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Foreword

7776 : 1995 (E)

ISO—(theIntermatiomal—Organization for —Standardization) an

national Electrotechnical Commission) form the specializedsy'st

1 1 1 - . £ TQN TR
standardization. National bodies that are members of ISQ 6DIEQ

development of International Standards through techni¢al comiy
by the respective organization to deal with particular fields of
ISO and IEC technical committees collaborate in fields of muts
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international organizations, governmental and non-governments
ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have es
technical committee, ISO/IEC JTC«1. Draft International Standar
joint technical committee are circulated to national bodies for v
as an International Standard vequires approval by at least 75 ¢
bodies casting a vote.

IEC (the Inter-
em for worldwide
participate
ittees established
echnical activity.
al interect Other

fGz aizvvaUSL. Suive

1, in liaison with

in tha
11 UIC

tablished a joint
s adopted by the
ting. Publication
p of the national

International Standard ISO/IEC 7776 was prepared by Joint Technical Committee

ISOMEC JTC 1 Information technology.

This second edition cancels and replaces the first edition (ISO|
consolidates Amendment 1:1992, as well as Technical Corrigend|

Annex A forms an integral part of this International Standard
information only.

7776:1986), and
A l,2and3.

Annex B is for

il
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LAPB interface opgration as viewed by the DTE. It is the DTE counterpart of the X.25

This document prO{_ﬁk;_mLEQﬂ_ELQWrimion of the ITU-T Recommendation X.25
ion.

LAPB DCE descrip

This document alsq provides the ISO/IEC description of how two DTEs are capable of
communicating dirgctly with one another at the Data Link layer using the X.25 LAPB

procedures without

n intervening public data network.

The Data Link layer|provides the DTE with three basic functions:

a) link initialization: necessary for the DTE to begin communication in a known state;

b) flow control

:| control of the flow of frames between the DTE and the other station

(DCE or DIE) to ensure that they are not sent more quickly than they can be

received; and

¢) error control

1) acyclic
frames,

2)  use of sel

Jprovided in two forms:

dundancy check (CRC) using a 16-bit polynomial to detect mutilated
d

juence numbers to ensure against losing entire frames.

(The Data Link layer endeavours to ensure correctyeceipt of all frames by
retransmissign of mutilated or missing frames.)

This International S

contains a list of

andard repeats requirements of other International Standards. Annex B
these repeated requirements/and references to the corresponding

International Standakds.

To evaluate confornjance of a particular implementation, it is necessary to have a statement
of which capabilitigs and options have been implemented. Such a statement is called a
“Protocol Implementation Conformance_ Statement” (PICS), as defined in ISO/IEC 9646-1.
This International Sfandard providesisuch a PICS proforma in compliance with the relevant
requirements, and in| accordance-with the relevant guidance, given in ISO/IEC 9646-2.

iv
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Information technology — Telecommunications and
information exchange between systems — High-level data

link control procedures — Description of the X.25

comp

1 Scope

This Internati
7809. When t
requirement o
for the operati
data interchan
transmission g

Clause 3 desc
operation is tf
operation is th

connections that support both basic (modulo 8) operation and extended (modulo 128) operation, the choice is made at sy

For those DT!
made by bilatg

NOTE — The

Clause 3 also
of octets whe

tible DTE data link procedures

nal Standard defines an application of the following HDLC\standards: ISO/IEC 3309, ISO/IEC 4335, IS(
here is difficulty in the interpretation of a reworded requirement from one of the other International St
" ISO/IEC 3309, ISO/IEC 4335, 1SO 7478 or ISO/IEC@809 is definitive. It also defines the structure, elen
on of a DTE using the X.25 LAPB protocol as specified in ITU-T Recommendation X.25.1 The procedy
pe between a DTE and a DCE, or between two BTEs. The procedures are defined for use on duplex link
r start/stop transmission.

e ISO/IEC balanced asynchronous.class’ of procedure with optional functions 2 and 8 (BAC, 2, 8). Ex
e ISO/IEC balanced asynchronous Class of procedure with optional functions 2, 8 and 10 (BAC, 2, 8, 10).

E/remote DTE connections that Support both basic (modulo 8) operation and extended (modulo 128) op
ral agreement.

LAPB-

7478, and ISO/IEC
hndards, the original
ients and procedures
res are applicable to
, using synchronous

ibes two frame structures: one for basic (modulo 8) operation and one for extended (modulo 128) operati&n. Basic (modulo 8)

nded (modulo 128)
For those DTE/DCE
bscription-time only.
ration, the choice is

procedure herein dé¢scribed as basic (modulo 8) operation is the only one available in all public data netw

sensitive to

nsmission-of octets with values that could be interpreted as ISO/IEC 646 control characters, and/or

rks.

Hescribes two-methods for encoding the frames, as sequences of bits when synchronous transmission is uspd, and as sequences
h start/stop~tfansmission is used. The start/stop encoding specifies optional mechanisms, for use in epvironments that are

environments that

support transfpr of only seven data bits per start/stop characier. The choice of encoding is made by bilateral agreemént, or other suitable
means, to suit|the’data transmission characteristics of the environment.

Clause 4 describes the elements of procedures. Some aspects are only operable for the basic (modulo 8) operation and some for the extended
(modulo 128) operation.

Clauses 5 and 6 describe the single link procedure (SLP) which is derived from the frame structure and the elements of procedures, and an
optional multilink procedure (MLP), respectively. The SLP is used for data interchange over a single data link and the MLP is used for data
interchange over a multiple of parallel SLPs. An MLP is required if the effects of individual SLP failures are not to disrupt the higher layer
operation. An MLP can also be used over a single SLP by prior bilateral agreement. For DTE/DCE connections the choice of an MLP
operation or not is made at subscription-time only. For DTE/remote DTE connections, the choice is made by bilateral agreement.

Where choices among alternative actions are indicated in the procedures, a recommended choice is usually indicated. Unless specifically
stated otherwise, the choice of action does not affect interoperability with other implementations of this International Standard although
efficiency of operation may be affected. Where such choices do affect interoperability, the procedures explicitly state that prior bilateral

1) Future revisions of this International Standard will be made in accordance with revisions of ITU-T Recommendation X.25. The present version is based
on the 1993 ITU-T Recommendation X.25
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agreement on the choice of procedure with the remote end is needed. An attempt has been made to minimize such choices consistent with the
need to satisfy a broad range of applications. A basic requirement for all implementations of this International Standard is that they be
capable of responding, as specified, to any actions taken at the remote end that are permitted by this International Standard (except possibly
for those procedures whose use involves prior bilateral agreement.)

Clause 7 covers the Static Conformance requirements, the Dynamic Conformance requirements, and the Protocol Implementation
Conformance Statement (PICS).

2 Normative references.

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

ISO/IEC 646: 1991, Information technology — ISO 7-bit coded character set for information interchange.

ISO/IEC 3309: 1993 Information technology — Telecommunications and information exchange between systems2— High-lgvel data link
control (HDLC) procpdures — Frame structure.

ISO/IEC 4335: 1993| Information technology — Telecommunications and information exchange betwedn systems — High-l¢vel data link
control (HDLC) prockdures — Elements of procedure.

ISO 7478: 1987, Infofmation processing systems — Data communication — Multilink procedures:

ISO/IEC 7809: 1993| Information technology — Telecommunications and information exchauge between systems — High-lgvel data link
control procedures (HDLC)— Classes of procedures.

ISO/EC 9646-1:1994, Information technology — Open Systems Interconnection <) Conformance testing methodology and framework —
Part 1: General concgpts.

ISO/IEC 9646-2:1994, Information technology — Open Systems Interconnection — Conformance testing methodology and framework —
Part 2: Abstract Test Suite specification.

ITU-T Recommendation X.25, Interface between data terminal -équipment (DTE) and data circuit-terminating equipment (DCE) for
terminals operating ig the packet mode and connected to public data nerworks by dedicated circuit.

3 Frame structure

All transmissions on p SLP are in frames conforming-to one of the formats of table 1 for basic (modulo 8) operation, or alterngtively one of
the formats of table 2 for extended (modulo 128) operation. The flag preceding the address field is defined as the opening flag. The flag
following the FCS figld is defined as the closing flag.

All transmissions frofn the DCE/remote DTE are expected to use this frame structure.

Table 1 — Frame formats — Basic (inodulo 8) operation

Bit order of
transmission 12345678 12345678 12345678 16to 1 12345678
Flag Address Control FCS Flag
F A C FCS F
01111110 8-bits 8-bits 16-bits 01111110
FCS = Frame Check Sequence
Bit order of
transmission 12345678 12345678 12345678 16t0 1 12345678
Flag Address Control Information FCS Flag
F A C I FCS F
0ii1ti10 8-bits 8-bits N-bits 16-bits 01111110

FCS = Frame Check Sequence
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Table 2 — Frame formats — Extended (modulo 128) operation

transmission 12345678 12345678 lto* 16to01 12345678
Flag Address Control FCS Flag
F A C FCS F
01111110 8-bits *.bits 16-bits 01111110
FCS = Frame Check Sequence
Bit order of
transmission 12345678 12345678 12345678 1610t 12345678
Flag Address Control Information ECS Flag
F A C I FCS F
01111110 8-bits 8-bits N-bits 16-bits 01111110

* 16 for framg

3.1 Flag s¢

All frames sh.
hunts continu
DTE may sen
sending multij
frame.

3.2 Address field

The address fj
response fram|

3.3 Contrq
For basic {md

consist of tw
numbers. The

3.4 Inform
The informati
439and 6.2 4
coding and gr

For start/stop

therefore consfrained ¢o'be octet-aligned.

See 4.3.9 and

FCS = Frame Check Sequence

formats that contain sequence numbers; 8 for frame formats that do not contain sequence numbers,

quence

usly for this sequence on a bit-by-bit basis, and thus uses the flag sequénce for frame synchronization. T}
d one or more complete flag sequences between frames. The DTE shall only send complete eight-bit
le flag sequences (see 3.10). A single flag may be used as both the closing flag for one frame and the ope

eld shall consist of one octet. The address field identifies the intended receiver of a command frame an
e. The coding of the address field is described in 5.1,

1 field
dulo 8) operation, the control field shall’consist of one octet. For extended (modulo 128) operation,

octets for frame formats that contain sequence numbers, and one octet for frame formats that do 1
content of this field is described in4J1.

ation field
pn field of a frame, when' present, follows the control field (see 3.3) and precedes the frame check seqy
or the various codings)and groupings of bits in the information field that are defined for use in this Interna
uping of bits received from a higher layer are unrestricted, except for requirements that are imposed by th

transmission'\there shall be eight (8) information bits between the start element and the stop element: thg

b.7.3 with regard to the maximum information field length.

11 start and end with the flag sequence consisting of one "0" bit followed by’six contiguous "1" bits and gne "0" bit. The DTE

he DTE/DCE/remote
flag sequences when
hing flag for the next

i the transmitter of a

he control field shall
ot contain sequence

ience (see 3.6). (See
ional Standard.) The
e higher layer itself.

information field is

3.5 Transparency

3.5.1 Synchronous transmission

A DTE, when transmitting, shall examine the frame content between the two flag sequences including the address, control, information and
FCS fields and shall insert a "0" bit after all sequences of five contiguous "1" bits (including the last five bits of the FCS) to ensure that a flag
sequence is not simulated. A DTE, when receiving, shall examine the frame content and shall discard any "0" bit which directly follows five

contiguous "1’

" bits.

3.5.2 Start/stop transmission

Two principal levels of transparency processing are specified for use with start/stop transmission. These are seven-bit data path transparency
(SBDPT), specified in 3.5.2.1, and control-escape transparency, specified in 3.5.2.2. Control-escape transparency shall always be performed.
SBDPT is an option, use or non-use of which is selected for a given data link by means outside the scope of this International Standard (for
example, a priori knowledge, bilateral agreement, heuristic implementation techniques). The control-escape transparency processing may
optionally be extended in its application in one of the two ways specified in 3.5.2.3; use or non-use of either of these for a given data link is
again selected by means outside the scope of this International Standard.
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When SBDPT is selected, the content of each frame — from Address field to FCS field inclusive — shall be transferred between sender and
receiver as a frame-image derived from the original frame as follows.

The sequence of octets making up the frame content is considered as divided into a sequence of contiguous seven-octet segments, with
possibly a final segment having length between one and six octets inclusive. These segments are referred to as original segments.

The frame-image consists of a sequence of image segments defined, in one-to-one correspondence with the original segments, as follows:

a)
b)
)

d) the remaining

original segm|
and so on;

in the final og
zero.

€}

NOTES

1 At the tra
sequence, into an initial
frame.

2 The MSB
reconstruction of the o
across data paths that, f]

image segments occur in the same order as the corresponding original segments;

each image segment is one octet longer than its original segment;

the first part (I; each image segment is a copy of its original segment, but with the most significant bit (MSB) of each.o¢

, final, octet of each image segment has its least significant bit set to the value of the MSB.of the la
ent, its next to least significant bit set to the value of the MSB of the next to last octet (if any)_of the ori

tet of each image segment, all higher order bits for which no corresponding octet exists in the original seg

hsmitter, the final octet of each image segment can be generated by shifting left.the MSB of each octet in the orig
ly zero octet: this achieves the correct bit-positioning both for complete seven-octet segments and for any short segmen

of each image-segment octet is defined as zero only for uniqueness.of the mapping: because its value is known and pla

et set to zero;

5t octet of the
pinal segment,

nent are set to

nal segment, in
t at the end of a

ks no part in the

riginal segment at the receiver, it need not actually be transmiited as a zero bit value. This allows image segments tp be transferred

br example, force parity setting of the MSB of each octet.

35.2.2 Control-esEa

The following trans|
selected, and otherw

The control escape
encoding of the cont

pe transparency

arency mechanism shall be applied to each Aframe-image: a frame-image is as defined in 3.5.2.1 wh
se is identical to the frame content from Address field to FCS field inclusive.

ctet identifies an octet occurring within“a frame-image to which the following transparency procedure i
ol escape octet is:

4 5 6 7 8 Bitposition in octet

1 1110

The transmitter shall

a) upon the occy

Low order bit, first bit transmitted / received
examine eachioctet of the frame-image between the two flag octets and shall:
rrence of the flag sequence or a control escape octet, complement the sixth bit of the octet, and

1 eéscape octet immediately preceding the octet resulting from the above, prior to transmission.

en SBDPT is

5 applied. The

b) insert a contr

The receiver shall examine the frame-image between the two flag octets and shall, upon receipt of a control escape octet and prior to FCS

calculation:

a) discard the control escape octet, and

b) restore the immediately following octet by complementing its sixth bit.

