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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the

development of International Standards through technical committees established by the respective organization to deal with
particu]fr fields of technical activity ISQ and TEC technical committees collaborate in fields of mutual interest. Other
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of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC ¢~

onal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3,
n task of the joint technical committee is to prepare International Standards. Draft International Standards
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Introduction

This third edition adds a new frame format type to Annex H — Frame format types. This frame format type is used in those
environments where additional error protection, identification of both the source and the destination(s), and/or longer frame
sizes are needed.

High-level
transmissig
of frames
Generally,
memory in

ontaining information from the data source to the data sink acknowledged by a frame in the opposite

case the need should arise for retransmissions.

In those sifuations that require it, data sequence integrity between the data source and the data sifik is effected by mg

numbering

scheme, which is cyclic within a specified modulus and measured in terms of frames, An independent nu

scheme is ysed for each data source/data sink combination on the data link.

The ackno
number. T
informatiot

HDLC pro

wledgement function is accomplished by the data sink informing the data seurce of the next expected S
nis can be done in a separate frame, not containing information, or within) the control field of a frame cq
.

cedures are applicable to unbalanced data links and to balanced data‘links.

Unbalancdd data links

An unbalai
link assum
station asst

iced data link involves two or more participating data stations. For control purposes, one data station on
bs responsibility for the organization of data flowaand for unrecoverable data link level error conditions.
iming these responsibilities is known as the sprimary station in unbalanced connection-mode data links ar

control stafion in unbalanced connectionless-mode data-links, and the frames it transmits are referred to as command

The other
the tributay
frames.

y stations in unbalanced connectionleéss-mode data links, and the frames they transmit are referred to as

For the trapsfer of data between the primary/control station and the secondary/tributary stations, two cases of data lin}

are considg
station dat
secondary/

In the seco|
controls th|

function, b

The infornj

red (see figures A and B)) In the first case, the data station comprising the data source performs a primary
a link control functien and controls the data station comprising the data sink that is associated
ributary station data-ink control function, by select-type commands.

nd case, the dafa station comprising the data sink performs a primary/control station data link control fund

y poll-typercommands.

ation flows from the data source to the data sink, and the acknowledgements are always transmitted in the

data link control (HDLC) procedures are designed to permit synchronous or start/stop, code-transparent data
n. The normal cycle of the code-transparent data communication between two data stations consistscof.the| transfer

irection.

until the data station comprising the data source receives an acknowledgement, it holds the original information in

ans of a
mbering

equence
ntaining

the data
he data
d as the
frames.

lata stations on the data link are knownas-the secondary stations in unbalanced connection-mode data linKs and as

f€sponse

c control
y/control
with a

tion and

e data station comprising the data source that is associated with a secondary/tributary station data ling control

opposite

direction.

These two cases of data link control may be combined so that the data link becomes capable of two-way alternate
communication, or two-way simultaneous communication.

vi
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. Select/information
Primary/ | Secondary/
Control Tributary
station |- station
Acknowledgement
Data source Data sink

Figure A — Unbalanced data link functions (case 1)

] Poll/acknowledgement
PTmary Jp-| Sccondary
Control Tributary
station [« - station
Information
Data sink Data source

Figure B — Unbalanced data link functions (case 2)

Balancpd data links

A balarjced data link involves only two participating data stations. For contrel”purposes, each data statiqn assumes
responsipility for the organization of its data flow and for unrecoverable data linki\level error conditions associatpd with the
transmigsions that it originates. Each data station is known as a combined station in balanced connection-mode dafa links and
as a peey station in balanced connectionless-mode data links and is capable(of transmitting and receiving both cojmmand and
respons¢ frames.

For the fransfer of data between combined/peer stations, the data link ‘eontrol functions illustrated in figure C are ufilized. The
data soyrce in each combined/peer station controls the data sinkgti-the other combined/peer station by the use offselect-type
commar|ds. The information flows from the data source to thedata sink, and the acknowledgements are always transmitted in
the oppgsite direction. The poll-type commands may be used by each combined/peer station to solicit acknowledgpments and
status responses from the other combined/peer station.

Select/information/acknowledgement/poll

Combined/ B> Combined/
Peer Peer
station - station
Select/information/acknowledgement/poll
Data sink/data“source Data sink/data source

Figure C — Balanced data link functions

Data link configurations

HDLC (lasses of-procedures describe methods of data link operation which permit synchronous or start/stop, code4transparent
data trapsmission between data stations in a variety of logical and physical configurations. The classes are dgfined in a
consisteptmanner within the framework of an overall HDLC architecture. One of the purposes of this International [Standard is
to maintatameximtnreompatibitty betweenthe-baste-types-of procedures—unbalanced balanced-and-conneetionteds, as this is
particularly desirable for data stations with configurable capability, which may have the characteristics of a primary,
secondary, combined, control, tributary, or peer station, as required for a specific instance of communication.

Five fundamental classes of procedures (two unbalanced, one balanced, and two connectionless) are defined herein. The
unbalanced classes apply to both point-to-point and multipoint configurations (as illustrated in figure D using the
primary/secondary nomenclature) over either dedicated or switched data transmission facilities. A characteristic of the
unbalanced classes is the existence of a single primary station at one end of the data link plus one or more secondary stations at
the other end(s) of the data link. The primary station alone is responsible for data link management, hence the designation
"unbalanced" classes of procedures.

© ISO/IEC 2002 — All rights reserved vii
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acknowled

The baland
either dedi

stations, callled combined stations, on a logical data link, that may share equally in the responsibility for data link mang

hence the d

The balang
facilities (4

Figure D — Unbalanced data link configuration

hnced connectionless class applies to point-to-point configurations over either dedicated)or switch
n facilities, or to multipoint configurations over dedicated data transmission facilities (aS-illustrated in
ontrol/tributary nomenclature). A characteristic of the unbalanced connectionless class. is ‘the existence of]
ion at one end of the data link plus one or more tributary stations at the other end(s)\of the data link. Thg
sponsible for determining when a tributary station is permitted to send. Neither thé\centrol station nor the
upport any form of connection establishment/termination procedures, flow{ control procedures, data
bement procedures, or error recorvery procedures, hence the designation “conn€ctionless” class of procedurg

ed class applies to point-to-point configurations (as illustrated in figure E using the combined nomenclaty
Fated or switched data transmission facilities. A characteristic of the)balanced class is the existence of

esignation "balanced" class of procedures.

Combined/ I Combined/
Peer > Peer
station station
A B

Figure E(—"Balanced data link configuration

ed connectionless class applies to- point-to-point configurations over either dedicated or switched data tran
s illustrated in figure E usihg,the peer nomenclature). A characteristic of the balanced connectionless cla

existence

Neither pepr station supports any~form of connection establishment/termination procedures, flow control procedu
transfer adknowledgement pfocedures, or error recovery procedures, hence the designation "connectionless"

procedures

For each clpss of procedures, a method of operation is specified in terms of the capabilities of the basic repertoire of coj
and responges thatare found in that class.

A variety

two data stations, calledpeer stations, on a data link, that are each independently in control of when they ¢

optional functions are also listed. Procedural descriptions for the use of the optional functions are defined.

ed data
figure D
a single
b control
fributary
transfer
S,

re) over
wo data
gement,

kmission
s is the
an send.
es, data
class of

mmands

It is recognized that it is possible to construct symmetrical configurations for operation on a single data circuit from the
unbalanced classes of procedures which are defined in this International Standard. For example, the combination of two
unbalanced procedures (with I frame flow as commands only) in opposite directions would create a symmetrical point-to-point
configuration (as illustrated in figure F).

viii
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These K
exchang

purpose
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Primary Secondary
station station
1 1
Secondary Primary
station station
2 2

Figure F — Symmetrical data link configuration

IDLC procedures define the exchange identification (XID) command/response frarie, as an optional fhinction for
e of data link information (identification, parameters, functional capability, etc.). The’content and format for a general

XID frame information field is defined.

DLC procedures also specify the parameters and procedures which may be.employed by two data stations fo mutually
e the data link layer addresses to be used, prior to logical data link establiShment.
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Information technology — Telecommunications and information exchange
between systems — High-level data link control (HDLC) procedures

1 Scppe

This Intprnational Standard specifies the frame structures, the elements of procedures, the classes of procédures, the content
and forrhat of the general purpose Exchange Identification (XID) frame, and a means for resolution/negotiation of|a data link
layer address in switched environments for data communication systems using bit-oriented high-level data ljnk control
(HDLC) procedures.

NOTE —} The use of the phrase “bit-oriented”, referring to the HDLC control procedures, pertains-te'the allocation of a non-intggral number
of bits to[various subfields used for HDLC control purposes. However, the frame as an entiretymay‘be constructed from octet-oriented units
(e.g., stafft-stop mode) for transmission purposes.

The frame structure portion defines the relative positions of the various components of the basic frame format apd the non-
basic frgme format. The mechanisms used to achieve bit pattern independence, (transparency), where and when requjred, within
the franpe are also defined. In addition, three frame checking sequences (FCS) are specified; the rules for address field
extension are defined; and the addressing conventions available are described.

The elements of procedures portion specifies elements of dataclink control procedures for synchronous or start/stop, code-
transparpnt data transmission using independent frame numbering in both directions.

These HDLC elements of procedures are defined specifically in terms of the actions that occur on receipt of confmands at a
secondaty station, a tributary station, a peer station, or‘a-Combined station.

This Intgrnational Standard is intended to cover a‘wide range of applications; for example one-way, two-way alterrjate or two-
way simjultaneous data communication between data stations which are usually buffered, including operations gn different
types of data circuits; for example multipoint/point-to-point, duplex/half-duplex, switched/non-switched, synchronous/start-
stop, etd.

The defined elements of procedures are to be considered as a common basis for establishing different types of data |ink control
procedufes. This International Standard does not define any single system and should not be regarded as a specifigation for a
data communication systenrNot all of the commands or responses are required for any particular system implementation.

The clapses of procedures portion describes the HDLC unbalanced classes of procedures, the HDLC balanc¢d class of
procedutes, and thie HDLC connectionless classes of procedures for synchronous or start/stop data transmission.

For the Junbalanced classes, the data link consists of a primary station plus one or more secondary stations and joperates in
either the'niormal response mode or the asynchronous response mode in a point-to-point or multipoint configuratipn. For the
balanced class, the data link consists of two combined stations and operates in the asynchronous balanced mode in a point-to-
point configuration. For the unbalanced connectionless class, the data link consists of a control station plus one or more
tributary stations and operates in the unbalanced connectionless-mode in a point-to-point or multipoint configuration. For the
balanced connectionless class, the data link consists of two peer stations and operates in the balanced connectionless-mode in a
point-to-point configuration. In each class, a basic repertoire of commands and responses is defined, but the capability of the
data link may be modified by the use of optional functions.

Balanced operation is intended for use in circumstances which require equal control at either end of the data link. Operational
requirements are covered in accordance with the overall HDLC architecture.

The content and format of the Exchange Identification (XID) frame portion builds on the fact that the principal use of the XID
frame is to exchange data link information between two or more HDLC stations. For the purpose of this International Standard,

© ISO/IEC 2002 — Al rights reserved 1
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data link information shall include any and all essential operational characteristics such as identification, authentication and/or
selection of optional functions and facilities concerning each station. This International Standard defines a single-exchange
negotiation procedure for establishing operational characteristics when either one or more stations are capable of providing
multiple selections.

