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ISO (the International Organization for Standardization) and IEC (the Inter-
national Electrotechnical Commission) form the specialized system for worldwide
standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards t hrough technical committees established
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ISO and IEC technical committees collaborate in fields of mutual interest. Other
on-g

international organizations, governmental and n in liaison with
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ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint
technical committee, ISO/IEC JTC 1. Draft International Standards adopted by the
Jjoint technical committee are circulated to national bodies for voting. Publication
as an International Standard requires approval by at least 75 % of the national
bodies casting a vote.

International Standard ISO/IEC 13871 was prepared by Joint Technical

Committee ISO/IECIJTC 1, Information technology, Subcommittee SC 6,
Telecommunications and information exchange between systems.
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Introduction

This International Standard is one of a set of International Standards designed to facilitate the global
interconnection 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
ailocation that provides unrestricted information transfer between speciai terminai adapiers calied Channei
Aggregation Units. A Channel Aggregation Unit can provide a high bandwidth capability to an attached
terminal application by combining multiple 56 kbit/s or 64 kbit/s digital communications channels that are
available across public and/or private networks. It also ensures that bit sequence integrity of the aggregated

handuridth maintainad ansrace tha natwark(c) Theae numhbar of individual communicationg
Oanawiain i maintaimnea acréss e neiworks). The number of individual communications channels

aggregated may range from one up to the practical limits imposed by the Channel Aggregation Unit.

The service defined in this International Standard can be used for a number of applications, including

o LAN interconnection

o image transfer

o bulk file transfer

o video conferencing.

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

made from two available sets of procedures, one of which is also defined by ITU-T Recommendation H.244,
the other 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
Aggregation Units (CAUs) serving terminal applications at network endpoints. Figure 1 below illustrates a typical
channel aggregation scenario.

Bearer Bearer
Channels Channels
_: Private E=E——

= Integrated =

TE | CAU — Services E CAU TE
= Network(s) =

TE = Terminal Equipment Note: The Figure does not show the
CAU = Channel Aggregation Unit signalling and termination features necessary

to connect the CAU to the Network

Figure 1 - Channel Aggregation Scenario

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

o establish the parameters to be used for the aggregated connection

o synchronise and align multiple communications channels to maintain the bit sequence integrity of the aggregated
bandwidth across the network(s)

o optionally 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.

[}

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

o the call control procedures used to establish and disconnect the individual communications channels that make up
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.
Documents
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2 Normative References

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 Recommendation H.221 (1994), Frame structure for a 64 to 1920 kbit/s channel in audiovisual teleservices.
ITU-T Draft Recommendation H.244 (1995), Synchronized aggregation of ISDN-B channels.

ITU-T Recommendation H.320 (1994), Narrow-band visual telephone systems and terminal equipment.

ITU-T Recommendation 1.112 (1992), Vocabulary of terms for ISDNs.

ITU-T Recommendation T.35 (1991), Procedure for the allocation of CCITT defined codes for non-standard facilities.

3 Definitions

For the purposes of this International Standard, the following definitions apply.
3.1 Answering Endpoint: The endpoint that receives the call.

3.1 Bearer Channel: The network provided channel used to carry the data. The framing structure is overlaid on
the Bearer Channel to provide the data transport and inverse multiplexing capability. Examples of Bearer Channels

are:
o BRI or PRI B-channels
o TI1DSOs

o Switched 56/64 kbit/s connections
3.3 Bearer Channel Rate: The data rate at which the Bearer Channel is clocked.
3.4 Calling Endpoint: The endpoint that initiates the call.

3.5 Channel Aggregation Unit: Any piece of equipment adhering to this International Standard. Note that any
reference to other forms of channel aggregation (e.g., H.244) will be stated explicitly.

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

3.7 Information Message: The 16 octet message sent and received over the Information Channel in the
multiframe structure or over the entire bandwidth of the Master Channel during initial parameter negotiation. This
message is transmitted continuously. In this International Standard, the use of the term Information Message, when
discussing receipt of a message, indicates a message which has been recognized after the use of some form of
detection processing (e.g., 2 out of 3 majority voting).

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:

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

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

ALIGN - Alignment Octet

AU - Answering Unit

AVT - Audio Visual Terminal

BCR - Bearer Channel Rate

CAU - Channel Aggregation Unit

CID - Channel Identifier

CRC - Cyclic Redundancy Check

CSU - Channel Service Unit

CuU - Calling Unit

DEQ - Delay Equalisation

DN - Directory Number

DSO - Transmission Standard for bit rate of 64 kbit/s
DS1 - Transmission Standard for bit rate of 1.544 Mbit/s
DSU - Digital Service Unit

EBR - Effective Bearer Rate

FAW - Frame Alignment Word

FC - Frame Count

GID - Group Identifier

IC - Information Channel

ISO - International Organisation for Standardisation
ISDN - Integrated Services Digital Network

