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IntroduLtion

This Infernational Standard is one of a set of International Standards designed to facilitate the global
interconpection of applications across both private telecommunications networks and public ISDNs. This is
achieved by ensuring compatibility and interworking of services offered by the private'and public networks.

In line |with the above aims, this International Standard defines a service offering flexible bandwidth
allocatign that provides unrestricted information transfer between special terminal adapters called Channel
Aggreggtion Units. A Channel Aggregation Unit can provide a high bandwidth capability to an atfached
terminal application by combining multiple 56 kbit/s or 64 kbit/s digital communications channels tHat are
availablg across public and/or private networks. It also ensures that bit sequence integrity of the aggrggated
bandwidth is maintained across the network(s). The numbér Jof individual communications chpannels
aggregated may range from one up to the practical limits impesed by the Channel Aggregation Unit.

The serVice defined in this International Standard can beused for a number of applications, including
o LAN interconnection

o image transfer

o bulk file transfer

o vidgo conferencing.

ITU-T Recommendation H.244 defines the means by which the appropriate choice of channel aggregation
procedufes may be made, in-accordance with the requirements of the application being served. This chpice is

made frpm two available sets‘of procedures, one of which is also defined by ITU-T Recommendation H.244,
the othef of which is defined in this International Standard.
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Information technology - Telecommunications and information exchange between systems -
Private telecommunications networks - Digital channel aggregation

1 Scope

This International Standard defines a set of procedures collectively called 'Digital Channel Aggregation', which are
used in the provision of an aggregated bearer service. Digital channel aggregation involves a means for the
combination of multiple switched or unswitched 56 kbit/s or 64 kbit/s digital communications channels across one or
more public and/or private networks into higher bandwidth digital bi-directional channels between Channel
n Units (CAUs) serving terminal applications at network endpoints. Figure 1 below illustrales a typical

Aggregatio
channel aggregation scenario.

Bearer Bearer
Channels Channels
; Private E—-%——
| = Integrated =
TE CAU = Services = CAU TE
Network(s) __T——E

TE # Terminal Equipment Note: The Figure does not show the
CAU = Channel Aggregation Unit signalling and termination features ne¢essary
to connect the CAU to the Network

Figure 1l - Channel Aggregation Scenario

In defining fthe channel aggregation:procedures, this International Standard sets out the means used by a CAU to

h the parameters to'be' used for the aggregated connection

o establis
nise and align tnultiple communications channels to maintain the bit sequence integrity of the

aggregated

0 synchr
bandwidth across the-network(s)

optiondlly monitor data transfer throughout a call to detect failure modes

o institute failure recovery procedures

optionally dynamically vary the bandwidth on demand during a call.

o

The channel aggregation procedures above are defined at the interface between the CAU and the network in terms of
the frame structure and information messages applied to individual communications channels. Not defined by this

International Standard are
the call control procedures used to establish and disconnect the individual communications channels that make up

o
the higher bandwidth connections

o the higher level protocols or applications that use the channel aggregation services

o the frame structure on the individual communications channels at the physical interface between the CAU and the
network as required for 'normal’ 56 kbit/s or 64 kbit/s bearer services as opposed to aggregated bearer services

o the electrical characteristics of the individual communications channels at the physical interface between the CAU

and the network.
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Normative References

SO/IEC

The following standards contain provisions which, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the possibility of
applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of
currently valid International Standards.

ISO/IEC 11571:1994, Information technology - Telecommunications and information exchange between systems -
Numbering and sub-addressing in private integrated services networks.
ITU-T Recommendation G.704 (1991), Synchronous frame structures used at primary and secondary hierarchical

levels.

ITU-T Recom
ITU-T Draft R

ITU-T Reco
ITU-T Recom

3 Defi

For the purpoges of this International Standard, the following definitions apply.

mendation H.221 (1994), Frame structure for a 64 to 1920 kbit/s channel in audiovisual teleser)
lecommendation H.244 (1995), Synchronized aggregation of ISDN-B channels.
ITU-T Recoll;r.I;endation H.320 (1994), Narrow-band visual telephone systems and terminal equipment.

mendation T.35 (1991), Procedure for the allocation of CCITT defined codes fornon-standard f

nitions

BRI ¢r PRI B-channels

Information Méssage: The 16 octet message sent and received over the Information Channg

endation 1.112 (1992), Vocabulary of terms for ISDNs.

rering Endpoint: The endpoint that receives the call.

pr Channel: The network provided channel used to carry'the data. The framing structure is oy
Channel to provide the data transport and inverse multiplexing capability. Examples of Bearer

50s

hed 56/64 kbit/s connections

er Channel Rate: The data rate at which the Bearer Channel is clocked.
hg Endpoint: The endpoint/that initiates the call.

nel Aggregation Unit:Any piece of equipment adhering to this International Standard. Note
other forms of channelaggregation (e.g., H.244) will be stated explicitly.

Encoder: The function that calculates the CRC for inclusion in the transmitting direction.

3.1 Answ
3.1 Bear
the Bearer (
are:

§)

o TI1D
o Switg
3.3 Bear
34 Callil
3.5 Chan
reference to
3.6 CRC
3.7

multiframe
message is
discussing

detection pr

%ansmitted continuously. In this International Standard, the use of the term Information Messa

structure, op/over the entire bandwidth of the Master Channel during initial parameter negotiati

ceipt of a message, indicates a message which has been recognized after the use of somd

ices.

cilities.

erlaid on
Channels

that any

el in the
on. This
ge, when
form of

votin

1 (e o 2 ocutof3 maiority o)
S-S5 0U-0a-H3jOorty-—YOotig):

3.8 Master Channel: The channel used to communicate control information between each endpoint. This
includes the initial parameter negotiation for call setup, channel delete, channel addition, remote loopback, call
disconnection, etc. See 8.1.1 for further information.

3.9  Overall System Delay: The end-to-end transit delay (length of time it takes for the data to get from the
transmitter to the receiver) including following:

0o

(o]

(o)

Delay introduced by the transmitting endpoint (equipment implementing this algorithm).
Delay introduced by the network connecting the two endpoints.

Delay introduced by the receiving endpoint (equipment implementing this algorithm).
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4 Symbols and Abbreviations

ALIGN
AU
AVT
BCR
CAU
CID
CRC
CSU
Cu
DEQ
DN

Alignment Octet
Answering Unit

Audio Visual Terminal
Bearer Channel Rate
Channel Aggregation Unit
Channel Identifier

Cyclic Redundancy Check
Channel Service Unit
Calling Unit

Delay Equalisation
Directory Number

ISO/IEC 13871: 1995(E)

DSO

DS1

DSU
EBR
FAW

FC

GID

IC

ISO
ISDN
MF

MFG
PISN
PMDL
PTN

Res

REV

RI
RLIND
RLREQ -
RMULT-
SI
SUBMULT
T1

TAa

TCa

TXa
XFLAG -

5 Se

Transmission Standard for bit rate of 64 Kbit/s
Transmission Standard for bit rate of 1.544 Mbit/s
Digital Service Unit

Effective Bearer Rate

Frame Alignment Word

Frame Count

Group Identifier

Information Channel

International Organisation for Standardisation
Integrated Services Digital Network
Multiframe

Manufacturing Identifier

Private Integrated Services Network

Physical Media dependent Layer

Private Telecommunications Network
Reserved Bits

Revision Level

Remote Indicator

Remote Loopback Indication

Remote Loopback Request
Rate Multiplier

Transfer

Stream Identifier

Subrate Multiplier

Transmission.Standard for bit rate of 1.544 Mbit/s
Timer inyAnswering Endpoint - timer a

Timerin Calling Endpoint - timer a

Timerin Either Endpoint - timer a

Flag

lection of ISO/IEC 13871 or ITU-T H.244 aggregation procedures

ITU-T Recommendation H.244 defines both a set of channel aggregation procedures and a means for determining the
correct choice of procedures, i.e. either ISO/IEC 13871 or ITU-T H.244, according to the application being served.

A channel aggregation unit which is equipped to operate in both ISO/IEC 13871 and ITU-T H.244 aggregation modes
shall select the correct mode of operation according to the process depicted in Figure 2 (reproduced from Figure

9/H.244).

If the CAU is not preset to ISO/IEC 13871 (Condition 1), and if H.221 framing is detected on the single-channel side
(Condition 2), and if this framed signal includes either {SM-comp} or {6B-HO-comp} in its capset (Condition 3) - see
H.244 - then the CAU shall commence transmissionas for H.244 aggregation, and shall continue this if H.221 framing
is also received on the master channel from theremote CAU. However, if the signal from the remote CAU is according
to 7.1.1 of this International Standard, then transmission shall immediately be switched to be likewise in accordance

with 7.1.1.

If any of the Conditions 1, 2, 3 are not met, then the CAU shall commence transmission as set out in 7.1.1.
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In the following, it is assumed that Conditions 1, 2, 3 above have not been met and that the CAU has cominenced
transmission in ISO/IEC 13871 mode.

NOTE -The significance of the test point (4) in Figure 2 is as follows; if the incoming signal is H.221 framed but neither {SM-
comp} nor {6B-HO-comp} is included in the capability set, then the remote end-point is a self-aggregating type of H.320 terminal
and ISO/IEC 13871 aggregation is not possible.

STANDBY )

[ ? m : CONNECT SCONNECT_ACK I NSy int
alling endpoint Tecoived rocorvey Answering endpoin
A [ A—
Flag 1 used in IS0 13871
aggregation to distinguish
SetFlag 1 =0 Set Flag 1 = 1 99cgl|ing,An§wering
endpoints
— — I1ISO Yes
l Condition 1 aggregation
— preset?
| No
Search for H.221 H.244 aggregation
framing incoming on utilises| H.221
SC side frarfing
Condition 2 f,'f,‘zm?,fg
present?
H.244 No
aggregation
| Yes ng( qg:t?
« Look for
{SM-comp}
from SCE
} + Alterpative
Failure state 3 {6B-HOtcomp}
— — SM-co
Condition 3] ipresen':'.?, No
I Yes 3
l Near-end Tavourz jole Forward framed PCM
for H.244 aggreghtion from SC side to, MC-side
i Capset_mad_1_(H:244)
0 13871 Note 1. Answering
signal - 8.1.1 R ot
l Examine signals endpoint initially
incoming on MC side transmits |all ones
“Examine signals
incoming on side
1SO 13871 signal H.221 framing
detected (Note 1) detected
i 13871 signal
Soither "1'2;;"’:; H.221 framing detected (Notd 1)
i detected Switch transmitted
detected |within 10s signal to 1SO 13871
Neither HP44 nor
4 1SO 13871 signals
< detected within 10s

Failure state 1 ) 1
All conaimons met Tor hall\wait‘ mlcst:)n*:’nsga -
i change to
H.244 aggregation sigenal Soi38

incoming
{SM-comp}
present? «

Failure state 1

Failure state 2

15O 13871
aggregation selected
in all other cases -
8.1.1 applies

Figure 2 - Selection of ISO/IEC 13871 or ITU-T H.244 aggregation
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6 Basic Principles

This International Standard describes a means for providing a high speed serial data stream by use of multiple,
independent 56/64 kbit/s channels. These channels are individually connected over the switched digital network
(public, private, etc.). At the transmitting end, user data is placed in a framing structure in each bearer channel and
transmitted over multiple, independent channels. At the receiving end, all channels are phase aligned and synchronized
(using the framing structure) to recreate the original data stream. This framing and synchronization is transparent to
the attached application.

Due to the network routing the channels used for the wideband connection independently of each other, the data in each
channel might be individually delayed relative to the data in other channels. The frame structure described herein for

each 56/64 kbit/s bearer channel provides for the alignment of data octets from the individual channels to
Sequence Al o Lo 3 2323 a ot Bt 2 oita comia data-o Al a a - b a

transit del
delay due

Once align
as call disq
procedure

Individual

NOTES

1 This algo
the same or]
application
endpoint m
transmitted
Channel A

ny for the end-to-end connection is equal to the longest transit delay from all the channels'pl
o the frame alignment that depends on implementation.

ed, data transfer may be constantly monitored throughout the call. The failure of a“¢hannel, for
onnection, phase slip or high error rate, may be automatically detected. Various)fault isolation
are defined in response to these scenarios.

switched 56/64 calls can be combined to form a single transparent N x §6/64 channel.

rithm will maintain bit and octet sequence integrity in that it will deliver user bits and octets to the rem
der and timing relationships as were received on the originating endpoint (except in cases of lost frame al
that require octet timing to be maintained across the network{(i'e:, an octet of user data clocked into t}
st be clocked out as an octet of user data at the receiving efidpoint), it is recommended that the first ocf
across the network (i.e., the first octet transmitted after delay equalization is achieved) be placed in the
gregation frame and not split across two octets of a Channel Aggregation frame. It is also recomme

their original

eend. Overall

s a constant

reasons such
and recovery

te endpoint in
ignment). For
e transmitting
et of user data
first octet of a
hded that only

Modes 1, dr 3 restricted to multiples of 64 kbit/s be used for this‘purpose (otherwise octet timing may be lost).

2 Although|currently a maximum of 63 channels is specified, this limit is for further study.

6.1 odes of operation

Five modeks of operation are supported- The following two modes are required:

Mode 1:

with the full
emoved after
bnization are
rg the active

This mode supports user data’rates that are multiples of the bearer rate. It provides the user data rate
availabl¢ bandwidth, but does not provide an in-band monitoring function. The overhead octets are r
the call |s phase aligned. Error conditions on one or more channels that disturb overall system synchr
not recopnized automatically after the call is in active state. Recovery from these error conditions duri
state requires,manual or external intervention. This intervention is outside the scope of these procedures

Transparent Mode:

In this mode, incoming (outgoing) channels are "cut-through" to the applications served by the Channel Aggregation
Unit. The Channel Aggregation Unit performs no delay equalization or parameter negotiation. This mode is useful
when delay equalization is performed by some other means (or is not required) and one endpoint is not a Channel
Aggregation Unit.

A Channel Aggregation Unit implementing this International Standard shall implement Mode 1 and the Transparent
Mode. Thus, Mode 1 and the Transparent Mode shall be the common modes of operation for all implementations

claiming compatibility with this International Standard. Clause 9 describes the Transparent Mode in detail.

The following three modes of operation are optional.
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Mode 0:

This mode provides initial parameter negotiation and Directory Number exchange over the master channel, then
enters transparent mode without delay equalization. It does not provide an inband monitoring function. This mode
is useful when the calling endpoint requires Directory Numbers, but the delay equalization is performed by some

other means (e.g., attached video codec).

Mode 2:

This mode supports user data rates that are multiples of 63/64 of the bearer rate. An in-band monitor function

provides a continuous check for delay equalization and an end-to-end bit error rate test. (Error rate
accomplished by performing a cyclic redundancy check calculation on an octet sequence before transmi

testing is
ssion and

testing the same sequence for errors on the receive end.) The user data rate is that bandwidth remaining after the

insertion of overhead octets (i.e., 98.4375% or 63/64 of the total network bandwidth).

Mode 3:

This mode [supports user data rates that are integral multiples of 8 kbit/s, including N x 56 and N x ®4kbit/sec. All

channels uge the same bearer channel rate. An in-band monitor function provides a continugus check
equalizatiop and an end-to-end bit error rate test. (Error rate testing is accomplished by performing
redundancy check calculation on an octet sequence before transmission and testing the same-sequence fog
the receivelend.) The overhead octets required for monitoring are provided by adding bandwidth (most

for delay
a cyclic
erTors on
likely an

additional bearer channel), thereby preserving the full user data rate. The overhead ocfets are included in efch bearer

channel.

6.2 Frame Structure

Each 56/64
numbered 1
each frame c

ies four octets of overhead (Octet 64, Octet 128, Octet 192 and Octet 256).

Overhead octets contain only seven bits of information so that,a common structure can be used for 56 and
bearer channgls. Ins 5.2.2 through 5.2.5, bit 8 is depicted as-having the value 1. For 64 kbit/s bearer channe
setto "1". For 56 kbit/s bearer channels, the following procedures are followed.

bit/s channel is organized into a sequence of frames. A frame consists of 256 octets. The foctets are
256. To establish the framing structure and provide for.the exchange of information with tHe far end,

64 kbit/s
s, bit 8 is

0 At the transmitting endpoint, procedures such as-CRC calculation are performed with all octets (data and pverhead)
having ar} 8th bit set to "1". If 56 kbit/s basetiand bearer channels are used, bit 8 is stripped off of each odtet before

itted. Thus, only 7 bits are transmitted in each 125 usec interval. If 56 kbit/s bearer channels are

provided |via 64 kbit/s facilities, 8 bits-are transmitted in each 125 psec interval, and the 8th bit remains set to "1"

in all octgts.

o If the recgiving endpoint uses.56:kbit/s baseband bearer channels, the incoming bit stream is serialized anfl

searched for bits 1-7 of theFrame Alignment Word (FAW). When FAW is detected, an 8th bit set to "1"
to each sgptet to form octets:=” All procedures such as CRC are then based on the resulting octets.

s added

o  If the recgiving endpoint uses 56 kbit/s bearer channels provided via 64 kbit/s facilities, the Sth bit is stripped upon

receipt offeach octet.”/ The resulting 56 kbit/s bit stream is serialized, and searched for bits 1-7 of the FAW
FAW is

based on fhésesulting octets.

. When

tected, an 8th bit set to "1" is added to each septet to form octets. All procedures such as CRC re then

NOTE 1 - The receiving endpoint may initially search for the entire FAW on the incoming 64 kbit/s bit stream, assuming

octet alignment. However, if the incoming channel aggregation octets are not aligned with the network octets, FAW
be detected and the procedure described above will have to be followed.

will not

The receiving endpoint may need to serialize the incoming bit stream for 64 kbit/s bearer channels if one endpoint is

not provided with network octet timing. To simplify procedures at the receiving endpoint, the transmitting
shall align the channel aggregation octets with network octets if octet timing is provided.

endpoint

NOTE 2 - Equipment that requires that the channel aggregation frames be synchronized with network provided octet timing will

not be able to communicate with equipment connected to networks that do not provide octet timing.

A multiframe (MF) contains 64 consecutive frames numbered 1 to 64. The total duration of a multiframe

is 2.048

seconds. Note that the duration of the multiframe must be twice as long as the desired amount of delay compensation.
Hence, the frame structure described herein supports a maximum relative delay (between channels) of 1.024 seconds.

6
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The following figure illustrates the framing structure.

Octets
1 2 .. 64 65 .. 128 129 .. 192 193 .. 256
D [D [.. [FaWw [D [.. Jic |Ip J..Jrc [p .. Jcrc
Fl F2 |.. |F63 |Fes

Multiframe

FAW: Frame Alignment Word
IC: Inf:llmation Channel

FC: Fr

CRC: Cyclic Redundancy Check
D: Data|Octet

F1 - F64] Frames

e Count

Figure 3 - Framing Structure
6.2.1 | Bit Ordering

In this International Standard, the bits of each octet are numbered<bl to b8 indicating the order of bit fransmission.
Numeric v3lues are transmitted most significant bit first.

6.2.2 | Frame Alignment Word (FAW)

Octet 64 inl every frame contains the frame alignment.word (FAW). The assignment of bits 1-8 of the FAW is shown
below:

bll b2 b3 b4 b5 b6 br’bs
FAW [0[]o Jo [1 J1 Jo .11 |

As describgd in 6.2, for 56 kbit/s base bearer channels, only the first 7 bits are transmitted. Therefore, the] FAW is a 7
bit word. (In the incoming side, the receiver must search for a 7 bit Frame Alignment Word in order to synchronize

6.2.3 | Frame Count (FC)

Octet 192 ip every frame contains a Frame Count (FC) value. The Frame Count is used to measure the r¢lative delay
variance bgtween‘the individual channels of an N x 56/64 call. This 6-bit, modulo 64 counter is incre%nented once

every fram¢ and'rolls over on a multiframe boundary. The first frame of a multiframe shall contain a Frgme count of
zero.

The assignment of bits 1-8 of the FC is shown below. Note that bit 8 of the Frame Count is always set to binary 1.

bl b2 b3 b4 b5 b6 b7 bs
FC |1 IFrame Count |1 |

Where 0 2 Frame Count 2 63.

6.2.4 Information Channel (IC)

Octet 128 in every frame contains the information channel (IC). The IC provides for the in band exchange of
information with the far end device. A detailed description can be found in clause 7.
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For initial parameter negotiation on the master channel, the Information Channel uses the entire bandwidth of the

channel.

NOTE - Bit 8

of the Information Channel (b8) is always set to 1. See Figure 5 in Clause 7.

