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Recommendation G.766

FACSIMILE DEMODULATION/REMODULATION
FOR DIGITAL CIRCUIT MULTIPLICATION EQUIPMENT

(revised in 1996)

1 General

This Recommendation for a Digital Circuit Multiplication Equipment (DCME) facsimile module is
intended to be as flexible as possible in an open-network environment, while providing
manufacturers of equipment the license to invent, whilst maintaining equipment interoperability. Use
of the facsimile module provides a solution to the DCME traffic loading problem created by the
rapid growth of facsimile traffic, which is transmitted via DCME using 40 kbit/s Adaptive
Differential Pulse Code Modulation (ADPCM) encoding, that rapidly depletes DCME bearer
capacity resulting in reduced speech quality.

The facsimile module (see Figure 1) is a functional unit which permits adding the facsimile
compression feature to the DCME. The basic function of the facsimile module is to detect facsimile
calls, demodulate the facsimile signals and transmit the demodulated data to the remote facsimile
module via the DCME. At the remote facsimile module, the voiceband signal is reconstructed to its
original format for transmission to the local terminal equipment. Calls which cannot be demodul ated
are routed through the G.726 40 kbit/s ADPCM channels of the DCME.

It is recognized that Group 3 facsimile demodulation/remodulation is only the first feature of a series
of voiceband data demodulation/remodul ation capabilities which will in all likelihood be extended to
the next generation of voiceband data modems operating at bit rates greater than 9600 bit/s. It is
anticipated that the modulation schemes for high speed modems will also be incorporated into
facsimile machines and such traffic, when presented to DCMESs, must be accommodated. The design
of the DCME facsimile module has been structured to carry demodulated data at bit rates up to
24 Kkbit/s to permit future flexibility. The DCME facsimile module is fully compatible with all of the
operating modes of Recommendation G.763 which includes, point-to-point, multi-cliqgue and
multi-destination operating modes.

Careful consideration has been given to error protection. The Forward Error Correction (FEC)
provided in the DCME facsimile module is robust against randomly distributed single bit errors. It
also fully protects against errors as long as the error event is less than one frame of the primary
multiplex multiframe or provided that only one error burst event occurs within asingle DCME frame
(2 ms).

There have been two approaches integrated into the DCME facsimile module, a Protocol Analysis
(PA) approach and a Waveform Analysis (WA) approach. In order to retain the interoperability
objective, compromises were introduced which dlightly increased the equipment complexity. If one
were to consider only a PA approach or only a WA approach, some simplification would be possible.
However, such simplification is not recommended as the open-network interoperability would then
be lost.

1.1 Abbreviations

This Recommendation uses the following abbreviations:
ADF ADPCM/DSI Function
ADPCM  Adaptive Differentia Pulse Code Modulation

Recommendation G.766  (11/96) 1



BC Bearer Channel

CCF Common Control Function

CRC Cyclic Redundancy Check

DCME Digital Circuit Multiplication Equipment
DCN Disconnect

DCOA Digital Channel Occupancy Analyser
DCSs Digital Command Signal

DIS Digital Identification Signal

DSl Digital Speech Interpolation

DTC Digital Transmit Command

EOM End of Message

EOP End of Procedure

EPT Echo Protection Tone

FA Frame Assembler

FCC Facsimile Control Channel

FCH Facsimile Channel Handler

FCM Facsimile Compression Module

FD Frame Disassembler

FDC Facsimile Data Channel

FEC Forward Error Correction

FED Front-End Delay

FMC Facsimile Module Controller

FSTI Facsimile Statistical Time Interval

FTC Facsimile Transport Channel

HDLC High level Data Link Control

HSC Hangover control and Signal Classification
IT Intermediate Trunk

LRE Low Rate Encoding

NSF-T.30 Non-Standard Facility-T.30

NSS Non-Standard Set-up

O&M Operation and Maintenance

PA Protocol Analysis

RAG Resource management and Assignment Generation
Rx Receive

RUD Recelve channel status Update and overload channel Decoding
SDL Specification and Description Language
SF-T.30  Standard Facility-T.30

TX Transmit

WA Waveform Analysis

2 Recommendation G.766  (11/96)



2 Definitions of facsimile demodulation/remodulation in DCME
This Recommendation defines the following terms:

2.1 facsimile module: A functional unit performing the demodulation/remodulation of the
facsimile signal and transmission/reception of control codes and demodulated image information via
the associated ADPCM/DSI function of the DCME.

2.2 ADPCM/DSI function (ADF): The ADPCM/DSI Function (ADF) of the DCME
encompasses all the traffic handling functions specified in Recommendation G.763.

2.3 facsimile control channel (FCC): An unidirectional 32-bit channel (21 information bits,
10 parity bits and 1 dummy bit) used between the transmit unit of one facsimile module to the
receive unit of one or more associated facsimile modules which is dedicated primarily to carrying
channel assignment messages and control messages.

2.4 facsmile data channel (FDC): A variable length data block containing bits of the
demodulated image information or procedural signals, accumulated over a period of 2 ms from one
intermediate trunk (1T) (see 2.10/G.763), and clock alignment overhead bits.

2.5 facsimile module frame: A bit sequence consisting of the FDCs ordered by ascending
I'T number. The sequence starts with the facsimile control channel.

2.6 facsimile block: This is a 32-bit block consisting of either 32 contiguous bits of the
facsimile module frame or 21 contiguous bits of the frame FEC encoded with the addition of
10 parity bitsand 1 dummy bit.

2.7 facsimile transport channel (FTC): A 32-kbit/s channel that carries a facsimile block
from/to the facsimile module to/from the ADF where the facsimile block is placed into/removed
(from) a 32-kbit/s bearer channel (see 2.8/G.763).

2.8 facsmile compression: The real time process of demodulating the facsimile signa to its
basic digital rate for transparent transmission and subsequent remodulation at the remote end of the
DCME link.

2.9 facsimile data interface: The functional interface which permits the transfer of FTC
information between the facsimile module and the ADF.

3 Functions of the facsimile module

The facsimile module (see Figure 1) is a functional unit which permits adding the facsimile
compression feature to the DCME. The basic function of the facsimile module is to detect facsimile
calls, demodulate the facsimile signals and transmit demodulated data to the remote facsimile
module viathe DCME bearer. At the remote facsimile module, the voiceband signal is reconstructed
to its original format for transmission to the local terminal equipment. Calls which cannot be
demodulated are routed through the G.726 40 kbit/s ADPCM channels of the ADF specified in
Recommendation G.763.

The requirements for the facsimile compression function are listed in Table 1.

Recommendation G.766  (11/96) 3
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Figure 1/G.766 — Facsimile module — System concept
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Table 1/G.766 — Facsimile compression requirements

Facsimile calls compressed CCITT G3 fax as per T.30 and T.4 standard
facilities; optionally, T.30 non-standard facilities

Facsimile calls non-compressed CCITT G1 and G2, some or al non-standard

(handled by 40 kbit/s ADPCM) facilities T.30 schemes

Image data rate modulation schemes and rates V.33 (14 400, 12 000, 9600, 7200 hit/s);

(Note 1) V.17 (14 400, 12 000, 9600, 7200 hit/s);

V.29 (9600, 7200 bit/s);
V.27 ter (4800, 2400 bit/s)

Control signals demodulated V.21 (300 hit/s)

(Note 1)

Remodulated signal level Demodulator input level processed via 16-level
(Note 2) quantizer

Facsimile terminal type Automatic and manual

Compression deactivation Possible on selected circuits

DCME operation supported Single destination, multi-clique and

multi-destination operation

NOTE 1 — The support of other modulation schemes is for further study.
NOTE 2 — See 7.1 for the quantizer levels.

4 Facsimile module structure

The facsimile module may be external or internal to the DCME depending on the implementation.
For purposes of illustration the functional representation of the system concept assumes the facsimile
module is external to the DCME. However, an equivalent architecture can be based on an
implementation with the facsimile module internal to the DCME. The facsimile module system
concept is illustrated in Figure 1. The figure shows functional interfaces between the facsimile
module and the ADF, namely the facsimile data interface, the facsimile control interface, and the
facsimile Operation and Maintenance (O& M) interface.

The facsimile data interface is a communication channel which permits the transfer of facsimile
image data and auxiliary information between the facsimile module and the DCME. There is one
transmit and one receive data interface in single destination operation, two transmit and two receive
interfaces in multi-clique operation and one transmit and up to four receive interfaces in
multi-destination operation.

The facsimile control interface carries status and control data for the module interaction with the
DCME. The O&M interface is used for the exchange of O&M data with the operation and
mai ntenance subsystem of the DCME or DCME cluster.

Figure 2 shows the internal structure of the facsimile module. The representation in Figure 2 is only
functional and could be replaced by equivalent architectures. The structure in Figure 2 is compatible
with two different design approaches for the facsimile compression feature. The first approach,
called the Protocol Analysis (PA) approach, is based on decoding and interpreting the procedural
signals exchanged between the facsimile terminals. A minimum amount of signal analysis, such as
activity detection and low/high speed discrimination, is also performed in this approach. The second
approach, called the Waveform Analysis (WA) approach, is based on analysis and classification of

Recommendation G.766  (11/96) 5



the modulated waveforms transmitted by the facsimile terminals. This subject is addressed in more
detail in 6.2.

The structure in Figure 2 contains the following blocks:

a) demodulator/analysis block;

b) front-end delay buffer;

C) facsimile frame assembler and disassembler blocks;
d) remodulator block;

€) facsimile module controller.

The demodulator/analysis block performs signal analysis (WA approach) and demodulates the image
data and the low speed procedura signals of the facsimile call. The front-end delay buffer is used to
provide sufficient time for signal validation (PA) or analysis (WA). In the PA approach, the contents
of the procedural messages are provided to the facsimile module controller. Both the high speed and
low speed demodulated data are provided to the facsimile Frame Assembler (FA) for transmission
over the facsimile data interface to the ADF. The facsimile Frame Disassembler (FD) extracts the
demodulated data from the facsimile frame received from the DCME and passes it to the
remodul ator block for transmission to the facsimile terminal.

The Facsimile Module Controller (FMC) is the process that oversees the operation of the entire
facsimile module and its interaction with the DCME and the corresponding facsimile modul &(s).

The functions of the various blocks are specified in the following clauses.

i e it bbby 1
: ]
' 'R !
H ]
H ]
VLo L e (D :
1 !
: :
i Demodulator/ '
[} H ]
: FED agﬂ)ﬁs Fax Frame '
E buffer | : Assembler :
i :
[} H ]
' : EA '
> ! % Fax Module (FA) ' ADE
| Controller E
< H <] (FMQ) :
E Control info to Fax Frame E
H FA, FD and switches Disassembler :
E Remodulator :
! L block (FD) :
H ]
H ]
H ]
H ]
i \s/ H
RO » - 141 (-1 11.0.0 Y [ 3K

ADF ADPCM/DSI Function
FED Front-end delay
S Switch

Figure 2/G.766 — Facsimile module structure
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5 Facsimile frame assembler/disassembler blocks

The data formatted by the FA for transmission over the facsimile data interface can be represented as
multiple 32-kbit/s channels. However, a number of building blocks must be defined. These are the
Facsimile Data Channel (FDC), carrying the demodulated facsimile data of one intermediate
trunk (IT) (see 2.10/G.763), the facsimile module frame, where the FDCs are grouped in
ascending IT order, the facsimile block, consisting of a block of 32 contiguous bits of the facsimile
module frame, and the Facsimile Transport Channel (FTC), a 32-kbit/s channel that provides the
facsimile block information, suitably mapped, to the ADF for insertion into the DCME bearer frame.

An example is provided below in order to illustrate how the demodulated facsimile datais structured
for transmission over the DCME bearer. Assume the case where two facsimile cals, both originating
at the near end of the DCME link, are being handled by the facsimile module. For both calls, image
datais being transmitted at 9.6 kbit/s.

The demodul ated image data of each facsimile call is accumulated for 2 ms before transmission. This
corresponds to 21 bits (see 5.1). If the FEC option is used, 10 parity bits and 1 dummy bit are added
to the data bits, for atotal of 32 bits. Thisis afacsimile block. At the end of a 2-ms period there will
be two facsimile blocks plus one additional 32-bit block, used for control. The three blocks are
arranged in an ordered structure (facsimile frame), where the control block is first, and the two image
data blocks follow, ordered by ascending trunk number. A total of 96 bits need to be transmitted over
the next 2-ms time interval. This is achieved by allocating two 4-bit dots (fax banks) in the
2048 kbit/s DCME bearer. Each 4-bit channel has a capacity of 32 kbit/s; therefore, 128 bits can be
transported over a 2-ms period. Two bits of a fax bank are mapped to two bits of one block and the
other two bits are mapped to 2 bits of the next block in the frame (see Figure 7). Dummy bits are
inserted when there are no more facsimile frame bits to be transported. In this example, fax bank
No. 1 will transport facsimile block No. 1 (the control block) and facsimile block No. 2. Fax bank
No. 2 will transport facsimile block No. 3 and 32 dummy bits.

51 Facsimile data channel

The demodulated data obtained from each trunk carrying a facsimile call is accumulated for a period
of 2 ms (coincident with the DCME frame). Depending on the data rate, the number of bitsin 2 ms
may be a non-integer number. In order to compensate for this and aso for timing differences between
the facsimile signa clock and the facsimile frame clock (slaved to the DCME clock), one or two
stuffing bits and a control bit are used. Two stuffing bits are used, instead of one, for those rates
where the nominal number of data bits accumulated in 2 ms would be an integer number. The
stuffing bit(s) may or may not be used in any given frame. If used, the control bit is set to 1. If not
used, the control bit is set to 0. When the stuffing bits are not used, their positions are occupied by
data bits. Error protection is added to the V.21 (300 baud) demodulated bits by repesting the FDC
bits (1 control bit and 1 data/stuffing bit) three times. Majority logic decision is used for decoding. If
itisrequired to transmit stuffing bits after the last V.21 signal bit in the FDC, the maximum allowed
number of stuffing bits to be sent shall be 30. The resulting bit structures referred to as a Facsimile
Data Channel (FDC) for the three cases above are shown in Figure 3.

As an example, the case of the 9.6 kbit/s data rate is discussed. In this case, the number of bits
accumulated in a 2-ms interval is dightly in excess of 19, so that sometimes 19 and sometimes
20 data bits will be transmitted. The 20th bit of the FDC will therefore be either a dummy bit or a
data bit. The 21st bit of the FDC, the control bit, will indicate which of the two cases applies.

As an additional example, the case of the 12 kbit/s data rate is discussed. In this case, the number of
bits accumulated in a 2-ms interval would be theoretically 24, but, in practice, it will be somewhat
more or less. Sometimes 23 bits and sometimes 25 bits will be transmitted and, therefore, the 24th bit

Recommendation G.766  (11/96) 7



and the 25th bit of the FDC will be either dummy bits or data bits, as indicated by the control bit (the
26th bit of the FDC).

The number of bits in the FDC depends on the transmission rate of the facsimile signal. Table 2
provides the total number of bits of an FDC, for the different bit rates listed in Table1l and
considering the error protection scheme for V.21 signals (300 bit/s).

Table 2/G.766 — Facsimile data channel length

Facsimiletransmission rate Nominal number of bits FDC length
(kbit/s) in DCME frame (bits)
R | (2% R) l(2xR)+2
14.4 28 30
12.0 24 26
9.6 19 21
7.2 14 16
4.8 9 11
2.4 4 6
0.3 (Note) 1 6
R Rate in kbit/s (new modems) where the maximum limit is anticipated to be in the range of
24 kbit/s.
I () Integer part of a number.
NOTE — Facsimile transmission rate of 0.3 kbit/s is a special case for which the formula does not
apply.

8 Recommendation G.766  (11/96)
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Figure 3/G.766 — Facsimile data channel

5.2 Facsimile module frame

The FDCs of the various trunks are arranged in a contiguous sequence. Such a sequence, preceded by
the Facsimile Control Channel (FCC), constitutes the facsimile module frame (see Figure 4). The
FCC is a 21-hit block which, among other functions, describes the frame structure. The facsimile
module frame is assembled every 2 ms, and its content may change from one 2-ms period to the next.
The facsimile data associated with a specific IT can only be located in the frame by decoding the
contents of the FCC.
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FEC is aways applied to the FCC. FEC may be optionally applied to the entire facsimile module
framein blocks of 21 consecutive bits. The application of FEC adds 11 additional bitsto 21 data bits,
changing a 21-bit block into a 32-bit block (see 5.1). The length of the facsimile module frame
should be such that after the application of FEC (to the FCC only or to the entire frame depending on
the option selected), an even integer number of 32 blocks is obtained. This may require that dummy
bits be appended to the end of the frame, as shown in Figure 4. At most, 63 (31 + 32) dummy bits
would be required to meet the above requirement. However, additional blocks of 32 dummy bits may
be added to accommodate, without delay, a possible sudden traffic increase. The total number, m, of
32-bit blocks, determines the transmission capacity requirement (see 6.1.3).

Frame length (p-bits)

« 21 bits e Facsimile data channels >
P Used for demodulated bits P Frame
N i filling
Fax
control
channel
—» T1522190-96
IT No. IT, IT, IT, IT,

1Ty < IT, < IT, .. I T,

Figure 4/G.766 — Facsimile module frame

5.2.1 Facsimile control channel

The Facsimile Control Channel (FCC) is provided for the transmission of frame description
messages, facsimile call control codes and auxiliary information. The structure of the FCC is shown
in Figure 5. This 21-bit block is divided into two parts, namely the IT field (9 bits) and the message
field (12 bits). The use of the FCC is addressed in clause 7.

IT fidd Message field®
(9 bits) (12 bits)

T1507190-92

3 Message field structure specified in clause 7.

Figure 5/G.766 — Facsimile control channel
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53 Facsimile blocks

A facsimile block is a 32-bit block, consisting of either:

a) 21 contiguous bhits of the facsimile module frame, with the addition of 10 FEC check bits
and 1 dummy bit; or
b) 32 contiguous bits of the facsimile module frame.

