDU, whichever
occurs first. The actual length of the MUX-SDU may be smaller than the length of the slot, provided
that the current MUX-PDU is terminated by a closing flag immediately after the MUX-SDU. Since
the size of each MUX-SDU may vary, multiple multiplex table entries may be defined to match the
possible lengths of MUX-SDUSs, in order to mix these MUX-SDUs with octets from other logical
channels. It should be noted that the definitions given here together with the conditions given in
ITU-T H.245 imply that it is alowed to place more than one MUX-SDU from a non-segmentable
logical channel in one MUX-PDU, but only when the remote receiver has indicated the enhanced
multiplex capability.

For segmentable logical channels, each MUX-SDU may be broken into segments and these
segments may be transferred in one or more MUX-PDUs. The PM field in the MUX-PDU header
shall be used to mark the end of each MUX-SDU. Specifically, the PM field shall be set to "1" to
indicate that the last octet of the previous MUX-PDU was the final octet of the terminating
MUX-SDU. As a result of this procedure, only one segmentable MUX-SDU is permitted to
terminate within a MUX-PDU; as soon as the end of any MUX-SDU from a segmentable logical
channel is reached, the MUX-PDU shall be terminated with a closing flag and the PM field in the
next MUX-PDU shall be set to "1". In al other circumstances, the PM field shall be set to "0".
Another result of this procedure is that a MUX-PDU will never contain octets from two different
MUX-SDUs of the same segmentable logical channel.

An empty MUX-PDU with no information field shall be transmitted for the purpose of terminating a
MUX-SDU from a segmentable logical channel, if the transmitter has no information to send
immediately after closing the MUX-PDU. The PM field of this MUX-PDU shall be set to "1", and
the MC field shall be the same as that of the previous MUX-PDU.

6.6 Examples

Table 2 includes examples of MultiplexEntryDescriptors which include 1, 2 or 3 MultiplexElements
in the elementList. Each row in the table corresponds to a MultiplexEntryDescriptor. For each
MultiplexEntryDescriptor, the number of MultiplexElements in the elementList, the nesting depth
and the subelementL.ist size are given in separate columns.

Five logical channels are assumed as follows: LCNO: control, LCN1: audio I, LCN2: data, LCN3:
video, LCN4: audio Il. Audio logical channels are designated as non-segmentable, and all others are
designated as segmentable.

Thefirst five rows show examples of basic MultiplexEntryDescriptors:

The first two rows show how the entire MUX-PDU information field can be assigned to a single
logical channel. It should be noted that the entry shown in row 1 can be used to send audio
MUX-SDUs of any length, but not to send more than one audio MUX-SDU.

The third row illustrates how video may be transmitted after an audio MUX-SDU in a single
MUX-PDU.

The fourth row shows how data and video may be mixed using a repeating pattern of 1 octet of data
and 3 octets of video.
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The fifth row shows how a short audio MUX-SDU, possibly representing background noise
information sent during a silence period, may be mixed using a repeating pattern of data and video.
Thisentry is used later in this clause to illustrate the construction of the information field.

The last three rows show examples of enhanced MultiplexEntryDescriptors:
The sixth row illustrates how audio may be mixed with octets from video, data and control channels.

The seventh row shows a MultiplexEntryDescriptor with 3 MultiplexElements used to send two
audio MUX-SDUs from two different audio logical channels, mixed with octets from data and video
channels.

Finally, the eighth row shows an example of 2-level nesting, where an audio MUX-SDU is followed
by an aternating pattern of data and video octets which repeats five times, and where the entire
pattern including the audio MUX-SDU repeats untilClosingFlag.

Table 2/H.223 — Examples of MultiplexEntryDescriptors
(LCN: logicalChannelNumber, RC: repeat Count, UCF: untilClosingFlag)

. . Element | Nesting | Subelement
Row M ultiplexEntryDescriptor ListSize | Depth ListSize Example

1 | {LCN1,RCUCF} 1 0 0 All audio
{LCN3,RC UCF} 1 0 0 All video

3 | {LCN1,RC21} {LCN3,RC UCF} 2 0 0 Audio,

All video

4 | {{LCN2,RC1} {LCN3,RC3}, 1 1 2 1:3 data video
RC UCF}

5 | {LCN1,RC4} {{LCN2,RC1}, 2 1 2 Audio,
{LCN3,RC2} ,RC UCF} 1:2 datavideo

6 | {LCN1,RC21} {{LCN2,RC2}, 2 1 3 Audio, 2:6:1
{LCN3,RC6} ,{ LCNO,RC1} RC UCF} data video control

7 | {LCN1,RC21} {LCN4,RC25}, 3 1 2 Audiol, Audio Il,
{{LCN2,RC1} {LCN3,RC1} 1:1 datavideo
RC UCF}

8 | {{LCN1,RC25} {{LCN2,RC1}, 1 2 2 2-level nesting
{LCN3,RC1} ,RC5} ,RC UCF}

Figure 5 shows an example of the construction of the information field from the
MultiplexEntryDescriptor and illustrates the use of the PM field. The MultiplexEntryDescriptor
shown inrow 5 of Table 2 is used in this example.

Suppose that in this example at one instant of time, the multiplexer has three MUX-SDUs ready for
transmission: a 4-octet MUX-SDU from LCN1, a 3-octet MUX-SDU from LCN2 and a 3-octet
MUX-SDU from LCN3.

The MUX-PDU is formed starting with the 4-octet MUX-SDU from LCN1, and continuing with a
1-octet segment from LCN2, a 2-octet segment from LCN3, a 1-octet segment from LCN2 and
another 1-octet segment from LCN3. Since the end of the MUX-SDU from LCN3 is then reached,
the MUX-PDU is closed with a flag, and the PM field in the next MUX-PDU is set. The last octet of
the MUX-SDU from LCN2 may be transmitted in any of the following MUX-PDUs.
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LCN1 (audio) LCN2 (data) LCN3 (video)

4 octets 3 octets 3 octets
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Flag Header LCN1 LCN2 LCN3 LCN2 LCN3 Flag Header

T1520120-95

Figure 5/H.223 — Information field example

7 Adaptation Layer (AL) specification

7.1 I ntroduction

This clause describes the interactions between the AL and the higher layer above, and the AL and
the MUX layer, as well as end-to-end operations between peer ALs. The Adaptation Layer (AL)
enhances the services provided by the underlying MUX layer to support functions required by AL
users and to support the mapping between the MUX layer and the layer above. Three different types
of ALs, named AL1, AL2 and AL3, are specified.

The AL is selected by the transmitter using the OpenL ogical Channel message of ITU-T H.245 at the
time alogical channel is opened. Any one of the three types of ALs may be used to carry a given
logical channel subject to restrictions that may be imposed by the System Recommendation that uses
ITU-T H.223. The AL includes a few optiona fields which are selected by the transmitter in the
OpenL ogical Channel message at the time alogical channel is opened.

The unit of information exchanged between the AL and a higher-layer entity is called an AL-SDU.
AL-SDUs may be of variable length. The maximum length of AL-SDUSs is determined by the AL
user. The method of mapping the information stream from the higher layer to AL-SDUs is outside
the scope of this Recommendation, and is defined in the System Recommendation
(e.g. ITU-T H.324) that uses ITU-T H.223. AL-SDUs that belong to a given logical channel shall be
transferred by the AL in the same order they are received from the higher-layer entity. AL transfers a
complete AL-SDU received from the AL user in asingle AL-PDU. An AL-PDU is mapped directly
to asingle MUX-SDU, the parameter of the MUX layer primitive, and vice versa.

7.2 Adaptation Layer Type 1l (AL1) specification

7.21 Framework of AL1
AL1isdesigned primarily for the transfer of data or control information.

AL1 does not provide any error detection or correction capability. Therefore, any necessary error
control, possibly including a retransmission procedure, should be provided by the higher layer.

AL1 provides two transfer modes:
a) framed transfer mode; and
b) unframed transfer mode.
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In the framed transfer mode, AL1 may be used to transfer frames generated by a higher-layer
protocol such as the data link layer protocol LAPM/V.42 or LAPF/Q.922. In this case, frames are
first mapped to AL-SDUs and these are then passed by AL1 in MUX-SDUs to the MUX layer.

AL1 may also be used to carry an unframed octet sequence. In this mode, any internal framing
present in the octet sequence is not visible to AL1 which passes the octets received from the higher
layer to the MUX layer without paying any attention to framing.

The transfer mode of AL1 is selected by the transmitter in the H.245 OpenL ogical Channel message.

Logical channels which are transferred by AL 1 using the unframed transfer mode shall be designated
as segmentable, so that the octet transmission can be interrupted to send octets from other
information streams. However, since the AL-SDU continues indefinitely, for such logical channels,
the PM field shall never be set to "1".

7.2.2  Primitives exchanged between AL1 and AL 1 user
The information exchanged between AL1 and the AL1 user includes the following primitives:

. AL-DATA .request (AL-SDU).

. AL-DATA.indication (AL-SDU).
. AL-Abort.request.

. AL-Abort.indication.

7.2.2.1 Description of primitives

. AL-DATA. request: This primitiveisissued by an AL1 user to AL1 to request the transfer of
an AL-SDU to its corresponding receiving entity.

. AL-DATA.indication: This primitiveisissued to an AL1 user by AL1 to indicate the arrival
of an AL-SDU.

. AL-Abort.request: This primitive isissued to AL1 by an AL1 user to signal that a partially

delivered AL-SDU is to be aborted. This primitive is not used in the unframed transfer
mode.

. AL-Abort.indication: This primitive is issued by AL1 to an AL1 user to signa that a
partialy delivered AL-SDU is to be aborted. This primitive is not used in the unframed
transfer mode.

7.2.2.2 Description of parameter

. AL-SDU: This parameter specifies the unit of information exchanged between AL1 and the
AL1 user. Each AL-SDU shall contain an integral number of octets. The length of AL-SDUs
may be variable. The maximum size of AL-SDUs shall be determined by the AL1 user. The
octets in an AL-SDU are numbered from 1 to n, and in each octet, bits are numbered from 1
to 8. Bit 1 of octet 1 istransmitted first.

7.2.3 Proceduresfor Abort
Abort procedures may be used when information is exchanged between layers in a streaming mode.

When an AL-Abort.request primitive is sent from the AL1 user to AL1 in order to abort a partialy
delivered AL-SDU, AL1 shall immediately send a MUX-Abort.request primitive to the MUX layer,
if aMUX-SDU containing that AL-SDU has aready been partially delivered to the MUX layer.

In the AL1 receiver, when a MUX-Abort.indication primitive is received from the MUX layer, AL1
shall immediately send an AL-Abort.indication primitive to the AL1 user, if that AL-SDU has
aready been partialy delivered to the AL1 user.

Abort procedures shall not be used in the unframed transfer mode.
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7.3
731

Adaptation Layer Type 2 (AL 2) specification

Framework of AL2

AL2 isdesigned primarily for the transfer of digital audio.

AL2 provides an 8-bit CRC for error-detection. AL2 also supports optional sequence numbering
which may be used to detect missing and misdelivered AL-PDUs. AL2 transfers variable-length
AL-SDUs of integral number of octets.

7.3.2

Primitives exchanged between AL2 and AL 2 user

The information exchanged between AL2 and an AL2 user includes the following primitives:

7.3.2.2

7.3.3
7331

AL-DATA . request (AL-SDU).
AL-DATA. indication (AL-SDU, El).
AL-Abort.request.

Description of primitives

AL-DATA .request: This primitiveisissued by an AL2 user to AL2 to request the transfer of
an AL-SDU to a corresponding AL2 user.

AL-DATA.indication: This primitive isissued to an AL2 user by AL2 to indicate the arrival
of an AL-SDU.

AL-Abort.request: This primitive isissued to AL2 by an AL2 user to signal that a partially
delivered AL-SDU isto be aborted.

Description of parameters

AL-SDU: This parameter specifies the unit of information exchanged between AL2 and the
AL2 user. Each AL-SDU shall contain an integral number of octets. The length of AL-SDUs
may be variable. The maximum length of AL-SDUs that an AL2 receiver can accept shall be
signalled viathe H.245 control channel. The octetsin an AL-SDU are numbered from 1 to n,
and in each octet, bits are numbered from 1 to 8. Bit 1 of the octet 1 is transmitted first. An
AL2 receiving entity may deliver an empty AL-SDU to the AL2 user to indicate that an
AL-SDU ismissing.

Error Indication (El): This parameter may be used in the AL2 receiver to pass error
indications to the AL2 user. The precise procedures for using this parameter, and its
numerical coding, are outside the scope of this Recommendation.

Functions, format and coding of AL2

Functions of AL2

AL2 provides the following functions:

7.3.3.2

Error detection and indication;
Optional sequence numbering.

Format and coding of AL2

The format of the AL-PDU isillustrated in Figure 6.

7.3.3.21 Sequence Number (SN) field

The optional 8-bit SN provides a capability for sequencing AL-PDUs. The sequence number may be
used by the AL 2 receiving entity to detect missing and misdelivered AL-PDUSs.
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All receivers conforming to this Recommendation shall be capable of receiving and correctly
interpreting AL-PDUs that include the SN field. The use of the SN field shall be determined by the
transmitter and shall be signalled to the far end in the OpenLogicalChannel message of
ITU-T H.245.

8 7 6 5 4 3 2 1 Octets

Optional Sequence Number (1 octet) 1

AL-PDU Payload Field (1 or more octets)

AL-PDU

CRC Field (1 octet) n

T1520130-95

Figure 6/H.223 — AL-PDU format for AL2

When the SN field is in use, the AL2 receiver may detect that an AL-PDU is missing or has been
misdelivered by the MUX layer. The AL2 receiver should discard any misdelivered AL-PDUs that it
detects.

