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FOREWORD

The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of the International Telecom-
munication Union. The ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with a view to standardizing telecommunications on aworldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years, established the
topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

ITU-T Recommendation R.101 was revised by the ITU-T Study Group 1X (1988-1993) and was approved by the WTSC
(Helsinki, March 1-12, 1993).

NOTES

1 As a consequence of a reform process within the International Telecommunication Union (ITU), the CCITT
ceased to exist as of 28 February 1993. In its place, the ITU Telecommunication Standardization Sector (ITU-T) was
created as of 1 March 1993. Similarly, in this reform process, the CCIR and the IFRB have been replaced by the
Radiocommunication Sector.

In order not to delay publication of this Recommendation, no change has been made in the text to references containing

the acronyms “CCITT, CCIR or IFRB” or their associated entities such as Plenary Assembly, Secretariat, etc. Future
editions of this Recommendation will contain the proper terminology related to the new ITU structure.

2 In this Recommendation, the expression “Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

O ITU 1994

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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Recommendation R.101

CODE AND SPEED DEPENDENT TDM SYSTEM FOR ANISOCHRONOUS
TELEGRAPH AND DATA TRANSMISSION USING BIT INTERLEAVING

(Geneva, 1976; amended at Geneva, 1980, Malaga-Torremolinos, 1984,
Melbourne, 1988 and at Helsinki, 1993)

The CCITT,

considering

@ that the economic transmission of large humbers of anisochronous telegraph and data services over a single
telephone-type circuit may be achieved by using time-division multiplexing (TDM) techniques;

(b) that the multiplexing system should be capable of operating as a sub-multiplexer within a higher order TDM
hierarchy as well as on an anal ogue telephone-type circuit in association with standard data modems;

(© that the codes and speeds used for anisochronous telegraph and data transmission are well defined, permitting
the application of simple code-dependent multiplexing techniques;

(d that code-dependent multiplexing provides inherent regeneration of start-stop signals carried by the system;
(e that, while it is foreseen that the main application would be for telex traffic, the multiplexing system should be
capable of simultaneously transmitting the complete range of standard anisochronous speeds and codes likely to be

required by users;

()] that the multiplexing system should be capable of accepting for transmission all types of telex signals and of
regenerating those signals at the channel outputs within the tolerances specified in the relevant CCITT
Recommendations;

(9) that the multiplexing system should permit the efficient mixing of various combinations of anisochronous
speeds, codes and signalling types in the same transmission system;

(h) that the minimum duration of signal transfer delay through the TDM system could be achieved by the
transmission of interleaved elements,

unanimously declares the view

that, where bit-interleaved code and speed dependent TDM systems are used for anisochronous telegraph and data
transmission with an aggregate bit rate of 2400 bit/s carried either by an analogue telephone-type circuit or by a higher
order TDM, the equipment shall be constructed to comply with the following standard:

1 System capacity

11 The capacity of the system shall be 46 channels at 50 bauds (7.5 units including a stop element of 1.5 units).
12 For other modulation rates two alternatives are allowed.

121 Alternative A

1.2.1.1 Channelsat 75 bauds (7.5 unitsincluding a stop element of 1.5 units) shall be accommodated. See 5.5.2 below.

1.2.1.2 Further study is needed to accommodate other modulation rates.
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1.2.2 Alternative B

1.2.2.1 The modulation rates and character structures shown in Table 1 shall be accommodated with the capacities
indicated for homogeneous configurations.

1.2.2.2 The TDM system shall be capable of multiplexing the eight modulation rates shown in Table 1 simultaneously.

TABLE 1/R101

System capacity (alternative B)

Modulation rate Character structure Number of channels
(bauds) Character length Stop element (homogeneous configuration)
(units) (units)
50 75 15 46
75 75 15 30
7.50r 15
100 ﬁ " . E 2
110 11 2 22
1345 9 1 15
150 10 1 15
N 7.5 15 B
200 [] 10o0r 1 ] 10
0 1 2 O
10 or 1
300 ﬁ 11 2 ﬁ !
2 Start-stop channel inputs
21 The modulation rate tolerance that shall be accepted on continuous incoming 50- and 75-baud start-stop
signals with a stop element of 1.4 units shall be at least + 1.4%.
2.2 When receiving characters at 50 or 75 bauds having nominaly 1.5-unit stop elements, the system shall be

capable of transmitting without error, isolated incoming characters that have a one-unit stop element, occurring at a
maximum rate of one per second.