Cases @) or b), respectively apply when FEC is either used or not used. The first 21 bits of the
facsimile module frame (i.e. the FCC) are always FEC encoded. The remaining part of the frame
(i.e. the facsimile data) may be FEC encoded depending on the operator selection.

Regrouping the bits of the facsimile module frame in accordance with the definition of facsimile
blocks, given above, results in the facsimile block structure illustrated in Figure 6. Note that, because
of the considerations discussed in the previous clause, the number of facsimile blocks is m. The
facsimile blocks are numbered, from 1 to m, with lower numbered blocks containing the facsimile
data associated with the lower number ITs. The FCC is entirely contained in facsimile block 1.

< FCC . Data -
Block 1 Block 2 Block 3 Block m
|
|
|
|
Inffo ' Check 32 hits .
bits 1 bits g
|
|
|
|
T1507200-92
21 bits 10 bits Dummy bit meven

Figure 6/G.766 — Facsimile blocks

5.3.1 FEC encoding

The FEC encoding scheme uses a double error correcting BCH (Bose, Chaudhuri and Hocquengham)
code of length 31, of minimum distance 5. The code is applicable to blocks of 21 information bits.
The generator polynomial for this codeis:

GX)=1+x+xX+x +xX+x +x°

5.4 Facsimile transport channels

To every DCME frame, the facsimile data interface delivers m facsimile blocks to the DCME. The
facsimile blocks are transported by special 32-kbit/s channels defined as Facsimile Transport
Channels (FTC). The procedure for mapping the facsmile blocks onto the FTCs is shown in
Figure 7. The figure shows that the bits of a block are inserted in an FTC at the rate of 2 bits per
PCM frame, so that, in 16 PCM frames (2 ms) all the bits of the block are transmitted. This
interleaving of the two blocks on one FTC provides protection against burst error events which could
affect al 4 bits of the FTC but only 2 bitsin any one facsimile block.
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1 2 32 1 2 32 1 2 32
Block1 > ,,,,,, j(n) =bitjof blockn > ,,,,,,,,,,,,,,
1 1| 13 31) 1] 30) 31(1) || | 3109
20 | | 203 s | a0 32(1) 32(3)
1(2) 1(4) 3(2) 3(4) 31(2) 31(4)
} 2(2) 2(4) } 4(2) 4(4) B ‘ o } 32(2) 32(4) ‘
FTC1 FTC?2 FTC1 FTC2 FTC1 FTC?2

% PCM frame No. 1 PCM frame No. 2 % % PCM frame No. 16 %

T1507210-92

Figure 7/G.766 — Facsimile transport channels

The FTC are numbered, FTC 1 transporting blocks 1 and 2, FTC 2 transporting block 3 and 4, etc.
The number of FTCsrequired to transmit the m facsimile blocksis /2, since each FTC can transport
two blocks. Note that FTC 1 always carries the FCC. Note also that the FTCs are transported in the
DCME bearer frame, by "fax banks" (see clause 11). FTC 1 is mapped to the first leftmost fax bank
in the DCME bearer. FTC 2 is mapped to the second leftmost fax bank, etc. The last FTC is mapped
to the rightmost fax bank (see Figure 8).
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1) 13 31(1) 31(3)
20) | | 23 20 | | 320
1(2) 1(4) 31(2) 31(4)
} 2(2) 2(4) } } 32(2) 32(4) }
\ \ ... \ \ \ .. \
FTC:I\. FTC2 FTCk FT\Cl FT\CZ FTCk
% PCM frame No. 1 % PCM frame No. 16
cc
BC1 BC 61
k fax banks
cc
BC1 BC 61
T1507220-92
k fax banks
Figure 8/G.766 — Mapping of FTCs to fax banks
6 Facsimile module controller

The Facsimile Module Controller (FMC) performs a supervisory and control function for the entire
module and acts as a gateway for all communication with the external environment. The FMC can be
conceptually represented (see Figure 9), as the combination of a common outer process, called the
Common Control Function (CCF), and an inner process, caled the Facsimile Channel Handler
(FCH). There are as many FCH processes as there are facsimile calls. A formal description of the
FMC isprovided in Annex B. There are as many CCF processes as there are cliques (see 2.27/G.763)
handled by the DCME, i.e. one in single destination mode and two in multi-clique mode.

6.1 Common control function

The Common Control Function (CCF) performs a communication function and a resource
management function. External communication is with the DCME, other facsimile module blocks,
and with the remote facsimile module(s). The resources managed are modul e processes/hardware and
capacity. A schematic representation of the CCF and the blocks it interacts with is shown in Figure 9.
A complete definition of the signals exchanged among the blocks and the environment is provided in
Annex B.
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Demodulation
CCF
Fax
ADF FCH assembler/
disassembler
FMC
Remodulation T1507230-92

Figure 9/G.766 — FMC structure and interfaces

6.1.1 Communication with the ADF

The CCF exchanges information with the Hangover control and Signal Classification (HSC) and the
Resource management and Assignment Generation (RAG) processes of the DCME via the facsimile
control interface. The HSC messages processed by the CCF are Data(IT), for the classification of the
call as a potential facsimile call, and Datalnact(IT), Voice(IT), Rx_data(IT) or Transp(IT) for the
detection of termination of the facsimile call. The CCF provides two messages to the HSC. The first
message forces an "inactive" declaration for the IT (this disables DSI/ADPCM processing of the IT).
The second message removes this condition.

The messages provided to the RAG place requests for the creation/deletion of a fax bank in the
DCME bearer.

The CCF aso communicates with the O&M system.

6.1.2 Other communication functions

The CCF relays messages between the FCH and the signal analyser (WA approach), the modulators,
demodulators and the associated switches (see Figure 11). The CCF also relays messages between an
FCH and its peer process in the remote facsimile module. The CCF provides HSC messages to the
FCH indicating the termination of the facsimile call.

6.1.3 Capacity management

The task of requesting and releasing facsimile banks resides with the CCF. The number, n, of
facsimile banks needed depends on the number m (see 5.2) of facsimile blocks in the facsimile
frame, i.e. from the selected frame length. The relationship between n and mis the following:

n=m/2

At the beginning of operation, m shall be set to 2, i.e. one facsimile bank shall be requested. This
facsimile bank will carry the facsimile control channel and one additional facsimile block. More
facsimile banks shall then be requested, one at atime, in order to accommaodate the selected facsimile
frame length.
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The traffic content of the frame varies dynamically because the number of calls in progress changes
and because each call transitions independently through different stages of the call procedure, often
with different amounts of transmitted data. It is desirable that these short-term variations do not
cause frequent requests for assignment and deletion of the facsimile banks. The margin built into the
frame length should be large enough to accommodate without delay a sudden traffic increase and yet
not cause an excessive reduction of the frame efficiency?.

Reduction in the facsimile traffic will cause m to be reduced from its current value to a lower value,
with the consequent release of facsimile banks (one at atime).

6.1.4 FCH management

Upon reception of aData(lT) or a Rx_data(l T) message from the ADF, the CCF shall create an FCH
for that IT and the IT shall be entered in the list of facsimile ITs. Upon reception of a CONNECT(IT)
message from the corresponding FCH and the IT is not in the list of facsmile ITs, the CCF shall
create an FCH for that IT and pass the CONNECT(IT) message to the FCH. The IT shall be entered
inthelist of facsimile ITs. If remodulator/demodulator resources are not available, the FCH shall not
be created.

When the Terminate(I T) message is generated by an FCH, its associated IT shall be deleted from the
list of facsimileITs.

6.1.5 Demodulator/remodulator pool management

If a shared pool approach is implemented, the CCF will be responsible for the assignment of the
demodulator/remodulator to each FCH, as needed. At creation of the FCH a "complete" set of
demodulators/remodulators should be allocated to the FCH. When the FCH terminates, the
associated demodul ator/remodul ator resources are released to the pool.

6.2 Facsimile Channel Handler (FCH)

The FCH is a process that monitors the facsimile call, determines the call parameters, and generates
control information for demodulators, remodulators and associated devices. There is interactive
communication between the two FCH processes handling the call at the two ends of the link. All
FCH communications are viathe CCF.

The FCH process for an IT is created by the CCF when the Data(IT) message or the Rx_data(IT)
message is received from the HSC process. The FCH associated with either the called end or the
calling end may be required to operate in a transmit (Tx) or receive (Rcv) mode (direction of page
transmission or reception), depending on whether polling is used.

The Tx FCH must decide whether demodulation of the facsimile call can take place. The criterion for
the decision is whether the Tx FCH has the capability and the resources (demodulators) to handle the
call and whether the remote facsimile module has available the corresponding remodulators (this
information is provided to the Tx FCH). If the facsimile call cannot be demodulated it will be routed
viathe 40 kbit/s ADPCM channel (the call continues to be monitored by the FCH until completion).

In clause 4, two different facsimile compression approaches were introduced, the Protocol Analysis
(PA) approach and the Waveform Analysis (WA) approach. Correspondingly, there are two types of
FCH, the PA FCH and the WA FCH. Both can be in either Tx or Rcv modes. The Tx and Rev FCH
can, in turn, be in either a normal mode (demodulation and remodulation is used) or in the ADPCM
mode.

1 An optimized procedure for the selection of the facsimile frame length and the request/release of the
facsimile bank should be employed.
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In a PA FCH, operating in the normal mode, there is the possibility for the FCH of being either in
standard facilities T.30 mode (SF-T.30) or in a non-standard facilities T.30 mode (NSF-T.30).

Figure 10 shows the possible progression paths for the PA and WA FCH processes. To permit
interworking, compatibility must be ensured for al paths. There are 14 basic interworking

configurations, as shown in Table 3.

ADPCM

SF-T.30
callin
) NSF-T.30
Pre-fax .~ Polling
NSF-T.30
Called
SF-T.30
ADPCM
PA FCH

SF-T.30  Standard facilities T.30 protocol
NSF-T.30 Non-standard facilities T.30 protocol

Tx fax demodulation

Q O ADPCM

Fax demodulation SF-T.30
and NSF-T.30 (Tx/Rcv)

Rcv fax demodulation

T1507240-92

WA FCH

Figure 10/G.766 — Progression paths for the PA FCH and the WA FCH protocols

The general FCH protocol requirements are addressed below. The application of the protocol to a
comprehensive set of interworking cases is analysed in Annex A.

Table 3/G.766 — Interworking FCH configurations

Calling - called FCH

Call type PA - PA PA - WA WA - PA WA - WA
SF-T.30
matched resources 1 2 3
NSF-T.30 4
matched resources 5 6 7
SF-T.30
unmatched resources 8 9 10
(ADPCM)
NSF-T.30 11
unmatched resources 12 13 14
(ADPCM)
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6.2.1 FCH requirements

In both the PA and the WA approaches, control codes are sent to and received from the
corresponding FCH to exchange information necessary for the demodul ation/remodulation process.
The information provided by the control codes is the following:

1) activation of the demodulated path;

2) allocated remodulator resources;
3) contents of the facsimile frame;
4) start/end and frequency of echo protection tones;

5) start of training sequence, type, modulation type and bit rate;
6) call transfer to the ADPCM channdl;

7) acknowledgement of certain messages,
8) refreshment of previous messages,
9) termination of the call.

In addition to decoding the control codes, the PA FCH, when handling a T.30 call, reads and
Interprets the procedural messages exchanged between the communicating facsimile terminals. The
messages transmitted by the local facsimile terminal are obtained by demodulating the low-speed
voiceband signal. Those originated by the distant terminal are received in digital form in the
facsimile frame.

Using the message information, the PA FCH keeps track of the state of the SF-T.30 call and obtains
the necessary information to control the demodulators, remodulators and associated devices.

The FCH of the WA type does not read the procedural signals of the facsimile calls and, therefore,
does not keep track of the progress of the call through its different states. On the transmit side, the
method relies entirely on local signal analysis. The Rcv mode WA FCH, unlike the PA FCH, obtains
information on the modulation type and rate from a control code [see 6.2.1, item 5) above]. In the
WA approach there is no difference between an SF-T.30 and a NSF-T.30 call.

The NSF-T.30 mode of operation of the PA FCH is not specified. Its principle of operation is based
on recognizing the NSF-T.30 protocol identification code, interpreting the information exchanged
between the facsimile terminals and demodul ating/remodul ating the facsimile signals accordingly.

6.2.2 FCH protocol

The specification for the FCH protocol is provided below as a list of procedural steps. A notation
placed next to each step number indicates a significant event which may occur in that step. The
requirements associated with each step are provided separately for the two sides of the link. The
requirements listed apply to both the PA and WA FCH, except where noted. The symbols { PA} and
{WA}, at the beginning of a paragraph, indicate that the requirement applies only to the PA FCH or
to the WA FCH, respectively. Message field structure and variables are defined in clause 7.

Step 1 (Initial state) — Called side

The called side FCH for an IT is started at the reception of the Data(lT) message from the HSC
process or the RxData(lT) message from the Receive channel status Update and overload channel
Decoding (RUD) process. The initial state, entered by the FCH at creation, is referred to as the
pre-fax state. If the FCH remains in the pre-fax state for more than 15 seconds, the terminate(IT)
message shall be sent to the CCF and the FCH shall terminate.
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Step 1 (Initial state) — Calling side

The calling side FCH for an IT is started, in the pre-fax state, at the reception of the Data(IT) or
RxData(IT) messages. If the FCH remains in the pre-fax state for more than 15 seconds, the
terminate(l T) code shall be generated and the FCH shall terminate.

Step 2 (DIS) — Called side

The called side FCH monitors the IT in order to detect the High level Data Link Control (HDLC)
flags of the V.21 signal (DIS) received from the local called side facsimile terminal (the transmission
of the signal through the DCME is via the ADPCM path). Upon detection of eight flags, the called
side FCH shall enter the called state and the CONNECT code shall be sent to the remote calling FCH
process. Together with the CONNECT code, the "resource list" (allocated remodulators) shall be sent
to the remote calling FCH. The response to the CONNECT code is the RESOURCE code (see step 2,
caling side). Failure to receive this code within three seconds shall result in generation of the
DISCONNECT code and termination of the FCH process.

{WA} The called side FCH shall assign a waveform analysis unit to the IT in order to detect and
classify the facsimile signals (the unit could be time-shared among different ITs on an as needed
basis).

Upon termination of the V.21 signal (DIS), a SWITCH_TO_DEMOD code shal be sent to the
remote calling FCH. The FED buffer (see Figure 2) shall be inserted in front of the demodulated path
and the IT shall be switched to the digital path (the demodulator/remodulator path).

Step 2 (DIS) — Calling side

Upon reception of the CONNECT code, the calling side FCH shall enter the calling state and shall
transmit the RESOURCE code (containing the resource list). Upon reception of the
SWITCH_TO_DEMOD code, the FED buffer shall be inserted in front of the demodulated path and
the IT shall be switched to the digital path.

{WA} The calling side FCH shall assign a waveform analysis unit to the IT in order to detect and
classify the facsimile signals (the unit could be time shared among different ITs on an as needed
basis).

Step 3 (DCS) — Calling side

Upon reception of a V.21 signal from the local calling side facsimile terminal, the calling side FCH
shall assign a V.21 demodulator to the IT, send the SIGNALLING code (indicating the presence of
the new facsimile data channel in the facsimile frame), and insert the demodulated bits into the
allocated data channel. This action will continue until termination of the V.21 signal, at which time
the IDLE code shall be transmitted to indicate the removal of the facsimile data channel from the
facsimile frame. (The function of the IDLE code may be combined with the path switching function
and performed by the SWITCH_TO_ADPCM code. See below.)

V.21 signals are passed transparently even when errors are detected [e.g. cyclic redundancy check
(CRC) failure]. HDLC zero stuffing is also passed transparently.

{PA} Upon termination of the V.21 signal, the calling side FCH shall decode the received V.21
message and take consequent action. Three possible cases, corresponding to the messages DTC, DCS
and NSS, are addressed separately below.

DTC - This is the polling message, meaning that the called side will be the transmit side. In
this case, the calling side FCH shall enter the Rcv mode and remove the FED buffer
from the demodulated path.
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DCS - In this case, the calling side FCH shall enter the Tx mode (the FED buffer shall be
kept). The calling side FCH shall decode the modulation and rate of the call from the
DCS message and determine whether demodulation/remodulation is possible from
knowledge of the available local demodulators, and remote remodulators exchanged in
step 2. If demodulation/remodulation is not possible, the SWITCH_TO_ADPCM code
shall replace the IDLE code at the termination of the demodulated DCS signal. The
IT path, with the FED buffer inserted, shall be switched to ADPCM, and the calling
side FCH will enter the ADPCM mode.

NSS - This code indicates a non-standard protocol. If the calling side FCH recognizes the non-
standard protocol as one it can handle, and if appropriate demodulator and remodulator
resources are available, the calling side FCH shall enter the appropriate Tx NSF-T.30
mode. If any of the above conditions are not satisfied, the SWITCH_TO_ADPCM code
shall replace the IDLE code at the termination of the demodulated NSS signal. The
IT path, with the FED buffer inserted, shall be switched to ADPCM, and the calling
side FCH will enter the ADPCM mode.

Step 3 (DCS) — Called side

The called side FCH shall select a V.21 remodulator and the V.21 data extracted from the facsimile
data channel shall be transmitted to the local facsimile terminal. If the code received at termination of
the V.21 data is SWITCH_TO_ADPCM, the IT path shall be switched back to ADPCM and the
calling side FCH will enter the ADPCM mode.

V.21 signals are passed transparently even when errors are detected (e.g. CRC failure). HDLC zero
stuffing is also passed transparently.

When the V.21 data is not received for three seconds, the called side FCH may transmit a flag
sequence to the local facsimile terminal to prevent expiration of the link timer. This option may be
used throughout the FCH procedure.

{PA} If the SWITCH_TO_ADPCM code is not received, the called side FCH shall decode the
demodulated V.21 message (zero stuffing is removed) and take consequent action. Three possible
cases, corresponding to the DTC, DCS and NSS messages are addressed separately below.