7.3.3.2.2 AL-PDU payload field

The AL-PDU payload field contains a complete AL-SDU, where the first octet corresponds to the
first octet of the AL-SDU.

73323 CRCfied
The 8-bit CRC provides an error detection capability across the entire AL-PDU.

The 8-bit CRC field shall contain the remainder of the division (modulo 2) by the generator
polynomia p(x) = x2 + x% + x + 1 of the product X2 multi plied by the content of the AL-PDU,
excluding the CRC field, and including the SN field, if it is used. The polynomial representing the
content of the AL-PDU is generated using bit number 1 of the first octet as the coefficient of the
highest-order term.

As a typica implementation in the transmitter, the initial content of the register of the device
computing the remainder of the division is preset to all 0's and is then modified by division by the
generator polynomial (as described above) of the content of the AL-PDU, not including the bits in
the CRC field; the resulting remainder is transmitted as the 8-bit CRC. The coefficient of the
highest-order term of the remainder polynomial correspondsto bit number 1 of the CRC field.

NOTE — In contrast to the CRC procedure used for the 16-bit CRC in AL3, the CRC procedure used here
does not include any pre- or post-conditioning.

7.34 Proceduresfor Abort
Abort procedure may be used when information is exchanged between layers in a streaming mode.

When an AL-Abort.request primitive is sent from the AL2 user to AL2 in order to abort a partialy
delivered AL-SDU, AL2 shall immediately send a MUX-Abort.request primitive to the MUX layer,
if that AL-SDU has aready been partially delivered to the MUX layer.

In the AL2 receiver, when a MUX-Abort.indication primitive is received from the MUX layer, any
partially received AL-PDU should be discarded.
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7.3.5 Proceduresfor sequence numbering
The following procedures apply when the SN field isin use.

Once a logical channel using AL2 is successfully opened according to the procedure defined in
ITU-T H.245, the first AL-PDU transmitted by the AL2 sending entity shall have the SN field set
to 0. For each subsequent transmitted AL-PDU which belongs to that logical channel, the value of
the SN field shall be incremented by 1 modulo 256.

7.3.6 Proceduresfor error control

When the CRC check fails at the AL2 receiver, the associated AL-SDU may be delivered to the AL2
user, together with an appropriate error indication, viathe AL-DATA.indication primitive.

When the SN field isin use, the AL2 receiver may detect that an AL-PDU is missing or has been
misdelivered by the MUX layer. The AL2 receiver should discard any misdelivered AL-PDUs that it
detects. For each missing AL-PDU that it detects, the AL2 receiver may deliver to the AL2 user an
empty AL-SDU, together with an appropriate error indication, via the AL-DATA.indication
primitive.

7.4 Adaptation Layer Type 3 (AL 3) specification

741 Framework of AL3
AL3 isdesigned primarily for the transfer of digital video.

AL3 includes a 16-bit CRC for error-detection. AL3 also supports optional sequence numbering
which may be used to detect missing and misdelivered AL-PDUs. AL3 transfers variable-length
AL-SDUs and provides an optional retransmission procedure, designed primarily for video.

7.4.2 Primitives exchanged between AL3 and AL 3 user
The information exchanged between AL3 and the AL 3 user includes the following primitives:

. AL-DATA .request (AL-SDU).

. AL-DATA. indication (AL-SDU, El).

. AL-Abort.request.

. AL-DRTX.indication.

7421 Description of primitives

. AL-DATA. request: This primitive isissued by an AL3 user to AL3 to request the transfer of
an AL-SDU to a corresponding AL3 user.

. AL-DATA.indication: This primitive isissued to an AL3 user by AL3 to indicate the arrival
of an AL-SDU.

. AL-Abort.request: This primitive isissued to AL3 by an AL3 user to signa that a partially
delivered AL-SDU isto be aborted.

. AL-DRTX.indication: This primitive is issued to an AL3 user by AL3 to indicate that a

declined retransmission condition has occurred in the local transmitter.

7.4.2.2 Description of parameters

. AL-SDU: This parameter specifies the information exchanged between AL3 and the AL3
user. The length of the AL-SDU may be variable. Each transmitted AL-SDU shall contain
an integral number of octets. The maximum size of AL-SDUs that an AL3 receiver can
accept shall be signalled viathe H.245 control channel.

An AL3 receiving entity may deliver an empty AL-SDU to the AL3 user to indicate that an
AL-SDU has been lost.
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. Error Indication (El): This parameter may be used by the AL3 receiver to pass error
indications to the AL3 user. The precise procedures for using this parameter, and its
numerical coding, are outside the scope of this Recommendation.

7.4.3 Functions, format and coding of AL3

7.43.1 Functionsof AL3
AL3 provides the following functions:

. Error detection and indication.
. Optional sequence numbering.
. Optional support of retransmission.

7.4.3.2 Format and coding of AL3
The format of the AL-PDU isillustrated in Figure 7.

8 7 6 5 4 3 2 1 Octets

Control Field (0, 1 or 2 octets)

AL-PDU Payload (1 or more octets)

AL-PDU

CRC Field (2 octets)

T1520140-95

Figure 7/H.223 — AL-PDU format for AL3

74.3.21 Control field

The optional control field consists of a Payload Type (PT) field, which indicates the function of the
AL-PDU payload, and a Sequence Number (SN) field, as shown in Figure 8.

SN PT

SN

T1520150-95

PT Payload Type
SN Sequence Number

Figure 8/H.223 — Control field format of the AL-PDU for AL3

All receivers conforming to this Recommendation shall be capable of receiving and correctly
interpreting AL-PDUs with O-, 1- or 2-octet control fields. The actual number of octets in the control
field is determined by the transmitter and shall be signalled to the far end in the
OpenLogical Channel message of ITU-T H.245.
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When the control field is absent, the retransmission procedure is not used. However, the System
Recommendation that uses ITU-T H.223 may require the control field to be present.

7.4.3.2.1.1 Payload Type (PT) field

The 1-bit PT field indicates the payload type of the AL-PDU. When the PT field is set to "1", the
AL-PDU payload field shall contain an AL-SDU. Such an AL-PDU is referred to as an |-PDU.
When the PT field is set to "0", the AL-PDU payload field shall contain a supervisory message used
in the retransmission procedure. Such an AL-PDU isreferred to as an S-PDU.

7.4.3.2.1.2 Sequence Number (SN) field

The sequence number field shall be 7 or 15 bits, depending on the length of the control field. In
[-PDUs, the SN field shall contain a send sequence number N(S). In S-PDUs, the SN field shall
contain areceive sequence number N(R) of an I-PDU as defined in 7.4.6.1.6.

Using the SN field, the AL3 receiver may detect that an AL-PDU is missing or has been
misdelivered by the MUX layer.

The AL 3 receiver should discard any misdelivered AL-PDUs that it detects.

74322 AL-PDU payload field

The payload field of an I-PDU shall contain a complete AL-SDU received from the AL3 user where
the first octet of the AL-PDU payload field shall be the first octet of the AL-SDU.

The 1-octet payload field of an S-PDU carries a supervisory message as defined in 7.4.6.2.

74323 CRCfield

The 16-bit CRC provides an error detection capability across the entire AL-PDU, including the
control field, if used. The CRC and the CRC procedures are the same as those used in LAPM/V .42
and LAPF/Q.922.

2

The CRC has generator polynomial g(x) = x4+ x4+ 1.

The CRC field shall be the one's complement of the sum (modulo 2) of

a) the remainder of x (x15 X B e e B e ExPHCEx X
+ x + 1) divided (modulo 2) by the generator polynomial g(x) = X+ x4 x4 1, where k

isthe number of bitsin the AL-PDU, not including the bitsin the CRC field; and

b) the remainder of the divison (modulo 2) by the generator polynomial

g(x) = X+ x4+ %+ 1, of the product of x° multi plied by the content of the AL-PDU,
excluding the bitsin the CRC field. The polynomial representing the content of the AL-PDU
is generated using bit number 1 of thefirst octet as the coefficient of the highest-order term.

As a typical implementation in the transmitter, the initial content of the register of the device
computing the remainder of the division is preset to all 1's and is then modified by division by the
generator polynomial (as described above) of the content of the AL-PDU, not including the bits in
the CRC field; the one's complement of the resulting remainder is transmitted as the 16-bit CRC. The
one's complement of the coefficient of the highest-order term of the remainder polynomial
corresponds to bit number 1 of the first octet of the 16-bit CRC field. The one's complement of the
coefficient of the lowest-order term of the remainder polynomial corresponds to bit number 8 of the
second octet of the 16-bit CRC field.

NOTE — In contrast to the CRC procedure used for the 8-bit CRC in AL2, the CRC procedure used here
includes pre- and post-conditioning.
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7.4.4 Proceduresfor Abort
Abort procedures may be used when information is exchanged between layers in a streaming mode.

When an AL-Abort.request primitive is sent from the AL3 user to AL3 in order to abort a partialy
delivered AL-SDU, AL3 shall immediately send a MUX-Abort.request primitive to the MUX layer,
if that AL-SDU has aready been partially delivered to the MUX layer.

In the AL3 receiver, when a MUX-Abort.indication primitive is received from the MUX layer, any
partially received AL-PDU should be discarded.

745 Proceduresfor Error Control

7451 Invalid AL-PDUs
Aninvalid AL-PDU isone which:

a) has fewer than the minimum number of octets specified in 7.4.3.2, depending on the length
of the control field; or

b) does not contain an integral number of octets; or

C) islonger than the maximum AL-PDU size; or

d) contains a CRC error.

An AL-PDU whichisnot invaid isreferred to asavalid AL-PDU.

7452 Error control control field absent

When the control field is absent, in case of a CRC failure at the AL3 receiver, the associated
AL-SDU may be delivered to the AL3 user, together with an appropriate EI parameter, via the
AL-DATA.indication primitive.

7.45.3 Error control control field present

When the control field is present, the AL3 receiver has the option of invoking the retransmission
procedure. The sending AL3 entity shall respond to a retransmission request according to the
procedures defined in 7.4.6.3.4. The error control procedures for retransmission are described
in7.4.6.

74531 Noretransmission

When the control field isin use and the AL3 receiver does not invoke the retransmission procedure,
the following error control procedures may be used.

When the CRC check fails at the AL3 receiver, the associated AL-SDU may be delivered to the AL3
user, together with an appropriate El parameter, viathe AL-DATA.indication primitive.

Using the SN field, the AL3 receiver may detect that an AL-PDU is missing or has been
misdelivered by the MUX layer.

The AL 3 receiver should discard any misdelivered AL-PDUs that it detects.

For each missing AL-PDU that it detects, the AL3 receiver may deliver to the AL3 user an empty
AL-SDU, together with an appropriate El parameter, viathe AL-DATA.indication primitive.

7.4.6 Retransmission procedure

The transmitter procedures defined in this clause shall be used when the control field is present. The
receiver procedures defined in this clause shall be used when retransmission is used.
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74.6.1 Definitions

746.1.1 Modulus

Each I-PDU, defined in 7.4.3.2.1.1, is sequentially numbered modulo 128 (215) and may have the
value 0 through 127 (32767).

NOTE — All arithmetic operations on state variables and sequence numbers contained in this clause are
modulo 128 (2™).
7.4.6.1.2 Send statevariable V(S)

V(S) is an interna variable of the transmitting AL3 entity. It denotes the sequence number of the
next 1-PDU to be transmitted. V(S) can take on the values O through 127 (32767). The value of V(S)
shall be incremented by 1 after each in-sequence I-PDU is passed to the MUX layer inaMUX-SDU.
7.4.6.1.3 Send sequence number N(S)

Only 1-PDUs contain N(S), the send sequence number of transmitted I1-PDUs. At the time that an
in-sequence I-PDU is designated for transmission, the value of N(S) is set equal to V(S).

74.6.1.4 Send buffer Bg

Each AL3 entity shall maintain a send buffer, Bs, used for storing the most recently transmitted
[-PDUs. The minimum size of Bg that all AL3 transmitters must support is specified in the System
Recommendation (e.g. ITU-T H.324) that uses ITU-T H.223. The actual size of Bg shall be indicated

to the far end in the H.245 OpenL ogical Channel message.
7.4.6.1.5 ReceivedatevariableV(R)

V(R) is an internal variable of the AL3 receiving entity. It denotes the sequence number of the next
in-sequence 1-PDU expected to be received. V(R) can take on the values O through 127 (32767). The
value of V(R) shall be incremented by 1 with the receipt of avalid, in-sequence I-PDU whose N(S)
equalsV(R).

7.46.1.6 Receivesequence number N(R)

Only S-PDUs contain N(R), the send sequence number of an I-PDU that is referred to by the S-PDU.

7.4.6.2 Supervisory messages

S-PDUs carry supervisory messages. Each S-PDU contains one single-octet message. Table 3 shows
the code assignment for the single-octet supervisory messages defined in AL3.

Table 3/H.223 — Code Assignment for supervisory messages

Supervisory Message Code Number Binary Code
SREJ 0 00000000
DRTX 255 11111111
Reserved 1-254

74.6.21 Selectiveregject (SREJ) message
SREJis used by an AL3 receiver to request the retransmission of the single I-PDU numbered N(R).
An SREJPDU shall not be transmitted more than once for the same I-PDU.
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7.4.6.2.2 Declined retransmission (DRTX) message

Since the error recovery procedures defined here only support negative acknowledgment, in certain
conditions, the 1-PDU(s) transmitted previously may have been discarded before the request for
retransmission is received. The DRTX message is used by an AL3 transmitter to decline the
requested retransmission of an I-PDU, when that I-PDU is not available in the send buffer at the time
the SREJ PDU isreceived.