3.5.2.3 Extended fransparency

The transmitter may apply the above control-escape transparency procedure (3.5.2.2) to octets in the groups defined below, in addition to the
flag and control escape octets.
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3.5.2.3.1 Flow-control transparency

The flow-control transparency option provide transparency processing for the DC1/XON and DC3/XOFF control characters defined in ISO/
IEC 646: that is, for the octet values 1000100x and 1100100x, respectively, where the 8th bit “x” represents either “0” or “1”. This has the
effect of assuring that the octet stream does not contain values that could be interpreted by intermediate equipment as flow control characters
(regardless of parity).

3.5.2.3.2 Control-character octet transparency

The control-character octet transparency option provides transparency processing for all octets in which both the 6th and 7th bit are “0” (i.e.,
xxxxx00x, where each “x” represents either “0” or “1”), and for the DELETE character octet (i.e., 1111111x, where “x” represent “0” or
“17). This has the effect of assuring that the octet stream does not contain values that could be interpreted by intermediate equipment as the
control characters or DELETE character defined by ISO/IEC 646 (regardless of parity).

3.6 Frame|check sequence (FCS) field
The FCS field shall be a 16-bit sequence. It shall be the ones complement of the sum (modulo 2) of
a) the renjainder of
XS a3+ x4+ xT + X0+ I+ B+ 7+ 20+ 5+ + 5+ x2+x+1)
divided (modulo 2) by the generator polynomial
X6+ 42+ x5+ 1,
where k is the number of bits in the frame existing between, but not including, the final bit of the opening flag and the first bit of the
FCS, ekcluding start and stop elements (start/stop transmission) and bits (Synchronous transmission) or octets (stgrt/stop transmission)
insertegl for transparency, and
b) the renjainder of the division (modulo 2) by the generator polynomial
X6+ 2+ x5+ 1
of the product of x/6 by the content of the frame existing between, but not including, the final bit of the opening flag and the first bit
of the [FCS, excluding start and stop elements (stdrt/stop transmission) and bits (synchronous transmission)| or octets (start/stop
transm|ssion) inserted for transparency.
As a typical implementation, at the transmitter, the_initial content of the register of the device computing the remaingler of the division is
preset to all ohes and is then modified by divisidnby the generator polynomial (as described above) of the address, coptrol and information

fields; the ongs complement of the resulting femainder is transmitted as the 16-bit FCS.

At the receiv¢r, the initial content ofithe. register of the device computing the remainder is preset to all ones. The final remainder after
multiplication| by x/6 and then division{modulo 2) by the generator polynomial

P 4xl2 + x5+ 1
of the serial ifjcoming protected bits and the FCS will be

0001110100001111 (x’3 through X9, respectively)

in the absence of\transmission errors

3.7 Transmission considerations
3.7.1 Order of bit transmission

Addresses, commands, responses and sequence numbers shall be transmitted with the low-order bit first (for example, the first bit of the
sequence number that is transmitted shall have the weight 20).

The order of transmitting bits within the information field is specified for specific information field formats as defined elsewhere in this
International Standard.

The FCS shall be transmitted to the line commencing with the coefficient of the highest term, which is found in bit position 16 of the FCS
field (see tables 1 and 2).

NOTE — The low-order bit is defined as bit 1, as depicted in tables 1 to 8.
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For start/stop transmission, each octet is delimited by a start element and a stop element. Mark-hold (continuous logical “1” state) is used for

inter-octet time fill if

required. Typical octet transmission is as shown in Figure 1.

octetn + | octetn + 2

octet n

bib blbiblb

bl 1]

b|b

bbbbbbb’bllO

t— Octet data bit (0 or 1)

Stop element (logical 1: marking condition)

Data bits (low order first transmitted)

3.8 Invalid fram
3.8.1 Synchronoug
An invalid frame is d

a) is not properly

b) contains fewel

¢) contains a Frame Check Sequence (FCS) error; or

d) contains an ad

NOTE — For those D'
Detection at the Data [
flag and the closing flag

3.8.2 Start/stop tr
An invalid frame is g
a) containing fey
b) in which octe

c) ending with a

3.9 Frame abortion

3.9.1 Synchronous

Start element (logical 0: spacing condition)

Figure 1 — Start/stop transmission
€S

transmission

efined as one which

bounded by two flags;

I than 32 bits between flags;

dress field encoding other than that defined in 5.1.

FEs and DCEs that are octet-aligned, a detection of nop-oetet alignment may be made at the Data Link layer or in t
ink layer, while not required, is accomplished by adding a frame validity check that requires the number of bits betw

ansmission

ne:

ver than four octets between flags, excluding octets inserted for transparency;
framing is violated (ile.,)a “0” bit occurs where a stop element is expected); or

control escape — closing flag sequence.

tranSmission

. excluding bits inserted for transparency, to be anintdgral number of octets in length, or the frame is considered invalid.

Mark-hold (continuous mark condition) as required

he higher layer.
en the opening

Aborting a frame is ¢

erformed by transmitting at least seven contiguons "1" bits (with no inserfed "0" bits)

3.9.2 Start/stop transmission

Aborting a frame is performed by transmitting the two-octet sequence “control escape — closing flag”.

3.10 Interframe

time fill

3.10.1 Synchronous transmission

Interframe time fill is accomplished by transmitting contiguous flags between frames (i.e., multiple 8-bit flag sequences).

3.10.2 Start/stop t

ransmission

Interframe time fill is accomplished by transmitting either successive flags (with mark-hold for inter-octet time fill if required) or a
continuous mark condition (logical “1” state) between frames.
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3.11 Data link channel states

3.11.1 Synchronous transmission

31111 Act

ive channel state

The DTE outgoing channel is in active condition when the DTE is actively transmitting a frame, an abortion sequence or interframe time fill.
The DTE incoming channel is defined to be in an active condition when the DTE is actively receiving a frame, an abortion sequence or

interframe tim

e fill.

3.11.1.2 Idle channel state

The DTE outgoing channel is in an idle condition when the DTE causes a continuous "1" state that persists for at least 15 bit times. The DTE

incoming chan

The action to
channel state,

NOTE — Upon

5.7.1.3.

3.11.2 Start]

3.11.2.1 Act

The DTE outg]

be taken by a DCE upon detection of the idle channel state is not defined at this time. The DTE, upon
may interpret the idle condition as an indication that the DCE is not able to support set up of the datalink.

detection of the idle channel state for at least T3, the DTE should consider the data link to be in the“disconnected st

stop transmission

ve channel state

consisting of flag octets separated by inter-octet time fill not greater than the timeoatyvalue for idle channel state (see|

incoming cha

time fill as jus

3.11.2.2 Idlg

specified for the outgoing channel.

channel state

The DTE outgoing channel is in an idle condition when the DTE calSes a continuous "1" state that persists for a perio

by the timeouf
a continuous "

The action to
channel state,

NOTE — Upon
5.7.13.

4 Elemen
The elements

The elements

value TS at the DCE/remote DTE. The DTE incoming channel is defined to be in an idle condition when
1" state has persisted for a period of time exceeding the DTE timeout value TS. TS is as defined in 5.7.1.5.

be taken by a DCE upon detection of the idi¢ channel state is not defined at this time. The DTE, upon
may interpret the idle condition as an indication that the DCE is not able to support set up of the data link.

detection of the idle channel state for @tyleast T3, the DTE should consider the data link to be in the disconnected st

ts of procedures

f procedures are defined in terms of actions that occur at the DTE on receipt of commands from the DCE,

bf procedures specified below contain a selection of commands and response relevant to the data link and

described in clause 1.

4.1 Contrdl field formats and state variables

4.1.1 Contr¢l field formats

ping channel is in active condition when the DTE is actively transmitting a'frame, an abortion sequence, d

nel is defined fo be in an active condition when the DTE is actively receiving a frame, an abortion seq

nelis-definedto-be-in-an-idle condition-when-the DTE detects-that acontinuous 1" state has persisted for at least 15 bit times.

detection of the idle

hte. T3 is as defined in

r interframe time fill
3.11.2.2). The DTE
uence, or interframe

i of time determined
the DTE detects that

detection of the idle

ate. T3 is as defined in

remote DTE.

ystem configuration

The control field indicates the type of commands or responses, and contains sequence numbers where applicable.

Three types of control field formats are used to perform numbered information transfer (I format), numbered supervisory functions (S
format) and unnumbered control functions (U format). The control field formats for basic {modulo 8) operation are depicted in table 3 and
the control field formats for extended (modulo 128) operation are depicted in table 4.
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Table 3 — Control field formats — Basic (modulo 8) operation
Control field Control field bits
format 123l a] s e 7] s
1 format 0 N(S) P N(R)
S format 1 0 S S P/F N(R)
U format 1t [miMirFrlM MM
N(S) = transmitter send sequence number (bit 2 = low-order bit)
N(R) = transmitter receive sequence number (bit 6 = low-order bit)
S = supervisory function bit
M = modifier fanction bit
P/F = poll bit when issued as a command; final bit when issued as a
response (I = Poll/Final)
P = poll bit (1 = Poll)
Table 4 — Control field formats — Extended {(modulo 128) operation
Control field bits
Co;““’l field 1st octet 2nd octet
ormat
il 23] a]s]e] 7] o N [ 2 [ 3 [ a1 s
I format ] N(S) P N(R)
S format 1 0 S N X X X X P/E N(R)
U format 1 1 M M PF M M M
N(S) = wansmitter send sequence number (bit 2 = low-order bit)
N(R) = transmitfer receive sequence number (bit 6 = low-order bit)
S = supervispry function bit
M = modifier{function bit
X = reserved|and set to “0”
P/F = poll bit when issued as a command; final bit when.issted as a response (I = Poll/Final)
P = poll bit (I = Poll)
4.1.1.1 Informatiqn transfer format —1I

The I format is used

by the DTE to performi®an information transfer. The functions of N(S), N(R) and P are independent; i.e

, each I frame

shall have an N(S), gn N(R) which may orimay not acknowledge additional I frames received by the DTE, and a P bit that may be set to "0"

or"1".

4.1.1.2 Supervisorly format —S

The S format is u
retransmission of I
independent; i.e., ea

ed by «the DTE to perform data link supervisory control functions such as acknowledging I fram|
frames,) and requesting a temporary suspension of transmission of I frames. The functions of N(R
th stpervisory frame shall have an N(R) which may or may not acknowledge additional I frames receive

and a P/F bit that m

es, requesting
and P/F are
d by the DTE,

[Yatl) g
T

k. rars
Yy o SCrtO—o—of

4.1.1.3 Unnumbered format — U

The U format is used by the DTE to provide additional data link control functions. This format shall contain no sequence numbers, but shall
include a P/F bit that may be set to "0" or "1". The unnumbered frames shall have the same control field length (one octet) in both basic
(modulo 8) and extended (modulo 128) operation.

4.1.2 Control field parameters

The various parameters associated with the control field formats are described below.

4.1.2.1 Modulus

Each | frame shall be sequentially numbered and may have the value 0 through modulus minus one (where "modulus” is the modulus of the
sequence numbers). The modulus equals 8 or 128 and the sequence numbers cycle through the entire range.
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4.1.2.2 Frame variables and sequence numbers
4.1.2.2.1 Send state variable V(S)

The DTE send state variable, V(S), denotes the sequence number of the next in-sequence I frame to be transmitted by the DTE. The send
state variable can take on the value 0 through modulus minus one. The value of the DTE send state variable shall be incremented by one with
each successive T frame transmission, but shall not exceed N(R) of the last received I or S frame by more than the maximum number of
outstanding I frames (k). The value of & is defined in 5.7 4.

4.1.2.2.2 Send sequence number N(S)

Only I frames contain N(S), the send sequence number of transmitted I frames. Prior to transmission of an in-sequence I frame by the DTE,
the value of N(S) shall be set equal to the value of the DTE send state variable.

4.1.2.2.3 Regeive state variable V(R)
The DTE recgive state variable denotes the sequence number of the next in-sequence I frame expected to be Teceived by the DTE. The
receive state Jariable can take on the value O through modulus minus one. The value of the DTE receive staté variable [shall be incremented
by one on recgipt of an error-free, in-sequence I frame whose send sequence number N(S) equals the DTE’receive state yariable.

4.1.2.2.4 Refeive sequence number N(R)
All I frames ahd supervisory frames shall contain N(R), the expected sequence number of the fiext’received I frame. Prior to transmission of
a frame of th¢ above types by the DTE, the value of N(R) shall be set equal to the current value of the DTE receive] state variable. N(R)
indicates that the transmitter of the N(R) has correctly received all I frames numbered up oN(R) - 1 inclusive.