MF - Multiframe

MFG - Manufacturing Identifier

PISN - Private Integrated Services Network

PMDL - Physical Media dependent Layer

PTN - Private Telecommunications Network

Res - Reserved Bits

REV - Revision Level

RI - Remote Indicator

RLIND - Remote Loopback Indication

RLREQ - Remote Loopback Request

RMULT- Rate Multiplier

SI - Stream Identifier

SUBMULT - Subrate Multiplier

Tl - Transmission Standard for bit rate of 1.544 Mbit/s
TAa - Timer in Answering Endpoint - timer a

TCa - Timer in Calling Endpoint - timer a

TXa - Timer in Either Endpoint - timer a

XFLAG - Transfer Flag

5 Selection 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.'j ocum entS
3
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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.

?alling endpoint

Condition 1

Condition 2

Condition 3

lear-end favourable
for H.244 aggregation

STANDBY )

I

CONNECT

V CONNE
received

received

CT_ACK

Flag 1 used in 15O 13871
- - regation to distinguish
Set Flag1 =0 Set Flag 1 =1 99 Cglling/Ans_warin%
endpoints
I1SO Yes

aggregation

preset?

[No

Search for H.221
framing incoming on
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framing
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+ Look for
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from SCE

{o>m-comp]
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No

H.244

. No
aggregation
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Failure state 3
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Forward framed PCM
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_ Examine signais
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™ T
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Note 1 : Answering
endpoint initially
transmits all ones

|

H.221 framing
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H.221 framing
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®
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in all other cases -
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Figure 2 - Selection of ISO/IEC 13871 or ITU-T H.244 aggregation
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This Internationai Standard describes a means for providing a high speed serial data siream by use of muliipie,
1ndependent 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 their original
sequence before reforming the individual channels into a composite serial data stream at the terminating end. Overall
transit delay for the end-to-end connection is equal to the longest transit delay from all the channels plus a constant
delay due to the frame alignment that depends on implementation.

Once aligned, data transfer may be constantly monitored throughout the call. The failure of a channel, for reasons such
as call disconnection, phase slip or high error rate, may be automatically detected. Various fault isolation and recovery
procedures are defined in response to these scenarios.

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

NOTES

1 Thic aloarithm will maintain hit and actat cagnan integrity in that it will d

1 10ls aigoritnim win mainiain oit anag OCiet sequence Inegrity in tnat 1t wi and octets to the remote endpoint in

s and octets to the remote endpoint in
the same order and timing relationships as were received on the originating endpoint (except in cases of lost frame alignment). For
applications that require octet timing to be maintained across the network (i.e., an octet of user data clocked into the transmitting
endpoint must be clocked out as an octet of user data at the receiving endpoint), it is recommended that the first octet of user data
transmitted across the network (i.e., the first octet transmitted after delay equalization is achieved) be placed in the first octet of a
Channel Aggregation frame and not split across two octets of a Channel Aggregation frame. It is also recommended that only
Modes 1, or 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  Modes of operation

Five modes of operation are supported. The following two modes are required:

Mode 1:

This mode supports user data rates that are multiples of the bearer rate. It provides the user data rate with the full
available bandwidth, but does not provide an in-band monitoring function. The overhead octets are removed after
the call is phase aligned. Error conditions on one or more channels that disturb overall system synchronization are
not recognized automatically after the call is in active state. Recovery from these error conditions during the active
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.

[ c a1

he 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 testing is
accomplished by performing a cyclic redundancy check calculation on an octet sequence before transmission 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 64 kbit/sec. All
channels use the same bearer channel rate. An in-band monitor function provides a continuous check for delay
equalization and an end-to-end bit error rate test. (Error rate testing is accomplished by performing a cyclic
redundancy check calculation on an octet sequence before transmission and testing the same sequence for errors on
the receive end.) The overhead octets required for monitoring are provided by adding bandwidth (most likely an
additional bearer channel), thereby preserving the full user data rate. The overhead octets are included in each bearer
channel.

6.2 Frame Structure

Each 56/64 kbit/s channel is organized into a sequence of frames. A frame consists of 256 octets. The octets are
numbered 1 to 256. To establish the framing structure and provide for the exchange of information with the far end,
each frame carries 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 64 kbit/s
bearer channels. Ins 5.2.2 through 5.2.5, bit 8 is depicted as having the value 1. For 64 kbit/s bearer channels, bit 8 is
set to "1". For 56 kbit/s bearer channels, the following procedures are followed.

o At the transmitting endpoint, procedures such as CRC calculation are performed with all octets (data and overhead)
having an 8th bit set to "1". If 56 kbit/s baseband bearer channels are used, bit 8 is stripped off of each octet before
it is transmitted. Thus, only 7 bits are transmitted in each 125 psec 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 octets.

o If the receiving endpoint uses 56 kbit/s baseband bearer channels, the incoming bit stream is serialized and
searched for bits 1-7 of the Frame Alignment Word (FAW). When FAW is detected, an 8th bit set to "1" is added
to each septet to form octets. All procedures such as CRC are then based on the resulting octets.

o If the receiving endpoint uses 56 kbit/s bearer channels provided via 64 kbit/s facilities, the 8th bit is stripped upon
receipt of each octet. The resulting 56 kbit/s bit stream is serialized, and searched for bits 1-7 of the FAW. When
FAW is detected, an 8th bit set to "1" is added to each septet to form octets. All procedures such as CRC are then
based on the resulting octets.