This International Standard provides a means for exchanging the necessary information to establish, at a minimum, a data link
connection between two correspondents wishing to communicate. It describes a general purpose XID frame information field
content and format for that purpose.

It defines encoding for information related to the basic HDLC standards only. Mechanisms are provided to permit the general
purpose XIB-frame-mformation-fretd-to-beused-tonegotiate privateparameterstra-singte che st anreoysly with
negotiation| of the defined basic parameters.

This International Standard does not limit or restrict the use of the XID frame information field from defining other standard
formats forluse in specific applications.

The followjng are examples of potential uses of the XID command/response frame interchange:

a) Identiffication of the calling and called stations when using circuit switched networks (including switched networl backup
applicgtions).

b) Identiffication of stations operating on non-switched networks requiring identification'at start-up.

c¢) The X[D command frame with an individual, group or all-station address(tay be used to solicit XID response [frame(s)
from ofther station(s) on the data link, prior to or following data link establishment.

d) Negotfation of the Frame Check Sequence (FCS) to be used for subsequent information interchange, by stat{ons that
suppotft both 16-bit FCS and 32-bit FCS capabilities.

e) Convely higher layer information that may be required priorte data link establishment.

f) Transrhission of an XID response frame at any respond opportunity to request an XID exchange to modify some of the
operatjonal parameters (for example, window size) following data link establishment.

g) Negotfation of the number of protected bits_in the frame when an Unnumbered Information with Header chedk (UIH)
frame |s used.

The means|for resolution/negotiation of a data link layer address in switched environments portion is applicable to datd stations
employing[HDLC balanced classes-of procedures which provide the XID command/response capability with the two| specific
parameter fields, identified below.It-is used to select a pair of operational link addresses when preassigned, system dgsignated
addresses gre not known on ama.priori basis; e.g., switched circuited data links. Additional XID frame functions (inclyding the
exchange ¢f operational parameters, command/response support, higher layer information, etc.) may be accomplished in
conjunctiof with data link~layer address determination or following address determination, with additional XID frame
exchanges.

NOTE — Address resolution procedures for situations where the remote DTE does not support XID frames, the "allfstation"
address, o1 complete address support capabilities as defined in clause 8 below are not within the scope of this Intefnational
Standard.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of this
International Standard. For dated references, subsequent amendments to, or revisions of, any of these publications do not
apply. However, parties to agreements based on this International Standard are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated references, the latest edition of the
normative document referred to applies. Members of ISO and IEC maintain registers of currently valid International Standards.

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

2 © ISO/IEC 2002 — Al rights reserved
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ISO/TEC 2382-9:1995, Information technology — Vocabulary —Part 9: Data communication
ISO 7478:1987, Information processing systems — Data communication — Multilink procedures
ISO/IEC 7498-1:1994, Information technology — Open Systems Interconnection — Basic Reference Model: The Basic Model

ISO/IEC 7776:1995, Information technology — Telecommunications and information exchange between systems — High-level
data link control procedures — Description of the X.25 LAPB-compatible DTE data link procedures

ISO/IEC TR 10171:2000, Information technology — Telecommunications and information exchange between systems — List
of standurd data link layer protocols that utilize high-level data link control (HDLC) classes of procedures, list pf standard
XID format identifiers, list of standard mode-setting information field format identifiers, and list of standdard ‘ifser-defined
paramelfer set identification values

3 Ddfinitions, acronyms and abbreviations
3.1 Definitions

For the purposes of this International Standard, the following definitions apply.

3.1.1

abort
a functipn invoked by a sending primary, secondary, combined, control, tributary or peer station causing the fecipient to
discard (and ignore) all bit sequences transmitted by the sender since the preceding flag sequence

3.1.2

accept
the condition assumed by a data station (primary, secondary, ¢ombined, control, tributary or peer station) upon ficcepting a
correctly received frame for processing

3.13
address|field (A)
the sequence of eight (or any multiple of eight,.if extended) bits identifying the secondary/combined or tributary/peer station
sending [(or designated to receive) the frame

3.1.4
address|field extension
enlargink the address field to include.anore addressing information

3.1.5
address|resolution/negotiation
procedufe for exchanging/determining the data link layer identity of each data link layer entity

3.1.6
basic status
a secondary/combined or tributary/peer station's capability to send or receive a frame containing an information fieldl

3.1.7
centralized control
a control in which all the primary or control station functions of the data link are centralized in one data station

3.1.8
combined station

that part of a data station that supports the combined station control functions of the data link

NOTE — The combined station generates commands and responses for transmission and interprets received commands and responses.
Specific responsibilities assigned to a combined station include:

a) initialization of control signal interchange;

© ISO/IEC 2002 — Al rights reserved 3
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b) organization of data flow;
c) interpretation of received commands and generation of appropriate responses; and
d) actions regarding error control and error recovery functions at the data link layer.

3.1.9
command
in data communication, an instruction represented in the control field of a frame and transmitted by the

primary/combined/control/peer station, which causes the addressed secondary/combined/tributary/peer station to execute a
specific datalink control finction

3.1.10
command [frame
a) All frgmes transmitted by a primary/control station.

b) Those| frames transmitted by a combined/peer station that contain the address of the other combined/peer station.

3.1.11
contention mode
a mode of fransmission in which a transmitter can send on its own initiative

3.1.12
control es¢ape (CE)
the unique|sequence of eight bits (10111110) employed to indicate the following octet has been modified accordirlg to the
transparendy algorithm for start/stop transmission environments

3.1.13
control field (C)
the sequenge of eight (or 16/32/64, if extended) bits immediatelyfollowing the address field of a frame

NOTE — The content of the control field is interpreted by:

a) the rec¢iving secondary/combined/tributary/peer station, designated by the address field, as a command instructing the performance of
some specific function; and

b) the recgiving primary/combined/control/peer\station as a response from the secondary/combined/tributary/peer station, designated by
the addfess field, to one or more commands)

3.1.14
control field extension
enlarging the control field to.include additional control information

3.1.15
control station
the data station that\Supports the control station control functions of the data link

NOTE — The-control station generates command for transmission and interprets received responses. Specific responsibilities assigied to the
control station include:

a) initialization of control signal interchange, and
b) organization of data flow.
3.1.16

data communication
see ISO/IEC 2382-9, term 09.01.03

4 © ISO/IEC 2002 — Al rights reserved
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3.1.17
data link
see ISO/IEC 2382-9, term 09.04.08

3.1.18
data link connection
see ISO/IEC 7498-1 : 1994

3.1.19
data link layer
the con uytual 1ayu1 ofcontrot-or PlU\szDillé lusiu uAioﬁus mrthe-hterarchteat-structureof-a—data—statton (}llilllal)’, Secondary,

combindd, control, tributary or peer station) that is responsible for maintaining control of the data link

NOTE —} The data link layer functions provide an interface between the data station higher layer logic and the data link. Thgse functions
include:

a) tranfparency;

b) addgess/control field interpretation;

¢) command/response generation, transmission and interpretation; and
d) franje check sequence computation and interpretation.

3.1.20
data trdnsmission
see ISOJIEC 2382-9, term 09.01.02

3.1.21
duplex fransmission
see ISOJIEC 2382-9, term 09.03.01

3.1.22
exceptign condition
the condlition assumed by a secondary/combined station upon receipt of a frame which it cannot execute due |either to a
transmigsion error or to an internal processing malfunction

3.1.23
flag sequence (F)
the uniqpe sequence of eight bits(01111110) employed to delimit the opening and closing of a frame

3.1.24
format |dentifier
designator of one of(128 different standardized formats or one of 128 user-defined formats of the Exchange Identification
(XID) filame information field

3.1.25
frame
the sequence of address, control, information, and FCS fields, bracketed by opening and closing flag sequences

NOTE — A valid frame is at least 24 bits in length and contains an address field, a control field and a frame check sequence. A frame may or
may not include an information field.

3.1.26

frame check sequence (FCS)

the field immediately preceding the closing flag sequence of a frame, containing the bit sequence that provides for the
detection of transmission errors by the receiver

© ISO/IEC 2002 — Al rights reserved 5


https://standardsiso.com/api/?name=fe7a87f3c1e781192bf1e3c1946ca727

ISO/IEC

3.1.27

13239:2002(E)

frame format identifier

an optional

3.1.28

field in non-basic frame format mode that identifies the format of the frame

group identifier
classifier of data link layer characteristics or parameters by function (for example, address resolution, parameter negotiation,

user data)

3.1.29
half-duple;
see ISO/IE

3.1.30
header chg
a check se
flag sequen

3.1.31

HDLC-ba
a protocol
adopted as

3.1.32

higher lay
the concep
combined,
functions a

3.1.33

informatign field (INFO)

the sequen
NOTE —T

3.1.34
initiating (
a station th

3.1.35
interframg
the sequen:

3.1.36

intraframg¢
in start/sto
contiguous

K-transmission
C 2382-9, term 09.03.02

ck sequence (HCS)
juence using one of the standard 8, 16, or 32 bit polynomials that is computed over the ficlds|between the
ce and the HCS field

ed protocol
vhich is a subset of the elements and classes of procedure and optional functions)defined in the HDLC stand
a standard by ISO or a recognized international standards body (e.g., ITU-T)

29

ual layer of control or processing logic existing in the hierarchical structure of a data station (primary, se
control, tributary or peer station) that is above the data link layer and upon which the performance of data 1
Fe dependent; for example device control, buffer allocation,‘station management, etc.

e of bits, occurring between the last bit of the ¢ontrol field and the first bit of the frame check sequence

he information field contents of I, UL, and UIH'frames are not interpreted at the data link layer.

ombined station
ht sends the initial XID command frame as part of the address resolution process

time fill
e or condition transmitted between frames

time fill
b transmission, the sequence or condition transmitted within a frame when the next octet is not avai
transmission immediately following the preceding octet (For synchronous transmission, there is no prov

intraframe

opening

ard, and

tondary,
nk layer

able for
sion for

ime fill)

3.1.37
invalid fra
a sequence

me
of bits, following the receipt of an apparent opening flag sequence, that either

a) 1isterminated by an abort sequence; or

b) contains less than 32 bits before an apparent closing flag sequence is detected
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layer parameter

the spec

3.1.39

ification of data link layer characteristics and parameters, and their values, available or chosen

non-initiating combined station
a station that waits for the other combined station to send the initial XID command frame as part of the address resolution

process

3.1.40

peer statiomn

the data

NOTE —} The peer station generates commands for transmission and interprets received commands and responses.

3.141

primary station

the data

NOTE — The primary station generates commands for transmission and interprets received responises. Specific responsibilitie
the primgry station include:

c) init

d) org

e) actipns regarding error control and error recovery functions at the data link layer.

