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FOREWORD

The CCITT (the International Telegraph and Telephone Consultative Committee) is a permanent organ of the
International Telecommunication Union (ITU). CCITT is responsible for studying technical, operating and tariff
questions and issuing Recommendations on them with a view to standardizing telecommunications on a worldwide
basis.

The Plenary Assembly of CCITT which meets every four years, establishes the topics for study and approves
Recommendations prepared by its Study Groups. The approval of Recommendations by the members of CCITT between
Plenary Assembliesis covered by the procedure laid down in CCITT Resolution No. 2 (Melbourne, 1988).

Recommendation X.21 was revised by Study Group VII and was approved under the Resolution No. 2
procedure on the 10th of September 1992.

CCITT NOTES

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

2) A list of abbreviations used in this Recommendation can be found in Annex J.
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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.



Recommendation X.21

INTERFACE BETWEEN DATA TERMINAL EQUIPMENT
AND DATA CIRCUIT-TERMINATING EQUIPMENT FOR
SYNCHRONOUS OPERATION ON PUBLIC DATA NETWORKS

(Geneva, 1972; amended at Geneva, 1976 and 1980,
Malaga-Torremolinos, 1984 and Melbourne, 1988,

revised in 1992)
CONTENTS
Preface
1 Scope
2 DTE/DCE physical interface elements
3 Alignment of call control characters and error checking
4 Elements of the call control phase for circuit switched service
5 Data transfer phase
6 Clearing phase
7 Test loops
Annex A — Interface signalling state diagrams
Annex B — Interface signalling sequence diagrams and time-out operations

Annex C — DTE time-limits and DCE time-outs

Annex D — Formats of selection, call progress and DCE-provided information signals
Annex E — Interworking between DTEs conforming to Recommendations X.21 ando}621
Annex F — Coding of call progress signals and DTE provided information

Annex G — Facility request, indicator and parameter coding

AnnexH — Information content of DCE-provided information

Annex| — Reference and transition tables

Recommendation X.21  (09/92)



Preface

The CCITT,
considering

() that Recommendations X.1 and X.2 define the services and facilities to be provided by a public data
network;

(b) that Recommendation X.92 defines the hypothetical reference connections for synchronous public data
networks;

(c) that Recommendation X.96 defines call progress signals;
(d) that the necessary elements for an interface Recommendation should be defined in architectural levels;

(e) thatitisdesirablefor characteristics of the interface between the data terminal equipment (DTE) and data
circuit-terminating equipment (DCE) of a public data network to be standardized,

unanimously declares the view

that the interface between the DTE and DCE in public data networks for user classes of service employing
synchronous transmission should be as defined in this Recommendation.

1 Scope

11 This Recommendation defines the physical characteristics and call control procedures for a general purpose
interface between DTE and DCE for user classes of service, as defined in Recommendation X.1, employing
synchronous transmission.

12 The formats and procedures for selection, call progress and DCE-provided information are included in this
Recommendation.

13 The provision for duplex operation is covered.
14 The operation of the interface for half duplex operation when the data circuit interconnects with

Recommendation X.21 bis DTESs is described in Annex E. Half duplex operation between X.21 DTEs is for further
study when such new facilities are identified.

2 DTE/DCE physical interface elements

2.1 Electrical characteristics

211 Data signalling rates of 9600 bit/s and below

The electrical characteristics of the interchange circuits at the DCE side of the interface will comply with
Recommendation X.27 without cable termination in the load. The electrical characteristics at the DTE side of the
interface may be applied according to either Recommendation X.27 either with or without cable termination in the load,
or Recommendation X.26. The B' leads of receiversin an X.26 DTE must be brought out to the interface individually
and not connected together (see § 2.2).

Note — In certain instances where X.27 circuits are implemented on both sides of the interface, it may be

necessary to add either serial impedance matching resistors or parallel cable terminating resistors as specified in X.27 to
assure proper operation of the interchange circuits.
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212 Data signalling rates above 9600 bit/s

The electrical characteristics of the interchange circuits at both the DCE side and the DTE side of the interface
will comply with Recommendation X.27 with or without implementation of the cable termination in the load.

2.2 Mechanical characteristics

Refer to 1SO 4903 (15-pole DTE/DCE interface connector and contact number assignments) for mechanical
arrangements.

2.3 Functional characteristics of interchange circuits
Definitions of the interchange circuits concerned (see Table 1/X.21) are given in Recommendation X.24.

In this Recommendation, signal conditions on interchange circuits T, C, R and | are designated by t, ¢, r and i,
respectively.

Signal conditions on circuit C (control) and | (indication) refer to continuous ON (significant level binary 0)
and continuous OFF (significant level binary 1) conditions.

TABLE 1/X.21
Direction
Interchange circuit Name Remarks
to DCE from DCE
G Signal ground or common return See Note 1
Ga DTE common return X
T Transmit X
R Receive X
C Control X
| Indication X
S Signal element timing X See Note 2
B Byte timing X See Note 3
X DTE signal element timing X See Note 4

Note 1 — This conductor may be used to reduce environmental signal interference at the interface. In the case of shielded
interconnecting cable, the additional connection considerations are part of Recommendation X.24 and ISO 4903.

Note 2 — Timing for continuous isochronous data transmission will be provided.
Note 3 — May be provided as an optional additional facility (see § 3.1.1).

Note 4 — The use and the termination of this circuit by the DCE is a national matter.

24 Physical link control conditions

The DTE and DCE shall be prepared to send steady binary conditions 0 and 1 on circuit R or T, together with
associated conditions on circuit C or |, for aperiod of at least 24 bit intervals. Detection of steady binary 0 or 1 on circuit
R or T for 16 contiguous bit intervals with the associated condition on circuit | or C may be interpreted by the DTE or
DCE as a steady state condition.
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If the DTE (or DCE) recognizes that the device on the other side of the interface is signalling recognition of
the current state, then the DTE (or DCE) may begin signalling the next valid state. If the DTE (or DCE) is not ready to
begin signalling the next valid state, it is obliged to continue signalling the current state until it is so ready.

Note— As for state 12, § 5.1 has precedence over this § 2.4.

25 Quiescent phase
During the quiescent phase, the DTE and the DCE signal their ability to enter operational phases such as the
call control phase or the data transfer phase as defined for the appropriate service. The basic quiescent signals of the

DTE and the DCE can appear at the interface in various combinations which result in different interface states as defined
below and shown in Figure A-1/X.21.

2.5.1 DTE quiescent signals

2511 DTE ready

The DTE indicates its readiness to enter operational phases, according to the appropriate service, by signalling
t=1, c= OFF.

25.1.2 DTE uncontrolled not ready

The DTE indicates that it is unable to enter operational phases, according to the appropriate service, generally
because of abnormal operating conditions, by signalling,tc= OFF.

For leased circuit service point-to-point when the DTE enkFf& uncontrolled not ready, the remote
interface may signal=+ 0, i = OFF. Additional actions to be taken by the DCE are for further study.

For leased circuit-centralized multipoint when a DTE enb&r& uncontrolled not ready, no indication of this
signal will be given at the other connected DTE/DCE interfaces.

2.5.1.3  DTE controlled not ready

DTE controlled not ready indicates that, although the DTE is operational, it is temporarily unable to accept
incoming calls for circuit switched service.

This signal is indicated by 01 . . . (alternate bits are binary 0 and binary 13, @FF. This signal shall
persist for a minimum of 24 bit intervals.

Note — DTE controlled not ready is normally entered from thesady state, as defined in § 2.5.3.1. In some

networks, the DCE may not recognize BiEE controlled not ready signal if the DTE does not first signailE ready at
the same time the DCE sign&€E ready.

2.5.2  DCE quiescent signals

2521 DCEready

The DCE indicates its readiness to enter operational phases, according to the appropriate service, by signalling
r=1,i= OFF.

2.5.2.2  DCE not ready

DCE not ready indicates that no service is available and will be signalled whenever possible during network
fault conditions and when test loops are activated. This signal is indicated(y + OFF.

2.5.2.3 DCE controlled not ready

DCE controlled not ready indicates that, although the DCE is operational, it is temporarily unable to render
service.
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Thissignal isindicatd by r =01 . . . (alternate bits are binary 0 and binary 1), i = OFF. This signal shall persist
for aminimum of 24 bit intervals.

Note 1 — DCE controlled not ready may be entered from any state.

Note 2 — DCE controlled not ready may be provided as an optional facility.
2.5.3  Quiescent states
See Figure A-1/X.21.
2531 Ready (state 1)
Ready is entered when the DTE and the DCE simultaneously sigjfialready andDCE ready, respectively.

25.3.2 Sate 14

State 14 is entered when the DTE and the DCE simultaneously Sig&atontrolled not ready and DCE
ready, respectively.

2.5.3.3 Sate 18

State 18 is entered when the DTE and the DCE simultaneously $igitaready and DCE not ready,
respectively.

2534 Sate22

State 22 is entered when the DTE and the DCE simultaneously Biigalincontrolled not ready andDCE
not ready, respectively.

2535 Sate23

State 23 is entered when the DTE and the DCE simultaneously BigEatontrolled not ready andDCE not
ready, respectively.

2.5.3.6 Sate 24

State 24 is entered when the DTE and the DCE simultaneously Biigalncontrolled not ready andDCE
ready, respectively.

2.6 Failure detection

2.6.1  Fault conditions of interchange circuits?)

The DTE should interpret a fault condition on circuit R a<0r using failure detection type 2, a fault condition
on circuit | as i= OFF, using failure detection type 1, and a fault condition on both circuits R and=l @si £ OFF,
DCE not ready. Alternatively, a fault condition on one of these circuits, R or I, may be interpreted by the IDEEas
not ready, r = 0, i= OFF using failure detection type 3.

The DCE will interpret a fault condition on circuit T as 0, using failure detection type 2, a fault condition
on circuit C as & OFF, using failure detection type 1, and a fault condition on both circuits T and=C0ag+ OFF,
DTE uncontrolled not ready. Alternatively, a fault condition on one of these circuits, T or C, may be interpreted by the
DCE asDTE uncontrolled not ready, t = 0, c= OFF using failure detection type 3.

2.6.2 DCE fault conditions

If the DCE is unable to provide service (e.g., loss of alignment or loss of incoming line signal) after a period
longer than a fixed duration, it will indicaRCE not ready by signalling r= 0, i = OFF (see § 2.5.2.2). The value of that
duration is network dependent. Prior to tBIEE not ready signal, the DTE should be prepared to receive garbled
signals or contiguous binary 1 on circuit R with ON.

1) For the association of the receiver circuit-failure detection to particular interchange circuits in accordance with the type of failure
detection, see Recommendation X.26, § 11 and Recommendation X.27, § 9.
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26.3 Sgnal element timing provision

The signal element timing signal is delivered to the DTE on circuit S whenever possible, even when the DCE
loses alignment or the incoming line signal. The signal element timing rate should in no case deviate from the nominal
value by more than + 1%.

3 Alignment of call control charactersand error checking

All characters for call control purposes are selected from International Alphabet No. 5 (IA5) according to
Recommendation T.50.

31 Character alignment

For the interchange of information between the DTE and the DCE for call control purposes, it is necessary to
establish correct alignment of characters. Each sequence of call control characters to and from the DCE shall be
preceded by two or more contiguous 1/6 (SY N) characters.

311 Certain Administrations will require the DTE to align call control characters transmitted from the DTE to
either SYN characters delivered to the DTE or to signals on the byte timing interchange circuit.

Administrations who require this alignment shall provide the byte timing interchange circuit, but its use and
termination by the DTE shall not be mandatory.

312 Certain Administrations will permit call control characters to be transmitted from the DTE independently of
the SYN characters delivered to the DTE.

313 Additionally, for an intermediate period (see Note), Administrations will provide connection to the public data
network of DTES operating as described in § 3.1.2 above.

Note — The intermediate period would be determined by customer demand and other relevant factors as
interpreted by individual Administrations.

3.2 Error checking

Odd parity according to Recommendation X.4 applies for IA5 characters interchanged for call control
purposes.