4.1.2.2.5 Poll/Final bit P/F

All frames coptain P/F, the poll/final bit. In command frames the P/F bit is referred to as the P bit. In response frames the P/F bit is referred
to as the F bit

4.2 Functipns of the poll/final bit
The poll (P) bit set to "1" shall be used by the DTE to solicit (polt).a response from the DCE/remote DTE. The final (F) pit set to "1" shall be
used by the OJTE to indicate the response frame transmitted by\the DTE as a result of a soliciting (poll) command recgived from the DCE/
remote DTE.
The use of thg P/F bit is described in 5.2.
4.3 Commnlands and responses

The commands and responses supported b, e DTE are represented in table 5 for basic (modulo 8) operation and in|table 6 for extended
(modulo 128)|operation. For purposes.oftthis International Standard, the supervisory function bit encoding "11" and those encodings of the

modifier fundtion bits in tables 3 and)4 not identified in tables 5 and 6 are identified as "undefined or not implemgnted" command and
response contfol fields. The comands and responses in tables 5 and 6 are defined as follows:

Table 5 — Commands and responses — Basic (modulo 8) operation

Endoding
Formr[ Commands Responses
1 2 3 4 5 6 7 8
Information transfer I (information) 0 N(S) P N(R)
Supervisory RR (receive ready) RR (receive ready) 1 0§{0 O|PF N(R)
RNR (receive not ready) RNR (receive not ready) 1 0 1 0| PF N(R)
REJ (reject) REJ (reject) 1 010 1] PF N(R)
Unnumbered SABM (set asynchronous 1 1 1 1|l P 1 0 0
balanced mode)
DISC (disconnect) 11 P 0 1 0
UA (unnumbered acknowledge) 1 1 F 1 1 0
DM (disconnected mode) 1 1 1 1 F 0
FRMR (frame reject) 1 1 i 0 F 1
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Table 6 — Commands and responses — Extended (modulo 128) operation

Encoding
Format Commands Responses
1 2 3 4 5 6 7 8 9 10twl6
Information transfer I (information) 0 l N(S) P N(R)
Supervisory RR (receive ready) RR (receive ready) 1 0]0 O 0 0 0 0} PF| NR)
RNR (receive not ready) RNR (receive not ready) 1 0 1 0 0 0 0 0| PF N(R)
REJ (reject) REJ (reject) 1 010 1 0 0 0 0| PF N(R)
Unnumbered SABME (set asynchronous 1 1 1 11PI{1 1 0
balanced mode)
DISC (disconnect) 11 Qg a0 Plao 1 0
UA (unnumbered acknowledge) 1 1 0 OlF|1 1 O
DM (disconnected mode) 1 1 i 1{F]J|0 0
FRMR (frame reject) 1 1 i 0} F 1

4.3.1 Information|(I) command

The function of the Information (I) command shall be to transfer across a data link sequentially numbered frames containing 4n information
field.

4.3.2 Receive ready (RR) command and response
The receive ready (RR) supervisory frame shall be used by the DTE to

a) indicate that the DTE is ready to receive an [ frame, and

b) acknowledge previously received I frames numbered up to N(R) - 1 inclusive.
An RR frame may bg used to indicate the clearance of a busy condition that was reported by the earlier transmission of an RNR| frame by that
same station (DTE of DCE/remote DTE). In addition to indicating thesDTE status, the RR command with the P bit set to "1" njay be used by
the DTE to ask for the status of the DCE/remote DTE.
4.3.3 Receive not ready (RNR) command and response
The receive not ready (RNR) supervisory frame shall be used by the DTE to indicate a busy condition; i.e., temporary inabjlity to accept
additional incoming [ frames. I frames numbered up.to and including N(R) - 1 shall be acknowledged. I frame N(R) and subsequent I frames

received, if any, shal} not be acknowledged; the.acceptance status of these I frames will be indicated in subsequent exchanges.

In addition to indicafing the DTE status,-the RNR command with the P bit set to "1" may be used to ask for the status of th¢ DCE/remote
DTE.

4.3.4 Reject (RE]J] command and-response
The reject (REJ) supprvisoryframe shall be used by the DTE to request retransmission of 1 frames starting with the frame nunjbered N(R). I

frames numbered N(R) » hand below shall be acknowledged. Additional I frames pending initial transmission may be transmifted following
the retransmitted I frames(s).

Only one REJ exception condition for a given direction of information transfer may be established at any time. The REJ exception condition
shall be cleared (reset) upon the receipt of an I frame with an N(S) equal to the N(R) of the REJ frame. (A REJ frame may be retransmitted,
however, if the REJ exception condition is not cleared within the acknowledgement time-limit T1, see 4.4.2.2.)

An REJ frame may be used to indicate the clearance of a busy condition that was reported by the earlier transmission of an RNR frame by
that same station. In addition to indicating the DTE status, the REJ command with the P bit set to "1" may be used to ask for the status of the
DCE/fremote DTE.

4.3.5 Set asynchronous balanced mode (SABM) command/Set asynchronous balanced mode extended (SABME) command

The SABM unnumbered command shall be used to place the addressed DCE or DTE in an asynchronous balanced mode (ABM) information
transfer phase where all command/response control fields shall be one octet in length.

The SABME unnumbered command shall be used to place the addressed DCE or DTE in an asynchronous balanced mode (ABM)

information transfer phase where numbered command/response control fields shall be two octets in length, and unnumbered command/
response control fields shall be one octet in length.

10
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NOTE — For DTE/DCE connections, the mode of operation of the data link [basic (modulo 8) or extended (modulo 128)] shall be determined at subscription
time and shall only be changed by going through a new subscription process. For DTE/DTE connections, the mode of operation of the data link [basic (modulo
8) or extended {(modulo 128)] shall be determined by bilateral agreement.

No information field shall be permitted with the SABM or SABME command. The transmission of a SABM/SABME command shall
indicate the clearance of a busy condition that was reported by the earlier transmission of an RNR frame by that same station. The DTE
confirms acceptance of SABM/SABME [basic (modulo 8) operation/extended (modulo 128) operation] command by the transmission at the
first opportunity of a UA response. Upon acceptance of this command, the DTE send state variable V(S) and receive state variable V(R) shall
be set to "0".

Previously transmitted I frames that are unacknowledged when this command is actioned shall remain unacknowledged (i.e., they are not
retransmiited following link set-up). It shall be the responsibility of a higher-layer protocol (for example, Network Layer or MLP) to recover

from the pos
4.3.6 Disco

The DISC un
receiving the
with the DIS(
of the DISC ¢
it receives the

sible 1

rlnect (DISC) command

of the contents (data units) of such I frames

humbered command shall be used by the DTE to terminate the mode previously set. It shall-inform tf
DISC command that the DTE sending the DISC command is suspending operation. No information fie
command. Prior to actioning the command, the DCE/remote DTE receiving the DISC command shall cd
bmmand by the transmission of a UA response. The DTE sending the DISC command shall enter the disc
acknowledging UA response.

Previously tr

retransmitted following link set-up). It shall be the responsibility of a higher-level protocol.{fer example, Network Laye
from the possible loss of the contents (data units) of such I frames.

4.3.7 Unnu

The UA unny
unnumbered (
clearance of a

4.3.8 Disconected mode (DM) response

The DM resp
disconnected
set mode com
No informatid

A DTE in the

a DM responsg with the F bit set to 1" to any-other command received with the P bit set to "1".

4.3.9 Fram¢

The FRMR r{
DCE/remote 1
the rec

a)

b) therec

bered acknowledgment (UA) response
mbered response shall be used by the DTE to acknowledgé the¢ receipt and acceptance of the SABM

ommands. No information field shall be permitted with theUA response. The transmission of a UA respo
busy condition that was reported by the earlier transmission/of an RNR frame by the same station.

onse shall be used by the DTE to report.acstatus where the DTE is logically disconnected from th
phase. The DM response may be sent in this\phase to request a set mode command, or, if sent in response
mand, to inform the DCE/remote DTE thay the DTE is still in the disconnected phase and cannot action the
n field shall be permitted with the DM response.

disconnected phase shall monitor xeceived commands, react to a SABM/SABME command as outlined in

reject (FRMR) response

sponse shall be used’by a DTE to report an error condition not recoverable by retransmission of the id
DTE; i.e., at leastone of the following conditions, which results from the receipt of a valid frame:

eipt of a ecommand or response control field that is undefined or not implemented,;

pipt of-an I frame with an information field which exceeds the maximum established length;

e DCE/remote DTE
d shall be permitted
nfirm the acceptance
nnected phase when

smitted I frames that are unacknowledged when this command is actioned shall' remain unacknowledged (i.e., they are not

r or MLP) to recover

SABME and DISC
hse shall indicate the

link, and is in the
to the reception of a
set mode command.

5.3 and respond with

entical frame by the

)
d)

the receipt of an invalid N(R); or

{comprising between 32 and 39 bits inclusive).

the receipt of a frame with an information field which is not permitted or the receipt of a supervisory frame with incorrect length

An undefined or not implemented control field shall be any of the control field encodings that are not identified in tables 5 or 6.

An invalid N(R) is defined as one which points to an I frame which has previously been transmitted and acknowledged or to an I frame
which has not been transmitted and is not the next sequential I frame awaiting transmission. A valid N(R) shall be within the range from the
lowest send sequence number, N(S), of the still unacknowledged frame(s) to the current DTE send state variable inclusive.

An information field which immediately follows the control field, and consists of 3 octets [basic (modulo 8) operation] or 5 octets [extended

(modulo 128) operation], shall be returned with this response to provide the reason for the FRMR response. These formats are given in table
7 and table 8.
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In Table 7:

a)
b)

c)

d)
€)
f)

)

h)

i)

The w, x, y and z bit
frame for one or mo

In Table 8:

a)

b)
<)
d)
e)
f)

g)

12

Table 7 — FRMR information field format — Basic (modulo 8) operation

Information field bits

1108 9 101012 13 14t016 17 18 19 20 21 22 23 24
Rejected

frame o|nNs) |er|{N®y [wlx]ylz]o0]o]o]o
control

field

Rejected frame control field shall he the control field of the received frame which cansed the frame reject

N(S) shall be|

C/R set to "1
that the framg

N(R) shall be}
wsetto"1"”

xsetto"1" sl
an informatio

Y set to "1"
reporting the

© ISO/IEC

the current send state variable value at the DTE or DCE reporting the rejection condition (bit 10 = low*ord

" shall indicate that the frame which caused the rejection condition was a response frame. C/R'set to "0’
which caused the rejection condition was a command frame.

the current receive state variable value at the DTE or DCE reporting the rejection condition (bit 14 = low-|

leaIl indicate that the control field received and returned in bits 1 to 8 was undefinedor not implemented.

h field which is not permitted. Bit w shall be set to "1" in conjunction with this bit.

phall indicate that any information field received exceeded the maximum established capacity of the

rejection condition.

z set to "1" shall indicate that the control field received and returned in bits)l to 8 contained an invalid N(R).

Bits 9 and 21

to 24 shall be set to "0".

in the information field of the FRMR response miay all be set to "0", indicating an unspecified rejection ¢
e of the conditions cited above.

Table 8§ — FRMR information field format — Extended (modulo 128) operation

Information field bits

1016 17 181024 25 261032 33 34 35 36 37 38 39 40
Rejected

frame o [N |er|IN®R)Y [wlcly]z]0lo]o]lo
contro)

field

Rejected fram

er bit).

shall indicate

prder bit).

all indicate that the control field received and returned in bits 1 to 8 was considéred invalid because the fiame contained

DTE or DCE

bndition of the

jected frame is

an unnumbered frame, the control field of the rejected frame shall be positioned in bit positions 1 to 8, with bits 9 to 16 set to "0".

N(S) shall be the current send state variable value at the DCE or DTE reporting the rejection condition (bit 18 = low-order bit).

C/R set to "1" shall indicate the rejected frame was a response. C/R set to "0" shall indicate the rejected frame was a command.

N(R) shall be the current receive state variable value at the DCE or DTE reporting the rejection condition (bit 26 = low-order bit).

w set to "1" shall indicate that the control field received and returned in bits 1 to 16 was undefined or not implemented.

x set to "1" shall indicate that the control field received and retumed in bits 1 to 16 was considered invalid because the frame
contained an information field which is not permitted or is a supervisory frame with incorrect length (comprising between 32 and 39
bits inclusive). Bit w shall be set to "1" in conjunction with this bit.

y set to "1" shall indicate that the information field received exceeded the maximum established capacity of the DTE or DCE

reporting the

rejection condition.
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h) zset to "1" shall indicate that the control field received and returmed in bits 1 to 16 contained an invalid N(R).
i) Bits 17 and 37 to 40 shall be set to "0".

The w, x, y and z bits in the information field of the FRMR response may all be set to "0", indicating an unspecified rejection condition of the
frame for one or more of the conditions cited above.

4.4 Exception condition reporting and recovery

The error recovery procedures which are available to effect recovery following the detection/occurrence of an exception condition at the link
layer are described below. The exception conditions described are those situations which may occur as the result of transmission errors,
station malfunction or operational situations.

4.4.1 Busy [condition

The busy corjdition shall result when the DTE is temporarily unable to continue to receive I frames due to internal constraints, for example,
receive buffefing limitations. In this case, an RNR frame shall be transmitted by the DTE. I frames pending transmissipn may be transmitted
by the DTE|prior to or following the RNR frame. An indication that the busy condition has cleafed“shall be ¢ommunicated by the
transmission pof a UA (only in response to a SABM/SABME command), RR, REJ or SABM/SABME frame.

Upon receipt|of an RNR frame from the DCE/remote DTE, the DTE shall terminate any transmission of I frames in prpgress and wait for an
indication fr¢m the DCE/remote DTE that the busy condition has been cleared. If the DTE has’I frames to send, it[shall start a time-out
function (Tinher T1) when it receives the RNR frame, or if | frames become available to send'while in the busy conditign, the DTE shall start
Timer T1 when the first I frame becomes available. If Timer T1 runs out before an indication of busy clearance is refeived, the DTE shall
send a superyisory command frame with the P bit set to "1" to solicit the status of the DCE/remote DTE. The responsg received with the F-
bit set to "1" ghall report the busy/non-busy status of the DCE/remote DTE. The DTE shall repeatedly solicit status in this manner until either
a non-busy r¢sponse is received or it is determined that the data link layer should return information regarding the status of the information
frames to the|higher layer for subsequent disposition.

4.4.2 N(S) sequence error
The informatjon field of all I frames received by the DTE whose N(S) does not equal the DTE receive state variable V(R) shall be discarded.
An N(S) seqhience exception condition occurs in the DTE when an I frame received contains an N(S) that is not equpl to the DTE receive
state variablg. The DTE shall not acknowledge (i.e. increfiient its receive state variable) the 1 frame causing the sequence error, or any [
frames whicll may follow, until an I frame with the correet N(S) is received.
A DTE which receives one or more I frames having sequence errors or subsequent supervisory frames (RR,RNR or[REJ) shall accept the
control information contained in the N(R) field and the P or F bit to perform link control functions; for example, to receive acknowledgment

for I frames greviously transmitted by the DTE"and to respond (P bit set to "1").

The means gpecified in 4.42.1 to 4.4.2.3 shall be available for initiating the retransmission of lost or errored I [frames following the
occurrence of a N(S) sequence error condition.

4.4.2.1 Chgckpoint recovery.

Checkpoint rpcovery shall be based on a checkpoint cycle. For the DTE, a checkpoint cycle shall begin with the transmission of a command
frame with the P bit sét.te”' 1" and end either

a) with thedeceipt of a response frame with an F bit set to "1", or

b) when the reply time-out function (Timer T1) runs out.