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 will not
be detected and the procedure described above will have to be followed.

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 endpoint
shall align the channel aggregation octets with network octets if octet timing is provided.

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. e
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Octets
1 2 . 64 65 .. 128 129 .. 192 193 .. 256
D [D ]..Jraw |[D .. Jic [p J..  [rc [D [.. JcCrC
Fl | | F63 | F64

Multiframe

FAW: Frame Alignment Word
IC: Information Channel

L. Reansaa azimt
. rrallic Loulii

CRC: Cyclic Redundancy Check
D: Data Octet
F1 - F64: Frames

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 transmission.
Numeric values are transmitted most significant bit first.

6.2.2 Frame Alignment Word (FAW)

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

bl b2 b3 b4 b5 b6 b7 b8
FAW [0 o Jo |1 [1 Jo [1 |1 |

As described 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. On 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 in every frame contains a Frame Count (FC) value. The Frame Count is used to measure the relative delay
variance between the individual channels of an N x 56/64 call. This 6-bit, modulo 64 counter is incremented once
every frame and rolls over on a multiframe boundary. The first frame of a multiframe shall contain a Frame count of
zero.

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

1 | e ] 2 LA | 4 | g r-y LO
01 |82 [8e] D4 DI (840 U/ Lo
FC [ 1 | Frame 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

bl b2 b3 b4 b5 b6 b7 b8
CRC[1 [A[E] CRC4 1 ]

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

Error Bit -- indicates that the remote end has detected a CRC4 error when E=1
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When CRC4 is not used, the transmitter shall set the E bit to 0 and the CRC4 bits to 1. When a unit receives E bit set
to 0 and CRC4 set to all 1's, it shall disable the CRC procedure in the receive direction and shall ignore subsequent E
bits and CRC4 bits. When an endpoint that implements the CRC procedure receives a CRC4 not set to all 1's it shall
enable the CRC procedures.

6.2.6 Distribution of Overhead Octets

The overhead octets shall be distributed in the channels by the transmitting endpoint such that an overhead octet in
channel "i+1" shall be offset from the corresponding overhead octet in channel "i" by 125 psec. For example, if the
FAW octet in channel 1 (as identified by the Channel Identifier) is transmitted starting at time t=0, the FAW octet in
channel 2 shall be transmitted starting at time t = 125 psec, the FAW octet in channel 3 shall be transmitted starting at
time t = 250 psec and in general, the FAW octet in channel "m" shall be transmitted starting at time t = (m-1)*125
usec. The other overhead octets are transmitted with the same constraints. The objective of this requirement is to
distribute the overhead octets as evenly as possible across all channels. This requirement is independent of the
framing structure of the underlying physical medium.

The following example illustrates the distribution of overhead octets when calls are made using a T1 network access
and using Mode 3 operation. This example is for T1 frames only and does not imply restriction of this procedure only
to T1 transmission systems. In addition, for iliusiration purposes, this exampie uses contiguous channei assignment and
does not imply restriction of this procedure to contiguous channel assignment. This example also assumes that the
Channel Aggregation framing structure aligns with the DS1 framing structure. The Channel Aggregation framing
structure is not required to align with the DS1 framing structure.

NOTE 1 - If the Layer 1 used is not clocked with 8 kHz framing (e.g., Layer 1 is V.35 connected to a DSU/CSU), then the DS1

cr
frame can not be u sed as frammo to find FAW. In this case, the i mr‘nmmo bit stream can be serialized before searchlno for f'mmmo
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 D5 D6
Ti 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 IC D D D 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. There is no relation between the Channel Aggregation
channel number 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 FAW in each channel is monitored continuously to determine if frame alignment has been lost and to recover
frame alignment.

Loss of Frame Alignment:

An endpoint shall detect loss of frame alignment when it receives three consecutive frame alignment words (FAW)
in error or three consecutive Frame Counts in error. Upon detection of loss of frame alignment, the endpoint shall
set the Alignment bit (A) in the CRC octet to O in the transmit direction.

Frame Alignment Recovery:

An endpoint shall start the recovery of frame alignment immediately after detecting loss of frame alignment and at
channel connection time. Frame alignment is defined to have been recovered when the endpoint detects the
following sequence:

- the correct frame alignment word (FAW);
- 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.

64.1.1 Multiplication and Division Process

A given CRC4 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 octet in the
frame.