4 Elements of the call control phasefor circuit switched service

The state diagram provided in Figure A-2/X.21, shows the relationship between the vallicostrol phase
states as defined below, together with the recognized transactions between these states under normal operating
conditions. lllustrated examples of the time sequence relationships between these states and associated time-out
operation are provided in Figures B-1/X.21 and B-2/X.21.

States which are indicated by an IA5 character on circuits T and R shall be entered and exited on a character
boundary. At this time, in some networks, the transition from state 6 to state 11, or state 6 to state 12 may not be on a
character boundary.

Once character alignment has been established by the DCE in response to an outgoing call request, or for
presentation of an incoming call, the alignment will be maintained until entesimgction in progress, state 11 or
ready for data if state 11 is by-passed. This implies that all IA5 character sequences transmitted on circuit R, such
as 2/11 (+"), call progress signals,DCE-provided information, etc., appear on the same character boundary even if
they are separated by two or more SYN characters.

The call control phase can be terminated by either the DTE or the DE@Eabiynng as defined in § 6.
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4.1 Events of the call control procedures

See Figure A-2/X.21.

41.1 Call request (state 2)

The calling DTE shall indicate a request for a call by signalling steady binary condition t = 0, ¢ = ON,
provided that it was previoudly signalling DTE ready.

The change of state from ready (t = 1, ¢ = OFF) to call request (t = 0, ¢ = ON) shall be such that the transition
tot = 0 occurs within amaximum of 7 bit intervals of the transition to ¢ = ON. Either transition may occur first.

Note — When optimizing the use of the byte timing circuit B, the transition=td shall occur within the same
bit interval as the transition tocON. This might become a requirement for use with special user facilities which might
arise from further study.

If the DTE signalscall request (state 2) and the DCE simultaneously signats; i = OFF, the DCE will be
assumed to be in state (CE clear indication).

4.1.2  Proceed to select (state 3)

When the network is prepared to receive selection information the DCE will transmit continuously
character 2/11 (*+") preceded by 2 or more contiguous characters 1/6 (“SYN”) on the R circuit withFF.

Proceed-to-select is maintained until receipt of thamd-of-selection signal, or in the case dfrect call, receipt
of DTE waiting.

The proceed-to-select signal will start within 3 seconds of tleall request being sent.

4.1.3  Selection signal sequence (state 4)

The selection signal sequence shall be transmitted by the DTE on the T circuit wiliNcand shall be
preceded by two or more contiguous 1/6 (“SYN") characters witlOd.

The format of theselection signal sequence is defined in § 4.6.1.

The information content and coding of tleelection signal sequence is contained in Annex G and
Recommendation X.121.

The sdlection signal sequence shall start within 6 secondgro€eed-to-select being received and shall be
completed within 36 seconds.

The maximum permissible interval between individual selection characters is 6 seconds.

The period, if any, between individual selection characters shall be filled by character 1/6 (“SYN") with
c=ON.

4.1.4  DTE waiting (state 5)

During DTE waiting, the DTE signals steady binary condition i, c= ON. (See also § 4.4 falirect call
conditions.)

4.1.5 Incoming call (state 8)

The DCE will indicate an incoming call by continuous transmission of character 0/7 (“BEL”") preceded by two
or more contiguous 1/6 (“SYN") characters on the R circuit wittOFF.

If the DCE signal$ncoming call and the DTE simultaneously signats®, c= OFF, the DTE will be assumed
to be in state 1€clear request).

The connection of incoming calls will be inhibited when the DTE signals ditfigruncontrolled not ready or
DTE controlled not ready.
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4.1.6 Call accepted (state 9)

416.1 General case

The DTE shall accept the incoming call as soon as possible by signalling the steady state binary condition
t=1,c=0ON.

1) The DCE will return to DCE ready if the incoming call is not accepted within 500 milliseconds,
or, where manual answering is permitted,
2) the DCE will return to DCE ready if the incoming call is not accepted within 60 seconds.
4.1.6.2 Sub-addressing
Sub-addressing is an optional procedure.

Two procedures for sub-addressing at the called end are defined: the simple sub-addressing procedure and the
enhanced sub-addressing procedure. Choice of the provision of these procedures is a national matter.

41.6.21 Smple sub-addressing procedure
See Figure A-6/X.21.

The procedure is as follows:
a) Call accept: see § 4.1.6.1.
b) DCE waiting: see § 4.1.7.

c) DCE-provided information: when provided, sub-addressing information will be transmitted by the DCE
to the called DTE aftecall accepted has been sent by the DTE, and prior to any ofNeE-provided
information if any.

The format of sub-addressing information is defined in § 4.6.3.
The information content of sub-addressing information is defined in Annex H.
d) Connectionin progress: see § 4.1.10.
e) Readyfor data: see § 4.1.11.
4.1.6.2.2 Enhanced sub-addressing procedure

See Figures A-5/X.21 and B-3/X.21.

4.1.6.2.2.1Proceed with call information (state 9B)
Note — State 9B is only entered in the case of a DTE with sub-addressing.

The DTE shall accept the incoming call as soon as possible by transmitting continuously character 2/10 (“*")
preceded by 2 or more contiguous characters 1/6 (“SYN”) on the T circuit witR-.

Proceed with call information is maintained until receipt ahd of call information signal. Theproceed with
call information signal will start within 500 ms of thecoming call signal being received.

4.1.6.2.2.2Call information signal sequence (state 10C)
Note — State 10C is only entered in the case of a DTE with sub-addressing.

The call information signal sequence will be transmitted by the DCE on the R circuit witlfOFF and will
appear on the same boundary as it was entered in state 8.

The call information signal may be preceded by two or more contiguous 1/6 (“SYN") characters.
Thecall information is also @DCE-provided information (see also § 4.1.9).

The information content and coding of thall information signal sequence is contained in Annex H and
Recommendation X.121.
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The call information signal sequence will start and will be completed within 2 seconds after the proceed with
call information being sent.

The maximum period, if any, between individual call information characters will be filled by character
1/6 (“SYN”) with i = OFF.

The format ofcall information is the same as the format BICE-provided information and is defined
in § 4.6.3.

4.1.6.2.2.3DCE waiting (states 6D and 6C)

During DCE waiting, the DCE will signal 2 or more contiguous 1/6 (“SYN”) characters witlOFF.

4.1.6.2.2.4DTE-provided information (state 25)

The DTE-provided information shall be transmitted by the DTE with sub-addressing on circuit T with
c= OFF.

A DTE-provided information shall consist of 1 or moreDTE-provided information blocks. Each
DTE-provided information block shall be limited to a maximum length of 128 characters.

Note — The figure of 128 characters maximum length is provisional and may be changed to another value in
the future.

The format of thédTE-provided information is defined in § 4.6.4.

The coding oDTE-provided information should be in line with Annex F and Recommendation X.96.

The DTE-provided information shall be sent on the same character boundary as it was entered in state 9B.
DTE-provided information blocks within aDTE-provided information may be preceded and separated by 1/6 (“SYN")

characters.

A DTE-provided information (state 25) shall be sent to the DCE within 20 seconds afteenthef call
information signal, character 2/11 ) being received.

After reception of & TE-provided information block, the DCE will reset and restart time-out T14C.

4.1.7  DCE waiting (state 6A and state 6B)
During DCE waiting, the DCE will signal two or more contiguous 1/6 (“SYN”") characters on the R circuit

with i = OFF. In the state diagram, Figure A-2/X.21, state 6A applies to calling procedures and state 6B applies to called
procedures.

4.1.8 Call progresssignal (state 7)

Thecall progress signal will be transmitted by the DCE to the calling DTE on the R circuit wit®FF when
an appropriate condition is encountered by the network.

A call progress signal will consist of 1 or moreall progress signal blocks. Acall progress signal block will
consist of 1 or moreall progress signals.

The format of thesall progress signal sequence is defined in § 4.6.2.

The coding otall progress signals is provided in Annex F.

The description ofall progress signals is provided in Recommendation X.96.

A call progress signal will be preceded by two or more contiguous 1/6 (“SYN”) characters sent during

state 6A. The period between these blocks will also be filled® waiting (state 6A).
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A call progress signal will be transmitted by the DCE within 20 seconds of: (1) the end-of-selection signal
or (2) in the case of direct call, the DTE waiting signal being sent by the DTE. The call progress signal, however, will
not be sent by the DCE before the reception of the end-of-selection signal or DTE waiting signal is sent by the DTE,
except in the case of expiration of time-out T11, T12, or T13 where there may be a call progress signa followed by
clear indication.

Note — When an error is detected in a receieald progress signal sequence, the DTE may choose to either
ignore the signal or attempt a new call after clearing.

419  DCE-provided information (states 10A and 10B)

The DCE-provided information will be transmitted by a DCE to the calling DTE (state 10A) or a called DTE
(state 10B) on circuit R withs OFF.

A DCE-provided information will consist of 1 or mor®CE-provided information blocks. EactbCE-provided
information block will be limited to a maximum length of 128 characters.

The format of thedCE-provided information is defined in § 4.6.3.
The information content d)CE-provided information is provided in Annex H.

The DCE-provided information will be preceded by two or more contiguous 1/6 (“SYN”) characters.
DCE-provided information blocks within aDCE-provided information will be separated by 1/6 (“SYN”) characters (the
time between blocks to be filled by two or more SYN characters is for further study). In the case of a calling DTE
(state 10A), the preceding and separating SYN characters will beDi@inwaiting (state 6A). In the case of a called
DTE (state 10B), the preceding SYN characters and the separating SYN characters will DEEwmiting (state 6B).

In certain circumstances, SYN characters may be inserted between characters WG paovided
information block. Each insertion shall contain at least 2 SYN characters, and the inserted SYN characters will be
counted as part of the maximum limit of 128 characters per block. In any case, the insertion of SYN characters should be
rare and minimized.

A DCE-provided information (state 10B) will be sent to the called DTE within 6 seconds ofdaheaccepted
signal being sent. After reception oD&E-provided information block, the called DTE should reset time-limit T4B.

4.1.9.1 Lineidentification
Calling andcalled line identification is an optional additional facility.
The information content afalling andcalled line identification is provided in Annex H.

Calling andcalled line identification will be transmitted by the DCE on the R circuit withr iOFF during
states 10B or 10A, respectively.

When provided, called line identification (state 10A) will be transmitted by the DCE to the calling DTE after
all call progress signals, if any.

When provided, calling line identification (state 10B) will be transmitted by the DCE to the called DTE after
call accepted has been sent by the DTE.

In the case where thealling line identification facility is not provided by the originating network, or ttadied
line identification facility is not provided by the destination networkguammy line identification shall be provided by
the DCE to the DTE. In some networks, whendaléing line identification is not provided by the originating network,
the data network identification code (DNIC) will be provided by the DCE to the DTE in place dfutiay line
identification.
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4192 Charging information
Charging information is an optional additional facility provided during state 10B.

Upon completion of clearing the call for which charging information has been requested, the DCE will, within
200 ms after entering ready (state 1), establish an incoming call to the DTE for the purpose of giving charging
information.

Note — The DTE is advised not to sigrall| request or not ready during the above 200 ms period. If the DTE
does, thecharging information will not be transmitted to the DTE.

Charging information will be transmitted by the DCE on R circuit witk OFF.

The DCE will sendclear indication (state 19) upon sending the lakarging information block. The DTE
should sendtlear request (state 16) when it has correctly received ¢harging information signal, if the DCE has not
previously signallealear indication.

The format ofcharging information is defined in § 4.6.3.

4.1.10 Connection in progress (state 11)

While the connection process is in progress, the DCE will indicataection in progress (state 11) by
signalling r=1, i= OFF.

In some circumstancespnnection in progress (state 11) may be bypassed.

4.1.11 Ready for data (state 12)

When the connection is available for data transfer between both DTEs, the DCE will ineicigtéor data
(state 12) by signalling= 1, i= ON.

1) Ready for data will be indicated by the DCE to the calling DTE within 6 seconds of thedlsprogress
signal orDCE-provided information signals being received by the DTE or within 20 seconds odritie
of-selection signal being signalled by the DTE,

or, when manual answering is permitted at the called DTE.