3.1.42

primary/secondary station
the gendral case where the station may be either a primary station or a secondary station

3.143
private

an implgmentation-specific data link layer parameter not defined in the basic HDLC standards

3.1.44
respons

primary,
or more

3.1.45
respons

f) all

station that supports the peer station control functions of the data link

station that supports the primary station control functions of the data link

alization of control signal interchange;

hnization of data flow; and

parameter

c

assigned to

in datq communication, a reply/ represented in the control field of a response frame that adlvises the
combined/control/peer.station with respect to the action taken by the secondary/combined/tributary/peer stgtion to one
commands
e frame
frames transmitted by a secondary/tributary station
se_frames transmitted by a combined/peer station that contain the address of the transmitting combined/peer|station

g) tho

3.1.46

secondary station

the data

station that executes data link control functions as instructed by the primary station

NOTE — A secondary station interprets received commands and generates responses for transmission.

3.1.47

secondary station status
the current condition of a secondary station with respect to processing the series of commands received from the primary

station
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single-exchange negotiation procedure
the initiating station indicates its "menu" of capabilities in its command frame, and the responding station indicates its choices

from the m

3.1.49

enu in its response frame

tributary station
the data station that executes data link control functions as instructed by the control station

NOTE — The tributary station interprets received commands and generates responses for transmission.

3.1.50
two-way a
see ISO/IE

3.1.51
two-way s
see ISO/IE

3.1.52

unique ide
a unique b
each statiot

3.1.53
unnumbern
the comma|]

3.1.54
unnumber
the respong

3.1.55
user data
the inform4

3.2 Acrx
The follow}

A

ABM
ADM
ARM

ternate data communication
C 2382-9, term 09.05.03

multaneous data communication
C 2382-9, term 09.05.02

ntifier

)

ed commands
hds that do not contain sequence numbers in the control field

ed responses
es that do not contain sequence numbers in the control field

tion obtained from or delivered to the.user of the data link layer

onyms and abbreviations
ng acronyms and abbreviations are used commonly throughout this International Standard.

Address field
Asynchronous(Balanced Mode
Asynchropous Disconnected Mode
Asynchtonous Response Mode

Bidary'encoded

BAC

t/character sequence (for example, global telephone number, station identification, or equivalent) associa

ted with

BCC
BCM

CE
C/R
DLSDU

Do d 43 A L. hal = da 1
DaranCtaopTratronT 7 o y ot oot oaranC o aTioatTTass

Balanced operation Connectionless-mode Class
Balanced Connectionless Mode

Control field

Control Escape

Command/Response

Data Link Service Data Unit

Flag sequence

Final bit
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FI
DC1
DC3
DCE
DISC
DM
DTE

FCS
FRMR
GI

GL
HCS
HDLC

IEC
M
INFO
ISO
ITU-T
LAPB
LSB

MSB
MT1
MT2
MT3
MW
MX

N(S)
N(R)
NA
NDM
NRM

P/F
PI
PL
Pri
PV
RD
REJ
RIM

Format Identifier

Device Control One

Device Control Three

Data Circuit-terminating Equipment
Disconnect

Disconnected Mode

Data Terminal Equipment

bit Encoded

ISO/IEC 13239:2002(E)

Frame Check Sequence
FRaMe Reject

Group Identifier

Group Length

Header Check Sequence
High-level Data Link Control

Information frame

International Electrotechnical Commission

Initialization Mode
INFOrmation field

International Organization for Standardization

International Telecommunications Union — Telecommunication Standardization Sector

Link Access Procedure Balanced
Least Significant Bit

Modifier function bit

Most Significant Bit

Multilink lost frame Timer 1
Multilink group busy Timer 2
Multilink reset confirmation Timer 3
Multilink Window size

Multilink guard region window size
Number of octets

Send sequence Number

Receive sequence Number

Not Applicable
NormakDisconnected Mode
Norial Response Mode

Poll bit

Poll/Final bit
Parameter Identifier
Parameter Length
Primary

Parameter Value
Request Disconnect
REJect

Request Initialization Mode
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RNR Receive Not Ready

RR Receive Ready

RSET ReSET

S Supervisory frame

S Supervisory function bit

SABM  Set Asynchronous Balanced Mode
SABME Set Asynchronous Balanced Mode Extended
SARM  Set Asynchronous Response Mode
SARME [Set Asynchronous Response Mode Extended
SBDPT [Seven-Bit Data Path Transparency

SD System Defined

Sec Secondary

SIM Set Initialization Mode
SM Set Mode

SNRM  [Set Normal Response Mode

SNRME [Set Normal Response Mode Extended
SREJ Selective REJect

TBD To Be Determined

TEST TEST

TR Technical Report

TWA Two-Way Alternate

TWS Two-Way Simultaneous

U Unnumbered frame

UA (Unnumbered Acknowledgement

UAC Unbalanced operation Asynchronous response imode Class
ucCcC Unbalanced operation Connectionless-mode Class

UCM [Unbalanced Connectionless Mode

Ul Unnumbered Information

UIH Unnumbered Information with Header check

UNC Unbalanced operation Normal response mode Class

UP [Unnumbered Poll

V(S) Send state Variable
V(R) Receive state Variable
XID e X changeDentification
XOFF Trasmitter OFF

XON Transmitter ON

4 HDLC frame structure

In HDLC, all transmissions are in frames. Frames may be either in basic frame format or in non-basic frame format. Neither
the basic nor the non-basic frame format structure includes bits inserted for bit-synchronization (i.e., start or stop elements see
4.3.2) or bits or octets inserted for transparency (see 4.3).

Basic and non-basic frame formats can not be used simultaneously on the same media. See Clause 7.5 for the rules for

negotiating from the basic frame format to the non-basic frame format. However, it is possible for different format types of the
non-basic frame to exist simultaneously on the same media.

10 © ISO/IEC 2002 — Al rights reserved
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4.1 Frame formats
4.1.1 Basic frame format

Each frame using the basic frame format consists of the following fields (transmission sequence left to right):

Flag Address Control Info. FCS Flag
01111110 8 bits 8 bits * 16 bits 01111110

* An unspecified mumberof bits which i some tases may bea moitipte of a particutar character size;for exampte; amroctet

where
Flag = flag sequence
Address = data station address field
Confrol = control field
Infofmation = information field
FCY = frame checking sequence field

Frames tontaining only control sequences form a special case where there\is no information field. The format for these frames
shall be

Flag Address Control FCS Flag
01111110 8 bits 8 bits 16 bits 01111110

4.1.2 [Non-basic frame format

A framd using the non-basic frame format does/not follow the structure of 4.1.1 in one or more ways. For examplle, a frame
using a on-basic frame format —

e iffstead of having only one address field, has more than one address field (see 4.2.2); or

e instead of an address field consisting of a single octet, has an extended address field consisting of one or fnore octets
(dee 4.7.1 and 6.15.%);or

[ ]
—_

instead of a basic control field consisting of a single octet, has an extended control field of more than on¢ octet (see
7.2 and 6415,10); or

N

[ ]
—_

instead of a 16-bit FCS, has an 8-bit FCS (see 4.2.5.4 and 6.15.14.2) or a 32-bit FCS (see 4.2.5.3 and 6.15.14]1); or

e instead of being transmitted in synchronous mode, is sent in start/stop mode (see 4 and 6.15.15); or

e instead of having an address field follow the opening flag sequence, has a frame format field following the opening flag
sequence; or

e instead of having the information field follow the control field, there may be a header check sequence following the
control field.
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4.2 Elements of the frame

4.2.1

Flag sequence

All frames shall start and end with the flag sequence. All data stations which are attached to the data link shall continuously
hunt for this sequence. Thus, the flag is used for frame synchronization. A single flag may be used as both the closing flag for
one frame and the opening flag for the next frame.

4.2.2

Frames usipg-the cframe
non-basic frame format may h.
in the framg in a consecutive manner.

Address field(s)

at-shall have one-addressficldimmediate he opening flag-Erames ysing the
ave more than one address field. When more than o field is used, they shall b¢ present

In commar]d frames, the address(es) shall identify the data station(s) for which the command is intended~Irresponsg frames,

the addresq shall identify the data station from which the response originated.

4.2.3

Cantrol field

The contro field indicates the type of commands or responses, and contains sequence numbers, 'where appropriate. Th¢ control

field shall e used

a) to
b) to

4.2.4

conyey a command to the addressed data station(s) to perform a particular operation, or

conyey a response to such a command from the addressed data station.

Information field

Informatiop may be any sequence of bits. In most cases it will be linked to a convenient character structure, for example octets,

but, if requjred, it may be an unspecified number of bits and unrelated to a character structure.

For start/sfop transmission there shall be eight (8) information bits between the start element and the stop elemert. If the
informatiOILﬁeld is other than a multiple of 8 bits, the fifal remainder less than an octet will require pad bits to complete the

octet. The

4.2.5

4.2.5.1

ethod of providing and unambiguously identifying the pad bits is not a subject of this International Standatd.
Frame checking sequencing (FCS) field

General

Three frame checking sequences are-specified; an 8-bit frame checking sequence, a 16-bit frame checking sequence, and a 32-
bit frame checking sequence. Thé-16-bit frame checking sequence is normally used. The 8-bit frame checking sequerice is for
use by prigr agreement in theSe ‘cases where short frames are used such that the protection afforded is adequate and/or the

overhe
in thos

ad of a longer frame €hecking sequence is of concern. The 32-bit frame checking sequence is for use by prior agreement
e cages that need a‘higher degree of protection than can be provided by the 16-bit frame checking sequence.

Unless othprwise noted, the frame checking sequence is calculated for the entire length of the frame, excluding the|opening
flag, the HCS,, any" start and stop elements (start/stop transmission), and any bits (synchronous transmission) @r octets
(start/stop fransmission) inserted for transparency. In those instances noted where the FCS is calculated over an agreed to,
designated lportion of the entire frame the calculation shall begin immediately after the opening flag and continue _lover the
designated portion of the entire frame, excluding any start and stop elements (start/stop transmission), and any bits
(synchronous transmission) or octets (start/stop transmission) inserted for transparency. The length of the designated portion of
the frame being protected by the FCS checking mechanism is determined by negotiation or known by a priori knowledge.

NOTES

1.

12

If future applications show that other degrees of protection are needed, different numbers of bits in the FCS will be specified, but they
will be an integral number of octets.

Explanatory notes on the implementation of the frame checking sequence are given in Annex A.

The bits to be protected should include, at a minimum, all of the bits in the address and control fields, and, when used, the frame
format field.
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16-bit frame checking sequence

The 16-bit FCS shall be the ones complement of the sum (modulo 2) of

a) the remainder of

xk(x15+xl4+xl3+x12+xll +x10+x9+x8 +x7+x6+x5+x4+x3+x2+x+1)

divided (modulo 2) by the generator polynomial

X

s

b)

=]

As a typ
division
control

transmit]

At the 1
remaind|

16
x +x

12]
of the sd
0001 1
4253
The 32-

1

f=

a)

=

by,

here £ is the number of bits being protected by the FCS and

e remainder of the division (modulo 2) by the generator polynomial

6424 5+

F the product of x'® by the content of the & bits being protected.

ical implementation, at the transmitter, the initial content of the register of theZdevice computing the rema

ind any remaining bits of the designated & bits being protected; the Ones’complement of the resulting rq
fed as the 16-bit FCS.

eceiver, the initial content of the register of the device computing the remainder is preset to all ones
er after multiplication by x'® and then division (modulo 2) by the generator polynomial

+x+1

rial incoming protected bits and the FCS will be

01 0000 1111 (x" through x°, respectively)-in the absence of transmission errors.
32-bit frame checking sequence

bit FCS shall be the ones complement of the sum (modulo 2) of

e remainder of

R N . S e L L e e
B i S e S i S O B

vided (medulo 2) by the generator polynomial

2 26, 23 22 16 12 11

o i ok 2 o S T AR TR TE T

nder of the

is preset to all ones and is then modified by division by the generator polyhomial (as described above) of fhe address,

mainder is

| The final

+x11 +x10

where £ 15 the number of bits bemng protected by the FCS and

b) the remainder of the division (modulo 2) by the generator polynomial

32
X

+x26+x23+x22+x16+x12+x11+x10+x8+x7+x5+x4+x2 +x+1

of the product of x** by the content of the  bits being protected.