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

6.4.1.2 Encoding Procedure

Octets 1 through 255 of the frame are acted upon by the multiplication and division process defined in 5.4.1.1. The
remainder, resulting from the multiplication and division process, is inserted into the CRC4 field of Octet 256 (the
CRC octet) of the frame. The CRC is always computed over 8 bit octets. When using 56 kbit/s bearer channels, bit 8
of each octet shall be forced to "1" for consistency.

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

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 56 kbit/s bearer channels, an 8th bit set to "1" shall be added to each septet (as derived from FAW
alignment) to form octets for consistency. The remainder, resulting from the multiplication and division process is
compared on a bit-by-bit basis with the CRC4 received in Octet 256 of the frame. If the decoded, calculated remainder
equals the CRC4 received in Octet 256, then the checked frame is considered error-free. If they are different, then the
checked frame 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.
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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.

6.4.2.3  Monitoring for Error Performance

The quality 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 monitored by 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 implementation dependent.

7 Description of the Information Channel

The information channel is used to communicate control information between two endpoints. In all modes, the
Information 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 delay equalization and throughout the duration of the call. In mode 1, the Information Channel occupies octet
128 of the Channel Aggregation Frame in all bearer channels only during the initial delay equalization. In mode 0, the
Information Channel is not present after initial parameter negotiation.

7.1 Information Channel Frame

Information channel frames are framed with a unique ALIGNment pattern (01111111) in the first octet. In addition,
the first bit (b1) of the subsequent octets is set to one. Figure 5 shows the structure of the Information Channel (IC)
frame. IC octets only contain seven bits of information so that a common structure can be used for 56 and 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 channels, bit 8 is
set to 1. For 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-hook. For the case of 56 kbit/s baseband bearer channels, bit 8 is not present and an overhead "octet"
transmitted over the bearer channel contains only 7 bits. 6.2 describes procedures for using 56 kbit/s bearer channels.
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bl b2 b3 b4 b5 b6 b7 b8
ALIGN
Octet1 | 0 1 1 1 1 1 1 1
211 Channel ID 1
311 Group ID 1
411 Operating Mode | Res 1
511 RMULT 1
61 SUBMULT BCR |Res | MFG |1
711 RI RL RL REV 1
Req Ind

8(1 Subaddress 1
911 Transfer Flag 1
10 | 1 1 1 Digit - 1 1
1111 1 1 Digit - 2 1
1211 1 1 Digit - 3 1
131 1 1 Digit - 4 1
1411 1 1 Digit - 5 1
15]1 1 1 Digit - 6 1
16 | 1 1 1 Digit - 7 1

Figure 5 - Information Channel Frame

NOTE 1 - Annex D provides details of the additional capability to be used when phone numbers longer than 7 digits are required.

ALIGN: Alignment octet (Octet 1, Bits 1-8)

The alignment octet provides a framing mechanism for the Information channel frame. It takes a constant value of
"O1111111".

NOTE 2 - For 56 kbit/s baseband bearer channels, only the first seven bits of the ALIGN octet are transmitted (i.e.,
O111111).

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

When simultaneously dialing N calls, the network delay in call setup for each call might not be uniform. Hence the
incoming call arrival sequence at the Answering Endpoint cannot be assumed to be equal to the call setup sequence
at the Calling Endpoint. The CID identifies each individual channel in the transmit direction for each side of the
connection and is used to sequence the time slots in proper order at the receiving end. In each endpoint, the CID
value transmitted in each channel 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 ascending order

corresponding to the relative order of the remaining channels. A value of O in the CID field indicates negotiation of
parameters.

The CID is a 6-bit binary encoded number in the range 0 < CID < 63.

GID: Group identifier (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.
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Bits

234

000 operating Mode 0

001 operating Mode 1

010 operating Mode 2

011 operating Mode 3

100 Reserved

i01 Reserved

110 Reserved

111 Reserved for negotiation.

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

RMULT: Rate Multiplier (Octet 5, Bits 2-7)

L 0% PRNS L

The Rate Multiplier It
uniquely defines the appllcatl n rate for a given call. The appllcatlon rate i

-~ RA . TaZ 12 £2
aie v 1u1t1pu T i
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Qifiereni ways aependaing on wil v

2-4). See 7.1.1 for details.
RMULT takes a value in the range 0 < RMULT < 63.

SUBMULT: Subrate Muitiplier (Octet 6, Bits 2 - 4):
The Rate Multiplier field RMULT together with the Subrate Multiplier field SUBMULT contains information that

uniquely defines the application rate for a given call. For Modes 0, 1 and 2, the SUBMULT field shall be set to all
binary ones on transmit and ignored on receipt. See 7.1.1 for details.