2) Ready for data will be indicated by the DCE to the calling DTE within 60 seconds of the appropelate
progress signal being received or within 20 seconds ofeii of-selection signal being received.

It will be indicated to the called DTE within 6 secondscall accepted being signalled by the DTE or
receipt ofDCE-provided information signal.

Subsequent procedures are described indgti,transfer phase.
4.1.12 Eventsof the call control procedure for centralized multipoint circuit-switched service
4.1.12.1 Call request (state 2)
See 8§4.1.1.
4.1.12.2 Proceed to select request (state 3)
See §4.1.2.
4.1.12.3 Selection signal sequence (state 4)
See §4.1.3.
A facility request signal is used to indicate the category of point-to-multipoint service which is required.
The coding is defined in Annex G.
4.1.12.4 DTE waiting (state 5)

See §4.1.4.

Recommendation X.21  (09/92) 11



41125 Incoming call (state 8)

See §4.1.5.

4.1.12.6 Call accepted (state 9)

See §4.1.6.1.

4.1.12.7 DCE waiting (state 6A and state 6B)

See §4.1.7.

4.1.12.8 Call progress signal sequence (state 7)
See §4.1.8.

In a point-to-multipoint call theall progress signals related to each of the called DTEs are transmitted and
then in the same order, thalled line identification signals of the different called DTEs.

When no specific call progress signals are necessary for a given called DTE, then the call progress signal “00”
is used for this DTE so that the order can be kept.

4.1.12.9 DCE-provided information sequence (states 10A and 10B)

The DCE-provided information sequences will be transmitted by a DCE to the calling DTE (state 10A) or a
called DTE (state 10B) on circuit R witlriOFF.

A DCE-provided information sequence will consist of one or md»€E-provided information blocks. Each
DCE-provided information block will be limited to a maximum length of 128 characters, except for called line
identification in case of point-to-multipoint calls where the maximum length is 512 characters.

The format of thédCE-provided information sequence is defined in § 4.6.3.
The information content ddCE-provided information is provided in Annex H.

The DCE-provided information sequence will be preceded by two or more contiguous 1/6 (“SYN") characters.
DCE-provided information blocks within aDCE-provided information sequence will be separated by 1/6 (“SYN")
characters (the time between blocks to be filled by two or more SYN characters is for further study). In the case of a
calling DTE (state 10A), the preceding and separating SYN characters will b®@&mwaiting (state 6A). In the case
of a called DTE (state 10B), the preceding SYN characters and the separating SYN characters wilDiG2=freaiting
(state 6B).

In certain circumstances, SYN characters may be inserted between characters wWitGH-paovided
information block. Each insertion shall contain at least 2 SYN characters, and the inserted SYN characters will be
counted as part of the maximum limit of 128 characters per block. In any case, the insertion of SYN characters should be
rare and minimized.

A DCE-provided information sequence (state 10B) will be sent to the called DTE within 6 secondsaallthe
accepted signal being sent. After reception oD&E-provided information block, the called DTE should reset time-limit
T4.

4.1.12.9.1 Lineidentification
Thecalled line identification related to the different called DTEs is provided in sequence.

See §4.1.9.1.

4.1.12.9.2 Charging information

See §4.1.9.2.

4.1.12.10 Connectionin progress (state 11)

See § 4.1.10.
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4.1.12.11 Ready for data (state 12)

See §4.1.11.

4.2 Unsuccessful call

If the required connection cannot be established, the DCE will indicate this and the reason to the calling DTE
by means of &all progress signal. Afterwards the DCE will sighBICE clear indication (state 19).

4.3 Call collision (state 15)

A call collision is detected by a DTE when it receiwvasoming call in response toall request. The DTE shall
not deliberately causecall collision by responding toncoming call with call request.

A call collision is detected by a DCE when it receiwal request in response tancoming call.

When acall collision is detected by the DCE, the DCE will indicgm®ceed-to-select (state 3) and cancel the
incoming call.

4.4 Direct call

For adirect call facility, the entering oDTE waiting (state 5) directly upon receipt pfoceed-to-select (state
3) indicates the request for the direct call. Whendinect call facility is provided on a per-call basis, the DTE may
choose either an addressed call by presesdiegtion signal (state 4) or a direct call by presentdE waiting (state
5). When thalirect call facility only is provided on a subscription basidection signals (state 4) are always bypassed.

4.5 Facility registration/cancellation procedure

Registration/cancellation of optional user facilities shall be accomplished by a DTE using normal call
establishment procedures using sakection sequence which is defined in § 4.6.1.

The format of thdacility registration/cancellation signal is defined in § 4.6.1.3.

The facility registration/cancellation procedure shall not be combined with establishment of a normally
addressed call, but shall be taken as an independent procedure.

In response to acceptance or rejection offéleBity registration/cancellation actions, the network will provide
the appropriateall progress signal followed byclear indication.

4.6 SHlection, call progress and DCE provided information formats
(See also Annex D for a syntactic description of the formats.)
4.6.1  Format of selection sequence

A selection sequence shall consist ofaxility request block, or anaddress block, or afacility request block
followed by anaddress block, or afacility registration/cancellation block.

4.6.1.1  Facility request block

A facility request block shall consist of one or maofiaility request signals.
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Multiple facility request signals shall be separated by character 2/12 (*, 7).

A facility request signal shall consist of #acility request code and may contain one or mdeeility
parameters. Thdacility request code, facility parameter and subsequdatility parameters shall be separated by
character 2/15 (“ /). For an interim period the 2/15 (/") separator will not be used in some networks.

The end of dacility request block shall be indicated by character 2/13 ).
4.6.1.2  Addressblock
An address block shall consist of one or maaddress signals.
An address signal shall consist of eitheffall address signal or arabbreviated address signal.
Start of amabbreviated address signal shall be indicated by a prefix character 2/14 (*. ).

Multiple address signals shall be separated by character 2/12 (*, ).

4.6.1.3  Facility registration/cancellation block
A facility registration/cancellation block shall consist of one or madiaility registration/cancellation signals.

A facility registration/cancellation signal shall consist of up to four elements in ordagility request code,
indicator, registration parameteraddress signal.

The elements of facility registration/cancellation signal shall be separated by character 2/15 (“ /).

If a facility registration/cancellation signal contains less than four of the elements, the elements should be
eliminated in reverse order (e.g., a two-elenfaatity registration/cancellation signal will contain thdacility request
code “ / "indicator). If any element to be sent within the sequence is not required, a 3/0 (“0") character should be
inserted in the position of each missing element (f&agljty request code /0/0address signal).

Multiple facility registration/cancellation signals shall be separated by character 2/12 (“, ).

The end of dacility registration/cancellation block shall be indicated by character 2/13-{) and shall be
followed by an end of selection.

46.1.4  End of selection
The end ofelection shall be indicated by character 2/13().

4.6.2  Format of a call progress block
A call progress block shall consist of one or moeall progress signals.
A call progress signal shall consist of a call progress code and may contain an indicator.
The call progress code and the indicator shall be separated by character2J13 (“
Eachcall progress signal need not be repeated.
Multiple call progress signals shall be separated by character 2/12 (“, ).

The end of &all progress block shall be indicated by character 2/1% 7).
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4.6.3 Formats of DCE-provided information
The following formats are specified for DCE-provided information signals which have been identified.

The DCE-provided information shall, except for calling and called line identification, be started by the IA5
character 2/15 (* /). To distinguish between different typesDEE-provided information the prefix should be followed
by one or more numerical characters, followed by the character 2/15 (“ / ") before the actual information is presented.
The end of &CE-provided information block shall be indicated by character 2/1% ). The order in which th®CE-
provided information blocks are presented to the DTE is variable.

Multiple DCE-provided information signals shall be separated by character 2/12 (*,”).

A dummyDCE-provided information block may be sent in the case of sub-addressing and will be indicated by
the prefix as described above (“ /", “4”, “ | ") followed by 2/11+().

The dummy sub-address should be sent if the network supports sub-addressing but no sub-address has been
sent by the calling DTE.

4.6.3.1 Format of called and calling line identification

Calling line identification block and called line identification block shall be preceded by
character 2/10 (“ * ).

When acalling or called line identification block contains data network identification codes (DNIC)
or data country codes (DCC), the block shall instead of one character 2/10 (“*”) be preceded by
2 characters 2/10 (“ ** 7).

A called line identification block shall consist of one or moealled line identification signals.
Multiple called line identification signals shall be separated by character 2/12 (*, ).

End ofcalling line identification block andcalled line identification block shall be indicated by character 2/11

¢ +).
Thedummy line identification block shall be indicated by character 2/10 (“ * ") followed by 2/14""
4.6.3.2 Format of charging information

Thecharging information block will be preceded by character 2/15 (“ /) followed by a second IA5 numerical
character, followed by character 2/15 (“ /). The endtairging information block shall be indicated by character 2/11

(“+).

4.6.4  Format of DTE-provided information
A DTE-provided information block shall consist of 1 or moi2TE-provided information signals.
EachDTE-provided information signal need not be repeated.
Multiple DTE-provided information signals shall be separated by character 2/12 (“, ™).

End of DTE-provided information block shall be indicated by character 2/1% 7).

Recommendation X.21  (09/92) 15



5 Data transfer phase
During the data transfer phase, any bit sequence may be sent by either DTE.

For the interchange of information between one DTE and another DTE during the data transfer phase, the
DTEswill be responsible for establishing their own alignment.

The byte timing interchange circuit, when implemented, may be utilized by the DTEs for mutual character
alignment.

Data link control procedures and any other DTE-to-DTE protocols are not the subject of this
Recommendeation.

5.1 Circuit-switched service

All bits sent by a DTE after indication of ready for data for 16-bit intervals (see 8§ 2.4) and before sending
DTE clear request will be delivered to the corresponding DTE after that corresponding DTE has recigedbr data
and before it has receivddlCE clear indication (provided that the corresponding DTE does not take the initiative of
clearing).

All bits received by a DTE, after indication ofady for data for 16-bit intervals (see § 2.4) and before
receivingDCE clear indication or receivingDCE clear confirmation, were sent by the corresponding DTE. Some of
those bits may have originated@$E waiting before that corresponding DTE has receiretly for data; those bits are
binary 1.

During data transfer (state 13), & ON, i= ON and data are transferred on circuits T and R.

Data transfer may be terminated bstearing, as defined in § 6, by either:
i) the DCE, or

ii) any connected DTE.

The action to be taken when circuit C is turned OFF dutlatg transfer (state 13), except when the DTE is
signallingDTE clear request (state 16) by £ 0, c= OFF, is for further study except for the procedures for half-duplex
operation between DTEs conforming to Recommendations X.21 andob6.32& described in Annex E.

5.2 Leased circuit service — Point-to-point (see Figure A-3/X.21) and packet-switched service
(Recommendation X.25, level 1)

In this section, for the case of packet-switched service, one of the DTES must be understood as being the
packet network data switching exchange (DSE).

Data transmitted by the DTE on circuit T with ¢ = ON are delivered to the remote DTE on circuit R with
i =ON.

Both DTESs may employ duplex operation for the exchange of data.
Any bit sequence may be sent by either DTE during the ON-condition of its circuit C.

Note— The entering of the DTE/DCE-interfaceTE uncontrolled not ready (state 22) will be signalled on
the remote end d3CE not ready (state 18).

In Figure A-3/X.21 a state diagram indicating a possible data connection is shown. Apart from state 13, two
additional states, 13S and 13R, can be identified.

5.2.1  Send data (state 139

Data transmitted by the DTE on circuit T with=cON are delivered to the remote DTE on circuit R with
i = ON.
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522 Recelve data (state 13R)

Data transmitted by adistant DTE with ¢ = ON are received on circuit R with i = ON.

523 Data transfer (state 13)

When c=ON, i = ON, data are transferred on circuits T and R.

524 Termination of data transfer

The DTE signals the termination of data transfer by signalling t = 1, ¢ = OFF. The DCE indicates termination
of data transfer by signalling r = 1, i = OFF.