6.2.5 Cyclic Redundancy Check (CRC)

Octet 256 in every frame contains a Cyclic Redundancy Check (CRC). The assignment of bits 1-8 of the CRC octet is

shown below.

Note that bit 8 of the CRC octet is always set to binary 1.

b2 b3 b4 bS5 b6 b7 b8

]

A |E | CRC4 | 1

Alignment Bit -- indicates that the remote end has frame alignment when A=1

bl
CRC [ 1 |
A:
E: Erro
CRC4: Co

Use of the CRC4 is optional. A complete description of the CRC4 procedure, including use of the'E bit, is gi

A description

When CRC4
to 0 and CR(
bits and CR(

r Bit -- indicates that the remote end has detected a CRC4 error when E=1

ntains the 4 bit CRC calculated for current block (see 6.4)

of the (A) bit is given in 5.3 below.

is not used, the transmitter shall set the E bit to 0 and the CRC4 bits to 4 When a unit receive

enable the C
6.2.6

The overhea
channel "i+1
FAW octet ir

channel 2 shall be transmitted starting at time t = 125 psec, the FAW octet in channel 3 shall be transmitted

time t = 250
usec. The o
distribute the
framing struc

The followin
and using Mg
to T1 transmi

does not imp
Channel Agg

structure is n

NOTE 1-1Ift

frame can not

4 bits. When an endpoint that implements the CRC procedure receives a CRC4 not set to all
C procedures.

istribution of Overhead Octets

octets shall be distributed in the channels by the transmitting endpoint such that an overhea
shall be offset from the corresponding overhead octet in channel "i" by 125 psec. For exam;
channel 1 (as identified by the Channel Identifier) is transmitted starting at time t=0, the FA)

psec and in general, the FAW octet in channel "m" shall be transmitted starting at time t =
her overhead octets are transmitted with the same constraints. The objective of this require
overhead octets as evenly as pessible across all channels. This requirement is independ
ture of the underlying physical medium.

g example illustrates the distribution of overhead octets when calls are made using a T1 netw
de 3 operation. This example is for T1 frames only and does not imply restriction of this procs
ksion systems. In addition, for illustration purposes, this example uses contiguous channel assig
ly restriction of thid procedure to contiguous channel assignment. This example also assumd
regation framing structure aligns with the DS1 framing structure. The Channel Aggregatio)
t required-to{align with the DS1 framing structure.

ne Layer 1 used is not clocked with 8 kHz framing (e.g., Layer 1 is V.35 connected to a DSU/CSU), then 4

ven in 6.4.

s E bit set

4 set to all 1's, it shall disable the CRC procedure in the receive dirgetion and shall ignore sulpsequent E
I's it shall

d octet in
ple, if the
W octet in
starting at
m-1)*125
ment is to
ent of the

brk access
dure only
hment and
s that the
h framing

he DS1

e.used as framing to find FAW. In this case, the incoming bit stream can be serialized before searching ff

pr framing.

Based on the requirement for distribution of overhead octets, the overhead octets are distributed within a frame in such
a way as to displace only one octet within the 24 octet frame of a T1 system. Figure 4 shows how the overhead octets
are dispersed within a sample 6 x 64 kbit/s call. The columns represent individual channels identified by the Channel
Identifier. In this example the Channel Identifier is the same as the DSO number used for the channel. This is not a
requirement. An "FAW" or an "IC" indicates an overhead octet. The rows in the chart are instances of T1 frames.

Column 7 shows an N+1 channel used to replace the capacity lost due to overhead octets in Mode 3 operation so as to
preserve the full user data rate. In Mode 2, column 7 is not used and the user data rate is that bandwidth remaining
after the insertion of overhead octets. In Mode 1, no overhead octets are used and column 7 is not used (the entire
bandwidth is available for data). In this example, the user data bytes are numbered in order of transmission up to 48.
The rest of the data bytes are ordered in the same manner (across and down) An asterisk (*) indicates an unused octet
in which all bits are set to one.
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Channel Aggregation
Channels
1 2 3 4 5 6 7 24/32
1 FAW D1 D2 D3 D4 DS D6
T1 2 D7 FAW D8 D9 D10 D11 D12
3 D13 D14 FAW D15 D16 D17 D18
F 4 D19 D20 D21 FAW D22 D23 D24
R 5 D25 D26 D27 D28 FAW D29 D30
A 6 D31 D32 D33 D34 D35 FAW D36
M 7 D37 D38 D39 D40 D41 D42 FAW
E 8 D43 D44 D45 D46 D47 D48 *
S o
o}
o]
65 IS B B B D D D
66 D IC D D D D D
67 D D IC D D D D
68 D D D IC D D D
69 D D D D IC D D
70 D D D D D IC D
71 D D D D D D IC
72 D D D D D D *
Figure 4 - Overhead octets dispersed within a sample 6 x 64 kbit/s call (Mode 3
Operation).
NOTE 2 - Figure 4 shows the Channel Aggregation channel number. Théré is no relation between the Channel Aggregation
channel numper and the DSO number.
6.3 Overall Frame alignment
In Modes 1| 2 and 3, the FAW in each channel is used at.call setup time to align the individual channels. [In Modes 2
and 3, the HAW in each channel is monitored continuously to determine if frame alignment has been lost and to recover

frame align

ment.

Loss of Fra

e Alignment:

An endpdint shall detect loss of frame alignment when it receives three consecutive frame alignment w

in error
set the A

three consecutive Frame Counts in error. Upon detection of loss of frame alignment, the en
gnment bit (A) in the:CRC octet to 0 in the transmit direction.

Frame Alighment Recovery:

An endpqint shall statt.the recovery of frame alignment immediately after detecting loss of frame align
channel donnection_time. Frame alignment is defined to have been recovered when the endpoint
following|sequence:

- the|cortect frame alignment word (FAW);

prds (FAW)
point shall

ment and at
detects the

- the absence of the FAW 128 octets later, detected by verifying that Bit 1 = 1 in the FC octet;

- the presence of the correct frame alignment word (FAW) in the next frame

- the presence of CID = 0 when setting up the initial Master Channel.

To speed the initial establishment of frame alignment, an endpoint shall transmit an all ones pattern in the Data bits of
the frame on initial establishment of the connection until it receives the remote Alignment (A) bit set to one for two

consecutive

CRC octets.

An endpoint shall begin transmitting an all ones pattern in the Data bits or the frame whenever it receives an A bit set
to zero in two consecutive CRC octets. Receipt of an A bit set to zero in two consecutive CRC octets indicates that the
remote endpoint has lost frame alignment.
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6.4 Description of CRC4 Procedure

The CRC4 procedure can be used to provide an end-to-end quality monitor of each 56/64 kbit/s channel. The four
CRC bits (bit positions 4 to 7 of octet 256 ) contain the CRC computed at the source location. In addition, bit 3 of the
same octet, referred to as the E bit, is used to transmit an error indication about the received data in the opposite
direction (i.e., whether or not the previous frame was received with errors).

The CRC4 used in these procedures is defined in ITU-T Recommendation G.704.
6.4.1 Computation of the CRC4 Bits

The CRC4 is computed from the whole 56/64 kbit/s channel from the previous 255 octets of the frame before the CRC4
octet. The CRC4 is therefore computed over 255 octets starting with the first octet of the frame (i.e., the octet
immediately following the CRC4 octet of the previous frame) and ending with the octet Just preceding the CRC4 octet
(i.e., Octet 255). The CRC4 octet is not included in the CRC4 calculation.

6.4.1.1 Multiplication and Division Process

A given CRO4 located in Octet 256 is the remainder after multiplication by X4 and then division (modulo|2) by the
generator polynomial X4 + X + 1 of the polynomial representation of the 255 octets preceding the CRC ogtet in the
frame.

When represgnting contents of a frame as a polynomial, the first bit in the frame shall be taken as being| the most
significant bif. Similarly Bit 4 of the CRC octet is defined to be the most significant bit of the remainder arld Bit 7 is
the least significant bit of the remainder.

6.4.1.2 Encoding Procedure

Octets 1 throygh 255 of the frame are acted upon by the multiplication and division process defined in 5.4{1.1. The
remainder, regulting from the multiplication and division process, is inserted into the CRC4 field of Octe{ 256 (the
CRC octet) of the frame. The CRC is always computed.over 8 bit octets. When using 56 kbit/s bearer chanpels, bit 8
of each octet shall be forced to "1" for consistency.

NOTE - As depcribed in 6.2, for 56 kbit/s bearer channels, an 8th bit set to 1 is stuffed at the end of each septet before JQRC
encoding. Thig 8th bit of each octet will be stripped‘after CRC calculation and before transmission if 56 kbit/s baseband bearer
channels are usgd

6.4.1.3 Decoding Procedure

Octets 1 through 255 of a received frame are acted upon by the multiplication and division process, defined in 6.4.1.1.
When using 36 kbit/s bearer channels, an 8th bit set to "1" shall be added to each septet (as derived frpm FAW
alignment) to|form octets‘for consistency. The remainder, resulting from the multiplication and division process is
compared on 3 bit-by-bit basis with the CRC4 received in Octet 256 of the frame. If the decoded, calculated gemainder
equals the CR[C4 recéived in Octet 256, then the checked frame is considered error-free. If they are different] then the
checked framgq is considered in error.

NOTE - As described in 6.2, CRC calculation for 56 kbit/s bearer channels is performed after insertion of an 8th bit set to 1 at the
end of each septet.

6.4.2 Consequent Actions

6.4.2.1 Enabling and Disabling the CRC Procedures

An endpoint shall indicate that CRC procedures are being used by starting the CRC Encoding process on the
transmitting end, thereby not transmitting the CRC bits as all 1's. If an endpoint supports the CRC procedure on this
channel, it shall enable the CRC Decoding process when it receives a CRC Octet with the CRC bits set to a value other
than all 1's; otherwise, it shall transmit the E bit set to 0 and CRC set to all 1's.

10
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An endpoint shall indicate that CRC Encoding procedures are being disabled by setting all CRC bits to binary 1 and
setting the E bit to 0. An endpoint shall disable the Decoding process when it receives three CRC octets with CRC set
to all 1's and an E bit set to 0.

The above procedure can induce a short period of CRC errors while the endpoints start and stop CRC procedures. The
actions taken in the following two subclauses should take this into account.
This procedure allows an endpoint to enable the CRC procedures on a channel by channel basis.

6.4.2.2 Action on Bit E

The E bit of the CRC octet is set to 1 in the transmitting direction when a CRC error is detected in the receive direction
(see 6.4.1.3). Otherwise, it is set to zero.

6.4.23  Monitoring for Error Performance

The qualify of the received 56/64 kbit/s channel can be monitored by counting the number of CRC frames in error
within a period of one second. The quality of the transmitted 56/64 kbit/s channel can be-mnonitored byl counting the
number of| received E bits set to 1.

The thresHold for declaring a channel out of service is left for further study and is imiplementation dependgnt.

7 escription of the Information Channel

The inforfnation channel is used to communicate control infofmation between two endpoints. In all modes, the
Informatign Channel occupies the entire bandwidth of the Master Channel during initial parameter negotiation. In
modes 2 and 3, the Information Channel occupies octet 128"of the Channel Aggregation Frame in all bearer channels
during delpy equalization and throughout the duration of-thé call. In mode 1, the Information Channel dccupies octet
128 of the|Channel Aggregation Frame in all bearer channels only during the initial delay equalization. Ip mode O, the
Informatign Channel is not present after initial parameter negotiation.

7.1 Information Channel Frame

Informatiqn channel frames are framed with a unique ALIGNment pattern (01111111) in the first octet.| In addition,
the first bjt (b1) of the subsequent octets is set to one. Figure 5 shows the structure of the Information [Channel (IC)
frame. IQ octets only contain seven bits of information so that a common structure can be used for 56 fand 64 kbit/s
bearer channels. In Figure 5, bit 8 of each octet is depicted as having the value 1. For 64 kbit/s bearer chaEnels, bit 8 is
set to 1. Hor 56 kbit/s bearer.channels provided via 64 kbit/s facilities, bit 8 is used for network signaling and is set to 1
for off-hopk. For the‘case of 56 kbit/s baseband bearer channels, bit 8 is not present and an ovethead "octet"
transmittegl over the-b&arer channel contains only 7 bits. 6.2 describes procedures for using 56 kbit/s beargr channels.

11
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bl b2 b3 b4 b5 b6 b7 b8
ALIGN
Octet1 | O 1 1 1 1 1 1 1
211 Channel ID 1
311 Group ID 1
4{1 Operating Mode | Res 1
511 RMULT 1
61 SUBMULT BCR |Res |MFG |1
711 RI RL RL REV 1
Req Ind

811 Subaddress 1
911 Transfer Flag 1
101 1 1 Pigit=t 1
11]1 1 1 Digit - 2 1
121 1 1 Digit - 3 1
13(1 1 1 Digit - 4 1
14 |1 1 1 Digit - 5 1
1511 1 1 Digit - 6 1
16 | 1 1 1 Digit - 7 1

Figure 5 - Information Channel Frame
NOTE 1 - Apnex D provides details of the additional capability to be used when phéne'numbers longer than 7 digits are required.

ALIGN: A:anent octet (Octet 1, Bits 1-8)

The alignnjent octet provides a framing mechanism for the Information channel frame. It takes a constant value of
"01111111].

NOTE 2 - F¢r 56 kbit/s baseband bearer channels, only the. first seven bits of the ALIGN octet are transnfitted (.e.,
0111111).

CID: Channel identifier (Octet 2, Bits 2-7)

When simdltaneously dialing N calls, the nefwork delay in call setup for each call might not be uniform. [Hence the
incoming dall arrival sequence at the Angwering Endpoint cannot be assumed to be equal to the call setu] sequence
at the Calljng Endpoint. The CID identifies each individual channel in the transmit direction for each dide of the
connection|and is used to sequence.the time slots in proper order at the receiving end. In each endpoinf, the CID
value transmitted in each chanrel)is independent of the CID value received from the other endpoint. The Calling and
Answering|endpoint shall assign CID = 1 to the initial channel and shall assign CID in sequential ascengling order
correspondjng to the relative ‘order of the remaining channels. A value of 0 in the CID field indicates negptiation of
parameters

The CID is|a 6-bitbinary encoded number in the range 0 < CID < 63.

GID: Group fidentifier (Octet 3, Bits 2-7)

The call Group Identifier is used to identify the group of bearer channels associated with a particular call. The value
of this parameter shall be agreed upon by both ends at the time of establishing the master channel. The GID
negotiated on the master channel shall be used in all subsequent bearer channels for this call. The GID is assigned
by the Answering Endpoint and is unique to this call at the Answering Endpoint. The Calling Endpoint uses a
combination of the GID and a local identifier to uniquely identify a call. The value of O is reserved to indicate an
unknown GID during parameter negotiation and channel initiation.

This field contains a binary encoded number in the range 0 < GID < 63

MODE: Operating mode (Octet 4, Bits 2-4 )

This field indicates the mode of operation desired for this call. The four modes of operation are described in 6.1 of
this International Standard.

12
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Bits
234
000 operating Mode 0
001 operating Mode 1
010 operating Mode 2
011 operating Mode 3
100 Reserved
101 Reserved
110 Reserved
111 Reserved for negotiation.

ISO/IEC 13871: 1995(E)

NOTE 3 - There is no coding for the Transparent Mode because in the Transparent Mode there is no Information Channel.

Res: Reserved (Octet 4, Bits 5-7):

These b

RMULT:

The Ra
uniquel
differen
2-4). S

RMUL

SUBMUL

The Ra
uniquel
binary

For Mo
for 64 k

BCR: Beprer Channel Rate (Octet 6, Bit 5)

This fie
that the
on 64 k

This fie
Bit |

1

0
Res: Resqg
This bit

its are reserved and shall be set to 1 on transmission and shall be ignored on receipt.

Rate Multiplier (Octet 5, Bits 2-7)

 defines the application rate for a given call. The application rate is determined from these fie
t ways depending on the Operating Mode given in the MODE field of the Information Message
be 7.1.1 for details.

[ takes a value in the range 0 < RMULT < 63.

T: Subrate Multiplier (Octet 6, Bits 2 - 4):

e Multiplier field RMULT together with the Subrate Multiplier field SUBMULT contains in
 defines the application rate for a given call. For Modes 0, 1 and 2, the SUBMULT field sh
nes on transmit and ignored on receipt. See 7.1.1 fordetails.

e 3, SUBMULT takes a value in the range 0 < SUBMULT < 6 for BCR = 56 kbit/s and 0 < ST
bit/s

Id indicates the data rate to use when determining how to use the bearer channel. A 56 kbit/

bit/s multiples.
d takes the following values

5
64 kbit/s base
56 kbit/s'base

rved (Octet 6, Bit 6 ):

is reserved and shall be set to 1 on transmission and shall be ignored on receipt.

e Multiplier field RMULT together with the Subrate Multiplier field SUBMULT contains information that

ids in slightly
(Octet 4, Bits

rmation that
1 be set to all

UBMULT < 7

BCR means

channels used are based on 56 kbit/s multiples and a 64 kbit/s BCR means that the channels used are based

MFG: M

anufacturing ID Flag (Octet 6, Bit 7):

When this bit is set to 1, the Digits field contains a 7 binary encoded digit Manufacturer's ID. Annex C contains the
Manufacturer ID assignments. When this bit is set to 0, the Digits field does not contain the Manufacturers ID and is
used according to other procedures.

The Manufacturer's ID is exchanged between equipment at call initialization time. Equipment can use the ID to
identify the equipment on the other end of the connection. Manufacturers can use this information to identify their
own equipment on the other end of the connection in order to add proprietary extensions to the protocol.

RI: Remote indicator (Octet 7, Bit 2)

The RI field indicates that delay equalization has been accomplished.

13
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Bit 2
1 callis delay equalized
0 call is not delay equalized.

RL REQ: Remote loopback Request (Octet 7, Bit 3)

This bit is used to request that the remote endpoint loop back toward the local endpoint. The receipt of an RL
REQ bit set to one indicates a request to enable remote loopback. RL REQ set to zero indicates a request to
disable remote loopback. When remote loopback is not requested, this bit shall be set to 0.

Bit 3
1 request for remote loopback
0 tumn off remote loopback.

RL IND: Remote Loopback Indication (Octet 7, Bit 4)

This bit is used to indicate to the remote endpoint that the local endpoint is looping_the delay equalizled
payload from all channels back to the remote endpoint. This bit is used as a response to the recejpt-of RL
REQ =1 |or to indicate an unsolicited loopback. When not in loopback, this bit shall be'set to {.

Bit 4
1 S¢nding endpoint is in loopback state
0 S¢nding endpoint is not in loopback state.

REYV: REYision level (Octet 7, Bits 5-7)

This field can be used to check version compatibility between the local and farend units. If this ficld is not
used it shall be set to all binary ones on the transmitting end and ignored on the receiving end. All
endpointq developed to Issue 1 of this International Standard shall use a Revision Level of O.

This is a pinary encoded number in the range 0 < REV < 7.

If one CAU transmits a higher value of REV than the other CAUhen only those procedures defined for the

lower valpe of REV shall be used by both CAUs.
Subaddress: Subaddress (Octet 8, Bits 2-7)

This field is used to indicate the subaddress of a call.{Jt takes a value in the range from O to 63. A value of 0
indicates fhat the subaddress is not used.

A CAU pay be capable of handling multiple simultaneous calls; the subaddress provides a means [of
distinguighing an individual call amongst-the multiple calls that may exist.
XFLAG: Transfer Flag (Octet 9, Bits2-7)

When CID = 0, the transfer flag.is\used during initial parameter negotiation for signaling the transmission|of
additiona] phone numbers (7 digits each) to the calling unit. During Channel Deletion procedures, the
XFLAG flield is used to identify the channel to be deleted.

See 8.1 far description-of the phone number transfer procedures and 8.3 for channel deletion procedures.
This field|is binary'encoded and takes values in the range 0 < XFLAG < 63

When CID is not equal to 0, this field and bits 2-7 of octets 10 - 16 can be used for User Information transfer
and are nqt'défined in this International Standard.

DIGITS: Phone Number Dial Digits (Octets 10 - 16, Bits 4-7)

When CID = 0 and MFG = 0 the Digits fields are used for phone number negotiation during initial parameter
negotiation. There are seven Digits fields, each containing a number from the list below. When sending less
than 7 digits, the endpoint shall left justify the number (i.e., if there are M digits, then these digits fill the
first M Digits fields) and shall fill the unused Digits fields with the EON value.

See 8.1 and 8.2 for phone number delivery procedures.

When CID is not equal to 0, the XFLAG field and bits 2-7 of octets 10 - 16 can be used for User Information
transfer and are not defined in this International Standard.