For Mode 3, SUBMULT takes a value in the range 0 < SUBMULT < 6 for BCR = 56 kbit/s and 0 < SUBMULT < 7

This field indicates the data rate to use when determining how to use the bearer channel. A 56 kbit/s BCR means
that the channels used are based on 56 kbit/s muitiples and a 64 kbit/s BCR means that the channels used are based
on 64 kbit/s multiples.

This field takes the following values

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

MFG: Manufacturing 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.
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RI: Remote indicator (Octet 7, Bit 2)

The RI field indicates that delay equalization has been accomplished.
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Bit2
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

aalk wnnntn laselnanl ham mamenén Ionnohaon wanmiinctad thic hit chall ha cat o 0
disable remote 100p0oack. When remote lUUpUd\-l\ is not requceswea, this bit shail be set o U,
Bit 3

1 request for remote loopback
0 turn 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 equalized
payload from all channels back to the remote endpomt This bit is used as a response to the recelpt of RL

RN _1 TE/ L nea mend Z2aa Banca b n
N =1 or {0 lllulbdlC an ullbUllbll.CU lUUpUdLI\ ywiucn naut 1 1uy PUd\.l\, llllB Ull Blldll UC BCI I.U V.

Bit 4
1 Sending endpoint is in loopback state
0 Sending endpoint is not in loopback state.

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

This field can be used to check version compatibility between the local and far end units. If this field is not
used it shall be set to all binary ones on the uansmitting end and ignored on the receiving end. All

P U, P h PP [ o PO . s PR ~vral A0 N

CllupUllllb UﬂVClUpCU [14] lbbuc i Ul Ullb llll.Cﬂldl.lUlldl auuluaru blldll use a Kt:VlblUll L,bel O1 U,
This is a binary encoded number in the range 0 < REV < 7.

If one CAU transmits a higher value of REV than the other CAU then only those procedures defined for the
lower value 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. It takes a value in the range from O to 63. A value of 0
indicates that the subaddress is not used.

A CAU may be capable of handling multiple simultancous calls; the subaddress provides a means of
dlctmomchma an individual call amongst the mnllmlp calls that may exist,

XFLAG: Transfer Flag (Octet 9, Bits 2-7)

When CID = 0, the transfer flag is used during initial parameter negotiation for signaling the transmission of

additional nhone numbers (7 rhmm par‘h\ to the calling unit nnrmo Channe! Deletion pnrocedures. the

Quliiiar PR RuIVIS Ans vabl IV Laiiilig uilin. QUL LAt PRV LRIS, iv

XFLAG ﬁeld is used to 1denufy the channel to be deleted.

Can Q 1 L‘ ST SY J | SR IR e .
OEC 0.1 101 UCbbl lpuu 101 3} . > ¢

3
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 not defined in this International Standard.

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

When CID = 0 and MFG = 0 the Digits ficlds 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.c., 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.

A § ¥4 Ny, . D

wiien CID is not equal io §, the XFLAG fieid and biis 2-7 of ocicis 10 - 1
transfer and are not defined in this International Standard.
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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.
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Bits
4567
0000
0001
0010
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Cause: Cause Codes (Octets 10 and 11, Bits 2 - 7)

Digits

¥OX AN WN—-O

I

EON

Reserved
Cause Indicator
PAD

ISO/IEC 13871: 1995(E)

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

defined:

.-.-nn—n\OOO\]O\U\-bUJl\)'—‘O<
—
=1

e
W N

Cause Codes 14 - 63 are reserved for further study.

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

Cause Codes can be used 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 transmitted by
forcing an "Add a Channel” or "Delete a Channel" procedure with no change in the RMULT or SUBMULT

field.

NOTE - ISDN subaddresses may be included in the digits ficld.

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 0, 1:

El. A=RMULT+BCR

A

E2. RMULT====

BCR

Full document details: ISO IEC 13871-1995
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r Al
E6. RMULT= Lﬁj (rounded down to the next lowest integer)
RMULT *BCR))

_ (A
E7. SUBMULT= 5000

NOTE- The SUBMULT field only has meaning in Mode 3. This is because Modes 0, 1 and 2 only support rates that are
muitiples of the bearer rate (in Mode 2, muitiples of 63/64 of the bearer rate.). Mode 3 supports application data rates
of any multiple of 8 kbit/s; therefore, the SUBMULT field is required to specify the application data rate with an 8
kbit/s granularity. In Modes 0, 1 and 2 the SUBMULT field shall be set to all ones on transmission and ignored on

receipt.

Let EBR (Effective Bearer Rate) represent the effective bandwidth per network channel available for the transfer
of application data. EBR is defined as the Bearer Channel Rate (BCR) minus the bandwidth required to transfer
the Channel Aggregation overhead ociels.