As a typical implementation, at the transmitter, the initial content of the register of the device computing the remainder of the
division is preset to all ones and is then modified by division by the generator polynomial (as described above) of the address,
control and any remaining bits of the designated k bits being protected; the ones complement of the resulting remainder is
transmitted as the 32-bit FCS.

© ISO/IEC 2002 — All rights reserved
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At the receiver, the initial content of the register of the device computing the remainder is preset to all ones. The final
remainder after multiplication by x*> and then division (modulo 2) by the generator polynomial

32 26
X

+x

+x

23+x22+x16+x12+x11+x10+x8+x7+x5+x4+x2 +x+1

of the serial incoming protected bits and the FCS will be

1100 0111 0000 0100 1101 1101 0111 1011 (x*' through x°, respectively) in the absence of transmission errors.

4.2.54

The 8-bit HCS shall be the ones complement of the sum (modulo 2) of
a) the femainder of

FE AL+ ])

divided
x8 + x2 +
where k

bit
octe

b) the gemainder of the division (modulo 2) by the generator polynomial

X+

of the product of x* by the content of the frame existingbetween, but not including, the final bit of the opening
the first bit of the FCS, excluding start and stop elements (start/stop transmission), and bits (synchronous trans

and
As a typicd
division is

control and

At the rec
remainder

B+ x

of the seri
transmissid

4.2.6 Hédader check sequence (HCS) field

8-bit frame checking sequence

modulo 2) by the generator polynomial
x + 1,
s the number of bits in the frame existing between, but not including, the-final bit of the opening flag and

f the FCS, excluding start and stop elements (start/stop transmission), and bits (synchronous transmiss
s (start/stop transmission) inserted for transparency, and

2+ x + 1

betets (start/stop transmission) inserted for tragsparency.

1 implementation, at the transmitter, the.initial content of the register of the device computing the remaind|
preset to all ones and is then modified-by division by the generator polynomial (as described above) of the
information fields; the ones complement of the resulting remainder is transmitted as the 8-bit FCS.

piver, the initial content of the register of the device computing the remainder is preset to all ones. T
\fter multiplication by x'/and then division (modulo 2) by the generator polynomial

-1

hl incomingprotected bits and the FCS, will be “1111 00117 (x” through x°, respectively) in the ab

n CIrors.

the first
on) and

flag and
mission)

er of the
address,

he final

bence of

The HCS {

1€ld, 1I present, 1o0llows the control 11€ld and 1§ €1ther 8, 10, or 32 D1ts Iong. 1his cheCk sequence 1S applic

to only

the header, i.e., the bits between the opening flag sequence and the header check sequence. The HCS may be any of the 8§, 16,
or 32 bit check sequences defined for the HDLC frame check sequence in 4.2.5. The choice of HCS is determined as part of
the definition of the frame format and distinguished by the format type subfield in the frame format field. The HCS will use the
same polynomial as the FCS and thus will have the same length.

Frames that do not have an information field or have an empty information field, e.g., as with some supervisory frames, do not
contain an HCS and FCS, only an FCS.

14
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4.3 Transparency

4.3.1 Synchronous transmission

The transmitter shall examine the frame content between the two flag sequences including the address, control and FCS fields,
as well as the frame format and HCS fields, when present, and shall insert a "0" bit after all sequences of 5 contiguous "1" bits
(including the last 5 bits of the FCS) to ensure that a flag sequence is not simulated. The receiver shall examine the frame

content and shall discard any "0" bit which directly follows 5 contiguous "1" bits.

4.3.2 Start/stop transmission - basic transparency

Two levels of transparency processing are specified for use with start/stop mode transmission. These are seven-bjt data path
transparpncy (SBDPT), specified in 4.3.2.1; and control-octet transparency, specified in 4.3.2.2. Control-dctet transparency
shall always be performed. SBDPT is an option, use or non-use of which is selected for a given data link-by imeans|outside the
scope of this International Standard (e.g., a priori knowledge, bilateral agreement, heuristic implementation’techniqyes).

4.3.2.1 Seven-bit data path transparency
When SBDPT is selected, the content of each frame, from address field or frame format field, when present, tq FCS field

inclusive, shall be transferred between sender and receiver as a frame-image derived from the original frame as follpws, and as
indicateql in figure 1.

Original

Frame Address I I FCS |
. 7 octets | 7 octets | | l n <=7 octets |

e TN | 12345678 ]
Original : : : : : : ; : :
Segmen | : I : I : I : I : I : I ; | : I : l

| | | -
Yy Y Y
Segmerf o o to| o] D o] defiiio| [ o] fo]iioooono
..................... |

Frame 8 octets l ..... 8 octets B | | I n+1 octets [ "
Image |

Figure 1 — Original frame to frame-image transition

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

The frarpe-image Consists of a sequence of image segments defined, in one-to-one correspondence with the original segments,
as followys:

a) imajgesegments occur in the same order as the corresponding original segments;

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

c) the first part of each image segment is a copy of its original segment, but with the most significant bit (MSB) of each octet
set to zero;

d) the remaining, final, octet of each image segment has its least significant bit (LSB) set to the value of the MSB of the last
octet of the original segment, its next to least significant bit set to the value of the MSB of the next to last octet (if any) of
the original segment, and so on;

e) in the final octet of each image segment, all higher order bits for which no corresponding octet exists in the original
segment are set to zero.
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NOTE 1 — At the transmitter, the final octet of each image segment can be generated by shifting left the MSB of each octet in the original
segment, in sequence, into an initially zero octet: this achieves the correct bit-positioning both for complete seven-octet segments and any
short segment at the end of the frame.

NOTE 2 — The MSB of each image-segment octet is defined as zero only for uniqueness of the mapping: because its value is known and
plays no part in the reconstruction of the original segment at the receiver, it need not actually be transferred across data paths that, for
example, force parity setting of the MSB of each octet.

4.3.2.2 Control-octet transparency
The following transparency mechanism shall be applied to each frame-image: a frame-image is as defined in 4.3.2.1 when

SBDPT is pelected, and otherwise is identical to the frame content from address field or frame format field, when prgsent, to
FCS field ipclusive.

The controfl escape octet is a transparency identifier that identifies an octet occurring within a frame to which the fpllowing
transparendy procedure is applied. The encoding of the control escape octet is:

1 23 45678 Bit position in octet
1 01 1 1110

Low order bit, first bit
transmitted/received

The transnfitter shall examine the frame-image between the opening and closing flag sequences including the address,| control,
and FCS fiklds, as well as the frame format and HCS fields, when present, and, following completion of the FCS calfulation,
shall:

a) Upon the occurrence of the flag or a control escape octet, completient the 6th bit of the octet, and
b) Insert §i control escape octet immediately preceding the octet-resulting from the above prior to transmission.

The receivgr shall examine the frame-image between thetwo flag octets and shall, upon receipt of a control escape qctet and
prior to FCS calculation:

a) Discard the control escape octet, and
b) Restorg the immediately following oetet.by complementing its 6th bit.

NOTE — Other octet values may optionally be included in the transparency procedure by the transmitter. Such inclusion shall be fubject to
prior systenyapplication agreement.

4.3.3 Stgrt/stop transmission - extended transparency

When necgssary and/by(prior agreement between the stations, the transmitter may apply the above transparency pfocedure
(4.3.2) to oftets in.the 'groups defined below, in addition to the flag and control escape octets.

4.3.3.1 Flow-control transparency

The flow-control transparency option provides transparency processing for the DC1/XON and DC3/XOFF control characters
defined in ISO/IEC 646 (i.e., 1000100x and 1100100x, respectively, where "x" may be either "0" or "1"). This has the effect of
assuring that the octet stream does not contain values which could be interpreted by intermediate equipment as flow control
characters (regardless of parity).

4.3.3.2 Control-character octet transparency

The control-character octet transparency option provides transparency processing for all octets in which both the 6th and 7th
bits are "0" (i.e., xxxxx00x, where "x" may be either "0" or "1") as well as for the DELETE character octet (i.e., 1111111x,
where "x" may be either "0" or "1"). This has the effect of assuring that the octet stream does not contain values which could
be interpreted by intermediate equipment as the control characters or DELETE character defined by ISO/IEC 646 (regardless
of parity).
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4.3.4 Non-basic frame format transparency

When using the non-basic frame format with the frame format field, the length subfield obviates the need for the bit or octet
insertion methods to achieve transparency. This capability is selected by the use of Option 24 described in 6.15.24. The use of
the frame format field may be established by a priori agreement or may be selected with the XID or set mode using a
negotiation procedure specified in 7.

4.4 Transmission considerations

4.4.1 Order of bit transmission

Addressps, commands, responses, sequence numbers, frame formats, and data link layer information within infermption fields
shall be|transmitted low-order bit first (for example, the first bit of the sequence number that is transmitted shqll have the
weight 2°).
The ordgr of transmitting user data bits within the information field is not specified in this InternationalStandard.
The FC$ and HCS, when present, shall be transmitted to the line commencing with the coeffiecient of the highest tern.
4.4.2 [Start/stop transmission
For starf/stop transmission, each octet (whether part of the frame structure or inserted by the transparency prpcedure) is
delimited by a start element and a stop element. Mark-hold (continuous logical,1 condition) is used for inter-octet [time fill, if

required. Typical octet transmission is as shown in figure 2.

octet n octet n+1 octet n+2

lofeldlefofo]e]e]ef] oleofefefoft] oo

[ -

Lo]ee]e

ool o] Jofo]e]e

Octet data bit'(0 or 1)

Mark-hold (continuous marking condition) as required
Stop‘element (logical 1; marking condition)

Data bits (low order first transmitted)

Start element (logical 0; spacing condition)

Figure 2 — Typical octet transmission for start/stop transmission
4.5 Intpr-frame time fill
4.5.1 Synchronous transmission

Inter-frame time fill shallbé accomplished by transmitting either contiguous flags or seven to fourteen contiguous "[" bits, or a
combingtion of both.

Selectioh of thednter-frame time fill method depends on systems requirements.

4.5.2 [Staxt/stop transmission

Inter-frame time fill shall be accomplished by transmitting continuous mark-hold condition (logical "1" state) or continuous
flags, or a combination of both.