When CID = 0 and MFG = 1, the Digits field contains a binary encoded 7 digit number specifying the
Manufacturer's ID of the manufacturer of the transmitting endpoint.

14
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Bits
4567 Digits
0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 .
1011 #

100 EON
101 Reserved
110 Cause Indicator
111 PAD

Chuse: Cause Codes (Octets 10 and 11, Bits 2 - 7)

defined:

Value Meaning

Reserved

No resource available

Channel error rate exceeded threshold
Normal Clearing

Bandwidth addition request

Mode not supported

Rate not supported

Information Channel framing lost
FAW framing lost

Delay Equalization unsuccessful
Unknown command/protocol\error
Temporary failure, in recovery
Failure, no recovery

Bandwidth deletion request

ORI NDBWN=O

[E—rp—y
—_—O

—
w N

Cause Codes 14 - 63 are reserved for further study.

field.

NPTE - ISDN subaddresses may be included in the digits field.

When the first digits field has the value "1110", it indicates that the following\ficld is a Cause|Value. The
Cause Value is a binary encoded value in the range 0 < Cause < 63. The following cause cod¢s have been

Cause Codes can betused whenever negotiations take place (i.e., CID = 0 in the master channel), and
Manufacturer's ID-and Phone Numbers are not being transferred. Also Cause Codes can be trgnsmitted by
forcing an "Add a-Channel” or "Delete a Channel" procedure with no change in the RMULT o SUBMULT

7.1.1 Rate Multiplier and Subrate Multiplier Calculation and Operation

Given the Bearer Channel Rate (56 or 64 kbit/s), the Application Data Rate can be derived from the RMULT
and SUBMULT values or the RMULT and SUBMULT values can be derived from the application data rate (A)

as follows: In the following equations, all data rates are in bits/second.

Mode O, 1:
El. A =RMULT+BCR
A
E2. RMUL =§a
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Mode 2:

E3. A=
E4. RM

Mode 3:

3871: 1995(E)

RMULT+BCR * (-%:)
(A+64

ULT=BcR 63

ES. A=(RMULT*BCR)+(SUBMULT*800p

E6. RM

A
ULT= [_K)R

] (rounded down to the next lowest integer)

E7.

NOTE- The §
multiples of tl
of any multip|
kbit/s granulaj
receipt.

Let EBR (Ef
of applicatio!
the Channel 4

Mode 0, 1:

E8. EBH
trang

Modes 2 and
E9. EBH
octe

The number
application dz

Modes 0, 1, 2

E10. N

From the abq
call is equal

SUJ?»MULT =

(A—(RMULT*BCR))
8000

UBMULT field only has meaning in Mode 3. This is because Modes 0, 1 and 2 only support rates that aze
e bearer rate (in Mode 2, multiples of 63/64 of the bearer rate.). Mode 3 supports application data ratq
le of 8 kbit/s; therefore, the SUBMULT field is required to specify the application data rate with an
ity. In Modes 0, 1 and 2 the SUBMULT field shall be set to all ones on transmission and ignored o

S
8
i1y
tive Bearer Rate) represent the effective bandwidth per network channel'available for the transfd

data. EBR is defined as the Bearer Channel Rate (BCR) minus the bandwidth required to transfg
\ggregation overhead octets.

- =

w

R =BCR , since the Channel Aggregation overhead octets are removed before application data i
ferred over the channel.

(

of network channels (N) required to complete the call is then determined dircctly based o
ta rate and effective bearer.rate:

3:

63
)*BCR , since every 64th octet f:a'network channel is required for the transfer of overhea

=54

6

[S.

1=

and 3:

=[A

EBR

] rounded up to the nearest integer.

ve equations it follows that for Modes 0, 1 and 2 the number of channels N required for a give
o4heRate Multiplier RMULT. Only in Mode 3 is it necessary to explicitly calculate N. In th

LA

case of Mode

3N can be calcunlated from RMIT.T and SUURMUILT hy cnhctimting pr}nminn ESforAto get

RMULT+BCR + SUBMULT+800

Ell. N=

EBR

Equation E11 must be used on the receiving end of a parameler negotiation frame to determine the number of

channels.

7.1.1.1

Distribution of Application Data Across the Channel Aggregation
Frame

©ISO/IEC

In Modes O, 1 and 2 the application data rate is only allowed to be integer multiples of the effective bearer
channel rate (EBR). In Mode 0 and 1, EBR is the same as the bearer channel rate BCR (i.e., EBR = BCR =56
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or 64 kbit/s). In Mode 2 EBR is BCR scaled by 63/64 (i.e., EBR = BCR * (63/64) = 55.125 kbit/s (BCR =56
kbit/s) or 63 kbit/s (BCR = 64 kbit/s)). In Modes 1 and 2 all available bandwidth is used by data (Mode 1) or
data and overhead (Mode 2).

In Mode 3 the application data rate (A) is allowed to be an integer multiple of 8 kbit/s. To support this
granularity in the application data rate, only a portion of the available bandwidth in the Nth network channel is
used. In Mode 3, two parameters (L and M) are calculated based on application rate and bearer channel rate.
These parameters define the number of bits within the Nth channel that carry application data.

The parameter L specifies the number of octets in each 64 octet segment (bounded by overhead octets) in the Nth
channel that contain application data. Transmission of the L octets in the Nth channel begins (N-1) octets
before the overhead octet. The parameter M specifies the number of bits in the last octet of each L octet cluster
that contains application data. For example, if M is calculated to be 3, then the most significant three bits are
filled with application data and the last 5 bits are forced to ones as shown below.

blfl b2 b3 b4 b5 b6 b7 b8
(DY D2 ID3 1 J1 1 J1 Tt ]

NQTE - All unused bit locations in the Nth channel shall be set to all ones.

For example, for BCR = 56 kbit/s, N = 4, L = 22 and M = 2 (Application Data Rate-of 184 kbit/s) RMULT =
3, BUBMULT = 2), application data is disbursed in the Nth channel such that™ - 1 application daJTa1octels are

trapsmitted before an overhead octet (e.g., FAW) and the remaining application data octets are trangmitted after
thd overhead octet (e.g., FAW). In this case the output is shown in Figure\6." The first column repiesents time
(e.g., DSI1 frames). Columns 2 - 5 contain the four channels used in ¢hé-call. Column 6 contains the number
of pctets (in that DS1 frame) that contain data. For example, in theirst DS1 frame, one octet is usdd for FAW
and (N-1) octets are used for user data. This example shows data starting at the FAW overhead octe} of the first
chgnnel instead of the first octet of the frame. In the Nth channél{ three octets before the overhead odtet are used
for|data and L - 3 (= 19) octets after the overhead octet are used/for user data. An X in the Nth channiel indicates
that these octets are set to 1 and do not contain User Data. A D indicates a data octet and D2 inditates a data
octpt containing two data bits.

This pattern repeats itself around every overhead oofet:
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# of Octets

t D=1 CID=2 (CID=3 CID=4  with Data
1 FAW D D D N-1

2 D FAW D D N-1

3 D D FAW D N-1

4 D D D FAW N-1

5 D D D D N

6 D D D D N

7 D D D D N

8 D D D D N

22 D D D D N

23 D D D D2 N

24 b b b a3 N-t

64 D D D X N-1

65 IC D D D N-1

66 D IC D D N-1

67 D D IC D N-1

68 D D D IC N-1

69 D D D D N

70 D D D D N

Figure p - Distribution of Application Data Across thé. Channel Aggregation Frame
7.1.1.2 Calculation of Parameters L and M
This subclause is used only for Mode 3.
In order to cglculate L and M, the total number of application data bits that need to be transferred in the Nil

channel (#BITS(N)) must first be determined. Let REM(N) be defined as the remainder of the application da(j
rate A divided by the effective bearer channel rateEEBR ( EBR = (63/64) * BCR), except when the remainder = 0

L2~

. A
E12. REM(N )= remalnd{rgsﬁ] except that if remainder = 0, then REM(N) = 1
Since there are 252 octets per Channel Aggregation frame that can contain data,
E13. #BITS(N) = REM(N) *.252 * (7 + BASE),

where BASE |is defined-to‘be 1 if the bearer channel rate (BCR) is 64 kbit/s and 0 if the BCR is 56 k/bits. The
quantity (7 + BASE) is the number of allowed application data bits per octet.

L is then calclllated as follows:

___#BITSN) ,
El4. L= @ (7+BASE)) rounded up to the nearest integer.

NOTE - The factor of 4 in the divisor is required since the data in the Nth channel is placed in the Channel
Aggregation frame in four separate blocks of L octets.

#BIT
M is then calculated based on L and #BITS(N). If (L*(7+BASE))= #) exactly (i.e., no rounding is
required to determine L) then,

M = (7+BASE), i.e., the Lth octet contains no unused bit fields:

otherwise,
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_ #BITS(N)

M=

—((L-1)*(7 + BASE))

The table in Annex B shows the values of M and L for application rates of all multiples of 8000 bit/s that can
be supported in Mode 3 on up to 24 bearer channels. The values are shown for bearer channel rates of 56 and 64
kbit/s. In addition, for each rate the appropriate values for the Rate Multiplier RMULT and the Subrate
Multiplier SUBMULT are given as well as the number of required network channels N necessary to place the
call.

7.2 Information Channel (IC) Synchronization

Except for the initial channel parameter negotiation, an endpoint shall establish overall frame alignment prior
to establishment of Information Channel synchronization. For initial channel parameter negotiation, the
Information channel uses the entire bandwidth of the master channel.

TLe ALIGN octet is used to determine IC synchronization.

I¢ Synchronization Detection

An endpoint shall declare IC synchronization when it detects the following sequcnée:
Detection of the ALIGN pattern.

Detection of Bit 1 = 1 of the next octet.

Detection of a second ALIGN pattern in the next correct position (16 octets after the initial ALIGN pattern).

Loss of IC Synchronization

An endpoint shall declare the loss of IC synchronization when it receives three consecutive incofrect ALIGN
octets.

In|Modes 2 and 3, the endpoint continuously monitors.the ALIGN pattern to determine if Information Channel
synchronization has been lost. Modes 0 and 1 onlyuse the ALIGN pattern and the Information Channel during
cdll setup.

The endpoint shall start the IC synchronization detection procedure immediately once it detects losq of IC frame
synchronization or achieves multiframe synchronization.

713 Transmission and Reeognition of an Information Channel Frame

Otce a connection has been established, an endpoint transmits the Information Message continupusly in the
Information Channel (se& Clause 8). When this International Standard refers to "sending" an [[nformation
Mgssage, it means th¢ endpoint starts transmitting the new values in the Information Channel Fragme. Please
nqte that for initial(parameter negotiation in the master channel, the Information Message is trarismitted and
regeived using the.entire bandwidth of the master channel and does not use the Information Chpannel of the
myiltiframe strdcture until after parameter negotiation is complete.

Messages'in the Information Channel. Since these frames are transmitted continuously, the receiving endpoint
hajs‘tovmonitor the received frames for a change in value. Also, since there is no CRC or checksum on the IC
Frame, the receiving endpoint should not be sensitive to instantancous changes in state.  When this
International Standard refers to "receiving” an Information Message, it means that the endpoint has detected a
valid change in values of the Information Channel Frame. The method for determining a valid change in values
is implementation dependent, but it is recommended that the receiver check several Information Channel Frames
in succession before declaring a change in values (i.e., 2 out of 3 majority voting).

OaEce Information Channel Synchronization has been achieved, the endpoint can transmit and receive|Information

When transmitting Information Channel messages, the following constraints shall be followed:

*  When transmitting messages with CID=0, the same Information Channcl message shall be
transmitted in all channels (including Channel ID = 0).

e The same values of the GID, MODE, RMULT, SUBMULT, BCR, RI, RL REQ, RL IND fields
shall be transmitted in all channels when CID is not equal to 0. This means that when a value
changes in one channel, it changes in all channels.

19


https://iecnorm.com/api/?name=8d0fc0fdfded216cb454f28417617368

ISO/IEC 13871: 1995(E) ©ISO/IEC

The rest of this International Standard refers to a valid (debounced) Information Channel Frame as an Information
Message.

8 Procedures
8.1 Call Setup

8.1.1 Initial Channel Setup

This subclause describes the interactions between Calling and Answering Endpoints in order to establish a call. It is
structured in sequence order.

The initial call setup procedure begins with the connection of the first channel in the n x 56/64 kbit/s call. This channel
is referred to|as the "master” channel. The parameter negotiation process is performed over this channel. Neither
Endpoint shalf make any additional call requests until the entire negotiation process has been completed:

Calling Endpbint

Once the Calling Endpoint receives an indication that the master channel is connected, and following selection of
ISO/IEC aggregation at point (3) of Figure 2 if applicable, it shall begin the negofiation process by repeatedly
transmitting the Information Message (using the entire bandwidth of the master channél) with the Channel [Identifier
(CID) set to ( and shall start TCinit and TCnull (if implemented - See 9.2). (A CID of 0 is used as the n egotiation
flag). The (alling Endpoint also shall include the parameter values desiredfor the call (i.e., Mode, RMULT,
SUBMULT, G, BCR, and Revision ). The Group Identifier (GID) shall bg.sét to 0. The Remote Indicatbr bit and
the Remote Lpopback bits shall be set to 0. In the first message, the Calling Endpoint can send its Manufadturer's ID
by setting the MFG Flag to 1 and including the ID in the Digits field. Ifi the initial message, XFLAG shall bd set to all
binary 1's. If|the Calling Endpoint does not send its Manufacturer'sND then the MFG Flag shall be set to P and the
Digits field shiall be set to all 1's.

If the Calling Endpoint supports subaddressing, it includes_the subaddress in the Subaddress field. If thk Calling
Endpoint doeg not support subaddressing or if the Calling Endpoint does not request a subaddress, it sets the Sibaddress
field to all bi 0's.

Answering Eandpoint

Upon receipt pf an incoming call and indication that the channel is connected, and following selection of| ISO/IEC
aggregation af point (3) in Figure 2 if applicable, the Answering Endpoint shall transmit all 1's on the channel, start
TAnull and dtart searching for multiframe or Information Channel alignment (i.e., Frame Alignment [Word or
ALIGNment dctet).

NOTE - If the Answering Endpoint detects Frame Alignment, then the incoming call is an additional channel of an existipg call. If
the Answering Endpoint detects Information Channel Alignment without detecting overall Frame Alignment, then the inc¢ming call
is the master channel of'a'riew call. See 8.1.2 for a description of additional channel setup. If TAnull expires, the Answering
Endpoint defaults to Transparent Mode (see 9.1). Additional transparent channels are treated separately using initial cha|1nel setup

procedures.

Once the Answering Endpoint detects a valid Information message, at point (2) in Figure 2 if applicable, it shall
consider the channel to be the master channel of a new call and shall stop TAnull. If multiframe is detected, the
Answering Endpoint shall stop TAnull, shall treat it as an additional channel for an existing call and shall use the
Group Identifier to identify the existing call (see 8.1.2).

For the master channel of a new call, if the Answering Endpoint accepts the requested parameters, it shall return the
same values as were received and start TAinit. If the Answering Endpoint does not accept the requested parameters, it
shall either return RMULT and SUBMULT = 0 (disconnect request) with a valid Mode value and start TAdisc or return
a different set of parameters (parameter negotiation) and start TAinit. The Answering Endpoint shall assign a Group
Identifier to the call and return it in the GID field. This identifier identifies this call uniquely among calls received by
this Answering Endpoint. The XFLAG field shall be set to all 1's.
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If the Answering Endpoint chooses to return a Manufacturer's ID, it shall set the MFG Flag to 1, include the ID in the
Digits field and send the message back with the other parameters as the first response to the Calling Endpoint. If the
Answering Endpoint does not return a Manufacturer's ID, it shall transmit MFG set to 0 and the Digits fields set to all
I's.

If the Answering Endpoint does not support Subaddressing, it returns all binary 0's in the Subaddress field and ignores
the incoming Subaddress field. If the Answering Endpoint does support subaddressing, it looks at the incoming
Subaddress field to get the subaddress. If this subaddress is acceptabie, it returns the same subaddress. If it is
unacceptable, it shall either disconnect the call (using negotiation) or return a different subaddress. If the Answering
Endpoint receives a subaddress of decimal 0, then it shall either return a subaddress of decimal O or return the

subaddress assigned to the call.

Calling Endpoint
The Calling Endpoint shall detect the response from the Answering Endpoint, at point (2) in Figure 1bi§ 1|f applicable,
when it receives an Information I"IéSS“g“ with CID=0 and the MODE field C\'}luuuuus a valid value (@ .., 'nGG", "001",

"010", "011"). At this point, the Calling Endpoint shall stop timer TCnull (if implemented - see 8.2). |The Calling
Endpoint shall either accept the parameter values requested by the Answering Endpoint, or initiat¢ disconnect
procedures| If the MFG field is set to 1, the Manufacturer's ID is contained in the Digits field.If the MFG field is set to
0, the Calljng Endpoint shall ignore the Digits field. In either case, the Calling Endpoint shall ignore [the XFLAG
field. If it decides to proceed, it shall initiate the transfer of phone numbers . .

If the Calling Endpoint does not use the Subaddress field, it shall ignore the contents of that field. Othefwise, it can
use the contents of the Subaddress field to determine the subaddress assigned'to-the call by the Answering Endpoint.

The Calling Endpoint shall request the initial phone number by sénding the Answering Endpoint an|Information
Message wjth CID=0 and the transfer flag (XFLAG) set to Decimal*} and the Digits field set to all 1's. |The Calling
Endpoint shall set the rest of the parameters to the negotiated values.

Answering Endpoint

After transmitting the initialization response, when the' Answering Endpoint receives a message with XFLAG set to
decimal 1, |the Answering Endpoint shall return the-first number by setting the XFLAG field to decimal 1|and placing
the phone number in the Digits field. If the)phone number to be used is greater than 7 digits in |ength (e.g.,
international calls), the Answering Endpoint shall return the last (rightmost) 7 digits. If the phone number {o be used is
less than 7 digits in length (e.g., 5 digit-private numbers), the Answering Endpoint shall place the digits in the first M
Digit fieldd where M is the number of\digits. The Answering Endpoint shall fill the last 7 - M Digit figlds with the
EON charagter ( bit pattern "1 1 0 Q).

Calling Endpoint
When the Answering Endpoint returns M digits, the Calling Endpoint replaces the last M digits of the orjginal phone

number with the M\digits received from the Answering Endpoint. If M = 0 (all Digits fields contain the EON
character), the CGalling Endpoint uses the original phone number.

The Calling hall request—th by-sending-theAnsweringEndp arr Information
Message with CID=0 and the transfer ﬂag (XFLAG) 1ncremented by 1 1ndlcatmg acceptance of the ﬁrst number and
readiness to receive the next phone number. The Digits field shall be set to all 1's. The Calling Endpoint shall set the
rest of the parameters to the negotiated values. If the number of channels is N, the Calling Endpoint shall request NE-
E1 phone numbers.

Answering Endpoint

When the Answering Endpoint receives an Information Message with CID=0 and the XFLAG field incremented by 1, it
shall transmit the next phone number in the Digits field, and the received XFLAG in the XFLAG field.

If the Answering Endpoint only supports one phone number, it shall return the EON character in all the Digits fields for
each phone number request received from the Calling Endpoint.
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Calling Endpoint

The Calling Endpoint shall use the phone numbers received from the Answering Endpoint in the same proportion as
were received from the Answering Endpoint. For example, if the Answering Endpoint returns EON for all phone
numbers, the Calling Endpoint uses the original phone number for all channels. If the Answering Endpoint returns a
different phone number for each channel, the Calling Endpoint uses a different phone number for each additional
channel. If the Answering Endpoint has two phone numbers A and B and returns phone number A twice and phone
number B three times, the Calling Endpoint shall use phone number A for two channels and phone number B for three
channels.

The complete list of phone numbers is passed in this manner until the Calling Endpoint receives the last number. The
Calling Endpoint shall indicate the conclusion of the negotiation process by transmitting an Information message with
the channel identifier (CID) set to 1 and parameters set to negotiated values.

Answering ldndpoint

When the Afiswering Endpoint receives an Information Message with CID set to 1, it shall transmit its Information
Message witl] the channel identifier (CID) set to 1 and the other parameters set to the negotiated/values. This indicates
to the Calling Endpoint that the Answering Endpoint is ready to accept establishment of additional chanpels. The
Answering Endpoint also shall stop TAinit and start TAaddO1.