When the DTE receives the supervisory response frame with the F bit set to "1", after having transmitted an I, RR, RNR or REJ command
frame with the P bit set to "1", it shall initiate retransmission of all unacknowledged I frames with sequence numbers less than the value of
the send state variable V(S) at the time the command frame with the P bit set to "1" was transmitted. (In the case where the supervisory frame
received is a RNR response, the DTE shall first wait for an indication of clearance of the busy condition at the DCE/remote DTE before
initiating possible retransmission.) Retransmission shall start with the lowest numbered unacknowledged I frame. I frames shall be
retransmitted sequentially. New I frames may be transmitted by the DTE if they become available. Such retransmission of I frames is known
as checkpoint retransmission.

When the DTE detects the necessity for checkpoint retransmission, the retransmission shall be started either before or concurrent with
transmission of the next command frame with the P bit set to "1".

NOTE — The DTE and the DCE/remote DTE may each initiate a checkpointing cycle independently of the other by the transmission of a command frame
with the P bit set to "1". Therefore, since two independent checkpointing cycles may be in process simultaneously, the DTE will not initiate checkpoint
retransmission upon the receipt of a command frame with the P bit set to "1, but only upon the receipt of a response frame with the F bit set to "1", that is the
response to a command frame sent by the DTE with the P bit set to "1".
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To prevent duplicate retransmissions, checkpoint retransmission of a specific I frame [same N(R) in the same numbering cycle] shall be
inhibited for the current checkpoint cycle, if during the checkpoint cycle the DTE has previously received and actioned a REJ frame with the
P bit set to "0" or "1", or an F bit set to "0".

Checkpoint retransmission shall also be inhibited if, after sending a command frame with the P bit set to "1", the DTE receives an
acknowledgment for that frame before the next checkpoint occurs.

44.2.2 RE]recovery

The REJ frame shall be used by a receiving DTE to initiate recovery (retransmission) following the detection of an N(S) sequence error,
earlier than might be possible with checkpointing.

Only one "sent REJ" exception condition from the DTE shall be established at a time. A "sent REJ" exception condition shall be cleared
when the requested I frame is received. A REJ frame may be retransmitted (up to N2 transmissions) if the REJ exception condition is not
cleared within time-out T1 following transmission of a REJ frame.

The DTE receiving 4 REJ frame from the DCE/remote DTE shall initiate sequential (re-)transmission of I frames starting-with the I frame

indicated by the N(R|) contained in the REJ frame. The retransmitted frames may contain an N(R) and a P bit that are"upda
therefore different ffom, the ones contained in the originally transmitted I frames. The DTE shall start the ‘retransmiss}
concurrent with trans

If

a) DTE retransm)

b) a REJ frame i

same particuldr frame [as identified by the N(R) in the REJ frame],

the retransmission re

4.42.3 Time-outr

if the DCE/remote [

sequence of I frame

transmitted the unadknowledged 1 frame(s) shall, following the completion of a system specified time-out period (see

appropriate recovery

P bit that are updated|

4.4.3 Invalid fram

Any frame received
result of that frame.

444 Frame rejec

A frame rejection coI

This frame rejection
DTE. Once the DTE

ission of the next command frame with the P bit setto "1".

Ission beginning with a particular frame occurs due to checkpointing (see 4.4.2.1), 'and

received from the DCE before completion of the next checkpoint cycle witich would also start retransmi

ulting from the REJ frame shall be inhibited by the DTE.
Pcovery

TE, due to a transmission error, does not receive (orreceives and discards) a single I frame or the las
, it will not detect an N(S) sequence error conditionvand, therefore, will not transmit a REJ frame. Th

action to determine at which I frame retransmission shall begin. The retransmitted I frames may contain
from, and therefore different from, the ones¢ontained in the originally transmitted I frames.

e condition

from the DCE/remote DTE whichnis’invalid (see 3.8) shall be discarded by the DTE and no action shall

on condition

exception condition shall be reported by the DTE by a FRMR response frame for appropriate action by the
has established such an exception condition, no additional I frames shall be accepted until the condition

ed from, and
on before or

bsion with the

[ frame in a
e DTE which
5.7.1.1), take
in N(R) and a

be taken as a

dition shall be established at the DTE upon the receipt of an error-free frame with one of the conditions lijted in 4.3.9.

DCE/remote
s reset by the

DCEfremote DTE. T]
the DCE/remote DTH

he FRMR-response may be repeated by the DTE at each opportunity, as specified in 5.6.2, until recovery |is effected by

and the data link is reset, or until the local DTE initiates its own recovery.

5 Description of the procedure
5.1 Procedure for addressing

The address field identifies a frame as either a command or a response. A command frame contains the address of the station to which the
command is being sent. A response frame contains the address of the station sending the frame.

In order to allow differentiation between single link operation and the optional multilink operation for diagnostic and/or maintenance
reasons, different address pair encodings shall be assigned to data links operating with multilink procedure compared to data links operating
with the single link procedure.

Frames containing commands transferred from the DCE to the DTE shall contain the address A for the single link operation and address C
for the multilink operation.

Frames containing responses transferred from the DCE to the DTE shall contain the address B for the single link operation and address D for
the multilink operation.
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Frames containing commands transferred from the DTE to the DCE shall contain the address B for the single link operation and address D
for the multilink operation.

Frames containing responses transferred from the DTE to the DCE shall contain the address A for the single link operation and address C for
the multilink operation.

These addresses are coded as follows:

Z

The DTE sha

For DTE/DT.
addresses sha

NOTE — The

cases is not coy

5.2 Proceglure for the use of the P/F bit

The DTE rec
response fran

The response
with the P bi
transfer phas
supervisory g
response with
to "1", receiv

II be made prior to initialization and should be capable of being fixed at system géneration time.

Address Bit
12345678
'“,ghalinbnr Hon A linnnnnn
B 10000000
ultilink operation C 11110000
D 1110600060
1 discard all frames received with an address other than A or B (single link operation), op{C'or D (multilin}
E use (point-to-point non-switched applications), the assignment of A/B (single link_operation) or C/D

mechanism for ascertaining DTE address allocation in the case of point-to-point switched applications for both DTE/DA
lered by this International Standard.

piving a SABM/SABME, DISC, supervisory command or I frame with the P bit set to "1" shall set the F
e it transmits.

frame returned by the DTE to a SABM/SABME or DISC command with the P bit set to "1" shall be a
set to "1". The response frame returned by the DTEto an I frame with the P bit set to "1", received d
e, shall be an RR, REJ, RNR or FRMR response with the F bit set to "1". The response frame retury
ommand frame with the P bit set to "1, received during the information transfer phase, shall be an RR,
the F bit set to "1". The response frame returned by the DTE to a supervisory command or I command fT|
bd in the disconnected phase, shall be a DM response with the F bit set to "1".

The P bit sh

checkpoint mechanism (see 4.4.2.1) at any time:

5.3 Proce
5.3.1 Link
A DCE shall
Either the DT

initiate link d
transmit an u

1l be used in conjunction with the(timer recovery condition (see 5.4.9). The P bit may also be used by

ures for link set-up and disconnection

fet-up

Indicate that itisiable to set up the link by transmitting contiguous flags (active channel state) to the DTE.
E or a DCE/remote DTE may initiate link set-up. Prior to initiation of link set-up, either the DTE or the

isconrrection for the purpose of ensuring that the DTE and the DCE/remote DTE are in the same phasg
psolicited DM response to request the DCE/remote DTE to initiate link set-up.

¢ operation).

(multilink operation)

[E cases and DTE/DTE

bit to "1" in the next

UA or DM response
iring the information
ped by the DTE to a
REJ, RNR or FRMR
hme with the P bit set

the DTE to initiate a

CE/remote DTE may
. The DTE may also

The DCE/remote DTE shall initialize the link by transmitiing a SABM/SABME command to the DTE. If, on receiving correctly the SABM/
SABME command, the DTE can enter the information transfer phase, it shall return a UA response, set its send and receive state variables,
V(S) and V(R), to "0", and consider the link set up. If, on receiving correctly the SABM/SABME command, the DTE cannot enter the
information transfer phase, it shall return a DM response as a denial to the link set-up initialization and consider the link not set up.

The DTE shall initiate link set-up by transmitting a SABM/SABME command to the DCE/remote DTE and starting Timer T1 in order to
determine when too much time has elapsed waiting for a reply (see 5.7.1.1). If the DCE/remote DTE can enter the information transfer phase,
it shall return a UA response, reset its send and receive state variables, V(S) and V(R), to "0", and consider the link set up. The DTE, on
receiving correctly a UA response, shall stop Timer T1, have its send and receive state variables, V(S) and V(R), set to zero, and consider the
link set up. If the DCE/remote DTE cannot enter the information transfer phase, it shall return a DM response as a denial to the link set-up
initialization. The DTE, on receiving correctly a DM response, shall stop Timer T1 and consider the link not set up. In order to avoid
misinterpretation of a DM response received during link set-up, the DTE shall always send its SABM/SABME command with the P bit set to
"1", It will then be possible to differentiate a DM response from the DCE/remote DTE intended as a denial to link set-up (F bit set to "1")
from a DM response from the DCE/remote DTE that was issued in an unsolicited sense (F bit set to "0") as a request for a mode-setting
command (as described in 5.5). The DTE may decide to re-initiate link set-up at any time.

The DTE, having sent a SABM/SABME command, shall ignore and discard any frames except a SABM/SABME, DISC, UA or DM frame

15


https://iecnorm.com/api/?name=ae0d45027b8276e253ebd39dfa9de7d0

ISO/IEC 7776 : 1995 (E) © ISOIEC

received from the DCE/remote DTE. The receipt of a SABM/SABME or DISC frame from the DCE/remote DTE will result in a collision
situation that is resolved per 5.3.5. Frames from the DTE other than the UA frame and the DM frame sent in response to a received SABM/
SABME or DISC frame from the DCE/remote DTE shall be sent only after the link is set up and no outstanding SABM/SABME exists.

After the DTE sends the SABM/SABME command, if a UA or DM response is not received correctly, Timer T1 will run out in the DTE.
The DTE shall then resend the SABM/SABME command and restart Timer T1. After N2 attempts to set up the link, the DTE shall initiate
appropriate higher layer recovery action. The value of N2 is defined in 5.7.2.

5.3.2 Information transfer phase

Afier having transmitted the UA response to a SABM/SABME command or having received the UA response to a transmitted SABM/
SABME command, the DTE shall accept and transmit I frames and supervisory frames according to the procedures described in 5.4.

During the informal
recommended that
remote DTE. Receip
of the responding D(

tion transfer phase, whenever there has been no activity on the data link for a period of time T4, it is strongly
e DTE transmit an appropriate supervisory command frame with the P bit set to "1" to query the statup of the DCE/
t of a response with the F bit set to "1" will indicate both the existence of a working physical link and\thq logical status
CE/remote DTE.

‘When receiving a S4
described in 5.6.

ABM/SABME command while in the information transfer phase, the DTE shall conform tosthe link reset{ing procedure

While in the inform3
procedures describeq

tion transfer phase, either the DTE or the DCE/remote DTE may initiate a disconnéct jof the data link ag
in 5.3.3.

cording to the

5.3.3 Link disconpection

The DCEfremote DTE shall initiate a disconnect of the data link by transmitting a DISC~Cemmand to the DTE. The DTE
correctly a DISC cofhmand in the information transfer phase, shall send a UA responsedind shall enter the disconnected phase
receiving correctly a|DISC command in the disconnected phase, shall send a DM respOnse and remain in the disconnected pha

on receiving
The DTE, on

The DTE shall initiake a disconnect of the data link by transmitting a DISC connnand to the DCE/remote DTE and starting Timer T1. Upon
reception of a UA response from the DCE/remote DTE, the DTE shall stop Timer T1 and enter the disconnected phase. Upon|reception of a
DM response from the DCE/fremote DTE as an indication that the DCE/remote DTE was already in the disconnected phase, the DTE shall
stop Timer T1 and dnter the disconnected phase. In order to avoid misitlierpretation of a DM response received during link disconnect, the

DTE shall always sgnd its DISC command with the P bit set to "1". Jt will then be possible to differentiate a DM response
remote DTE intendefl as an indication that the DCE/remote DTE wgas already in the disconnected phase (F bit set to "1") from 3
from the DCE/remote DTE that was issued in an unsolicited sense'(F bit set to "0") as a request for a mode-setting command (

om the DCE/
DM response
s described in

5.5).

The DTE, having sent a DISC command, shall ignore and discard any frames except a SABM/SABME, DISC, UA or DM frame received
from the DCE/remqte DTE. The receipt of a SABM/SABME or DISC command from the DCE/remote DTE will result|in a collision
situation that is resolved per 5.3.5.

After the DTE send:
then resend the DIS
layer recovery actiof.

fhe DTE shall
opriate higher

a DISC command, if a~UA or DM response is not received correctly, Timer T1 will run out in the DTE.
command and restart Fimer T1. After N2 attempts to disconnect the data link, the DTE shall initiate app

5.3.4 Disconnected phase

After having receiv SC command,

the DTE shall enter

a DISC command and returned a UA response or having received the UA response to a transmitted DI
ediseonnected phase.

In the disconnected phase, either the DTE or the DCE/remote DTE may wmitiate Tink set-up.

In the disconnected phase, the DTE shall react to the receipt of a SABM/SABME command as described in 5.3.1, and shall transmit a DM
response in answer to a received DISC command. When receiving any other command frame with the P bit set to "1", the DTE shall transmit
a DM response with the F bit set to "1". In the disconnected phase, the DTE shall react to the receipt of an unsolicited DM response by
initiating a link set-up procedure in accordance with 5.3.1, provided that it is able to set up the link. Other frames received in the
disconnected phase shall be ignored.

When the DTE enters the disconnected phase after detecting error conditions as listed in 5.5, or after an internal malfunction, it may indicate
this by sending a DM response rather than a DISC command. In these cases, the DTE shall transmit the DM response and start Timer T1. If
Timer T1 runs out before the reception of a SABM/SABME or DISC command, the DTE may retransmit the DM response and restart Timer
TI. After transmission of the DM response N2 times, the DTE may remain in the disconnected phase and appropriate recovery action shall
be initiated by a higher layer. Alternatively, after an internal malfunction, the DTE may either initiate a link resetting procedure (see 5.6) or
disconnect the data link (see 5.3.3) prior to initiating a link set-up procedure (see 5.3.1).
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5.3.5 Collision of unnumbered commands
Collision situations shall be resolved in the following way.