7.4.6.3 Detailed procedures

7.4.6.3.1 Initialization procedures
The retransmission procedures require that a reverse logical channel exist for sending supervisory
messages.

Once the reverse logical channel has been established according to the procedure defined in
ITU-T H.245, the AL3 entity shall:

- set V(S), V(R) to 0;
- clear any existing exception conditions.

7.4.6.3.2 Transmitting in-sequence |-PDUs

Information received from the AL3 user in an AL-SDU by means of an AL-DATA.request primitive
shall be passed to the MUX layer in an I-PDU using the frame structure defined in 7.4.3.2. The SN
field of the I-PDU shall be assigned the value V(S). V(S) shall be incremented by 1 after the I-PDU
has been passed to the MUX layer.

7.4.6.3.3 Receiving in-sequence |-PDUs

When an AL 3 entity receives avalid I-PDU, whose N(S) is equal to the current V(R), the AL3 entity
shall increment its V(R) by 1.

74.6.34 Receiving SREJ PDUs

On receipt of avalid SREJPDU, the AL3 entity shall act asfollows:

a) if the I-PDU whose N(S) is equal to the N(R) of the SREJ PDU is still in the send buffer, the
AL3 entity shall pass the corresponding I-PDU to the MUX layer as soon as possible. No
other previoudly transmitted I-PDUs shall be retransmitted as a result of recelving the
SREJ PDU.

b) if the 1-PDU whose N(S) is equal to the N(R) of the SREJ PDU has been previously
discarded, the AL3 entity shall enter a declined-retransmission exception condition. The
procedures for this exception condition are defined in 7.4.6.4.5.

7.4.6.4 Exception condition reporting and recovery

Exception conditions may occur as a result of errors on the physical connection or procedural errors
by an AL3 entity.

The error-recovery procedures that are available following the detection of an exception condition by
an AL3 entity are defined in this clause.

7.4.6.41 Receivinginvalid AL-PDUs

When areceived AL-PDU isinvalid, it is either discarded or saved for possible delivery later to the
AL3 user.
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7.4.6.42 N(S) sequenceerror

When there are no other outstanding exception conditions, an N(S) sequence error exception
condition occurs in the receiving AL3 entity when a valid 1-PDU is received containing an N(S)
value that is not equal to the V(R) at the receiver. In this case, V(R) shall not be incremented, and
one or more SREJ PDUSs, each containing a different N(R), may be transmitted by the AL3 receiving
entity to initiate an exception condition recovery for each SREJ PDU. After passing each SREJ PDU
to the MUX layer, the AL3 entity shall start alocal timer. Several factors that affect the length of the
timer are given in Appendix IV/V.42. A different timer is maintained for each outstanding SREJ
PDU. Successive SREJ PDUs are transmitted in the order indicated by their N(R) field.

For each SREJ PDU that it transmits, the AL3 receiver may pass an empty AL-SDU or an invalid
received AL-SDU (previously saved), with an appropriate El parameter, to the AL3 user via the
AL-DATA.indication primitive.

When the retransmitted 1-PDU with N(S) = V(R) is received, the exception condition for that I-PDU
shall be cleared. The AL 3 receiver should pass the associated AL-SDU, together with an appropriate
El parameter, to the AL3 user viathe AL-DATA.indication primitive. When the exception condition
is cleared, the associated timer shall be stopped and V(R) shall be incremented as many times as
necessary so that V(R) represents the send sequence number of the next expected
in-sequence I-PDU.

When aretransmitted 1-PDU with N(S) # V(R) isreceived, the AL3 receiver shall clear al exception
conditions for any SREJ PDUs that may have been sent before the SREJ PDU for which the
retransmission is received, by stopping the associated timers. For each exception condition cleared,
the AL3 receiver shall increment V(R) by 1, and may deliver an empty AL-SDU, together with an
appropriate El parameter, to the AL3 user viathe AL-DATA.indication primitive, prior to delivering
the AL-SDU associated with the received |-PDU.

Theinformation in all other received valid I-PDUs should be delivered to the AL3 user in AL-SDUS,
together with an appropriate El parameter.
7.4.6.43 N(R) sequenceerror

An N(R) sequence error exception condition occurs, when avalid S-PDU isreceived that contains an
invalid N(R) value. An invalid N(R) value will result, when a first SREJ PDU is received with
sequence number N(R) = N1, and then another SREJ PDU is received with N(R) = N2 and
[V(S) — N2] is greater than or equal to [V(S) — N1].

An invaid N(R) may also result, when the N(R) value in a DRTX PDU is not equal to the N(R)
value in an outstanding SREJ PDU.

The AL3 entity should ignore the message in such S-PDUSs.

7.4.6.4.4 Procedureon expiration of timer

If the timer expires, the associated exception condition shall be cleared by stopping the timer and
incrementing V(R). The AL3 receiver may pass an empty AL-SDU or an invalid received AL-SDU
(previoudy saved), with an appropriate error indication, to the AL3 wuser via the
AL-DATA. indication primitive.

7.4.6.45 Declined-retransmission condition

7.4.6.45.1 Error recovery proceduresat the AL 3 transmitter

Upon receiving an SREJ retransmission request, when the AL3 transmitter does not have the
requested |I-PDU stored in the send buffer, it shall:

- send a declined-retransmission (DRTX) PDU, whose N(R) value is equal to the N(R) vaue
of the received SREJ PDU as soon as possible;

22 ITU-T H.223 (07/2001)



- send an AL-DRTX.indication to the AL3 user;
- resume transmission of AL-PDUs not yet transmitted.

7.4.6.45.2 Error recovery proceduresat the AL3receiver

When a DRTX message is received, the associated exception condition should be cleared by
stopping the timer and incrementing V(R). The AL3 receiver may pass an empty AL-SDU or an
invalid received AL-SDU (previously saved), with an appropriate error indication, to the AL3 user
viathe AL-DATA.indication primitive.

7.4.6.46 Unsolicited supervisory PDUs

Anunsolicited DRTX PDU received by the AL3 entity should be ignored.

Any supervisory PDUs whose message code is reserved should be ignored.

ANNEX A

Multiplexing protocol for low bit rate multimedia mobile
communication over low error-prone channels

Al General

This annex specifies the level 1 protocol of the mobile H.223 extensions as described in
Annex C/H.324. This annex only changes MUX-PDU framing of the multiplex layer; however, the
adaptation layer of ITU-T H.223 stays unchanged.

A.2 Multiplex (MUX) layer specification

The MUX-PDU framing of ITU-T H.223 is changed. Instead of 6.3, H.223 level 1 shall use the
procedurein A.2.1.

A.21 MUX-PDU framing

In the basic mode, which is mandatory, all MUX-PDUs shall be delimited using 16-bit flags. Level 1
transmissions shall start in this basic mode.

In double-flag mode, which is optional, all MUX-PDUs shall be delimited by two consecutive 16-bit
flags. All transmitters conforming to ITU-T H.223 shall signa their capability to delimit
MUX-PDUs with two consecutive flags using the capability indication h223AnnexADoubleFlag,
specified in ITU-T H.245.

A.2.11 Recommendation Flag

In the basic mode, al MUX-PDUs shall be preceded and followed by the 16-bit flag consisting of
the following unique bit pattern (see Figure A.1):

8 7 6 5 4 3 2 1 Octets
1 1 1 0 0 0 0 1 1
0 1 0 0 1 1 0 1 2

Figure A.1/H.223 — 16-bit flag
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The flag preceding the MUX-PDU is defined as the opening flag. The flag following the MUX-PDU
is defined as the closing flag. The closing flag may also serve as the opening flag of the next
MUX-PDU. However, al receivers conforming to ITU-T H.223 shall accommodate receipt of more
than one consecutive flag, as the flag may be transmitted repetitively between MUX PDUSs.

In the double-flag mode all MUX-PDUs shall be preceded and followed by two consecutive
16-hit flags ("double-flag"). The double-flag preceding the MUX-PDU is defined as the opening
flag. The double-flag following the MUX-PDU is defined as the closing flag. The closing flag may
also serve as the opening flag of the next MUX-PDU. All receivers working in the double-flag mode
shall accommodate receipt of more than one consecutive double-flag, as the double-flag may be
transmitted repetitively between MUX-PDUSs.

A transmitter working in double-flag mode shall aways transmit an even number of the 16-bit flags
specified in Figure A.1.

If a transmitter has signalled MultiplexDoubleFlag capability, it shall start delimiting the
MUX-PDUs with double-flags when it receives the h223MultiplexReconfiguration.
h223AnnexADoubleFlag.start command.

It shall stop deimiting MUX-PDUs with doubleflags when it receives the
h223M ultiplexReconfiguration.h223AnnexADoubleFlag.stop command.

In the period between requesting the change from basic mode to double-flag mode or vice versa and
receiving the first flag of the new mode, the receiver should search for both single and double-flags.
The first detected new flag should only be accepted as a valid flag if it is followed by a multiplex
header with valid HEC. In order to increase the robustness of the change this search should be
repeated multiple times until the new mode is established.

NOTE — Since Annexes B and C use an enhanced synchronization strategy, the delimiting of MUX-PDUs
with double-flagsis only performed in this annex.
A.2.1.2 Flag detection

The detection of the start of a MUX-PDU by the receiver may be done by correlation of the
incoming bitstream with the synchronization flag. The output of the correlator may be compared
with a Correlation Threshold (CT). The value of CT is not specified in this annex. Whenever the
output is equal or greater than the threshold, the receiver should decide that a flag has been detected.

The octet aligned structure of the MUX-PDUs should be used to reduce the emulation of flags.
Emulation may further be reduced by using the HEC check of the multiplex header.

NOTE —Thelevel 1 procedure uses no 0-insertion method as described for HDLC flagsin ITU-T H.223. This
level does not prevent flag emulation in the bitstream and does not guarantee transparency.

ANNEX B
Multiplexing protocol for low bit rate multimedia mobile
communication over moder ate error-prone channel

B.1 General

This annex specifies the level 2 protocol of the mobile H.223 extensions as described in
Annex C/H.324. This annex only changes MUX-PDU framing of the multiplex layer; however, the
adaptation layer of ITU-T H.223 stays unchanged.
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B.2  Abbreviations
For the purpose of this annex, the following abbreviation is added to clause 4.
MPL  Multiplex Payload Length

B.3 Multiplex (MUX) layer specification

The MUX-PDU framing of ITU-T H.223 is changed. Instead of using 6.3 to 6.6, Level 2 shall use
the following procedures and definitions.

B.3.1 MUX-PDU framing

See A.2.1.1 for basic mode. Consecutive synchronization flags shall not be used in level 2. This
annex shall also not support double-flag mode. If the transmitter has no information to send, the
stuffing-mode procedure of B.3.2.3 shall be used.

B.3.1.1 Flag detection

One fundamental property of the synchronization flag used in this annex is that it has an
auto-correlation offering good detection properties, and the cross correlation between the flag and its
one's complement exhibits the same strong detection property in the negative direction. Given a
correlator which performs a synchronization search at specified positions, the output of that
correlator can be used to signal additional information by detecting a one's complement flag for
specific information. This is used within ITU-T H.223 for signaling the PM information, and for
signalling transitions between levels.

The detection of the start of a MUX-PDU by the receiver should be done by correlation of the
incoming bitstream with the MUX-PDU flag described in this clause. In determining the correlation
sum, the correlator should interpret the zeros of the MUX-PDU flag to be "—1". The output of the
correlator should then be compared with both a Correlation Threshold (CT) and its negative (-CT).
The receiver should decide that a flag has been detected when the output of the correlator is either
equal to or greater than CT, or if the output is less than or equal to —CT. The value of CT is not
specified in this annex, but is instead left to the discretion of the implementor. The octet-aligned
structure of the MUX-PDUSs should be used to reduce the emulation of sync flags.

B.3.2 MUX-PDU format and coding/decoding
All MUX-PDUs shall conform to the format shown in Figure B.1.

8 7 6 5 4 3 2 1 Octets

N

Header field (3 octets)

MUX-PDU

Information field (O or more octets)

n

T1602650-97

Figure B.1/H.223 - MUX-PDU format
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B.3.2.1 Header field
The format of the header shall conform to the format shown in Figure B.2.

8 7 6 5 4 3 2 1 Octets
MPL4 MPL3 MPL2 MPL1 MC4 MC3 MC2 MC1 1
PA P3 P2 P1 MPL8 MPL7 MPL6 MPL5 | 2
P12 P11 P10 P9 P8 P7 P6 P5 3

Figure B.2/H.223 — Header format of the MUX-PDU

The MC4 and MPL8 are the MSB of the MC and MPL fields, respectively. The P-bits are defined
inB.3.2.1.3.

NOTE — The bit order of the fieldsin Figures B.2 and B.4 is not in accordance with the general convention of
ITU-T H.223.

An optional header for this annex provides the capability to use the previous MUX-PDU whose
header is corrupted due to channel errors. Figure B.3 shows the format of the MUX-PDU when
using this option, and Figure B.4 shows the format of the optional header. The optional header
contains the packet marker signalling and multiplex code of the previous header. This header
belongs either to a non-stuffing MUX-PDU or a stuffing sequence.

The values of MC' and PM' are as indicated by MC and PM, respectively, in H.223/Level 0. The
HEC' field shall be calculated from MC' according to the procedure described in 6.4.1.2. The use of
this optional field shall be signalled by an H.245
"h223MultiplexReconfiguration.h223M odeChange.toL evel 2withOptionalHeader”  message, and
started using the procedure defined in C.6/H.324.