DTC - This is the polling message, meaning that the called side will be the transmit side. In
this case, the FCH shall enter the Tx mode and the FED buffer shall be inserted in front
of the demodulated path.

DCS - In this case, the called side FCH shall enter the Rcv mode. The FCH shall read the
modulation and rate of the call from the DCS message for later use.
NSS - When the called side FCH recognizes the NSS code, the call side FCH shall enter the

Rcv NSF-T.30 mode.

Step 4 (EPT) — Transmit side

Upon detection of an Echo Protection Tone (EPT) and its frequency (f), the transmit side FCH shall
generate the EPT(f) code for the remote receive side FCH. The tone frequency, f, and level shall be
provided with the code as defined in Table 7. Upon termination of the tone, the transmit side FCH
shall generate the EPT_END code.

Step 4 (EPT) — Receive side

Upon reception of the EPT(f) code from the remote transmit side FCH, the receive side FCH shall
generate the echo protection tone of frequency f and level in accordance with Table 7. Upon
reception of the EPT_END code, the receive side FCH shall cease transmission of the tone.
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Step 5 (Training sequence) — Transmit side

Upon detection of a high speed signal, if no echo protection tone was received as part of this burst
then the code LEVEL shall be transmitted prior to the code TRAINING.

{PA} Upon detection of a high speed signal (i.e. other than V.21). The transmit side FCH shall
generate the code TRAINING (mode, rate, long). The parameters mode, rate and the Boolean
variable "long" indicate the modulation type, the modulation rate, and whether the training sequence
is long or short (note that for V.17 modulation, the training sequence is long before the training
check and short before page data). The values of the parameters included in the TRAINING code are
obtained from the DCS message (or from codes in the NSF-T.30 protocol).

{WA} Upon detection of a high speed signal, the FCH shall enter the transmit mode and the FED
buffer shall be kept. Upon detection and classification of the training signal, the transmit side FCH
shall generate the code TRAINING (mode, rate, long). The parameters mode and rate are determined
by signal analysis. In some cases (long training sequence), rate information will not be available and,
therefore, it will be set to "unavailable" in the message. The variable "long" shall aways be set to
FALSE. If the signa analysis later determines that a long training sequence is being received, the
code LONG_TRAINING (rate), with appended rate information, shall be generated by the transmit
side FCH.

The delayed version of the training sequence (delayed by the FED buffer) shall be used to train the
selected high speed demodulator.

Step 5 (Training sequence) — Receive side

Upon reception of the code TRAINING (mode, rate, long), generation of a training sequence of the
required modulation type, modulation rate, and length shall be started by the receive side FCH at a
level consistent with Table 7 based on the level field of the EPT or LEVEL codes.

{PA} The parameters of the training sequence are obtained from the DCS code or from codes in the
NSF-T.30 mode. If the code LONG TRAINING isreceived, it shall be ignored.

{WA} Upon reception of the code TRAINING, the FCH shall enter the receive mode. The FED
buffer shall be removed from the demodulation path. The parameters (mode, rate, long) of the
training sequence are obtained from the received TRAINING code. If the code LONG_TRAINING is
received from the remote transmit side FCH while the training sequence (short) is being generated,
the sequence shall be extended (i.e. changed to along sequence) by the receive side FCH, using the
rate indicated in the LONG_TRAINING (rate) code.

Step 6 (Training check/page data) — Transmit side

When data bits are output by the selected high speed demodulator, the FAX_DATA code shall be
generated by the transmit side FCH to indicate the presence of the new facsimile data channel in the
facsimile frame, and the data bits shall be inserted in the data channel. This will continue until
termination of the data, at which time the IDLE code shall be transmitted to signal the removal of the
facsimile data channel from the facsimile frame.

Page data shall be transmitted unscrambled. The fill bits for incomplete or empty facsimile channels
shall be"1".
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Step 6 (Training check/page data) — Receive side

When data bits for an IT are received in the facsimile frame, as signalled by the FAX_DATA code,
the data extracted from the allocated facsimile data channel shall be provided to the selected high
speed remodulator for transmission to the local receive facsimile terminal. The modulated data shall
follow the regenerated training sequence without any gap. Transmission of the data will continue
until reception of the IDLE code for the IT.

Step n (Disconnection) — Originating side

When the signal Voice(IT) or Transp(IT) is received from the HSC process of the DCME, the
disconnection process shall be started. When the signal Datalnact(IT) is received in the transmit
mode, the disconnection process shall also be started.

{PA} When the DISCONNECT (DCN) message generated either by the local or remote facsimile
terminal, is detected, the disconnection process shall be started.

The disconnection process requires transmission of the DISCONNECT code to the remote FCH,
switching of the IT path to ADPCM and termination of the FCH.

Step n (Disconnection) — Notified side

When the DISCONNECT code is received, the IT path shall be switched to ADPCM and the FCH
process shall terminate.

6.2.2.1 Examplesof the FCH protocol

Figure 11 provides an example of an FCH functional decomposition. Table 4 is an example of FCH
interworking using the functional decomposition of Figure 11 for the WA-PA configuration where
PA is the calling side. The EPT and the high speed data transmission phases are not included in
Table 4.

2 The disconnection process may originate from either side of the connection.
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Figure 11/G.766 — An example of FCH functional decomposition

Table 4/G.766 — An FCH interworking example
using the FCH functional decomposition of Figure 11

(Called) WA (Calling) PA Path
s|s|s|{s|S|s|s|s|s|S|1|2]|] 3| 4| 5| 6| 7| 8
112|134 (T|1|2(3|4]|T

2100 Hz tone alblala|P|la|a]|ala d |t t
(WA action) F ajlo 0
X t | n n
ale e
Start of DIS albla|b|Cla|blala]|P|d|D C D
(WA action) L Fla |l N |
D X|t |S C S
a
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Table 4/G.766 — An FCH interworking example
using the FCH functional decomposition of Figure 11 concluded)

(Called) WA (Calling) PA Path
s|s|s|s|S|fs|{s|s|s|S|1|2| 3| 4| 5| 6] 7| 8
1|12|3[(4|T|1|2|3|4]|T

Start of DIS alb |a Clajblala|C|d|D R D
(PA action) L Lla |l S |
D G|t |S C S
a
End of DIS b|blb|[b|Cl|la|lb|la|a|C|d|D S D
(WA action) L Lla |l W |
D G|t |S D S
a
End of DIS b|b|b{b|C|b|b|b|b|C|d|D D
(PA action) L Lla|l |
D G|t |S S
a
DCS b|b|b|{b|C|b]|b|b|b]|C S|D D
(PA action) L L | | C C
D G G|S S
DCS b|b|b|{b|C|b]|b|b|b|T [ D
(WA action) L X D C
D L S
Training b|b|b|{b|C|b]|b|b|b|T T
(PA action) L R
D N
Training alala|b|R|b|b|b b |T T
(WA action) C X R
\% N
Disconnect alala|b|Rlala|a|a|T D
(PA action) C X S
\% C
Disconnect alalala|R|lalal|la|a|T D
(WA action) C X S
\ C
Disconnect aja|aja ala|a]|a
(WA and PA action)
ST, PEX, CLD, CLG, TX, RCV  State, Pre-Fax, Called, Calling, Transmit, Receive
CNC, RSC, SIG, IDL CONNECT, RESOURCE, SIGNALLING, IDLE
TRN, DSC, SWD TRAINING, DISCONNECT, SWITCH_TO _DEMOD
sl,s2,33,s4,a b See Figure 11.

6.2.2.2 SDL representation of the FCH protocol

The FCH protocol for the PA case can be modelled as a state machine and represented by means of
Specification and Description Language (SDL) diagrams. The SDL representation of the PA standard
facility T.30 protocol is given in Annex B and provides a more detailed description. The
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SDL representation of WA FCH is not provided since this protocol is adequately described in a text
only form.

7 Use of the facsimile control channe

The facsimile control channel (see 5.2.1) consists of a 9-bit IT field and a 12-bit message field. The
21-bit FCC is transmitted once per DCME frame (2 ms). The value of the IT field defines ITs
numbered from 1 to 511. The numbering range from 1 to 216, the "normal" range, is used to
designate traffic trunks. The "special range”, from 500 to 511, is reserved for inter-module functions.

The value 0 in the IT field applies collectively to all facsimile ITs and it is used, together with its
associated message field, to indicate whether the facsimile frame is FEC encoded.

7.1 Message field structure

When the IT isin the normal range, the 12-bit message field (see Figure 5) is structured into a 4-bit
"message ID" part and an 8-bit "message content” part. The message ID defines either a single
control code with appended parameters, such as TRAINING (long, mode, rate), or a group of codes
without appended parameters.

The structure of the message content part depends on the message ID. The different structures are
shown in Figures 12 and 13. Note the 4-bit signal level field, used to transmit the input signal level
encoded through a 16-level quantizer (requirement in Table 1).

The specific bit patterns assigned to the various codes of the message content part of the FCC are
provided in Tables5 through 8.

When the IT number is 0, the message field consists of either 12 binary "1"s or 12 binary "0"s. The
all "1"s message indicates that FEC is applied to the facsimile frame. The all "0" message indicates
that the FEC is not used.
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Code Message ID _ Message contents
Long Modulation: Rate
TRAINING 0 0 a a b c a b c
Reserved Rate
LONG_TRAINING 0 0 0 0 0 0 a b c
(For further study)
V_FAST 0 1 a b c d e g
1 2 3 4 @ 5 6 : 7
Modulators
CONNECT 0 1 a a a a a a a
FECON IT=0 1 1 1 1 1 1 1 1 1
FEC OF IT=0 0 0 0 0 0 0 0 0 0

NOTE - The bit designations a, b, ... are defined for each field of the FCC message independently.

Figure 12/G.766 — Structure of FCC messages — Part 1
(See Tables 5 to 8)
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Code Message ID Message contents

<—MesgelD——. 1 . , 3 .4 .5 :6 :7 : 8

T
Modulators

RESOURCE 0 1 0 0 a a a a a a a a
< Message D f Reserved Level

EPT 0 1 0 1 a b 0 0 a b c d
<—Message ID Codefield Level

MISC_CODES 1 o | 1| 1]0|a|b|c|d]|al|lb|c/|d
< Message D Codefield Level

MISC_CODES 2 0 1 1 1 a b c d a b c d

T1522230-96
NOTE - The bit designations a, b, ... are defined for each field of the FCC message independently.

Figure 13/G.766 — Structure of FCC messages — Part 2
(See Tables 5 to 8)
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Table 5/G.766 — Training message: Code list
(See Figure 12)
"Long" field

Bita Meaning
0 False
1 True

"Modulation" field

Bita Bitb Bitc Meaning
0 0 0 V.17
0 0 1 V.21
0 1 0 V.27 ter
0 1 1 V.29
1 0 0 V.33

"Rate" field

Bita Bitb Bitc Bitd Meaning
0 0 0 0 "Unavailable"
0 0 0 1 300 hit/s
0 0 1 0 2 400 bit/s
0 0 1 1 4 800 hit/s
0 1 0 0 7 200 bit/s
0 1 0 1 9 600 bit/s
0 1 1 0 12 000 bit/s
0 1 1 1 14 400 bit/s

Table 6/G.766 — Connect/resource message: Code list

Mod. 1
V.21
Bita

Mod. 2
V.27
Bita

Mod. 3
V.29
Bita

(See Figures 12 and 13)
"Modulator" field
Mod.4 | Mod.5 | Mod. 6
V.17 V.33 <
Bita Bit a Bita
1 1 0
0 0 0

Mod. 7
Reserved
Bit a

Mod. 8

Bit a

Meaning

Available
Not available
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Table 7/G.766 — EPT message: Code list

(See Figure 13)
"Frequency" field
Bita Bitb  Meaning
0 0 1700 Hz
0 1 1800 Hz
"Level" field
Demodulator input Bita Bitb Bitc Bitd Remodulator output
p (dBmO) p (dBmO)
-13<p 0 0 0 0
-15<p<-13 0 0 0 1
-17<p<-15 0 0 1 0
-19<p<-17 0 0 1 1
-21<p<-19 0 1 0 0 To be determined by the
operator
-23<p<-21 0 1 0 1
-25<p<-23 0 1 1 0
—27sp<-25 0 1 1 1 Default level of =17 dBmO
-29< p< -27 1 0 0 0 suggested (Note 1)
-31<p<-29 1 0 0 1
-33<p<-31 1 0 1 0
-35<p<-33 1 0 1 1
-37<p<-35 1 1 0 0
-39< p<-37 1 1 0 1
p<-39 1 1 1 0
Level not measured 1 1 1 1
NOTE 1 — The receive demodulator input level may not be constant throughout the call;
however, the selected level for the remodulated echo protection tone, training and data
signals shall be equal and remain the same throughout the call.
NOTE 2 — Precautions shall be taken to ensure that the demodulator input is not sensitive to
the echo received from its local end hybrid.
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Table 8/G.766 — Miscellaneous codes message: Code list

(See Figure 13)
a) Miscellaneous Codes No. 1
"Code" field
Bit a Bitb Bitc Bit d Code
0 0 0 0 SWITCH_TO_ADPCM
0 0 0 1 END_EPT
0 0 1 0 SIGNALLING
0 0 1 1 IDLE
0 1 0 0 FAX_DATA
0 1 0 1 LEVEL
0 1 1 0 SWITCH_TO_DEMOD
"Level" field
Asfor EPT message (see Table 7)
b) Miscellaneous Codes No. 2
"Code" field
Bit a Bitb Bitc Bit d Code
0 1 0 1 DISCONNECT

7.2 Message transmission procedure

Since independently originated messages may compete for transmission over the FCC, queuing is
necessary. A priority system shall be used, giving the highest priority to messages that affect the
critical time gaps of the facsimile call (see 8.2). The priority list for the FCC codes is provided in
Table 9.

Table 9/G.766 — Priority list for FCC codes

Priority 1 Priority 2 Priority 3
MISC_CODES 1 MISC_CODES 2 FEC_ON
TRAINING Service channel message FEC OFF
V_FAST
LONG_TRAINING
CONNECT
RESOURCE
EPT
LEVEL

Transmitted messages shall be "refreshed" (e.g. repeated). The ITs logged in the list of
"facsmile ITs" shall be refreshed, when permitted by the queuing system, from the low to the high
numbers, in acyclical fashion. The IT number O isaways included in the facsmilelist.

If a message indicates a change in the facsimile frame (i.e. the appearance or disappearance of a
facsimile data channel), the change shall be implemented three frames after the frame in which the
relevant control code is transmitted as shown in Figure 14.
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Framen Framen+1 Framen + 2 Framen+ 3

T T1507280-92

A
A 4

FCC message Implementation

Figure 14/G.766 — FCC codes implementation timing

7.3 Service channel

The service channel is a channel established, on an as needed basis, for communication among the
corresponding modules of a DCME link. The "special range" IT numbers (see clause 7) are used for
this function.

When communication is needed, the message with the appropriate IT number, will be inserted in the
gueue for the FCC and transmitted as permitted by the status of the queue and the priority selected.

The service channel I Ts shall not be refreshed.

The message field associated with a service channel IT is structured in a4-bit message ID part and an
8-bit message content part. The information exchanged via the service channel is defined in
Table 10.

Table 10/G.766 — Service channel messages

M essage IT No/ID M essage content
Error count 500/0000 Destination A error count
500/0001 Destination B error count
500/0002 Destination C error count
500/0003 Destination D error count

NOTE 1 — Other service channel messages are for further study.
NOTE 2 — See 10.3 for the error count definition.

8 Timing and delay requirements

8.1 Clock differ ence compensation

8.1.1 Demodulator side

The timing of the incoming facsimile data is controlled by the transmitting facsimile terminal clock,
which has an accuracy requirement of 1 x 10, The timing of the demodulated data transmitted in
the facsmile frame is controlled by the DCME clock (see 13.1.1/G.763). The mechanism for
compensating the clock rate differences is the use of stuffing bits in the facsimile data channels
(seeb.1).
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8.1.2 Remodulator side

The timing of the facsimile data extracted from the facsimile frame, after bit destuffing, is controlled
by the transmitting facsimile terminal clock. The timing of the remodulated data transmitted to the
local facsimile terminal is controlled by the modulator clock. The modulator clock is either the
DCME clock or avariable clock.

If the DCME clock is used, a dip buffer of at least 200 ms is required to absorb the cumulative
effects of the clock differences over the time of a page transmission (for an assumed high density,
normal length page, transmitted at 9.6 kbit/s with a 1 x 107 clock accuracy). The buffer will be
started at its central point at the start of each transmission block.

If the variable modulator clock approach is selected, the clock rate shall be adjusted to keep the
accumulated excess bits (or shortage of bits) within narrow limits at all times. This will permit the
use of asmall buffer and accommodate pages of any length.

8.2 Critical time gaps of the T.30 signals

In the T.30 protocol, there are time gaps between certain consecutive signals that are required to be
kept within a specified tolerance. Specifically, there is a requirement of a gap of 75 ms+20 ms
between the end of certain low speed signals (e.g. DCS) and the start of the following high speed
signal (EPT or training). There is the same requirement between the end of certain high speed signals
(e.g. page data) and the start of the following low speed signal [e.g. End-of-Procedure (EOP)].

The constraint placed on the facsimile compression function is that the combined action of the
demodulator side module and the modulator side module should not shorten the critical gaps but
could extend them by additional interval of up to 40 ms.

Another requirement of the facsimile transmission protocol is that there should be no gap between
the end of the training sequence and the beginning of the data. The gap between the EPT and the
training sequence is 20 to 25 ms. The task of ensuring that these requirements are met is assigned to
the remodulator side module.

8.21 Demodulator siderequirements

For the demodulator side module, the following requirements apply:

1) The gap between DCS and EPT/training shall not be shortened and, if extended, it shall not
be increased by more than 20 ms. This requirement applies whether path switching to
ADPCM occurs or does not occur during the time gap.

2) The gap between image data and EOP shall not be shortened and, if extended, it shall not be
increased by more than 20 ms.