Calling Endpoint

When the C3lling Endpoint receives an Information Message with CID=1, it shall stop TCinit, start TCadd01 and
initiate the connection of the remaining channels in the call. Parallel dialing\is optional but recommended| to reduce
call setup times. However, it should be noted that there may be & requirement in some networks tp insert a
programmable delay between consecutive additional channel setup-attempts. For Modes 1, 2 and 3, the Calling
Endpoint alsp shall start transmitting the multiframe structure in_the master channel (immediately after| receiving
CID=1 from the Answering Endpoint) with the Alignment (A) bit.in'the CRC octet set to zero, the E bit set td 0 and the
CRCA4 bits set to 1. It also shall send all ones in the data octets. The Calling Endpoint also shall start searching for
overall framel alignment in the master channel and start TCfa." The Calling Endpoint shall transmit the following field
values in the [nformation Message:

CID: Settd 1.

RI, RL REQ and RL IND: Set to 0. These value can change subsequently due to achievement of Delay Equalization
or Remote Loopback operation.

MFG ID: $et to 0.

Group Identifier: The GID assigiied to this call by the Answering Endpoint.
XFLAG: [Information subchannel.

Digit Field§: Information-subchannel.

Other pararpeters:_Set-to negotiated values.

For Mode 0, llhe Calling Endpoint shall cut the channel through to the Application.

Answering Endpoint

After the Answering Endpoint has transmitted an Information Message with CID=1, it shall wait until loss of
Information Message Alignment. At this point, for Modes 1, 2 and 3, the Answering Endpoint starts to transmit the
multiframe structure. When the Answering Endpoint detects loss of Information Message Alignment, for Modes 1, 2
and 3, it shall start transmitting the multiframe structure in the master channel with the Alignment (A) bit in the CRC
octet set to zero, the E bit set to 0 and the CRC4 bits set to 1. It also shall send all ones in the data octets. Once the
Answering Endpoint starts transmitting the multiframe structure, it shall start searching for overall frame alignment in
the master channel and start TAfa. The Answering Endpoint shall transmit the following field values in the
Information Message in the Information Channel:

CID: Setto 1.
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RI, RL REQ and RL IND: Set to 0. These value can change subsequently due to achievement of Delay Equalization
or Remote Loopback operation.

Group Identifier: The GID assigned to this call by the Answering Endpoint.
MFG Flag: Setto 0.

XFLAG:

Information subchannel.

Digit Fields: Information subchannel.

Other parameters: Set to negotiated values.

For Mode 0, after detecting loss of Information Channel Alignment, the Answering Unit stops sending Information
cuts through the Application.

Frames and

For Modes
start the C

For Modes
also shall s

REV: REV

This field
shall be s
the main
additions

Thisis a |

If one CAU
value of RE

8.1.2

For Mode 0
defined othe

the Applicatjon as they are connected. When all channels are connected, Timer Txadd01 is stopped.

For Modes

begin transmpitting the multiframie structure with the Alignment (A) bit in the CRC octet set to zero, the E

and the CR(

Upon conne
Information

1gnmen
4 procedures (if implemented). It also starts searching for IC Frame Synchronization.

, 2 and 3, when each end detects frame alignment and detects the A bit set to 1 in the reverse

p Timers TAfa and TCfa.

ision level (Octet 7, Bits 5-7)

can be used to check version compatibility between the local and far end units. If this field i
et to all binary ones on the transmitting end and ignored on the recgiving end. All endpoints d
body of Issue 1 of this International Standard shall use a Réyision Level of 0. Annex D
hecessary to make this into a Revision 1 product which caters for extended digit fields.

inary encoded number in the range 0 < REV < 7.

transmits a higher value of REV than the other‘CAU then only those procedures defined fo
V shall be used by both CAUs.

Additional Channel Setup

no framing is done on the additional channels; therefore, DEQ Control is not used and no pro
r than setting up the additional'channels (Call Control responsibility) and cutting the channels

|, 2 and 3, for each additional channel, when each connection is established the Calling End

4 bits set to 1. Itlalso shall send all ones in the data octets. The Calling Endpoint starts the TC

message.shall contain the following field values:

Channel 1

entifier: Channel Identifier assigned to this channel by the Calling Endpoint.

, 1t shall set the A bit to 1 in the transmit direction and

direction it

not used it
eveloped to
defines the

r the lower

cedures are
through to

jpoint shall
bit set to 0
fa timer.

ftion, the Calling Endpoint shall send the Information message repeatedly in the Information CHannel. The

A DRI _JIAIIN

RI, RL REQ2n

Group Ide
XFLAG:

Q ot
U INL LINDJ, OUL U U,

ntifier: The GID assigned to this call by the Answering Endpoint.

Information subchannel.

Digit Fields: Information subchannel.

Other parameters: Set to negotiated values.

The Calling

Endpoint shall assign the Channel Identifier sequentially beginning with 1 (master channel).
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Upon connection, the Answering Endpoint shall start looking for multiframe alignment and Information Message
Alignment (full bandwidth for the initial channel of a new call) and either begin transmitting all ones on the channel or
transmitting multiframe structure with the correct parameters for this channel as follows:

Alignment (A) bit in the CRC octet set to zero.
E bit set to 0.

CRC4 bits set to 1.

All ones in the data octets.

Information Channel messages with the correct Channel ID, Group ID and negotiated parameters.
The Answering Endpoint also starts TAnull.

If the Answeri
and recognizes this is the Master Channel of a new call. Procedures in 8.1.1 apply. When the Answering Endpoint
detects Framg Alignment, it shall stop TAnull and start searching for IC Frame Synchronization. (If‘ TAnu]l expires,
the Answering Endpoint defaults to the Transparent Mode as described in 9.1). When the Answering| Endpoint
receives an I£omaﬁon Message, it shall store the Channel Identifier to be used in sequencing the channels. It also

shall check the Group Identifier (GID) to identify the call to which the channel belongs. , Atythis point it shall start
transmitting the multiframe structure (unless it started transmitting on connection in,which case it shall continue
transmitting) (with the A bit set to 1 in the transmit direction and start the CRC4 procedures (if implemejnted). In
addition, it shiall transmit the following field values in the Information message in the \Information Channel:

Channel Id¢ntifier: Channel Identifier assigned to this channel by the Answering Endpoint.
RI: Setto ().

RL REQ, RL IND: Set to 0.

Group Identifier: The GID received from the Calling Endpoint.

XFLAG: Irformation subchannel.

Digit Fieldy: Information subchannel.

Other fieldd: Set to negotiated values.
At this point the Answering Endpoint marks this ‘¢hannel as ready for transmission.

When the Calling Endpoint detects Frame Alignment, it shall set the A bit to 1 in the transmit direction andl start the
CRC4 procedypres (if implemented). It also shall start searching for IC Frame Synchronization.

When the Cajling Endpoint receives a valid Information Message, it shall store the Channel Identifier for use in
sequencing the channels and marks the channel as ready for transmission.

When transmitting and(teceiving Information Messages with CID not set to 0, the XFLAG and DIGITS octets (Octets
9-16, Bits 2-7)) are available for use as an Information subchannel. The use of this information subchannel fis outside
the scope of this International Standard and is implementation dependent.

8.1.2.1  Additional Channel Setup - Failure Recovery Procedures

In the event of a failure of one or more channels during additional channel setup, the endpoint can decide either to
disconnect the entire call or downspeed the call to a reduced data rate. In this case, failure is defined as Txadd01
expiring before all channels are synchronized or connected. For channels that do not connect or are connected but fail
before Txadd01 expires, the Calling Endpoint can choose to disconnect the channel and attempt to reconnect a new
channel or can wait for TxaddO1 expires and take the recovery action below.

For Modes 1, 2 and 3, if the Endpoint decides to disconnect the call, the Endpoint proceeds with the normal disconnect
procedures ( 8.5). For Mode 0, the endpoint disconnects the channels using call control.

For Modes 1, 2 and 3, if the Endpoint decides to downspeed the call to a reduced rate, it disconnects the channels that
have not reached synchronization (through call control signaling), changes the RMULT and SUBMULT fields in the
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Information Channel to reflect the new speed, resequences the channels to sequentialize the channel numbers, starts
Txdeq and begins to equalize the delays.

For Mode 0, there is no frame synchronization on any of the channels; therefore, the only failure that is detectable is if
all the requested channels are not connected when TxaddO1 expires. If the Endpoint decides to downspeed the call, the
endpoint cuts through the available data channels to the application. For Mode 0, the Endpoint can cut through the
connected channels to the application as they are connected. ,

8.1.3 Delay Equalization

Once each channel has been connected, each end stops Txadd01. Once each channel has been marked ready (i.e.,
attains local synchronization for each channel), the endpoint starts Txdeq and uses the FC to measure the relative delay
variance between the individual channels of the N x 56/64 call. Also, since the incoming call arrival sequence cannot
be assume e : M= e-the receive el Identifie ZID) to order

the channe
transmit a
shall rema;
it shall cor

In Mode 1

bearer chapnels indicating readiness to move to Mode 1 data transfer. Having transmitted A=0, each

receive A=

framing pafttern and consider the call setup to be complete. At this time each end shall remove the multifrg

from all ch
all bearer ¢

Is properly . When each end has resequenced and equalized the delay between channels for the
remote indication (RI = 1) in the Information message in all channels to the other end. Allothg
In the same. For Modes 2 and 3, when each end receives RI = 1 in the Information Message in
sider call setup to be complete, stops Txdeq and commences user data transfer.

when each end receives RI=1 in each channel, it shall begin transmitting A=0.(RI remains se
0 in each bearer channel. When each end receives A=0 in each bearer‘channel, it shall stop

lannels. Also, after transmitting RI=1 and A=0, if an endpoint recognizes loss of frame synchi
hannels before it receives A=0, it shall consider call setup to be'complete and shall remove th

structure fi

Internatio

manual or gxternal intervention).

NOTE - Dpe to delay and line errors, each end should transmit more than one frame with RI=1 and A=0 before
multiframe structure independent of whether or not the.end has received RI=1.

fixed numb
In Modes
alignment.

error rate.

‘When each
8.14

The endpo

1 Standard. Error recovery for Mode 1 is beyond-the scope of these procedures (Recovery c

The endpoints can use a timer or
r of Information messages before removing framing.

and 3, each endpoint shall continuously monitor each channel of the call for delay equalizati
Error recovery procedures are described in 8.7 below.

endpoint is transmitting RI=1 and detects RI=1 (i.e., delay equalization complete) it stops Txde

Timeout, Conditions

nt shall'take the following actions based on the expiration of the associated timer:

call, it shall
T parameters
all channels,

t to 1) on all
lend waits to
transmitting
ime structure
onization on
e multiframe

om the bearer channels. In both cases, the channels shall b€ available to transmit and receive user data over
the full avdilable bandwidth. In Mode 1, error conditions on one or.more channels that disturb overall frar
and conne¢tion quality cannot be recognized automatically via, the framing structure and procedures dg

he alignment
fined in this
hn consist of

removing the
an transmit a

n and frame

Each endpoint also can continuously monitor each channel or a subset of the channels for epd-to-end bit

TAnull: T}

he-Answering Endpoint shall default to the Transparent Mode as described in 9.1

TCnull: The Calling Endpoint shall default to the Transparent Mode as described in 9.2.

Txfa: If this is the master channel, the endpoint shall either disconnect the call or initiate the channel recovery
procedures (See 8.7.1). If this is not the master channel the endpoint shall disconnect the channel. Channel
disconnection consists of disconnecting the channel through call control signaling during a pre-Active phase or through
channel deletion procedures during the Active phase. Other actions for recovery are implementation dependent and can
include:

Disconnecting the entire call
Running at the lower speed

Retrying the failed channel.
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Txinit: If this timer expires, it means the complete call has not been setup. Actions taken on expiration of this timer
are implementation dependent and can include the disconnection of the call.

8.2 Adding Bandwidth to an Existing Call
Bandwidth Addition is only possible in Modes 2 and 3. In Mode 2, Bandwidth Addition is only possible by adding
additional channels. In Mode 3, it is possible to add bandwidth without adding additional channels by increasing the

number of data bits allowed in the Nth channel.

Bandwidth can be added to an existing call in increments of one or more channels to increase the user data rate without
tearing down the original call.

NOTE - Depending on implementation, user data might be lost during the addition of a channel.

8.2.1 Negotiation (Calling Endpoint Initiated)

When the Calling Endpoint wants to set up additional bandwidth, it shall send an Information Message on al] channels
with the CID set to O (negotiation flag) and the RMULT and SUBMULT fields set to the new\value. The Calling
Endpoint shall request a phone number (if a new channel is needed) by setting the XFLAG field’to Decimal |1 and the
Digits fields tp all 1's. The rest of the parameters shall be set to the negotiated values. The Calling Endpoint $hall start
TCadd. If a new channel is not requested (i.e., in Mode 3 increasing the bandwidth used‘in' the Nth Channel), then the
XFLAG and Digits fields is set to all 1's.

When the Answering Endpoint receives an Information Message on all channels'with CID=0, it recognizes th¢ message
as a negotiatipn message and checks the RMULT and SUBMULT fields.\Bandwidth addition is indicated by an
increased LT and/or SUBMULT (Mode 3 only) field value. The‘Answering Endpoint shall either accept the
requested valye by returning the same value, or deny the request by, returning the current value (including 3 relevant
Cause Code). | In either case, it shall return a channel identifier of Q (negotiation flag) to indicate its responge. If the
Answering Endpoint accepts the request for a additional bandwidth, the Answering Endpoint shall return the phone
number in themanner described in 8.1.1. If the RMULT and SUBMULT values require more than one charnel to be
added, the Calling Endpoint shall request one phone number.for each additional channel.

When the Calling Endpoint receives the Answering Endpoint's response (i.e., CID=0, parameters set to regotiated
values), the (falling Endpoint checks the parameters. If the Answering Endpoint rejected the request, the Calling
Endpoint shall either disconnect the call or maintain the call at the current rate. In either case, the Calling [Endpoint
shall begin trgnsmitting a channel identifier.of 1 with the rest of the parameters set to their negotiated values. (The
Calling Endpdjint transmits the correct non-zero Channel Identifier in each channel).

When the Angwering Endpoint receives an Information Message with CID=1 (non-zero Channel Identifief in each
channel), it shall respond with the,€ID=1 (non-zero Channel Identifier in each channel) and with the parameters set to
their negotiatgd values. The\Answering Endpoint shall start TAadd02 and wait for the additional channels. If no
additional chafinels are required, the Answering Endpoint does not start TAadd02, but starts transmitting/receiving data
with the new yalues of L and M (see 7.1.1.1).

After receipt df an Informatlon Message with CID—l and an acknowledgment of acceptance of the additiona} channel
by the Answeti : : using-the phone
number received from the Answermg Endpomt and starts TCaddO2 If no additional channels are requ1red the Calling
Endpoint does not start TCadd02, but starts transmitting/receiving data with the new values of L and M (see 7.1.1.1).

If the Answering Endpoint rejected the request, the Calling Unit shall stop its timers.
8.2.2 Negotiation (Answering Endpoint Initiated)
The Answering Endpoint can also initiate negotiation for additional bandwidth. The Answering Endpoint shall request

additional bandwidth by transmitting an Information Message on all channels with the CID set to 0 and the RMULT
and SUBMULT fields set to the desired rate (as described previously). The Answering Endpoint shall start TAadd.
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When the Calling Endpoint receives an Information Message with the CID = 0 and the RMULT and SUBMULT fields
indicating a request for additional bandwidth on all channels, it shall either accept or reject the request. The Calling
Endpoint shall indicate a rejection of the request by sending an Information Message with CID = 0, the RMULT and
SUBMULT fields set to the current value and a Cause Code indicating the reason for rejection. The Calling Endpoint
shall indicate an acceptance of the request by transmitting an Information Message with CID = 0 and the new value of
the RMULT and SUBMULT. In addition, if additional channels are required, the Calling Endpoint shall request new
phone numbers as described for the initial call.

At this point, additional channel setup is as defined when initiated by the Calling Endpoint.

If the Calling Endpoint rejects the request for additional channel setup, the Answering Endpoint shall stop its timers.

8.2.3 Additional Channel Setup

When the (alling Endpoint connects the new channel, it shall begin transmitting the multiframe structllre with the
Alignment (A) bit in the CRC octet set to zero, the E bit set to 0, the CRC4 bits set to all ones and, 41l\one$ in the data
octets. It algo shall begin transmitting an Information Message with the following field values:

Channel Identifier: Channel Identifier assigned to this channel by the Calling Endpoint.
RI, RL REQ and RL IND: Set to 0.

MFG: Set to 0.

Group Idgntifier: The GID assigned to this call by the Answering Endpoint.

XFLAG: | Information subchannel.

Digit Fielfls: Information subchannel.

Other pargmeters: Set to negotiated values.
The Calling|Endpoint also shall begin the search for frame alighment and start Timer TCfa.

When the Apswering Endpoint connects the new channel, it shall take the following actions:
o transmif one of the following on the channel:
- All|ones

- Mujtiframe structure with the Alighmient (A) bit in the CRC octet set to zero, the E bit set to 0, thg CRC4 bits
set fo all ones and all ones in the data octets. It also shall begin transmitting an Information Messdge with the
follpwing field values:

Channel Identifier{ Channel Identifier assigned to this channel by the Answering Endpoint.
RI, RL REQ and RL IND: Set to 0.

Group Identifier: The GID assigned to this call by the Answering Endpoint.

XFLAG: Information subchannel.

Digit Fields: Information subchannel

Other parameters: Set to negotiated values.
o start TAnull and

0 start searching for frame alignment.

When it detects multiframe alignment from the Calling Endpoint, it shall stop TAnull and start searching for the
Information Message. When the Answering Endpoint receives an Information Message it shall check the GID field for
the Group Identifier that identifies the call to which this channel belongs. If the GID does not match an existing call,
the Answering Endpoint shall disconnect the channel. If the GID does match an existing call, the Answering Endpoint
shall add this channel to the correct call and start transmitting the multiframe structure in the channel with the A bit set
to 1 and start the CRC procedure (if implemented). The Answering Endpoint also shall start transmitting (or continue
to transmit) an Information Message with the fields set to the following values:
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Channel Identifier: Channel Identifier assigned to this channel by the Answering Endpoint.

RI, RL REQ and RL IND: Set to 0. These values can change based on subsequent actions.

Group Identifier: The GID assigned to this call by the Answering Endpoint.
MFG: Set to 0.

XFLAG:

Information subchannel.

Digit Fields: Information subchannel.

Other parameters: Set to negotiated values.

©ISO/IEC

If the Answering Endpoint loses delay equalization , it shall start transmitting RI = 0 in all channels. The Answering
Endpoint shall use the received CID to sequence the channels in the call and shall use the FC to equalize the delay

between the new channel and the existin

o channels
(=4

Once the CalJing Endpoint establishes frame alignment, it shall set the Alignment bit (A) in the CRC oCtet'to

transmit dired
If the Calli
Endpoint sh

between the n

Once each en)
over the IC of

Once each en
and shall stog

8.24
The endpoint
TAnull: The

Txfa: If this
procedures (S

Disconnect

Running at

Retrying the

Txadd: If thi
Actions taken|

Timeout Conditions

tion and begin the CRC4 procedure (if implemented) and shall stop Txfa.
g Endpoint loses delay equalization, it shall start transmitting RI = 0 in allychannels.
use the received Channel Identifier to sequence the channels and shall use the FC to equalize

ew channel and the existing channels.

d has successfully resequenced and delay equalized, each end shall transmit a remote indicatio
all channels.

d receives an Information Message with RI = 1 in all channéls, it shall consider call setup to be
its timers.

shall take the following actions based on the éxpiration of the associated timer:
Answering Endpoint shall default to the, Transparent Mode as described in 9.1.

s the master channel, the endpoint shall either disconnect the call or initiate the master channe

ng the entire call
the lower speed
failed channel:

timer-expires, it means the endpoint has not received an acknowledgement for the add channg
onexpiration of this timer is implementation dependent and can include the disconnection of th.

ee 8.6.1). If this is not the master channel the endpoint shall disconnect the channel. Other 4
recovery are implementation dependent and can include:

one in the

The Calling

the delay

h (RI = 1)

complete

recovery
ctions for

1 request.
e call.

TAadd02: If this timer expires, it means that the additional channel setup has not been completed. The endpoint shall
initiate disconnect procedures for that channel and shall begin transmitting the correct values in the RMULT and
SUBMULT fields. Other recovery actions are implementation dependent.