4.6 Invalid frame

4.6.1 Synchronous transmission

An invalid frame is defined as one that is not properly bounded by two flags or one which is too short (that is, shorter than 24
bits between flags when using the 8-bit FCS, shorter than 32 bits between flags when using the 16-bit FCS, and shorter than 48

bits between flags when using the 32-bit FCS). Invalid frames shall be ignored. Thus, a frame which ends with an all "1" bit
sequence of length equal to or greater than seven bits shall be ignored.
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As an example, one method of aborting a frame would be to transmit 8 contiguous "1" bits.
4.6.2 Start/stop transmission

An invalid frame is defined as one that is not properly bounded by two flags or one that is too short (that is, shorter than 3
octets between flags when using the 8-bit FCS, shorter than four octets between flags when using the 16-bit FCS, and shorter
than six octets between flags when using the 32-bit FCS, excluding octets inserted for transparency), or one in which octet
framing is violated (i.e., a "0" bit occurs where a stop element is expected), or one that ends with a control escape-closing flag
sequence. Invalid frames shall be ignored.

4.6.3 St]:mn'p'hmnﬁrsiuri‘rhrmw timre-out Tecovery
The intra-frame timeout for start/stop transmission is an optional timeout used for recovering from situafions ip which

excessive pleriods of time elapse between transmitted octets within a frame. This time-out function (or equiyvalent) only applies
to a frame [that is being received. The time-out function (or equivalent) is started once the stop bit of anroctet is detepted and
stopped uppn receipt of the start bit of the next octet or when the time-out function (or equivalent) runs-out: The duratipn of the
time-out function (or equivalent) normally will be well within 1 second.

If the timeHout function (or equivalent) runs out, the data stream is scanned for the next opening'flag sequence.
4.7 Exterlsions

4.7.1 Exjtended address field

A single odtet address field shall normally be used and all 256 combinations shall be available.

However, By prior agreement, the address field range can be extended byreserving the first transmitted bit (low-order) of each
address ocfet which would then be set to binary zero to indicate that.the following octet is an extension of the addrgss field.
The format of the extended octet(s) shall be the same as that of the first octet. Thus, the address field may be redqursively

extended. The last octet of an address field is indicted by setting'the low-order bit to binary one.

When extepsion is used, the presence of a binary "1" in the)first transmitted bit of the first address octet indicates that pnly one
address ocftet is being used. The use of address extension thus restricts the range of single octet addresses to 128.

4.7.2 Extended control field

The controf field may be extended by one~or more octets. The extension methods and the bit patterns for the commgnds and
responses dre defined in 5.3 and 5.5.

4.8 Addressing conventions
4.8.1 Gdneral
The followjing convefitions shall apply in the assignment of addresses of data stations for which commands are intendegl.

4.8.2 All-station address

The address field bit pattern TTTTTTTT is defined as the all-station address.
The all-station address shall only be used with command frames, and it shall instruct all receiving data stations to accept and
action the associated command frame. Any response to a command with the all-station address shall contain the assigned

individual address of the data station transmitting the response.

The all-station address may be used for all-station polling. When there is more than one receiving data station for which a
command with the all-station is intended, any responses from these data stations shall not interfere with one another.

NOTE — The mechanism used to avoid overlapping responses to a poll using the all-station address is not specified in this International
Standard.
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The all-station address may be used to determine the data link layer identification (assigned address) of data station(s) when
unknown; for example, in switched or reconfigured situations.

4.8.3

No-station address

The bit pattern 00000000 in the first octet of the extended or non-extended address field is defined as the no-station address.

The no-station address shall never be assigned to a data station.

The no-station address may be used for testing when it is intended that no data station react or respond to a frame containing

the no-s
4.8.4

In additi
address

a) tran

d,I.iUll dddl CSS.
Group addresses

on to an individual assigned address, one or more data stations may be assigned one or more gfoup address
nay be used, for example, for

smitting a frame simultaneously to the assigned group of data stations, or

b) polling the assigned group of data stations.

Any add
may be

A group
address

NOTE -

ress field bit pattern, except the all-station address, the no-station address and any individual address alread
hssigned as a group address.

address may be used for group polling. When there is more than‘ene data station for which a command W
s intended, any responses from these data stations shall not intetfere with one another.

- The mechanism used to avoid overlapping responses to a pollwusing a group address is not specified in this Internationd

4.9 Frgme format field

This optiional field is present only when using the non<basic frame format. When present, it follows the opening flag]

The frar
the forn{
follows:

he format field is 1, 2, or 3 octets (andthay be extended to more) in length and consists of three subfields re
at type subfield, the segmentation subfield and the frame length subfield. The format of the frame forma

Table 1 — Frame format field structures

TYPE 0
MSB LSB
Format FRAME LENGTH
TYPE
1 bit 7 bits

Es. A group

y assigned,

ith a group

1 Standard.

sequence.

ferred to as
field is as

TYPES 1 through 7

MSB LSB
Format FRAME LENGTH & optional
TYPE Segmentation subfield
4 bits 12 bits
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TYPE 8
MSB LSB
Format 000 FRAME LENGTH & optional Segmentation
TYPE subfield
8 bits 3 bits 13 bits

Table 2 — Frame format field encodings

MSB LSB
TypeO | Of L{ L{ L|L|L|L| L LSB
Typel [ 1[{OfOfOf*|L|LJLJL)JLJLJL|L{L{L|IL
Type2 [ 1{OfO|1|*|L|LJLJL)JLJLJL|L{L{L|IL
Type3d [ L|{Of1|Of*|L|LJLJL)JLJLJLIL{L{L|IL
Typed4 [ 1{Of1|1|*|L|LJLJL)JLJLJLIL{L{L|IL
TypeS | 1|{1fo0ofOf*|L|LJLJLJL]JL|L|L|L|L|E
Type6 [ 11O 1|*|L|LJLJL|L]JL|L|L|L[Y¥L
Type7 [ 1| 1|{1|Of*| L|LJLJL|JL]L|L|LNL[L|IL LSB
Expanded, Type8 [ 1| 1| 1]1]0]0]J0]0|O0|O|Of#fE|[{L|{L|{L|{L|L|L|JLJL|L|L|L
L - Length subfield
* - Optional Segmentation subfield

Note 1 — Specific frame formats are specified in Annex\H. As requirements for new frame formats arise Annex H should be anjended to
include thenh. Otherwise, all values of the format type ‘subfield are reserved for future standardization.

Note 2 — Spme frame format types may use the'segmentation subfield. The use of this subfield must be specified as part of its defjnition. If
it is used, it feduces the length of the frame length subfield by one bit.

In the everft that a ninth frame format type is needed (i.e., format type 8), then the frame format field is expanded t¢ a three
octet field here the four most-significant bits of the first octet, starting with the MSB of the field, are all ones (1). The format
type subfie]d is expanded to/8'bits. The 3 most significant bits of the second octet are set to “000”.

4.9.1 Fofrmat typesubfield

that the
c format
: S ; he format
type subfield. A MSB Value of “l” in the frame format fleld Wlth the flrst four bits of the frame format ﬁeld equal to “1111”
designates the frame format as a three-octet field, the most significant octet of which is the format type subfield. The frame
format field may be extended in this manner if the need arises. The encodings of the types are shown above.

4.9.2 Frame length subfield

If the MSB of the frame format field is “0”, then the frame length subfield is the next 7 bits. If the MSB of the frame format
field is “1” and the four most significant bits are not “1111”, then the frame length subfield is the last 12 bits (11 if the optional
segmentation subfield is used). If the MSB of the frame format field is “1” and the four most significant bits are “1111”, then
the frame length subfield is the last 13 bits (12 if the optional segmentation subfield is used). (The definition of the frame
format types shall specify whether or not they use the segmentation subfield and, therefore, have an 11 bit, 12 bit, or 13 bit
frame length subfield.)
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The value of the frame length subfield is the count of octets in the frame excluding the opening and closing flag sequences.
The value of the frame length subfield does not included any bits inserted for transparency. A frame length subfield value of
“0” is a means of indicating a frame abort. A frame length subfield value of “1”, “2”, “3”, or “4” shall be interpreted as an
invalid frame.

The frame length subfield allows the use of the bit or octet insertion methods for transparency to be avoided, if so desired (see
6.15.24).

4.9.3 Segmentation subfield

The segprentatromsubfretdoftbitfoltowstheformmat typesubtfretd-amdf present reducesthetengthrsubfretd-byomg bit. When
the segmientation field is present, the field is used as follows:

1) | All DLSDUs transmitted shall have the segmentation algorithm applied. The algorithm shall be applied o DLSDUs
which fit in a single HDLC frame or those which must be transmitted as a sequence of HDLC frames.

2) | The final HDLC frame of a DLSDU shall be sent with segmentation subfield set to 0.

3) | When DLSDUs must be transmitted in multiple HDLC frames, all except the final JDLC frame of the DLSDU shall
be sent with their segmentation subfield set to 1.

4) | The HDLC window sequence numbers guarantee that all segments are sent/received in order and that lo$t segments
can be detected.

5 HIDLC elements of procedures
5.1 Data link channel states

5.1.1 |Active data link channel state
5.1.1.1 General

A data link channel is in an active state when, tli¢) primary/control station, a secondary/tributary station or a combined/peer
station if actively transmitting a frame, a single abort sequence, or interframe time fill. In the active state, the right [to continue
transmigsion shall be reserved.

5.1.1.2 Abort

5.1.1.2.1 Synchronous transmission
Aborting a frame shall be"aceomplished by transmitting at least seven contiguous "1" bits (with no inserted "0" bits) to end the
frame. Receipt of sevén-contiguous "1" bits shall be interpreted as an abort and the receiving data station shall ignore the

frame.

NOTE — If more-than seven "1" bits are sent to abort, care should be taken because if 15 or more "1" bits are sent, including those already
transmittpd,at the time of the decision to abort, an idle data link channel state will result.

5.1.1.2.2 Start/stop transmission

Aborting a frame shall be accomplished by transmitting the two-octet sequence "control escape-closing flag". Receipt of this
sequence shall be interpreted as an abort and the receiving data station shall ignore the frame.

5.1.1.3 Interframe time fill
5.1.1.3.1 Synchronous transmission

Interframe time fill shall be accomplished by transmitting contiguous flags between frames.
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5.1.1.3.2

Start/stop transmission

Interframe time fill shall be accomplished by the transmission of either continuous flags or marking condition (logical "1"
state) between frames. Selection of the interframe time fill method depends on systems requirements.

5.1.14

5.1.14.1

There is no

Intraframe time fill
Synchronous transmission

provision for time fill within a frame.

5.1.14.2

Inter-octet
There is ng

NOTE — A
time fill wit
mark-hold ¢
thus far) are

5.1.2 Idle data link channel state

5.1.2.1
A data linl
detection o
right to cor

5.1.2.2

A data link
system-spe

5.2 Modes

Three oper|
52.1 Oy
The three g
a) norma
b) asynch

c) asynch

Start/stop transmission

time fill within a frame shall be accomplished by transmitting continuous mark-hold condition-(logical "
provision for time fill within an octet (i.e., between the start element and stop element).

receiving station may choose to operate a system-defined time-out function for the purpose of determining excessive i
hin a frame. This time-out function, if used, is started when inter-octet time fill is first detected and is stopped (reset)
bndition ceases. Actions to be followed upon expiration of the time-out function (e.g., discardifg of octets of the framd
beyond the scope of the International Standard.

Synchronous transmission
k channel is in an idle state when a continuous "1" state is detected that has persisted for at least 15 b
f the idle state at the data link layer shall be considered to indicate that the remote data station has relinqu
tinue transmission.