3) The delay in the demodulator shall not exceed 220 ms.

8.2.2 Remodulator siderequirements

1) The gap between DCS and EPT/training shall not be shortened and, if extended, it shall not
be increased by more than 20 ms. This requirement applies whether path switching to
ADPCM occurs or does not occur during the time gap.

2) The gap between image data and EOP shall not be shortened and, if extended, it shall not be
increased by more than 20 ms. For the remodulator side module, the following requirements
apply:

Note that, to meet the gap requirement between the data signal and EOP, if adlip delay buffer is used

(see 8.1.2), adelay buffer must also be used in the EOP path. This buffer must be set to adelay value
equal to the delay the dlip buffer introduced in the high speed path at termination of the image signal.
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The nominal delay on the remodulator side shall not exceed 120 ms. If a dip buffer is used, the
average delay value must be assumed in the determination of the nominal delay.

The remodulator side module shall introduce no gap between the end of the training sequence and
the beginning of the data. The gap between the EPT and the training sequence shall be 20 to 25 ms.

8.3 Front-End Delay (FED) buffer

The FED buffer isa PCM delay buffer inserted, when needed, in front of the demodulator, to provide
sufficient time for signal validation (PA) or signal analysis (WA).

In the PA method, although the type of input signal expected can be predicted from the status of the
protocol, there are fault conditions that could cause the local facsimile terminal to transmit a low
speed signal instead of a high speed signal. The FED buffer provides sufficient time to detect the
presence of the low speed signal.

In the WA approach, a signal analysis unit is applied to the input signal for signal classification,
while the delayed version of the input is propagating through the delay buffer.

The delay value of the FED buffer may be different for the two approaches. This value is not
explicitly specified; however, the total delay for the facsimile module is specified.

9 Multi-clique and multi-destination operation

The facsimile module shall permit multi-clique and multi-destination operation of the DCME. In
multi-clique operation, the facsimile module shall process up to four received facsimile frames. The
ITs directed to the module shall be sorted out by processing the FCCs of the received frames and by
means of the IT allocation map (IT alocation to DCME links), down-loaded at configuration set-up.

In multi-destination mode, if one or more corresponding DCMEs are not equipped with a facsimile
module, an operational problem will occur unless the unit without the facsimile module is specialy
modified to recognize fax banks to permit their exclusion from voice-list, so that overload channels
are properly recovered.

10 Facsimile module operation and maintenance

The O&M and configuration data should be transported over the O&M interface with the DCME.
The data should be accessed by means of the same operator facility (e.g. PC/workstation) used for
the DCME.

10.1 Facsimile module statistics

Relevant parameters of the facsimile module operations shall be monitored and displayed.
Parameters shall be measured over a predetermined time period called the Facsimile Statistical Time
Interval (FSTI). The FSTI shall be selectable in the range from 10 minutes to 60 minutes (in
10-minute steps). The summary statistics calculated at the end of the FSTI shall be kept in a statistic
data file on a secured storage medium (e.g. non-volatile RAM, hard disk, etc.) (see Note 1). The
parameters to be monitored include:

a) Number of facsimile calls (required)

Defined as the number of calls (see Note 3) classified as facsimile calls during the
FSTI period.
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b)

d)

f)

Q)

h)

Percent of time FEC activated (required)

Defined as the ratio of FEC ON time over FSTI. This statistic shall be calculated once every
1-minute interval with the accumulated data from every sampled DCME frame (each
100th frame).

The percentage should be calculated to one decimal place.

Sumof FECactivetime y
FSTI
Peak number of facsimile banks allocated (required)

Defined as the highest number of alocated facsimile banks during FSTI. Intermediate
statistic shall be calculated once every 1-minute interval with the accumulated data from
every sampled DCME frame (each 100th frame). At the end of FSTI, the biggest number
among intermediate statistic is picked as the peak number of facsimile banks.

Mean number of facsimile banks allocated (required)

Every 100 DCME frames, the number of allocated facsimile bank is recorded. Every minute,
the average number of allocated facsimile banks is calculated using the recorded data for that
minute. These one-minute average values are again averaged over FSTI. The number should
be calculated to one decimal point.

Facsimile bank shortage due to bearer congestion (required)

Defined as the ratio of DCME frames in which the information contents of the facsimile
frame can not be entirely accommodated by the capacity provided by the facsimile banks.
The ratio should be expressed as a percentage.

100

No.of DCME frameswith faxbank shortage y
No.of DCME framesin FSTI

100

Local and remote error count (as defined in 10.3) (required)
Local error count

Defined as the average number of error count (see 10.3) over a FSTI period. The number
shall be calculated to two decimal points. Any non-zero error count value shall be stored
with atime-stamp in a non-volatile storage medium.
Sumof error block count ina FSTI period
Number of measurement intervals ina FSTI period

Remote error count

Defined as the average number of received error count from a destination over a FSTI
period. The number shall be calculated to two decima points. Any non-zero error count
value shall be stored with atime-stamp in a non-volatile storage medium.
Sumof received error count inthelocal FSTI period
Number of error count receptioninthelocal FSTI period

Number of calls set up using standard facilities (optional) (see Note 2)

Defined as an accumulated number of facsimile calls (see Note 3) which are classified as
standard T.30 calls during the FSTI period.

numbers of calls set up using non-standard facilities (optional)

Defined as an accumulated number of facsimile calls (see Note 3) which are classified as
non-standard T.30 calls during the FSTI period.

Number of image blocks sent through the facsimile module at each bit rate (optional)
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Defined as the accumulated count of image blocks (pages, excluding TCF) belonging to the
demodulated facsimile calls during the FSTI period. The count of image blocks shall be
performed for each bit rate.

)i Number of fallbacksto ADPCM (optional)

Defined as an accumulated number of facsimile calls which are switched to ADPCM path
during the FSTI period (i.e. "SWITCH_TO_ADPCM" code is generated).

K) Number of fallbacks to ADPCM due to failure or inability to handle a call involving NSF
(optional)
Defined as an accumulated count of facsimile calls which are switched to ADPCM path due
to non-standard T.30 facility during the FSTI period. Thisis a subset of the calls counted in
item).

1) Average number of image blocks per demodulated call (optional)

Defined as the ratio of accumulated count of image blocks (pages, excluding TCF) to the
number of demodulated and completed facsimile calls during the FSTI period. The number
shall be calculated to the first decimal point.

Accumulated number of image blocks for demodulated signal

Number of callsas per itema) — number of callsas per item j)

NOTE 1 — Facsimile module statistics listed as items a) and f) throughl) should be provided on a per
destination basis. Items b) through e) should be provided on a per pool basis.

NOTE 2 - If the optional parameters are implemented, they should be done as specified

NOTE 3 — The number of calls can be counted either by call start or by call termination at the manufacturer's
option. The manufacturer may also divide the calls into transmit calls and receive calls.

10.2  Facsimile module configuration data

An example of afacsimile module configuration is provided below:
1) FEC activation used or not;

2) maximum number of facsimile demodulation/remodulation units;
3) option of remodulation output level setting through OMC,;
4) level of remodulation output. If level option is not selected, the remodul ation output level for

high and low speed signals shall be set as the first received high and low speed signal levels
from the corresponding DCME, respectively.

10.3 Error count

The facsimile module error monitor shall accumulate, over a 30-second interval, the count of the
number of facsimile control channel blocks (32 bits per block) in which the syndrome of the FEC
code indicates that bits within the block required correction. If 255 or more of such blocks are
accumulated, the count indication will remain at 255 until reset for the next measurement interval.
The error count shall be transmitted over the service channel (see 7.3) after every measurement
interval.

104 FEC activation

FEC activation shall be under operator control. The optional feature of automatic FEC activation
based on remote error measurements and local load conditionsis for further study.

34 Recommendation G.766  (11/96)



11 Required DCM E modifications

The major impact of integrating the facsimile module described in this Recommendation with
equipment conforming to Recommendation G.763 is summarized below.

111  Facsmile data handling

The facsimile data provided to the DCME via the facsmile data interface is inserted by the DCME
into its bearer frame. The FTCs are transmitted by means of special 4-bit channels (32 kbit/s) called
"fax banks". Fax banks are created and deleted in response to requests from the facsimile module, so
that there are always as many fax banks in the bearer frame as there are FTCs in the facsimile data
interface.

Assignment messages are generated by the DCME for the creation of the fax banks. These can
symbolically be represented as follows:

(BC, 251)

where BC is the BC number (normal range) to which the fax bank is assigned, and 251 is the
IT number used to identify the BC number as a fax bank. The synchronous data word will contain
Ineffective message code "0000".

The deletion of afax bank is associated with the generation of an explicit disconnection message of
the type:

(BC, 0)

where BC is the number to be disconnected and the synchronous data word will contain the
Ineffective message code "0000".

In order to handle assignments of 64 kbit/s unrestricted calls, reassignment of a fax bank may be
required. The reassignment shall be made in two steps. First, a new fax bank is assigned to the bearer
channel number to which the old fax bank will be reassigned. Second, the old fax bank shall be
disconnected through an explicit disconnection message.

11.2 Changesin the DCME processes

The HSC process of the DCME must provide five messages to the CCF, Data(IT), Data Inact(IT),
Voice(IT), Transp(IT) and RxData(I T).

The CCF provides two messages to the HSC. The first message forces an "inactive" declaration for
the I'T. The second message removes this condition.

The CCF sends messages to the RAG process for the creation and release of fax banks. Two new
gueues need to be added to the input pre-processing task. One queue is for the creation of afax bank.
The priority should be immediately below the current priority 3 (64 kbit/s unrestricted request as per
A.1.1.2.1.1/G.763). The second queue is for the release of a fax bank. Its priority should be
immediately below the current priority 1 (unrestricted 64 kbit/s release).
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ANNEX A

Examples of FCH protocol exchanges

Example cases of possible protocol exchanges were analysed and are described in this annex. The
polling of 18 cases were analysed (from O to 4 cases per configuration). Table A.l shows which
configurations were addressed by the different example cases. In cases 1 to 18, the SDL states for the
PA approach are included within parentheses. Corresponding states for the WA approach are omitted
because the SDL for WA is not provided.

Table A.1/G.766 — Cases analysed in Annex A

Calling FCH - Called FCH

Call type PA - PA PA - PA WA - PA | WA WA
SF-T.30 1,2 3,4 5,6,7,8
Matched resources 9.10
NSF-T.30 11 12 13
Matched resources
SF-T.30 14 15 16
Unmatched resources
(ADPCM) 18
NSF-T.30 17
Unmatched resources
(ADPCM)
NOTE — Case numbers applicable to each configuration are shown in the table.

A.1l  SF-T.30 caseswith matched capabilities
Case 1: Protocol analysis (PA)-PA, no polling

PA (Receive, Called) PA (Transmit, Calling)

1. Call start
o000 oo oo ooO
(Pre_FAX) (Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
3.

gogobobobbuodgooooboon

Start resource timer
Allocate resource

(Called_FAX)
4,

~gouodgogoboboobood

CONNECT (listy UOUouodooogoboooood -

RESOURCE (lis)y UO0O0O0OOO00OOO0OO0O0OO0
Allocate resource
(Cdling_FAX)
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5. END OF DIS (ADPCM)
Oo00ooooooooooooooooooooooooouooooooonoon -
6.
Ogo00dooooooooooodswitcHTODEMODO OO OOOOOOOOOOOO -

Start DCS timer Start DCS timer
Start demodulation path Start demodulation path
Insert fixed delay

7.

~0d00d00ob0b0obO0buodn sGNALLING DO0O0O0O0O0O0OO0O00O00DOO0
Demodulated DCS

8.

~gdodooooboobououoOo oL OO00DO0O0OO0O0OO0O0OO0OO0OO0OOO0

Compatibility is verified for both
DCMEs with received DCS

(Receive Fax) (Transmit_FAX)
9.
~gdodooooboobououodo epr()y DODOUOOOOOOOOOOODOOO

Code only

(Remote_EPT) (Local_EPT)

10.

~gdogooobbuooodgtd  eNoeEprT UJUUOOOOODOOOO0OOOOOOO

(Remote__Training) (Local_Training)

11.

~godogoooobood TRAINING (mode, rate, long) goooobooooooo
Code only

12.

~00000duobbibdodgdld FAXDATA UJUOOOOOLOODOOOO0OOOOOOO

Demodulated TCF

(Remodulate_Data) (Demodulate Data)

13.

~gdogooouobuooooboo e dooooobboooooooobood

The differentiation between data and
TCFis handled by receive side of
PA_FCH

(Rx_Loca_Signal) (Tx_Remote_Signal)

14.

bbb ibdooduuobbdd seNALLING DO O0O0OOO0O0o0ooooogg -
Demodulated CFR

15.

I A 1 < A I A

(Receive_FAX) (Transmit_FAX)
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16.
~gobooooooooao TRAINING (mode, rate, long) godooooouoogd
Code only

(Remote_Training) (Local_Training)

17.

~J00d0bodobodobodood rFAXDATA UUOOD0OO0OO0OOOOOOOOOO0O
Demodulated data

(Remodulate_Data) (Demodulate_Data)

18.

~gJobdooboooodoboooodd oL ODO0O0O00OO0Oo0OOoooooooood

(Rx_Remote_Signal) (Tx_Local_Signal)

19.

000000000000 0000 SIGNALLING UOOD0OO0OO0O0OO0OO0O0O0O0O00O00
Demodulated EOP

20.

~gJobdoboooodoboooodd oL ODO0O0O0OO0O0O0OO0OOOooooood

(Rx_Loca_Signal) (Tx_Remote_Signal)

21.

00do0oddodooddoudnd sieNALLING DO0O0O000O00O000O0000 -
Demodulated MCF

22,

godoodoouoouoouooon bl 0odoodoodooooooon -

(Rx_Remote_Signal) (Tx_Local_Signal)

23.

000000000000 0000 SGNALLING UOD0OO0OO0O0O0OO0O0O0OO0O00O00
Demodulated DCN

24,

000000000000 0000 pbiscONNECT OO OOODOOOOOOOOOOO

Close demodulation path Close demodulation path
Fixed delay is removed
Termination of FCH process

25.

0000o0ddodooddoudd biscoNNECT DO OODOOOO0O0oooooon -
Termination of FCH process

Case 2: PA-PA, polling

PA (Receive, Calling) PA (Transmit, Called)

1. Cdl start
godododoouoouoouoooooboonooooooooooooooon -
(Pre_FAX) (Pre_FAX)

Start DIS timer Start DIS timer
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2. BEGINNING OF DIS (ADPCM)
~gdbddoooobobouodoboooobobououoUooooboobLon
3.
~gdodoooooobooood CONNECT (listy UOUOUOOU0OUOOUOOoUOoOOoOond
Start RESOURCE timer
Allocate resource
(Cdled_FAX)
4,
O00000o00b0dd0UuoOdn0 ResOURCE(st)y ODUOOU0OO0OOO0OOOODODOO -
Allocate resource
(Cdling_FAX)
5. END OF DIS (ADPCM)
~gdbddoooobobouodoboooobobououoUooooboobLon
6.
~gdodooboobooboudg switcHTODEMOD OO0O0OO0OO0OOO0OOOOOO

Start DCS timer Start demodulation path
Start demodulation path Start DCS timer
Insert fixed delay

7.

O0o00o0ooobdoouodod sieNALLING DOOO0O0OO0OO0OO0ODOODOO0O -
Demodulated DTC

8.

gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -

Delete fixed delay Insert fixed delay

9.

~0d00d00ob0b0obO0buodn sGNALLING DO0O0O0O0O0O0OO0O00O00DOO0
Demodulated DCS

10.

~gdodooooboobououoOo oL ODO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn

Compatibility is verified for both
DCMEs with received DCS

(Receive_FAX) (Transmit_FAX)

NOTE - From now on, procedure is same as case 1, line 9.

Case 3: PA calling — WA called, no polling

WA (Receive, Called) PA (Transmit, Calling)

1. Cdl start

~dobdobooooobouoouoouooboooboobooboooouoooogd
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
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3.

goobobobobbdgogonbb  coNNecT(isy UDOODOUOoooooboobod -

Start RESOURCE timer
Allocate resource

4,

~0boudoogobbobbibdd ResourceE(isy UUoodoobooboooooon

Allocate resource

(Cdling_FAX)
5. END OF DIS (ADPCM)
I A I I
6.

goobobobbodogdgobdbswteH_ TopevoDU OO OOOOODODOOOOOO -

Insert fixed delay Start DCS timer
Start demodulation path Start demodulation path
Start DCS timer Insert fixed delay

7.

~00d0000bo0b0obO0bodn sGNALLING DO0O0O0O0OO0O0OO0OO00O00DOO0
Demodulated DCS

8.

~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn

Compatibility is verified for both
DCMEs with received DCS

(Transmit_FAX)
9.
~gdodooooboobououodo epr()y DODOUOOOOOOOOOOODOOO
Code only
(Local_EPT)
10.
~gdoooooobouoouodgo END EPT UOO0O0O0O0OO0O0OO0OO0OO0OO0OO0
Loca_Training
11.
~gdodoooooooo TRAINING (mode, rate, long) gdodooooooooon
Code only
Delete fixed delay
12.
~0do0doobooboobouodn rAXDATA OO0O0OO0O0OO0OO0OO0OOOOOO
Demodulated TCF
(Demodulate_Data)
13.
~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn

No differentiation between data and
TCF signals
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14.