E8. EBR =BCR, since the Channel Aggregation overhead octets are removed before application data is
transferred over the channel.

nQ oD (_.3\ DD cinns cvery &4tk actnt of o natiunel channal ta cnmiriead for Vi
£y, con= k6 4 *BCR |, since every 64th octct of a network channel is required for the transfer of overhead
octets

The number of network channels (N) required to complete the call is then determined dircctly based on
application data rate and effective bearer rate:

1 -

AL AN f'o RPN I O
Modes 0, 1, 2 and 3:

From the above equations it follows that for Modes 0, 1 and 2 the number of channels N required for a given
call is equal to the Rate Multiplier RMULT. Only in Mode 3 is it necessary to explicitly calculate N. In the
case of Mode 3, N can be calculated from RMULT and SUBMULT by substituting equation ES for A to get

RMULT=BCR + SUBMULT*800¢(

Ell. N= EBR

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

7.1.1.1 Distribution of Application Data Across the Channel Aggregation
Frame

In Modes 0, 1 and 2 the application data rate is only aliowed to be integer mulitipies of the effective bearer
channel rate (EBR). In Mode 0 and 1, EBR is the same as the bearer channel ratc 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.c., 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.

bl b2 b3 b4 bS5 b6 b7 b8
Ip1 {p2 D3 J1 J1 J1 J1 1 |

NOTE - 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, SUBMULT = 2), application data is disbursed in the Nth channel such that N - 1 application data octets are
transmitted before an overhead octet (e.g., FAW) and the remaining application data octets are transmitted after
the overhead octet (e.g., FAW). In this case the output is shown in Figure 6. The first column represents time
(e.g., DS1 frames). Columns 2 - S contain the four channels used in the call. Column 6 contains the number
of octets (in that DS1 frame) that contain data. For example, in the first DS1 frame, one octet is used for FAW
and (N-1) octets are used for user data. This example shows data starting at the FAW overhead octet of the first
channel instead of the first octet of the frame. In the Nih channel, three octets before the overhead octet are used
for data and L - 3 (= 19) octets after the overhead octet are used for user data. An X in the Nth channel indicates
that these octets are set to 1 and do not contain User Data. A D indicates a data octet and D2 indicates a data
octet containing two data bits.

This pattern repeats itself around every overhead oclet.
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# of Octets

t CID=1 CID=2 CID=3 1D=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 D D D X N-1

64 D D D X N-1

65 1C 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 6 - Distribution of Application Data Across the Channel Aggregation Frame
7.1.1.2 Calculation of Parameters L and M
This subclause is used only for Mode 3.

In order to calculate L and M, the total number of application data bits that need to be transferred in the Nth
channel (#BITS(N)) must first be determined. Let REM(N) be defined as the remainder of the application data
rate A divided by the effective bearer channel rate EBR ( EBR = (63/64) * BCR), except when the remainder = 0.

E12. REM(N ) remaind{%ﬁ] 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 O if the BCR is 56 k/bits. The
quantity (7 + BASE) is the number of allowed application data bits per octet.

L is then calculated as follows:

#BITS(N
El4, = —Si(-)— rounded up to the nearest integer.

(4*(7+BASE))

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.

. BITS(N . .
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,
Documents
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M= =——7——-({L-ip{/+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 vaiues for the Rate Muitipiier RMULT and the Subrate
Multiplier SUBMULT are given as well as the number of required network channels N necessary to place the

call
Caii.

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.

The ALIGN octet is used to determine IC synchronization.

IC Synchronization Detection
An endpoint shall declare IC synchronization when it detects the following sequence:
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).

7ol

Loss of IC ayncnronlzauon

An endpoint shall declare the loss of IC synchronization when it receives three consecutive incorrect 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 only use the ALIGN pattern and the Information Channel during

call setun

Qil Sviupl.

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

7.3 Transmission and Recognition of an Information Channel Frame

Once a connection has been established, an endpoint transmits the Information Message continuously in the
Information Channel (see Clause 8). When this International Standard refers to "sending” an Information
Message, it means the endpoint starts h‘aﬁsmuuug the new values in the Information Channel Frame. Plcasc
note that for initial parameter negotiation in the master channel, the Information Message is transmitted and
received using the entire bandwidth of the master channel and does not use the Information Channel of the

multiframe structure until after parameter negotiation is complete.

Once Information Channel Synchronization has been achieved, the endpoint can transmit and receive Information
Messages in the Information Channel. Since these frames are transmitted continuously, the receiving endpoint

has to monitor the received frames for a change in value. Also, since there is no CRC or checksum on the IC
Frame, the receiving endpomt should not be sensitive to instantancous changes in state. When this

International Standard refers to "receiving” an Information Mpcqagp it means that the pnr‘lpnmt has detected a

A G AVARA VS G aaUiinGuvn 1Y

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.¢., 2 out of 3 majority voting).

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).

IND fields

. The same values of the GID, MODE, RMUI T SURMIJI T L
when a value

vaiuvs Ui NAiLS, WYARJASN, ASAVA U AL, S DVA AL _‘V

shall be transmitted in all channels when CID is not equal to
changes in one channel, it changes in all channels.
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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 shall make any additional call requests until the entire negotiation process has been completed.