Start/stop transmission

channel is in the idle state when a continuous-mark-hold condition persists for the period of time determi
cified time-out function. The duration of this timer is not a subject of this International Standard.

htional modes and three non-operational modes are defined.
erational modes
perational modes are:
response mode (NRM);
ronous €esponse mode (ARM); and

renous balanced mode (ABM).

" state).

hter-octet
when the
received

it times;
ished its

hed by a

5.2.11

Normal response mode (NRM)

In NRM, which is an unbalanced data link operational mode, the secondary station shall initiate transmission only as the result
of receiving explicit permission to do so from the primary station. After receiving permission, the secondary station shall
initiate a response transmission. The response transmission shall consist of one or more frames while maintaining an active
data link channel state. The last frame of the response transmission shall be explicitly indicated by the secondary station.
Following indication of the last frame, the secondary station shall stop transmitting until explicit permission is again received
from the primary station.
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Asynchronous response mode (ARM)

In ARM, which is an unbalanced data link operational mode, the secondary station may initiate transmission without receiving
explicit permission to do so from the primary station. Such an asynchronous transmission may contain single or multiple
frames and shall be used for information field transfer and/or to indicate status changes in the secondary station (for example,
the number of the next expected information frame, transition from a ready to a busy condition or vice versa, occurrence of an
exception condition).

5.2.13

In ABM
initiate 1
asynchr

indicate
fromar

5.2.2

The thrd

a) normal disconnected mode (NDM);

b) asy
c) init]

The dis
logically
initializ4
either in|

These ty
data linK

a) uniptended contention in ARM;

b) seqyience number mismatch between'the primary station and the secondary station, or between combined statioi)s;

c) amt
A secorn
disconn
conditio

The sec

a) acc

Asynchronous balanced mode (ABM)

esponse frame transmission without receiving explicit permission to do so from the other combined statid
nous transmission may contain single or multiple frames and shall be used for information field fransfe
status changes in the combined station (for example, the number of the next expected information/frame
pady to a busy condition or vice versa, occurrence of an exception condition).

Non-operational modes

e non-operational modes are:

ichronous disconnected mode (ADM); and

alization mode (IM).

tonnected modes (NDM and ADM) differ from the operational modes in that the secondary/combine
disconnected from the data link; i.e., no information.(I)”or supervisory frames are transmitted or acd

tion mode (IM) differs from the operational modes in that the secondary/combined station data link control

need of regeneration or is in need of an exchange of;the parameters to be used in an operational mode.

vo disconnected modes (NDM and ADM) are provided to prevent a secondary/combined station from apped
in a fully operational mode during unusualsituations or exception conditions since such operation could ca

iguity in the primary/combined station as to the status of the secondary/other combined station.

dary station shall be,system predefined as to the condition(s) that causes it to assume a disconnected
cted mode (NDM or ADM) shall also be system predefined. A combined station shall be system predefin
n(s) that causesdtto assume the asynchronous disconnected mode (ADM).

ndary station capability in a disconnected mode shall be limited to:

bpting’ and responding to one of several appropriate mode-setting commands [set normal response mode (§

—whichts-a-bat et ot — bimed . i ] ime and may

n. Such an
r and/or to
, transition

| station is
epted. The
program is

ring on the
use:

mode. The
bd as to the

NRM), set

asy

1 o QA RAA 1 1 L CATRA A 1
ICHTOTTOUS TTSPOITST MTOUT (SZTNIVE); ST TOTIITAl TCSPUITST MIoUT CXtemaet (SINKNIVIT ;ST as yTIcT oo us 1esponse mode

extended (SARME), set mode (SM) or set mode (SM) with the mode in the optional information field selected as normal
response mode or asynchronous response mode, set initialization mode (SIM), and disconnect (DISC)];

b) accepting and responding to an exchange identification (XID) command;

¢) accepting and responding to a test (TEST) command;

d) accepting and responding to an unnumbered poll (UP) command;

e) transmitting a disconnected mode (DM), request initialization mode (RIM), exchange identification (XID), or request
disconnect (RD) response frame at a respond opportunity to solicit a specific action on the part of the primary station;
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f) accepting an unnumbered information (UI) command; and
g) transmitting a Ul response at a respond opportunity.

The capability of a combined station, as a receiver of commands, in the asynchronous disconnected mode, shall be the same as
that stated above for a secondary station [appropriate mode setting commands for a combined station include the set
asynchronous balanced mode (SABM), set asynchronous balanced mode extended (SABME), set mode (SM) or SM with the
mode in the optional information field selected as balanced mode, SIM and DISC commands]. In addition, since the combined
station has the ability to transmit commands at any time, the combined station may transmit an appropriate mode setting, XID,
UI or TEST command.

A secondafy/combined station in a disconnected mode (NDM or ADM) shall, as a minimum capability, be.capable of
generating the DM response with the F bit set to "1" in response to a command frame received with the P bit set toy"*1".

A secondafy/combined station in a disconnected mode (NDM or ADM) receiving a DISC command skall-respond [with the
DM resporjses. A secondary/combined station in the initialization mode receiving a DISC commang,shall respond with the
unnumbered acknowledgement (UA) response if it is capable of actioning the command. A seconddry/Command station in an
operational mode receiving a DISC command shall respond with the UA response.

Examples ¢f possible conditions (in addition to receiving a DISC command) which shall ¢ause a secondary/combinefl station
to enter a disconnected mode are:

a) the sedondary/combined station power is turned on, or restored following a temporary loss of power;
b) the sedondary/combined station data link layer logic is manually reset; arid

¢) the seqondary/combined station terminal is manually switched fromia“local (home) condition to a connected-on-the-data-
link (op-line) condition.

A secondaty/combined station in a non-operational mode shall not establish a frame reject exception condition.
5.2.2.1 Normal disconnected mode (NDM)

In NDM, which is an unbalanced data link non-operational mode, the secondary station shall be logically disconnected from
the data lirfk and shall, therefore, not be permitted/to accept information in I command frames or to transmit informdtion in I
response ffames. The secondary station shall, however, be permitted to accept information in Ul command framep and to
transmit information in Ul response frames: The secondary station has normal mode respond opportunity and shall initiate a
single franje response transmission, indicating its status, as a result of receiving a command frame with the P bit set to "1";
optionally, |it may initiate such a respense as the result of receiving a UP command with the P bit set to "0".

In this modle, a secondary statien shall action only mode setting, XID, Ul and TEST commands. Mode setting cofnmands,
except the| DISC command, )that can be actioned shall be responded to with the UA response at the earliest |respond
opportunity. An XID or"TEST command that can be actioned shall be responded to with the XID and TEST response,
respectively, at the earli€st respond opportunity. Receipt of an implemented mode setting, XID or TEST command thdt cannot
be actioned, or receiptvof any other command (except a Ul command) with the P bit set to "1", shall cause a secondarjy station
in NDM t¢ respond at the earliest respond opportunity with the DM response, or, if the secondary station determines it is
unable to flinction, with the RIM response Recelpt of a UI command with the P bit set to "1" shall cause a secondary jtation in
NDM to respos he-earhest+e h 8 e h 8 e h—a—F PERSC

case where an 1mplemented mode setting, XID or TEST command has been recelved but cannot be actioned or a status
condition is to be reported, a UP command with the P bit set to "0" shall cause a secondary station in NDM to respond with a
DM or RIM response, as appropriate. Any command with the P bit set to "0", other than the implemented mode setting, XID,
UL, TEST or UP commands as described above, may be ignored by the secondary station in NDM.

5.2.2.2 Asynchronous disconnected mode (ADM)

In ADM, which is an unbalanced data link or balanced data link non-operational mode, the secondary/combined station shall
be logically disconnected from the data link and shall, therefore, not be permitted to accept information in I command frames/I
command or response frames, respectively, or to transmit information in I response frames/I command or response frames,
respectively. The secondary/combined station shall, however, be permitted to accept information in Ul command frames/UI
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command or response frames, respectively, or to transmit information in Ul response frames/Ul command or response frames,
respectively. The secondary station, or combined station as a receiver of commands, has asynchronous mode respond
opportunity and may initiate a response transmission in two-way alternate exchange upon detection of an idle data link channel
state, and in two-way simultaneous exchange at any time. Such a response transmission shall only consist of a Ul response
frame, a request for a mode setting command (DM), a request for exchange of identification (XID), or a request for
initialization (RIM) if the secondary station, or combined station as a receiver of commands, determines it is unable to
function. The combined station, as a transmitter of command frames, is also permitted to send a Ul command frame at any
asynchronous mode respond opportunity.

In this mode a secondary station, or combined station as a receiver of commands, shall action only mode setting, XID, UI and

TEST ¢

ith the UA

responss
XID or
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shall be|
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mmands—Modesetting-ecommands;exeeptthe DISCeommand;-thatean-be-aetioned-shall-beresponded-to—y
at the earliest respond opportunity. An XID or TEST command that can be actioned shall be responded
TEST response, respectively, at the earliest respond opportunity. Receipt of an implemented mode-setti
bmmand that cannot be actioned, or receipt of any other command (except a Ul command) with.the P bif
responded to with a DM response, or, if the secondary station, or combined station as a meceiver or

jes it is unable to function, with the RIM response. Receipt of a Ul command with the P bit set to "1" sh

IM response. Any command with the P bit set to "0", other than the implemented mode setting, XID, UI, T
ds as described above, may be ignored by the secondary/combined station in ADM.,

a combined station is also a generator of commands, it can terminate a discorinected mode at any time by t
bpriate mode setting command (SABM, SABME, SM or SM with the mode in the information field
I mode, or SIM). Such action can be taken spontaneously or as a restlt of transmission received fron
d station (for example, a DM or RIM response).

Initialization mode (IM)

vhich is an unbalanced data link or balanced data link non<operational mode, a secondary/one combined

trol program may be initialized or generated by the primary/other combined station action, or other paran
the operational mode may be exchanged. IM is inveked when the primary/one combined station concl
'y/other combined station is operating abnormally+and needs its data link control program corrected, and fo
ary/other combined station data link control program. Similarly, a secondary/one combined station may def]
b function due to program checks and request IM to obtain a good program from the primary/other combine

dary/combined station shall enter IM{ upon sending a UA response, at its system predefined respond opp,
to the receipt of a SIM command: A secondary/combined station may request a SIM command by send
. In IM, the primary/one combined station and a secondary/other combined station may exchange inform:
mined manner specified for that secondary/each combined station (for example, UI or I frames).

be terminated when a-secondary/combined station receives and acknowledges (via a UA response) one
tting commands, or-when entering the disconnected mode caused by internal constraints such as loss of pow

ntrol field formats

General

to with the
hg, XID or
set to "1",
commands,
all cause a

'y/combined station in ADM to respond at the earliest respond opportunity with a UI response, with a DM 1esponse, or

EST or UP

ransmitting
selected as
n the other

tation data
heters to be
hdes that a
upgrading
ermine it is
[l station.

ortunity, in

ing a RIM
htion in the

f the other
er.

nformation

The thr¢eAformats defined for the basic (modulo 8) control field (see table 3) are used to perform numbered
transfer,lay : i AU . sRctions-an aay ; nati o
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Table 3 — Control field formats for modulo 8

Control field bits*
Control field format for
2 3 4 5 6 7
Information transfer command/ response (I format) N(S) P/F N(R)
Supervisory commands/ responses (S format) 0 S S P/F N(R)
Unnumbered commands/ responses (U format) M M P/F M M

The contro
of I frames
for the infi
the unnum

In table 4,

The contro
frames and|
for the infi
the unnumf

supervisory function bit

modifier function bit

transmitting send sequence number (bit 2 = low-order bit)

transmitting receive sequence number (bit 6 = low-order bit)

poll bit — primary station or combined station command frame transmissions/final bit —secondary station or d
station response frame transmissions (1 = poll/final)

| field may be extended by the addition of a second contiguous octet immediately following the basic con
and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 128. Control field e}
rmation transfer command/response format (I format), the supervisory cemmand/response format (S forn
ered command/response format (U format) shall be as shown in table-4¢

Table 4 — Control field formats for'modulo 128

Control Control fi€ld bits
field
format First octet Second octet
for 20 345 |e 7] 8910|112 13]14]15]16
I format N(S) P/F N(R)
S format 0 S |S Jkxx |x | x|PF N(R)
U format 1 M|M|PFIM|M|M

k bits are reserved and set tg™'Q" Bit 2 and bit 10 shall be the low-order bits of the sequence numbers.

field may be extended-by the addition of three contiguous octets immediately following the basic control

supervisory frames.-This capability shall provide for an N(S) and N(R) of modulo 32 768. Control field ¢
rmation transfer{command/response format (I format), the supervisory command/response format (S forn
ered command{response format (U format) shall be as shown in table 5.