O0o00d0o0ooobdddouodod sieNALLING DOU0OO0OO0OO0OOO0ODOODOO0O -
Demodulated CFR
15.
gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -
(Transmit_FAX)
16.
~gdodooooboobououodo epr¢)y DODOUOOU0OOOOOOOOODOOO
17.
~gdoooooobouoouodgo END EPT UOO0O0O0O0OO0O0OO0OO0OO0OO0OO0
18.
~gdodoooooooo TRAINING (mode, rate, long) gdodooooooooon
Code only
(Local_Training)
19.
~0do0dooboobobouodnd rAXDATA UOO0O0OO0O0OO0OO0OO0OOOOOO
Demodulated data
(Demodulated_Data)
20.
~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn
(Tx_Local_Signal)
21.
~00d00d00obo0bobO0bodn sGNALLING DO0O0O0O0O0O0OO0OO00O00DOO0
Demodulated EOP
22.
~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn
(Tx_Remote_Signal)
23.
O0o00o0ooobddouodod sieNALLING DO UOO0O0OO0OO0OO0ODOODO0O0O -
Demodulated MCF
24,
gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -
(Tx_Local_Signal)
25.
~000000b0bobO0buodnd sGNALLING DO0O0O0O0O0O0OO0OO00OO0DOO0
Demodulated DCN
26.
0000000000000 000 pbiscONNECT UOOOOOOOO0OOOOODOOO

Close demodulation path Close demodulation path
Fixed delay is removed
Termination of FCH process
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27.

0000o0ddodooddoudd biscoNNECT DO OODOOODOO0oooooon -
Termination of FCH process

Case 4: PA calling — WA called, polling

Waveform analysis DCME communicates with protocol analysis DCME. Protocol analysis DCME initiates a call, but
receives facsimile pages.

WA (Transmit, Called) PA (Receive, Caling)

1. Cdl start

~dobdobooooobouoouoouooboooboobooboooouoooogd
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
3.

goobobobobbdgogonbb coNNecT(isy UDOOOOooooooboobod -

Start RESOURCE timer
Allocate resource

4,
~0d0d0o0obobobO0Uo0od ReSOURCE(isy DOUOOUOOUOOOOOOOOOO
Allocate resource
(Cdling_FAX)
5. END OF DIS (ADPCM)
I A I I
6.
gdoooooobdooouod switcHTODEMOD UOU0OO0OO0OOOODOODOOO -

Insert fixed delay Start DCS timer
Start demodulation path Insert fixed delay
Start demodulation path

7.

~00d00d00ob0bobO0buodn sGNALLING DO0O0O0O0O0O0OO0OO00O0DOO0
Demodulated DTC

8.

~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn
Delete fixed delay

9.

~0d00d00ob0b0obO0buodn sGNALLING DO0O0O0O0O0O0OO0O00O00DOO0
Demodulated DCS

10.

~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn

(Receive_FAX)
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11.

~gdodooooboobououodo epr¢)y DODOUOOUOOOOOOOOODOOO
Code only
(Remote_EPT)
12.
~gdooooooboouoouodgo END EPT OOO0OO0OO0OOO0O0OO0O0OO0O0O
13.

~pgouodgoogoboo TRAINING (mode, rate, long) gogoboobobodooogn

Code only

Compatibility is verified for both The PA_FCH determines the training

DCMEs sequence parameters from independent
protocol analysis. Thetraining codeis
only used to start atraining seguence.

14.
gogobobbboogoaon LONG_TRAINING (rate) goboboobboodgogd -

The rate information comes | ater
because WA _FCH does not know it
beforehand.

15.
O0o00oooobdoouodod rAXDATA UOUOOO0OO0OOO0OOO0ODOODOOO -
Demodulated data
(Remodulate_Data)
16.
gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -

No differentiation between dataand
TCF signals

(Rx_Local_Signal)

17.
~pgddgdbbobbooggbibseNaLLINGO OO OO oooooonon
Demodulated CFR

18.
I A 1 < A I A
(Receive_FAX)
19.
guobobobooooouooboogog epr¢g) DUODUOOOOOOOODOOOOOO -
Code only
(Remote_EPT)
20.
gubobobbdooouoobobogd enoepr UOOOOOOOOOOOOOOO -
. (Remote_Training)
21.
guoboobooogoooo TRAINING (mode, rate, long) guodouoboooogg -
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22.
Oo0doooobdoouodod rAXDATA UOUOOU0OO0OOO0OOO0ODOODOOO -
(Remodulate_Data)
23.
gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -
(Rx_Remote_Signal)
24,
O0o00o0ooobddouodod sieNALLING DO UOO0O0OO0OO0OO0ODOODO0O0O -
Demodulated EOP
25.
gdodoooobooboooooodn  IpLe goododooooooouodn -
(Rx_Local_Signal)
26.
~00d00d00ob0b0obO0buodn sGNALLING DO0O0O0O0OO0O0OO0OO0OO0DOO0
Demodulated MCF
27.
~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn
(Rx_Remote_Signal)
28.
0000000000000 000 SIGNALLING goododoooooooon -
Demodulated DCN
29.
gdodoooobooboooooodn  IpLe goododooooooouodn -

Since DCN signal is not decoded, the DCN is detected
end of call is known when:
1) data hangover timer
(G.763) expires; or
2) voiceis detected.

30.
~0b0udoggobbbbbddd bisconNECT OO OOOOOODODOOooooon

Delete fixed delay Close demodulation path
Close demodulation path Termination of FCH process

31.
000000000000 0000 pbiscONNECT DO D OOODOOOOOOOOOO0OO
Termination of FCH process

Case 5: Waveform analysis (WA) calling — PA called, no polling

WA (Transmit, Caling) PA (Receive, Called)

1. Cdl start

1 I A A A
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
~pgouodoggobobbodoooobbobbouoooodoboobbbooooag
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3.

~0boudoggobbobbbdd  conNNecT(isty Uoodooboobboodooodd

Start RESOURCE timer
Allocate resource

(Cdled_FAX)
4,
0000000 dd0UuoOdn0 ResOURCE(st)y ODUOOU0OO0OOO0OOOODODOO -
Allocate resource
5. END OF DIS (ADPCM)

~pgoudoggobobbuodoooobbobbouoooodobooboobbbooooag
6.
~goodoogoboobbod switeH_TODEMOD UUOUO0OO0OOODOOOOO0OOO

Insert fixed delay Start DCS timer
Start demodulation path Start demodulation path

7.

O0o00o0ooobddouodod sieNALLING DO OO0OO0OO0OO0ODOODO0O0O -
Demodulated DCS
8.
gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -
(Receive_FAX)
9.
gdodooooooboooooodgo EPT U0O0O0O0OO0OO0OOO0OO0OO0O0O0O0 -

Code only
(Remote_EPT)
10.

gogobobobobbduooooobobob enoepr ODOOOOOOOOOOOODOO -
11.

gogoboobobodoooagn TRAINING (mode, rate, long) gobboobboodgdggd -

Code only The PA_FCH determines the training
Compatibility is verified for both sequence parameters from independent
DCMEs protocol analysis. Thetraining codeis

only used to start atraining seguence.
12.
gdoooooooooodgo LONG_TRAINING (rate) goododooooodd -

The rate information comes | ater
because WA _FCH does not know it
beforehand

13.

O0o00oooobdoouodod rAXDATA UOUOOO0OO0OOO0OOO0ODOODOOO -
Demodulated Data
(Remodulate_Data)
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14.

gogobobobobbodooooobobono e OOOODOOOOOOOODOODOO -

No differentiation between dataand
TCF signals

(Rx_Local_Signal)

15.
~gdbddbooboobobobuododseNaALLINGO D OO OOOOO0OOoooooon
Demodulated CFR

16.
~gdodooooboobououoOo oL OO00DO0O0OO0O0OO0O0OO0OO0OO0OOO0
(Receive FAX)
17.
gdodooooboouououooo epr¢) DOOUODOU0OOOOO0OOODODOO -
Code only
(Remote_EPT)
18.
gdoooooooououoooad END EPT UO0O0OO0OO0OOO0OOO0OOO0O -
(Remote_Training)
19.
gdodooooooooon TRAINING (mode, rate, long) goouodoooood -
20.
Oo0doooobdoouodod rAXDATA UOUOOU0OO0OO0OOODODOO -
Demodulated data
(Remodulate_Data)
21.
gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -
(Rx_Remote_Signal)
22.
O0o00o0ooobddouodod sieNALLING DO OO0OO0OO0OO0ODOODO0O0O -
Demodulated EOP
23.
gdodoooobooboooooodn  IpLe goododooooooouodn -
(Rx_Local_Signal)
24,
~0d00d00ob0b0obO0buodn sGNALLING DO0O0O0O0O0O0OO0O00O00DOO0
Demodulated MCF
25.
~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn
(Rx_Remote_Signal)
26.
0000000000000 0O00 SIGNALLING goododoooooooon -
Demodulated DCN
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27.

gogoobobobbododgooogobbn  ibLe goboobbbuooooooobn -

Since DCN signal is not decoded, the DCN isdetected
end of call is known when:
1) data hangover timer
(G.763) expires; or
2) voiceis detected.

28.
~0b0udoggobbbbibddd bisconNECT OO OOOOODODODOOooooon

Delete fixed delay Close demodulation path
Close demonstration path Termination of FCH process

29.

000000000000 0000 pbiscONNECT OO OOODOOOOOOOOOOO
Termination of FCH process

Case 6: WA calling — PA called, polling

WA (Receive, Caling) PA (Transmit, Called)

1. Cdl start

1 I A A A
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
~pgoudoggobobbuodoooobbobbouoooodobooboobbbooooag
3.

~O0boudoggobbobbbodd  conNNecT(isty Uoodooboobboodooodn

Start RESOURCE timer
Allocate resource

(Cdled_FAX)
4,
0000000 0dd0UdoOdn0 ResOURCE(ist)y ODUOOU0OO0OOO0OOOODODOO -
Allocate resource
5. END OF DIS (ADPCM)

~pgouodoggobobbodoooobbobbouoooodoboobbbooooag
6.
~goodoogoboobbod switeH_TODEMOD UUOUO0OO0OOODOOOOO0OOO

Start demodulation path Start DCS timer
Insert fixed delay Start demodulation path

7.

0000000000000 0D0O SIGNALLING ODO0OO0OOOUOOOOOOOOOO -
Demodulated DTC
8.

gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -
Insert fixed delay
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9.

~0oudoggobbobbbddd sieNALLING DOOOOOODOODOO0O0oon

Demodulated DCS
10.

~gJobdooboooodoboooodd oL ODO0O0O00OO0Oo0OOoooooooood
Compatibility is verified for both

DCMEs with received DCS
11. (Transmit_FAX)
~dobdooboooooobouooud eprd) DOODDOOOOOOOOOOOOO0O
Code only
(Local_EPT)

12.

~gdoooooobouoouodgo END EPT UOO0O0O0O0OO0O0OO0OO0OO0OO0OO0
(Local_Training)

13.

~gdodoooooooo TRAINING (mode, rate, long) gdodooooooooon

Code only

Delete fixed delay

14.

~0do0doobooboobouodn rAXDATA OO0O0OO0O0OO0OO0OOO0OOOOOO

Demodulated TCF

(Demodulate_Data)

15.

~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn

No differentiation between data and
TCF signals

16.
O0o00o0ooobddouodod sieNALLING DO OO0OO0OO0OO0ODOODO0O0O -
Demodulated CFR

17.

gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -
(Transmit_FAX)

18.

~gdodooooboobououodo epr()y DODOUOOOOOOOOOOODOOO

Code only

(Local_EPT)

19.

~gdoooooobouoouodgo END EPT UOO0O0O0O0OO0O0OO0OO0OO0OO0OO0
(Local_Training)

20.

~gdodoooooooo TRAINING (mode, rate, long) gdodooooooooon
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21

~0do0doobooboobobuodnd rAXDATA UOO0O0OO0O0OO0OO0OO0OOOOOO
Demodulated data
(Demodulate_Data)
22.
~gdodooooboobououoOo oL OO0O0DO0O0OO0O0OO0O0OO0OO0OOO0OOOn
(Tx_Local_Signal)
23.
~00d00d00ob0b0obO0buodn sGNALLING DO0O0O0O0OO0O0OO0OO0OO0DOO0
Demodul ated EOP
24,
~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn
(Tx_Remote_Signal)
25.
O0o00o0ooobddouodod sieNALLING DO OO0OO0OO0OO0ODOODO0O0O -
Demodulated MCF
26.
gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -
(Tx_Local_Signal)
27.
~0000000000000000 SIGNALLING gdodooooooooooooo
Demodulated DCN
28.
0000000000000 000 pbiscONNECT UOOOOOOOO0OOOOODOOO

Close demodulation path Close demodulation path
Fixed delay is removed
Termination of FCH process

29.

0000o0ddodooddoudd biscoNNECT DO OODOOODOO0Ooooooon -
Termination of FCH process

Case 7: WA calling — PA called, no polling, error (voice detection)

WA (Transmit, Caling) PA (Receive, Called)

1. Cdl start

1 I A A A
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
~pgouodoggobobbodoooobbobbouoooodoboobbbooooag
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3.

~0boudoggobbobbbdd  conNNecT(isty Uoodooboobboodooodd

Start RESOURCE timer
Allocate resource

(Cdled_FAX)
4,
0000000 dd0UuoOdn0 ResOURCE(st)y ODUOOU0OO0OOO0OOOODODOO -
Allocate resource
5. END OF DIS (ADPCM)
~gdbddoooobobouodoboooobobououoUooooboobLon
6.

~goodoogoboobbod switeH_TODEMOD UUOUO0OO0OOODOOOOO0OOO

Insert fixed delay Start DCS timer
Start demodulation path Start demodulation path

7.
00do0odododooddoudnd sieNALLING DO0O0O000OD0O0O000O0000 -
Demodulated DCS
8.
godoodoouoouoouooon bl 0odoodoodooooooon -
(Receive_FAX)
9.
godoodoodoouoouooon epr¢) D000 oooooooooog -
Code only
10.
godoodooooouooogo END EPT UO0O0OO0OO0OOO0OOO0OOO0O -
(Remote_EPT)
11.
godoooooooogd TRAINING (mode, rate, long) goouodoooood -
Code only

Compatibility is verified for both The PA_FCH determines the training

DCMEs sequence parameters from independent
protocol analysis. The training codeis
only used to start atraining seguence.

12.
gogobobbboogoaon LONG_TRAINING (rate) goboboobboodgogd -

The rate information comes | ater
because WA _FCH does not know it
beforehand

13.

O0o00oooobdoouodod rAXDATA UOUOO0OO0OOO0OOO0ODODOOO -
Demodulated data
(Remodulate_Data)
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14.

gogobobobobbodooooobobono e OOOODOOOOOOOODOODOO -

No differentiation between dataand
TCF signals

(Rx_Local_Signal)
Voiceis detected
15.
0000000000000 000 pbiscONNECT DO OOOOOOO0OOOOODOOO

Delete fixed delay Close demodulation path
Close demodulation path Termination of FCH process

16.

U0000o0ddodooddoudd biscoNNECT DO OOOOODOO0oooooon -
Termination of FCH process

Case 8: WA calling — PA called, no polling, error (wrong rate)

WA (Transmit, Caling) PA (Receive, Called)

1. Cdl start

1 I A A A
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
~pgoudoggobobbuodoooobbobbouoooodobooboobbbooooag
3.

~0boudoggobbobbbodd  conNNecT(isty Uooduoboobbouodooodn

Start RESOURCE timer
Allocate resource

(Cdled_FAX)
4,
O00000o00bdd0UdoOdn0 ResOURCE(st)y ODUOOU0OO0OOO0OOOODODOO -
Allocate resource
5. END OF DIS (ADPCM)

~pgouodoggobobbodoooobbobbouoooodoboobbbooooag
6.
~googoogoboobbod switeH_TODEMOD UUOUO0OO0OODODOOOOO0OOO

Insert fixed delay Start DCS timer
Start demodulation path Start demodulation path

7.

0000000000000 0D0O SIGNALLING ODO0OO0OOOUOOOOOOOOOO -
Demodulated DCS
8.

godoodoouoouoouooon bl 0odoodoodooooooon -
(Receive_FAX)
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9.

gdodooooboouououooo eer¢) DODOUODOU0OOOOO0OOODODOO -
Code only
(Remote_EPT)
10.

gdoooooooououoooad END EPT UO0OO0O0OO0O0OO0O0OO0ODOO0OO0O0O0O -
(Remote_Training)

11.

gdodooooooooon TRAINING (mode, rate, long) goouodoooood -

Code only

Compatibility is verified for both The PA_FCH determines the training

DCMEs sequence parameters from independent
protocol analysis. The training codeis
only used to start atraining seguence.

12.
gogobobbboogoaon LONG_TRAINING (rate) goboboobboodgogd -

Rate information is misclassified and
modem will not lock

13.
~0b0udoggobbbbbddd bisconNECT OO OOOOOODODOOooooon

Delete fixed delay Close demodulation path
Close demodulation path
Termination of FCH process

14.

0000o0ddodooddoudd biscoNNECT DO OODOOOO0O0oooooon -
Termination of FCH process

Case 9: WA-WA, no polling

WA (Transmit, Caling) WA (Receive, Called)

1. Cdl start

1 I A A A
Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
~pgouodoggobobbodoooobbobbouoooodoboobbbooooag
3.

~O0boudoggobbobbbodd  conNNecT(isty Uoodooboobboodooodn

Start RESOURCE timer
Allocate resource

4,

O000000000000000 ReSOURCE(s)y OUOO0O0OOO0OOOOO0OOOO -
Allocate resource
5. END OF DIS (ADPCM)

~pgouodoggobobbodoooobbobbouoooodoboobbbooooag
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6.

~gouogoogoboobbod switeH_TODEMOD UUOUO0OO0OOODOOOOO0OOO

Insert fixed delay Start demodulation path
Start demodulation path Insert fixed delay

7.

O0o00d0o0ooobdddouodod sieNALLING DOU0OO0OO0OO0OOO0ODOODOO0O -
Demodulated DCS

8.

gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -

9.

gdodoooooboouououooo epr¢) DOOUODOU0OOOOOOODODOO -

Code only
10.

gogoboboobbbdoooooobobob enoepr ODOOOOOOOOOOOODOO -
11.
gogoboobobodoooagn TRAINING (mode, rate, long) gobboobboodgdggd -

Code only

Compatibility is verified for both Delete fixed delay
DCMEs

12.
gogobobbboogoaon LONG_TRAINING (rate) goboboobboodgogd -

The rate information comes | ater
13.