Note — The action taken by the DCE when the DTE signa<¢-F and t does not equal 1, is for further study
except for theDTE uncontrolled not ready procedures described in § 2.5.1.2.

5.3 Leased circuit service — Centralized multipoint

See Figure A-3/X.21.
531 Central DTE data transfer

5311 Send data (state 13S)

Data transmitted by the central DTE on circuit T with ¢ = ON are delivered to all remote DTES on
circuit R with i = ON.

5312 Receive data (state 13R)

Data transmitted by any remote DTE with ¢ = ON (one at a time as determined by the data link protocol)
during state 13S are delivered to the central DTE on circuit R with i = ON.

532 Remote DTE data transfer
Datatransmitted by aremote DTE are not delivered to other remote DTEs.

Note — Transmission of data by two or more remote DTEs at the same time may result in unsatisfactory
conditions.

5.3.2.1  Send data (state 139

Data transmitted by remote DTEs with=cON (one at a time as determined by the data link protocol) are
delivered to the central DTE on circuit R with ON.

5.3.2.2 Recelve data (state 13R)

Data transmitted by the central DTE witkr ©N are delivered to the remote DTE on circuit R withON.

5.3.3  Datatransfer (state 13)

When c= ON, i = ON data transmitted by the central DTE are delivered to all remote DTEs, and data
transmitted by a remote DTE (one at a time as determined by data link protocol) are delivered to the central DTE. A
remote DTE may send (one at a time as determined by the data link protocol) while the central DTE is sending to all
remote DTEs.

5.4 Circuit-switched service — Point-to-multipoint service

The different configurations of point-to-multipoint are defined in Recommendation X.2.
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54.1 Centralized multipoint

All bits sent by the central DTE after indication of ready for data for 16-bit intervals (see § 2.4) and before
clearing procedure has been started by the central DTE or by the network, will be delivered to all remote DTEs after
they have receiverkady for data and before they have receivB€E clear indication (provided that the remote DTEs
do not take the initiative of clearing).

All bits received by a remote DTE, after indicatiorreddy for data for 16-bit intervals (see § 2.4) and before
clearing procedure has been started by the central DTE, by the network or the remote DTE, were sent by the central
DTE. Some of those may have originatedd& waiting before the central DTE has receiveddy for data; those bits
are binary 1.

All bits sent by a remote DTE, after indicationrehdy for data for 16-bit intervals (see § 2.4) and before
clearing procedure has been started by the central DTE, by the network or by the remote DTE, will be delivered to the
central DTE after that central DTE has receivealy for data and before it has receiveiCE clear confirmation or
DCE clear indication, provided that the the other remote DTEs are transmitting binary 1.

All bits received by the central DTE, after receiviragdy for data for 16-bit intervals (see § 2.4) and before
receivingDCE clear indication or DCE clear confirmation, were sent by one of the remote DTEs. Some of these may
have originated aBTE waiting before the remote DTESs have receiveally for data; those bits are binary 1.

During data transfer (state 13), & ON, i= ON and data are transferred on circuits T and R.

Data transfer may be terminated by clearing, as defined in § 6 below, by either:
i) the central DTE or,
i) all the remote DTEs or,

iiiy the DCEs.

6 Clearing phase
See Figure A-4/X.21.
In centralized multipoint calls:

— clearing by the central DTE imply clearing of the call;

— clearing by a remote DTE clears the call for this DTE, and has no effect on the calls which remain
established for the other remote DTES;

— clearing by the last remote DTE still in the call leads to the clearing of the call.

6.1 Clearing by the DTE (states 16, 17, 21)

The DTE should indicate clearing by signalling the steady binary conditidh t= OFF,DTE clear request
(state 16).

The DCE will respond by signalling the steady state conditien®; i = OFF, DCE clear confirmation
(state 17), followed by the steady binary condition, i = OFF,DCE ready (state 21). Th®CE ready signal will be

sent within 2 seconds after the receipt of B clear request signal.

The DTE shall recogniz®CE clear confirmation and, except as noted below, shall then respordGg
ready, when presented, within 100 millisecondes by signallind tc= OFF,ready (state 1).
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In the case where DCE clear confirmation is either not presented by the DCE or not recognized by the DTE,
the DTE shall remain in the DTE clear request state for a minimum of 2 seconds and then go to DTE ready. In this case,
the DTE may not respond to DCE ready within the 100 milliseconds stipulated above and may be considered by the
DCE to be uncontrolled not ready (state 24) for afinite period of time (until it goesto DTE ready).

6.2 Clearing by the DCE (states 19, 20, 21)

The DCE will indicate clearing to the DTE by signalling the steady binary conditionr =0, i = OFF, DCE clear
indication (state 19).

The DTE should signify DTE clear confirmation (state 20) by signalling the steady binary conditiont =0, c=
OFF, within 500 milliseconds. The DCE will signal r = 1, i = OFF, DCE ready (state 21) within 2 seconds of receiving
DTE clear confirmation.

The DTE should respond to DCE ready within 100 milliseconds by signalling t = 1, ¢ = OFF, ready (state 1).

In the case where DTE clear confirmation is either not presented by the DTE or not recognized by the DCE,

the DCE shall remain in the DCE clear indication state for a minimum of 500 milliseconds (until the time T15 has
expired) and then signal DCE ready.

7 Test loops

The definitions of the test loops and the principles of maintenance testing using the test loops are provided in
Recommendation X.150.

7.1 DTE test loop — Type 1 loop

Thisloop is used as a basic test of the operation of the DTE, by looping back the transmitted signalsinside the
DTE for checking. The loop should be set up inside the DTE as close as possible to the DTE/DCE interface.

Whilethe DTE isin the loop 1 test condition:
— circuit T is connected to circuit R inside of the DTE;
— circuit C is connected to circuit | inside of the DTE;

— the DCE continues to present signal element timing on circuit S and, if implemented, byte timing on
circuit B. The DTE need not make use of the timing information.

Loop 1 may be established from either data transfer or ready state.

In some networks, for short routine tests duringdag transfer state, the DTE should either maintain the
same status on the interchange circuits as before the test or seonatttbided not ready signal. If the loop is established
from thedata transfer state, the DCE may continue to deliver data to the DTE during the test as though the DTE were in
normal operation. It will be the responsibility of the DTEs to recover from any errors that might occur while the test loop
is activated.

If the loop is established from theady state, the DTE should signal one of tioé ready states.

7.2 Local test loop — Type 3 loop

Local test loops (type 3 loops) are used to test the operation of the DTE, the interconnecting cable and either
al or parts of the local DCE, as discussed below.

Loop 3 may be established from any state.
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For testing on leased circuits and for short duration testing on circuit-switched connections the DCE should
either continue to present toward the line the conditions that existed before the test (e.g. either data transfer or ready
state) or send the controlled not ready state to the remote DTE. Where this is not practical (e.g. in some cases for
loop 3a) or desirable (e.g. for long duration testing in circuit-switched applications) the DCE should terminate an
existing call and, if possible, signal toward the subscriber-line one of the not ready states.

Manual and/or automatic control should be provided on the DCE for activation of the test [oop.

The precise implementation of the test loop within the DCE is a national option. At least one of the following
local loops should be implemented:

721 Loop 3d

Thisloop is used to test the operation of the DTE, including the interconnecting cable, by returning transmitted
signals to the DTE for checking. The loop is set up inside the local DCE and does not include interchange circuit
generators and loads.

Whilethe DCE isin the loop 3d test condition:
— circuit T is connected to circuit R inside of the DCE;
— circuit C is connected to circuit | inside of the DCE;

— the DCE continues to present signal element timing on circuit S and, if implemented, byte timing on
circuit B. The DTE must make use of the timing information.

Note — While test loop 3d is operated, the effective length of the interface cable is doubled. Therefore, to
insure proper operation of loop 3d, the maximum DTE/DCE interface cable length should be one-half the length
normally appropriate for the data signalling rate in use.

7.2.2 Loop 3c

This loop is used to test the operation of the DTE, including the interconnecting cable and DCE interchange
circuit generators and loads.

The configuration is identical to that given for loop 3d in § 7.2.1 with the exception that the looping of circuit
T to circuit R and the looping of circuit C to circuit | includes the interchange circuit generators and loads. The note
concerning restriction of interface cable length is not applicable.

7.2.3  Loop3b

This loop is used as a test of the operation of the DTE and the line coding and control logic and circuitry of the
DCE. It includes all the circuitry of the DCE with the exclusion of the line signal conditioning circuitry (e.g. impedance
matching transformers, amplifiers, equalizers, etc.). The delay between transmitted and received test data is a few octets
(see Note).

The configuration is identical to that given for loop 3c in § 7.2.2 except for the location of the point of
loopback.

Note — In some DCEs, the setting of loop 3b will result in momentary loss of envelope alignment causing
random signals to appear on the receiving interchange circuit for a period of time. This may impact upon the DTE test
procedure. In some networks the setting of loop 3b will cause clearing of existing connections.

724 Loop 3a

This loop is used to test the operation of the DTE and the DCE. The loop should include the maximum amount
of circuitry used in DCE working including, in particular, the line signal conditioning circuitry. It is recognized that, in
some cases, the inclusion of devices (e.g. attenuators, equalizers or test loop translators) may be necessary in the
loopback path. The subscriber line is suitably terminated during a loop 3a test condition. The delay between transmitted
and received test data is a few octets (see Note).
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The configuration is identical to that given for test loop 3b in § 7.2.3 except for the location of the point of
loopback.

Note — In some DCEs, the setting of loop 3a will result in momentary loss of envelope alignment causing

random signals to appear on the receiving interchange circuit for a period of time. This may impact upon the DTE test
procedure. In some networks the setting of loop 3a will cause clearing of existing connections.

7.2.5  Automatic operation of test loop 3

See Figure A-9/X.21.

The procedure provides for transparent loop testing and may be entered from any state.
7.25.1  Sendloop 3 command (state L31)

The testing DTE shall indicate a request for a local loop 3 by signalirg001111 (alternate bit quadruples
are binary 0 and binary 1),=cOFF. The loop command shall persist until the DCE sigral80001111..., # OFF, but
not longer than 6 s. Some networks may require the loop command to be preceded by 2 or more contiguous 1/6 (“SYN")
characters and to appear on a character boundary 00001111. Some networks will not require the preceding SYN-
characters to be sent, i.e. they will treat the loop command as a bit pattern which, therefore, does not need to appear on &
character boundary. However, this would impose no restrictions on DTEs sending the loop command on a character
boundary with preceding SYN-characters.

7.2.5.2 Loop 3 confirmation (state L32)
The DCE indicates that the local loop 3 is established by signalirip001111, = OFF.

Note — This bit pattern received on circuit R is the loop command reflected by the local loop 3.

7.2.5.3  Test data (state L33)

The DTE enters the transpardegt data state by turning & ON. During the test any hit sequence may be sent
by the DTE. The looped back data are received on circuit R withN.

7.2.5.4  Loop 3clear request (state L34A)

The DTE signals the termination of the test data by turnm@é€F.

7.2.5.5  Loop 3clear request (state L34B)

In cases where the DTE does not wish to enter state L33 it may leave state L32 by sigh@ifg1111, &
OFF for a minimum time of 24 bits.

7.2.5.6  Loop 3 clear confirmation (state L35)

Release of the loop is confirmed by the DCE signalliz@0001111, & OFF.

7.3 Network test loop — Type 2 loop

Network test loops (type 2 loops) are used by the Administration’s test centre to test the operation of the leased
line or subscriber line and either all or part of the DCE, as discussed below.

7.3.1 General

Loop 2 may be controlled manually on the DCE or automatically from the network or where allowed by
national testing principles automatically from the remote DTE.

In case of a collision between call request and the activation of the loop, the loop activation command will
have priority.
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When the test isin progress, the DCE will signal r =0, i = OFF or r = 0101, i = OFF. The choice as to which of
these signalsis sent is anational matter.

732 Automatic operation of test loop 2
See Figures A-7/X.21 and A-8/X.21.

The procedure provides for transparent loop testing and is entered from the data transfer phase, state 13 in
circuit switched service point-to-point. It may also be entered from any state in leased circuit service.