8 7 6 5 4 3 2 1 Octets
A
1
. 2
Header field (4 octets) 3
4
D
Q
o 5
P
o)
=
Information field (O or more octets)
n
v
T1602660-97
Figure B.3/H.223 — Optional MUX-PDU for mat
8 7 6 5 4 3 2 1 Octets
MPL4 MPL3 MPL2 MPL1 MC4 MC3 MC2 MC1 1
P4 P3 P2 P1 MPL8 MPL7 MPL6 MPL5 2
P12 P11 P10 P9 P8 P7 P6 P5 3
HEC'3 | HEC'2 | HEC'1 MC' 4 MC'3 MC' 2 MC'1 PM’ 4

Figure B.4/H.223 — Header format of the MUX-PDU
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B.32.1.1 Multiplex Code (MC) field
See6.4.1.1.

B.3.21.2 Multiplex Payload Length (MPL) field

The 8-bit MPL field describes the length of the information field in octets (see Figure B.2). The
value of MPL shall be between 0 and 254. The value 255 shall not be used and is left for future use.
B.3.2.1.3 Parity bitsfield

The Extended Golay (24, 12, 8) code:

The Golay (23, 12, 7) code is a perfect code and in its conventional form shall be generated by the
following generator polynomial:

G=1+ X2+ X*+ X%+ x0 4+ x10 4 x11

The code shall be extended by adding an overall parity (even overall parity) check bit to produce a
rate 1/2 code. The parity bits P shall be derived from the equation below.

'PL | [101011100011] T [MmcC1 |
P2 111110010010 MC2

P3 110100101011 MC3

P4 110001110110 MC4

P5 110011011001 MPL1
P6 011001101101 MPL2
P7 | |001100110111 *IMPL3
P8 101101111000 MPL4
P9 010110111100 MPL5
PIO| (001011011110 MPL6
P11| (101110001101 MPL7
P12] 010111000111 | | MPL8 |

NOTE — The symbol T denotes matrix transposition.

This code has a systematic structure. In the event of no channel errors, it is possible to extract the
data without the need for complex decoding of the code word.

B.3.2.2 Information Field
See6.4.2.

B.3.2.3 Stuffing mode

If no information is available, the stuffing mode shall be used. The multiplexer shall indicate a
Level 2 stuffing mode by inserting a Level 2 synchronization flag followed by a Level 2 header
(either the normal Level 2 header or the optiona header in B.3.2.1, depending on the mode of
operation). The MPL field shall be "00000000" and the MC shall be "0000". If the optional header is
used in the stuffing operation mode, the optional header contains the packet marker signalling and
multiplex code of the previous header. This header belongs either to a non-stuffing MUX-PDU or a
stuffing sequence. This stuffing mode may be inserted consecutively an arbitrary number of times.
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B.3.3 Marking of MUX-SDU boundaries
This clause replaces 6.5.

It is necessary to detect the boundaries of MUX-SDUs in the receiver in order to identify the location
of all fields which the receiver must interpret in the AL and/or in aframe-oriented higher layer. This
shall be accomplished as follows.

For non-segmentable logical channels, each MUX-SDU shall begin coincident with a slot specified
in asingle MultiplexElement structure whose type is logical Channel Number (see ITU-T H.245), and
shall end after the specified repeatCount, or at the closing flag of the current MUX-PDU, whichever
occurs first. The actual length of the MUX-SDU may be smaller than the length of the slot, provided
that the current MUX-PDU is terminated by a closing flag immediately after the MUX-SDU. Since
the size of each MUX-SDU may vary, multiple multiplex table entries may be defined to match the
possible lengths of MUX-SDUSs, in order to mix these MUX-SDUs with octets from other logical
channels. It should be noted that the definitions given here together with the conditions given in
ITU-T H.245 imply that it is allowed to place more than one MUX-SDU from a non-segmentable
logical channel in one MUX-PDU, but only when the remote receiver has indicated the enhanced
multiplex capability.

For segmentable logical channels, each MUX-SDU may be broken into segments and these
segments may be transferred in one or more MUX-PDUs. A one's complemented closing flag shall
be used to indicate that the last octet of the previous MUX-PDU was the final octet of the
terminating MUX-SDU. As aresult of this procedure, only one segmentable MUX-SDU is permitted
to terminate within a MUX-PDU; as soon as the end of any MUX-SDU from a segmentable logical
channel is reached, the MUX-PDU shall be terminated with a one's complemented closing flag. In all
other circumstances the one's complemented flag shall not be used. Another result of this procedure
is that a MUX-PDU will never contain octets from two different MUX-SDUs of the same
segmentable logical channel.

ANNEX C

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

C.l General

This annex specifies the level 3 protocol of the mobile H.223 extensions as described in
Annex C/H.324. Level 3 defines the most error robust scheme of the mobile extensions of
ITU-T-H.324. This annex changes both the multiplex layer and the adaptation layer of ITU-T H.223.

C.2 Acronyms
This annex uses the following acronyms:

ARQ Automatic Repeat Request
CEC Control Error Code

CF Control Header Field
EGolay Extended Golay (code)
FEC Forward Error Correction
N(R) Receive Sequence Number
N(S) Send Sequence Number

RCPC Rate Compatible Punctured Convolutional (code)
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RN Retransmission Number
SEBCH  Systematic Extended Bose-Chaudhuri-Hocquenghem (Code)

SN Sequence Number
SRC Systematic Recursive Convolutional (code)
B Tal Bit

C.3 Multiplex (MUX) layer specification

This annex uses nearly the same multiplex layer specifications as defined in Annex B, except for the
stuffing mode of B.3.2.3.

C.3.1 Stuffing mode

Initially, prior to a dynamic level change, Level 3 stuffing mode shall have a structure identical to
the stuffing mode used in Level 2 with MPL field set to "0000 0000". However, the MC field shall
be set to "1111". The header may also include the optional header field of Annex B (see B.3.2.1).
The stuffing mode may be inserted consecutively an arbitrary number of times. After alevel change
the terminal may also use the exact stuffing mode of B.3.2.3.

C.4  Adaptation Layer
C41l ALIM

C411 Framework of AL1IM

AL1IM is a highly flexible adaptation layer designed primarily for transfer of data and control
information in highly error-prone environments such as could be encountered in a wireless
environment. AL1M supports the use of error detection, Forward Error Correction (FEC), and
retransmission (ARQ). AL1M also supports framed and unframed transfer mode.

AL1M provides two transfer modes:
a) framed transfer mode; and
b) unframed transfer mode.

In the framed transfer mode, AL1IM may be used to transfer frames generated by a higher-layer
protocol such as the data link layer protocol LAPM/V.42 or LAPF/Q.922. In this case, frames are
first mapped to AL-SDUs and these are then passed by AL1IM in MUX-SDUs to the MUX layer.

AL1IM may also be used to carry an unframed octet sequence. In this mode, any internal framing
present in the octet sequence is not visible to AL1M which passes the octets received from the higher
layer to the MUX layer without paying any attention to framing.

The transfer mode of AL1M is selected by the transmitter in the H.245 OpenLogical Channel
message.

ALIM includes an optional EGolay or SEBCH coded header. AL1IM aso supports optional
sequence numbering, which may be used to detect missing and misdelivered AL-PDUs. AL1M
transfers variable-length AL-SDUs. In addition to ITU-T H.223, AL1IM aso supports the capability

that along framed AL-SDU may be split into several packets and delivered as one AL-SDU to the
AL1-user.

C.4.1.2 Primitivesexchanged between AL1M and AL 1 user

The primitives exchanged are identical to those specified in 7.2.2, whereby the word AL1 shall be
changed to AL1M.
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C.4.1.21 Description of primitives

The description of primitives are identical to those specified in 7.2.2.1, whereby the word AL1 shall
be changed to AL1M.

C.4.1.22 Description of parameters

. AL-SDU: This parameter specifies the unit of information exchanged between AL1M and
the AL1 user. Each AL-SDU shall contain an integra number of octets. The length of
AL-SDUs may be variable. The octets in an AL-SDU are numbered from 1 to n, and in each
octet, bits are numbered from 1 to 8. Bit 1 of the octet 1 is transmitted first. An AL1M
receiving entity may deliver an empty AL-SDU to the AL1 user to indicate that an AL-SDU
ismissing.

. Error Indication (El): This parameter may be used in the AL1IM receiver to pass error
indications to the AL1 user. This may also be used if the AL1M receiver entity delivers an
empty AL-SDU to the AL1 user. The precise procedures for using this parameter, and its
numerical coding, are outside the scope of this Recommendation.

C.4.1.3 Functionsof AL1M
AL1M provides the following functions:

. optional error detection and indication;

. optional sequence numbering;

. optional forward error correction;

. optional support of retransmission, either via ARQI or ARQII;
. optional AL-SDU splitting for framed frames.

C.4.1.4 Format and structureof AL1M
The format of the AL1IM can be seen in Figure C.1.

8 7 6 5 4 3 2 1  Octets

Optional Control Field (2 or 3 octets) 1

AL-PDU

AL-PDU Payload Field (0 or more octets)
n

T1603350-97

Figure C.1/H.223 — Format of the AL-PDU of the AL 1M

The AL-PDU payload shall consist of either an I-PDU or an S-PDU. If an S-PDU is transmitted the
length of the AL-PDU payload is O, otherwise it is an I-PDU. In the following descriptions the
AL-PDU payload is related as an I-PDU, if no other explicit explanation is given. The maximum
length of AL-PDUs that an AL1M receiver can accept shall be signalled via the H.245 capability
exchange.
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In contrast to AL1 of ITU-T H.223, the AL-SDU is not always directly mapped to the AL-PDU
payload, (see Figure C.2). The application layer (AL1 user) transfers its data through AL-SDUs to
the adaptation layer. The adaptation layer formsits own AL-SDUs* from the AL-SDUs. The length
of the AL-PDU can be derived from the procedure given in C.4.1.7.1. The AL-PDU is formed by the
AL-PDU payload and the optional Control Field (CF). Optional bit interleaving may be applied to
the entire AL-PDU.

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

FEC _ONLY: In this mode an AL-SDU* with mandatory tail bits (TB)! and CRC is RCPC
encoded with a code rate r < 1.0. The resulting AL-PDU only consists of an AL-PDU
payload field. Splitting mode is not supported.

ARQ: If the mode is set to ARQ (either ARQI or ARQII), it is possible to request
retransmissions. The mandatory error detection code (CRC) and the mandatory tail bits (TB)
are added to the AL-SDU*. This new field is encoded with the convolutional code of mother
rate r = ¥4 The encoded data may be filled to a linear bufferz according to the puncturing
rule. For filling the AL-PDU payload, the octets of the buffer may be read in linear order
from this buffer. Thefirst octet of this buffer shall be the first octet of the AL-PDU payload.

When only 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.

Using ARQII, each (re)-transmission can contain different buffer encoded data, which may
lead to different lengths for (re)-transmitted AL-PDU payloads. The first transmitted
AL-PDU payload shall contain the octets of the buffer by linear reading from the beginning
of the buffer. Each retransmission shall transmit data by reading the buffer after the last read
octet. If the reading procedure comes to the end of the buffer, the procedure proceeds
reading from the beginning of the buffer.

1 The tail bits are required due to the use of the error-correction scheme with convolutional codes. In this

case, the TB field has the length of 4 bits.

2 The buffer scheme is used only for achieving an easy description of the encoding/decoding system.

Therefore, thisis no description on how to implement the system.
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_____ Application

Bitstream Layer
Y
A
- ALSDU AL-SDU ~ AL-SDU
AL-SDU* CrC | TB]
Convolutional Convolutional
encoding decoding
AL-SDU* | crc [TB
Adaptation
“““““““““““““““““ Layer
Transmitting Inserting punctured
punctured data datafrom (re)-transmission
CF AL-PDU Payload
AL-PDU
Y
A
MUX-SDU Multiplex

T1603360-97 Layer

Figure C.2/H.223 — AL 1M structure

C.415 Control Fidd (CF)

The optional control field consists of the Sequence Number (SN) field, the Retransmission Number
(RN) field, the 1-bit field (X), and of the Control Error Code (CEC) field. The CEC uses either
SEBCH or EGolay code, as illustrated in Figure C.3. These codes provide error detection and
correction capability to the SN, RN and X fields.

8 7 6 5 4 3 2 1 Octets
P1 X RN SN5 SN4 SN3 SN2 SN1 1
P9 P8 pP7 P6 PS5 PA P3 P2 2

Figure C.3/H.223 — Control field format of the AL-PDU for AL 1M
with SN =5 and SEBCH code

8 7 6 5 4 3 2 1 Octets
SN8 SN7 SN6 SN5 SN4 SN3 SN2 SN1 1

P4 P3 P2 P1 X RN SN10 SN9 2
P12 P11 P10 PO P8 pP7 P6 PS5 3

Figure C.4/H.223 — Control field format of the AL-PDU for AL1M
with SN = 12 and EGolay code
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NOTE — The bit order of the fieldsin Figures C.3 and C.4 is not in accordance with the general convention of
ITU-T H.223.

Depending on the code used in the CEC field, the length of the SN field may vary, as indicated in
Table C.1. When the control field is absent, the retransmission procedure is not used.

Table C.1/H.223 — Length of SN field according to different CECs

CEC Length of SN field Referenceto
SEBCH(16, 7, 6) 5 Tablel.2
EGolay(24, 12, 8) 10 B.3.21.3

C.4.151 Sequence Number (SN) field

The sequence number field shall be 5 or 10 hits, depending on the chosen CEC code. The SN field
shall contain a send sequence number, N(S), except for in the case of SREJ messages. In this case it
shall contain areceive sequence number, N(R).

When the SN field isin use, the AL1M receiver may detect that an AL-PDU is missing or has been
misdelivered by the MUX layer. The AL1IM receiver should discard any detected misdelivered
AL-PDUs.