2.3 The minimum interval between start elements of undistorted successive continuous characters that may be
presented at the channel input when the nominal modulation rate is 50 or 75 bauds shall be 145 5/6 or 97 2/9 ms
respectively.

24 There shall be no restriction on the continuous transmission of all characters specified in clause 1 above (e.g.
combination No. 32 of International Telegraph Alphabet No. 2) when they are presented at the maximum permitted rate.

25 The effective net margin on al channel inputs when undistorted signals are received from a transmitter having
anominal character length and rate shall be at least 40%.

2.6 At the nominal signalling rate, an input character start element shall be rejected if equal to or less than 0.4 units
duration and shall be accepted if equal to or more than 0.6 units duration.
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2.7

Elements corresponding to start polarity (at the distant multiplexer output) shall be inserted in the aggregate

stream in the case of :

2.8

3
31

3.2

a) unequipped channels;
b) equipped but unallocated channels;

c) open-circuit line condition at the local start-stop channel input.

The maximum tolerance on modul ation rates other than 50 and 75 bauds shall be 1.8%.

Start-stop channel outputs
The maximum degree of gross start-stop distortion shall be 3% for all permitted modulation rates.

The maximum difference possible between the mean modulation rate of the channel output signals and the

nominal modulation rate shall be 0.2%.

3.3

When characters having a nominal 1.5-unit stop element are presented at any input rate within the specified

range of this Recommendation, the minimum stop element duration released at the output shall be 1.25 units.

34

When characters having anominal 1- or 2-unit stop element are presented at any input rate within the specified

range of this Recommendation, the minimum stop element duration released at the output shall be 0.8 or 1.8 units
respectively.

3.5

Channel output shall be controlled as specified below in the event of recognition of any of the following

failure conditions:

3.6

a) carrier loss signalled by the modem (OFF condition of received line signal detector — circuit CT109,
Recommendation V.24 [1]);

b) loss of aggregate signal (defined as a period of 280 ms without a transition on the aggregate);

c) loss of synchronization.

Within 4 ms of the recognition of the failures described in 3.5, the following shall occur to the channel outputs

of the affected TDM:

36.1

362

3.7

Leased channels — Two options shall be possible on a per channel basis:
a) setto steady start polarity;

b) setto steady stop polarity.

Circuit-switched service — Two options shall be possible on a per channel basis:
a) steady start polarity at the channel output;

b) loopback of the channel towards the local end for a periodtof Seconds, after which channel outputs
shall revert to steady start polarity. Additionally for alternative B, the traffic path shall be maintained
towards the distant multiplexer terminal during this loopback interval.

NOTE — The actions taken in case 3.6.2 a) shall ensure that, after recognition of failure, no 50-baud channel used for
circuit-switched service shall produce an output pulse of stop polarity of longer than 20 ms or a series of 20-ms pulses of
stop polarity. It should be noted that 20-ms pulses can cause difficulty with some switching equipment. The loopback
option in 3.6.2 b) is provided in order to avoid clearance of established connections during short breaks and thus avoid
excessive recall attempts.

The affected terminal shall signal its synchronization status to the distant terminal in accordance with 6.3.5 for

aternative A and 6.4.2 for aternative B. The distant terminal shall control its channel outputs in accordance with 3.6

above with a delay that shall not exceed 600 ms (measured from the instant of failure), ignoring the propagation time of

the bearer circuit. Alternatively, for alternative B, leased channels have the option, at the customer’s request, of
maintaining the traffic path in the unaffected direction.

NOTE — When leased circuits, particularly simples ones are set up on the TDM systems by using V.26 or V.27 modem, it

is preferable to use the alternative B in this Recommendation.
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4 Multiplexing details
4.1 Channel interleaving shall be on a bit basis.
4.2 Both start and stop elements of each input character shall be transmitted through the aggregate.

4.3 The transfer delay for 50- and 75-baud signals through a pair of terminals connected back-to-back (excluding
the modems) shall not exceed 2.5 units. This delay shall be measured from the reception of the start element of a
character at an input channel of one terminal until the corresponding start element is delivered from the output channel
of the second terminal.

4.4 Alternative A

441 Multiplexing details for higher modulation rates remain for study.

45 Alternative B

451 The maximum transfer delay for all other permitted channel speeds for back-to-back terminals shall not
exceed 3.5 units.