If the sent and received unnumbered commands are the same, the DTE and the DCE/remote DTE shall each send the UA response at the
earliest possible opportunity. The DTE shall enter the indicated phase either

a) after receiving the UA response;
b) after sending the UA response; or

c) after timing out waiting for the UA response having sent a UA response.

In the case

of(b)—the-DTE—sha ep subsequ J ihout considering it an
unsolicited YA response if received within the time-out interval.

If the sent ar{d received unnumbered commands are different, the DTE and the DCE/remote DTE shall each enter.the disconnected phase and
issue a DM l[sponse at the earliest possible opportunity.

5.3.6 Collision of DM response with SABM/SABME or DISC command
When a DM|response is issued by the DCE/remote DTE as an unsolicited response to request the.DTE to issue a mode-setting command as
described in|[5.3.4, a collision between a SABM/SABME or DISC command transmitted by the.DTE and the unsolicited DM response may
occur. In order to avoid misinterpretation of the DM response received, the DTE shall always send its SABM/SABME or DISC command
with the P bif set to "1".

5.3.7 Collision of DM responses

A contentior| situation may occur when both the DTE and the DCE/remote DTE)issue a DM response to request a mode-setting command. In
this case, thg DTE shall issue a SABM/SABME command to resolve the contention situation.

5.4 Procgdures for information transfer
The procedufes which apply to the transmission of I frames in €ach direction during the information transfer phase are lescribed below.

In the following, "number one higher” is in reference to &’¢ontinuously repeated sequence series, i.e., 7 is one higher than 6 and 0 is one
higher than T for modulo 8 series, and 127 is one higherthan 126 and O is one higher than 127 for modulo 128 series.

5.4.1 Sending I frames
When the DIE has an I frame to transmit (i.e,y an I frame not already transmiited, or an I frame that has to be retrangmitted as described in
5.4.6), it shall transmit it with an N(S) equal to its current send state variable V(S), and an N(R) equal to its curren{ receive state variable
V(R). At thelend of the transmission of \the I frame, it shall increment its send state variable V(S) by one.

The DTE Timner T1, if not runnifig at'the time of transmission of an I frame, shall be started.

If the DTE $end state variable V(S) is equal to the last value of N(R) received plus k (where k is the maximum number of outstanding I
frames; see §.7.4) the DTE shall not transmit any new I frame, but may retransmit an old I frame as described in 5.4.6 4r 5.4.9.

In order to gnsure’security of information transfer, the DTE shall not transmit any I frame if its send state variable V[S) is equal to the last
value of N(R) i{ hasreceived from the DCE/remote DTE plus 7 in basic (modulo 8) operation or 127 in extended (modrlo 128) operation.

When the DTE is in the busy condition, it may still transmit [ frames, provided that the DCE/remote DTE is not busy. When in the frame
rejection condition, it shall stop transmitting I frames.

5.4.2 Receiving an I frame
When the DTE is not in a busy condition and receives a valid I frame whose send sequence number is equal to the DTE receive state variable
V(R), the DTE shall accept the information field of this frame, increment by one its receive state variable V(R), and take one of the following
actions:
a) if the DTE is still not in a busy condition:
1) if an I frame is available for transmission, the DTE shall act as described in 5.4.1 and acknowledge the received I frame by setting
N(R) in the control field of the next transmitted 1 frame to the value of the DTE receive state variable V(R), or the DTE shall
acknowledge the received I frame by transmitting an RR frame with the N(R) equal to the value of the DTE receive state variable

V(RY);

2) if no I frame is available for transmission, the DTE shall transmit an RR frame with the N(R) equal to the value of the DTE
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b) If the DTE is now in a busy condition, it shall transmit an RNR frame with N(R) equal to the value of the DTE receive state variable
V(R) (see 5.4.8).

When the DTE isin a

5.4.3 Reception of i

busy condition, it may ignore the information field contained in any received I frame.

nvalid frames

When the DTE receives an invalid frame (see 3.8), this frame shall be discarded.

5.4.4 Reception of o

When the DTE recei
V(R), it shall discard
correctly received I
retransmission reque
information field of a
then acknowledge the
in4.4.2.

ut-of-sequence frames

the information field of the frame and transmit a REJ frame with the N(R) set to one higher than the/N
rame. The REJ frame shall be a command frame with the P bit set to "1" if an acknowledged tr

5.4.5 Receiving achnowledgment

When correctly receiy
contained in this fram)
DTE shall stop the T
(actually acknowledg

If Timer T1 has bee
shall start Timer T1.
frames. If Timer T1

54.6 Receiving a K

When receiving a R
transmit the corres
(Rejtransmission sha

a) If the DTE is
before comme

b) If the DTE is

retransmission

If the DTE is
requested I fra

)

d) If the DTE is

immediately.

In all cases, if other

ing an I frame or a supervisory frame (RR, RNR or REJ), even in the busy condition, the DTE shall cons
e as an acknowledgement for all I frames it has transmitted with an N(S) upto and including the received
mer T1 when it correctly receives an I frame or a supervisory frame with'the N(R) higher than the last
Ing some I frames), or a REJ frame with an N(R) equal to the last received"N(R).

Timer T1 then runs out, the DTE shall follow the recovery precedure (see 5.4.9) with respect to the unac
s been reset by the receipt of a REJ frame, the DTE shall foltow the retransmission procedures in 5.4.6.

:ftopped by the receipt of an I, RR os RNR frame, and if there afe gutstanding I frames still unacknowled

EJ frame

frame, the DTE shall set its send state variable V(S) to the N(R} received in the REJ frame control

pi;ding 1 frame as soon as it is available.op retransmit it, in accordance with the procedure descri

conform to the following:

transmitting a supervisory commangdor'response when it receives the REJ frame, it shall complete that
hcing transmission of the requested( frame.

transmitting an unnumbered command or response when it receives the REJ frame, it shall ignore th

transmitting an I frame-when it receives the REJ frame, it may abort the I frame and commence transn

me immediately afteraborting the frame.

not transmitting any frame when it receives the REJ frame, it shall commence transmission of the requ

undcknowledged I frames have already been transmitted following the one indicated in the REJ frame

frames shall be retrankmitted by the DTE following the retransmission of the requested I frame.

is required; otherwise the REJ frame may be either a command or a response frame. The DTE shall thd
11 frames received until the expected I frame is received correctly. When receiving the expected'| frame, §
[ frame as described in 5.4.2. The DTE shall use the N(R) and P bit information in the discdarded I frameg

state variable
S) of the last
insfer of the
n discard the
he DTE shall
as described

der the N(R)
N(R) - 1. The
eceived N(R)

bed, the DTE

knowledged 1

field. It shail

ped in 5.4.1.

transmission

e request for

ission of the

ested [ frame

then those 1

If the REJ frame was received from the DCE/remote DTE as a command with the P bit set to "1", the DTE shall transmit an RR, RNR or
REJ response, as appropriate, with the F bit set to "1" before transmitting or retransmitting the corresponding I frame.

Other I frames not yet transmitted may be transmitted following the retransmitted I frame.

5.4.7 Receiving an

RNR frame

After receiving an RNR frame, the DTE shall stop transmission or retransmission of I frames until an RR or REJ frame is received, or until
Timer T1 runs out, see 4.4.1. When Timer T1 runs out before receipt of a busy clearance indication, the DTE shall follow the procedure
described below. In any case, the DTE shall not transmit any other I frames before receiving an RR or REJ frame, or before completion of a
link resetting procedure.

After Timer T1 runs out, the DTE shall transmit a supervisory command frame (RR, RNR or REJ) with the P bit set to "1" and shall restart
Timer T1, in order to determine if there is any change in the receive status of the DCE/remote DTE. The DCE/remote DTE shall respond to
the P bit set to "1" with a supervisory response frame (RR, RNR or REJ) with the F bit set to "1" indicating either continuance of the busy
condition (RNR frame) or clearance of the busy condition (RR or REJ frame). Upon receipt of the DCE/remote DTE response, Timer T1
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shall be stopped.

a) If the response is an RR or REJ frame, the busy condition shall be assumed to be cleared and the DTE may transmit [ frames
beginning with the I frame identified by the N(R) in the received response frame.

b) If the response is still an RNR frame, the busy condition shall be assumed still to exist, and the DTE after a period of time (for
example, the length of Timer T1) shall repeat the enquiry of the DCE/remote DTE receive status.

If Timer T1 runs out before a status response is received, the enquiry process above shall be repeated. If N2 attempts to get a status response
fail, the DTE shall initiate a link resetting procedure as described in 5.6.

If, at any time during the enquiry process, an unsolicited RR or REJ frame is received from the DCE/remote DTE, it shall be considered to be
an indication of clearance of the busy condition. Should the unsolicited RR or REJ frame be a command frame with the P bit set to "1", the
appropriate response frame with i "y i issi frames. If Timer T1 is
running, the[DTE shall wait for the non-busy response with the F bit set to "1", or wait for Timer T1 to run out, andthen resume transmission
of I frames Yeginning with the I frame identified by the N(R) in the received RR or REJ frame.

5.4.8 DTH busy condition

enters a busy condition, it shall transmit an RNR frame at the earliest opportunity. The'/RNR frame shall be a command frame
with the P byt set to "1" if an acknowledged transfer of the busy condition indication is required; otherwise the RNR [frame may be either a
command o1]a response frame.

While in thq busy condition, the DTE shall accept and process supervisory frames, acceptnand process the contents [of the N(R) field of I
frames, and feturn an RNR response with the F bit set to "1" if it receives a supervisory command or I command frane with the P bit set to
v

To clear the|busy condition, the DTE shall transmit either an REJ frame or anRR frame, with N(R) set to the curren{ receive state variable
V(R) (for example, the choice of frame depends on whether or not the DTE discarded information fields of correctly rgceived I frames). The
REI frame of the RR frame shall be a command frame with the P bit set 1o *0™ if an acknowledged transfer of the busy-to-non-busy transition
is required; gtherwise the REJ frame or RR frame may be either a comniand or a response frame.

54.9 Waifing acknowledgement

If Timer T1 runs out waiting for the acknowledgment from the DCE/remote DTE for an I frame transmitted, the DTE[shall restart TImer T1
and transmi{ an appropriate supervisory command frame(RR, RNR or REJ) with the P bit set to "1". If the DTE receives correctly a
supervisory fesponse frame with the F bit set to "1" and.Wwith an N(R) within the range from the last N(R) received to ghe last N(S) sent plus
one, the DTE shall reset Timer T1 and set its send state variable V(S) to the received N(R) and then resume with I [frame transmission or
retransmissin, as appropriate. If, on the other hand, the DTE receives correctly a supervisory response frame with the [ bit set to "0", or an I
frame or sufervisory command frame with the P bit set to "0" or "1", and with an N(R) within the range from the lagt N(R) received to the
last N(S) seqt plus one, the DTE shall notreset Timer T1, but use the received N(R) as an indication of acknowlelement of transmitted
frames up toland including I frame numbered'N(R) - 1.

If Timer T1| runs out before a supervisory response frame with the F bit set to "1" is received, the DTE shall retfansmit an appropriate
supervisory fommand frame (RR, RNR or REJ) with the P bit set to "1" and restart Timer T1. After N2 expirations ¢f Timer T1 following
transmission] of an I frame, without a supervisory response frame with the F bit set to "1" having been received from the DCE/remote DTE,
the DTE shjl initiate a link resetting procedure as described in 5.6.

5.5 Conditions for-link resetting or link re-initialization (link set-up)
When the DJTE‘teceives, during the information transfer phase, a frame which is not invalid (see 3.8) with one of the conditions listed in

4.3.9, it shall repoOrt the error condition and request the DCE/remote DTE to initiate a link resetting procedure by fransmitting an FRMR
response (see 5.6.2).

When the DTE receives, during the information transfer phase, an FRMR response, it shall either initiate the link resetting procedures (see
5.6.1) or return a DM response to ask the DCE/remote DTE to initiate the link set-up (initialization) procedure. After transmitting a DM
response, the DTE shall enter the disconnected phase.

When the DTE receives, during the information transfer phase, a UA response, or an unsolicited response with the F bit set to "1", it may
either initiate the link resetting procedures or return a DM response to ask the DCEfremote DTE to initiate the link set-up (initialization)
procedure. After transmitting a DM response, the DTE shall enter the disconnected phase.

When the DTE receives, during the information transfer phase, a DM response, the DTE shall either initiate the link set-up (initialization)

procedures or return a DM response to ask the DCE/remote DTE to initiate the link set-up procedures. After transmitting a DM response, the
DTE shall enter the disconnected phase.
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5.6 Procedure for link resetting
5.6.1 Link reset

The link resetting procedure shall be used to initialize both directions of information transfer according to the procedure described below.
The link resetting procedure only applies during the information transfer phase.

Either the DTE or the DCE/remote DTE may initiate the link resetting procedure. The link resetting procedure shall indicate a clearance of
the DTE and/or the DCE/remote DTE busy condition, if present.

The DCE/remote DTE shall initiate a link resetting by transmitting a SABM/SABME command to the DTE. If, on correct receipt of the
SABM/SABME command, the DTE determines that it can continue in the information transfer phase, it shall return a UA response to the
DCE/remote DTE, reset its send and receive state vanables V(S) and V(R) to "0", and remam in the mformauon transfer phase. If, on

correct receipt of the
DM response as a den

The DTE shall initiat
DTE, on receiving a U
T1, and remain in the
resetting request, shal

The DTE, having sen
UA or DM response
shall result in a colli
SABM/SABME or DI

After the DTE sends

al to the resetting request and enter the dnsconnec(ed phase

a link resetting by transmitting a SABM/SABME command to the DCE/remote DTE and starting’its T
A response from the DCE/remote DTE, shall reset its send and receive variables, V(S) and V(R), t6 "0",
information transfer phase. The DTE, on receiving a DM response from the DCE/remote DTEas a deni
stop its Timer T1 and enter the disconnected phase.

a SABM/SABME command, shall ignore and discard any frames except a SABM/SABME or DISC ¢

Jeceived from the DCE/remote DTE. The receipt of a SABM/SABME or DISC eommand from the DCE

ion situation that is resolved as in 5.3.5. Frames other than the UA or DM response sent in response
SC command shall be sent only after the data link is reset and no outstanding. SABM/SABME command ¢

the SABM/SABME command, if a UA or DM response is not receivedycorrectly, Timer T1 will run out

The DTE shali then s¢nd the SABM/SABME command again and start Timer T1. AfterdN2 attempts to reset the link, the DTE|

appropriate higher lay|
5.6.2 Request for li
The DTE may ask the
After transmitting an
the DTE receives or
rejection condition sh
The DTE may start
DISC command or a

attempts to get the D(

In the frame rejection

er recovery action and enter the disconnected phase.

nk reset

DCE/remote DTE to reset the data link by transmittingan FRMR response (see 5.5).