C.4152 RNfied

For an S-PDU in the reverse channel (SREJ message), the RN field shall contain the modulo 2
equivalent of the receive Retransmission Number (RN). Otherwise, thisfield is set to "0".

For an I-PDU frame, this field shall be used to signal the last transmitted packet resulting from the
splitting of an AL-SDU into several AL-SDUs*. This shall only be done in a framed transfer mode.
The splitting mode is described in C.4.1.6.

C.4.153 Xfied
For an S-PDU, the X field shall indicate either an SREJ or aDRTX message (see Table C.2).

Table C.2/H.223 — Definition of supervisory messages

M essage Bit valuein X field
Selective regject (SREJ) 1
Declined retransmission (DRTX) 0

For an I-PDU, the X field shall be used as indication of the length of the AL-SDU* field. The X field
shall be the modulo 2 equivalent of the number of octets within an AL-SDU*. If the AL-SDU*
contains an odd number of octets, X ="1"; otherwise, X ="0".

C.4.154 Control Error Code (CEC) field

The CEC field defined by the parity bits P in Figures C.3 and C.4 provides error detection and/or
error correction capability.

NOTE 1 — The bit order of the fieldsin Figures C.3 and C.4 is not in accordance with the general convention
of ITU-T H.223.

Depending on the code used in the CEC field, the length of the SN field may vary, as indicated in
Table C.1. When the control field is absent, the retransmission procedure is not used.

The definition of the EGolay code shall be the same as described in B.3.2.1.3, whereby the CEC
shall be derived by the following equation:
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[PL] [101011100011] T [SN1 ]
P2 | (111110010010 SN2
P3 | (110100101011 SN3
P4 | (110001110110 SN4
PS | (110011011001 SN5
P6 | 011001101101 SN6
P7 |7(001100110111 * N7
P8 | (101101111000 NS
P9 | (010110111100 SNO
PIO| (001011011110 SNIO
P11| (101110001101 RN

(P12 (010111000111 X

NOTE 2 — The symbol T denotes matrix transposition.
The CEC bits of SEBCH code shall be derived by the following equation:

P1
P2| [100010111] T [sN1]
P3| (110011100 SN2
P4| (011001110 SN3
P51=1101110001 e | SN4
P6| [010111001 SNE
P7| |001011101 RN

P8| |000101111 X

P9 -

ALIM receivers conforming to ITU-T H.223 shall be capable of receiving and correctly interpreting
AL-PDUs with these two different CECs. The actua CEC in the control field is determined by the
transmitter and shall be signaled to the far end in the OpenLogicalChannel message of
ITU-T H.245.

C.4.1.6 Proceduresfor splittingan AL-SDU (splitting mode)

Only in framed transfer the adaptation layer may split the AL-SDU into one or several AL-SDUSs*, if
the use of this splitting procedure is signalled by the OpenLogical Channel message. This procedure
is mandatory for the receiver.

Each AL-SDU* is transmitted as described in C.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".

C.4.1.7 Proceduresfor encoding and decoding the AL-PDU payload

The payload field contains either a complete I-PDU or an S-PDU. The I-PDU is an octet-aligned
field, which shall consist of one or more octets of encoded data. The S-PDU is only used if the
retransmission capability was exchanged. The S-PDU is a 0-octet AL-PDU payload field. According
to the direction of the S-PDU, either forward or reverse channel (see C.4.1.13.2) this O-octet payload
field represents different messages.
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The transmitter shall construct an AL-PDU such that its size does not exceed the maximum AL-PDU
size that the AL1M receiver can accept. This AL-PDU size is signalled in the H.245 capability
exchange.

C.4.1.7.1 Evaluation of the AL-PDU (I1-PDU) length
The following parameters are given:

. ly Length of AL-PDU in bits;
. t Length of AL-SDU* in bits;
. largee Coderate of the rate compatible punctured convolutional (RCPC) code;
. Ih Length of the control header (CF) field in bits;
. lcre  Length of the cyclic redundancy check (CRC) field in bits;
. It Number of tail bits of the RCPC code.
Thelength |, of the AL-PDU can be evaluated by the following equation:
l,= min {x >1, W{(t +llore +'TB)W} with 3 all integers (C-1)
Ae3,Amod8=0 rtarget

The parameters |y, t and (Icrct 1) shall be integer number of octets. However, equation (C-1) only

guarantees that the resulting coding rate ryeqy¢ iS equal or smaller than the origind rate rigrget
Equation (C-1) shall be used by the AL1IM transmitter. At the AL1M receiver, the length of the
AL-SDU* t shall be evaluated by the following equation:

t= max  {<|(y~In)] farget f-lore —1re,  with Sallintegers (C-2)
1€ 3,mod8=0

Both equations shall be calculated in octets, asillustrated by the following example:
Example:

The ALIM wants to transmit a AL-SDU* of t = 376 bits (47 octets), riarget = 8/10, In = 24 bits
(3 octets), Icre = 20 hits, Itg = 4 bits. Using the equation (C-1), the length of the AL-PDU is
Iy = 66 octets. The parameter r g, Can be evaluated by:

t+(cre +B)
result — I~ < ltarget (C-3)
v

In this example:

C.41.7.2 CyclicRedundancy Check (CRC)

The CRC provides error detection capability. 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 procedure of the error correction agorithm is error-free. CRC lengths of 4, 12, 20 and 28
bits are supported. The length of the CRC field shall be specified during the H.245
OpenLogicalChannel procedure. The evaluation of the CRC shall be performed by the same
procedure as described asin 7.3.3.2.3.
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Description of the CRC polynomials:
a) 4-bit CRC: XX+ X+ 1;

b) 12-bit CRC:  x2+x+ 3+ + x+ 1;
20

C) 20-bit CRC: X +x19+x6+x5+x3+1;
28, 27, 6,5

d) 28-hit CRC: X2+ + X+ + X+ 1.

C.4.1.7.3 Systematic convolutional encoder

The channel encoder is based on a Systematic Recursive Convolutional (SRC) encoder with rate
R =%, With the puncturing procedure described in Table C.4 we obtain a Rate Compatible
Punctured Convolutional (RCPC) code. At the ALIM sending unit, the AL-PDU payload is
generated by convolutional encoding of the concatenated field of the AL-SDU* and CRC field. The
convolutional encoding of the CRC field starts with the highest 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 convolutional decoding, for example Viterbi decoding. As this code is systematic
the receiver may also directly extract the CRC protected AL-SDU* from the received bitstream
without convolutiona decoding.

The SRC code is generated from a rational generator matrix by using a feedback loop. A shift
register realization of the encoder is shown in Figure C.5.

1
»vY
De D
e NP
d, i X
u v
i »P o1 d > 2 _ d » o 3_ d 4_ d
U My~ = Uy @ de g m©=Up © d, M= Uz ®d.5 M=y ©dyy
y v
) »D AL
v Ny Ny 3
) »P » D pv®
4 N v Uy
) » D AL
> > >

T1603370-97

Figure C.5/H.223 — Shift register realization for systematic recur sive convolutional encoder

To obtain the output vectors v; a each time instant t, one has to know the content of the shift
registers ml, mtz, m[3, m4, (corresponds to the state) and the input bit u; at timet.

We obtain the outputs vt(z), vt(3) and vt(4):

2 4 3
vt(),zmt @m: @ (U ®d)
3 4 3 2
vt(),zmt ®@m: & m @ (u @ d)
4 _ 4 3 1
Vi ,=me @my @my @ (U@ dr)

with:

2 3 2
d; = mt4 @m @ mtl, mt4 = Upg @ g, M = U3 © Or3, MY = Upp @ o, mt1 = U1 © g
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Finally we obtain for the output vector v; = (vt(l), vt(z), vt(3), vt(4)) a time t depending on the input

bit u; and the current state m; = (ml, mtz, mts, m[A):

Vt(l):Ut

vP=mleom’e wed)=momiem’ oy
vWW=mlemlemieued)=m*eom oy
vi=mlem’em'eued)=m*em oy

with mg = (my*, m?, m>, m%) =(0,0,0,0)= 0

The initial state shall always be 0, i.e. each memory cell contains a O before the input of the first
information bit w. The tail bits following the information sequence u for returning to state m,=0
(termination) depends on the last state my,.3 (State after the input of the last information bit uy,.4). The
termination sequence for each state described by m, 3 is given in Table C.3. The receiver may use
these Tail Bits (TB) for additional error detection.

The appendix (Up-3, Un-2, Un-1 Un) to the information sequence can be calculated with the following
condition:

For al t withn-3 <t <n: u;® d; = 0.

Hence we obtain for the tail bit vector u”=(up-3, Un-2, Un-1, Un) depending on the state my.3 = (mn_gl,
2 3
Mha’s Mha's Mg,

2 2 1
Un3= Oh3= Mp3 @ My 3™® My 3
_ _ 4 2 1 3 1~ 3 1
Un2 = Oh2= Mp 2 @ My @ My 2= My 3™ @ M3 @ 0= My 3™® My 3
4 3 2 2 2
Un-1=0n1= Mp1 @My @My ™= Mz ®0®0=m3
Un = Cn = mw-Sl@ 0® 0= mn-S1

Table C.3/H.223 — Tail bitsfor systematic recursive convolutional code

StateMns | Mna' | Maa® | Mg’ | Mag' | Uns | Un2 | Una | Up
0 0 0 0 0 0 0 0 0
1 0 0 0 1 1 1 0 1
2 0 0 1 0 1 0 1 0
3 0 0 1 1 0 1 1 1
4 0 1 0 0 0 1 0 0
5 0 1 0 1 1 0 0 1
6 0 1 1 0 1 1 1 0
7 0 1 1 1 0 0 1 1
8 1 0 0 0 1 0 0 0
9 1 0 0 1 0 1 0 1
10 1 0 1 0 0 0 1 0
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Table C.3/H.223 — Tail bitsfor systematic recursive convolutional code

Statemns | Mys® | M’ | Mos” | Mas' | Uns Un-2 Un-1 Un
11 1 0 1 1 1 1 1 1
12 1 1 0 0 1 1 0 0
13 1 1 0 1 0 0 0 1
14 1 1 1 0 0 1 1 0
15 1 1 1 1 1 0 1 1

C.4.1.7.4 Puncturing tables

Puncturing of the output of the SRC encoder allows different rates for transmission. The puncturing
tables are listed in Table C.4. As al rates include al bits of all lower rates, this code is rate
compatible.

Table C.4/H.223 — Puncturing tables (all valuesin hexadecimal representation)

Rater | 8/8 | 8/9 | 8/10 | 8/11 | 8/12 | 8/13 | 8/14 | 8/15 | 8/16 | 8/17 | 8/18 | 8/19 | 8/20
PO | FF|FF | FF | FF|FF|FF|FF|FF|FF|FF | FF | FF | FF
P(l) | 00 | 8 | 8 | A8 |AA |EA |EE|FE | FF | FF | FF | FF | FF
P(2 | 00 | 00 |00 | 00| 00|00 | Q00 |O0 | OO |8 |8 |A8]|AA
P3) | 00| 00| 00| 00|00 |0 |00 | 00| O0|O0| OO |OO] OO

Rater | 8/21 | 8/22 | 8/23 | 8/24 | 8/25 | 8/26 | 8/27 | 8/28 | 8/29 | 8/30 | 8/31 | 8/32
PO | FF|FF|FF | FF|FF|FF | FF | FF| FF | FF | FF | FF
P() | FF| FF| FF | FF | FF | FF | FF | FF | FF | FF | FF | FF
P(@2 |EA|EE|FE|FF|FF|FF|FF | FF | FF | FF | FF | FF
P(3 | 00 | 00| 00|00 |8 |8 | A8 |AA |EA | EE | FE | FF

C.4.1.8 Interleaving
For some channels, block interleaving may be used.

If interleaving is used, it shall be applied to the entire AL-PDU including the control field. As the
length of the AL-PDU varies, the dimension of the block interleaver matrix has to be recal culated for

each length. Given a AL-PDU of length |, the dimensions, the width a and the height b of the block
interleaver can be cal cul ated:

a= _max {as\/n},withSallintegers

oe3,l, modo=0

b=1,/a

b represents the distance after interleaving between two bits that are adjacent to each other in the
AL-PDU.

The receiver shall calculate the dimensions of the interleaver with the upper equation and the length
of thereceived AL-PDU |,. De-interleaving shall also be applied to the entire AL-PDU.
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The process of block interleaving with the width a and the height b is as follows:

1) Prepare arectangular buffer with a columns and b rows.
2) The input data is written in to the buffer from the top left to the bottom right, row by row, bit
by bit.

3) The output data is read out from the buffer from the top left to the bottom right, column by
column, bit by bit.

Thisis represented with aformula as follows:

xX;: i-th input bit to theinterleaver.i =0... N — 1,

y;: j-th output bit from theinterleaver.j=0.. N -1,
Yj = X wherei = (j mod b) - a + [j/b].

N is the number of bits input to the interleaver, and [x] is the maximum integer value which is
smaller than or equal to x.

C.4.19 Encoding procedure: AL-SDU* (I-PDU) to AL-PDU

C.4.19.1 Encoding
The following steps are necessary to obtain an AL-PDU from an AL-SDU*.

1) Calculate the length of the AL-PDU |, according to C.4.1.7.1 and the first rate required in
the H.245 OpenL ogica Channel message.

2) The CRC of the length required in the H.245 OpenLogical Channel message field shall be

added.

3) Due to the convolutional codes of mother rate r = ¥4 with memory 4, four Tail Bits (TB)
shall be appended from Table C.3.

4) Generate the encoded data by passing them through the convolutional encoder.