Calling Endpoint

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 negotiation process by repeatedly
transmitting the Information Message (using the entire bandwidth of the master channel) with the Channel Identifier
(CID) set to 0 and shall start TCinit and TCnull (if implemented - See 9.2). (A CID of 0 is used as the negotiation
flag). The Calling Endpoint also shall include the parameter values desired for the call (i.e., Mode, RMULT,
SUBMULT, MFG, BCR, and Revision ). The Group Identifier (GID) shall be set to 0. The Remote Indicator bit and
the Remote Loopback bits shall be set to 0. In the first message, the Calling Endpoint can send its Manufacturer's ID
by setting the MFG Flag to 1 and including the ID in the Digits field. In the initial message, XFLAG shall be set to all
binary 1's. If the Calling Endpoint does not send its Manufacturer's ID then the MFG Flag shall be set to 0 and the
Digits field shall be set to all 1's.

If the Calling Endpoint supports subaddressing, it includes the subaddress in the Subaddress field. If the Calling
Endpoint does not support subaddressing or if the Calling Endpoint does not request a subaddress, it sets the Subaddress
field to all binary O's.

Answering Endpoint

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

NOTE - If the Answering Endpoint detects Frame Alignment, then the incoming call is an additional channel of an existing call. If
the Answering Endpoint detects Information Channel Alignment without detecting overall Frame Alignment, then the incoming call
is the master channel of a new 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 channel 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

DNioite field and cand tha meccacga hack with tha athar naramatare ac the fircet racnange to the Calline Endnoint  If the
LIS 11810 and SseNd uli® MIESsage vack Wil uil Oulill paramiCitrs as uif s respoNst 10 uliC Lanlily CRUPOHR. 10 il

Answering Endpoint does not return a Manufacturer's ID, it shall transmit MFG set to 0 and the Digits fields set to all
1's

If the Answering Endpoint does not support Subaddressing, it returns all binary O'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 acceptable, 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 1bis if applicable,
when it receives an Information Message with CID=0 and the MODE field containing a valid value (i.e., "000", "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 initiate 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 Calling Endpoint shall ignore the Digits field. In either case, the Calling Endpoint shall ignore the XFLLAG

Y T, | PR T

field. If it decides to pruc.ccu it shall initiaie the transfer of pﬂUHC numbers .

T thm Hallinsy DaAdanint Aane nat 11on tha Cuhloaddenco Fiald ¢ ol thna ~Anntanta ~AF thhat £1.14 Nth acisiion 16 ~o
11 e vaill ls LLIIUPULHIL UUCS llUl uostc lllC SUsaaaress rici u, ll. Dllall léllUlC lllU CUILILCIIWL UL Uldl LICIU, ULUICI WIDL, 1L Lall
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 sending the Answering Endpoint an Information
Message with CID=0 and the transfer flag (XFLAG) set to Decimal 1 and the Digits field set to all 1's. The Fall:no

iT3day RIALS dlc Ualiel lay (Al Ld =01 10 LJCCial Al ALl et o4l RS 9 § L W3 880}

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 length (e.g.,
international calls), the Answering Endpoint shall return the last (rightmost) 7 digits. If the phone number to 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 fields where M is the number of digits. The Answering Endpoint shall fill the last 7 - M Digit fields with the
EON character ( bit pattern "1 1 0 0").

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

number with the M digits received from the Answering Endpoint. If M = 0 (all Digits fields contain the EON

A~ oo 112 PURPES. Y cac PR . SV ey 5

character), the Calling Endpoint uses the original phone number.

Thoe (Calling Endnnint chall rannact tha additianal nhanae niitmhar hy candinog tha Ancwaring Fndnaint an Infarmatinn
PR ivy \/allllls hlluy\}lll\. GJrieity l\/ ULVOL WUV auuiILiviIas ll\}ll\t 1HuLIIuUvl v o\.uulus v nllDWblllls Lzlluyullll all 1iivliiiauivls
Message with CID=0 and the transfer flag (XFLAG) incremented by 1 indicating acceptance of the first number and
readiness to receive {bg pey_[ pbnnp number. The ntmtc field shall be set to all 1's. The Calling F‘ndpg 1t shall set the
rest of the parameters to the negotiated values. If the number of channels is N, the Calling Endpomt shall request NE-

E1 phone numbers.

Ly 0 nur

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 Endpoint

When the Answering Endpoint receives an Information Message with CID set to 1, it shall transmit its Information
Message with 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 channels. The
Answering Endpoint also shall stop TAinit and start TAaddO1.

Calling Endpoint

When the Calling Endpoint receives an Information Message with CID=1, it shall stop TCinit, start TCaddO1 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 a requirement in some networks to insert a
programmable delay between consecutive additional channel setup attempts. For Modes 1, 2 and 3, the Calling
Endpoint also 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 to 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 frame alignment in the master channel and start TCfa. The Calling Endpoint shall transmit the following field
values in the Information Message:

CID: Setto 1.