7321 Send loop 2 command (state L21)

The testing DTE shall indicate a request for a remote loop 2 by signalling t = 00110011 (alternate bit pairs are
binary 0 and binary 1), ¢ = OFF. The loop command shall persist until the DCE signalsr = 00110011 . . ., i = OFF, but
not longer than 2 s. Some networks may reguire the loop command to be preceded by 2 or more contiguous 1/6 (“SYN")
characters and to appear on a character boundary 00110011. Some networks will not require the preceding SYN-
characters to be sent, i.e. they will treat the loop command as a bit pattern which, therefore, does not need to appear on &
character boundary. However, this would impose no restrictions on DTEs sending the loop command on a character
boundary with preceding SYN-characters.

7.3.2.2 Loop 2 confirmation (state L22)

The DCE indicates that the remote loop 2 is established by signa#ifgx100 . . . , + OFF.

Note — This bit pattern received on circuit R is the loop command reflected by the remote loop 2.
7.3.2.3  Test data (state L23)

The DTE enters the transparéedt data state by turning & ON.

During the test any bit sequence may be sent by the DTE. The looped back data are received on circuit R with i

Note — Allowance must be made for propagation delay in the network.
7.3.2.4  Loop 2 clear request (state L24A)
The DTE signals the termination of ttest data state by turning & OFF.
In the case where the DTE wishes to clear the connection it sign@lsct= OFF (state 16).

In the case where the DTE wishes to re-entedéte transfer phase it signals# 0 # 0011, c= OFF until the
DCE signals state L2®op 2 clear confirmation, r # 0 # 0011, i= OFF. After that, the DTE re-enters ttiata transfer
phase by signalling+ D, c= ON.

7.3.2.5  Loop 2 clear request (state L24B)

In cases where the DTE does not wish to enter state L23 it may leave state L22 by sigh@llad,tc= OFF
for a minimum time of 24 bits.

In the case where the DTE wishes to clear the connection it sign@lsct= OFF (state 16).

In the case where the DTE wishes to re-enter the data transfer phase it signl9011, c= OFF until the
DCE signals state L25 loop 2 clear confirmatio#, @ # 0011, i= OFF. After that, the DTE re-enters the data transfer
phase by signalling+ D, c= ON.

7.3.2.6  Loop 2 clear confirmation (state L25)
Release of the loop is confirmed by the DCE signalligd@011 . . ., i OFF.

Note — The DCE signalling of # 0, i = OFF must be interpreted by the DTElasp clear confirmation and
DCE clear indication (state 19).
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7327 Receive loop 2 command (state L26)
The DCE will indicate the receipt of aloop command by transmission of 0011 . . . on circuit R with i = OFF.

Note — In some networks state L26 will be bypassed if the loop 2 is operated from the Administration's test
centre.

7.3.2.8  Loop 2 consent (state L26A)
The DTE of the tested station will indicate its readiness for a loop test by signallixgct= OFF.

Note — Some networks may require this state for additional security against malicious test loop operation.

7.3.2.9 DCE controlled not ready (state L27)
When the DCE has closed the loop 2 it transmits 0101 . . . on circuit R=aDEH to the DTE.

This DTE should not interpret this state adear indication, if it was in thelata transfer phase before the test
procedure began.

7.3.2.10 Loop 2 released (state L28)

When the DCE stops transmitting 0101 . . . for more than 24 bits on circuit R, the DTE is informed that it may
continue with the state it had left at the beginnng of state L27.

7.3.2.11 DCE not ready (state L29)

In the case when the DCE is not able to sBX@E controlled not ready, it will signal DCE not ready
(state L29). This state will persist until the loop is released.

Note — It is not possible to re-enter thata transfer phase in this case.

7.3.3  Implementation of type 2 loops

The precise implementation of the test loop within the DCE is a national option. At least one of the following
network test loops should be implemented:

7.3.3.1 Loop 2b

This loop is used by either the Administration's test centre(s) and/or the remote DTE to test the operation of
the subscriber line and all the circuitry of the DCE with the exception of interchange circuit generators and loads.

While the DCE is in the loop 2b test condition:

circuit R is connected to circuit T inside of the DCE,

circuit | is connected to circuit C inside of the DCE,

at the interface, the DCE signaks 0, i= OFF, or where provided+ 0101 . . ., F OFF,

the DCE provides timing information on circuits S and, if implemented, on circuit B.

7.3.3.2 Loop 2a

This loop is used by either the Administration's test centre(s) or the remote DTE to test the operation of the
subscriber line and the entire DCE.

The configuration is identical to that given for loop 2b in § 7.3.3.1 except for the location of the point of loop
back. Alternatively, the DCE may present an open circuit or power off condition on circuits R and I.
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7.4 Subscriber-line test loop — Type 4 loop
Subscriber-line test loops (type 4 loops) are provided for the maintenance of lines by the Administrations.

Note— In the case of loops 4 and 2 (see § 7.3) the DCE may signal the local DTE in such a manner that the
DTE can distinguish a test mode from a network failure. This is for further study.

7.4.1 Loop 4a

This loop is only provided in the case of 4-wire subscriber lines. Loop 4a is for the maintenance of lines by
Administrations. When receiving and transmitting pairs are connected together, the resulting circuit cannot be
considered normal. Loop 4a may be established inside the DCE or in a separate device.

While the DCE is in the loop 4a test condition:

— the DCE signals to the local DTEIO, i= OFF, or where provideds 0101 . . ., F OFF.

— the DCE provides timing information on circuit S and, if implemented, circuit B.
7.4.2  Loop4b

This loop is used by Administrations to test the operation of the subscriber line including the line signal
conditioning circuitry in the DCE. When the receiving and transmitting circuits are connected at this point, loop 4b
provides a connection that can be considered as normal; however, some impairment of the performance is expected since
the DCE does not perform a complete signal regeneration.

The configuration is identical to that given for loop 4a in § 7.4.1 except for the location of the point of the
loopback.
7.5 Sgnal element timing provision

The provision of signal element timing to the DTE is maintained when any of the loops, described above, are
activated.

When test loops are activated, the signal element timing should in no case deviate from the nominal value by
more thant 1%.
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ANNEX A

(to Recommendation X.21)

Interface signalling state diagrams

Definition of symbols used in the state diagrams

State with one set
of DTE/DCE signals

State number

Signal on T circuit

Signal on C circuit

Signal on R circuit

Signal on | circuit

Transmit interchange circuit
Control interchange circuit
Receive interchange circuit
Indication interchange circuit
DTE or DCE data signals
Oand 1 Steady binary conditions

n
State name

O—mOHAT" 0 ~>

State with family 01 Alternate binary 0 and binary 1
of DTE/DCE signals X Any value
OFF Continuous OFF (binary 1)
ON Continuous ON (binary 0)
n 1A5 Characters from International Alphabet No. 5
State name (Recommendations V.3 and X.4)
+ IA5 character 2/11
BEL IA5 character 0/7
t, c SYN IA5 character 1/6
r, i Transition with indication
i of whether DTE or DCE

is responsible for transition

!

1
Ready
(DTE ready
DCE ready)

1, OFF
1, OFF
4

DTE

14
DTE controlled
not ready, DCE ready

24
DTE uncontrolled
not ready, DCE ready

0, OFF
1, OFF

01, OFF
1, OFF

23 22 DCE
DTE controlled DTE uncontrolled controlled
not ready, not ready, not ready
DCE not ready \ DCE not ready
X, X
01, OFF 0, OFF 01, OFF

0, OFF 0, OFF

18
DTE ready
DCE not ready

TO0714330-92

1, OFF
0, OFF

Note1l — This state diagram shows transitions that will be allowed by all Administrations. Other transitions are possible aatlonegdbe
by some Administrations.

Note 2 — DCE controlled not ready appearing during the call establishment phase should be interprete®@g alear indication.

FIGURE A-1/X.21

Quiescent states.
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Common states

1
Ready

Calling states

Called states

1, OFF
1, OFF

2
Call request

8
Incoming call

0, ON
1, OFF

1, OFF
BEL, OFF

15
Call collision

0, ON
BEL, OFF

9
Call accepted

3
Proceed-to-select

DCE in progress

0, ON 1, ON
+, OFF BEL, OFF
DTE DCE
DTE c DCE
A A 4
Selectioﬁ signals 6B
9 DCE waiting
IA5, ON 1, ON
+, OFF SYN, OFF
» DTE > ] DCE DCE TDCE
A 4 v
/ 5 108
-, DCE provided
DTE waiting ; ;
DCE information
1,0N 1,ON
+, OFF 11 IA5, OFF
Connection

Note1l — Asindicated in Figure A-4/X.21, the DCE may enter state 19 from any state and the DTE may enter state 16 from

DCE

A 4

1, ON

6A 1, OFF

DCE waiting

DCE
1,ON
SYN, OFF

DCET
A

7/10A (see Note 2)
DCE provided
information DCE

t

12

E Ready for data

A 4

DCE/DTE

1, 0N
IA5, OFF

13
Data transfer

T0714340-92

any state excepeady.

Note 2 — For simplification of the state diagram, stateall (progress signals) is merged with state 1@BCE provided
information).

FIGURE A-2/X.21

Call control phasefor Circuit-switched service
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DCE
not ready

1, OFF or D, ON
0, OFF

Ready

DCE

13S
Send data

13R
Receive data

DTE/DCE

DTE

13
Data transfer

T0714350-92

Note — States 13S, 13R and 13 may be entered from any of the quiescent states shown in Figure A-1/X.21.

FIGURE A-3/X.21

L eased circuit service— Point-to-point
and packet-switched service
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Any state
(see Note)

16
DTE
clear request

X, X
X, X

0, OFF
X, X

17
DCE
clear confirmation

21
DCE ready

A

Y

DCE 0, OFF

1, OFF

0, OFF
0, OFF

Ready

DCE

1, OFF
1, OFF

Note — Any state in Figure A-2/X.21 excersady.

FIGURE A-4/X.21

Clearing phase

Recommendation X.21  (09/92)
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2
Call request

Proceed-to-select

To states 4, 5, 6A, 7/10A
(see Figure A-2/X.21)

0, ON
+, OFF

9
Call accepted

1,ON
BEL, OFF

Ready

15
Call collision

0, ON
BEL, OFF

v DCE

6B
DCE waiting

1, ON
SYN, OFF

TDCE
A

10B
DCE provided
information

1,ON
IA5, OFF

y

¥ (see Figure A-2/X.21)

Call control phase for DTEswith enhanced sub-addressing

To states 11, 12, and 13

9C
Call accepted

1,0ON
SYN, OFF

Note1 — States 2, 3 and 15 are drawn for clarification only.

FIGURE A-5/X.21

for Circuit-switched service

8
Incoming call

1, OFF
BEL, OFF

9B
Proceed with
call information

* OFF
BEL, OFF

10C
Call information

*, OFF
IA5, OFF

DCE

Y

6C
DCE waiting

* OFF
SYN, OFF

DTE

Y

25
DTE provided
information

IA5, OUVERT
SYN, OUVERT

6D
DCE waiting

1, OFF
SYN, OFF

Note 2 — Transition from state 8 to state 9 only in the case of the DTE being unable tocatidefdr mation.
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DCE

8
Incoming call

1, OFF
BEL, OFF

9
Call accepted

1, ON
BEL, OFF

DCE

DCE
A 4

6B
DCE waiting

1, ON
SYN, OFF

A

L

TDCE
10B

DCE provided
information

1,ON
IA5, OFF

»| DCE

Y

11
Connection in progress

1, ON
1, OFF

12
Ready for data

13
Data transfer

DCE

DTE

T0714380-92

FIGURE A-6/X.21

Call control phasefor called DTE with smple sub-addressing for the Circuit-switched service
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—— 16

L24B
Loop 2
clear request

13
Data transfer

D, ON, D, ON
(see Note 1)

L21
Send loop 2
command

0011..., OFF D, ON
(see Notes 1, 2)

L22
Loop 2 confirmation

0011..., OFF
0011..., OFF

L23
Test data

#0011...,, OFF
0011..., OFF

L25
Loop 2

clear confirmation

D, ON
D, ON

L24A
Loop 2
clear request

#0011..., OFF
#0011..., OFF

#0011..., OFF
D, ON

T0714390-92

Note1l — In leased circuit service any state.