O0o00oooobdoouodod rAXDATA UOUOOO0OO0OOO0OOO0ODOODOOO -
Demodulated data

14.

gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -

No differentiation between dataand
TCF signals

15.

~gbobdoggobbobbbudggtdseNnacLiNneU U000 oooooooon

Demodulated CFR
16.

~gouogoogobobbododgod oL Dodoooobobobbdooooon
17.
gogobobobobbuooooobobno epr¢) DOOODODOOOOOOODOODOO -

Code only
18.

gogobobobobbduooooobobob enoepr ODOOOOOOOOOOOODOO -
19.

gogoboobobodoooagn TRAINING (mode, rate, long) gobboobboodgdggd -
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20.

O0o00oooobdoouodod rAXDATA UOUOO0OO0OOO0OOODODOOO -
Demodulated data

21.

gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -

22.

O0o00d0o0ooobdddouodod sieNALLING DOU0OO0OO0OO0OOO0ODOODOO0O -
Demodulated EOP

23.

gdodoooobooboooooodn  IpLe goododooooooouodn -

24,

00000000000 0D0000 sIGNALLING DO0OOUOO0ODOOOU0ODOOOODOOO
Demodul ated MCF
25.

~gougoogobobbododgod oL Dodoooobobobbodoooogn
26.
goobobobobbdgogoobibb seNALLING DOOOOOOOOODOODOO -

Demodulated DCN
27.

gogoobobobbododgooogobbn  ibLe goboobbbuooooooobn -

Since DCN signal is not decoded, the

end of acal is known when:

1) data hangover timer

(G.763) isexpired; or

2) voiceis detected.
The end of acall is known when:
1) datahangover timer (G.763) is

expired; or

2) voiceis detected; or
3) transparent request is received.

28.
goobobobobbdgoooobibb biscoNNECT DD DODDODOUOOUOOoooooDog -

Delete fixed delay Close demodulation path
Close demodulation path
Termination of FCH process

29.
000000000000 0000 pbiscONNECT DO D OOOD0OOOOOOOOOO0O0O
Termination of FCH process

Case 10: WA-WA, polling

WA (Transmit, Called) WA (Receive, Caling)

1. Cdl start
~dobdobooooobouoouoouooboooboobooboooouoooogd
Start DIS timer Start DIS timer
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2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
3.

goobobobobbdgogonbb coNNecT(isy UDOOOOooooooboobod -

Start RESOURCE timer
Allocate resource

4,

~000000000o000dfond ReESOURCE(isy ODOOOOO0OOOOOOOOOOO
Allocate resource
5. END OF DIS (ADPCM)

gobbobobbuodgogobobobbodogoooboobboooooonoDon -
6.
gogoooboobobbododggooon swteH TobEMOD OO OUOOUOOOOOODOO -

Start demodulation path Start demodulation path
Insert fixed delay Insert fixed delay

7.

~00d00d00obo0bobO0bodn sGNALLING DO0O0O0O0O0O0OO0OO00O00DOO0
Demodulated DTC

8.

~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn

9.

O0o00o0ooobddouodod sieNALLING DO UOO0O0OO0OO0OO0ODOODO0O0O -
Demodulated DCS

10.

gdodoooooboououodooodo oL OD0O0O0OO0O0OO0O0OO0OOO0ODODOOO0O -

NOTE — From now on, procedure is same as case 9, line 9.

A.2  NSF-T.30 proprietary cases with matched capabilities
Case 11: PA Calling — PA Called, no polling

PA (Receive, Called) PA (Transmit, Calling)

1. Cdl start
~gbodooooboboouotdotoooooobououoooooooonood
(Pre_FAX) (Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)

I I A A I A
3.

gobobbodoooboibibd coNNecT(isty UDUOOOOoUoobogoood -

Start resource timer
Allocate resource

(Caled_FAX) (Calling_FAX)
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4,

000000000000 ReESOURCE(isy ODOOOOOOOOO0OOOOOOO
Allocate resource
5. END OF DIS (ADPCM)

gobbobobbuodgogobobobbodogoooboobboooooonoDon -
6.
goobobobbodoodgobdbswteH_ TopevoDU U000 ooooodog »

Start DCS timer Start DCS timer
Start demodulation path Start demodulation path
Insert fixed delay

7.

00000000000 0D0000 sIGNALLING DO0OOUOO0ODOOOU0ODOOOODOOO
Demodulated NSS

Compatibility is verified for both
DCMEs with received NSS

8.
~O00000000000000000 e O000000000000000000
(Tx_NSF_T30)

Compatibility is verified for both
DCMEs (Rx_NSF _T30)

*** Many interactions (non-standard image transmission) ***

1) Datahangover timer (G.763) is
expired; or

2) voiceis detected in the channel; or

3) transparent request is received.

9.
~0b0udoggobbbbbddd bisconNECT OO OOOOODOODOOoooon

Demodulation path is closed Demodulation path is closed
Fixed delay is deleted
Termination of FCH process

10.
U0000o0ddodooddoudd biscoNNECT DO OODOOODO0O0oooooon -
Termination of FCH process

Case 12: PA Calling — WA Called, no polling

WA (Receive, Called) PA (Transmit, Calling)

1. Cdl start

~dobdobooooobouoouoouooboooboobooboooouoooogd
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
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3.

O0o0d0o0oooobddouodnO coNNecT(isy OUOOUOOoUOoooooboobDon -
(Cdling_FAX)

Allocate resource

4,

~0d0d0oobobobO0Uod ResOURCE(isy DOUOOOO0OO0OOOOOOOO
Allocate resource

5. END OF DIS (ADPCM)

I A I I

6.

goobobobbodoggobdbswteH_ TopevOoDU OO OOODOODODOOOOOO -

Start demodulation path Start demodulation path
Insert fixed delay
Start DCS timer

7.
~O0boudoggobbobbbddd sieNALLING DOOOOOO0DOODOO00oon

Demodulated NSS

Compatibility is not verified for both
DCMEs with received NSS

8.
~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn
(Tx_NSF T30)
*** Many interactions (non-standard image transmission)***

1) Datahangover timer (G.763) is
expired; or

2) voiceis detected in the channel; or

3) transparent request is received.

9.
~0b0udoggobbbbbddd bisconNECT OO OOOOOODODOOooooon

Demodulation path is closed Demodulation path is closed
Fixed delay is deleted
Termination of FCH process

10.

0000o0ddodooddoudd biscoNNECT DO OODOOOO0O0oooooon -
Termination of FCH process

Case 13: WA Calling — PA Called, no polling

PA (Receive, Called) WA (Transmit, Calling)

1. Cdl start
~dobdobooooobouoouoouooboooboobooboooouoooogd
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
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3.

goobobobobbdgogonbb  coNNecT(isy UDOODOUOoooooboobod -

Start RESOURCE timer
Allocate resource

(Cdled_FAX)
4,
~0d00d0o0oboobobO0Uod ResOURCE(isy DOUOOUOOU0OO0OOOOOOOO
Allocate resource
5. END OF DIS (ADPCM)
I A I I
6.
gbodooooboooouodoswiTcH TODEMODU OO OOOOOOOOOOOO -

Start DCS timer
Start demodulation path Start demodulation path
Insert fixed delay

7.

~00d0000bo0b0obO0bodn sGNALLING DO0O0O0O0OO0O0OO0OO00O00DOO0
Demodulated NSS

8.

~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn

Compatibility is verified for both
DCMEs with received NSS
(RX_NSF_T30)
*** Many interactions (non-standard image transmission)***

1) Datahangover timer (G.763) is
expired; or

2) voiceis detected in the channel; or

3) transparent request is received.

9.
~0b0udoggobbbbbddd bisconNECT OO OOOOODODODOOooooon

Demodulation path is closed Demodulation path is closed
Fixed delay is deleted
Termination of FCH process

10.
0000o0ddodooddoudd biscoNNECT DO OODOOOO0O0oooooon -
Termination of FCH process

A3  SF-T.30caseswith unmatched capabilities
Case 14: PA Calling — PA Called, no polling

PA (Receive, Called) PA (Transmit, Calling)

1. Cdll start
~gbodooooboboouotdotoooooobououoooooooonood
(Pre_FAX) (Pre_FAX)

Start DIS timer Start DIS timer
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2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
3.

goobobobobbdgogonbb coNNecT(isy UDOOOOooooooboobod -

Start RESOURCE timer
Allocate resource

(Caled_FAX)
4,
~0d00d0o0obobobO0Uo0od ReSOURCE(isy DOUOOUOO0OO0OOOOOOOO
Allocate resource
(Cdling_FAX)
5. END OF DIS (ADPCM)
I A I I
6.

goobobobbodogdgobdbswteH_ TopevoDU U000 ooooodog »

Start DCS timer Start DCS timer
Start demodulation path Start demodulation path
Insert fixed delay

7.

00000000000 0D0000 siGNALLING D0OOOUOO0ODOOOU0ODOOOODOOO
Demodulated DCS

Compatibility is not verified for both
DCMEs with received DCS

8.
~gouodgoogobobbod swtcH.TOADPCM UUOUO0OO0OOODOOOOO0OOO

Switch to 40 kbit/s channel Switch to 40 kbit/s channel with fixed
Release resource delay

Release resource
(Rx_ADPCM_FAX) (Tx_ADPCM_FAX)

*** Many interactions (call continuesvia ADPCM) ***

1) Datahangover timer (G.763) is
expired; or

2) voiceis detected in the channel; or

3) transparent request is received.

9.
~0b0udoggobbbbbddd bisconNECT OO OOOOOODODOOooooon

The fixed delay is deleted
Termination of FCH process

10.

0000o0ddodooddoudd biscoNNECT DO OODOOOO0O0oooooon -
Termination of FCH process
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Case 15: PA Calling — WA Called, no polling

WA (Receive, Called) PA (Transmit, Calling)

1. Cdl start

~dobdobooooobouoouoouooboooboobooboooouoooogd
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
3.

goobobobobbdoogonbb coNNecT(isy UDOOOUOoooooobooobod -

Start RESOURCE timer
Allocate resource

4,

~0d0d0o0oboobobO0Uod ReSOURCE(isy DOUOOUOOUOOOOOOOOOO
Allocate resource
(Cdling_FAX)
5. END OF DIS (ADPCM)
I A I I
6.

goobobobbodoggobdbswteH_ TopevoDU OO OOODOODODOOOOOO -

Insert fixed delay Start DCS timer
Start demodulation path Start demodulation path
Insert fixed delay

7.

~O0boudoggobbobbbddd sieNALLING DOOOOOO0DOODOO00oon

Demodulated DCS

Compatibility is not verified for both
DCMEs with received DCS

8.
~gougoogoboobbod swtcH_TOADPCM UUOUOOO0OOODOOOOO0OOO

Switch to 40 kbit/s channel Switch to 40 kbit/s channel with fixed
Release resource delay
Delete delay Release resource

(Tx_ADPCM_FAX)
*** Many interactions (call continues using ADPCM) ***

1) Datahangover timer (G.763) is
expired; or

2) voiceis detected in the channel; or

3) transparent request is received.

9.

~0b0udoggobbbbbddd bisconNECT OO OOOOODODODOOooooon

The fixed delay is deleted
Termination of FCH process
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10.
0000o0ddodooddoudd biscoNNECT DO OODOOODOO0oooooon -
Termination of FCH process

Case 16: WA Calling — PA Called, no polling

PA (Receive, Called) WA (Transmit, Calling)

1. Cdl start
~dobdobooooobouoouoouooboooboobooboooouoooogd
(Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
3.

goobobobobbdggogonbb coNNecT(isy UDOODOUOOoooooboobod -

Start RESOURCE timer
Allocate resource

(Called_FAX)

4,

~0d00d0o0obobobO0Uo0od ReSOURCE(isy DOUOOUOO0OO0OOOOOOOO
Allocate resource

5. END OF DIS (ADPCM)

I A I I

6.

gbodooooboooouodoswiTcH TODEMODU OO OOOOOOOOOOOO -

Start DCS timer Start demodulation path
Start demodulation path Insert fixed delay

7.
~00d0000bo0b0obO0bodn sGNALLING DO0O0O0O0OO0O0OO0OO00O00DOO0
Demodulated DCS

8.

~gdodooooboobououodo oL OO00DO0O0OO0O0OO0O0OO0OO0OOO0OOOn

(Receive_FAX)

9.

~gdodooboobooboudg switcHTOADPCM OO0O0OO0OO0OO0OOOOOO
Received training sequence can not be

handled
Switch to 40 kbit/s channel Switch to 40 kbit/s channel with fixed
Rel ease resource delay

Release resource
(Rx_ADPCM_FAX)
*** Many interactions (call continuesvia ADPCM) ***

1) Datahangover timer (G.763) is
expired; or

2) voiceis detected in the channel; or

3) transparent request is received.
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10.

~0b0udoggobbbbbddd bisconNECT OO OOOOODOODOOooooon

The fixed delay is deleted
Termination of FCH process

11.

U0000o0ddodooddoudd biscoNNECT DO OOOOODOO0oooooon -
Termination of FCH process

A4 NSF-T.30 proprietary cases with unmatched capabilities
Case 17: PA Calling — PA Called, no polling

PA (Receive, Called) PA (Transmit, Calling)

1. Cdll start
~gbodooooboboouotdotoooooobououoooooooonood
(Pre_FAX) (Pre_FAX)

Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)

I I A A I A
3.

gobobbodooobobibd coNNecT(isty UDOUOOOoUoobogdoood -

Start RESOURCE timer
Allocate resource

(Called_FAX)

4,

~Uo0dddodouooddnod ResSOURCE(isy ODOUOOOOOOOOOOOOOO
Allocate resource
(Cdlling_FAX)

5. END OF DIS (ADPCM)

I A A I

6.

gobobbugooooobbtdswTeH TobDEMODU UL OO ODOOOOOLOOOO -

Start DCS timer Start DCS timer
Start demodulation path Start demodulation path
Insert fixed delay

7.

00000000000 obogd sGNALLING UOOD0OODLOUODUODbUObUOobOobo
Demodulated NSS

Compatibility is not verified for both
DCMEs with received NSS
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8.
~googoogoboobbod swtcH.TOADPCM UUOUOOO0OOODOOOOO0OOO

Switch to 40 kbit/s channel Switch to 40 kbit/s channel with fixed
Release resource delay

Release resource
(Rx_ADPCM_FAX) (Tx_ADPCM_FAX)

*** Many interactions (call continuesvia ADPCM) ***

1) Datahangover timer (G.763) is
expired; or

2) voiceis detected in the channdl; or

3) transparent request isreceived.

9.

~0b0udoggobbbbbddd bisconNECT OO OOOOODODODOOooooon

Fixed delay is deleted
Termination of FCH process

10.

U0000o0ddodooddoudd biscoNNECT DO OODOOOO0O0oooooon -
Termination of FCH process

Case 18: WA Calling — WA Called, no polling

WA (Receive, Called) WA (Transmit, Calling)

1. Cdl start
~dobdobooooobouoouoouooboooboobooboooouoooogd
Start DIS timer Start DIS timer

2. BEGINNING OF DIS (ADPCM)
gobbobobbuodgogobobobbodogoooboobboooooonoDon -
3.

goobobobobbdggogonbb coNNecT(isy UDOODOUOOoooooboobod -

Start RESOURCE timer
Allocate resource

4,
~0boudoggobbbbibdd ResourcE(isy UUodoobooboooooon

Allocate resource
5. END OF DIS (ADPCM)

gobbobobbuodgogobobobbodogoooboobboooooonoDon -
6.
goobobobbodoggobdbswteH_ TopevoDU OO OOODOODODOOOOOO -

Start demodulation path Start demodulation path
Insert fixed delay Insert fixed delay

7.

00000000000 0D0000 sIGNALLING D0OOOUOO0ODOOOU0ODOOOODOOO
Demodulated NSS
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8.
~gougoogobobbododgod oL Dodoooobobobbodoooogn

Received training sequence cannot be

handled
9.
~gdodooboobooboudg switcHTOADPCM OO0O0OO0OO0OOO0OOOOOO
Switch to 40 kbit/s channel Switch to 40 kbit/s channel with fixed
Release resource delay
Release resource
*** Many interactions (call continuesvia ADPCM) ***
1) Datahangover timer (G.763) is
expired; or
2) voiceis detected in the channel; or
3) transparent request is received.
10.

~0b0uduggobbbbbddd bisconNECT OO OOOOODOODOOooooon

Fixed delay is deleted
Termination of FCH process

11.

U0000o0ddodooddoudd biscoNNECT DO OODOOODO0O0oooooon -
Termination of FCH process

ANNEX B

Formal description of the facsimile module controller

B.1 Introduction

This annex provides a formal description, based on the use of the SDL language, of the interfaces
and certain functions of the facsimile module controller FMC.

B.2 FMC interfaces

Figure B.l shows the FMC and its interfaces with other DCME functions (ADF) and other facsimile
module blocks. Signal lists L1 through L7 are defined, with the following origing/destinations
(see Figure 9):

LI: from ADF;

L2: to ADF;

L3: to analysis’7demodulation block;
L4: from analysis/demodulation block;
L5: to fax assembler/disassembler;

L6: from fax assembler/disassembler;
L7: to remodulation block.

The message carried by the different signals are listed in Tables B.I through B.11.
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C1

C3
[(L3)]

ca
[(L4A)]

FMC

(L]

C2

[(L2)]

C5
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C6

c7
[(L7)]

[(LE)]

Figure B.1/G.766 — FMC system diagram
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Table B.1/G.766 — Signals received from the HSC process (L1)

Signals Description
Data (ch) Datacall isdetected in IT numbered as"ch".
Datalnact (ch) Data hangover timer isexpired in I'T numbered as "ch".
Voice (ch) Voice call isdetected in IT numbered as "ch".
Transp (ch) Transparent call request is detected in IT numbered as "ch".
Rx_data (ch) Datacall is detected at receive side channel corresponding to IT
numbered as"ch".
Table B.2/G.766 — Signals sent to the RAG process (L2)
Signals Description
Faxbank_req Request an additional fax bank to be created.
Faxbank_rel Request to delete afax bank.
Table B.3/G.766 — Signals sent to the HSC process (L2)
Signals Description
Fax (ch) Inform the HSC that the IT numbered as "ch" is now handled by the fax
module (DSl processing is not needed).
Non_fax (ch) Inform the HSC that the IT numbered as"ch" is now out of the fax

Switch_to_ ADPCM (ch)

module control (DSI processing is needed).