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

MFGID: Setto 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.
For Mode 0, the 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: SettoO.

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
Frames and cuts through the Application.

For Modes 1, 2 and 3, when each end detects Frame Alignment, it shall set the A bit to 1 in the transmit direction and
start the CRC4 procedures (if implemented). It also starts searching for IC Frame Synchronization.

For Modes 1, 2 and 3, when each end detects frame alignment and detects the A bit set to 1 in the reverse direction it
also shall stop Timers TAfa and TCfa.

REV: REVision level (Octet 7, Bits 5-7)

This field can be used to check version compatibility between the local and far end units. If this field is not used it
shall be set to all binary ones on the transmitting end and ignored on the receiving end. All endpoints developed to
the main body of Issue 1 of this International Standard shall use a Revision Level of 0. Annex D defines the
additions necessary to make this into a Revision 1 product which caters for extended digit fields.

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

If one CAU transmits a higher value of REV than the other CAU then only those procedures defined for the lower
value of REV shall be used by both CAUs.

8.1.2 Additional Channel Setup

For Mode 0, no framing is done on the additional channels; therefore, DEQ Control is not used and no procedures are
defined other than setting up the additional channels (Call Control responsibility) and cutting the channels through to
the Application as they are connected. When all channels are connected, Timer TxaddO1 is stopped.

For Modes 1, 2 and 3, for each additional channel, when each connection is established the Calling Endpoint shall
begin transmitting the multiframe structure 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. The Calling Endpoint starts the TCfa timer.

Upon connection, the Calling Endpoint shall send the Information message repeatedly in the Information Channel. The
Information message shall contain 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.

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.

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 Answering Endpoint detects an Information Message without detecting Frame Synchronization it stops TAnull
and recognizes this is the Master Channel of a new call. Procedures in 8.1.1 apply. When the Answering Endpoint
detects Frame Alignment, it shall stop TAnull and start searching for IC Frame Synchronization. (If TAnull expires,
the Answering Endpoint defaults to the Transparent Mode as described in 9.1). When the Answering Endpoint
receives an Information 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. At this 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 implemented). In
addition, it shall transmit the following field values in the Information message in the Information Channel:

Channel Identifier: Channel Identifier assigned to this channel by the Answering Endpoint.
RI: SettoO.

RL REQ, RL IND: Set to 0.

Group Identifier: The GID received from the Calling Endpoint.

XFLAG: Information subchannel.

Digit Fields: Information subchannel.

Other fields: Set to negotiated values.
At this point the Answering Endpoint marks this channel as ready for transmission.

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

When the Calling 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 receiving 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 is 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 TxaddOl1
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 Txadd01 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 Txadd01 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 Txadd0O1. 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 assumed to be equal to the call setup sequence, each end shall use the received Channel Identifiers (CID) to order
the channels properly . When each end has resequenced and equalized the delay between channels for the call, it shall
transmit a remote indication (RI = 1) in the Information message in all channels to the other end. All other parameters
shall remain the same. For Modes 2 and 3, when each end receives RI = 1 in the Information Message in all channels,
it shall consider call setup to be complete, stops Txdeq and commences user data transfer.

In Mode 1, when each end receives RI=1 in each channel, it shall begin transmitting A=0 (RI remains set to 1) on all
bearer channels indicating readiness to move to Mode 1 data transfer. Having transmitted A=0, each end waits to
receive A=0 in each bearer channel. When each end receives A=0 in each bearer channel, it shall stop transmitting
framing pattern and consider the call setup to be complete. At this time each end shall remove the multiframe structure
from all channels. Also, after transmitting RI=1 and A=0, if an endpoint recognizes loss of frame synchronization on
all bearer channels before it receives A=0, it shall consider call setup to be complete and shall remove the multiframe
structure from the bearer channels. In both cases, the channels shall be available to transmit and receive user data over
the full available bandwidth. In Mode 1, error conditions on one or more channels that disturb overall frame alignment
and connection quality cannot be recognized automatically via the framing structure and procedures defined in this
International Standard. Error recovery for Mode 1 is beyond the scope of these procedures (Recovery can consist of
manual or external intervention).

NOTE - Due to delay and line errors, each end should transmit more than one frame with RI=1 and A=0 before removing the
multiframe structure independent of whether or not the end has received RI=1. The endpoints can use a timer or can transmit a
fixed number of Information messages before removing framing.

In Modes 2 and 3, each endpoint shall continuously monitor each channel of the call for delay equalization and frame
alignment. Each endpoint also can continuously monitor each channel or a subset of the channels for end-to-end bit
error rate. Error recovery procedures are described in 8.7 below.

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

8.1.4 Timeout Conditions
The endpoint shall take the following actions based on the expiration of the associated timer:
TAnull: The 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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