FRMR response, the DTE shall enter the frame rejection condition. The frame rejection condition shall be
ransmits a SABM/SABME or DISC command or a DM response. Any other command received while
i1l cause the DTE to retransmit the FRMR reSponse with the same information field as originally transmittg

imer T! on transmission of the FRMRresponse. If Timer T! runs out before the reception of a SABM
DM response from the DCE/remoteDTE, the DTE shall retransmit the FRMR response and start Timer
E/remote DTE to reset the link;the:DTE shall reset the link itself as described in 5.6.1.

condition, I frames and supervisory frames shall not be transmitted by the DTE. Also, the DTE shall ignor

the N(S) and informdtion fields of any received' ! frames, and the N(R) fields of any received I frames or supervisory fram

additional FRMR res
T1 shall continue to

procedure by transmit
initiate the link set-up

5.7 List of systeny

onse has to be transmitted by the DTE as a result of the receipt of a command frame while Timer T1 is ru
run. The DTE on receiving an FRMR response (even during a frame rejection condition) shall initiat
ing a SABM/SABME command as described in 5.6.1, or shall transmit a DM response to ask the DCE/re
procedure as\described in 5.3.1 and enter the disconnected phase.

parameters

hall return a

mer T1. The
op its Timer
1 to the link

mmand or a
remote DTE
o a received
Kists.

in the DTE.
shall initiate

tleared when
in the frame
d.

/SABME or
1. After N2

b and discard
es. When an
hning, Timer
e a resetting
mote DTE to

The system parameters shall be as follows:

5.7.1 Timers

5.7.1.1 TimerT1

The value of the DTE Timer T1 system parameter may be different from the value of the DCE/remote DTE Timer T1 system parameter.
These values shall be made known to both the DTE and the DCE/remote DTE and agreed to for a designated period of time.

The period of Timer T1, at the end of which retransmission of a frame may be initiated according to the procedures described in 5.3 to 5.4
shall take into account whether T1 is started at the beginning or the end of the transmission of a frame.

The proper operation of the procedure requires that the transmitter's (DTE or DCE/remote DTE) Timer T1 be greater than the maximum time
between transmission of frames (SABM/SABME, DM, DISC, FRMR, [, supervisory commands or REJ response) and the reception of the
corresponding frame returned as an answer to this frame (UA, DM or acknowledging frame). Therefore, the receiver (DTE or DCE/remote
DTE) should not delay the response or acknowledging frame returned to the above frames by more than a value T2, where T2 is a system
parameter (see 5.7.1.2).
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5.7.1.2 Parameter T2
The value of DTE parameter T2 may be different from the value of the DCE/remote DTE parameter T2.

T2 is the amount of time available at the DTE or DCE/remote DTE before the acknowledging frame must be initiated in order to ensure its
receipt by the DCE/remote DTE or DTE, respectively, prior to Timer T1 running out at the DCE/remote DTE or DTE. T2 < T1.

5.71.3 Timer T3

The period of optional Timer T3 shall provide an adequate interval of time to justify considering the data link to be in a disconnected (out of
service) state. T3 >> T4.

5.7.1.4 Parameter T4

The paramefer T4 is a system parameter which represents the maximum time a DTE will allow without frames being|exchanged on the data
link. The vajue of T4 should be greater than T1 and may be very large for applications which are not concerned with-early detection of faulty
data link or physical link conditions. T4 >> T1.

5.7.1.5 PIameter TS

The optionall parameter T5 applies only to operation in a start/stop environment. The value of DTE parameter TS5 maj be different from the
value of the|DCE/remote DTE parameter T5.

TS is the Igngth of time for which the DTE or DCE/remote DTE will receive a continuous mark condition (logfcal “1” state) without
consideringlits incoming channel to be in the idle channel state (see 3.11.2.2)

5.7.2 Maximum number of transmissions N2

The value df the DTE N2 system parameter may be different from the vdlue'of the DCE/remote DTE N2 system, pgrameter. These values
shall be made known to both the DTE and the DCE/remote DTE and agreed 'to for a designated period of time.

The value ¢f N2 shall indicate the maximum number of attempts that shall be made by the DTE or DCE/remote| DTE to complete the
successful tfansmission of a frame to the DCE/remote DTE or DTE, respectively.

5.7.3 Maximum number of bits in an I frame N1

The value df the DTE N1 system parameter may be-different from the value of the DCE/remote DTE N1 system parameter. These values
shall be made known to both the DTE and the DCE/remote DTE.

The value df N1 shall indicate the maximunnnpumber of bits in an I frame (excluding flags and "0" bits inserted foi] transparency) that the
DTE or DCE/remote DTE is willing to accept from the DCE/remote DTE or DTE, respectively.

In order to $upport universal DCE-operation, a DTE shall support a value of DTE N1 which is not less than 1 080 kits (135 octets). DCEs
shall offer go DTEs that require-it.a’ value of DCE N1 which is greater than or equal to the maximum length of agreed to call set-up and
clearing padkets plus the length of the address, control and FCS fields at the DTE/DCE interface, and greater than orfequal to the maximum
length of the data packets which may cross the DTE/DCE interface plus the length of the address, control and FCS fields at the DTE/DCE
interface.

5.7.4 Maximum-number of outstanding I frames &

In the case ¢f\DTE/DCE operation, the value of the DTE k system parameter shall be the same as the value of the D{QE k system parameter.
This value shall be agreed to for a designated pertod of ume by both the DTE and the DCE. In the case of DIE/remote DTE operation, the
value of the DTE k system parameter may be different from the value of the remote DTE & system parameter. These values shall be agreed to
fo a designated period of time by both the DTE and the remote DTE.

The DTE value of k shall indicate the maximum number of sequentially numbered I frames that the DTE may have outstanding (i.e.,
unacknowledged) at any given time. The value of k shall never exceed 7 for modulo 8 operation, or 127 for modulo 128 operation.

NOTE — All DCEs will support a value of seven. Other values (less than and greater than seven) may also be supported by DCEs.

6 Multilink procedure (MLP)

For DTE/DCE operation, use of the multilink procedure is a subscription-time selectable option. For DCE/remote DTE operation, use of the
multilink procedure shall be a subject for bilateral agreement.
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The DTE multilink procedure (MLP) performs the functions of
— distributing across the available DTE/SLPs packets which are to be transmitted to the DCE/remote DTE, and
— resequencing DCE/remote DTE packets received from the DTE SLPs for delivery to the DTE higher layer.
6.1 Field of application

The optional muitilink procedure (MLP) described below shall be used for data interchange over one or more single link procedures (SLPs),
each conforming to the description in clauses 3, 4 and §, in parallel between a DTE and a DCE/remote DTE.

6.2 Multilink frame structure

All information transfers-over an-SLP shall be in-multilink frames conforming to one of the formats shown in figure 2

Muitilink frame

F |l A| C | MLC FCS F

2 octets

Muittilink frame

F A C MLC Information FCS F

2 octets

Figure 2 — Multilinkframe formats

The multilink control|field (MLC), the contents of which are described in 6.3, shall consist of two octets. The information|field of the
multilink frame, wher] present, shall follow the MLC (see 6.3(2:3 for the codings and groupings of bits in the multilink frame|information
field that are imposed py this International Standard).

6.3 Mulitilink con[rol field format and paranieters

6.3.1 Multilink control field format

The relationship showp in figure 3 shall exist-between the order of bits delivered to/received from an SLP and the coding of the|fields in the
multilink control field

6.3.2 Muiltilink control field parameters

The various parameterp associated with the multilink control field format are described below (see figure 4).

6.3.2.1 Void sequencing-bit (V)

The void sequencing bit (V) shall indicate whether a received multilink frame shall be subject to sequencing constraints. V set to "1" shall
mean sequencing shall not be required. V set to "0" shall mean sequencing shall be required.

NOTE — This bit shall be set to "0". The procedure with V set to "1" will form the subject of further study.

6.3.2.2 Sequence check option bit (S)

The sequence check option bit (S) shall only be significant when V is set to "1"” (indicating that sequencing of received multilink frames shall
not be required). S set to 1" shall mean that no MN(S) number has been assigned. S set to "0" shall mean that an MN(S) number has been
assigned, so that although sequencing shall not be required, a duplicate multilink frame check may be made, as well as a missing multilink

frame identified.

NOTE — This bit shall be set to "0". The procedure with S set to "1" will form the subject of further study.
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First bit delivered to /
received from an SLP

-

1to4d 5 6 7 8 9t 16
MNH(S) { V | S R | C | MNL(S)
28 _ott 20 97

N\ Weight of bits in MN(S) —
Mutltilink control field

Legend
MNH(S) = bits 9 to 12 of 12-bit multilink send sequence number MN(S)
MNL(S) = bits 1 to 8 of 12-bit multilink send sequence number MN(S)
V = void sequencing bit
S = sequence check option bit
R = MLP reset request bit
C = MLP reset confirmation bit

Figure 3 — Multilink control field format

6.3.2.3 MILLP reset request bit (R)
The MLP repet request bit shall be used to request a reset of the MLP state variables (see’6.4.2). The R bit set to "0" shall be used in normal
communicatfon; i.e., no request for reset. The R bit set to "1" shall be used by the-DTE MLP or the DCE/remote DTE MLP to indicate a
request for fhe reset of the DCE/remote DTE or the DTE MLP state variables, respectively. In this R = 1 cas¢, the multilink frame
information field shall not contain higher layer information, but may contain dn*pptional 8-bit Cause Field that incorpofates the reason for the
reset.

NOTE — THe encoding of the Cause Field will form the subject of further study.

6.3.2.4 MULP reset confirmation bit (C)

The MLP reset confirmation bit shall be used in reply to the'R bit set to "1" to confirm that all of the MLP state varfables have been reset.

The C bit sef to "0" shall be used in normal communication;’i.e., no reset request has been activated. The C bit set to
DTE MLP dr DCE/remote DTE MLP in reply to a DEE/remote DTE MLP or DTE MLP multilink frame, respectivel
"1", and shall indicate that the DTE MLP or DCE/remote DTE MLP state variable reset process has been completeq

1" shall be used by the
y, with the R bit set to
i by the DTE MLP or

DCE/remotd DTE MLP, respectively. In this C ='I"case, the multilink frame shall be used without an information field

6.3.2.5 Multilink send state variable MV(S)

send state variable MV(S) shall denote the sequence number of the next in-sequence multilink frame to
can take on the yalue’0 to 4095 (modulo 4096). The value of MV(S) shall be incremented by one
e assignment.

be assigned to an SLP.
with each successive

6.3.2.6 Multilink sequerce number MN(S)

Multilink frhmes shall*contain the multilink sequence number MN(S). Prior to the assignment of an in-sequence [multilink frame to an
available SIJP, the.value of MN(S) shall be set equal to the value of the multilink send state variable MV(S). The multjlink sequence number
shall be usefl ‘tOwresequence and to detect missing and duplicate multilink frames at the receiver before the content[F of a multilink frame
information Tield is delivered to the higher layer.

6.3.2.7 Transmitted multilink frame acknowledged state variable MV(T)

MV(T) is the state variable at the transmitting DTE MLP or DCE/remote DTE MLP that shall denote the oldest multilink frame which is
awaiting an indication that a DTE SLP or DCE/remote DTE SLP has received an acknowledgment from its DCE/remote DTE SLP or DTE
SLP, respectively. This variable can take on values 0 to 4095 (modulo 4096). Some multilink frames with sequence numbers higher than
MV(T) may already have been acknowledged.

6.3.2.8 Multilink receive state variable MV(R)
The multilink receive state variable MV(R) shall denote the sequence number at the receiving DTE MLP or DCE/remote DTE MLP of the
next in-sequence multilink frame to be received and delivered to the higher layer. This variable can take on the value 0 to 4095 (modulo

4096). The value of MV(R) shall be updated as described in 6.4.3.2. Multilink frames with higher sequence numbers in the DTE MLP or
DCE/remote DTE MLP receive window may already have been received.
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Increasing numbers

MV(T) - Oldest multilink sequence number not yet acknowledged

MV(S) - Next multilink sequence number to be used

© ISO/IEC

Transmj

Increasi

Receive

6.3.2.9 Multilink w

MW shall be the max
its SLPs beyond the 1
exceed 4095 - MX. Ti
the DTE MLP and the)

NOTE — Factors whic
of links, the range of mu

The MLP transmit wii

The MLP receive win
this window shall be d

t window
g numbers
MV(R) - Oldest multilink sequence number not yet received
MW - Frames received in this range accepted
MX - Frames received in this range acceptedybut data loss in the receive window indicate]
vindow

Figure 4 — MLP parameters

ndow size MW

mum number of sequentially numbered multilink frames that the DTE MLP or DCE/remote DTE MLP m§
bwest numbered multilink frame which has not yet been acknowledged. MW is a system parameter whi
e value of MW shall be agreed-for a period of time with the DCE/remote DTE and shall have the same v
DCE/remote DTE MLP far.a given direction of information transfer.

tilink frame lengths, and-single link parameters N2, T1 and k.

dow shall contain the sequence numbers MV(T) to MV(T) + MW - 1 inclusive.

dow shall-contain the sequence numbers MV(R) to MV(R) + MW - | inclusive. Any multilink frame req
elivered to the higher layer when its MN(S) becomes the same as MV(R).

y transfer to
h can never
hiue for both

h shall affect the valug-of'\parameter MW include, but are not limited to, single link transmission and propagation delays, the number

eived within

6.3.2.10 Receive M

CP-window goard Fegion VX

MX is a system parameter which defines a guard region of multilink sequence numbers of fixed size beginning at MV(R) + MW. The range
of MX shall be large enough for the receiving MLP to recognize the highest MN(S) outside of its receive window that it may legitimately
receive after a multilink frame loss has occurred.