5) According to the puncturing rules of Table C.4, fill the bits of the convolutional encoder
output into a linear buffer. Put AL-SDU* with appended CRC and TB at the beginning of
this buffer.

6) For the first transmission read [l, — Iy] bits (AL-PDU payload length) from the buffer,
starting from the beginning of the buffer and fill these bits into the AL-PDU payload field.
The first octet of the buffer isthefirst octet of the AL-PDU payload field.

7) The Control Field (CF) shall not be used if the ARQ mode, signalled by the H.245 message,
IS set to "noArq".

8) Interleaving according to C.4.1.8 shall be applied for the entire AL-PDU, if this has been
required in the H.245 OpenL ogical Channel message.

These steps are valid for the modes FEC_ONLY, ARQI and ARQII. If FEC ONLY is used, no
retransmission is possible.

Using the ARQ mode, the content of the AL-PDU variesfor the retransmissions:

- ARQI: In this mode, the content of each (re)-transmitted AL-PDU is the same and has the
same length.
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ARQII: If Vj(S) = 0, the encoding procedure step 6 of this clause shall be performed.
Otherwise, the transmitter may choose any AL-PDU payload length, whereby the AL-PDU

payload length shall be an integral number of octets. This AL-PDU payload shall be read in
consecutive order from the linear buffer.

However if the mother code rate is reached, the transmitter begins transmitting at the

beginning of the linear buffer and is still free to choose the code rate, if the maximum
number of retransmissions is not reached.

Figure C.6 illustrates the encoding procedures of the ALM at the transmit side.
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C.4.19.2 Possibleimplementation of mapping procedure

The mapping from the temporary matrix to the linear buffer is done by the rules of the puncturing
Table C.4 that describes the exact reading order from the temporary matrix. Table C.5 reflects that
reading order for the output 2, 3 and 4.

Table C.5/H.223 — Reading order for the output 2, 3 and 4 of the
temporary matrix of Figure C.7

column number 1 2 3 4 5 6 7

reading order 1 5 3 7 2 6
Thelinear buffer isfilled in the following way:
1) Thefirst output line of the convolutional encoder is directly written to the linear buffer.
2) The columns of output 2 of the temporary matrix are written to the linear buffer by the use

of Table C.5. Then al the bits in column 1 are read from the top to bottom and filled to the
linear buffer, followed by column 5 and so on. After having read all columns, the mapping
procedure continues with output 3.

3) The columns of output 3 of the temporary matrix are written to the linear buffer by the use
of Table C.5. Then al the bits in column 1 are read from the top to bottom and filled to the
linear buffer, followed by column 5 and so on. After having read all columns, the mapping
procedure continues with output 4.

4) The columns of output 4 of the temporary matrix are written to the linear buffer by the use
of Table C.5. Then al the bits in column 1 are read from the top to bottom and filled to the
linear buffer, followed by column 5 and so on. After having read all columns, the mapping
procedure is finished.

C.4.193 Example

The following example demonstrates how to interpret the puncturing tables and how to fill the
encoded data into the linear buffer.

The following parameters are given:

. lcre = 4 bits;

. It = 4 bits,

. t = 8 bits;

. lbuffer = 4 X 16 bits = 64 bits.

The convolutional encoder gives four output streams. Each of these output streams consists of
16 bits. The numbering is equivaent to that of Figure C.6. The output of line 1, i.e. the systematic
bits are directly transferred to the linear buffer. All bits of output 2, 3 and 4 are filled into a
temporary matrix, which is used to give a ssimple example description. The bits are read line by line
from the convolutional encoder output and are written from column 1 to 8 and then row by row into
the temporary matrix, as shown Figure C.7. Then this matrix is mapped using the puncturing rule
and appended to the linear buffer. The puncturing rule describes in which order the columns are
read. To achieve a code rate of r = 1/3, the first 48 bits are transmitted to the AL-PDU payload by
reading the bits from the start position of the buffer (right bottom in Figure C.6). Another code rate
r = 8/13 requires that 26 bits be read from the matrix. However, 32 bits shall be transmitted to obtain
an octet-aligned AL-PDU payload.
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C.4.1.10 Decoding of the AL-PDU payload (I1-PDU)

The receiver may check the received systematic bits before decoding the convolutional code. It may
also use the tal bits for error detecting. If CRC or TB check fails, any kind of convolutional
decoding may be used.

After convolutional decoding, the CRC should be used to check the correctness of the decoding
attempt again. If the CRC fails, another retransmission may be requested, or the wrong data may be
given to the AL1 user with an appropriate error indication (EI) message. If only wrong data is
available, the receiver may use the decoded information bits or the systematic bits before decoding
asreceived AL-SDU*.

If ARQI retransmission procedure is used, each retransmission gives the same data as the previous
one. If the ARQII procedure is applied, each retransmission is delivering new data which may be
combined with the previous received data to achieve a more powerful error correction code. After
each decoding attempt, the decoding result should be checked by the CRC.

C.4.1.11 Proceduresfor Abort

This primitive is discarded and no action is undertaken.
C.4.1.12 Proceduresfor error control

C.4.1.121 Invalid AL-PDUs

Aninvalid AL-PDU occursin either of the following cases:

a) The associated AL-PDU has fewer than the minimum number of octets specified in C.4.1.4.
b) The AL-PDU does not contain an integral number of octets.

C) The AL-PDU islonger than the maximum AL-PDU size.

d) The AL-SDU* does not contain an integral number of octets.

An AL-PDU whichisnot invalidisreferred to asavalid AL-PDU.

C.4.1.12.2 Errored AL-PDUs

An errored AL-PDU occurs a the AL1M receiver in the following case:
- The AL-PDU is valid and the associated error decoded AL-PDU Payload contains a
CRC error.

An AL-PDU whichisvalid and not errored is referred to as an error-free AL-PDU.

C.4.1.12.3 Error control: CF absent

In case of a CRC failure at the AL1M receiver when the Control Field (CF) is absent and CRC error
detection is used for the AL-PDU Payload, the associated AL-PDU Payload shall be delivered to the
AL1 user, together with an appropriate El parameter, viathe AL-DATA.indication primitive.

C.4.1.12.4 Error control: Forward control field present

When the CF is present, the AL1M receiver has the option of invoking the retransmission procedures
ARQI or ARQII. Which of these are used shal be indicated by the AL1M sending entity in the
H.245 OpenLogica Channel message. The AL1M sending entity shall respond to a retransmission
request according to the procedures defined in C.4.1.13. The error control procedures for
retransmission are described in C.4.1.13.8.

When the CF is in use and the AL1M receiver does not invoke the retransmission procedure, the
procedure described in 7.4.5.3.1 should be followed by using ALIM instead of AL3.
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C.4.1.13 Retransmission procedures (ARQI, ARQII)

This clause addresses the two retransmission procedures ARQI and ARQII. The transmitter
procedures defined in this clause shall be used when the control field is present. The receiver
procedures defined in this clause shall be used when retransmission is used.

C.4.1.13.1 Definitions

a)

b)

d)

f)

Q)

Modulo

Each AL-PDU Payload is sequentially numbered modulo 2° or 2% and may have the value O
through 2>~ 1 or 2% 1. The length of the sequence number field (SN) is set with the
OpenL ogicalChannel message of ITU-T H.245.

NOTE - All arithmetic operations on state variables and sequence numbers contained in this
subclause are modulo 2° or 2'°.

Send sequence variable V(S

V(S) isaninternal variable of the transmitting AL1M entity. It denotes the sequence number
of the next AL-PDU Payload to be transmitted to the far end. V(S) can take on the values O
through 2° or 2'°% The value of V(S) shall be incremented by 1 after each in-sequence
AL-PDU is passed to the MUX layer inaMUX-SDU.

Send retransmission variables V(9

v/ (S) areinterna variables of the transmitting AL1M entity. A separate counter v/ (S) exists

for each possible valuej of V(S). V! (S) can take on the values 0 through Rinax. The value of

V!(S) shall be incremented by 1 after each (re-)transmission of an AL-PDU for an AL-SDU

with sequence number j. The value of V'(S) shall be set to 0 in the following cases:

o ainitialization;

 when the send buffer Bs no longer contains information for the corresponding
AL-PDU payload.

Send sequence number N(S)

AL-PDUs contain N(S), the send sequence number of the corresponding AL-PDU Payloads.

At the time that an in-sequence AL-PDU is designated for transmission, the value of N(S) is
set equal to V(S).

Maximum number of retransmissions Ry

Rmax 1S @ parameter that indicates the maximum number of retransmissions alowed. Its
value shall be indicated by the AL1IM transmitting unit in the H.245 OpenL ogica Channel
message.

Send buffer Bg

Each AL1IM entity shall maintain a send buffer, Bs, used for storing the most recently
transmitted AL-PDU Payload information. The minimum size of Bg that al AL1IM
transmitters shall support is specified in the System Recommendation (e.g. ITU-T H.324)
that uses this annex. The actua size of Bg shall be indicated to the far end in the H.245
OpenL ogical Channel message.

Receive sequence variable V(R)

V(R) isaninterna variable of the AL1M receiving entity. It denotes the sequence number of
the next in-sequence AL-PDU expected to be received. V(R) can take on the values 0
through 2° or 2'° . The value of V(R) shall be incremented by 1 with the receipt of avalid,
in-sequence AL-PDU whose N(S) equals V(R).
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h) Receive retransmission variables Vj(R)

Vj(R) are internal variables of the AL1M receiving entity. Vj(R) can take values 0 through
Rimax. The value of a variable V!(R) shall be used to monitor the number of retransmissions
requested. When the ARQII error protection scheme is used, the value of a variable V!(R)

shall aso be used to determine the number i of the next AL-PDU payload z to be received
from the AL1M transmitting entity.

The value of a variable Vj(R) shall be incremented by 1 with the receipt of an errored
AL-PDU with N(S) =j.
The value of a variable V'(R) shall be set to 0 when the received AL-PDU with N(S) =
resultsin an error-free decoding of the corresponding AL-PDU Payload.

1) Receive retransmission number RN

Only the header field of the reverse channel contains RN, the receive retransmission
number. When requesting a retransmission, this 1-bit number shall be set to the parity of the
receive retransmission variable of the requested AL-PDU payload.

)] Receive sequence number N(R)

Only the header field of the reverse channel contains N(R), the receive sequence number of
an AL-PDU that isreferred to by the reverse header field.

C.4.1.13.2 Supervisory messages

According to the direction, either forward or reverse channel, an S-PDU with different messages is
transmitted:

. an S-PDU from the transmitter to receiver (forward channel) signals a DRTX message;
. an S-PDU from the receiver to the transmitter (reverse channel) carries an SREJ message.

Selectivergect (SREJ) message

SREJ is used by an AL1M receiver to request a retransmission for the single AL-PDU Payload
numbered N(R). An SREJ message shall not be transmitted more times than the negotiated

maximum number of retransmissions Ryay for the same AL-PDU Payload.

Declined retransmission (DRT X) message

Since the error recovery procedures defined here only support negative acknowledgment, in certain
conditions, the AL-PDU Payload information transmitted previously may have been discarded
before the request for retransmission is received. The DRTX message is used by an AL1M
transmitter to decline the requested retransmission for an AL-PDU Payload, when the information
for that AL-PDU Payload is not available in the send buffer at the time the SREJ message is
received.

C.4.1.13.3 Initialization procedures

The retransmission procedures require that a reverse logical channel exist for sending supervisory
messages.

Once the reverse logical channel has been established according to the procedure defined in
ITU-T H.245, the AL1M entity shall:

. =t V(9), V(R), V/(9), VI(R) to O;
. clear any existing exception conditions.
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C.4.1.13.4 Transmitting in-sequence |-PDUs

Information received from the AL1 user in an AL-SDU by means of an AL-DATA .request primitive
shall be passed to the MUX layer in an I-PDU using the frame structure defined in C.4.1.4. The SN
field of the I-PDU shall be assigned the value V(S). V(S) shall be incremented by 1 after the [-PDU
has been passed to the MUX layer.

C.4.1.13.5 Receiving in-sequence |-PDUs

When an AL1M entity receives a valid I-PDU whose N(S) is equal to the current V(R), the ALIM
entity shall increment its V(R) by 1.

C.4.1.13.6 Recelving SREJ-PDUs

On receipt of avalid SREJ-PDU, the AL1M entity shall act asfollows:

a) If the I-PDU, whose N(S) is equal to the N(R) of the SREJ message is still in the send
buffer, the AL1IM entity shall pass a corresponding AL-PDU to the MUX layer as soon as
possible.

When ARQI error protection is used, the same AL-PDU payload shall be used for
re-transmission.

When ARQII is used, the parity of the send retransmission variable'Vj (S) is checked against

the 1-bit receive retransmission number RN. If the parity differs, V!(S) will be decremented
by 1. Then the next I-PDU payload, according to the procedure described in C.4.1.9, shall be
retransmitted to the receiver.

No other previously transmitted [-PDUs shall be retransmitted as a result of receiving the
SREJ-PDU.

b) If the AL-PDU whose N(S) is equa to the N(R) of the SREJ message has been previousy
discarded, the AL1M entity shall enter a declined-retransmission exception condition. The
procedures for this exception condition are defined in C.4.1.13.8 €).

C.4.1.13.7 Transmitting SREJ messages

When avalid but errored I-PDU is received and Vj(R) < Rmax, @ SREJ message shall be produced
with the receive sequence number N(R) set to the N(S) from the errored |-PDU and the modulo 2 of
V!(R) set to RN field. The corresponding receive retransmission variable VV'(R) shall be incremented.

C.4.1.13.8 Exception condition reporting and recovery

Exception conditions may occur as a result of errors on the physical connection or procedural errors
by an AL1M entity.