Inform the HSC that the IT numbered as "ch" could not be handled by the
facsimile module and a 40 kbit/'s ADPCM channel is needed.

Table B.4/G.766 — Signals sent to the O&M facility (L2)

Signal

Description

Alarm (ch)

Response from corresponding FCH did not arrive within the specified
time.
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Table B.5/G.766 — Signals sent to the demodulator switches (L3)

(Switch positions a, b, ¢ as per Figure 11)

Signals

1

Switch number
2 3

Description

Demod_SW 1 (ch)

Demod_SW_2 (ch)

Demod_SW_3(ch)
Demod_SW_4 (ch)

Demod_SW_5 (ch)

OFF OFF OFF (N/A)

a

OFF ON

a

ON ON

b

a b

OFF (N/A)
b b

OPEN
b a

ON ON OFF

b

b b

ON OFF ON

b

a c

The signal goes through ADPCM path and no
signal is diverted to demodulator.

The signal still goes through ADPCM path but
the same signal is also sent to demodulator to
detect V.21 flag sequence.

The signal only goes through demodul ator
without the fixed delay.

The signal only goes through demodulator with
the fixed delay.

The signal only goes through ADPCM path with
the fixed delay.

Table B.6/G.766 — Signals sent to the remodulator switch (L3)

(Switch positions a, b as per Figure 11)

Signals Switch number Description
4
Remod_SW_1 (ch) OFF
a The signal goes through ADPCM path.
Remod_SW_2 (ch) b Flag_detect
b CONNECT

Table B.7/G.766 — Signals sent to the demodulator/decoder (L3)

Signals

Description

Start_demod (ch, demod,

mode, rate)

Stop_demod (ch, demod,

mode, rate)

Start sending the output of the demodulator number "demod" connected to
IT number "ch" and modulation scheme of "mode" and speed of "rate" to

frame assembl er.

Stop sending the output of demodulator number "demod" to frame

assembler.
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Table B.8/G.766 — Signals received from demodulator/decoder (L4)

Signals

Description

Inact (ch, code, mode, rate)

Low_speed (ch)
Fax_ept (ch, f)
End_of_ept (ch)
Fax_Training (ch)
End_of_Training (ch)
Inact_Data (ch)
Flag_detect (ch)
End_of_DIS (ch)

When the end of signalling data is detected at the demodulator for an I T,
demodulator decodes the signal and inserts IT number in "ch" name of
codein "code", modulation scheme in "mode" and bit rate in "rate"
variables of Inact signal. If only codeis given, mode and rate variables
contain "BLANK".

When low speed data is detected, demodulator generates this signal.
When echo protection tone is detected, this signal is generated.

When the end of echo protection tone is detected, this signal is generated.
When training code is detected, this signal is generated.

When the end of training is detected, this signal is generated.

When the end of facsimile page datais detected, this signal is generated.
When V.21 flag sequence is detected, this signal is generated.

When the end of DIS signal is detected, this signal is generated.

Table B.9/G.766 — Signals received from the FCH and

relayed to the remote FCH (L5)

Signals

Description

CONNECT (ch, list)

RESOURCE (ch, list)
DISCONNECT (ch)
SWITCH_TO_ADPCM (ch)
EPT (ch, f)

END_EPT (ch)
SIGNALLING (ch)

IDLE (ch)

TRAINING (ch, mode,
rate, long)

When FCH detects DIS signal in the incoming signal from IT number
"ch", this code is generated. It informs the corresponding FCH that a
facsimile call is detected. The variable "list" contains the list of allocated
remodulator set.

This codeis generated by FCH in response to CONNECT code. Thelist
of allocated remodulator set is given in the "list" variable.

This code is generated when FCH detects the end of facsimile call.

When FCH determines that a call can not be handled by itself, this code is
generated. The signal path is changed from demodulation path to ADPCM
path.

This signal requests the corresponding FCH to generate EPT tone with "f"
frequency.

Thissignal indicates the end of EPT tone.

This signal indicates that demodulated supervisory datais started in fax
data channel for IT number "ch".

This signal indicates that demodulated page or supervisory datais ended
in fax data channel for IT number "ch".

This signal requests the corresponding FCH to generate training sequence
for IT number "ch" with modulation scheme of "mode" and speed of
"rate”. If logical variable "long" is"true", long training sequence shall be
generated, otherwise short training sequence shall be generated.
Receiving WA_FCH uses this information. The receiving PA_FCH does
not use thisinformation for the T.30 protocol. If long training sequenceis
given, "rate" variable is not available from WA_FCH.
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Table B.9/G.766 — Signals received from the FCH and
relayed to the remote FCH (L5)(concluded)

Signals

Description

FAX_DATA (ch)

LONG_TRAINING (ch,
rate)

V_FAST (to be determined)
SWITCH_TO_DEMOD (ch)

When the end of training is detected, this code is generated. This code
also indicates that the demodulated dataisin fax data channel. The
number of bits for this call is known by the corresponding FCH.

This code contains rate information for the training sequence and is
generated only by WA_FCH. The receiving PA_FCH ignores this code.

To be determined.

Thissignal is generated at the end of non-demodulated DIS signal and
indicates that a path change from ADPCM to Facsimile demod/remod
shall occur for IT number “ch".

Table B.10/G.766 — Signals received from the fax frame disassembler (L6)

The list is the same as the codes exchanged between corresponding FCHs via their CCFs. In

addition, when the reception of a supervisory message is completed, as signalled by the IDLE code,
the frame disassembler decodes its content and passes it to the CCF.

Signal

Description

Fax_ldle (ch, code, mode, rate)

Variables "code", "mode" and "rate" are given by the decoder in the
frame disassembler.

Table B.11/G.766 — Signals sent to the remodulator (L7)

Signals

Description

Start_remod (ch, remod, mode,
rate)

Stop_remod (ch, remod, mode,
rate)

Start EPT (ch, f)
Stop_EPT (ch)

Generate_Short_Training (ch,
mode, rate)

Generate Long_Training (ch,
mode, rate)

signal to remodul ator. The remodulator number is not specified in
the FCH signal but it isgivenin CCF signal. This signal initiates
remodulation of data sent from Frame reassembler to the
remodulator "remod".

remodul ator "“remod".

Thissignal initiates the generation of EPT signal with frequency
“f* for the IT number "ch".

This signal stops the generation of EPT signal for the IT number
"ch".
This signal initiates the generation of short training sequence for

IT number "ch" with modulation scheme of "mode" and speed of
"rate".

This signal initiates the generation of long training sequence for
IT number "ch" with modulation scheme of "mode" and speed of
"rate".

When CCF receives Start_remod signal from FCH, CCF passes the

When CCF receives Stop_remod signal from FCH, CCF passes the
signal to Remodulator. This signal stops remodulation of data at the
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B.3 Internal structure of theFMC

The FMC consists of the CCF and the FCH processes, as shown in Figure B.2. Signals L8 and L9
define the interfaces between these two processes. The messages carried by the two signals are listed
in Tables B.12 through B.14.

[(L3)] [(L4)] (L]

0,2
CCF ©2

(L] [(L3)]

[(L2)] [(Le)]

(L3 [(L9)]

ke m oo

PA_FCH ©)

T1507300-92

Figure B.2/G.766 — FMC block diagram
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Table B.12/G.766 — Signals provided to the FCH (L8)

Signals Table

(Signals are previously defined)

Datal nact (ch) B.1
Voice (ch) B.1
Transp (ch) B.1
Inact (ch, code, mode, rate) B.8
Low_speed (ch) B.8
Fax_ept (ch, f) B.8
End_of_Training (ch) B.8
Inact_Data (ch) B.8
Flag_detect (ch) B.8
End_of_DIS (ch) B.8
Fax_ldle (ch, code, mode, rate) B.10
CONNECT (ch, list) B.9
RESOURCE (ch, list) B.9
DISCONNECT (ch) B.9
SWITCH_TO_ADPCM (ch) B.9
EPT (ch, f) B.9
End_EPT (ch) B.9
SIGNALLING (ch) B.9
IDLE (ch) B.9
TRAINING (ch, mode, rate, long) B.9
FAX_DATA (ch) B.9
LONG_TRAINING (ch, rate) B.9
V_FAST B.9
SWITCH_TO_DEMOD (ch) B.9

Table B.13/G.766 — PA FCH control signals (L9)

Signals Table

(Signals are previously defined)

Fax (ch) B.3
Non_fax (ch) B.3
Switch_to ADPCM (ch) B.3
Demod SW_1 (ch) B.5
Demod_SW_2 (ch) B.5
Demod SW_3(ch) B.5
Demod_SW _4 (ch) B.5
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Table B.13/G.766 — PA FCH control signals (L9)

(concluded)

Signals Table
Demod SW_5 (ch) B.5
Remod_SW_1 (ch) B.6
Remod SW_2 (ch) B.6
Start_demod (ch, mode, rate) B.7
Stop_demod (ch, mode, rate) B.7
Start_remod (ch, mode, rate) B.11
Stop_remod (ch, mode, rate) B.11
Start_EPT (ch, f) B.11
Stop_EPT (ch) B.11
Generate_Short_Training (ch, mode, rate) B.11
Generate_Long_Training (ch, mode, rate) B.11
CONNECT (ch, list) B.9
RESOURCE (ch, list) B.9
DISCONNECT (ch) B.9
SWITCH_TO_ADPCM (ch) B.9
EPT (ch, f) B.9
End _EPT (ch) B.9
SIGNALLING (ch) B.9
IDLE (ch) B.9
TRAINING (ch, mode, rate, long) B.9
FAX_DATA (ch) B.9
LONG_TRAINING (ch, rate) B.9
V_FAST B.9
Alarm (ch) B4
SWITCH_TO_DEMOD (ch) B.9

Table B.14/G.766 — Status signals received from FCH (L9)

Signals Description
Calling (ch) FCH informs CCF that it isacalling party.
Called (ch) FCH informs CCF that it isa called party.
Transmit (ch) FCH informs CCF that it is afacsimile page transmitting party.
Receive (ch) FCH informs CCF that it is afacsimile page receiving party.
Terminate (ch) FCH informs CCF that the process is terminating.

B.4 Common control function (CCF)
The functions of the CCF are defined in 6.1.

B.5 FCH

The FCH requirements are specified in 6.2. The SDL representation of the PA FCH is provided here.
Figure B.3 shows an overall state transition diagram for the PA FCH. Tables B.15 and B.16 define
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the protocol variables and the procedures, respectively. The SDL connector is given in Table B.17.
The SDL representation of the PA FCH is provided by 25 SDL diagrams.

End of
Training

Demodulate
_DATA

Inact (code)

Inact (DCS) IDLE (CFR, MCF)

Inact (DCS)
[*polling*/

SWITCH-TO-ADPCM
Inact (NSS)

CONNECT
[*new call*/

CONNECT(Tx)

Rx_ADPCM_ Training
FAX

SWITCH-TO-ADPCM

IDLE (DCS) Inact (CFR, M
*polling*/

IDLE (DCS)

Receive Remote Remodulate St
. . note_ . Remote
FAX EPT Training DATA IDLE Signal

T1522240-96

TRAINING

Figure B.3/G.766 — FCH for the PA approach
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Table B.15/G.766 — Definition of the PA FCH variables and timers

Variablesand Definitions
timers

t DIS DIStimer value (15 ).

ti DIStimer variable.

t DCS DCStimer value (15 s).

td DCStimer variable.

t RES RESOURCE code reception timer value (3 s).

ts RESOURCE code reception timer variable.

t EPT EPT length value (1 s).

te EPT timer variable.

code A variable to hold current supervisory code.

sig_mode Supervisory signal modulation scheme.

sig_rate Supervisory signal rate.

prev The variable holding previous signalling code.

PPR_count PPR command counter.

long Thelogical variable for training. It is"true" for the long
training sequence and "false" for the short training sequence.

data_training A logical variable. If "true" the expected signal isafacsimile
page data, else TCF sequence is expected.
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Table B.16/G.766 — Definition of the PA FCH procedures

Procedures Definitions
Allocate_Resource (list) This procedure allocates remodulators and puts the names of
remodulatorsin the "list".
Release_Resource (list) This procedure releases all allocated remodulators and demodulators. The
names of remodulators are given in the "list".
Save List (list) This procedure stores the received remodulator list from remote PA_FCH
process.

Capability_Check (Proceed) | When NSF-T.30 protocol is detected, PA_FCH process checks its
capability. if this call can be handled, the variable "proceed" is set to
"true", else"false".

Check_Resource (Proceed) When DCSis detected, it examines its demodulation and remodul ation
capability with the remote remodulator list and determinesif afacsimile
call can be handled or not. If PA_FCH can handle acall, the variable
"Proceed” is set "true”, else "false”. If the DCS includes 2400 bit/s
handshaking, a variable "proceed" shall be set to "false".

Tx_NSF_T30 Handling When NSF-T.30 protocol is accepted, this procedure handles the protocol.
There is no restriction how to handle the call aslong as the output signals
arerestricted to the defined codes as specified in Table B.10.

Rx_NSF_T30 Handling When NSF-T.30 protocol is accepted, this procedure handles the protocol.
It accepts all signals and acts upon without decoding the code. When
TRAINING codeisreceived, "long" variable istaken asis.

Store (list) When RESOURCE code is received, the list of remote remodulator is
stored by this procedure.

Table B.17/G.766 — SDL connector

rdx From SDL-(n) To SDL-(n)
1 14, 22 3
2 4,23 13
3 16, 18, 20 23
4 18, 23 20
5 12 10
6 6, 10 12
7 10 11
8 20 21
9 6 8
10 16 18
11 21 22
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Process PA_FCH

™~ 1(24)
| Ly
| |
| |
L _
Set (NOW+t_dis,
ti)
sig_mode:="V21,
sig_rate:=300
Prev:=NULL,
PPR_count:=0,
long:=true
DCL
send_DISC boolean,
Data_training boolean, send_DISC:=true
long boolean,
ch, list integer,
pre, level boolean,
code, preceed boolean; Data training:=
false

Demod_SW_2(ch)
TO CCFPID

Remod _SW_1(ch)
TO CCFPID

T1522250-96
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Process PA_FCH
-

2(24)
| Ly
| |
| |
L _J
* : e Pfe_
/* DIStimer expiration */ FAX
| |
) CONNECT
Voice(ch) ti Transp(ch) Flag_detect(ch) (ch,list)
| | |
Terminate(ch) . .
TO CCFPID Reset(ti) Reset(ti)
Allocate_ Calling(ch)
Resource(list) TO CCFPID
CONNECT
(chlist) ToF ?:Xc(:%rgm
TO CCFPID
Fax(ch) o
Called(ch) Allocate_
TO CCFPID Resource(list)
Set(NOW+t_RES RESOURCE
ts) (ch,list)
TO CCFPID
Called Calling_
FAX FAX

T1522260-96
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~ ProcessPA _EC!-L,\ Calling_ 3(24)
| Ly FAX

| |

| |

L _

Inact(ch,code,
mode,rate)
Stop_demod(ch,
sig_mode,sig_rate)
1 TO CCFPID
('DCS)
dse
Check_ Capability_Check
Resource(proceed) (proceed) (code)
(DTC) dse
Reset(td) Reset(td)
Reset(td)
(false) L (false)
(proceed) T (proceed)
S%To%ﬂ‘(l% IDLE(ch)
(true) 10 CCFRD TO CCFPID
(true)
Release IDLE(ch) Demod_SW_3(ch) IDLE(ch)
Resource(list) TO CCFPID TO CCFPID TO CCFPID
IDLE(ch) Demod SW 5(ch Calling Calling_
TO CCFPID e?g CCEPI ,:gc ) Tx_NSF_T30 FAX FAX

— , Remod_SW_1(ch)
prev:=DCS TO CCFPID
[ [
T Switch_to_
Datalz—gfgé“g" ADPCM(ch)
TO CCFPID
Transmit_
FAX Tx_ADPCM_FAX

T1522270-96
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Process PA_FCH 4(24)
T T~ ™
[ Ly
[ |
[ [
L - Calling_
FAX
/* DCStimer expiration */
| \ | |
SIGNALLING(ch), Fax_ldle(ch, SWITCH TO
L ow_speed(ch) code,moderate) ADPCM(ch) td

VA

1

SWITCH_TO
DEMOD(ch)

Set (NOW+t_DCS,
td)

Demod_SW_4(ch)
TO CCFPID

Remod_SW_2(ch)
TO CCFPID

Start_demod(ch, Start_remod(ch,
sig_mode,sig_! rate) sig_mode,sig_rate)
TO CCFPID TO CCFPID
SIGNALLING(ch) Calling_
TO CCFPID FAX

Stop_remod(ch,
sig_mode, sig_rates)
TO CCFPID

Stop_demod(ch,
sig_mode, sig_rates)
TO CCFPID

SWITCH_TO_
ADPCM(ch)
TO CCFPID

Demod_SW_3(ch)
TO CCFPID

Reset(td)

o

Release
Resource(list)

|

Calling_
FAX

Demod_SW_5(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Switch_to
ADPCM(ch)
TO CCFPID

TX_ADPCM_FAX

T1522490-96
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Process PA_FCH

| L\ﬁ 5(24)
| |
| |
Lo _
Tx_NSF_T30 Tx_ADPCM_FAX
| |
Voice(ch) Datalnact(ch) x Voice(ch) Datal nact(ch)

A 4
A

Demod_SW_1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

DISCONNECT(ch)
TO CCFPID

Release
Resource(list)