45.2 110-baud characters are conveyed on a 100-bit/s bearer channel by transmitting at least one stop element in the
aggregate signal.

453 134.5-baud characters are conveyed on a 150-bit/s bearer channel by transmitting the necessary filling bits of
stop polarity before the character start elementsin the aggregate signal.

5 Frame structure

51 A unique subframe of 47 bits shall be used.

52 A 47-bit subframe shall consist of one synchronization bit in the first bit position and 46 traffic bits.
53 A fundamental frame consisting of two consecutive subframes shall be used.
54 Two aternative framing arrangements are allowed; however, the channel numbers used throughout this

Recommendation represent the last two digits of a 4-digit numbering scheme — and are shown in Recommen-
dation R.114. This channel numbering scheme (see Tables 3, 4 and 5) covers both framing arrangements.

55 Alternative A
55.1 Two scrambling techniques are used:

55.1.1 Alternate frame slots have inverted signal polarity. The chart of frame structure (see Table 2) indicates the
pattern used. Channels not equipped are transmitted as A (start) polarity.

55.1.2 The channels are arranged for external interconnection with assignment of a sequence of channel humbers
(channel 1 through channel 46). These channel numbers are distinct from frame slot assignment. (This is comparable to a
VFT's having both a frequency assignment and a channel number.) The channel numbering sequence is scrambled with
respect to the frame slot sequence. This technique is useful not only for ensuring a good distribution of transitions, but
also for simplifying mixed speed programming.

55.2 In Table 2, higher speed channels may be substituted for multiple low-speed channels. The resulting channel
should bear the number of the lowest channel replaced. For example, when channels 02 and 04 are replaced by
a 75-baud channel, the 75-baud channel should be known as channel 02. (See Table 3 for the relative numbering of
50- and 75-baud channels.)
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TABLE 2/R/101

Framefor forty-six 50-band channelswith provision for 75-baud channels (Alternative A)

Aggregate Aggregate
Sutgg?me gﬂ;ngg corrggc?rrlgiyng to| Channel speed Sul;fg;\me %B%nt?:rl corregg;rwgiyng to | Channel speed
Z polarity on Z polarity on
low-speed low-speed
channel channel

24 45 z 50
1 Not applicable SYNC 5 04 A 509
2 02 A 509) 26 03 z 50
3 01 z 50 27 o7 A 50
4 05 A 50 28 08 z 50
5 06 z 50 29 11 A 50
6 09 A 50 30 12 z 50
7 10 z 50 31 16 A 50
8 14 A 50 32 15 z 50
9 13 z 50 33 19 A 50
10 17 A 50 34 20 z 50
11 18 z 50 35 23 A 50
12 21 A 50 36 24 z 50
13 22 z 50 37 27 A 50
14 25 A 50 38 28 z 50
15 26 z 50 39 32 A 50
16 30 A 50 40 31 z 50
17 29 z 50 41 35 A 50
18 33 A 50 42 36 z 50
19 34 z 50 43 39 A 50
20 37 A 50 44 40 z 50
21 38 z 50 45 43 A 50
22 41 A 50 46 44 z 50
23 42 z 50 47 46 A 50

a Any horizontal pair, such as channels 02 and 04 (i.e. subframe slots 2 and 25), may be replaced by a 75-baud channel. (Slots

1, 24 and 47 excepted.) In this case “fill” pulses of A polarity must be inserted in each character following element n
and 5 (see Recommendations cited in [2] for element numbers with International Telegraph Alphabet No. 2).

Recommendation R.101
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TABLE 3/R.101
Channel allocation schemefor Alternative A

50-baud | Subframe 75-baud 50-baud | Subframe
channels dlots channels channels dots
1 o