Note 2 — Networks which implement state L2&dop 2 consent will require the remote DTE to be

signalling ¢ = OFF.

FIGURE A-7/X.21

L oop 2 activation/deactivation — Testing station
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Any

L26
Receive loop 2
command

(see Note 1) | |« L23,L28, 20

T23
L28, 20 —»

(see Note 1)

16 —-

L29

DCE not ready

X, X (see Note 2)

16 X, X
DCE 0011..., OFF
(Note 4)
DCE DCE
v
L26A
(see Note 3)
Loop 2 consent
X, OFF
0011..., OFF
V
L27
DCE controlled
not ready
X, X (see Note 2)
0101..., OFF

L28
Loop 2 released

confirmation

0, OFF

20
DTE clear

X, X
#0101..., OFF

0, OFF
0, OFF

21 DCE

T0714400-92

Note 1 — T22 and T23 are a national matter.

Note 2 — Networks which implement state L26dop 2 consent will require the remote DTE to be signalling ¢ = OFF.

Note 3 — Some networks may require this state for additional security against malicious test loop operation.

Note 4 — In some networks state L26 will be bypassed if loop 2 is operated from the Administration's test centre

or the sequence is less than 24 bits.

FIGURE A-8/X.21

L oop 2 activation/deactivation — Tested station
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L31
Send loop 3 command

T20B @

<« L32

00001111..., OFF
X, X

L32
Loop 3 confirmation
16

00001111..., OFF
00001111..., OFF

L33
Test data

L34B
Loop 3 clear request

#00001111..., OFF
00001111..., OFF

L34A
Loop 3 clear request

L35
Loop 3 clear confirmation

#00001111..., OFF
#00001111..., OFF

#00001111..., OFF
D, ON

T0714410-92

FIGURE A-9/X.21
L oop 3 activation/deactivation

Recommendation X.21
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ANNEX B

(to Recommendation X.21)

I nterface signalling sequence diagrams and time-out oper ations

Definition of symbol used to illustrate time-out operation
in the signalling sequence diagrams:

Events controlling
the time-out

n Tn  Time-out number

X Time-out figure in seconds

E3 —»| @ Start of time-out at event indicated

E2  Stop of time-out at event indicated

E2— E3  Stop, reset to ZERO and restart of time-out

. o at event indicated
Time-out expiration N ——

N Number of the state to be entered after
T0714420-92 expiration of time-out

Note — For additional alternative assignments of DTE time-limits or DCE time-outs not shown together with the
signalling sequence diagrams, see Table C-2/X.21.
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Calling and clearing DTE

From DTE From DCE

State T C R | State

DTE time-limits NO-‘ Name | O ‘ 1 ON‘OFF 0 ‘ 1 |ON ‘OFF Name ‘NO- DCE time-outs

T12 T11
Ready Ready @
T1 call
request
SYN
3 ISYNI Proceed ( : )
— to select
| +
1 Selecti SYN :
I election gy :
SYN -
@ signals : 4,5 13
1A5 :
DTE n : 19
waiting i 5S—» 3
SYN DCE
SYN @ waiting 19 19—
. @ Call progress signals
SYN
SYN @ DCE waiting
1A5
@ DCE provided information
|+ |
SYN
SYN @ DCE waiting
SYN

@ Connection in progress

@ Ready for data

<«— 12,19

16 @ Data
transfer Z;

7 @ Data transfert

T5 @ DTE 4 L

clear
request 4 — @ DCE clear confirmation
DCE T16
21 Ready
18 @ Ready T Ready @ 1
24 T0714430-92

3 For additional alternative ass gnments of DTE time-limits or DCE time-outs not shown together with the signalling sequence diagrams,
see Table C-2/X.21.

b) For full details, see Table C-1/X.21.
FIGURE B-1/X.21

Example of sequence of events: successful call and clear for Circuit-switched
service (calling and clearing DTE)

Recommendation X.21  (09/92) 35



Called and cleared DTE

From DTE From DCE

State T C R | State

DTE time-limits No.‘ Name | O ‘ 1 |ON ‘OFF 0 ‘ 1 |ON ‘OFF Name ‘No. DCE time-outs

T7
@ Ready Ready @
0.2
SYN
6 s
T4B SYN
y'y Call accepted — BEL
1 .
BEL
SYN @ DCE provided information
SYN
IA5
10B | @ "
SYN DCE waiting
SYN
SYN
@ Connection in progress
12,19 — @ Ready for data
16 Data
transfer 27
7— @ Data transfer
DTE ] | Clear Q T15
T6 clear _/4 indication 19 0.5
@ confir- 20 —»
mation
DCE T16
21 ready 24
@ Ready Ready G 1—»
——18 24 — T0714440-92

FIGURE B-2/X.21

Example of sequences of events: successful call and clear for Circuit-switched
service (called and cleared DTE)
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Called DTE with sub-addressing

From DTE

From DCE

State

T C R |

State

DTE time-limits NO-‘ Name

0 ‘ 1 |ON ‘OFF 0 ‘ 1 ON‘OFF Name ‘No.

DCE time-outs

@ Ready

Proceed
with call

DTE
provided

information

(For further events see
Figure B-2/X.21)

information [~

SYN

SYN

BEL
SYN
SYN

* BEL

* SYN

* SYN

* |1A5

: |

. SYN

. SYN
SYN
SYN
|A5
L+ |

SYN

SYN

I1AS5

+
SYN
SYN

FIGURE B-3/X.21

DCE
provided
informatio

Ready @

Incoming
call

Call
information

DCE @ T14C
waiting T

DCE
waiting

Ready
for data *

T0714450-92

Example of sequences of events: successful call of a DTE with enhanced sub-addressing

for Circuit-switched service

Recommendation X.21
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ANNEX C

(to Recommendation X.21)

DTE time-limits and DCE time-outs

Ci1 DTE time-limits

Under certain circumstances this Recommendation requires the DCE to respond to a signal from the DTE
within a stated maximum time. If any of these maximum times is exceeded, the DTE should initiate the action indicated
in Table C-1/X.21. To maximize efficiency, the DTE should incorporate time-limits to send the appropriate signal under
the defined circumstances summarized in Table C-1/X.21. The time-limits given in the first column are the maximum
times allowed for the DCE to respond and are consequently the lower limits of the times a DTE must allow for proper
network operation. A time-limit longer than the time shown may be optionally used in the DTE; for example, al DTE
time-limits could have one single value equal to or greater than the longest time-limit shown in this table. However, the
use of alonger time-limit will result in reduced efficiency of network utilization. The actual DCE response time should
be as short as is consistent with the implementing technology and in normal operation should be well within the
specified time-limit. The rare situation where a time-limit is exceeded should only occur when there is a failure in DCE
operation.

The time-limits and actions for loop testing are given in Table C-3/X.21.

C.2 DCE Time-outs

Under certain circumstances this Recommendation requires the DTE to respond to a signa from the DCE
within a stated maximum time. If any of these maximum times is exceeded, a time-out in the DCE will initiate the
actions summarized in Table C-2/X.21. These constraints must be taken into account in the DTE design. The time-outs
given in the first column of the table are the minimum time-out values used in the DCE for the appropriate DTE
response and are consequently the maximum times available to the DTE for response to the indicated DCE action. The
actual DTE response time should be as short as is consistent with the implementing technology and in normal operation
should be within the specified time-out. The rare situation where atime-out is exceeded should only occur when there is
afailurein the DTE operation.

The time-outs and actions for |oop testing are given in Table C-4/X.21.
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TABLE C-1/X.21

DTE time-limits

Time- Time-limit Started by Normally Preferred action to be taker
limit number terminated by ) .wlhen
time-limit exceeded
3s Tl Signalling otall request Reception ofroceed-to-select DTE signaldDTE ready
(state 2) (state 3) (state 1)
20s T2 Signallingend-of-selection or Reception otall progress DTE signaldDTE clear
DTE waiting (direct call) signals,DCE provided request (state 16)
(state 5) information, ready for data
or DCE clear indication
(states 7, 10A, 12 or 19)
6s T3A Reception ofall progress signals Reception ofeady for data DTE signaldDTE clear
or DCE-provided information or DCE clear indication request (state 16)
(states 7 or 10A). Restarted by (states 12 or 19)
additionalcall progress signals or
DCE-provided information
(states 7 or 10A)
(see Note 2)
60 s T3B Reception of applicableall Reception ofeady for data DTE signalsDTE clear
(see Note 1) | progresssignals (state 7). Restarted or DCE clear indication request (state 16)
by additionalcall progress signals (states 12 or 19)
or DCE
provided information (states 7
or 10A)
(see Note 2)
2s T4A Signalling oforoceed with call Reception oend of call DTE signalsDTE clear
information (state 9B). Restarted by information character orDCE | request (state 16)
reception ofcall information (state | clear indication (state 19)
10C) or DCE waiting (state 6C)
(see Note 2)
6s T4B Signalling otall accepted (states 9| Reception ofeady for data DTE signaldDTE clear
and 9C). Restarted by reception of or DCE clear indication request (state 16)
DCE-provided information (state (states 12 or 19)
10B)
(see Note 2)
2s T5 Change of state BTE clear Change of state tDCE ready | DTE regards the DCE as
request (state 16) (state 21) DCE not ready and signals
DTE ready (state 18)
2s T6 Change of state BTE clear Reception oDCE ready
confirmation (state 20) (state 21)
0.2s T7 Change of state iteady Reception ofncoming call DTE returns to normal
(state 1) wheigharge information (state 8) operation and may note
(state 10B) has been requested absence ofharge
information (state 10B)

Note 1 — T3B shall be used when receiving call progress signal (CPS) 01 and may also be used when receiving other CPS in code

group 0.

Note 2 — Restart means time-out set to ZERO and restarted.

Recommendation X.21  (09/92) 39



TABLE C-2/X.21

DCE time-outs

Time-out

Action to be taken when

Time-out number Started by Normally terminated by time-out expires
36s T11 DCE signalling of DCE reception of
proceed-to-select end-of-selection signal or in
(state 3) the case of direct calDTE DCE will signalDCE clear
waiting (state 5) indication (state 19) or
. . ) . transmit appropriateall
6s T12 DCE signalling of DCE r_eceptlon of first _ progress signals (state 7)
proceed-to-sel ect selection character or in the| followed byDCE clear
(state 3) case of direct calDTE indication (state 19)
waiting (state 5)
6s T13 DCE reception atth DCE reception ofr{ + 1)th
selection character (state 4) selection character or
end-of-selection signal
05s T14A DCE signalling dhcoming | Signalling ofproceed with The DTE is noted as not
call (state 8) call information (state 9B) | answering. The DCE will
or call accepted (state 9) signalready (state 1)
60 s T14B or call collision (state 15)
(see Note 1)
20s T14C DCE transmittingend of call | Change of state tcall DCE will signalDCE clear
(see Note 2) | information character. accepted (state 9C) indication (state 19) or
Restarted by state 25 transmit appropriateal|
DTE-provided information progress signals followed by
(see Note 3) DCE clear indication
(state 19)
05s T15 Change of state CE Change of state tOTE clear | DCE will signalDCE ready
clear indication (state 19) confirmation and markDTE uncontrolled
(state 20) not ready (state 24)
100 ms T16 Change of stateDE€E Change of state t@ady DCE will markDTE

ready (state 21)

(state 1)

uncontrolled not ready
(state 24)

Note 1 — T14B will be provided when manual answering DTEs are allowed. It is not envisaged that manual answering DTEs will use

the enhanced sub-addressing procedure (see § 4.1.6.2.2).

Note 2 — T14C applies only to enhanced sub-addressing.