The error-recovery procedures that are available following the detection of an exception condition by
an AL1IM entity are defined in this clause.

a) Receiving invalid AL-PDUs

When a received AL-PDU is invalid, it is either discarded or saved for possible delivery
later to the AL1 user.

b) N(S) sequence error

When there are no other outstanding exception conditions, an N(S) sequence error exception
condition occursin the receiving AL1IM entity when avalid I-PDU is received containing an
N(S) value that is not equal to the V(R) at the receiver. In this case, V(R) shall not be
incremented, and one or more SREJ-PDUs, each containing a different N(R), may be
transmitted by the AL1M receiving entity to initiate an exception condition recovery for
each SREJ-PDU. After passing each SREJ-PDU to the MUX layer, the AL1M entity shall
start a local timer. Severa factors that affect the length of the timer are given in
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Appendix IV/V.42. A different timer is maintained for each outstanding SREJ-PDU.
Successive SREJ-PDUs are transmitted in the order indicated by their N(R) field.

For each SREJ-PDU that it transmits, the AL1M receiver may pass an empty AL-SDU or an
invalid received AL-SDU (previously saved), with an appropriate El parameter, to the
AL1 user viathe AL-DATA.indication primitive.

When the retransmitted 1-PDU with N(S) = V(R) is received, the exception condition for
that I-PDU shall be cleared. The AL1M receiver should pass the associated AL-SDU,
together with an appropriate EI parameter, to the AL1 user via the AL-DATA.indication
primitive. When the exception condition is cleared, the associated timer shall be stopped and
V(R) shall be incremented as many times as necessary so that V(R) represents the send
sequence number of the next expected in-sequence I-PDU.

When a retransmitted 1-PDU with N(S) # V(R) is received, the AL1M receiving unit clears
all exception conditions related to previousy sent SREJ-PDUs for which retransmission is
received, by stopping the associated timers. For each exception condition cleared, the AL1M
receiver shall increment V(R) by 1, and may deliver an empty AL-SDU, together with an
appropriate El parameter, to the AL1 user via the AL-DATA.indication primitive, prior to
delivering the AL-SDU associated with the received I-PDU.

The information in all other received valid I-PDUs should be delivered to the AL1 user in
AL-SDUs, together with an appropriate El parameter.

N(R) sequence error

An N(R) sequence error exception condition occurs when a valid S-PDU with an invalid
N(R) vaue is received. An invalid N(R) value will be produced when a first SREJ-PDU
received with sequence number N(R) = N1 is followed by another SREJPDU with
N(R) = N2, and (V(S) — N2) is greater than, or equal to, (V(S) — N1).

An invalid N(R) may also occur when the N(R) value in a DRTX-PDU is not equal to the
N(R) value in an outstanding SREJ-PDU.

The AL1IM entity should ignore the message in such S-PDUSs.
Procedure on expiration of timer

If the timer expires, the associated exception condition shall be cleared by stopping the timer
and incrementing V(R). The AL1M receiver may pass an empty AL-SDU or an invalid
received AL-SDU (previously saved), with an appropriate error indication, to the AL1 user
viathe AL-DATA.indication primitive.

Declined-retransmission condition
Error recovery procedures at the AL1M sending unit

Upon receiving an SREJ retransmission request, when the AL1M transmitter does not have
the information for the requested AL-PDU Payload stored in the send buffer, it shall:

* send a declined-retransmission (DRTX) message whose N(R) value is equal to the N(R)
value of the received SREJ message as soon as possible;

* send an AL-DRTX.indication to the AL1 user;
* resume transmission of AL-PDUs not yet transmitted.
Error recovery procedures at the AL1M receiving unit

When a DRTX message is received, the associated exception condition should be cleared by
stopping the timer and incrementing V(R). The AL1M receiver may pass an empty AL-SDU
or an invalid received AL-SDU (previously saved), with an appropriate error indication, to
the AL1 user viathe AL-DATA.indication primitive.
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C.4.1.13.9 Unsolicited supervisory PDUs
An unsolicited DRTX-PDU received by the AL1M entity should be ignored.

C42 AL2M

C.42.1 Framework of AL2M
AL2M is primarily designed for the transfer of digital audio in highly error-prone channels.

AL2M only provides optional sequence numbering and optional AL-PDU interleaving. Therefore,
any additional error control may be provided by the higher layer protocol. For example, the
Annex C/G.723.1 defines such an error control procedure.

The AL-SDU and the AL-PDU shall be octet aligned.

Audio frames are first mapped to AL-SDU and these are then passed by AL2M in MUX-SDUs with
an optional AL2M-header and optional interleaving to the MUX layer.

C.4.2.2 Primitives exchanged between AL2M and AL 2 user
The information exchanged between AL2M and an AL 2 user includes the following primitives:

AL-DATA .request (AL-SDU);
AL-DATA. indication (AL-SDU, El);
AL-Abort.request.

C.4.221 Description of primitives

AL-DATA. request: This primitive isissued by an AL2 user to AL2M to request the transfer
of an AL-SDU to acorresponding AL2 user.

AL-DATA.indication: This primitive is issued to an AL2 user by AL2M to indicate the
arrival of an AL-SDU.

AL-Abort.request: This primitiveisissued to AL2M by an AL2 user to signal that a partially
delivered AL-SDU isto be aborted.

C.4.222 Description of parameters

AL-SDU: This parameter specifies the unit of information exchanged between AL2M and
the AL2 user. Each AL-SDU shall contain an integra number of octets. The length of
AL-SDUs may be variable. The maximum length of AL-SDUs that an AL2M receiver can
accept shall be signalled via the H.245 control channel. The octets in an AL-SDU are
numbered from 1 to n, and in each octet, bits are numbered from 1 to 8. Bit 1 of the octet 1
is transmitted first. An AL2M receiving entity may deliver an empty AL-SDU to the
AL2 user to indicate that an AL-SDU is missing.

Error Indication (El): This parameter should be used in the AL2M receiver to pass error
indications to the AL2 user. This may also be used if the AL2M receiver entity delivers an
empty AL-SDU to the AL2 user. The precise procedures for using this parameter, and its
numerical coding, are outside the scope of this Recommendation.

C.4.2.3 Format and Coding of AL 2M

The format of the AL-PDU isillustrated in Figure C.8. The entire AL-PDU interleaving as described
in C.4.2.3.2 shall be used, if this has been required in the H.245 OpenL ogical Channel message.
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8 7 6 5 4 3 2 1 Octets

Optional Header Field (2 or 3 octets) 1

AL-PDU

AL-PDU Payload Field (1 or more octets)

T1603400-97

Figure C.8/H.223 — AL-PDU format for AL2M

C.4231 Header Field

The optional header consists of the 5-bit or 12-bit Sequence Number (SN) and a corresponding
Header Error Control (HEC) field. This HEC uses either an SEBCH(16,5) or an EGolay
Code(24, 12), (see Figures C.9 and C.10).

8 7 6 5 4 3 2 1 Octets
P3 P2 P1 SN5 SN4 SN3 SN2 SN1 1
P11 P10 PO P8 pP7 P6 P5 P4 2

Figure C.9/H.223 — Control field format of the AL-PDU for AL2M
with SN =5 and SEBCH code

8 7 6 5 4 3 2 1 Octets
SN8 SN7 SN6 SN5 SN4 SN3 SN2 SN1 1

P4 P3 P2 P1 SN12 SN11 SN10 SN9 2
P12 P11 P10 PO P8 pP7 P6 PS5 3

Figure C.10/H.233 — Control field format of the AL-PDU for AL2M
with SN = 12 EGolay code

C.4.2.3.1.1 Sequence Number (SN) field

The optiona 5-bit/12-bit SN provides a capability for sequencing AL-PDUSs. The sequence number
may be used by the AL2M receiving entity to detect missing and misdelivered AL-PDUSs.

AL2M receivers conforming to ITU-T H.223 shall be capable of receiving and correctly interpreting
AL-PDUs that include the SN field. The use of the SN field shall be determined by the transmitter
and shall be signalled to the far end in the OpenL ogical Channel message of H.245.

When the SN field is in use, the AL2M receiver may detect that an AL-PDU is missing or has been
misdelivered by the MUX layer. The AL2M receiver should discard any misdelivered AL-PDUs that
it detects.

C.4.2.3.1.2 Header Error Control (HEC) field of the AL2M header

The optional AL2M header uses an SEBCH(16, 5) or an EGolay (24, 12) code. The definition of the
EGolay code shall be the same as described in C.4.1.5.4, whereby the field RN is replaced by SN11
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and X by SN12. The SEBCH code shall be used by the definition of Table I.1. The CEC bits of
SEBCH code shall be derived by the following equation:

PL
P2
P3
P4 | [11101100101] T [SN1]
Ps | (01110110011 SN2
P6 |=]11010111100 e |SN3
P7 | 01101011110 SN4
P8 | 11011001011 |SN5|
P9
P10
_Pll_

C.4.2.3.1.3 AL-PDU Payload Field

The AL-PDU field contains a complete AL-SDU, where the first octet corresponds to the first octet
of the AL-SDU. Both the AL-SDU and the AL-PDU are octet aligned.

C.4.23.2 Interleaving

If interleaving is required in the H.245 OpenL ogical Channel message, it shall be applied to the entire
AL-PDU including the header field. The same interleaver as described in C.4.1.8 shall be used for
AL2M.

De-interleaving also has to be applied at receiver side in this case.

C.4.24 Proceduresfor Abort
This primitive is discarded and no action is undertaken.

C.4.25 Procedurefor Sequence Numbering
The following procedures apply when the SN field isin use.

Once a logical channel using AL2M is successfully opened according to the procedure defined in
ITU-T H.245, the first AL-PDU transmitted by the AL2M sending entity shall have the SN field set
to 0. For each subsequent transmitted AL-PDU which belongs to that logical channel, the value of
the SN field shall be incremented by 1 modulo 32 for a 5-bit SN-field (or modulo 4096 for the 12-bit
SN-field).

C.426 Proceduresfor Error Control

When the SEBCH/EGolay decoding fails at the AL2M receiver, the associated AL-SDU may be
delivered to the AL2 wuser, together with an appropriate error indication, via the
AL-DATA. indication primitive.

When the SN field is in use, the AL2M receiver may detect that an AL-PDU is missing or has been
misdelivered by the MUX layer. The AL2M receiver should discard any misdelivered AL-PDUs that
it detects. For each missing AL-PDU that it detects, the AL2M receiver may deliver to the AL2 user
an empty AL-SDU, together with an appropriate error indication, via the AL-DATA.indication
primitive.
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C43 AL3M

AL3M is designed primarily for the transfer of video. The format, structure, definitions and
procedures are identical to the adaptation layer AL1M, see C.4.1, except that:

. AL3M shall support one framed transfer mode; and

. AL3M shall always operate in splitting mode, while using the ARQ-mode and shall not use
splitting mode, while operating in FEC_ONLY mode.

In AL3M it is possible that additional error control can be provided by the higher layer protocol,
e.g. by the proceduresin Annex N/H.263.

ANNEX D

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

D.1 General

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 shall be
included.

D.2 Acronyms

This annex uses the following acronyms:
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
SeeC.3.

D.4  Adaptation layer

D.41 AL1M

D.4.11 Framework of AL1IM
SeeC.4.1.1.

D.4.1.2 Primitive exchanged between AL1and AL 1M
SeeC4.1.2.

D.4.1.3 Functionsof AL1IM
AL1M 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 ARQI3;
. optional AL-SDU splitting for framed frames.

D.4.1.4 Format and structureof AL1M
The format of the AL1IM can be seenin Figure D.1.

8 7 6 5 4 3 2 1 Octets

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 AL 1M

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 signalled via the H.245 capability
exchange.

In contrast to AL1 of ITU-T 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-SDUSs 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).

3 Notethat ARQII is not supported.
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———————————— Application

______ Bitstream o Layer
—X
_____ALSDU AL-SDU ___AL-SDU.
AL-SDU* | crc |
Reed-Solomon Reed-Solomon
encoding decoding
AL-SDU* | cre | 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 — AL 1M structure

The error protocol allowsthe 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 — 26,4rget —lcre/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.4.15 Control Field (CF)
See C.4.15.

D.4.1.6 Proceduresfor splittingan AL-SDU (splitting mode)

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

255 — 26arget —Icre/8 Octets, transmitter shall apply this splitting procedure. In the event that
AL-SDU is shorter than 255 — 2ei5rget — Icre/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 Proceduresfor encoding and decoding the AL-PDU payload
SeeC.4.1.7.

D.4.1.7.1 Evaluation of the AL-PDU (1-PDU) length
The following parameters are given:

. ly length of AL-PDU in bits;
. t length of AL-SDU* in hits;
. Barget  COrrection ability of the SRS code in octets;
. Ih length of the control header (CF) field in bits;
. lcre  length of the Cyclic Redundancy Check (CRC) field in bits.
Thelength |, of the AL-PDU can be evaluated by the following equation:
ly =1p +t+lcre +16€arget (D-1)

The parameters |, t and Icrc shall be byte aigned. Equation (D-1) shall be used by the AL1IM
transmitter. At the AL1M receiver the length of the AL-SDU* t shall be evaluated by the following
equation:

t=Ily—lh—lcre _16Qarget (D-2)
Both equations shall be calculated in octets, asillustrated by the following example:
Example

The ALIM wants to transmit an AL-SDU* of t = 376 bits (47 octets), €arget = 2, In = 24 bits
(3 octets), Icre = 16 bits (2 octets). Using the equation (D-1), the length of the AL-PDU is
Iy = 56 octets. The instant rate ryeqyt Can be evaluated by:

t+|CRC (D-3)
Iv —I h

Mesult =

In this example reqt = g—z =~ 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 AL1IM 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 OpenlLogical Channel procedure.