01] 3 01| 25 14

02] 2 02| 26| 15

03] 26 | 25 | 27| 37

04] 25 | 26 | 28| 38

05| 4 | 05 | 29| 17

06| 5 1 06 | 30| 16

07] 27 [ 29 | 311 40

08] 28 1 30 | 3239

09| 6 1 09 | 33| 18

10| 7 1 10 | 34|19

11| 29 1 33 35| 41

12| 30 | 34 | 36| 42

131 9 1 13 | 37|20

14] 8 14| 38| 21

15] 32 | 37 | 39| 43

16| 31 38| 40 | 44

17] 10 |17 | 41| 22

18] 11 | 18 | 42123

19 33 | 41 | 43] 45

20| 34 | 42 | 44| 46

21 12 21 | 45| 24
2213 22 | 46 | 47

23| 35

24| 36 T0901610-94/d01

5.6 Alternative B

5.6.1 The channel alocation in the fundamental frame is shown in Table 6 in matrix form giving the relationship
between individual low-speed channels and the corresponding traffic bits. The fundamental frame is represented as
divided into four groups of 24 positions. The correspondence between positions in the matrix structure and bit numbers
within the fundamental frame is shown in the bit number columns. The table also shows the distribution of positions
within the specific groups for channels of different speeds and the corresponding channel numbering. (See also Tables 4
and 5.)

NOTES
1  For al speeds other than 75 bauds, the second subframe in the fundamental frame is arepetition of the first subframe.

2 Ineach subframe one position within group 1 is skipped, i.e. allocated zero time in the aggregate signal.

56.2 Substitution of higher speed channels into a homogeneous 50-baud system configuration shall be made as
follows:

2 x 75-baud channels replaces 3 x 50-baud channels
1 x 100- or 110-baud channel replaces 2 x 50-baud channels
1 x 150- or 134.5-baud channel replaces 3 x 50-baud channels
1 x 200-baud channel replaces 4 x 50-baud channels
1 x 300-baud channel replaces 6 x 50-baud channels
5.6.3 All bits from groups 3 and 4 shall give inverted polarity.
564 The first, third and fifth bits of the synchronization pattern are contained in the first subframe. The second,

fourth and sixth bits are contained in the second subframe (see 6.4.2).
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TABLE 4/R.101
TDM channd allocation for Alternative B (50, 100 and 200 bauds)

Base
50 bauds
Slot
0 |syncH
26
3 103
& o8
<7s 8e7s 100 bauds
8 | 08
10710
11 1
12 2
- =i T
TRET ’.::0
717 s
B3 SR S .
L >> 07 | 0L
55 S Ty — %
21121 SOIIIIISISID —=
22 SISO - ®
23 | 23 SISO SIS0 | l””
21128 | oSS oI o — ——————x
Zz SR ————
%9 SIS ——
22 i .
TS g
32 [ 32 0’0” T0901620-94/d02
33 | 33 S D
34 | 34 > 24
35 [ 35 2
36 | 36 123 ]
37 | 37
38 | 38
39 | 39
40 | 40
41 | 41
22 | 42
23 | 43
A4 | 44
5 | 45
26 | 46
NOTES

1 A higher rate channel cancels the use of all cther channel numbers connected across to that channel number.

2  Theallocation of 50-baud channel 16 for maintenance purpose cancel s the possibility to set up 100-baud
channel 16 and 200-baud channel 04.
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TABLE 5R101
TDM channd alocation for Alternative B (50, 75, 150 and 300 bauds)

Base
50 bauds
Slot
Q |synecH
1 (0L
2 02
303
4104
505
6106
707
8 108
9 09
010
111
212
313
414
515
616
AT
Q 919
g (20120
S 22
s 55
v B2
A
28128
8128 75 bauds
30 3
! o
3 0L
AR
35 [ 35 XXX o1
AANNANANANNNRRRNNRRRRA NG
e NN S 150 bauds
G imm NN
39 [ 39 OO
20| ANNAANANNANRNNR W
40 | 40 v & 01
AANARARARRARANY: XX <]
o AR >S5 % 300 bauds
43 43 e/ 15 SIS
aaraa 3 ST
a5 45 R e
26 14 INNNVGOOI e ST
\RRRRRIRY SSSSISISIES e
NS SIS
CMER:T Jposa TSI 09
1 1ol PR N R SIS0
21 777/ B R8 19 ] OSSO
3G 177K 20 SIS
404 AT i Sooo 13 T0901630-94/d03
e —— =k
6106 71 X231
7 IIIIIIIIIIIIIhA,A,AAx,Z 24
8 108 DR 25
9 109 I e 28
0 1 10 IIIIIIIIIIIII;,IIIII”MZ 2/
1111 111111 I
2 T e 22
3013 I, 130
s
616
7 117
o (DX
% 2121
£ 55
-g 2424
2525
257
N 287728
29129
31131
2132
3 [
3434
1%
e NOTES
38138 .
39139 1 A higher rate channel cancels the use of all other channel numbers connected across
B al to that channel number.
42 42
a3 ias 2 Theallocation of 50-baud channel 24 for mai ntenance purpose cancels the possibility
2 145 to set up 75-baud channel 24 and 150-baud channel 08.
46 | 46
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TABLE 6/R.101