8.3 Deleting Bandwidth from an Existing Call

Bandwidth can be deleted from an existing call to decrease the user data rate without tearing down the entire call.
Bandwidth Deletion is only available for Modes 2 and 3. Either side can initiate a request to delete one or more
channels from the call. For Mode 2, Bandwidth Deletion always implies deletion of at least one channel. For Mode 3,
an endpoint can request a reduction of bandwidth without deleting a channel by reducing the number of bits used in the
Nth channel.
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8.3.1 Calling Endpoint Initiated

The Calling Endpoint shall initiate a request to delete bandwidth by transmitting an Information Message over the IC
of all channels with the CID set to 0 and the RMULT and SUBMULT fields set to the new value. If only one channel
is to be deleted and the Channel Identifier is available, the XFLAG field shall contain the Channel Identifier (as
assigned by the Calling Endpoint) of the channel to be deleted. If more than one channel is to be deleted, they shall be
channels with the highest CID values as assigned by the Calling Endpoint. The Digits fields shall contain either a
Cause code or PAD characters. The rest of the parameters shall contain the negotiated values. The Calling Endpoint
shall start the TCdel timer .

When the Answering Endpoint receives an Information Message on all channels with CID=0 and with the RMULT and
SUBMULT fields indicating deletion of bandwidth, it shall either accept the request by returning a channel identifier
of 0 (negotiation flag) and the same values for RMULT, SUBMULT and XFLAG as were received or reject the request

by returningtheorigimat parameter vatues amd-a-Cause-Code withr the Teasomr for rejection:

When the (alling Endpoint receives an Information Message with CID = 0 and the channel delete dcknowledgment, it
shall start tfansmitting Information Messages on all channel with CID set to the correct value and the'new parameters.

When the Answering Endpoint receives an Information Message on all channels with CID set'to the assigne¢d value and
the new RMULT and SUBMULT, it shall transmit Information Messages with CID set to the assigned Yalueand the
new parameters. At this point, the Answering Endpoint shall perform the following actions:

1. If p channel is to be deleted, the Answering Endpoint shall remove the'negotiated channel from the call (i.e.,
stdp transmitting and receiving on it).

=

2. If gelay equalization is lost, start Transmitting RI = 0 on all channels.

3. Resequence the Channel Identifiers (if needed). When(Tesequencing Channel Identifiers, the Channel
Id¢ntifiers shall maintain their relative order. Thus for €xample, if the channel with the highest|CID is lost,
theg CID's for the rest of the channel remain the same. If.a middle channel is deleted, the channels with CID's
higher than the deleted channel are moved down by 1.

4. Start Equalizing the delays on all channels (if it'was lost).

From this goint forward, the endpoint acts as described in 8.1.3. Data transfer commences with the new|values of L
and M (as defined in 7.1).

When the Calling Endpoint receives an. Jdformation Message with CID = 1 and the new RMULT and SUBMULT, it
shall perfogm the following actions:

1. If a channel is to be deleted, remove the negotiated channel from the call (i.e., stop transmitting apd receiving
onlit).

2. If Delay Equalizationis lost, start Transmitting RI = 0 on all channels.

3. Resequence-the Channel Identifiers(if needed). When resequencing Channel Identifiers, the Channel
Id¢ntifiers shall maintain their relative order. Thus for example, if the channel with the highest|CID is lost,
thg CID's for the rest of the channel remain the same. If a middle channel is deleted, the channel$ with CID's
higher than the deleted channel are moved down by 1.

4. Start Equalizing the delays on all channels (if needed).

5. [Initiate the disconnection of the negotiated channel if a channel is to be deleted.

From this point forward, the endpoint acts as described in 8.1.3. Data transfer commences with the new values of L
and M (as defined in 7.1).

NOTE - Depending on implementation, user data can be lost during the removal of a channel.
8.3.2 Answering Endpoint Initiated
The Answering Endpoint shall initiate bandwidth deletion by transmitting an Information Message on all channels to

the Calling Endpoint with CID = 0, the new RMULT and SUBMULT values. If only one channel is to be deleted the
XFLAG field shall contain the CID (as assigned by the Calling Endpoint) of the channel to be deleted. If more than
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one channel is to be deleted, they shall be the channels with the highest values of CID as assigned by the Calling
Endpoint. The digits field shall contain either a Cause code or PAD characters and the Answering Endpoint shall start
TAdel.

When the Calling Endpoint receives an Information Message on all channels with CID = 0, and the new RMULT and
SUBMULYT, it shall check the XFLAG field for the CID of the channel to be deleted (if requested). The Calling
Endpoint shall either: Reject the request by returning CID = 0 and the original parameters and a Cause Code with the
reason for the reject, or accept the request by returning the requested parameters.

If the bandwidth delete is accepted, the call proceeds as defined in 8.3.1 except that the Answering unit stops TAdel
when it receives non-zero CID in all channels.

Actions taken if the Answering Unit receives a channel delete reject are implementation or user dependent.

8.3.3 Timeout Conditions

The endpoint shall take the following actions based on the expiration of the associated timer:
Txdel: If this|timer expires, it means the endpoint has not received an acknowledgement for the channel delete request.
Implementatitn dependent actions can include disconnecting the channel and downspeed anyway, maintdining the
current speed fand notifying management and disconnecting the call.

8.4 Collisjon Resolution
In the case offa collision (one end requesting bandwidth addition and the other'end requesting bandwidth delption) the
bandwidth adﬂtion request shall normally take precedence. However, in‘the case of an attempt to remove (af) errored

channel(s), a fequest for bandwidth deletion shall take precedence.

8.5 Call Disconnection

res describe how to negotiate the disconnection of a call . Either the Calling or the Answering[Endpoint
can initiate a disconnection. Negotiated call disconnection is only available for Modes 2 and 3.

alling Endpoint Initiated

The Calling Endpoint shall indicate a call disconnect by transmitting an Information Message on all channel§ with the
CID set to O (egotiation flag) and the RMULT and SUBMULT set to 0 and shall start timer TCdisc.

When the Ansjwering Endpoint receiyes an Information Message on all channels with the CID set to 0 (negotiation flag)
and the RMULT and SUBMULT ffields set to 0, it shall either accept the call disconnection by returning a [CID of 0
(negotiation flag) and a RMULT and SUBMULT of 0 or reject the call disconnection by returning a CID of 0
(negotiation flag) and thé Current parameter values. The Answering Endpoint may optionally include a Cquse code
indicating the reason for-rejection of the disconnect. If the Answering Endpoint accepts the call disconnection, it shall
stop transmitting user;data over the connection , shall wait for disconnect and shall start timer TAdisc.

If the Calling ; I'begin channel disconnection procedures for all
channels associated with the call and shall stop TCdisc. If the Calling Endpoint receives a reject of the disconnect
request, it shall either begin channel disconnection procedures for all channels associated with the call or maintain the
current call (this is implementation dependent).

When all channels are disconnected, the Answering Unit stops timer TAdisc.
8.5.2 Answering Endpoint Initiated

The Answering Endpoint shall indicate a call disconnect by transmitting an Information Message on the all channels
with the CID set to 0 (negotiation flag) and the RMULT and SUBMULT fields set to 0 and shall start Timer TAdisc.
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When the Calling Endpoint receives an Information Message on all channels with the CID set to 0 (negotiation flag)
and the RMULT and SUBMULT fields set to 0, it shall either accept the call disconnection by returning a CID of 0
(negotiation flag) and the RMULT and SUBMULT fields set to O or reject the call disconnection by returning a CID of
0 (negotiation flag) and the current parameter values. The Calling Endpoint may optionally include a Cause Code
indicating the reason for the rejection of the disconnect. If the Calling Endpoint accepts the call disconnection, it shall
stop transmitting user data over the connection and shall start TCdisc.

If the Answering Endpoint receives a disconnect acknowledgment, it shall begin channel disconnection procedures for
all channels associated with the call and shall stop TAdisc. If the Answering Endpoint receives a reject of the
disconnect request, it shall either begin channel disconnection procedures for all channels associated with the call or
maintain the current call (this is implementation dependent).

When all channels are disconnected, the Calling Endpoint stops timer TCdisc.

8.5.3 | Timeout Conditions

The endpoirts shall take the following actions based on expiration of the relevant timer:
Txdisc: The¢ endpoint shall initiate disconnection of all channels associated with the call.

8.6 Remote Loopback

Either end dan request a remote loopback. Remote Loopback indication is only_.available for Modes 2 and 3. In the
following procedure the side initiating the loopback is called the initiating endpoint’and the side receiving tﬂ:e loopback
request is called the remote endpoint. The transitions of the RL IND and ‘RE REQ between 1 and 0 ¢ccur in all
channels and are independent of the CID value.

The initiating endpoint shall request that the remote endpoint go into)leopback by transmitting an Informatipn Message
with the RL|REQ bit set to 1 in all channels and starting Timer Tloop.

When the remote endpoint receives an Information Message(with the RL REQ bit set to 1, it shall either aﬂ(nowledge
it by transmijtting an Information Message with the RL IND bit set to 1 in all channels or reject it by returning RL IND
=0.

When the refnote endpoint accepts the loopback request (i.e., starts transmitting RL IND =1), it shall loop the user data
back toward|the initiating endpoint at a point aftér delay equalization (i.e., payload loopback).

If the remole Endpoint does not acceptthe loopback request, it shall continue with user data transmission on all
channels.

When the injtiating endpoint receives a loopback acknowledgment (i.e., Information Message with RL IND/set to 1), it
shall continpe to transfer user data over all channels and stop Timer Tloop. Actual tests using the loopback capability
(e.g., Bit Error Rate Tests)-are outside the scope of this International Standard..

If the initiating endpoint does not receive a loopback accept (i.e., Information Message with RL IND set to 0) before
Tloop expirgs, dt-shall continue transmitting user data on all channels. Other actions are implementation deglendent.

When in a loopback state, if the initiating endpoint receives an Information Message with RL IND set to 0, it shall take
the call out of loopback mode. It also shall start transmitting RL REQ = 0 in the Information message. Other actions
are implementation dependent.

When in a loopback state, if the remote Endpoint receives an Information Message with RL REQ set to 0, it shall take
the call out of loopback mode and start transmitting RL IND = 0 in the Information message. The remote endpoint also
starts transmitting user data at this time. Other actions are implementation dependent.

NOTE - Depending on implementation, user data can be lost during remote loopback negotiation.

When an endpoint receives an Information Message with RL IND = 1 when not requesting a loopback, it means that
the remote endpoint has gone into loopback mode.
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If an endpoint goes into local loopback mode (i.e., looping user data back to the remote endpoint) it shall transmit RL
IND =1 in all channels. When an endpoint goes out of local loopback mode, it shall transmit RL IND = 0 in all

channels.

All actions (adding and deleting a channel, and disconnecting the call) are possible in loopback mode.

8.6.1 Timeout Conditions

If Tloop expires, the initiating endpoint shall start transmitting normal user data (if available). Other actions are
implementation dependent.

8.7 Error

Call failure pyoceduresdepend o tirematureof thefaiture—The fottowing are exampies of catt failure causes]

High Error Rate (CRC errors or E bit exceeding threshold):

An endpoirt can detect a high error rate by checking the CRC field and the E bit.  The definition ‘of high|
is applicatipn and implementation dependent.

Extended Lo

An endpoint can detect a loss of frame alignment or an error in the Frame Count”” As defined in 6.3
endpoint dgtects loss of frame alignment, it begins searching for frame synchrodization and transmitting A
error condition described here is if frame synchronization is not achieved ‘aftér an extended period of

expiration

Receipt of a jon-negotiated Disconnect for one or more channels:

An endpoirft can receive a non-negotiated disconnect for one or more channels in a call.

Loss of the Master Channel

An endpoint can lose the use of the Master Channel by‘any of the above failure modes.

Loss of Delay

An endpoint detects the loss of delay equalization.

Error recover

Replace the
call setup.

Continue o

Disconnect|the entire’call using the methods described in 8.6, except during call setup.

8.7.1

Conditions

of Frame Alignment/Inconsistency in Frame Count

f Txfa).

Equalization

mechanisms not specified in’these procedures can include the following:

lost channel using the procedures defined in 8.2 for adding a channel to an existing call, excq

error rate

when an
=0. The
fime (i.e.,

pt during

erating with reduced bandwidth and delete the channel if necessary (8.3), except during call setfip.

oss-of Channel (Other Than During Call Setup) |

An endpoint can detect loss of a channel due to the following conditions:

Receipt of disconnect: The endpoint can receive a network disconnect for the master channel without any prior
disconnect negotiation. The endpoint completes the disconnect procedure and starts recovery procedures.

Extended Loss of Frame Synchronization: The endpoint can detect extended loss of frame synchronization. This is
detected by expiration of Txfa. The endpoint disconnects the channel and starts recovery procedures.

High Error Count: When the endpoint detects excessive errors on the master channel (CRC or E bit) it disconnects
the channel and starts recovery procedures.

If an endpoint loses a channel (as described above) and wants to recover , it shall recover by taking the following

action:

1. Start transmitting RI = 0 in all remaining channels (if delay equalization is lost).
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2. Resequence the Channel Identifiers. As mentioned earlier, the Channel Identifiers shall maintain their relative
order.

3. Re-equalize the delays (as described in 8.1.3)

The parameters passed in the Information message shall reflect the new status of the call (i.e., New RMULT and
SUBMULT values).

When recovering from a failed channel, the endpoint shall drop back to the next lowest value of RMULT and a
SUBMULT value of O when transmitting/receiving data over the interface. The endpoint can immediately begin
negotiations for recovery of bandwidth using the normal means.

If the endpoint chooses not to recover, it shall disconnect the call.

Proceduresffor Fossof Cametduring catt setup are deseribed i 85— |
8.7.2 | Loss of Delay Equalization

When an ehdpoint detects loss of delay equalization during the active phase of the call, it)shall send RI = 0 in all
channels arld attempt to resynchronize the call as described in 8.1.3.

When an endpoint receives RI = 0 in all channels during the active phase of the call_ it theans that the rempte endpoint
has lost delpy equalization. Actions taken by the endpoint on receipt of RI=0 are-implementation dependent.

9 Transparent Mode Operation

This mode pf operation is necessary when one endpoint is a Channel Aggregation Unit and the other endpoint is not. In
this mode, network channels are "cut through" to the applications/served by the Channel Aggregation Unit. In this
context, "cut through" means that the channel aggregation functionality is bypassed. Channels are connected to the
served appflication without the Channel Aggregation Unit\ever recognizing Channel Aggregation [Framing or
establishing Information Channel communication. This.mede makes the endpoint which is a Channel Aggregation
Unit act aq if it is not a Channel Aggregation Unit, thus providing compatibility between the two enfipoints. In
Transparenf Mode, the Channel Aggregation Unit does not alter the bit stream received from the network.

There are tyo cases where the Transparent Mode)is invoked, depending on whether the Calling or Answerihg Endpoint
is the Chanpel Aggregation Unit. 9.1 describes the case where the Answering Endpoint is a Channel Aggré¢gation Unit
while the Calling Endpoint is not. 9.2-describes the case where the Calling Endpoint is a Channel Aggr¢gation Unit
while the Answering Endpoint is not.

9.1 Non Aggregating Unit Calling Aggregating Unit

The Transparent Mode-$hall be the default mode that is invoked when neither the Channel Aggregation nor the
Information) Channel framing is detected by the Answering Endpoint within the period specified by timer TAnull.

In this casq the (Answering Endpoint is a Channel Aggregation Unit, while the Calling Endpoint is not| When the
Answering Endpoint answers a channel, it starts Timer TAnull. Timer TAnull runs while the endpoint is determining
the type of call._ Timer TAnull is stopped when the Answering Endpoint detects either Channel Aggregation Framing
or Information Channel Framing on the channel.

If TAnull expires, the channel shall be "cut through" to the application, thereby providing a clear channel path between
the attached application and the Calling Endpoint. What happens at this stage is outside the scope of this International
Standard and is controlled by the attached application (and Calling Endpoint).

For Channel Aggregation Units intended for use in video applications, the Transparent Mode is mandatory. A
capability can optionally be provided to allow the user to manually disable the mandatory Transparent Mode for non-
video applications and for video applications using more than 6 channels. In this case, the channel is disconnected
after expiration of TAnull. The Transparent mode shall always be enabled for video applications which operate using 6
or fewer bearer channels.

For Channel Aggregation Units not intended for use in video applications, the transparent mode is optional.
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9.2 Aggregating Unit Calling Non Aggregating Unit

For an aggregating unit calling a non aggregating unit, the Calling Endpoint shall support the Transparent Mode using
at least one of the following two methods.

Method 1:
The Calling Endpoint chooses to use the Transparent Mode directly. The Calling Endpoint never attempts to establish
Information Channel Framing, but instead cuts though the channels to the application as soon as the channels are

established.

Method 2:

The Calling : ClS 2 : ion Channel
Framing is detected. If TCnull expires and the Calling Endpoint has not been able to recognize Informafioh Channel
Framing coming from the Answering Endpoint, the channel shall be "cut through" to the application.
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Annex A
(normative)

RMULT and SUBMULT Values

The following table contains values for RMULT and SUBMULT for BCRs of 56 kbit/s and 64 kbit/s and for number of
channels up to 24.

Table A.1 - Bearer Channel Rate (BCR) = 56 kbit/s

A RMULT | SUB N L M A RMULT | SUB N L M
MULT MULT
8000 0 1 1 10 1 360000 6 3 7 34 3
16000 0 2 1 i3 2 368000 6 4 7 43 4
24000 0 3 1 28 3 376000 6 5 7 52 5
32000 0 4 1 37 4 384000 6 6 7 61 6
40000 0 5 i 46 5 392000 7 0 8 7 7
48000 0 6 1 S5 6 400000 7 1 8 17 1
56000 1 0 2 1 7 408000 7 2 8 26 2
64000 i i 2 11 i 416000 7 3 8 35 3
72000 1 2 2 20 2 424000 7 4 8 44 | 4
80000 1 3 2 29 3 432000 7 S 8 53 5
88000 1 4 2 38 4 440000 7 6 8 62 6
96000 1 5 2 47 5 448000 8 0 9 8 7
104000 1 6 2 56 6 456000 8 1 9 18 1
112000 2 0 3 2 7 464000 8 2 9 27 2
120000 2 1 3 12 1 472000 8 3 S 36 3
128000 2 2 3 21 2 480000 8 4 9 45 4
136000 2 3 3 30 3 488000 8 5 9 54 5
144000 2 4 3 39 14 496000 8 6 9 63 6
152000 2 5 3 48 5 504000 9 0 10 9 7
160000 2 6 3 57 6 512000 9 1 10 19 1
168000 3 0 4 3 7 520000 9 2 10 28 2
176000 3 1 4 13 1 528000 9 3 10 37 3
184000 3 2 4 22 2 536000 9 4 10 |46 | 4
192000 3 3 4 31 3 544000 9 5 10 | 55 5
200000 3 4 4 40 |4 552000 9 6 11 1 6
208000 3 5 4 49 5 560000 10 0 11 10 7
216000 3 6 4 58 6 568000 10 1 11 20 1
224000 4 0 5 4 7 576000 10 2 11 29 2
232000 4 1 5 14 1 584000 10 3 11 38 3
240000 4 2 5 23 2 592000 10 4 11 47 4
248000 4 3 ) 32 3 600000 10 ) 11 56 5
256000 4 4 5 41 4 608000 10 6 12 2 6
264000 4 S 5 50 5 616000 11 0 12 11 7
272000 4 6 5 59 6 624000 11 1 12 ] 21 1
280000 5 0 6 5 7 632000 11 2 12 30 2
288000 S 1 6 15 1 640000 11 3 12 39 3
296000 5 2 6 24 2 648000 11 4 12 | 48 4
304000 5 3 6 33 3 656000 11 S 12 57 5
312000 5 4 6 42 4 664000 11 6 13 3 6
320000 5 5 6 S1 S 672000 12 0 13 12 7
328000 S 6 6 60 6 680000 12 1 13 22 1
336000 6 0 7 6 7 688000 12 2 13 31 2
344000 6 1 7 16 1 696000 12 3 13 40 3
352000 6 2 7 25 2 704000 12 4 13 49 4
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Table A.1 (cont)
A RMULT SUB N L M A RMULT SUB N L M
MULT MULT