Terminate(ch)
TO CCFPID

Tx_NSF_T30_
Handling

Tx_NSF_T30

Y
A

Demod_SW_1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

DISCONNECT(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

T1522290-96
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Process PA_FCH

Transmit_
FAX

Low_speed(ch)

Fax_ept(ch)

Fax_Training(ch)

Datal nact(ch)

EPT(ch)
TO CCFPID

Set(NOW+t_ept,te)

Local_EPT

LEVEL (ch,level)

DISCONNECT(ch)
TO CCFPID

Release
Resource(list)

Demod_SW_1(ch)
TO CCFPID

Remod _SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

>< T1522500-96

6(24)
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ProcessPA_FCH __
I[_ L\ﬁ 7(24)
| |
| |
L _J
/* EPT timer expiration */
Loca_EPT
End_of ept(ch) te
Reset(te)
l
END_EPT(ch)
TO CCFPID
Loca_Training
T1522310-96
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Process PA_FCH

_______ w
i Ly
| \
| \
Lo -

8(24)
m
[ [ I |
- End_of_Training
Fax_Training(chy) Low_speed(ch) Datalnact(ch)

(ch)

(Data_training)

|

¢
b

FAX_DATA(ch)

NN

DISCONNECT(ch)

(V.17

long:=true

long:=false

\4

q
»

TRAINING(ch,
mode,rate,long)
TO CCFPID

Loca_Training

TO CCFPID TO CCFPID
Start_demod(ch
S ' Release
long:=true sig_mode,sig_rate) =
TO CCFPID Resource(lis)
Demodulate Demod_SW_1(ch)
Data TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

T1522510-96
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Process PA_FCH
oo N 9(24)
| Ly
| |
I |
L _J
Demodulate
Data
l |
Inact_Data(ch) Datal nact(ch)
ggorﬂaggggfaqé) DISCONNECT(ch)
T0 CéFH D TO CCFPID
- Release
(false) (Data_training) (true) Resource(list)
Data_training:= Demod_SW_1(ch)
true TO CCFPID
IDLE(ch) IDLE(ch) Remod_SW_1(ch)
TO CCFPID TO CCFPID TO CCFPID
Tx_Remote Tx_Loca_ Non_Fax(ch)
Signal Signd TO CCFPID
Terminate(ch)
TO CCFPID
T1522330-96
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Process PA_FCH
- ™ 10(24)
[ Ly
| \
| \
L J
Tx_Remote
Signa
|
5IGNALLING(ch Datal nact(ch) Fax_Idle(ch, Low_speed(ch)
code,mode,rate)
Start_remod(ch, DISCONNECT(ch) Stop_remod(ch,
sig_mode,sig_rate) sig_mode,sig_rate)
TO CCFPID TOCCRPID TO CCFPID
Tx_Remote_ Release_
Signal Resource(list)
else
Demod_SW_1(ch)
TO CCFPID ('DCS)
(PRI'PIN'PIP)
else
Remod_SW_1(ch) DISCONNECT(ch)
TO CCFPID TO CCFPID
Non_Fax(ch) Release
TO CCFPID Resource(list)
Terminate(ch) Demod_SW_1(ch)
TO CCFPID TO CCFPID
Remod_SW_1(ch)
TO CCFPID
Non_Fax(ch)
TO CCFPID
Terminate(ch)
TO CCFPID
T1522340-96
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Process PA_FCH
T ™~ 11(24)

('CFR,CTR)
else

(PPR)

PPR_count:=

PPR_count+1 (ERR/MCF)

(code="DCN")

(fase)

PPR_count:=0

DISCONNECT (ch)

(PPR_count=4) TO CCFPID)

(false)
(prev="EOP) (true) | /* Remote isWA */
- Release
PPR_count:=0 (false) Resource(list)
A4 ¢
Transmit_ Tx_local_ Demod_SW_1(ch)
FAX Signal TO CCFPID

Remod_SW_1(ch)

(EOM") TO CCFPID

Transmit_

Non_Fax(ch)
FAX

TOCCFPID

Terminate(ch)
TO CCFPID

T1522350-96
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Process PA_FCH 12(24)
- N
| =3
| |
| |
Lo _
Tx_Local_
Signa
| |
Low._speed(ch) Inact(ch,code, 5IGNALLING(ch Datal nact(ch) Fax_Training(ch)
= mode,rate) -
|
<—

Stop_demod(ch,
sg _mode,sig_rate)
TO CCFPID

else

DISCONNECT(ch)
TO CCFPID

Release
Resource(list)

Demod_SW_1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

Start_demod(ch,
sg _mode,sig_rate) prev:=code dse
TO CCFPID
gﬁ%gg;’?ﬁgg DISCONNECT (ch) IDLE(ch)
70 COFPID TO CCFPID TO CCFPID
(DCS) '
Tx_Local_ IDLE(ch) Release_ Tx_Remote_
Signal TO CCFPID Resource(list) Signal
Data_Training Demod_SW_1(ch)
=false TO CCFPID
Transmit Remod_SW_1(ch)
EAX TO CCFPID

Non_Fax(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

T1522360-96
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Process PA_FCH

- —E\ 13(24)
l 3
| | Called_
| | FAX
L _
[ | I |
Fax_ldle(ch, SIGNALLING(C RESOURCE SWITCH_TO
code,mode,rate) i ( (ch,list) ADPCM(ch)
[ [ [
Start_remod(ch, Stop_remod(ch,
Stop_remodi(ch, sig_mode,sig rate) Reset(ts) sig_modesig_rete)
sig_mode,sig_rate) TO CCFPID TO CCFPID
TO CCFPID I I
Store(list Release
Called_ ore(list) Resource(ist)
FAX
dse Called Demod_SW_1(ch)
Reset(td) g FAX TO CCFPID
Reset(ts) (DTC)
Reset(td); (code)
Reset(ts) Remod_SW_1(ch)
(NSS) , else TO CCFPID
Capability_Check Called_
Demod_SW_4(ch) P broossd) FAX .
TO CCFPID Switch to
Check_Resource I ADPCM (ch)
(proceed) TO CCFPID
Reset(td)
Reset(ts)
Reset(td)
Reset(ts)

Receive(ch)
TOCCFPID

Data _training
= FALSE

prev:='DCS

Receive
FAX

SWITCH(ch)
TO CCFPID

Release
Resource(list)

Demod_SW._1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Switch to
ADPCM (ch)
TO CCFPID

Rx_ADPCM_FAX

Rx_NSF_T30

Rx_ADPCM_FAX

T1522370-96
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Process PA_FCH

14(24)

——————— ™
] Ly
| |
| |
L J
* ; P /* RESOURCE timer
C,?IAIGQ_ [* DCS timer expiration */ expiration */
[ [ I |
Inact(ch,
L ow_speed(ch) code mode,rate) td s
Start_demod(ch, Stop_demod(ch,
sig_mode,sig_rate) sig_mode,sig_rate) Reset(ts) Reset(td)

SIGNALLING(ch)

SWITCH_TO_
ADPCM(ch)

Alarm(ch)

TO CCFPID TO CCFPID TO CCFPID
(DCS)
IDLE(ch) Reset(td) Release_ DISCONNECT(ch)
TO CCFPID Reset(ts) Resource(list) TO CCFPID
— |
End_of_DIS(ch) Called_ Demod_SW._1(ch) Release
FAX TO CCFPID Resource(list)

|

Set(NOW+t_DC

Std)

SWITCH_TO_
DEMOD(ch)
TO CCFPID

TO CCFPID

Called_FAX

Remod_SW_3(ch)

Remod_SW_1(ch)
TO CCFPID

Switch_to
ADPCM(ch)
TO CCFPID

Demod_SW_1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Rx_ADPCM_FAX

Non_Fax(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

T1522520-96
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Process PA_FCH

_______ W
] Ly
! |
! |
L __ _

Rx_NSF T30
[ [
Voice(ch) Datal nact(ch)

A 4
A

Demod_SW_1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

TERMINATE(ch)
TO CCFPID

DISCONNECT (ch) Rx_NSF_T30_
TO CCFPID Handling
Release
Resource(list) RX_NSF_T30

Rx_ADPCM_FAX

Voice(ch)

DISCONNECT(ch)
TO CCFPID

Demod_SW_1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

T1522530-96
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Process PA_FCH

16(24)

-~ ™
| =3
\ |
\ |
L __ _
Receive
FAX
[ | |
LEVEL (ch, TRAINING(ch,
EPT(ch,f) SIGNALLING(ch) level) mode,rate,long)
Start EPT(ch,f) )
TO CCFPID Receive FAX

Set(NOW+t_ept,te)

Remote EPT

T1522400-96
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Process PA_FCH 17(24)

[* EPT timer expiration*/
Remote EPT

END_EPT(ch) te

Stop_EPT(ch,f)
TO CCFPID

Remote_
Training

T1522410-96
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Process PA_FCH

_______ 18(24)
r ™
! a
\ |
\ |
L J
Remote
Training
| | | | |
TRAINING(ch, LONG_TRAINING
mode,rate.long) FAX_DATA(ch) SIGNALLING(ch) Low_speed(ch) (Chrae)
Remote_
D Training
T1522420-96
Start_remod(ch, Start_remod(ch,
mode,rate) mode,rate)
TO CCFPID TO CCFPID
Remodulate
Data

(Data_training)

(V.17)

(false)

Generate_Short_ Generate_Long_
Training(ch, Training(ch,
mode,rate) mode,rate)
TO CCFPID TO CCFPID
Data training
long:=false =true,
long:=true
Remote Remote_
Training Training
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Process PA_FCH
N

Remodulate
Data

IDLE(ch)

Stop_remod(ch,
sig_mode,sig_rate)
TO CCFPID

A 4

Rx_Remote_ Rx_Local_
Signal Signal

T1522430-96

19(24)
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Process PA_ FCH N 20(24)

Ly

|

|

________ _ Rx_Local_
Signal
[
Inact(ch, -

Low_speed(ch) codemode,rate) SIGNALLING(ch) Fax_Training(ch)

Start_demod(ch,
sig_mode,sig_rate)
TO CCFPID

Stop_demaod(ch,
sig_mode,sig_rate)
TO CCFPID

DISCONNECT (ch)
TO CCFPID

Release

SIGNALLING(ch) -
dse Resource(list)

TO CCFPID

Rx_Loca_ DISCONNECT (ch) IDLE(ch)
Signa TO CCFPID TO CCFPID

|

Demod_SW_1(ch)
TO CCFPID

Release
Resource(list)

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

Demod_SW_1(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

T1522440-96

Terminate(ch)
TO CCFPID
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l_BOEe§SEA__EC'_4 21(24)
| Ly
| |
I I
L _
dse
(PIP,PIN")
DISCONNECT(ch)
TO CCFPID (code)
Release
= code="PPR’
Resource(list) (CFR,CTR, ( )
'ERR’) (false)
Demod_SW_1(ch)
TO CCFPID
Remod_SW_1(ch) PPR_count:=
TO CCFPID PPR_count+1
Non_Fax(ch) -
TO CCEPID (PPR_count=4)
Terminate(ch)
TO CCFPID PPR_count:=0
Y
Receive Rx_Remote
FAX Signal
T1522450-96
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Process PA_FCH

A

(MCF)

PPR_count:=0

(true)

(code="DCS)

(false)

(prev="EOP)

Receive
FAX

Rx_Loca _
Signal

Y

22(24)

(true)

Transmit(ch)
TO CCFPID

T1522540-96
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Process PA_FCH

r——————- ™ 23(24)
| b
| I Rx_Remote
| I Signal
L _
[ l
Fax_Idle(ch,
SIGNALLING(ch) code,ﬁodz(,rate) Low_speed(ch)

Start_remod(ch,
sig_mode,sig_rate)
TO CCFPID

Rx_Remote
Signa

Stop_remod(ch,
sig_mode,sig_rate)
TO CCFPID

prev:=code

(code="CTC)

(DCS)

Capability
Check(proceed)

Reset(td)

SWITCH_TO_
ADPCM(ch)
TO CCFPID

(DCN’)

DISCONNECT (ch)
TO CCFPID

Release
Resource(list)

Data Training:=
fase

Release
Resource(list)

Demod_SW_1(ch)
TO CCFPID

Demod_SW._1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Switch to
ADPCM(ch)
TO CCFRPID

Terminate(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

(true)

T1522470-96
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Process PA_FCH

*(Pre_FAX)

Voice(ch)

DISCONNECT (ch)
TO CCFPID

Demod_SW_1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

SWITCH_to_
ADPCM(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

*(Pre_FAX)

DISCONNECT
(ch)

Demod_SW_1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Non_Fax(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

*(Pre_FAX)

Transp(ch)

DISCONNECT(ch)
TO CCFPID

Demod_SW_1(ch)
TO CCFPID

Remod_SW_1(ch)
TO CCFPID

Terminate(ch)
TO CCFPID

T1522550-96
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SUPPLEMENT No. 1

Dimensioning example for facsimile compression

S1 Introduction

This example is intended to be used in conjunction with the DCME dimensioning method outlined in
Supplement No. 2 to Recommendation G.763, "DCME dimensioning for different route
characteristics'.

S.2 Assumptions

It is assumed that:
— most facsimile calls are carried out at 9.6 kbit/s;

- approximately 20% of facsimile calls are between machines which have a compatible set of
non-standard facilities, which they therefore use, and which cannot be compressed,;

- non-facsimile voiceband data is approximately 10% of the total;
- forward error correction is switched on, on the FCMs;

- most facsimile calls are of two pages in length;

- typical page transmission time is 30 s.

S.3 Method

Determination of the peak data loading period must follow the procedure of Supplement No. 2 to
Recommendation G.763, taking due cognizance of the caveats of 4.3/G.763, "Two pitfalls for the
unwary". That done, taking the example given in 4.2.1 of Supplement No. 2 to
Recommendation G.763, "DCME dimensioning using the profile of a route without silence
elimination", the example may be reworked as follows to include facsimile compression:

Assumption:
Number of trunk channels at service da@®40

NOTE - For facsimile compression, the gain for the voiceband data element of the Digital Channel
Occupancy Analyser (DCOA) profile is increased. Therefore, for moderate voiceband data percentages and
rates of 14.4 kbit/s and below, the channel occupancy profile of the bearer is quite similar to that of the trunk
side. Furthermore, actual values of gain on facsimile traffic are likely to be numerically similar to the gain for
voice traffic. These facts suggest that with facsimile compression, two DCMEs may be sufficient to carry the
traffic.

From Figure 6 of Supplement No. 2 to Recommendation G.763 there are two peaks to be considered:
one is dominated by the amount of data (data peak) and the other is dominated by the amount of
voice (voice peak).
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Data Peak:
59% of data:

Number of fax trunks = 240 x 0.59 x 0.9

of which

Number of non-fax data trunks

= 102 have standard facilities

= 26 have non-standard facilities
=240 x 059 x 0.1

Therefore, number of data trunks which must be carried through ADPCM

Number of ADPCM data trunks per DCME

On asingle channel, the low-speed signals which are carried through for compression are:

DSl gain
. 8
LREgan =-—
g 5
DCS (1469
CFR (1.369)
MPS (1.369)
MCF (1.369)
EOP (1.369)
MCF (1.369)
DCN (1.369)

Total time duration of low-speed signals = 9.62 s (worst case) both directions included.

Since fax is half-duplex, in each direction the average duration (worst case) is:

——=481s

(Silence elimination advantage cannot generally be assumed for
non-facsimile and non-standard facilities facsimile data)

These are 300 hit/s signals with 100% stuffing control overhead, 60% FDC fill, and triple

redundancy. Therefore, the bearer channel rateis:
6 bits’2 ms = 3 kbit/s
Image datais sent at 9.6 kbit/s using a 21-bit FDC, which therefore gives a bearer channel rate of:
21 bits/2 ms = 10.5 kbit/s

Recommendation G.766
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The mean bit rate for single call istherefore:

3x4.81+10.5% 30

3181 = 9.46 kbit/s

and fax compression gain isﬁ =6.77
However, since we have assumed that FEC is ON in each terminal, the actual bearer channel rate will

be:

9.46 x 32

o1 14.42 Kkbit/s
and the fax compression gain is 64/14.42 = 4.44

Since 102 trunk channels are compressible, the bearer capacity alocated to the facsimile
compression is:

102 .

A 23 (fax bearer 64 kbit/s channels)
For 17% voice:
number of voice trunks =240 x 0.17

=41 trunks totals
number of voice trunks
per DCME =20
DSl gain (for 20 trunks) = 1.43 (from tables)
LRE gain -8

36

Hence, the 64 kbit/s bearer channel requirement is:

20><5+20X36+§
8 143x8 2

=12.5 (data) + 6.29 (voice) + 11.5 (fax)
= 30.29 bearer channels per DCME

NOTE — This is marginal, in view of the fact that a half-bearer channel must be allocated for the control
channel, and a quarter-bearer channel for the FCC (when present). Nevertheless, the calculation illustrates the
method which may be used in dimensioning DCMEs with a facsimile compression facility. The same method
may be applied to the remainder of the example calculations in Supplement No. 2 to Recommendation G.763.
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SeriesA
SeriesB
SeriesC
SeriesD
SeriesE
SeriesF
Series G
SeriesH
Series|

Series J

SeriesK
SeriesL
SeriesM

SeriesN
Series O
SeriesP
Series Q
SeriesR
Series S
Series T
SeriesU
SeriesV
Series X
SeriesZ

ITU-T RECOMMENDATIONS SERIES
Organization of the work of the ITU-T
Means of expression
General telecommunication statistics
General tariff principles
Telephone network and ISDN
Non-tel ephone telecommunication services
Transmission systems and media
Transmission of non-telephone signals
Integrated services digital network
Transmission of sound-programme and television signals
Protection against interference
Construction, installation and protection of cables and other elements of outside plant

Maintenance: international transmission systems, telephone circuits, telegraphy,
facsimile and leased circuits

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

Telephone transmission quality

Switching and signalling

Telegraph transmission

Telegraph services terminal equipment

Terminal equipments and protocols for telematic services

Telegraph switching

Data communication over the telephone network

Data networks and open system communication

Programming languages
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