Note 3 — Restart means time-out set to ZERO and restarted.
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TABLE C-3/X.21

DTE time-limitsfor loop testing

Time-limit Time-limit Started by Normally terminated by Preferreq actic_m o be Faken
number when time-limit expires
DTE sending the loop CE signalling loop
2s T20A command confirmation .
DTE stops sending loop
(state L.21) (state L.22) command and enters any state
) . ) or signals DTE clear reguest
DTE sending the DCE signalling (state 16)
6s T20B loop command loop confirmation
(state L31) (state L32)
TE sending loop 2 clear DCE signalling loop 2 clear DTE signals DTE clear request
2s T21 request confirmation (state L25) (state 16)
(state L24A or L24B)
TABLE C-4/X.21
DCE time-outsfor loop testing
Time-out Time-out Started by Normally terminated by Action to be takep when time-
number out expires
Durationisa T22 DCE signalling DCE reception of loop DCE at the tested side causes
national option receive loop 2 released (state L28) or test the connection to be cleared
command data (state L23) or DTE clear
(state L26) confirmation
(state 20)
Durationisa T23 Test data (state L23) Loop released (state L28) or DCE at the tested side causes
national option being received by the | DTE clear confirmation the connection to be cleared
tested DCE (state 20) being received by
the tested DCE
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ANNEX D

(to Recommendation X.21)

Formats of selection, call progress, and
DCE-provided information signals

The following description uses Backus Naur form as the formalism for syntactic description. A vertical line*|”
separates alternatives.

<*> :: = 1A 5 character 2/10

<+> ::=1A 5 character 2/11

<,> .. = 1A 5 character 2/12

<—> :: = 1A 5 character 2/13

<.> = IA 5 character 2/14

</> :: = 1A 5 character 2/15

<n> .. = 1A 5 characters 3/0-3/9

<:> = 1A 5 character 3/10

<Facility parameter> : : = See Annex G

<Facility request signal> : : = See Annex G

<Full address signal> : : = See Recommendation X.121
<Abbreviated address signal> : : = National option
<Calling line identification signal>: : = See Annex H
<Called line identification signal> : : = See Annex H
<Indicator> : : = See Annexes F and G

<Facility request code> : : = See Annex G
<Registration parameter> : : = See Annex G

<Call progress signal> : : = See Annex F
<DCE-provided information signal>: : = See Annex H
<DTE provided information signal>: : = See Annex F

The above signals are combined as follows:

<Address signal>: : = <Full address signal> | <. > <Abbreviated address
signal>

<Address block>: : = <Address signal> | <Address block> <, > <Address
signal>

<Facility registration/cancellation signal>: : = <Facility request code> </ > <Indicator> </ >

<Registration parameter> </ > <Address signal>

<Facility registration/cancellation block> : : <Facility registration/cancellation signal> | <Facility
registration/cancellation block> <, > <Facility regis-

tration/cancellation signal>
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<Facility request signal>: :

<Facility request block> : :

<Selection sequence> : : =

<Call progress signal> : : =

<Call progress block> : : =

<Calling line identification> : : =

<Facility request code> | <Facility request signal>
</ > <Facility parameter>

<Facility request signal> | <Facility request block>
<, > <Facility request signal>

<Facility request block> <—> <Address block>

<+> | <Facility request block> <—> <+> |

<Address block> <+> | <Facility registration/cancella-
tion block> <—> <+>

<Call progress code> | <Call progress code> <—>
<indicator>

<Call progress signal> <+> | <Call progress signal>
<, > <Call progress block>

<*> <Calling line identification signal> <+>

<Calling line identification (with DNIC or DCC)> : : = <**> <Calling line identification signal> <+>

<Called line identification block> : : =

<Called line identification> : : =

<Called line identification (with DNIC or DCC)> :

<Dummy line identification> : : =

<DCE-provided information block> : : =

<DTE-provided information block> : :

<Called line identification signal> | <Called line
identification block> < , > <Called line identification
signal>

<*> <Called line identification block> <+>

= <**> <Called line identification block> <+>

<F>S <4>

<DCE-provided information signal> <+> | <DCE-
provided information signal> < , > <DCE-provided
information block> (Note)

<DTE-provided information signal> <+> | <DTE-
provided information signal> < , > <DTE-provided
information block>

Note — For DCE-provided information signals and blocks other thamlling or called line identification

signals and blocks.
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It is recognized that interworking between V-Series DTES connected to a public data network according to
Recommendation X.21 bis at one end and Recommendation X.21 at the other end should always be possible for DTES

ANNEX E

(to Recommendation X.21)

I nterworking between DTEs conforming to Recommendations X.21 and X.21 bis

not using half-duplex operation.

Certain Administrations may provide facilities allowing interworking between DTES operating in accordance
with Recommendations X.21 and X.21 bis using half-duplex operation by switching circuit C, | and circuit 109, 105

during the data transfer phase in accordance with Figure E-1/X.21.

Those Administrations not providing this facility shall cause the Recommendation X.21 DCE to signal r =1, i
= ON when the Recommendation X.21 bis DTE signals circuit 105 OFF. This will permit half-duplex operation for

those DTEs that do not require circuit 109 to be OFF before signalling circuit 105 ON.

105 >ON »- ON >
OFF OFF

109 «2FF < OFF
ON ON

X.21 bis

X.21 T0714460-92

FIGURE E-1/X.21

ANNEX F

(to Recommendation X.21)

Cc

Coding of call progress signals and DTE provided information

TABLE F-1/X.21

Code group (see Code Indicator Significance Category
Note 1)
0 00 - Note 2 Without clearing
01 - Terminal called
02 - Redirected call
03 - Connect when free
04 - Private network reached
(see Note 3)
05 - Public network reached
(see Note 4)
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TABLE F-1/X.21 (cont.)
Code group (see Code Indicator Significance Category
Note 1)
2 20 — No connection With clearing due to short-
21 — Number busy term conditions
22 — Selection signals procedure erro
23 — Selection signals transmission
error
3 Unassigned
4and5 41 — Access barred With clearing due to long-
42 — Changed number term conditions
43 — Not obtainable
44 — Out of order
45 — Controlled not ready
45 YY-MM-DDhh:mm | DTE inactive until . . . .
46 — Uncontrolled not ready
47 — DCE power off
48 — Invalid facility request
49 — Network fault in local loop
51 — Call the information service
52 — Incompatible user class of servicg
6 61 — Network congestion With clearing due to
network short-term
conditions
7 71 — Long-term network congestion | With clearing due to
RPOA out of order network long-term
72 — conditions
8 81 — Registration/cancellation With clearing due to
— confirmed network procedure
82 — Redirection activated
83 Redirection deactivated
9 Reserved for national purposes

Note 1 — From the DTE point of view group 0 means “wait”, groups 2 and 6 mean “try again, next try may result in a call set-up”,

groups 4 and 5, and 7 mean “there is no reason for the DTE to try again because the answer will be the same for a larfger period
time”. Since group 8 results from a procedure between the DTE and the network, no special action is expected to be taken by the
DTE.

Some Administrations may specify by regulation both the delay between and the maximum number of call re-attempts permitted by
a DTE in these circumstances (see Recommendation X.96).

Note 2 —Reserved for use in case of point-to-multipoint calls. This coding is used for a remote DTE to indicate that the call can be
established with this one (i.e. no clearing due to the remote DTE or to the network), so that the same order of seglience of
progress signals andalled lines identification can be kept.

Note 3 — In the case of sub-addressing, the DTE mayaléerogress signals which have originated in the public network and/or the
private network. In such cases the call progress sygnate network reached shall be used to discriminate between the different
origins.

Note 4 — In the case of a DTE being connected to a private network which also provides for access to a public network, the DTE may
seecall progress signals which have originated in the private network and/or the public network. In such cases the call progress
signalpublic network reached should be used by the private network in order to discriminate between the different origins.
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ANNEX G

(to Recommendation X.21)

Facility request, indicator and parameter coding

(for use as appropriate in facility request signals and facility registration/cancellation signals)

TABLE G-1/X.21

(see Annex D for formats and Note 1 below)

0 — — — — Reserved for future use (may be
combined with second character)
1 XX — — — Closed user group (other than
(see Note 2) preferential)
2 — — — — Unassigned
3 — — — — Unassigned
45 — 1 YY-MM-DD-hh:mm — DTE inactive registration
45 — 2 — — DTE inactive cancellation
50 — — — — Reserved
51 — — — — Reserved
53 — — — — Reserved
60 0,1,2,3,4,5 — — — Multiple address calling
61 — — — — Charging information
62 — — — — Called line identification
63 — 1 — — Redirection of call activation
63 — 2 — — Redirection of call cancellation
63 — 3 — — Redirection of call status
64 — — — — Reverse charging
65 — 1 — AS Direct call registration
65 — 2 — — Direct call cancellation
66 — 1 AAS AS Abbreviated address registration
66 — 2 AAS — Abbreviated address cancellation
68 — — — — Reserved
7 — — — — Reserved
8 — — — — Reserved
9 Reserved for national purposes
AAS Abbreviated address signal.
AS Address signal.

Note 1 — For an interim period, the 2/15 “/” separator in the formats will not be used in some networks.

Note 2 — XX is an index number, i.e., a key code for closed user group other than the preferential group. The index number shall be
used to distinguish between parts or groups within one facility. The index number shall furthermore be chosen from IASB, column
positions 3/0-3/9, giving a range of possible numbers from 00 to 99.

46 Recommendation X.21  (09/92)



Gl Multiple address calling
Thisfacility provides the calling DTE with the capability to request a category of point to multipoint service.
The coding isasfollows:
<60> < /> <n><—> <Address block> <+>
where

n is a numerical character with the following significance:
Reserved
Reserved

Reserved

0

1

2

3 Centralized multipoint
4 Reserved

5

Reserved.

G.2 Charging information

This facility enables the calling DTE to request at ¢hi establishment phase that charging information for
the call be provided at the end of the call.

<61> <—> <address> <+>

G.3 Redirection of call

This facility enables the DTE to request the network to route its incoming calls towards another address. The
use of this facility is assigned for an agreed contractual period.

Activation of redirection of call — The activation of this facility is coded as follows:
<63></><1><—><+>

Cancellation of redirection of call — The cancellation of this facility is coded as follows:
<B63> </ ><2> <—> <+>

Satus of redirection of call — The DTE has the capability to ask the network for the status of its redirection.
The coding is as follows:

<B3></><3> <—> <+>

G4 Reverse charging
This facility enables the calling DTE to request that reverse charging be applied for the call.
The coding is as follows:

<64> <—> <address> <+>

G.5 Direct call on a per call basis

This facility enables the DTE to designate the address to which all calls will be established wdaattiba
signals phase (state 4) is bypassed during call establishment.
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where

Registration — The coding of this registration of the address is as follows:

<B5></><1></><0></><Address> <—> <+>

<Address> is the designated address.

The DTE is able to amend the designated address by performing a cancellation procedure followed by the

registration procedure.

G.6

where

where

G.7

group.

where

G.8

The coding of the cancellation procedure is as follows:

<B5> <[> <2><—> <+>

Abbreviated address calling
This facility enables the DTE to define a full address by an abbreviated address.
The registration coding of an abbreviated address is as follows:

<66> < /><1></><xy></><Address> <—> <+>

<xy> = abbreviated address corresponding to the full address,
<address> = full address.
Cancellation — The coding of the cancellation of an abbreviated address is as follows:

<66> < /> <2> <[> <Xy> <—> <+>

<xy> is the abbreviated address.

Closed user group selection

This facility provides the calling DTE with the possibility to communicate within more than one closed user

The coding is as follows:

<1> < /> <xx> <—> <Address block> <+>

<xx> is the closed user group index number, i.e. the key code for the closed user group other than the
preferential group. The index number shall be used to distinguish between parts or groups within one facility.
The index numbers are numerical characters chosen from column 3 of IA5.