712000 12 5 13 [ 58 |5 1016000 | 18 1 19 [28 |1
720000 12 6 14 (4 |6 1024000 | 18 2 19 [37 [2
728000 13 0 14 [13 [7 1032000 | 18 3 19 [46 |3
736000 13 1 14 |23 [1 1040000 | 18 4 19 [55 |4
744000 13 2 14 [ 32 |2 1048000 | 18 5 20 [1 |5
752000 13 3 14 |41 [3 1056000 | 18 6 20 [ 10 [6
760000 13 4 14 [50 [4 1064000 | 19 0 20 [19 [7
768000 13 5 14 |59 [ 1072000 | 19 ] 20 [ 20 |1
776000 1B 6 15 [5 [6 1080000 | 19 2 20 [ 38 |2
784000 1 0 15 [14 [7 1088000 | 19 3 20 [471 [3
792000 14 1 15 24 1 1096000 19 4 20 56 4
800000 1k 2 15 (33 |2 1104000 | 19 5 21 |2 |3
808000 1 3 15 [42 [3 1112000 | 19 6 21 [u’\[s
816000 1 4 15 |51 |4 1120000 | 20 0 21 |200]7
824000 1} 5 15 |60 |5 1128000 | 20 1 21 130 |1
832000 1 6 16 {6 |6 1136000 | 20 2 21,039 [2
840000 15 0 16 |15 |7 1144000 | 20 3 21 |48 |3
848000 15 1 16 25 1 1152000 20 4 21 57 4
856000 13 2 16 |34 |2 1160000 | 20 5 2 (3 |5
864000 15 3 16 |43 [3 1168000 | 20 6 2 |12 [
872000 15 4 16 |52 |4 1176000 | 21 0 2 [21 |7
880000 15 s 16 |61 |5 1184000 | 21 1 2 (31 |1
888000 15 6 17 17 |6 1192000 | 2f 2 22 (40 |2
896000 1 0 17 16 |7 1200000 | 21 3 22 (49 |3
904000 1 1 17 |26 |1 1208000 |21 4 22 |58 |4
912000 1 2 17 [35 [ 2 1216000~ | 21 5 23 [4 |5
920000 1 3 17 44 [3 1224000 | 21 6 23 |13 [6
928000 16 4 17 53 4 1232000 22 0 23 22 7
936000 1 5 17 [62 [5 1240000 | 22 1 23 [32 |1
944000 1 6 18 [8 |6 1248000 [ 22 2 23 [41 |2
952000 1 0 18 (17 |7 1256000 | 22 3 23 |50 [3
960000 1 1 18 (27 |1 1264000 | 22 4 23 |59 [4
968000 1 2 18 [ 36 |2 1272000 | 22 5 24 [5 |5
976000 1 3 18 | 45,13 1280000 | 22 6 24 |14 |6
984000 1] 4 18 | 544 1288000 | 23 0 24 |23 [7
992000 1] 5 18|63 [ 1296000 | 23 1 24 [33 |1
1000000 | 1 6 119 |6 1304000 | 23 2 24 |42 |2
1008000 | 1 0 1918 [7 1312000 | 23 3 24 |51 [3

1320000 | 23 4 24 [60 |4
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Table A.2 Bearer Channel Rate (BCR)= 64 kbit/s
A RMULT [SUB [N [L | M A RMULT [SUB [N [L [M
MULT MULT

8000 0 1 1|8 |8 480000 |7 4 8 [39 [s
16000 | 0 2 1|16 |8 488000 | 7 5 8 |47 |38
24000 [0 3 1 |24 |8 496000 | 7 6 8 |55 |8
32000 [0 4 1 |32 |38 504000 | 7 7 8 [63 |8
40000 [ 0 5 1[40 |38 512000 | 8 0 9 |8 |38
48000 |0 6 1|48 |38 520000 | 8 1 9 |16 |8
56000 | 0 7 1 |56 |8 528000 | 8 2 9 |24 |3
64000 1 0 2 [1 s 536000 | 8 3 9 [32 |3
72000 1 1 2 |9 |3 544000 | 8 4 9 |40 |3
80000 | 1 2 2 17 [ 552000 | 8 5 9 [48 |8
88000 | 1 3 2 [25 [8 560000 | 8 6 9 |56 |8
96000 1 4 2 [33 |3 568000 | 8 7 10 |1 [8
104000 | 1 5 2 [41 [ 576000 | 9 0 10 |9 |8
112000 | 1 6 2 [49 [ 584000 | 9 1 10 |17 [8
120000 | 1 7 2 |57 [s 592000 | 9 2 10 |25 |8
128000 | 2 0 3 |2 [8 600000 | 9 3 10 | 33,18
136000 | 2 1 3 |10 [8 608000 | 9 4 10 [41.-]8
144000 | 2 2 3 18 [8 616000 | 9 5 10149 |8
152000 | 2 3 3 2 |8 624000 | 9 6 1057 |8
160000 | 2 4 3 |34 [38 632000 | 9 7 1 |2 |38
168000 | 2 5 3 [42 [ 640000 | 10 0 11 [10 |8
176000 | 2 6 3 5 |8 648000 | 10 1 11 |18 |8
184000 | 2 7 3 [s8 [8 656000 | 10 2 11 |26 |38
192000 | 3 0 4 [3 s 664000 | 10 3 11 _[34 |8
200000 | 3 1 4 |11 |38 672000 | 10 4 11 |42 |38
208000 | 3 2 4 |19 |38 680000 | 10 5 1[50 [38
216000 | 3 3 4 27 |8 688000 | 10 6 11 |58 |8
224000 [ 3 4 4 [35 |3 696000 |10 7 12 |3 |8
232000 | 3 5 4 |43 |3 7040002 | 11 0 12 |11 |38
240000 | 3 6 4 |51 |8 712000 | 11 1 12 [19 |8
248000 | 3 7 4 |59 |8 720000 | 11 2 12 [27 |8
256000 | 4 0 5 |4 |38 728000 | 11 3 12 |35 |38
264000 | 4 1 s |12 |3 736000 | 11 4 12 [43 |38
272000 | 4 2 s |20 [s 744000 | 11 5 12 |51 |8
280000 | 4 3 5 [28 [8 752000 | 11 6 12 |59 |8
288000 | 4 4 5 136 |8 760000 | 11 7 13 [4 |8
296000 | 4 5 s |44 |8 768000 | 12 0 13 [12 |8
304000 | 4 6 s [s2[s 776000 | 12 1 13 {20 |38
312000 | 4 7 560 |38 784000 | 12 2 13 [28 |8
320000 | 5 0 615 |8 792000 | 12 3 13 [36 |8
328000 | 5 1 6~ |13 |8 800000 | 12 4 13 [44 |38
336000 | 5 2 6 |21 [8 808000 | 12 5 13 |52 |8
344000 | 5 3 6 [29 |8 816000 | 12 6 13 [60 |8
352000 | 5 4 6 |37 |8 824000 | 12 7 14 |5 |8
360000 | 5 5 6 |45 |8 832000 | 13 0 14 |13 |38
368000 | 5 6 6 [53 [8 840000 | 13 1 14 |21 [8
376000 5 1 6 61 R 848000 13 o) 14 29 g
384000 [ 6 0 7 |6 |8 856000 | 13 3 14 |37 |8
392000 [ 6 1 7 |14 [8 864000 | 13 4 14 |45 |38
400000 [ 6 2 7_[22 [ 872000 | 13 5 14 |53 [8
408000 | 6 3 7 130 |8 880000 | 13 6 14 |61 |8
416000 | 6 4 7 |38 |8 888000 | 13 7 15 |6 |8
424000 | 6 5 7 46 [8 896000 | 14 0 15 [14 |8
432000 | 6 6 7 |54 |8 904000 | 14 1 15 [22 |8
440000 | 6 7 7 |62 |8 912000 | 14 2 15 |30 |8
448000 | 7 0 8 |7 |8 920000 | 14 3 15 |38 |8
456000 | 7 1 8 |15 |8 928000 | 14 4 15 46 |8
464000 | 7 2 8 |23 [38 936000 | 14 5 15 |54 |8
472000 [ 7 3 8 |31 [8 944000 | 14 6 15 |62 [8

ISO/IEC 13871: 1995(E)
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Table A.2 (cont)
A RMULT [SUB [N [L [M A RMULT [SUB [N [L [M
MULT MULT
952000 | 14 7 16 [7 |8 1432000 | 22 3 23 |46 |8
960000 | 15 0 16 [15 |8 1440000 | 22 4 23 |54 |8
968000 | 15 1 16 [23 |8 1448000 | 22 5 23 |62 |8
976000 | 15 2 16 |31 |38 1456000 | 22 6 24 |7 |38
984000 | 15 3 16 [39 [8 1464000 | 22 7 24 |15 |8
992000 | 15 4 16 [47 |38 1472000 | 23 0 24 [23 [8
1000000 | 15 5 16 [55 |8 1480000 | 23 1 24 [31 [8
1008000 | 15 6 16 |63 |8 1488000 | 23 2 24 [39 |3
1016000 15 1 17 b3 R 1496000 23 3 24 47 b4
1024000 | 16 0 17 [16 |8 1504000 | 23 4 24 |55 |8
1032000 | 16 1 17 [24 |8 1512000 | 23 5 24 (63 |8
1040000 | 16 2 17 [32 |8
1048000 | 16 3 17 |40 |38
1056000 | 16 4 17 [48 |38
1064000 | 16 5 17 _[56 |8
1072000 | 16 6 18 |1 |8
1080000 | 16 7 18 [9 |38
1088000 | 17 0 18 [17 [8
1096000 | 17 1 18 |25 |8
1104000 | 17 2 18 [33 |8
1112000 | 17 3 18 (41 |8
1120000 | 17 4 18 [49 |8
1128000 | 17 5 18 [57 |8
1136000 | 17 6 19 [2 |3
1144000 | 17 7 19 [10 |8
1152000 | 18 0 19 [18 |38
1160000 | 18 1 19 [26 |8
1168000 | 18 2 19 [34 |38
1176000 | 18 3 19 [42 |38
1184000 | 18 4 19 [50 [8
1192000 | 18 5 19 [58 |8
1200000 | 18 6 20 [3 |8
1208000 | 18 7 20 [11 |8
1216000 | 19 0 20 [19 [8
1224000 | 19 1 20 [27 [8
1232000 | 19 2 20 [35 ['8
1240000 | 19 3 20 |43 '8
1248000 | 19 4 20 |51 [ 8
1256000 | 19 5 20 159 |8
1264000 | 19 6 2114 |3
1272000 | 19 7 21 |12 |8
1280000 | 20 0 21 |20 [8
1288000 | 20 1 21 |28 [8
1296000 | 20 2 21 [36 |8
1304000 | 20 3 21 |44 |8
1312000 | 20 4 21 52 [g
1320000 | 20 5 21 |60 [8
1328000 | 20 6 2 [5 [38
1336000 | 20 7 22 [13 |38
1344000 | 21 0 2 [21 |3
1352000 | 21 1 2 [29 [8
1360000 | 21 2 2 [37 |8
1368000 | 21 3 22 145 [8
1376000 | 21 4 22 |53 [8
1384000 | 21 5 22 61 |8
1392000 | 21 6 23 |6 [8
1400000 | 21 7 23 |14 [8
1408000 | 22 0 23 [22 |8
1416000 | 22 1 23 30 |8
1424000 | 22 2 23 [38 |8
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Annex B
(normative)

Manufacturer's Identifiers

Assignment of manufacturer's IDs shall use the following process. The first two digits (8 bits) shall be used for a
country code. The country codes shall be the 8 bit fields defined by CCITT Recommendation T.35. The next two
digits (8 bits) shall be reserved and set to zero. The last three digits (12 bits) shall be used to code individual
manufacturers.

The allocation of individual manufacturer's IDs shall be administered by the appropriate National Body.

Assignment of an appropriate manufacturer's ID is only required if proprietary extensions to this International Standard
are to be injplemented.
The coding|process is as shown below.
bl b2 b3 b4 b5 b6 b7 b8
Country Code
Octet 10 1 1 1 b8 b7 b6 bS 1
Octet 11 1 1 1 b4 b3 b2 bl 1
Octet 12 1 1 1 0 0 0 0 1
Octet 13 1 1 1 0 0 0 0 1
Manufacturer Code
Octet 14 1 1 1 b12 bll b10 b9 1
Octet 15 1 1 1 b8 b7 b6 bS 1
Octet16 [ 1 1 1 bd b3 2 b [ 1|
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Annex C
(normative)

Phone Number Length Extension

An additional capability is required to allow for more than seven digits in the phone number in the Information

Channel.
exchanged in

Equipment providing-this-faeility-wil-be-defined-asRevistonleveld-

the Information Channel.

Equipment sypporting revision level 1 must be capable of interworking with Revision level 0 implementation
Realisation
Bits b2 and b of Octet 10 (Digit - 1) in the DIGITS field of Information Channel Frames are defined as follo
b2 b3 Meaning
0 1 Continuity of DIGITS field (0dd order)
1 0 Continuity of DIGITS field (even order)
1 1 Last of DIGITS field
Example
The following illustrates an example of transmitting/receivingthe phone numbers "12345678901234" and "9§
contiguously
DIGITS
Sender Message XFLAG | (b2,b3) 1 2 3 4 5 6 7
CU-->AU DN REQ 1 @& PAD | PAD PAD PAD PAD PAD PAD
_)
CU<--AU DN ACK 1 0,1 1 2 3 4 5 6 7
CU-->AU DN REQ CONT 1 0,1) 1 2 3 4 5 6 7
CU<--AU DN ACK 1 (1,1 8 9 0 1 2 3 4
CU-->AU DN REQ 2 1,1 PAD | PAD PAD PAD PAD PAD PAD
CU<--AU DN ACK 2 0,1) 9 8 7 6 ) 4 3
CU-->AU DN REQ CONT 2 0,1 9 8 7 6 5 4 3
CU<--AU DN ACK 2 (1,1) 2 1 EON EON EON EON EON
NOTE - the uge of the)technique described in 8.1.1 may be used to reduce the number of digits to be transmitted betwee

This capability is optional, but shall be used whenever phone numbers longer than 7 digits are to be

7654321"

Answering and

40
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Annex D
(informative)

State Machine Description of Channel Aggregation Control

This annex describes the Channel Aggregation control procedures using a State Machine approach. It includes
Specification Design Language diagrams as well as definitions of each state and messages and events allowed in each
state. The State Machine described in this annex is a logical model meant to describe the actions of the endpoint at the
interface to the network. The endpoint is not required to implement this model exactly as written as long as the
interactions at the network interface are the same as the interactions on the network interface as defined in this State
Machine.

In the following description, all references to transmitting or receiving CID=1 mean that the proper Chanjnel Identifier
(i.e., not Channel ID 0) is transmitted or received in all channels on the call (not just channel 1).-‘All feferences to
transmitting or receiving CID=0 mean that CID=0 is transmitted or received in all channels.

D.1 Reference Architecture

This subclquse describes the reference architecture used to describe the state maching. ; This architecturd is a logical
model only|and is not meant to restrict implementations .

APPLICATION

(e.g. Layers 2-7 of OSI Reference, Terminal Adaption funétion) etc.)

CALL CONTROL

User Data

Signaling Mechanism
(e.g. ISDN Q.931, DTMFetc.)

DEQ Negotiation Control
DEQ Multiframe Control

Channel Contrel]Channel Control Channel Control
PMDL PMDL PMDL
(e.g.4SPN.B channel) |(e.g. ISDN B channel) (e.g. ISDN B channel)

Figure D.1 - Reference Architecture

In this reference architecture, the following entities are defined:

Application:

This is the application using the Delay Equalization algorithms defined in this International Standard. For example, it
can consist of Layers 2 - 7 of the OSI Protocol Reference Model (in which case, the Delay Equalization algorithm is
acting at Layer 1) or it can consist of a Terminal Adaptation function for inverse multiplexing for an attached video
codec or LAN router. The actions of the application is outside the scope of this International Standard. -

DEQ NEGOTIATION CONTROL:

This function contains most of the negotiation control functions. This function controls the parameter negotiation in
the Information Channel for initial call negotiation and adding and deleting bandwidth during a call.
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DEQ MULTIFRAME CONTROL:

O©ISO/IEC

This function contains most of the Delay Equalization control functions. It is where the Delay Equalization State
Machine resides. This function controls the Multiframe Delay Equalization across all channels. The DEQ Multiframe
Control function provides the physical layer interface to the application.

Channel Control:

This function controls the synchronization of the actual individual physical channels. It maintains channel framing and
synchronization and provides the Information Channel and data channels for the DEQ Control function in an individual
channel. It also interfaces to the actual physical media control (i.e., device drivers).

Physical Media Dependent Layer (PMDL):

This function pontrols the actual physical media. The definition of this function is outside the scope of this
International $tandard. The algorithms defined in this International Standard are independent of the electrical

characteristic
channels. Ex
Primary Rate

Call Control:
This function
decisions such
this Internatio|
purposes of de
Signaling Me

This function

ISDN D-chanpel Q.931 and A/B Robbed bit signaling using Dial Pulse or DTMF.

D.2 State

This subclaus
Negotiation C

D.2.1.

D.2.1.1.
NULL (0): N

CALL INIT

and formatting of the physical media as long as the physical media provides 56 kbit/s or 64 kbi
ples of the physical connection are Switched 56 DDS lines, T1 lines with Robbéd-Bit Signalin
ccess, ISDN Basic Rate Access, etc.

provides the overall call control for a call. It takes care of signaling for individual bearer channg
as when to add or delete a channel from a call. The definition of this function is outside the scq
hal Standard; however, messages are defined between this function and the DEQ Control functig
fining the state machine.
chanism:

provides the actual signaling for connecting and disconnecting channels. Examples of signaling

Definitions

T

e contains the definitions of the states used in the procedures. These states are defined for the DI
pntrol and DEQ Multiframe Control functions.

»

DEQ Negotiation Control

Calling Endpoint States

o calls active

1):<The Calling Endpoint has transmitted an INIT REQ message on the initial channel for initi

parameter exc

S

g, ISDN

Is and
pe of
n for the

are

Q

point.

CALL INIT - WAIT CID=1 (1a): The Calling Endpoint has completed parameter negotiation and DN transfer, has
transmitted CID=1 and is waiting for CID=1 from Answering Endpoint

AWAIT DN (2): The Calling Endpoint has requested additional DNs and is waiting for the DNs from the Answering

Endpoint.

ADDITIONAL CHANNELS (3): The Calling Endpoint has completed all parameter negotiation and DN transfer
successfully and is setting up rest of the channels for the call.

ACTIVE (8): All the channels have been set up for the call (or downspeeding has occurred) and further hegotiation is
now possible. The DEQ Multiframe Control state machine controls the actual status of data transfer (i.e., local and
remote synchronization) on the call.
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ACTIVE - DELETE INIT (8a): The Calling Endpoint has requested a Delete Channel and is waiting for a

response.

ACTIVE - ADD INIT (8b-1): The Calling Endpoint has requested an Add Channel and is waiting for a

response.

ACTIVE - ADDITIONAL CHANNELS (8b-2): The Calling Endpoint has received a positive response to an

Add Channel request and is setting up the additional channels.

ACTIVE - WAIT CID =1 (8c): The Calling Endpoint has transmitted a CID = 1 to the Answering Endpoint

signaling completion of the operation (i.e., Add or Delete Channel) and is waiting for CID=1.

ACTIVE - MODE 1 (8d): This is the ACTIVE state for Mode 1. In this state, no information messages are
exchanged. The DEQ Negotiation Control passes messages (e.g., CC_RSYNCH_IND) between Call Control

and DEQ Multiframe Control and accepts disconnect messages from Call Control.

A(TIVE - TRANSPARENT (8e): This is the ACTIVE state for the Transparent Mode.

DISCONNECT REQ (9): The Calling Endpoint has requested a DISCONNECT and is waitingfor respons

D.2.1.2 Answering Endpoint States

NULL (0): |No calls active.
CALL RE(
is determini
It does this ¢
ISDN D-ch4

'EIVED (4) (GLOBAL): The Answering Endpoint has received anincoming channel connec

ither by waiting for the inband information from the Calling Endpoint or by out-of-band mech
nnel information).

INIT RECKEIVED (5): INIT REQ has been received and the Answering Endpoint has responded with an IN
The Answeriing Endpoint is waiting for CID = 1 or a request for a DN from the Calling Endpoint.

AWAIT ADNDITIONAL CHANNELS (6): The Answering Endpoint has successfully completed the parani
negotiation gnd Directory Number (DN) exchange and’ is waiting to receive rest of channels for the call.

ACTIVE (8): All the channels have been setjupfor the call (or downspeeding has occurred) and further neg
now possible. The DEQ Multiframe Controlstate machine controls the actual status of data transfer (i.e., lo
remote synchronization) on the call.

A

ar

IVE - DELETE INIT (8a): The Answering Endpoint has requested a Delete Channel and is
sponse.

A(TIVE - ADD-INIT (8b-1): The Answering Endpoint has requested an Add Channel and is W
response.