NOTE -— A number of methods may be selected in calculating a value for the guard region MX.

a)

In a system where the transmitting MLP assigns /; in-sequence contiguous multilink frames at a time to the ith SLP, MX should be greater than or

equal to the sum of the 2; + 1 - &, , where h,, equals the smallest /i; encountered. Where there are L SLPs in the multilink group, MX should be
greater than or equal to

L
E hi+1'hmin
i=1
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or

b) in a system where the transmitting MLP assigns on a rotation basis h in-sequence contiguous muitilink frames at a time to each SLP, MX at the
receiving MLP should be greater than or equal to /(L - 1) + 1, where L is the number of SLPs in the multilink group;

or
¢) MX should be no larger than MW.

Additional methods of selecting MX values will form the subject of further study.

A multilink frame with sequence number MN(S) = Y received in this guard region indicates that those missing multilink frames in the range
MV(R) to Y - MW have been lost. MV(R) shall then be updated to Y - MW + 1.

6.4 Desc -'Ff:nn of-multilink I;’u-nnnrll‘:re (.“/ILP)

The procedyre below is presented from a DTE perspective as a transmitter and receiver of multilink frames. It should pe noted that the DCE/
remote DTH can follow these same general procedures when acting as a transmitter and receiver of multilink framées.

The arithmetic is performed modulo 4096.
6.4.1 Initiplization

The DTE sHall perform MLP initialization by first resetting MV(S), MV(T) and MV(R) to '".and then initializing dach of its SLPs. Upon
successful initialization of at least one of the SLPs, the DTE may initiate the interchange(ofymultilink frames. An SLP initialization shall be
performed if accordance with 5.3.1.

NOTE — Aj SLP that cannot be initialized should be declared out of service and appropriat€ tecovery action should be taken.
Alternatively, MLP initialization can be accomplished by performing the multilink resetting procedure as described in p.4.2.
6.4.2 Multilink resetting procedure
The multiligk resetting procedure shall provide the mechanism_for synchronizing the multilink sequence numbers [for the interconnected
MLPs. Follgwing a successful multilink resetting procedure, the multilink sequence numbering in each direction shall pegin with the value 0.
A multilink [frame with R = 1 shall be used to request multilink reset, and a multilink frame with C = 1 shall confirm [that the multilink reset

process has peen completed. A MLP shall reset MV(S) and’MV(T) to "0" on transfer of a multilink frame with R = 1; 4nd reset MV(R) to "0"
on receipt of a multilink frame withR = 1.

When a DTE MLP initiates the resetting procedure, it shall remove all of the unacknowledged multilink frames that arp held in that MLP and
its associatefl SLPs, and retain control of these frames. Hereafter, the initiating MLP shall not transfer a multilink franje with R = C = 0 until
the reset prgcess is completed. (One method to remove multilink frames in the SLP is to disconnect the data link of the SLP.) The initiating
MLP shall then reset its multilink send state”variable MV(S) and its transmitted multilink frame acknowledged state yariable MV(T) to "0".
The initiatilg MLP shall then transfer‘amultilink frame with R = | as a reset request on one of its SLPs and start Timer MT3. The value of
the MN(S) field in the R = 1 framie’may be any value, since when R = 1 the MN(S) field shall be ignored by receiving MLP. The
initiating MILP shall continue t¢ receive and process multilink frames from the remote MLP until it receives a mult{link frame with R = 1
from the rerpote MLP.

A MLP which has receivéd a multilink frame with R = 1 (reset request) in the normal communication status from 4n initiating MLP shall
start the opgration as\described above; that MLP should receive no multilink frame with R = C = 0 from the initiatihg MLP until the reset
process is cpmpleted. Any such multilink frame received shall be discarded. When a MLP has already initiated its ¢gwn multilink resetting
procedure ahddas-transferred the multilink frame with R = 1 to one of its SLPs for transfer, that MLP shall not repdat the above operation
upon receipf of.a’multilink frame with R = 1 from the other MLP.

Receipt of a multilink frame with R = 1 (reset request) shall cause the receiving MLP to deliver to the higher layer those multilink frame
information fields (packets) already received and to identify those packets assigned to SLPs but unacknowledged.

The higher layer may be informed of the loss of the I frame content at the original value of MV(R) and at any subsequent value(s) of MV(R)
for which there has been no multilink frame received up to and including the highest numbered multilink frame received. The receiving MLP
shall then reset its multilink receive state variable MV(R) to "0".

After a MLP assigns a multilink frame with R = 1 to one of its SLPs, it shall receive indication of successful or unsuccessful transmission
from the SLP as one of the conditions before transferring a multilink frame with C = 1; when the initiating MLP then receives a multilink
frame with R = 1, and has completed the multilink state variable resetting operation described above, the initiating MLP shall transfer a
multilink frame with C = 1 (reset confirmation) to the other MLP. When a MLP has

a) received a multilink frame withR = 1;

b) transferred a multilink frame with R = 1; and
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c) completed the multilink state variable resetting operation described above,

it shall then transfer a multilink frame with C = 1 (reset confirmation) to the other MLP as soon as possible, given that indication of the
successful or unsuccessful transmission of the R = 1 multilink frame has been received from that MLP's SLP. The C = 1 multilink frame is a
reply to the multilink frame with R = 1. The value of the MN(S) field in the above C = 1 frame may be any value, since when C = 1 the
MN(S) field shall be ignored by the receiving MLP. The multilink sequence number MN(S) received in each direction following multilink
reset shall begin with the value 0.

When a MLP uses only one SLP to transmit the multilink frame with R = I and the multilink frame with C = 1, it can transfer the multilink
frame with C = | immediately after the multilink frame with R = [, without waiting for SLP indication of transmission completion. A MLP
shall not retransmit a multilink frame with R = 1 or a multilink frame with C = 1 unless Timer MT3 runs out. A MLP may use two different
SLPs as long as one is used for transmitting the multilink frame with R = 1 and the other is used for transmitting the multilink frame with

C =1 following receiptof the SLP indicatian of successful ransmission of the R = 1 muliilink frame A multilink frame with R = C = | shall
never be used.
When a MLP receives|the multilink frame with C = I, the MLP shall stop its Timer MT3. The transfer of the multilink frame withC=1t a

icedure for a
LP transfers
5 a multilink

th
remote MLP and the 1ception of a multilink frame with C = 1 from the remote MLP shall complete the multilink resetting prd
MLP. The first multilink frame transferred with R = C = 0 shall have a multilink sequence number MN(S) value of O--"After a M
a multilink frame withf C = I to a SLP, the MLP may receive one or more multilink frames with R = C = 0. After a MLP receive
frame with C = 1, the MLP may transfer one or more multilink frames with R = C = 0 to its SLPs.

When a MLP additionhlly receives one or more multilink frames with R = | between receiving a multilinkAframe with R = 1 and
a multilink frame with|C = 1, the MLP shall discard the extra multilink frames withR = 1.

transferring

When a MLP receives|
frame withC= 1.

a multilink frame with C = 1, which is not a reply to a multilink frame with'\R = 1, the MLP shall discard fhe multilink

m the other
ure from the
Fe receives a

After a MLP transferd a multilink frame with C = 1 on one of its SLPs, the MLP mag\receive a multilink frame with R = | fr
MLP. The MLP shall fegard the multilink frame with R = 1 as a new reset request ad shall start the multilink resetting proced
beginning. When a MLP which has not received a multilink frame with R = 1 transfers a multilink frame with R = 1 and therefo|
multilink frame with ¢ = 1, the MLP shall restart the resetting procedure from th¢'beginning.

When the Timer MT3
large enough to incly
receives a multilink fr;

runs out, the MLP shall restart the multilink resetting.procedure from the beginning. The value of Timer MT3 shall be
de the transmission, retransmission, and propagation delays in the SLPs, and the operation time of te MLP that
me with R = 1 and responds with a multilink frame with C = 1.
6.4.3 Transmitting multilink frames

When the transmittingl DTE MLP accepts a data unit fromi the higher layer, it shall place the packet in a multilink frame, set the |
to MV(S), assure that MN(S) is not assigned outside the,transmit window (MW), set V, S, R and C to "0", and then increment M

MIN(S) equal
V(S) by 1.

In the following, incr¢gmenting send and receive\state variables is in reference to a continuously repeated sequence series, i.e.,|4095 is one
higher than 4094, and P is one higher than 4095, for modulo 4096 series.

NOTE 1 — The use of ¥ and/or S bit set to\ 17 Will form the subject of further study.

If the MIN(S) is less i

pan MV(T)-+MW, and the DCE/remote DTE MLP has not indicated a busy condition on all available

DTE SLPs, the trans)
always assign the lo
than one DTE SLP.

itting DFE.MLP may then assign the new multilink frame to an available DTE SLP. The transmitting DT]
st MN(S) unassigned multilink frame first. Also, the transmitting DTE MLP may assign a multilink fr.
efi,the DTE SLP successfully completes the transmission of a multilink frame(s) by receiving an ackng

DCE/remote
E MLP shall
me to more
wledgement

from the DCE/remotq DTE SLP, it shall indicate this to the transmitting DTE MLP. The transmitting DTE MLP may then discard the
acknowledged multilink frame(s). As the transmitting DTE MLP receives new indications of acknowledgements from the DTE SLPs, MV(T)
shall be advanced to denote the lowest numbered multlink frame not yet acknowledged.

Whenever a DTE SLP indicates that it has attempted to transmit a multilink frame N2 times, the DTE MLP shall then assign the multilink
frame to the same or one or more other DTE SLPs, unless the MN(S) has been acknowledged on some previous DTE SLP. The DTE MLP
shall always assign the lowest MN(S) multilink frame first.

NOTE 2 — If a DTE MLP implementation is such that a multilink frame is assigned to more than one DTE SLP (for example, to increase the probability of
successful delivery) there is a possibility that one of these multilink frames (i.e., a duplicate) may be delivered to the DCE/remote DTE MLP after an earlier
one has been acknowledged [the earlier multilink frame would have resulted in the receiving DCE/remote DTE MLP having incremented its MV(R) and the
transmitting DTE MLP having incremented its MV(T)]. To ensure that an old duplicate multilink frame is not mistaken for a new frame by the receiving DCE/
remote DTE MLP, it is required that the transmitting DTE MLP should never assign to a DTE SLP a new multilink frame with MN(S) equal to
MN(S)’ - MW - MX, where MN(S)’ is associated with a duplicate multilink frame that was earlier assigned to other DTE SLPs, unti! all such DTE SLPs have
either successfully transmitted multilink frame MN(S)” or have attempted the transmission the maximum number of times. Alternatively, the incrementing of
MV(T) may be withheld until all DTE SLPs that were assigned multilink frame MN(S)” have either successfully transferred multilink frame MN(S)’ or have
attempted the transmission the maximum number of times. These and other alternatives will form the subject of further study.

Flow control of the DTE MLP is achieved by the window size parameter MW, and through busy conditions being indicated by the DCE/
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remote DTE SLPs.

The DTE MLP shall not assign a multilink frame with an MN(S) greater than MV(T) + MW - L. At the point where the next DTE multilink
frame to be assigned has an M(S) = MV(T) + MW, the DTE MLP shall hold this and subsequent multilink frames until an indication of
acknowledgment advancing MV(T) is received from the DTE SLPs.

The DCE/remote DTE MLP may exercise flow control of the DTE MLP by indicating a busy condition over one or more DCE/remote DTE
SLPs. The number of SLPs made busy will determine the degree of DTE MLP flow control realized. When the DTE MLP receives an
indication of a DCE/remote DTE SLP busy condition from one or more of its DTE SLPs, the DTE MLP may reassign any unacknowledged
multilink frames that were assigned to those DTE SLPs. The DTE MLP shall assign the multilink frames containing the lowest MN(S) to an
available DTE SLP as specified above.

In the event of a circuit failure, a DTE SLP reset, or a DTE SLP or DCE/remote DTE SLP disconnection, all DTE MLP multilink frames that
were unacknowledged on the affected DTE SLPs shall be-assigned-toan operational DTE SLP(s) which-is-(are)-not-inthe busy condition.

NOTES

3 The actior] to be taken on the receipt of an RNR frame by the DTE SLP whose unacknowledged multilink frames have'been remoped will form the subject
of further study.

4 The mean$ of detecting transmitting DTE MLP malfunctions (for example, sending more than MW multilink frames) and the actipns to be taken will form
the subject of further study.

6.4.4 Recdiving multilink frames
Any multilidk frame less than two octets in length shall be discarded by the receiving DTE'MLP.

NOTE — THe procedures to be followed by the receiving DTE MLP when V and/or S is gqual-to "1" will form the subject of further|study. The procedures to
be followed by the receiving DTE MLP when R or C is equal to "1" are as described in 6:412.

When the DJTE MLP receives multilink frames from one of the DTE SLPs, the DTE MLP shall compare the multijink sequence number
MN(S) of thg received multilink frame to its multilink receive state variable MV(R), and act on the multilink frame as follows:

a) If the received MN(S) is equal to the current value of MW(R), i.e., is the next expected in-sequence multilink|frame, the DTE MLP
shall Heliver the data unit to the higher layer. i

b) If thd MN(S) is greater than the current value of MV(R) but less than MV(R) + MW + MX, the DTE MLP shall keep the received
multifink frame until condition (a) is met, or discard it if it is a duplicate.

¢} If thel MN(S) is other than in (a) and (b) above, the multilink frame shall be discarded.
On receipt of a multilink frame, MV(R) shall be incremented by the DTE MLP in the following way:
1) If MIN(S) is equal to the current, value of MV(R), MV(R) shall be incremented by the number of consecutive|in-sequence multilink

framgs that have been received. If additional multilink frames are awaiting delivery pending receipt of a multiljnk frame with MN(S)
equal to the updated MV(R), then Timer MT! (see 6.5.1) shall be restarted; otherwise, Timer MT1 shall be stopped.

2) If MIN(S) is greatetthan the current value of MV(R) but less than MV(R) + MW, MV(R) shall remain uncharjged. Timer MT1 shall
be stgrted, if not alyeady running.