DTE inactive registration/cancellation

This facility enables the DTE to inform the network about a period of time during which the DTE is unable to

accept incoming calls for circuit-switched service.

where

DTE inactive registration — The activation of this facility is as follows:

<45> </ > <1> </ > <YY-MM-DD-hh:mm> <—> <+>

YY: Year, MM: Month, DD: Day, hh: Hour, mm: Minute
IA5 characters are used for “YY”, “MM”, “DD”, “hh”, “mm”, “—", and “:".
DTE inactive cancellation is as follows:

<45> <[> <2> <—> <+>
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H.0 General

ANNEX H

(to Recommendation X.21)

Information content of DCE-provided information

Except for the calling and called line identification, the general format for DCE-provided information, as
defined in § 4.6.3 should apply.

The coding of numerical character used to distinguish between different typ&k&edrovided information is
indicated in Table H-1/X.21.

H.1 Information content of calling and called line identification

Two formats are defined:

i) Calling and called line identification consist of the international data number as defined in
Recommendation X.121 precededtiwp prefixes 2/10 (“ ** ). In the case where the originating network
does not providealling line identification, only the data network identification code (DNIC) part of the

International Data Number preceeded by two prefixes 2/10 (“ ** ") may be sent in place dvinthsgy
line identification.

if) Calling andcalled line identification consist of the national number (NN) or network terminal number

(NTN) preceded by the prefix 2/10 (“ * ).

H.2 General coding of the DCE-provided information

TABLE H-1/X.21

Coding of DCE provided information

Identifier Meaning Remarks
0 Reserved
1 Charging information See details in § H.3
2 Charging information
3 Charging information
4 Sub-addressing See details in § H.4
5 Date and time indication See details in § H.5
6 Characteristics of the call See details in § H.6
7 Type of call indication See details in § H.7
81 Closed user group indication See details in § H.8
82 Closed user group outgoing access indicalion See details in § H.8.1
9 Reserved
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H.3 Information content of charging information

The charging information will inform the subscriber of either the monetary charges for a call, the duration of
the call, or the number of units used during the call.

When charging information is given in monetary charges for the call, n = 1 and the information shall consist
of x number of integer digits optionally followed by a colon and two digits representing the fraction. The format applied
isasfollows:

</><D></><X.>
</><I></><X> <> <yy>

When the charging information is presented as the duration of acall, n = 2 and the information shall consist of
x number of integer digits representing seconds, the format applied is as follows:

<[><2><[><X..>

When the charging information is presented as the number of units used, n = 3, and the information shall
consist of x number of integer digits representing the units, the format applied is as follows:

</><3></><X..>

H.4 Sub-addressing information
The sub-addressing information will inform the called DTE of the sub-address sent by the calling DTE.
The format of the sub-addressing information is as follows:
</[><d><[><X.>
The format of the dummy information is as follows:

<[><4><[>

H.5 Date and time indication

The date and time indication will inform the subscriber of the date and time the call is established. The format
for the date and time indication is as follows:

</><5></><YY-MM-DD-hh:mm>
where
YY: Year, MM: Month, DD: day, hh: hour and mm: minute

IA5 characters are used for “YY”, “MM”, “DD”, “hh”, “mm”, “—" and “".

H.6 Characteristics of the call

Thecharacteristics of the call will inform the called DTE of the different facilities that have been requested by
the calling DTE.

The format of the characteristic of the call is as follows:
</><b6></><XY>
where

X and Y are two numerical characters.
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H.7

where

H.8

belongs.

where

H.8.1

Table H-2/X.21 indicates the alocation of values of these two characters to facilities.

TABLE H-2/X.21

00 Reserved
01 Reverse charging
02 Reserved
02 Reserved

Type of call indication
The type of call indication will inform the called DTE of the configuration of the incoming call.
The format of the type of call indication is as follows:

<[><T><[><XY>

X and Y aretwo numerical characters.

Table H-3/X.21 indicates the allocation of values of those two characters to different configurations of calls.

TABLE H-3/X.21

00 Reserved
01 Reserved
02 Reserved
03 Centralized multipoint
04 Reserved

Closed user group indication

The closed user group indication will inform the called DTE to which closed user group the incoming call

The format of the closed user group indication is as follows:

<[> <81> <[> <XXXX.. x>

<x>: closed user group index number.

Closed user group outgoing access indication

The closed user group outgoing access indication will inform the called DTE from a DTE belonging to a

closed user group with outgoing access facility. If the called DTE belongs to the same closed user group, the local closed
user group index number will beindicated. In other cases, no indication will be given.

where

The format of the closed user group outgoing access indication is as follows:

</[><82><[><xx...x>

<x> isthe closed user group index number.
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ANNEX |

(of Recommendation X.21)

Reference and transition tables

TABLE 1-1/X.21

Crossreference of interchange circuit signals, states and r efer ence section

T c R, State No. Referenceint_he
Recommendation (8)
1, OFF 1, OFF 1 253.1
1, OFF 0, OFF 18 2533
0, OFF 1, OFF 21,24 2.5.3.6
0, OFF 0, OFF 17, 20, 22 2534
1, OFF BEL, OFF 8 415
01, OFF 1, OFF 14 253.2
01, OFF 0, OFF 23 2535
X, X 01, OFF L27 7.3.2.8
0011, OFF D, ON L21 7.3.2.1
011, OFF 0011, OFF L22 7.3.2.2
* OFF BEL, OFF 9B 4.1.6.2.2.1
*, OFF IA5, OFF 10C 4.1.6.2.2.2
IA5, OFF SYN, OFF 25 416.224
*, OFF SYN, OFF 6C 4.1.6.2.2.3
1, OFF D, ON 13R 5.2.2,5.3.1.2,5.3.2.2
0, OFF 1, ON 16 6.1
0, OFF 0, ON 16 6.1
0, FF D, ON 16 6.1
1, ON 1, OFF 11 4.1.10
1, ON 0, OFF 19 6.2
0, ON 1, OFF 2 41.1
0, ON 0, OFF 19 6.2
1, ON BEL, OFF 9 4.1.6
1, ON +, OFF 5 414
1, ON SYN, OFF 6A, 6B, 9C 4.1.7
1, ON I1A5,3 OFF 7, 10A, 10B 418,419
0, ON BEL, OFF 15 4.3
0, ON +, OFF 3 4.1.2
IA5, ON +, OFF 4 4.1.3
D, ON 1, OFF 13S 5.2.1,53.1.1,5.3.2.1
D, ON 0, OFF 19 6.2, Fig. A-3/X.21
1, ON 1, ON 12 4111
D, ON D, ON 13 5.1,5.2.3,5.33

a8  AnlAS5 character other than BEL.
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TABLE [-2/X.21

Recognized transitions between states
(other transitions are not considered valid)

D_TE DCE Time-out transition
transition to transition to
State No. Name T, C R, | state No. state No. To state Time-out Terminated by

No. No. state No.
1 Ready 1, OFF 1, OFF 2,13S, 14,24 8, 13R, 18 1 T7 8
2 Call request 0, ON 1, OFF — 3,15 1 T1 3
3 Proceed-to-select 0, CN +, OFF 4,5 — 19 T11, T12 4,5
4 Selection signal IA5, ON +, OFF 5 — 19 T13 (EOS)
5 DTE waiting 1, ON +, OFF — 6A, 11, 12 6 T2 7,10A, 12,19
6A DCE waiting 1, OM SYN, OFF — 7,10A, 11, 12 — — —
6B DCE waiting 1, ON SYN, OFF — 10B, 11, 12 — — —
6C DCE waiting *, OFF SYN, OFF 6D, 9C, 25 — 19 T14C 9C, 25
6D DCE waiting 1, OFF SYN, OFF 9C — — — —
7 Call progress signal 1, CN IA5, OFF — 6A, 10A, 11, 12 16 T3A, T3B 7, 10A, 12, 19
8 Incoming call 1, OFF BEL, OFF 15,9, 9B — 1 T14A, 9,15

T14B
9 Call accepted 1, ON BEL, OFF — 6B, 11, 12 16 T4B 10B, 12, 19
9B Proceed with call information * OFF BEL, OFF — 10C 16 T4A 10B, 10C, {19
9C Call accepted 1, ON SYN, OFF — 6B, 11, 12 16 T4A 10B, 12, 19
10A DCE-provided information 1, ON IA5, OFF — 6A, 11, 12 — — —
10B DCE-provided information 1, ON IA5, OFF — 6B, 11, 12 — — —
10C Call information *, OFF IA5, OFF — 6C 19 T4A 9C, 25
11 Connection in progress 1, CN 1, OFF — 12 — — —
12 Ready for data 1, ON 1, ON 13 13 — — —
13 Data transfer D, ON D, ON 13R 13S, DCE not — — —
ready
13R Receive data 1, OFF D, ON 13 1 — — —
13S Send data D, CN 1, OFF 1 13 — — —
EOS End of selection
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TABLE 1-2/X.21 (cont.)

DTE DCE Time-out transition
transition to transition to
State No. Name T, C R, | state No. state No. To state Time-out Terminated by
No. No. state No.
14 DTE controlled not ready, 01, OFF 1, OFF 1,24 23 — — —
DCE ready
15 Call collision 0, ON BEL, OFF — 3 — — —
16 DTE clear request 0, OFF X, X — 17 18 T5 21
(see Note)
17 DCE clear confirmation 0, OFF 0, OFF — 21 — — —
18 DTE ready, DCE not ready 1, OFF 0, OFF 22 1 — — —
— DCE not ready D, ON 0, OFF — 1, 13, 13S — — —
19 DCE clear indication X X 0, OFF 20 — 24 T15 20
(see Note)
20 DTE clear confirmation 0, OFF 0, OFF — 21 18 T6 21
21 DCE ready 0, OFF 1, OFF 1 — 24 T16 1
22 DTE uncontrolled not ready, 0, OFF 0, OFF 18 24 — — —
DCE not ready
23 DTE controlled not ready, 01, OFF 0, OFF 18, 22 14 — — —
DCE not ready
24 DTE uncontrolled not ready, 0, OFF 1, OFF 1 22 — — —
DCE ready
— DCE controlled not ready X, X 01, OFF — — — — —
L21 Send loop 2 command 0011, OFF D, ON — L22 Any, 16 T20A L22
L22 Loop 2 confirmation 0011, OFF 0011, OFF L23, L24B — — — —
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TABLE 1-2/X.21 (end)

DTE D(_:_E Time-out transition
transition to transition to
State No. Name T, C R, | state No. state No. To state Time-out Terminated by
No. No. state No.
L23 Test data D, ON D, ON L24A — 16 T23 L28
L24A Loop 2 clear request #0011, OFF D, ON — L25 16 T21 L25
L24B Loop 2 clear request #0011, OFF 0011, OFF — L25 16 T21 L25
L25 Loop 2 clear confirmation #0011, OFF #0011, OFF Any — — — —
L26 Receive loop 2 command X X 0011, OFF L26A L27, L29 16 T22 L23, L28,
L26A Loop 2 consent X OFF 0011, OFF — L27,L29 — — —
L27 DCE controlled not ready X, X 0101, OFF — L28 — — —
L28 Loop 2 released X, X #0101, OFF — Any — — —
L29 DCE not ready X, X 0, OFF 20 — — — —
L31 Send loop 3 command 00001111, OFF X, X — L32 Any T20B L32
L32 Loop 3 confirmation 00001111, OFF 00001111, OFF L33, L34H — — — —
L33 Test data D, ON D, ON L34A — — — —
L34A Loop 3 clear request # 00001111, OFF D, ON — L35 — — —
L34B Loop 3 clear request # 00001111, OFF 00001111, OFF — L35 — — —
L35 Loop 3 clear confirmation # 00001111, OFF # 00001111, OFF Any — — — —
Any state X, X X, X 16 19 — — —
(see Note)

Note — DCE clear indication (state 19) oDTE clear request (state 16) may be entered from any state exeagy (state 1).
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AAS

AS

CPS

DCC

DCE

DNIC

DSE

DTE

EOS

IAS

NN

NTN
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ANNEX J

(to Recommendation X.21)
Alphabetical list of abbreviations
used in this Recommendation
Abbreviated address signal
Address signal
Call progress signal
Data country code
Data circuit-terminating equipment
Data network identification code
Data switching exchange
Dataterminal equipment
End of selection
International Alphabet No. 5
Nationall number

Network terminal number
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