A3

quest and

t
g what type of call it is (i.e., Waiting for INIT REQ or multi-frame) and to which call the chax;:Eel belongs.

isms (e.g.,

IT ACK.

eter

otiation is
tal and

waiting for

aiting for a

AC

The Answering Endpoint has receiveq
res} : : :

ACTIVE - WAIT CID =1 (8¢c): The Answering Endpoint has completed the operation (i.e., Add

l a positive

Channel or

Delete Channel) and is waiting to receive CID=1. After receipt of CID=1, further negotiation is possible.

ACTIVE - MODE 1 (8d): This is the ACTIVE state for Mode 1. In this state, no information messages are
exchanged. The DEQ Negotiation Control passes messages (e.g., CC_RSYNCH_IND) between Call Control

and DEQ Multiframe Control and accepts disconnect messages from Call Control.
ACTIVE - TRANSPARENT (8e): This is the ACTIVE state for the Transparent Mode.

DISCONNECT REQ (9): The Answering Endpoint has requested a DISCONNECT and is waiting for response.
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D.2.1.3 ACTIVE - Loopback Substates

The following states are substates of the ACTIVE state. All actions and events defined for the ACTIVE state apply to
these states.

ACTIVE (LOOP NULL): In this state, no loopbacks are active (i.e., transmitting and receiving RL REQ =0 and RL
IND =0)..

REMOTE LOOP REQUEST: An endpoint has requested that the remote endpoint go into loopback state (i.e.,
transmitted RL REQ = 1) and is waiting for a response (i.e., waiting for RL IND = 1).

LOCAL LOOP ACTIVE: An endpoint is in a loopback state and is looping data back to the remote endpoint. The
entire call is being looped back. The endpoint is transmitting RL IND = 1.

REMOTE LIOOP ACTIVE: An endpoint has received an indication that the remote endpoint is in loopback mode
(i.e., received RL IND = 1).

REMOTE LJOOP OFF REQ: An endpoint has requested that the remote endpoint leave loopback mode ang go back
to ACTIVE mode (i.e., transmitted RL REQ = 0).

D.2.2. DEQ MULTIFRAME CONTROL States

NULL (0): The endpoint is waiting for a channel to be connected to the multiframe-function. In this state, the DEQ
Negotiation Control can be transmitting and receiving full bandwidth Information Channel messages in the iritial
channel (i.e.,|for parameter negotiation and DN exchange).

UNKNOWN SYNCH SEARCH (0a): In this state, the Answering Endpoint has connected the channel and |s waiting
to receive either multiframe synchronization or a full bandwidth infermation message signifying that this is ap initial
channel. DEQ Negotiation is running TAnull during this state.

NOTE - If th¢ Answering Endpoint can determine the identity of the connected channel through other means (e.g., throggh ISDN
D-channel sigpaling), it does not enter this state, but either stays in the NULL state (for the initial channel) or goes directly to the
WAIT-LOCAL SYNCH state.

WAIT - LOCAL SYNCH (1): The endpoint.is transmitting multiframe pattern. It is waiting for multiframe
synchronizatjon on all channels.

WAIT - REMOTE SYNCH (2): The endpoint has achieved multiframe synchronization on all channels. Itfis waiting
for the remote endpoint to indicate multiframe synchronization on all channels (i.e., by transmitting A= 1 orRI =1 in
all channels)| In this state, all Channels are synchronized and the delays have been equalized
locally. Receipt of user data\is'possible in this state.

MODE 1 HANDSHAKE (2a): This state is defined only for Mode 1. In this state, the endpoint is transmitting RI=1
and A = 0 injall channels and is waiting for either A=0 or loss of synchronization in all channels before remoying
framing and {ransmitting data.

ALL CHANNELS SYNCHED (3): Multiframe synchronization and delay equalization has been achieved in both
directions in all channels. Receipt and transmission of user data is possible in this state.

MODE 1 ACTIVE (3a): This state is only relevant to Mode 1. In this state, framing has been removed and data is
being transmitted. This state is not defined in the SDL Diagram since the DEQ Multiframe Control has no function.

D.3 Messages and Events

This subclause defines the messages that can be transmitted and received over the Information Channel, the internal
messages passed between logical units within an endpoint and events that can happen over the interface. Equipment
built to this specification shall conform to the actions described for events and messages that occur on the network
interface. The definition of primitives between layers of the logical model are for description of the state machine and
are not meant to constrain implementation to this logical model.
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Information Channel Messages

In order to define the state machine more clearly, the Information Channel Messages are defined as separate messages
as shown in Table A.1 below. Because the meaning of some messages are context specific (i.e., depending on which
endpoint transmitted it and in what state the receiving endpoint is), some of the contents of different messages can be
the same. The following terms are used in the messages and state machine:

Bb: —BECRrequested-byAY

CU:
AU:
CID:
Ma:
Mb:
Mx:
Ba:
Bx:
RMULTa:
RMULTH:
RMULTXx:
RMULTy:
SUBMULT
SUBMULT
SUBMUL1
SUBMUL1
GIDx:
Xa:

as
Xb:
U:

For all refe:
CID=0, Ch
information

The same V|
MODE, RN

The Subadg
parameter T]

A value of

Calling Endpoint

Answering Endpoint

Non-zero Channel Identifier assigned to the channel
Mode requested by CU

Mode requested by AU

Mode negotiated for the call

BCR requested by CU

BCR agreed for call.
(RMa) Rate Multiplier requested by CU
(RMb) Rate Multiplier requested by AU
(RMXx) Rate Multiplier negotiated for call
(RMy) New Rate Multiplier requested for Add or Delete Channel procedure!
(SMa) Submultiplier requested by CU
(SMb) Submultiplier requested by AU
(SMx) Submultiplier negotiated for call
(SMy) New Submultiplier requested for Add or Delete Channel procedure
Group Identifier assigned to the call.
XFLAG indicating request for next Directory Number from the AU. Also sequence numi
igned by AU for DNs.
XFLAG indicating request for DN, Sequence number) etc. from CU
User Information

<X age

rences to CID=1, the assigned Channel Identifieris transmitted in each channel. For all referend
annel Identifier O is transmitted in all channels; For Information Channel messages with CID =
is transmitted in all channels for all fields.

alues are always transmitted in all channels regardless of the value of the Channel Identifier for
(ULT, SUBMULT, BCR, RI, RL REQ and RL IND fields .

ress field and Manufacturer's ID Flag are only relevant to the INIT REQ and INIT ACK messag
egotiation. They are ignored in all other messages.

B 0's means that the'field is filled with binary zeros and B 1's means the field is filled with binar]

es to
, the same

GID,

es during

y ones.

45


https://iecnorm.com/api/?name=8d0fc0fdfded216cb454f28417617368

ISO/IEC 13871: 1995(E) ©ISO/IEC

Table D.1 - Information Channel Messages

MESSAGE Orig CID MODE BCR R SUB GID RI RL RL XFLAG DIGIT
MULT | MULT REQ IND
INIT REQ CU 0 Ma Ba RMa SMa 0 0 0 0 B1's B 1's/
MFG ID
INIT ACK AU 0 Mb Bb RMb SMb GIDx 0 0 0 B1's B 1's/
MFG ID

DN REQ CU 0 Mx Bx RMx SMx GIDx 0 0 0 Xa B1's

DN ACK AU 0 Mx Bx RMx SMx GIDx 0 0 0 Xa DN

CID=1 AU/CU | CID Mx Bx RMx SMx GIDx 0/1 | 0/1 0/1 U U

ADD CH Cu, 0 Mx Bx RMy SMy GIDx |01 | on1 0/1 Xa B I's
AU

ADD CHACK || cu, 0 Mx Bx RMy SMy GIDx | 0/1 | o1 0/1 Xb DN
AU

ADD CH REJ Cu, 0 Mx Bx RMx SMx GIDx 0/1 | 0/1 0/1 Don't Bl's/
AU Care Cause

DISC CU, 0 Mx Bx 0 0 GIDx 0/1 | 0/1 0/1 Don't Bl1's/
AU Care Cause

DISC REJ Cu, 0 Mx Bx RMx SMx GIDx 0/1 _J(0/1 0/1 Don't Bl's/
AU Care Cause

DEL CH Cvy, 0 Mx Bx RMy SMy GIDx |8 | 0/1 0/1 CIB 0's Bl's/
AU Cause

DEL CH ACK CuU, 0 Mx Bx RMy SMy GIDx 0/1 | 0/1 0/1 CI/B 0's Bl's
AU

DEL CH REJ cu, 0 Mx Bx RMx SMx GIDx | 071 | 01 0/1 Don't Bl's/
AU Care Cause

RL REQ CU, CID Mx Bx RMx SMx« GIDx 0/1 1 0/1 Don't Don't
AU Care Care

RL IND Cu, CID Mx Bx RMx SMx GIDx 0/1 | 0/1 1 Don't Don't
AU Care Care

RL OFF REQ cu, CID | Mx Bx RMx SMx GIDx |01 |0 0/1 Don't Don't
AU Care Care

RL OFF IND Cu, CID Mx Bx RMx SMx GIDx 0/1 | 0/1 0 Don't Don't
AU Care Care

MESSAGE Orig CI MOBE BCR RM SM GID RI RL RL XFLAG DIGIT

REQ IND
D.3.2 DEQ Negotiation Control to Call Control Messages

This subclausg defines messages exchanged between the DEQ Negotiation Control and Call Control functions| The

definition of the Call Control function is outside the scope of this International Standard; however, the messagps

exchanged between them are defined here to provide the state machine definition. These messages are defined in the

form of primitives. The primitives between the DEQ Negotiation Control and Call Control functions are of the form
DQ_XXXX_yyy where DQ identifies the interface, XXXX identifies the message and yyy is of the form REQ, RESP,
IND or CONF identifying the direction. The split in functionality defined in this subclause is not meant to restrict
implementation as long as the implementation conforms to the state machine at the external interface.
DQ_CONN_REQ:

Call Control sends this message to DEQ Negotiation Control to notify DEQ Negotiation Control that a connection has
been established. This primitive has the following parameters:

Direction: Indicates whether this is the Calling Endpoint or Answering Endpoint.
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Initial: Indicates whether or not this is the initial connection of a new call or a subsequent connection of an
existing call. If this is not known, then this information is not given (only for Answering Endpoint).

Call Identifier: Identifies the call. This is a combination of an internal identifier and the Group Identifier. If
this is not known, then this information is not given (e.g., initial channel for Calling Endpoint and for
Answering Endpoints).

Parameters: If this is the initial connection of a new call, this indicates the parameters to use for the call. This
could also include a list of acceptable parameters for parameter negotiation. Examples of parameters are

Mode, RMULT, SUBMULT, etc.

DQ_INIT_IND:

DEQ Negotiation Control sends this message to Call Control to indicate that Parameter Negotiation has heen completed

and Call Coptrol can commence setting up additional channels if this is the Calling Endpoint or should wait|for
additional channels if this is the Answering Endpoint. It contains the following parameters:

Call Identifier: Identifies this call. This can include the Group Identifier and an internal identifier.
DNs: Indicates Directory Numbers received.
Parameters: Indicates negotiated parameters.
DQ_DISC_REQ:
Call Contro] sends this primitive to the DEQ Negotiation Control to indicate’that the call is to be disconnected
gracefully. [t includes the following information:
Calll Identifier: Identifies this call.
Cayse.
DQ_DISC_[CONF:

DEQ Negotjation Control sends this primitive:to Call Control to indicate that graceful disconnect has complpted. It
includes the|following information:

Calll Identifier: Identifies.this call.

DQ_DISC_IND:

DEQ Negotiation Control Sends this primitive to Call Control to indicate that it has completed a graceful disfonnect
initiated from the remote endpoint. It includes the following information:

Cal| Identifier: Identifies this call.

Cause.
DQ_DEL_CH_REQ:
Call Control sends this primitive to DEQ Negotiation Control to request that DEQ Negotiation Control delete one or
more channels from a call (e.g., due to receipt of a disconnect indication from the network). The following parameters
are defined:

Call Identifier: Identifies the call.

Channels to be deleted: Identifies the channels to be deleted or the number of channels to be deleted.

Cause.
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DQ_DEL_CH_CONF:

DEQ Negotiation Control sends this primitive to Call Control to confirm that the channel(s) has (have) been deleted.
Call Identifier: Identifies the call.
Channels deleted: Identifies the channels deleted .

DQ_DEL_CH_IND:

DEQ Negotiation Control sends this primitive to Call Control to indicate that a Channel Deletion procedure has been
initiated from the remote side or that a Channel has failed.

Call|Identifier: Identifies the call.
Chahnels to be deleted: Identifies the channels to be deleted.
Cauge

DQ_DEL_CH_FAIL_IND:

DEQ Negotigtion Control sends this primitive to Call Control to indicate that the réquested Channel Deletion{procedure
has failed.

Call|Identifier: Identifies the call.
Chapnels to be deleted: Identifies the channels to be deletedt
Cauge

DQ_ADD_(H_REQ:

Call Control gends this primitive to DEQ Negotiation‘Control to request that it initiate procedures to add one pr more
channels.

Call|Identifier: Identifies the call.

Number of Channels to be.added/Desired Bandwidth: This identifies the desired bandwidth as a rekult of the
add pperation.

DQ_ADD_CH_IND:

DEQ Negotigtion Control sends this primitive to Call Control to indicate that a Channel Add procedure has bgen
initiated from] the femote side. For the Calling Endpoint, Call Control should set up the additional channel. Hor the
Answering E1|1dpoint, it should wait for an additional channel.

Call Identifier: Identifies the call.
Number of Channels to be added/Desired Bandwidth
DQ_ADD_CH_CONF:

DEQ Negotiation Control sends this primitive to Call Control to confirm that the channel addition negotiation initiated
by the Call Control is complete. Call Control should set up the additional channel..

Call Identifier: Identifies the call.

Number of Channels added/Desired Bandwidth
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DQ_ADD_CH_FAIL_IND:

DEQ Negotiation Control sends this primitive to Call Control to indicate that the requested Channel Add procedure has
failed.

Call Identifier: Identifies the call.
Number of Channels to be added/Desired Bandwidth
DQ_CID_FAIL_IND:

DEQ Negotiation Control sends this primitive to Call Control to indicate that timer TCID has expired meaning that the
call attempt has failed

Cdll Identifier: Identifies the call.
DQ_LLOS IND:

DEQ Negotiation Control sends this primitive to Call Control to indicate that a channel hds.Jost local synchfronization.
This is a pass-through of the CC_LLOS_IND.

C4ll Identifier: Identifies the call.
Channel Identifier: Identifies the channel.
Cause

NOTE 1 - Actions taken by equipment written to this specification for\Joss of multiframe synchronization should be donsistent
with the actipns defined in these procedures for receipt of the DQ_LLOS_IND.

DQ_RLOS_IND:

DEQ Negotiation Control sends this primitive to Call Control to indicate that a channel or the call has lost
remote syn¢hronization (i.e., received A bit = 0.or RI = 0). This is a pass-through of the CC_RLOS_IND.

C4dll Identifier: Identifies the call.
CHannel Identifier: Identifies the channel.
Cause

NOTE 2 - Actions takemby equipment written to this specification for loss of multiframe synchronization should be donsistent
with the actipns defined in these procedures for receipt of the DQ_RLOS_IND.

DQ_ABORT_REQ:

Call Control sends this primitive to DEQ Negotiation Control to request that it disconnect the call without going
through graceful disconnect procedures.

Call Identifier: Identifies the call.
DQ_ABORT_CONF:
DEQ Negotiation Control sends this primitive to Call Control to confirm that it has disconnected the call without going
through graceful disconnect procedures (i.e., returned all channels and state machines associated with the call to the

null state).

Call Identifier: Identifies the call.
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DQ_LL_IND:

DEQ Negotiation Control sends this primitive to Call Control to signal receipt of a request for the local endpoint to
loop the data back to remote endpoint.

Call Identifier: Identifies the call.
DQ_LL_OFF_IND:

DEQ Negotiation Control sends this primitive to Call Control to signal receipt of a request for the endpoint to leave
loopback mode.

Call Identifier: Identifies the call

DQ_LL_OFF_REQ:

Call Control $ends this primitive to DEQ Negotiation Control to request that it send a RL OFF IND message fo the
remote endpdint indicating that the local endpoint has left loopback mode.

Call|Identifier: Identifies the call.
DQ_LL_RES$P:

Call Control $ends this primitive to DEQ Negotiation Control to request that it.send a RL IND message to the|{remote
endpoint indifating that the local endpoint is in loopback mode.

Call|Identifier: Identifies the call.
DQ_RL_REQ:

Call Control $ends this primitive to DEQ Negotiation Control to request that it send a RL REQ message to th¢ remote
endpoint to place the remote endpoint into loopback mode.

Call[Identifier: Identifies the call.
DQ_RL_IND:

DEQ Negotigtion Control sends this.primitive to Call Control to signal receipt of an indication that the remot¢ endpoint
has gone into|loopback mode.

Call [Identifier: Identifies the call.

DQ_RL_OFF_IND:

DEQ Negotiation Control sends this primitive to Call Control to signal receipt of an indication that the remotg endpoint
has left loopback mode.

Call Identifier: Identifies the call.

D.3.3 DEQ Negotiation Control to DEQ Multiframe Control Primitives
The following primitives are used between the DEQ Multiframe Control and the DEQ Negotiation Control:
CC_ADD_REQ
DEQ Negotiation Control sends this primitive to DEQ Multiframe Control to request that it add the indicated channel
or change the data distribution (i.e., if new RMULT/SUBMULT is required that does not change the number of

channels. This is only possible in Mode 3). If this primitive is sent with N, Call Identifier, and Channel ID set to null
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(only by the Answering Endpoint), then the Multiframe Control must look for both full bandwidth Information Channel
messages (i.e., Initial Channel) and Multiframe synchronization to determine the call to which the channel belongs.
Otherwise, it contains the values of N (RMULT/SUBMULT), Call Identifier and Channel ID (optional in case of data
redistribution) to add.

N: Identifies the number of channels in the call (or RMULT/SUBMULT)

Call Identifier: Identifies the call

Channel ID: Identifies the channel connected.

CC_LSYNCH_IND:

DEQ Multiframe Control sends this primitive to DEQ Negotiation ieved local
multiframe synchronization and delay equalization.

Call Identifier: Identifies the call.

NOTE 1 - Actions taken by equipment written to this specification for achieving channel synchronization shall be corsistent with
the actions defined in these procedures for receipt of the CC_LSYNCH_IND.

CC_RSYNCH_IND:
DEQ Multiframe Control sends this primitive to DEQ Negotiation Control to confirm that the remote endpajint has

achieved myltiframe synchronization and delay equalization on all channelsi_This can be determined by redeipt of A=1
or RI=1 in 4l channels.

Call Identifier: Identifies the call.

NOTE 2 - Actions taken by equipment written to this specification forachieving channel synchronization shall be corsistent with
the actions dgfined in these procedures for receipt of the CC_RSYNCH_IND.

CC_RSYNCH_FAIL_IND:

DEQ Multiframe Control sends this primitive to{DEQ Negotiation Control to indicate that the remote endpojfnt has
failed to reach multiframe synchronization and delay equalization in all channels before the expiration of Txdeq.

Call Identifier: Identifies the call.
Cause: Identifies the cause for the failure

NOTE 3 - Actions taken by-equipment written to this specification for achieving channel synchronization shall be confistent with
the actions ddfined in these/procedures for receipt of the CC_RSYNCH_FAIL_IND.

CC_INFO_REQ/IND:

DEQ Contra D 3 : rInformation-Messag hformation
channel. This message shows up in the state machine description as Information Channel messages. This message can
include an indication of whether the message was a full bandwidth message on the initial channel or an Information
Channel message received in the multiframe.

Call ID
Information Message Type: Full Bandwidth (FB) or Multiframe (MF)
Information Message: The Information Channel message received.

Channel ID: This is not needed for standard Information Channel messages since these messages are repeated
on all channels.
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CC_FAIL_IND:

DEQ Multiframe Control sends this primitive to DEQ Negotiation Control to indicate that a channel has failed.
Call ID
Channel ID
Cause

NOTE 4 - Actions taken by equipment written to this specification for channel failure (e.g., extended loss of synchronization,
excessive errors, etc.) shall be consistent with the actions defined in these procedures for receipt of the CC_FAIL_IND.

CC_LLOS_IND:

DEQ Multiffame Control sends this primitive to DEQ Negotiation Control to indicate that a channel ha§-lost local
synchronizafion. This also implies that DEQ Multiframe Control has lost delay equalization and data-is'beirg lost.

Call ID
Channel ID
Cayse

NOTE 5 - Attions taken by equipment written to this specification for loss of multiframe synchronization shall be confsistent with
the actions deffined in these procedures for receipt of the CC_LLOS_IND.