3) If MN(S)(is) greater than or equal to MV(R) + MW but less than MV(R) + MW + MX, MV(R) shdll be incremented to
MN( ) MW + 1, and then the hlgher layer may be mfonned of the da(a unit loss at the ongmal value of MV(R). As MV(R) is being
ented By-H R)-h A he m bd informed of that data

unit loss lf lhe multllmk frame wnth MN(S) = MV(R) has been recelved, it shall be dehvered to the hlgher layer.

MV(R), on reaching MN(S) - MW + 1, shall be incremented further [as in (1) above] until the first unacknowledged MN(S) is
encountered.

4) If the MN(S) is other than in (1), (2) and (3) above, MV(R) shall remain unchanged.
If Timer MT1 runs out, MV(R) shall be incremented to the MN(S) of the next multilink frame awaiting delivery to the higher layer and then
the higher layer may be informed of the data unit loss at the original MV(R). The procedure shall follow (a) and (1) above as long as there

are consecutive in-sequence multilink frames which have been received.

When flow control of the DCE/remote DTE MLP is desired, one or more DTE SLPs may be made to indicate a busy condition. The number
of DTE SLPs made busy shall determine the degree of flow control realized.

If the DTE MLP can exhaust its receive buffer capacity before resequencing can be completed, Timer MT2 (see 6.5.2) shall be implemented.
Whenever a busy condition is indicated by the DTE MLP on all DTE SLPs, and multilink frames at the DTE MLP are awaiting
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resequencing, Timer MT2 shall be started. When the busy condition is cleared on one or more DTE SLPs by the DTE MLP, Timer MT2
shall be stopped.

If Timer MT2 runs out, the multilink frame with MN(S) = MV(R) is blocked and shall be considered lost. MV(R) shall be incremented to the
next sequence number not yet received, and the data units contained in multilink frames with intervening multilink sequence numbers shall
be delivered to the higher layer. Timer MT2 shall be restarted if the busy condition remains in effect on all DTE SLPs and more multilink
frames are awaiting resequencing.

6.4.5 Taking an SLP out of service

A DTE SLP shall be taken out of service by disconnecting at either the Physical layer or the Data Link layer. Any outstanding DTE MLP
multilink frames shall be reassigned to one or more other DTE SLPs, unless the MN(S) has been previously acknowledged on some other
DTE SLP. The usual procedure for taking a DTE SLP out of service at the Data Link layer would be to flow control the DCE/remote DTE

hY

SLP with an RNR fra]u;, arrd-then }usi»a}:y drsconneet (a\,\, 5.3.3;.
t

A DTE SLP may be tdken out of service for maintenance, traffic, or performance considerations.

If the DTE SLP Timet T1 has run out N2 times and the DTE SLP link resetting procedure is unsuccessful, then the TE SLP shall enter the
disconnected phase, taking the DTE SLP out of service (see 5.4.9 and 5.6).

6.5 List of multilink system parameters
6.5.1 Lost-frame tigner MT1 (multilink)

Timer MT1 shall be ufed at a receiving DTE MLP to provide a means of identifying during low traffic periods the loss of the myltilink frame
with MN(S) equal to MV(R).

6.5.2 Group busy Tlimer MT2 (multilink)
Timer MT?2 shall be provided at a receiving DTE MLP in order to identify a "blocked" multilink frame condition (for example, a buffer
exhaust situation) tha} occurs before required resequencing can be accomplished\MT2 shall be started when all DTE SLPs are busy and
there are multilink frgmes awaiting resequencing. If MT2 runs out before the ™ blocked” multilink frame MV(R) is received, the "blocked”
multilink frame(s) sh3ll be declared lost. MV(R) shall be incremented to_thi€value of the next in-sequence multilink frame to|be received,
and any data units in iptervening multilink frames shall be delivered to thehigher layer.

NOTE — MT?2 may be|set to infinity; for example, when the receiving DTEd@lways has sufficient storuge capacity.

6.5.3 MLP reset copfirmation timer MT3 (multilink)

Timer MT3 shall be ysed by the DTE MLP to provide a ‘means of identifying the the DCE/remote DTE MLP multilink frame with the C bit
set to "1" that is expedted following the transmission(ofthe DTE MLP multilink frame with the R bit set to "1" has not been recejved.

7 Conformancd

7.1. Static conf]»rmance
7.1.1. General reqyirements

A DTE that claims copfornfance to this International Standard shall implement:

a) Single link opdration;

b) operation with DTE address A (ie, A sent in response frames);

¢) either basic (modulo 8) operation or extended (modulo 128) operation, and may implement both (3);

d) either synchronous transmission or start/stop transmission, and may implement both (3.5.1, 3.5.2);

e) link set-up as initiator (5.3.1, 5.3.4), and as responder to a set-up initiated by the DCE/remote DTE (5.3.1);
f) link disconnection as responder to a disconnection initiated by the DCE/remote DTE (5.3.3);

g) link reset as responder to a reset initiated by the DCE/remote DTE (5.6.1);

h) information transfer, in both directions (5.2, 5.4,5.4.1,5.4.2,54.3,54.4,54.5,5.4.6,54.7,54.9);

j) sending of FRMR response on receipt of a valid frame with an error condition not recoverable by retransmission of the identical frame
(4.3.9,5.5);
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k) responding to receipt of a FRMR response in the information transfer phase either by initiating link reset, or by transmitting a DM
response and entering the disconnected phase (5.5);

1) timer Tl (5.7.1.1), and parameter N2 (5.7.2);

mj) if synchronous transmission is implemented, interframe time fill by contiguous flags (3.10.1).

NOTE — Support for initiation of link set-up is mandatory only because it is required on reception of an unsolicited DM response frame in disconnected
phase, as specified in 5.3.4. Support for initiation of link set-up in other situations is not required.

7.1.2 Options

A DTE that

a) multilink operation (clause 6);
b) operation with DTE address B for DTE/DTE applications;

¢) if sta

d) link disconnection as initiator (5.3.3);

e) link rgset as initiator (5.6.1);

f) DTE

g) timerp T3 (5.7.1.3), T4 (5.7.1.4) and TS (5.7.1.5);

h) transmission of unsolicited DM response frames in disconnected phase (5.3.4);

j) trans

NOTE —

environment: two such implementations communicating with each other in DTE/DTE mode would be unable to dis
neither woulld be capable of initiating the disconnection.

7.2. Dynamic conformance

For each

implementatjon of

a) thec

b) the epcoding specified in\3,)4.1, 4.3, 4.3.9 and 5.1 for all relevant fields of any transmitted frames,

as specified

7.3 Protocol Implementation Conformance Statement

The supplie

proforma in anane

claims conformance to this International Standard may implement:

busy condition (5.4.8);

ission of DISC frames prior to link set-up (5.3.1).

aution is needed in choosing not to implement link disconnection, (d) above, if an implementation might

nction that the PICS states to be supported, the implementation shall exhibit extemal behaviou

rresponding data link layer procedures, and

in the clauses’to.which the PICS proforma entry for the function refers.

t/stop transmission is supported, one or more of the transparency options for flow-control transparendy (3.5.2.3.1), control-
charagter octet transparency (3.5.2.3.2), and seven-bit data path transparency (3.5.2.1);

e used in a DTE/DTE
onnect the link, since

consistent with the

e a copy of the PICS

ofcas protocol implementation that is claimed to conform to this International Standard shall compleg
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Annex A *
(normative)

PICS Proforma
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The supplier of a protocol implementation which is claimed to conform to ISO/IEC 7776 shall complete the following Protocol

Implementation Conformance Statement (PICS) proforma.

A completed PICS prpforma is the PICS for the implementation in question. The PICS is a statement of which capabilitiesand

protocol have been injplemented. The PICS can have a number of uses, including use:

— by the protocoll implementor, as a check-list to reduce the risk of failure to conform to the standard through evérsight;

— by the supplief and acquirer — or potential acquirer — of the implementation, as a detailed indiCation of the capal

implementatiof, stated relative to the common basis for understanding provided by the standard PICS proforma;

— by the user — or potential user — of the implementation, as a basis for initially checking the possibility of intery

ptions of the

ilities of the

working with

another implementation (note that, while interworking can never be guaranteed, failure~to-interwork can often be predicted from

incompatible HICS's);

— by a protocol| tester, as the basis for selecting appropriate tests against which 't0 assess the claim for conforn

implementatiof..

A2 Abbreviationr

and special symbols

A.2.1 Status symbojs

M mandatory

O optional

O.n optional, but support of at least one of the group of options labelled by the same numeral n is required
X prohibited

<item>: conditiongl symbol, status is dependent on the support marked for <item> (see A.3.4)

A.2.2 General abbreviations

N/A not applicpble

PICS Protocol Ilnplementation Conformanee Statement

A.2.3 Item references

The following is a lis{ of the item references used in the PICS proforma

Major capabilities, A.p:

Basic / extended operption/A.6.1:
Synchronous and start/StOp TTaISIHSSION, X617

Link setup, A.6.2:

Link disconnection and disconnected phase, A.6.2:

Link reset, A.6.2:

Collision resolution for U frames, A.6.2:
I-frame transmission, A.6.3:
I-frame reception, A.6.3:

Frame rejection, A.6.3:
Frame formats, A.6.4:
Timers, etc., A.6.5:

System parameters, A.6.6:

*) Copyright release for PICS proformas

Ls, Lm, Lc, Lt, Lta

M8, M128

ance of the

TSy, Tss, Tfc, Tee, Tsb

LSIt, LSI2, LSI3, LSA, LSD, LSR

LDI,LD2, LDP

LRIL, LRIb, LRIc, LRId, LRRa, LRRb, LRRc, LRRd, LRA, LRD
LCRa, LCRb, LCR¢, LCRd, LCRe

IT, ITs, ITCi, ITCs, ITRJ, ITB

IR, IRs, IRRJ, IRB

FR1, FR2

Fla, Fib, Flc, F2, F2a, F2b, F2c, F2d, F2e, F3, F4, FD, FA, FF
Tia, T1b, Tlc, T1d, Tle, Tif, Tlg, N2a, N2b, T3, T4, T5a, TSb
SPT1, SPT2, SPT3, SPT4, SPT5a, SPTSb, SPN2, SPN1, SPk

Users of this International Standard may freely reproduce the PICS proforma in this annex so that it can be used for the intended purpose and

may further publish the completed PICS.
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Multilink procedure, initialization, A.7.1:
Multilink resetting, A.7.1:

Multilink procedure for taking an SLP out of service:
Multilink frame transmission, A.7.1:
Multilink frame reception, A.7.1:
Multilink frames, A.7.1:

Multilink system parameters, A.7.2:

ISO/IEC 7776 : 1995 (E)

ML1

MLRI, MLRr, MLRCi, MLRCr, MLLNrs

MLSOS

MLFT, MLFTrf, MLFTrb

MLFR, MLFRbs, MLFRfc, MLLNti, MLMT2
MLFS, MLFF, MLFVS, MLFSC

SPMTI, SPMT2, SPMT3, SPMWT, SPMWR, SPMX

A.3 Instructions for completing the PICS proforma

A.3.1 General structure of the PICS proforma

The first part
information 1

The main pa
items. Answ
restricted ch
choices from)|

Each item is
contains the
the status of
below.

A supplier may also provide — or be required to provide — further informatién;, categorized as either Additional Inf

Information.
for cross-refé
on its format

A complete
Conformatio,

NOTE — Wi
However, the
that makes for

A3.2 Addi

Items of Ad
intended or ¢
might be an
or a brief rat
present in im|

References t
Exception In

A.3.3 Exce

of the PICS proforma — Implementation Identification and Protocol Summary — is to be completed
becessary to identify fully both the supplier and the implementation.

ers to the questionnaire items are to be provided in the rightmost column, either by simply marking an
ice (usually Yes or No), or by entering a value or a set or range of values. (Note that there are some iter
a set of possible answers can apply: all relevant choices are to be marked.)

identified by an item reference in the first column; the second column contains thie/question to be answg
reference or references to the material that specifies the item in the main body of, ISO/IEC 7776. The rem;

'When present, each kind of further information is to be provided in a further subclause of items labelled
rencing purposes, where i is any unambiguous identification for the item (eg, simply a numeral): there ar]
and presentation.

h Statement for the implementation in question.

ere an implementation is capable of being configufed in more thun one way, a single PICS may be able to describe
leasier and clearer presentation of the information.

ional Information

litional Information allow a supplier to provide further information intended to assist the interpretation
putline of the ways in wihich a (single) implementation can be set up to operate in a variety of environmer
onale — based perhaps-upon specific application needs — for the exclusion of features which, although of

plementations of the- ISO/IEC 7776 protocol.

b items of Additional Information may be entered next to any answer in the questionnaire, and may be
formation,

btion Information

as indicated with the

t of the PICS proforma is a fixed-format questionnaire, divided into several subclauses each containing al number of individual

answer to indicate a
s where two or more

red; the third column
lining columns record

the item — whether support is mandatory, optional or conditional — afid-provide the space for the afjswers: see also A.3.4

rmation or Exception
Ai or Xi respectively
e no other restrictions

i PICS proforma, including any Additional Inforfiiation and Exception Information, is the Profocol Implementation

all such configurations.

upplier has the choice of providing more than one PICS, each covering some subset of the implementation's configuration capabilities, in case

of the PICS. It is not

xpected that a large quantity will be supplied, and a PICS can be considered complete without any such information. Examples

ts and configurations;
tional. are commonly

included in items of

It may occasionally happen that a supplier will wish fo answer an item with mandatory status (after any condifions ha

ve been applied) in a

way that conflicts with the indicated requirement. No pre-printed answer will be found in the Support column for this: instead, the supplier
shall write the missing answer into the Support column, together with an Xi reference to an item of Exception Information, and shall provide
the appropriate rationale in the Exception item itself.

An implementation for which an Exception item is required in this way does not conform to ISO/IEC 7776.

NOTE — A possible reason for the situation described above is that a defect in ISO/IEC 7776 has been reported, a correction for which is expected to change
the requirement not met by the implementation.

A.3.4 Conditional items

The PICS proforma contains a number of conditional items. These are items for which both the applicability of the item itself, and its status
if it does apply — mandatory or optional — are dependent upon whether or not certain other items are supported.

Where a group of items is subject to the same condition for applicability, a separate preliminary question about the condition appears at the
head of the group, with an instruction to skip to a later point in the questionnaire if the “Not Applicable” answer is selected. Otherwise,
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