Frame structure for Alternative B

5 L = 5
o Channel number o Channel number o Channd number o Channel number
& & & &
= Group 1 & Group 2 = Group 3 = Group 4
% %) @ %)
Channel rate
(bauds) 50 | 100 | 200 | 75 | 150 | 300 50 | 100|200 | 75 |150 | 300 50 | 100|200 | 75 | 150 | 300 50 | 100| 200 | 75 | 150| 300
0 Synchronization bit 1|01 01 01|01 | 01| 01 2102| 02| 02| 02| 02| 02 3 (03| 03] 03| 03| 03| 03
4 | 04| 04 04| 04| 04| 04 5 | 05 05 05| 05| 05| 05 6 | 06| 06| 06| 06 | 06| 06 7 | 07| 07| o7| o7 | 07| O7
8 | 08 X x| 08 | 08 X 9 | 09 09| 0909 | 09| O1| 10 | 10| 10| 10| 10 10| 02| 11 11| 11| 12| 11| 11| 03
) 12 12 12 x| 12 12| 04| 13 13 13| 01| 13| 13| 05| 14 | 14 14| 02| 14 14| 06| 15 15| 15| 03| 15 15| 07
% 16 16 16| 04| x X x| 17 17 17| 05| 17| 01| 01| 18 | 18| 18| O6| 18 | 02| 02| 19 19| 19| 07| 19| 03| 03
e} 20 | 20 | 20 x| 20| 04| 04| 21 21 211 09| 21| 05| 05| 22 22| 22| 10| 22| 06| 06| 23 23| 23| 11| 23| 07| o7
g 24 | 24 X x| 24 | 08 x| 25 | 25 01| 01| 25| 09| 01| 26 | 26| 02| 02| 26 10( 02| 27 | 27| 03| 03| 27| 11| 03
T 28 [ 28| 04| 04| 28 12| 04| 29 | 29 05| 05|29 | 13| 05| 30 | 30| 06| 06| 30 14| 06| 31 | 31| 07| 07| 31| 15| 07
Skipped 32 | 32| 09| 09|/ 01| 01| O1| 33 | 33| 10| 10| 02| 02| 02| 34 | 34| 11| 11| 03| 03| 03
Q 3B | 3B 12 x| 04 04| 04| 36 | 36 13| 01| 05| 05| 05| 37 | 37 14| 02| 06 | 06| 06| 38 | 38| 15| 03| 07 | O7| 07
§ 39 | 39 16| 04| 08 | 08 x| 40 | 40 171 05109 | 09| 01| 41 | 41 18| 06| 10 10| 02| 42 | 42 19| 07| 11| 11| 03
% 43 | 43 | 20 x| 12| 12| 04| 44 | 44 21| 09| 13 | 13| 05| 45 | 45| 22| 10| 14| 14| 06| 46 | 46| 23| 11| 15 15| 07
c
[0}
g 0 Synchroni zation bit 1 17 2 18 3 19
= 4 20 5 21 6 22 7 23
8 24 9 25 10 26 11 27
% 12 28 13 29 14 30 15 31
= 16 X 17 01 18 02 19 03
2 |2 04 21 05 22 06 23 07
- 24 08 25 09 26 10 27 11
§ 28 12 29 13 30 14 31 15
3 Skipped 32 17 33 18 34 19
35 20 36 21 37 22 38 23
39 24 40 25 41 26 42 27
43 28 44 29 45 30 46 31
NOTES

1 Blank dotsin second subframe are as first subframe.

2 x = bitnot availablefor corresponding channel bit rate.

3 110- and 134.5-baud signa s shall be transmitted on 100 and 150 bit/sbearer channel respectively and restitued with appropriate rate at the channel output.
See als0 4.5.2 and 4.5.3 (Alternative B).