Table 5 — Control field formats for modulo 32 768

ombined

rol field
xtension
hat), and

field of 1
xtension
nat), and

In table 5, the x bits are reserved and set to "0". Bit 2 and bit 18 shall be the low-order bits of the sequence numbers.

26

Control Control field bits
field -
format First two octets Second two octets
for 2 3 4 516 71 81 9----16| 17 |18 -++-vvevveeernn. 32
I format N(S) P/F N(R)
S format O] SIS x [|x|x]|x]|[x--- x |P/F N(R)
U format I1{M|M|PFIM|M|M
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The control field may be extended by the addition of seven contiguous octets immediately following the basic control field of 1
frames and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 2 147 483 648. Control field
extension for the information transfer command/response format (I format), the supervisory command/response format (S
format), and the unnumbered command/response format (U format) shall be as shown in table 6.

Table 6 — Control field formats for modulo 2 147 483 648

Control Control field bits
field
format First four octets Next four octets
for 1] 2 3141 5|6 71 81 9---32 133|340 eceiiiiiiit, 64
I format | O N(S) P/E N(R)
Sformat| 1| 0| S |sS|x [x|x|x]|x--- x|PF N(R)
Uformatf] 1 1| M| M|PF[M | M| M

In table p, the x bits are reserved and set to "0". Bit 2 and bit 34 shall be the low-order bits of the $equence numbers
5.3.2 [Information transfer (I) format

The I fqrmat is used to perform an information transfer. The functions of N(S),-N(R) and P/F are independent; |i.e., each |
frame shall have an N(S) sequence number, an N(R) sequence number which miay or may not acknowledge additiogal I frames
at the refeiving data station, and a P/F bit that may be set to "1" or "0".

5.3.3 Supervisory (S) format

The S format is used to perform data link supervisory control~functions such as acknowledging I frames,| requesting
retransnjission of I frames, and requesting a temporary suspension of transmission of I frames. The functions of N(R) and P/F
are independent; i.e., each S format frame shall have an N(R),Sequence number which may or may not acknowledgg¢ additional
I frames]at the receiving data station, and a P/F bit that may be set to "1" or "0".

5.3.4 [Unnumbered (U) format

The U fprmat is used to provide additional data’link control functions and unnumbered information transfer. This format shall
contain jno sequence numbers, but shall include a P/F bit that may be set to "1" or "0". Five "modifier" bit p¢sitions are
available, this allowing definition of upt0~32 additional command functions and 32 additional response functions.

5.4 Control field parameters
54.1 Modulus

Each I frame shall be,.sequentially numbered with a number which may have the value 0 to modulus minus one inclusive
(where fodulus is'the modulus of the sequence number). The modulus equals 8, 128, 32 768, or 2 147 483 648. The sequence
numberq cycle flirough the entire range. The control field formats for modulo 8 are shown in table 3. The control figld formats
for moduloA28 are shown in table 4. The control field formats for modulo 32 768 are shown in table 5. The cpntrol field
formats [formodulo 2 147 483 768 are shown in table 6.

The maximum number of sequentially numbered I frames that a primary, secondary or combined station may have outstanding
(i.e., unacknowledged) at any given time (sometimes known as a “window” size) shall never exceed one less than the modulus
of the sequence numbers. This restriction is to prevent any ambiguity in the association of transmitted I frames with sequence
numbers during normal operation and/or error recovery action.

NOTE — The number of outstanding I frames may be further restricted by the data station frame storage capability; for example, the number
of I frames that can be stored for transmission and/or retransmission in the event of a transmission error. Optimum data link efficiency can
only be obtained, however, if the minimum data station frame storage capacity is sufficient for the maximum anticipated round trip
transmission delay.
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5.4.2 Frame state variables and sequence numbers
54.2.1 General

In HDLC operations, each data station shall maintain an independent send state variable V(S) and an independent receive state
variable V(R) for the I frames it sends to and receives from another data station. Each secondary station shall maintain a V(S)
for the I frames it transmits to the primary station and an V(R) for the I frames it correctly receives from the primary station. In
the same manner, the primary station shall maintain an independent V(S) and V(R) for I frames sent to and received from,
respectively, each secondary station on the data link. Each combined station shall maintain a V(S) for the I frames it transmits
to the other combined station, and a V(R) for the I frames it correctly receives from the other combined station.

5.4.2.2 Send state variable V(S)

The send sfate variable denotes the sequence number of the next in-sequence I frame to be transmitted. The-send state|variable
can take the value 0 to modulus minus one inclusive (where modulus is the modulus of the sequence numbeéring scheme and
the numbefs cycle through the entire range). The value of the send state variable shall be incremented by one wjith each
successive [l frame transmission, but shall not exceed N(R) of the last received frame by more than modulus minus one

5.4.23 Send sequence number N(S)

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

5.4.24 Receive state variable V(R)

The receivg state variable denotes the sequence number of the next in-sequence I frame expected to be received. Thg receive
state varialjle can take the value 0 to modulus minus one inclusive (whetemodulus is the modulus of the sequence numbering
scheme and the numbers cycle through the entire range). The value of the receive state variable shall be incremented by one on
receipt of dn error-free, in-sequence I frame whose send sequence number N(S) equals the receive state variable.

5.4.2.5 Receive sequence number N(R)

All T framgs and S format frames shall contain N(R) which with the exception of the selective reject (SREJ) supervisofy frame
with the P/F bit set to "0" shall indicate the N(S) sequehce number of the next expected I frame.

With this gxception, prior to transmission ofian-l frame or S format frame, the N(R) shall be set equal to the current [value of
the receivq state variable. The N(R) indicates that the station transmitting the N(R) has correctly received all | frames

numbered yip to N(R) - 1 inclusive.

In the case|of the SREJ frame with-the P/F bit set to "0", the N(R) indicates only that the I frame with N(S) equal to IN(R) has
not been refeived.

As more than one SREI] frame with the P/F bit set to "0" may be outstanding at any one time, it is necessary to ensur¢ that all
non-received I frameg-aré ultimately correctly received. This may be achieved by multiple variable counters or by othef means.

(See 5.5.2.4 fordefinition of the use of the SREJ command and response.)

5.4.3 PU :/ﬂua; (P/’F) ‘u;i

The poll (P) bit set to "1" shall be used by the primary/combined station to solicit (poll) a response or sequence of responses
from the secondary station(s)/combined station.

The final (F) bit set to "1" shall be used:

a) by a secondary station in NRM to indicate the final frame transmitted as the result of a previous soliciting (poll) command;
and

b) by a secondary station in ARM and by a combined station in ABM to indicate the response frame transmitted as the result
of a soliciting (poll) command.
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The poll/final (P/F) bit shall serve a function in both command frames and response frames. (In command frames, the P/F bit is
referred to as the P bit. In response frames, it is referred to as the F bit.)

5.4.3.1 Functions of the poll bit

5.4.3.1.1 General

The P bit set to '1" shall be used to solicit a response frame with the F bit set to "1" from the secondary/combined station.

On a data link, only one frame with a P bit set to "1" shall be outstanding in a given direction at a given time. Before a
primaryfcombimed statiom Tssuesanotier framewiththeP-bitsetto— 11t statttave Tecetved @ Tespomseframe  from the

secondaly/combined station with the F bit set to "1". If no valid response frame is obtained within a system-defingd time-out
period, the retransmission of a command with the P bit set to "1" for error recovery purposes shall be permittéd:

5.4.3.1.2 Functions of the poll bit in NRM

In NRM, the P bit shall be set to "1" to solicit response frames from the secondary station. Thexs€écondary statign shall not
transmit|until it receives either a command frame with the P bit set to "1" or a UP command.

The secpndary station may send I frames upon receipt of an I frame with the P bit set(t9"'1", certain S frames (RR, REJ or
SREJ) with the P bit set to "1", a Ul command with the P bit set to "1", or a UP command with the P bit set to "1" o1 "0".

5.4.3.1.3 Functions of the poll bit in ARM and ABM

In ARM and ABM, the P bit set to "1" shall be used to solicit a response, at the earliest respond opportunity, with the F bit set
to n 1 n .

NOTE +— For example, if the primary/combined station requires\positive acknowledgement that a particular cojmmand has
been redeived, it sets the P bit in the command to "1". This forces*a response from the secondary/combined station as described
in 5.4.3]L.6.

5.4.3.2 Functions of the final bit
5.4.3.2.] General

A respopse frame with the F bit set to "1\ _shall be used by the secondary/combined station to acknowledge the feceipt of a
commar]d frame with the P bit set to "'

5.4.3.2.2 Functions of the final bit in NRM

In NRM, if the right to transmit was acquired by the receipt of a P bit set to "1", then the secondary station shall set|the F bit to
"1" in the last frame of ifs.zesponse transmission. If the right to transmit was acquired by the receipt of a UP command with the
P bit sef to "0", then-the secondary station shall set the F bit to "0" in each frame (including the last frame) of its response
transmigsion.

Following transmission of the last frame of its response transmission, the secondary station shall stop transmitting uptil either a
subsequprt-command frame with a P bit set to "1" is received, or a UP command is received.

54.3.2.3 Functions of the final bit in ARM and ABM

In ARM and ABM, the secondary station and the combined station, respectively, may transmit response frames with the F bit
set to "0" at any respond opportunity on an asynchronous basis. Following the receipt of a command frame and the P bit set to
"1", the secondary/combined station shall initiate transmission of a response frame with the F bit set to "1" at the earliest
respond opportunity.

In the case of a two-way simultaneous communication where the secondary/combined station is transmitting when the

command frame with the P bit set to "1" is received, the F bit shall be set to "1" in the earliest possible subsequent response
frame to be transmitted.
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In ARM and ABM, the transmission of a response frame with the F bit set to "1" shall not require the secondary station or the
combined station, respectively, to stop transmitting response frames. Additional response frames may be transmitted following
the frame which had the F bit set to "1". Thus, in ARM and ABM, the F bit shall not be interpreted as the end of transmission
by the secondary station or the combined station, respectively; it shall only be interpreted as indicating the response frame
from the secondary/combined station sent as a reply to the previous command frame received with the P bit set to "1".