CC_RLOS JIND:
DEQ Multiffame Control sends this primitive to DEQ Negotiation Control to indicate that the remote endpoint has lost
synchronizafion on a channel . This could be sent if the endpoint received A = 0 in one or more channels or [RI=0 in all
channels.
Call ID
Chgnnel ID: This can be one Channél.ID, a list of Channel IDs or a value of ALL for all channels ih the call.

Cayse

NOTE 6 - Attions taken by equipmént written to this specification for loss of multiframe synchronization shall be conpistent with
the actions defined in these procedures for receipt of the CC_RLOS_IND.

CC_DEL_REQ

DEQ Negotiption-Coentrol sends this primitive to DEQ Multiframe Control to request that it disconnect the ¢
This primitiYe ¢an-also be used to notify the DEQ Multiframe Control of a new value of N to use without dele ting a
channel. Forexample, this would occurif the DEQ Nesgotiation-Contre addO-timer-timed-out-and-downspeed
occurred. In addition, for Mode 3, this primitive can be used to tell the DEQ Multiframe Control of a new
RMULT/SUBMULT to use if data is to be redistributed without deleting a channel.

Call ID
New RMULT/SUBMULT

Channel ID: This can be one Channel ID, a list of Channel IDs or a value of ALL for all channels in the call.
In the case of ALL channels, the call is disconnected.
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D.4 Timers

This subclause defines the timers to be used for the call.

ISO/IEC 13871: 1995(E)

Table D.2 - Definition of Timers

TIMER Default Range Start Stop Action on Expiry
Txinit S sec 500 msec - | Endpoint starts negotiation Initial channel Negotiation Disconnect call and notify
10 sec procedures for initial channel procedures complete (i.e., management
NOTES 1,2 parameter negotiation and DN
request)
Txfa 1 sec 32 msec - Endpoint starts searching for Endpoint detects Frame Remove Channel and notify
10 sec. multiframe structure Synchronization and receives Mgt.
NOTES 1,2 indication that remote endpoint
has synchronized.
Txadd01 NOTE 3 2-180sec | Finish DN transfer procedures. Final channel in initial call is Notify Mgt Dpwnspeed or
NOTE 2 connected Disconneéct
Txdeq 7 sec. .5-10sec. | Start Delay Equalizing call Delay is equalized. Transmitand | Notify Mgt
NOTE 2 Receive RI=1/A=1.
Txadd02 NOTE 2 2 -180sec. | Finish negotiating for adding a Channel connected Notify Mgt. Downspeed or
NOTE 2 channel disconnect.
Txadd S sec. 1-10 sec. Send CH ADD or CH DEL Receive acknowledgment of CH Notify Mgt. State Dependent.
Txdel message ADD or CH DEL
NOTE 2
Txdisc S sec 1sec-10 Endpoint requests disconnection | Endpoint completes Disconnect callvia call control
NOTE 2 sec. of call disconnection of call.. and notify mgt.
TAnull 2 sec 50 msec - Answering Endpoint receives Answering Endpoint receives Default to Tranfparent Mode
(NOTE 4) 10 sec. incoming call. first Information Message or (NOTE 5)
detects framing on the channel
TCnull 2 sec 50 msec - Calling Endpoint connects call Calling Endpoint detects Default to Tranfparent Mode
10 sec Information Channel Framing
TCID S sec 3-5sec Transmit CID = 1 or wait for Receive CID = 1 Notify mgt.
NOTE 6 CID=1
NOTES
1 - the Txinif and/or Txfa timer values may need to be incréased when utilising circuits with long round-trip delay or }hen needing
to cater for Iqng telephone numbers
2 - in the timgr table, x can be A or C depending on the side implementing the timer.
3 - depends dn number of channels and on the'delay between consecutive additional channel setup attempts.
4 - for interwprking with endpointsimplementing ITU-T H-series recommendations (i.e., H.221), it is recommended t

maximum v

ta
ue of 2 seconds begsed (except as noted below). This is to allow fallback to H.221 before the H.221 ini::[;lization
timer (10 secpnds) expires. For interworking with endpoints that use Echo Cancelling Disabling Tone or for internatio

al calling, it

is recommendled that TAnull be increased to 5 seconds. Note that this value will still allow for fallback to H.221 for vi eo

applications.

5 - for non-video.applications and for applications using more than 6 channels, the Transparent Mode can be disabled.

In this case,

the endpoint flisconnects the channel at the expiration of TAnull. In addition, in this case, the maximum value of TAnyll can be set

to 60 seconds:

6 - TCID applies only during the Active State (not during call setup).
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This subclause contains State Transition Diagrams for the DEQ Negotiation Control and the Multiframe Control
function. These diagrams provide an overview of the state transitions.

M1 NN
o.d DY

TCnull Expires
{ NL(J)LL ACTIVE
INIT REQ Transparent

Rx DISC ACK,
DQ_ABORT_REQ Rx DQ DISC REQ
Tcdisc Expires ’

| \/ i

\ TCinit Expires > e \‘ / ACTIVE \ (See Active

Tx DN REQ

Tx CID=1 Tx CID=1

Tx DISC REQ 9 Tx DISC REQ, 8 iagrams)
Rx,DISC REQ

Rx DN ACK N 4

Tx DN REQ

TxDISC REQ Rx DQ_CONN_REQ?
TCinit Expires (last channel)
or Downspeed

Tx DISC REQ

Tx DISC REQ

TCadd01 expires ! /"
init i (no downspeed)
TCinit Expires ADD CH

&~ RX CID=1 P\ a—~

1A

- CC_FAILIND,
\Q CID Expires U DQ_DEL_ CH_REQ,
or DQ_CONN_REQ

(not last channel)

Note 1: If no channels are conected when TCaddO1 expires,

the State Machine goes to Nu

Il State

Note 2: For Modes 0 and 1, the State Machine goes to the

Mode 0/1 ACTIVE state
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Figure D.2 - Calling Endpoint Setup and Clear
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o Rx ADD CH
accept . X
g:‘ DEL ACTIVE- ) ACTIVE- (not actepted)
! ADD INIT DEL INIT
(rejectef)) 8b-1 Rx DEL CH X s
a
accepted
— (accepted)
Rx.DEL CH
P N ]
ACTIVE Tx DEL CH
8
Rx ADD CH REJ \\‘/
or Timeout TCadd ﬁélg.EL e
DEL CH REJ,
ADD CH ACK TCdel Timeout
Rx.ADD CH or
DELCH
(rejected) Rx CID=1
Last CH Added,
TCadd02 Expires
CH Added TCID Expires R
X
CC_RLOS_IND,
CC_LLOS_IND,

CC_RSYNCH_IND,
CC_LSYNCH_IND,

CC_FAIL_IND,
CC_RSYNCH_FAIL_IND
ANY ACTIVE )
STATE RL IND,
8,8a,8b-1, RL REQ,

8b-2,8¢ DQ_RL_REQ,
DQ_LL _RESP,
RL OFF REQ,
RL OFF IND,

DQ_LL_OFF_RESP

Figure D.3 - Calling Endpoint Channel Add and Delete
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D.5.1.2  Answering Endpoint

Rx Cip=x
gGlD indicates
tate §)
DQ CONN REQ
(unknown GID)
Rx DISC REQ,
TAnull 3 TAdisc Expires NULL
Call Expi ACTIVE 0
4 pires
Rectz:ved ———P{Transparent
v
Rx INIT
Rx DISC REQ
Rx DN REQ
TAlnit Expires
TAaddO1 expires
Ly Tx DISC.REQ (no downspeed)
DQ_COgN_REQ
known GID) or
Rx*CiD=1 (CID = x for ) ISC REQ
Lasbt Channel
- or Downspeed
tate B)
DQ_CONN_REQ
(known GID) or
CID = x,

VU_FAIL_IND,

DQ_DEL_CH_REQ

Note 1: If no channels are connected, then enter the NULL state

Note 2: If Mode 1 or Mode 0, then enter the Mode 0/1 Active state
Note 3: If the Transparent Mode is not enabled (See Section 8.1),
then the endpoint disconnects the call and goes to the NULL state

Figure D.4 - Answering Endpoint Setup and Clear
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Rx ADD CH
(acceqtted)

Rx DE
(rej

Rx ADD CH

e )
[Ac v

Tx DEL CH

Tx ADD CH

Rx ADD CH

(rejected) or

Rx DEL CH Rx CID=1

(rejected or
Rx|ADD CH
(refected)

Rx DEL CH,
DEL CH REJ,
TAdel Timeout

Rx ADD CH REJ,
or Timeout TA add

TCID Expires

B8 CONNFEQ
gr ClD=x), Rx ADD CH
TA add02 Expires (accepted)

Rx DQ_CONN_RE
(with GID),
or CID=x

€CHOSANDTCECREOSINDCC—FAIL_IND,

CC_LSYNCH_IND, CC_| RSYNCH iND,

CC_RSYNCH_FAIL_IND

RLREQ, DQ RL_REQ, DQ_LL_RESP
RL IND, RL OFF IND, RL OFF REQ,
DQ_LL_OFF_REQ, RL OFF IND

Figure D.5 - Answering Endpoint Channel Add and Delete
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AW e

D.5.2 DEQ

fuitiframe Conitroi

©ISO/IEC

UNKNOWN

SYNCH
Lose Synch (any channel), SEARCH
Gain Synch (any channel), CC ADD REO CC_ADD_REQ
Rx CC_ADD_RcQ (new N), E-‘.-I‘ﬁ CIDN) / (NO GID,CID,N)
Rx CC_DEL_REQ (new N), (GID,CIDN)
Channel Fail (Any Channel) Full BW
(no downspeed) —_ INFO CH
} / 0 ADD REQ \‘
oo — NULL
Synch CC_DEL_REQ >
(all channels) /V
CC DEL_REQ
(alkchannels)
Gain Synch
E_‘ all channels),
x CC_DEL_REQ
(new N=m) > ]
Lose Synch Wait Timeout
(any channel),
CH Fai ohl "
any channe
l(-tx cC ADD REQ, RxA=1&

Rx R1=1
(all channels)
(Mode 1)

Rx CC_DEL_REQ

(all channels)

Ax A0 (Mode 2 or 3)

g;'\;‘f_hoannel) or

(all ch;nnels)

Lose Synch
(any channel),
CH Fail
gny channel),
x CC_ADD_| REQ
Rx CC_DEL_REQ

PN

CC_DEL_RE
(all channels)
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Mode 1
Handshake

Rx A=0
(all channels) or
Lose Synch

(all channels)

Figure D.6 - DEQ Multiframe Control

CC_DEL_RE
(all channels)
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D.6 SDL Diagrams

The following figure defines the symbols used in the SDL Diagrams.

State Decision Point Procedure

Output Input

+ Qutputs and Inputs with.the prefix DQ represent primitives between DEQ Negotiation Control and C4ll
Control
* Qutputs and Inputsiwith the prefix CC represent primitives between DEQ Negotiation Control and DEQ
Multiframe Contral

+ Al other Outputsand Inputs are either peer-to-peer messages or timer
exgirations

Figure D.7 - SDL Diagrams

The following counters and variables are used in the SDL Diagrams:

N: The number of channels requested. Also, N-1 gives the number of DNs to be requested. This is determined from
the RMULT/SUBMULT negotiated during parameter exchange.

m: The number of channels connected and frame aligned
d: Determines the number of DNs received.

C: The number of channels connected.
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D.6.1 DEQ Negotiation Control

This subclause contains the Calling Endpoint SDL Diagrams for DEQ Negotiation Control.

60

D.6.1.1
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Calling Endpoint
0 Cu
NULL

> DQ_CONN-REQ

Set Mode, RMULT,

SUBMULT, BCR and

REV values
Yes @ No
MFG =1 MFG =0
Digits = Man. ID Digits = all 1's

Set Subaddress

No

Use
Subaddress? - ]

Subaddress = all 0's

< INIT REQ

C=1
Set TCnull
Set TCinit

1 Ccu
CALL INIT

Figure D.8 - Calling Endpoint NULL State
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1 cu
CALL INIT
2 TCnull ? INIT ACK > TCinit

Reset TCnull

Accept
Parameters

No

Yes
< DISC
Get GID
ves MFGe Set TCdisc
No

Get Man. ID
from digits field

D=1
XFLAG = 1 < Cib=1

& DN REQ

* actve &V 2 awaron’Y ® oL ® biscrea ™
TRANSPARENT WAIT CID = 1

Figure D.9 - Calling Endpoint CALL INIT State

61


https://iecnorm.com/api/?name=8d0fc0fdfded216cb454f28417617368

ISO/IEC 13871: 1995(E) ©ISO/IEC

[ AN

a \iv )
CALL INIT
WAIT CID = 1
> cID=1 > TGinit
< CC_ADD_REQ < DISC
< DQ_INIT_IND Set TCdisc

Set TCaddo1
Reset TCinit

3 ADDIT ALCU 9 cu
ION
CHANNELS DISC REQ

Figure D.10 - Calling Endpoint CALL INIT WAIT CID = 1 State
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2 CcuU
AWAIT DN

N-ACK > ICinit

V]
»
q

1

d=d+1 < DISC

Set TCdisc

CID=1 XFLAG = XFLAG + 1

( DN REQ
a CcU
2 cu 9 cu
CALLINIT
( WAITCID = 1 ) AWAIT DN ) ( DISC REQ

Figure D.11 - Calling Endpoint AWAIT DN State
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3 CU
ADDITIONAL
CHANNELS

©ISO/IEC

DQ_CONN_REQ CC_FAIL_IND
TCaddo1 (New channel) {Cl=x)
Yes c =0>
/
No C=Cx+1 < DQ_DEL_CH_IND
0
NULL
Yes DQ_DEL_CH_REQ
Mode 0 ~(Channel’
disconnect
No
Downspeed No
Yes Remove Charjnel
DISC Set N=C cegn;hea
CC_DEL_RHQ
(Cl =x)
. DQ_DEL_CH_IND
Yet TCdisc (Unconnected
channels)
C=C-1
New RMULT. Yes No
and SUBMULT C=N e
CC_DEL_REQ Reset All Timers
(New N)
4
Mode
cu 3 cu

DISC REQ 2or3 ADDITIONAL
CHANNELS

CU CuU 8d CuU

ACTIVE MODE 0 ACTIVE ACTIVE MODE 1

Figure D.12 - Calling Endpoint ADDITIONAL CHANNELS State
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Ccu
ACTIVE )

> DQ_ADD_CH_REQ 2 ADD CH > DEL CH DQ_DEL_CH_REQ
(Cl=x)
Yes
I—QQ Qzept Yes
Yes
No No C=1
c\ initiated = TRUE N
Set TCID
CU initiated = FALSE CUvpitiated = TRUE
DEL CH REJ
ADD CH Set TCID CU initiated = FALSE < DISC
Set TCadd < ADD CH REJ Set TCdel Regzt[ Ar'é; g mers
DEL CH
(Cl=x)

G, Yt (o o) [ on o) [ )

€Y S CuU
ACTIVE ACTIVE ACTIVE DISC REQ
ADD INIT WAIT CID =1 DELETE INIT

Figure D.13 - Calling Endpoint ACTIVE State
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8a Cu
ACTIVE
DELETE INIT

> DEL CH ACK > DEL CH REJ > TCdel } ADD CH

A itiated No No
‘\JgUaEe Accept

Yes
< DQ_DEL_CH_IND

DQ_DEL_CH_CONF

Yes

CU initiated = FALSE

N
c

]

N- < DQ_DEL_CH-FAIL’IND

< o0 G
L l

= Reset TCdel
CC_DEL_REQ < cR=t Set TCadd
R

d
(CT& new N) MULT/SUBMULT

CID=1

Reset TCdel
Set TCID

|

CuU 8a cu 8b-1 Cu
ACTIVE ACTIVE ACTIVE
WAIT CID = 1 DELETE INIT ADD INIT

Figure D.14 - Calling Endpoint ACTIVE DELETE INIT State
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8b-1
ACTIVE
ADD INIT

ADD CH ACK ADD CH REJ DEL CH
Yes CU Initiate Reset TCadd
No
TCadd
DQ_ADD_CH_IND
~N
No Accep>
1
DQ_ADD_CH_FAIL_IND Yes
DQ_ADD_CH_CONF
ciDL4 -
(Old RMULT/SUBMULT CU initiated |- FALSE
Reset T¢add
N=N+j Set TCtel
Dpste TCadd Set TCID ADD CH DEL qH
8b-2 cu 8¢ cu 8b-1 cu 8a
ACTIVE ACTIVE ACTIVE ACTIVE
ADDITIONAL CHANNELS WAIT CID = 1 ADD INIT DELETE INIT

Figure D.15 - Calling Endpoint ACTIVE ADD INIT State
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8b-2 (01V)
ACTIVE
ADDITIONAL CHANNELS

DQ_CONN_REQ
(New channel) B TCadd02
y4

/

C=C+1 < DQ_ADD_CH_FAIL_IND
CID=1
CC_ADD_REQ (Old
(CID=x) RMULT/SUBMULT

Rest TCadd02

< ciD=1

Set TCID

8¢ cu
ACTIVE
WAIT CID =1

Figure D.16 - Calling Endpoint ACTIVE ADDITIONAL CHANNELS State
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8c CuU
ACTIVE
WAITCID =1

> CID=1 > TCID
< CID=1 QQ_CID_FAIL_IND
8c CuU
® actve &Y ACTIVE
WAIT CID = 1

Figur¢ D:17 - Calling Endpoint ACTIVE WAIT CID = 1 State
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70

9 Ccu
DISC REQ

\\ DO _DISC_REQ

©ISO/IEC

{;>Jxlgaonrnso

\ TCdisc
/

CU initiated
=TRUE

No

< DQ_DISC_IND

CC_DEL_REQ
(All channels)

reset AlFTimers

0 Ccu
NULL

9 CcuU
DISC REQ

Figure D.18 - Calling Endpoint DISC REQ State
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8x CcuU
STATES
8, 8a, 8b, 8¢, 8d

>cc_u.os_mo >CC_RLOS_IND > CC_FAIL_IND } co-LRg e > e-ARD ? Rl IND
DQ_DEL DQ_LSYNCH DQ_RSYNCH DQ|RSYNCH
<D°_'-L 3_IND <D°.RL°SJND < _CH_IND < _IND < _IND < _AAIL_IND

2or3

Resequence
Channels

CID=1
(New
RMULT/SUBMULT)
Ccu
REMAIN IN
SAME STATE

Figure D.19 - Calling Endpoint States 8, 8a, 8b, 8c, 8d
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Figure D.20 - Calling Endpoint States 8, 8a, 8b, 8c
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CU
ALL STATES
EXCEPT0&9
> DISC > DQ_DISC_REQ B DQ_ABORT_REQ
V4

Z

Reset All Timers

<ACC>£_S_— State 8d G

No No
Set CU initiated SentCU Initiated
< DISC REJ -~ FALSE ~ TRUE

CC_DEL_REQ
(All channels

< DISC

Reset All Timers
Set TCdisc

/ cu) / A\ / A\

9 Cu 0 Cu
‘ sﬁfﬂ"é"gﬁ‘ﬁm) | ° biscrea ) 1 NULL )

Figure D.21 - Calling Endpoint All States Except 0 and 9
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D.6.1.2 Answering Endpoint

This subclause contains the Answering endpoint SDL diagrams for DEQ Negotiation Control.

AU
NULL
> DQ_CONN_REQ

Yes GID
included
No
Queue message 10 Set TAnull
Correct State Transmit all 1's
based,on-GID C=1
CC_ADD_REQ
(CID & GID = NULL
8b-2 AU 6 AU
ACTIVE AWAIT AWAIT 4 AU
ADDITIONAL ADDITIONAL CALL RECEIVED
CHANNEL CHANNEL

Figure D.22 - Answering Endpoint NULL State
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4 AU
CALL RECEIVED

> CID = x TAnull > INIT REQ

Transparent
Mode
Enabled

Resgt TAnull Reset TAnull

Accept No

Parameters

AU Yes
ACTIVE
TRANSPARENT

No
é d GID

Yes Agcept
all

DQ_DISC_IND
No

Insert New
Parameters
Queue Message to
correct State
based on GID
AU
NULL
Assign new GID
St TAInit < ofsc

< INIT ACK Set TAdisc
8b-2 AU 6 AU
ACTIVE AWAIT AWAIT 5 AU 9 AU
ADDIFIONAL ADDITIONAL INIT RECEIVED DIS¢ REQ
! . " £t

/ ~ 7 \.

Figure D.23 - Answering Endpoint CALL RECEIVED State
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