TABLE 7/R.101

Alternative B channel numbering

2 Channel number 16 not used.
3 Channel number 08 not used.

Channel Range of
(b;?}gs) n%r;grl;re]reln Subframe slot(s) allocated to channel number n
50 01-46 n
01-15 nand (n + 31) from first subframe and (n + 16) from second subframe
5 17-31 n from first subframe and (n — 16) andf + 15) from second subframe (Notes 1 and 2)
01-07 nand @+ 24)
100 09-23 | nand f+23) (Note 3)
150 01-15 nand i+ 16) and § + 31)
01-07 nand 6+ 12) and § + 24) and i + 35)
200 09-11 nand 6+ 12) and § + 23) and § + 35) (Note 3)
300 01-07 nand 6+ 8) and fi + 16) and if + 24) and 1§ + 31) and it + 39)
NOTES

1 At 75 bauds, channel numheandn + 16 are interdependent, i.e. when chamislused for 75 baud traffic, chanmet 16
must also be used for 75 bauds or remain unallocated.

4 110- and 134.5-baud signals shall be transmitted on 100 and 150 bit/s bearer channels respectively and rest
appropriate rate at the channel output. See also 4.5.2 and 4.5.3 (Alternative B).

tuted with

6 Synchronizing

6.1 The system shall not lose synchronism more than once per hour for a randomly distributed error rate of one
part in 103,

6.2 Two synchronizing arrangements are allowed as follows on 6.3 and 6.4.

6.3 Alternative A

6.3.1 The synchronizing bits shall be alternated between 1 and 0 in successive subframes during normal traffic

periods.

6.3.2 The system shall declare loss of synchronism when 7 synchronizing bits are detected in error during a period

of 1.5 to 2 seconds.

6.3.3 With two terminals connected back-to-back (excluding the modems), one terminal shall be capable of
detecting loss of synchronism within 280 ms when its received aggregate signals are replaced by either steady start or

steady stop polarity.

6.34 Under the conditions in 6.1 above, after loss of synchronism has been recognized and the receive aggregate

signals have been restored, the average time that may be taken for the terminal concerned to resynchronize and to

connect normal data through to the low-speed channel outputs shall be less than 900 ms.

6.3.5 When one terminal recognizes loss of synchronism:

a)
b)

10
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6.4 Alternative B

6.4.1 A sync frame is defined as a sequence of three consecutive fundamental frames (i.e. six consecutive
subframes) containing a synchronization word that consists of six equidistantly spaced bits.

6.4.2 The normal sync pattern transmitted when the TDM terminal receiver is correctly synchronized will
be 100010. When the receiver is out of synchronism, the transmitted pattern shall be 011101 (see 6.4.5 below). The
changeover shall only occur at the end of a sync frame.

6.4.3 Loss of synchronism is defined when three consecutive synchronization patterns are received in error.

6.4.4 When the received aggregate signal is replaced by steady start or steady stop polarity, the receiver terminal
shall be capable of detecting loss of synchronism within 280 ms.

6.4.5 With two terminals connected back-to-back, loss of synchronism in one terminal shall be indicated at the other
terminal within 240 ms, by inversion of the normal synchronization pattern. (See 6.4.2 above.)

6.5 Receipt of the inverted sync pattern shall cause the terminal to force the aggregate traffic bits to the polarities
corresponding to:

a) steady start at the start-stop channel input for channels that are used for circuit-switched service and that
are in the free-line condition;

b) steady stop at the start-stop channel input for al other channels,
that is, both transmitted in accordance with 5.6.3 above.

6.6 Synchronism is defined as achieved when:

a) six identical synchronization patterns (i.e. six normal or six inverted synchronization patterns) have been
consecutively received on a single bit position without error; and

b) within the same period, two or more consecutive identical synchronization patterns (i.e. normal or
inverted sense) have not been received on any of the other bit positionsin the 47-bit subframe.

The sense of the patternsin @) and b) may be different.
6.7 If condition a) in 6.6 above is fulfilled while condition b) is not:
a) thesearch for synchronism is continued in the termina concerned; and
b) thisterminal shall force the transmitted aggregate traffic bits to the polaritiesindicated in 6.5 above.

6.8 Under the conditions in 6.1 above, after loss of synchronism has been recognized and the aggregate signals
have been restored, the average time that may be taken for the terminal concerned to resynchronize and to connect
normal data through to the low-speed channel outputs shall be less than 960 ms, excluding all transmission delays
external to the R.101 TDM terminal equipment.