Description of the CRC polynomials:

a) 8-bit CRC: see7.3.3.2.3;

b) 16-bit CRC: see7.4.3.2.3;

C) 32-hit CRC: see8.1.1.6.2/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
Barget, Where @age Can be selected as an  abitrary integer value satisfying
0< 264get < 255—(t+Icrc)/8, Where t and Icre 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 polynomia representing the CRC field. At the
AL1IM 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 fied GF(28) is generated from a generator polynomial
g(x):(x—oc)(x—ocz)...(x—oczetafge‘), where o/ (0<i<254) denotes a root of the primitive

polynomia m(x) = X+ x*+x3+x%+1. Table 11.1 shows bi nary 8-tuple representations for o
A shift register realization is shown in Figure D.3.

pzﬁarget_l T

[T ool Jode]
T1605930-99

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

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

p(¥) = X% u(x)mod g(x)

= P26y g _1xzem@"3‘_1 + pzqwga_zxze‘arge‘ 2iAT PX+ Po -9
where u(x) denotes the message polynomial defined as:
U(X) = Uy X<+ U oX<2 4+ A+ X+ Ug (D-5)
From (D-4) and (D-5), the code polynomial is given by:
c(X) = uk_lxze*"j‘rge“rk_l + uk_zxzefe"g‘i‘Jrk_2 +A+ ulxZetarget s uox2etarget
1 P2e gy —1X26[arga 4 P26 g —zxzqarga A PiX+ Po =
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Example

° Garget = 2
. u=(u,,uy,Ug) = (oc o oc231)
. lcrc =8

In this example, u,, and u; are assumed to be AL-SDU* and ug be CRC. According to the procedure
of 7.3.3.2.3, CRC polynomial b(x) is given by:

b(x)=x7+x5+x3+x2+x+1 (D-7)
Then, ug = o?® is obtained.
The generator polynomial g(x) is given by:
(v U 2v(v 3\ (v A
909 = (x-a)(x-0)(x-a®)(x-o) 0-6)
=x*+ 0% + 0®%? + oBx+ o0

Each element of the message sequence u = (oc oc7 oc231) corresponds to that of AL-SDU* and CRC

in octets. The parity check polynomia p(x) isthen calculated as:

p(x) =X (oc4x2+oc x+oc231)mod g(x)

= o3 + o'?x2 + o'+ o128

(D-9)

From (D-8) and (D-9), the code polynomial is given by:

c(x) = o8+ o’ x® + P x* + o3 + a?x? + 0% + o188 (D-10)

Therefore, the code sequence ¢ = (0%, o’ 0%, 03, 02, 018, 0*®8) is obtained.

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

+
o—>

Figure D.4/H.223 — Example of Reed-Solomon encoder (6arget = 2)

Po Py P2 Ps T

‘alSS‘aBQ‘ (le‘(x34 ‘(x231‘ o’ ‘ ol ‘

T1607170-99

Y
>

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 OpenLogical Channel 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.
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3) For the first transmission read the highest order term of the code polynomial (e.g. ux_1 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 OpenL ogical Channel 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 D.5 illustrates the encoding procedures of the AL1M at the transmitter side.

Bitt
8k 1
CRC AL-SDU* RS CRC AL-SDU*
Uy . U U Po Py . Uo . U2 Uy
) Reed-Solomon )
Encoder
11101000 .. 00010000|/00000100| 00010010(11110110 .. 11101000 .. 000210000/00000100
OCll 0C4 0(2 OC224 a173 (Xll (14 (12
T1605950-99

Figure D.5/H.223 — Encoding procedure of the AL1M at thetransmitter 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 AL1IM 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 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 Proceduresfor Abort
See C.4.1.11.

D.4.1.11 Proceduresfor error control
See C.4.1.12.

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

D42 AL2M
SeeC4.2.
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D.43 AL3M
See C.4.3. AL3M in Annex D shall use SRS code in stead of RCPC code.

APPENDIX |
Generator matrixes of the Systematic Extended BCH

This appendix describes Systematic Extended Bose-Chaudhuri-Hocquenghem (SEBCH) codes and
includes the generator matrixes, which are used in Annex C.

.1 BCH codes

BCH codes are linear cyclic block codes, hence they can be described using a generator polynomial.
However, the easiest way to describe short block codes is using a generator matrix which describes
all characteristics of the code. With a generator matrix G and a information sequence i of length k
the code vector ¢ of length n can be obtained by:

c=iG=[i"|c I"

withG=[1]|A] a(kxn)matrix containing a (k x k) identity matrix in the first k columns/rows to

obtain a systematic code. For a primitive BCH code the length of the code n is always n = Mo
For k there are some constraints, not all values are possible.

The third parameter describing a block code besides code length n and information length k is the
minimum distance between two code words d. If a code has minima distance d, it can correct at
most | (d —1)/2] errors or detect (d — 1) errors.

[.2 Systematic Extended BCH codes
Asall linear cyclic block codes can be made systematic, there always exits a systematic BCH code.

As we evaluated earlier, primitive BCH codes always have the length n = 2"~ 1. To make these
codes octet aligned, extension has to be applied. The extension of a BCH(n, k, d) has the length
n + 1. One digit is appended, so that each code word has even weight. The extended BCH code then
always has minimal distance d + 1. Hence we derived from BCH(n, k, d) a code EXBCH(n + 1, k,
d + 1). Extended codes are till linear, but no more cyclic. Hence the description using generator
polynomialsisimpossible.

The generator matrix of the extended code from G of the mother code can be derived by adding one
column which contains the parity check bit of each row. The examples of the generator matrices are
givenin Tablesl.1and I.2.

.3 Decoder overview

For decoding BCH codes, usually Berleykamp-Massey algorithm is used. Thisis an efficient method
to determine error locations in the received vector. There are a'so some approaches to use reliability
information for decoding block codes. However, these algorithms yield in high complexity.

One main feature of BCH codes is the possibility to use these codes for error correction and
detection at the same time. For example a code with d = 5 could correct up to one error and detect up
to three errors in paralel. With the usage of BCH codes only, the decoder has the flexibility to
decide how many errors to correct and use the rest of redundancy for error detection.
Berleykamp-Massey algorithm can also be used for this.
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Example
In this example we use the SEBCH(16, 5, 8). The information vector i is given as:
i=[10011]
By using the generator matrix G, the code word ¢ can be evaluated by:
c=i-G=[1001101011110000]

For transmission these bits are filled into octet-aligned fields. The LSB-bit of the vector cis at its left
side, the MSB at itsright. The LSB of cisfilled to the lowest numbered bit of the last octet (octet 2)
and the MSB of c to the highest-numbered bit of the first octet (octet 1) (see Figure1.1).

8 7 6 5 4 3 2 1 Octets
0 0 0 0 1 1 1 1 1
0 1 0 1 1 0 0 1 2

Figurel.l/H.223 — Field mapping convention of SEBCH codes

1.4 Generator matricesfor Systematic Extended BCH codes

In this clause we provide some tables to calculate a code sequence ¢ of length n from a given input

sequence i of length k using the generator matrix G with the equation: ¢ =i - G. SEBCH(16, 5, 8) is
derived from BCH(15, 5, 7) with generator polynomial g(x) = XO+ 3+ +x+ X+ + 1,
SEBCH(16, 7, 6) is derived from BCH(15, 7, 5) with generator polynomial g(x) = 4+ X +8 +

4
X + 1.

Tablel.1/H.223 — Generator matrix for Systematic Extended BCH(16, 5, 8) code

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 o6 o o o0 1 1 1 0 1 1 O O 1 o0 1
1,0 1 0 0 O O 1 1 1 O 1 O 1 1
20 o 1 o o0 1 1 0o 1 O 1 1 1 1 O O
3,0 o o 1 o 0 1 12 0 1 O 1 1 1 1 O
4,0 0 O0 O0 1 1 1 0 1 1 O O 1 O 1 1

Tablel.2/H.223 — Generator matrix for Systematic Extended BCH(16, 7, 6) code

0 3 4 5 6 9 10 11 12 13 14 15
1 0 1 1 1

O O O O O Fr OfF
O O O O PFr OO
O O O pFr O Fr kPN
O OPFr OFr Fr Ol

O O O pFr OO O
O O Fr OO O O
O r OO O O O
R O O O O O O
O r O Fr PFLr OO0
P O FrPr Pk OO O

o 0o~ W DN P O
o O O O O o
O R R FLr O R
L = Tl
N ==
O O O +—» O
R B P R, OO
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APPENDIX I

Binary representation for o

This appendix expresses the binary representation for o' over GF(28) used in Annex D. In a binary
represented o (u(8), um, u(e), u(5), u(4), u(s), u(z), u(l)), u® is defined as LSB and u® as MSB.
SeeTablell.1.

Tablell.1/H.223 —Binary representation for o (0<i<254) over GF(28)

o Binary rep. o Binary rep. o Binary rep. o Binary rep.
0 00000000 o 10100001 o2’ 11001100 ot 01000001
ol 00000001 o 01011111 o8 10000101 o2 10000010
ot 00000010 o 10111110 o2? 00010111 o 00011001
o 00000100 o0 01100001 ot 00101110 ot 00110010
ol 00001000 o 11000010 ot 01011100 ot® 01100100
o 00010000 o8 10011001 ot 10111000 ot 11001000
o’ 00100000 o 00101111 ol 01101101 oY 10001101
of 01000000 a© 01011110 ot 11011010 o8 00000111
ol 10000000 a’t 10111100 o 10101001 o 00001110
ol 00011101 o2 01100101 o 01001111 o> 00011100
o’ 00111010 ol 11001010 ¥ 10011110 oot 00111000
ol 01110100 o'’ 10001001 a8 00100001 o202 01110000
ot 11101000 a’? 00001111 o> 01000010 o2 11100000
a2 11001101 a'® 00011110 a0 10000100 ot 11011101
atd 10000111 o’ 00111100 ot 00010101 o2 10100111
ot? 00010011 o8 01111000 o#2 00101010 o2 01010011
ol® 00100110 o’? 11110000 s 01010100 ey 10100110
ol8 01001100 e 11111101 o4 10101000 o2 01010001
o’ 10011000 oot 11100111 o 01001101 o2 10100010
o8 00101101 o2 11010011 o126 10011010 o210 01011001
ol? 01011010 o3 10111011 o 00101001 ot 10110010
o® 10110100 oA 01101011 o8 01010010 o2 01111001
ot 01110101 o 11010110 o 10100100 o218 11110010
o2 11101010 o8 10110001 o0 01010101 o 11111001
o2 11001001 o 01111111 oot 10101010 o210 11101111
o2 10001111 o8 11111110 o2 01001001 o216 11000011
o> 00000011 o 11100001 o> 10010010 ot 10011011
Nl 00000110 o 11011111 oA 00111001 o218 00101011
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Tablel1.1/H.223 — Binary representation for o (0<i<254) over GF(28)

o Binary rep. o Binary rep. o Binary rep. o Binary rep.
o’ 00001100 ot 10100011 ot 01110010 o2 01010110
o 00011000 o2 01011011 o 11100100 o2 10101100
a2 00110000 ol 10110110 o>’ 11010101 o2t 01000101
o’ 01100000 o2 01110001 a8 10110111 o2 10001010
ot 11000000 o 11100010 a>? 01110011 o2 00001001
o2 10011101 o® 11011001 o 11100110 o2t 00010010
o> 00100111 o 10101111 oot 11010001 o> 00100100
o 01001110 oB 01000011 o 92 10111111 o228 01001000
o> 10011100 o 10000110 o83 01100011 o2 10010000
o8 00100101 ot 00010001 ol 11000110 o228 00111101
o 01001010 ot 00100010 ol 10010001 o2 01111010
o2 10010100 o102 01000100 o256 00111111 o0 11110100
ol 00110101 o103 10001000 el 01111110 o>t 11110101
o0 01101010 oo 00001101 o8 11111100 o232 11110111
oL 11010100 o 00011010 a®? 11100101 o> 11110011
o2 10110101 o % 00110100 ar’© 11010111 oA 11111011
o3 01110111 o 01101000 o't 10110011 o> 11101011
o 11101110 o8 11010000 o2 01111011 =B 11001011
o 11000001 o 10111101 al’® 11110110 o> 10001011
o8 10011111 o0 01100111 o't 11110001 o8 00001011
o 00100011 ot 11001110 o™ 11111111 o2 00010110
o8 01000110 o2 10000001 ol ’e 11100011 20 00101100
o2 10001100 o3 00011111 o’ 11011011 o1 01011000
o 00000101 o4 00111110 ol’8 10101011 o222 10110000
ot 00001010 ot® 01111100 o™ 01001011 o2 01111101
o2 00010100 o6 11111000 %0 10010110 o2 11111010
o 00101000 o’ 11101101 o8t 00110001 o2 11101001
T 01010000 o8 11000111 o 52 01100010 o2 11001111
o> 10100000 ot? 10010011 o 11000100 o 10000011
o 01011101 o0 00111011 o34 10010101 o2 00011011
o’ 10111010 ot 01110110 o 80 00110111 o2 00110110
o2 01101001 o2 11101100 o 86 01101110 o220 01101100
o 11010010 ot 11000101 o8 11011100 o2t 11011000
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Tablel1.1/H.223 — Binary representation for o (0<i<254) over GF(28)

o Binary rep. o Binary rep. o Binary rep. o Binary rep.
o 10111001 o2t 10010111 o138 10100101 s 10101101
ot 01101111 o2 00110011 o9 01010111 o3 01000111
o2 11011110 28 01100110 P 10101110 o> 10001110
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