7 Telex signalling

7.1 Specifications for the signals used to establish, to clear and to control telex calls are laid down in
Recommendations U.1 (types A and B), U.11 (type C) and U.12 (type D). Recommendation U.25 lists the modes of
both-way telex signalling on a single circuit and the signalling combinations on a given aggregate that a TDM terminal
shall be capable of handling.

7.2 Recommendation U.25 also lays down the tolerances on the control signals from a TDM terminal to telex and
viceversa.
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TDMA——> —Z— <«—TDMB
Polarity Polarity
A z A z

Normal data transmission

Interruption of A send path

(B receive path) <« Path broken

B detects OUT OF SYNC, sends SYNC REQUEST

A detects SYNC REQUEST, sends SYNC PREP and SYNC
TERM, followed by data for 700 to 900 ms, ignoring further
SYNC REQUESTS. This cycle repeats until link is restored.
(For satellite operation the timer allows for 1.2 to 1.8 seconds,
excluding incremental delays in other transmission equipment,
total round trip propagation delay.)

ML F=——-JlH

«—— Path restored

When link is restored, B detects SYNC PREP and SYNC a)
TERM. B sends SYNC PREP and SYNC TERM followed by
data.

Normal data transmission a)

%

T0901640-94/d05

3 Aggregate time dot counters are reset to zero upon receipt of SY NC TERM. FRAME. SYNC is the next bit transmitted.
See description of SYNC TERM, which followsin Figure 2.

NOTE - It should be noted that there is equipment (corresponding to Alternative A) in use that applies SYNC signals
that are of inverted polarity to those shown in this Recommendation.

FIGURE 1/R.101
TDM synchronization procedur e (Alter native A)
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NOTES

1 When synchronization is achieved, point A represents the time when aggregate time slot
counters are reset to zero. Theinterval from A to B represents the frame SYNC pulse of the
first subframe to be released after synchronization.

2 It shoud be noted that there i s equipment (corresponding to Alternative A) in use that
applies SYNC signals that are of inverted polarity to those shown in this Recommendation.

FIGURE 2/R.101
Synchronization signals (Alternative A)

8 Aggregate signalsand interface

8.1 The tolerance on the modulation rate of the send aggregate signals of the TDM system shall be + 0.01%.

8.2 The maximum degree of isochronous distortion of the send aggregate signals of the TDM system shall be 4%.
8.3 The effective net margin of the aggregate receiver of the TDM system shall be at least 40%.

8.4 When the TDM system is operated with an aggregate speed of 2400 bit/s over an international analogue
telephone-type circuit, it is preferred that a modem complying with the appropriate aspects of the V-Series
Recommendations be employed.

8.5 The electrical interface conditions and control signals between the TDM system and the bearer circuit shall
comply with the appropriate Recommendations in the V- and X-Series.
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9 System clock arrangements

9.1 The TDM system shall be capable of operating with either an internal or external transmit clock.

9.2 In the event of the failure of an external clock that may be used for the TDM transmit, the TDM shall continue
to function locally for maintenance purposes using its own internal clock.

9.3 The receive clock for the TDM terminal shall be provided by the bearer circuit or higher order multiplex.

94 In the event of the failure of an external clock that may be used for the TDM receive, the TDM shall continue

to function locally for maintenance purposes using its own internal clock.

9.5 Theinternal clock provided in the TDM terminal should have an accuracy of 0.01%.

10 System maintenance, control and alarms

101 One 50-baud channel may be alocated (on an optional basis) for maintenance purposes, where possible on a
separate system using a parallel route. Where this option is exercised, channels 16 or 24 (subframe slots 16 or 24) in
aternative B equipment or channel 45 (subframe slot 24) in aternative A equipment are preferred to minimize the effect
on the derivation of higher-rate channels.

10.2 If the internal (logic) power supply of the TDM terminal fails and an externa telegraph battery supply is
employed, all local start-stop channel outputs shall be controlled to start polarity.

10.3 It shall be possible to reallocate individual start-stop channels for different services without removing the TDM
terminal from service.

11 Link performance and availability indicators

A system must be provided for monitoring performance and availability in accordance with Recommendation R.118.

References

[1] CCITT Recommendation List of definitions for interchange circuits between data terminal equipment and data
circuit terminating equipment, Rec. V.24.

[2] CCITT Recommendation Operational provisions for the international public telegram service, Rec. F.1,
subclause C8.
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