In ABM, if a combined station receives a command with the P bit set to "1", transmission of a response with the F bit set to "1"
shall take precedence over transmission of commands, with the exception of the mode setting commands (SABM or SABME
or SM, SIM, DISC) and the reset (RSET) command.

5.4.3.3

5.4.3.3.1

As the P ar
be issued u
P bit is rec
I frame ret
and indicat}
N(R) of a g
previously

5.4.3.3.2

In NRM, tl
bit set to "
at least all
transmitted

5.4.3.3.3

In ARM, t
secondary/
transmitted
secondary/

5.4.3.34

In ABM, tl
station to i
combined
with the P

5434

The applic
two-way al

> > > 1 o L2 1
Useof- the PAFbit-toassistimerrorrecovery-(seeatso5:6:22H
General

d F bits set to "1" are always exchanged as a pair (for every P bit there shall be one F bit, and another P bit
ntil the previous P bit has been matched with an F bit, and, similarly, another F bit shall not‘beissued unti
pived), the N(R) contained in a received frame with a P bit (see 5.6.2.1h) or F bit set to "1'hcan be used to dq
ansmission is required. This capability provides early detection of I frames not received, by the remote daf]

orrectly received I frame or S format frame, except for a SREJ frame with the P/K bit set to "0", shall ackn|
transmitted I frames to N(R) - 1 inclusive.

Checkpointing in NRM

ic N(R) of a received I, receive ready (RR) or receive not ready (RNNR) command/response frame which ha

" shall cause the secondary/primary station to initiate appropriate error recovery if the N(R) does not ackn
I frames transmitted by the secondary/primary station previousito, and concurrent with, the last frame wl
by the secondary/primary station with the F/P bit set to "1'¢

Checkpointing in ARM

he N(R) of a received I, RR or RNR command/rfesponse frame which has the P/F bit set to "1" shall ¢
brimary station to initiate appropriate error<recovery if the N(R) does not acknowledge at least all
by the secondary/primary station previous:to, and concurrent with, the last frame which was transmitte
brimary station with the F/P bit set to 1"\

Checkpointing in ABM

e N(R) of a received I, RR 0r)RNR response frame which has the F bit set to "1" shall cause the received ¢
hitiate appropriate error recovery if the N(R) does not acknowledge at least all I frames transmitted by the 1
tation previous to, and concurrent with, the last frame which was transmitted by the receiving combine
hit set to "1".

Summary of P/F bit functions

bility of-the¢ P/F bit functions in the three operational modes (NRM, ARM, and ABM) and on data links en
ternatéand two-way simultaneous data communication is summarized in table 7.

shall not

another
tect that
A station

es the frame sequence number where retransmission shall begin. This capability is réferred to as checkpointing. The

pwledge

the P/F
pwledge
nich was

ause the
frames
i by the

bmbined
cceiving
[ station

iploying

30

rapic /—F/I DI Tuncuons

Operational mode NRM ARM ABM
Data Communication TWA | TWS | TWA [ TWS | TWA TWS
P/F bit in command/ response P/F P/F P/F P/F P/F P/F
Solicit information x/ x/

Last frame indication X/X /x

Solicit supervisory or unnumbered response x/ X/ X/ x/ X/ X/
Checkpointing X/X X/X X/X X/X X/X X/X
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Key:
x indicates that the function is applicable
TWA — two-way alternate

TWS — two-way simultaneous

5.5 Commands and responses

The set of commands and responses is summarized in table 8.

Table 8 — Commands and responses

Information transfer format commands

Information transfer format responses

I - Information

I - Information

Supervisory format commands

Supervisory format responses

RR - Receive ready
RNR - Receive not ready
REJ - Reject

SREJ - Selective reject

RR - Receive ready
RNR - Receive not ready
REJ - Reject

SREJ - Selective peject

Unnumbered format commands

Unnumbered format responses

SNRM - Set normal response mode

SARM - Set asynchronous response mode
SABM - Set asynchronous balanced mode
DISC - Disconnect

SNRME - Set normal response mode extended

SARME - Set asynchronous response mode
extended

SABME - Set asynchronous balanced mode
extended

SIM - Set initialization mode
UP - Unnumbered poll

UI - Unnumbered information
XID - ExXchange identification
RSEE-Reset

TBST - Test

SM - Set Mode

UIH - Unnumbered information with header

UA - Unnuinbered acknowledgement
DM Disconnected mode

RIM - Request initialization mode
RD - Request disconnect

UI - Unnumbered information

XID - Exchange identification
FRMR - Frame reject

TEST - Test

UIH - Unnumbered information with header

check

check

5.5.1 Information transfer format command and response

The function of the information, I, command and response shall be to transfer sequentially numbered frames, each containing
an information field, across a data link.

The encoding of the I command/response control field shall be as shown in figure 3a for modulo 8 numbering, in figure 3b for
modulo 128 numbering, in figure 3¢ for modulo 32 768 numbering and in figure 3d for modulo 2 147 483 648 numbering.
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h First bit transmitted

1 2 3 4 5 6 7 8
0 N(S) P/F N(R)
Information Receive
transfer sequence number
format ~ Send sequence . (0to7)
number (poll)
(0to7)

Response
I

(final)

}7 First bit transmitted

9 10111213 141516

1 2345678

Figure 3a — Information transfer format of control field bits for modulo 8 numbering

0 N(S) P/F N(R)
Information Receive
transfer sequence number
format  Send sequence command (0to 127)
number (pOH)
(010 127) " Response
(final)

Figure 3b — Information transfer format of controlfield bits for modulo 128 numbering

h First bit transmitted

1 2345 68 9-16 17 1819 - 32
0 N(S) P/F N(R)
Information Send sequence Command Receive
transfer number (poll)  sequence number
format (0to 32 767) Response (0 to 32 767)
(final)

Figure 3¢ — Information transfer format of control field bits for modulo 32 768 numbering

}7 First bit transmitted

1 23456 78 9-32 33 3435 - 64
0 N(S) P/F N(R)
Information Send sequence Command
transfer number (poll) )
format (0to 2 147 483 647) Response Receive

Figure 3d — Information transfer format of control field bits for modulo 2 147 483 648 numbering

The I frame control field shall contain two sequence numbers.

(final) sequence number

(0 to 2 147 483 647)

a) N(S), send sequence number, which shall indicate the sequence number associated with the I frame; and

32
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b) N(R), receive sequence number, which shall indicate the sequence number (as of the time of transmission) of the next
expected I frame to be received, and consequently shall indicate that the I frames numbered up to N(R) - 1 inclusive
have been received correctly.

(See 5.4.3 for a description of the functions of the P/F bit.)

5.5.2

Supervisory format commands and responses

Supervisory, S, commands and responses shall be used to perform numbered supervisory functions such as acknowledgement,
polling, temporary suspension of information transfer, or error recovery.

Frames
at the re
for the
selected

The enc
4b for 1
numberi

with the S format control field shall not increment the send state variable at the transmitter or the receiye st
ceiver. RR, RNR and REJ frames shall not contain an information field. SREJ frames may contain ad.infort
purpose of identifying additional I frames in need of retransmission when the multi-selectiye-reject p

bding of the S format command/response control field shall be as shown in figure 4a for modulo 8 numberin
nodulo 128 numbering, in figure 4c for modulo 32 768 numbering, and in figure (4d for modulo 2 14
ng. In figures 4a thru 4d, the SS bits define the following command and response supérvisory functions:

Commands SS Responses
RR - Receive ready 00 RR - Receive ready
REJ - Reject 01 REJ - Reject

RNR - Receive not 10 RNR - Receive not
ready ready

SREJ - Selective reject() 11 SREJ - Selective reject

}7 First bit transmitted

1 2 3 4 5 6 7 8
{1 0| s s |pF| N(R) |
Supervisory

Command Receive

(poll)  sequence number
Response (0to7)
(final)

format

Supervisory
function

Figure 4a — Supervisory format of control field bits for modulo 8 numbering

hte variable
nation field
rocedure is

g, in figure
7 483 648

h First bit transmitted

12 3 4 56738 9 10 - 16
[1ofs s[xxxx]pF| NR) |
Supervisory Command Receive
format (poll)  sequence number
Supervisory Response (0to 127)
function (final)

Figure 4b — Supervisory format of control field bits for modulo 128 numbering
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’7 First bit transmitted

12 3 4 5 o 16 17 18 - 32
[1 0]s s|x—nr x | PF | NR) |
Supervisory Command Receive
format (poll)  sequence number
Supervisory Response (0 to 32 767)
function (final)

An S form:
N(R) shall

Figure 4c — Supervisory format of control field bits for modulo 32 768 numbering

h First bit transmitted

12 3 4 5 - 32 33 34 --- 64
[1o]s s][x—- x | PF | N(R) |
Supervisory Command _
format (poll) Receive
Supervisory Response sequence number
function (final) (0 to 2 147 483 647)

Figure 4d — Supervisory format of control field bits for modulo 2 147 483 648 numbering

it frame shall contain an N(R), receive sequence number. Except\for the SREJ frame with the P/F bit set to
indicate, at the time of transmission, the sequence numbei.of the next expected I frame to be recei

consequently shall indicate that all received I frames numbered up to N(R) - 1 inclusive have been received correctly.

The primar
secondary/

(See 5.4.3

5.5.2.1

The receiv
a) indi
b) acki

When trans
of an RNR

5.5.2.2

fombined station indicating its status.

for a description of the functions of the P/F bit)

Receive ready, RR, (S bits = 00) command and response

b ready, RR, frame shall be used‘by a data station to

ate that it is ready to receive-an I frame(s); and

owledge previously-received I frames numbered up to N(R) - 1 inclusive.

mitted, the RRframe shall indicate the clearance of any busy condition that was initiated by the earlier tran
frame by the'same data station. (See 5.6.1.)

Reject;"REJ, (S bits = 01) command and response

uon’ the
ed, and

y/combined station may use the S format command frames with the P bit set to "1" to solicit responses fronj (poll) a

Emission

The reject,

REI1 _frame-shall be used by a data station to-reauest retransmission-ofl frames startine wiath the frame n
) J he o

mbered

N(R). I frames numbered N(R) - 1 and below shall be considered as acknowledged. Additional I frames awaiting initial
transmission may be transmitted following the retransmitted I frame(s).

With respect to each direction of transmission on the data link, only one REJ exception condition from a given data station to
another data station shall be established at any given time. A REJ frame shall not be transmitted until an earlier REJ exception
condition or all earlier SREJ exception conditions have been cleared as indicated in 5.6.2.2, 5.6.2.3 and 5.6.2.4.

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.
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Receive not ready, RNR, (S bits = 10) command and response

The receive not ready, RNR, frame shall be used by a data station to indicate a busy condition; i.e., temporary inability to
accept subsequent I frames. I frames numbered up to N(R) - 1 inclusive shall be considered as acknowledged. The I frame
numbered N(R) and any subsequent I frames received, if any, shall not be considered as acknowledged; the acceptance status

of these

55.24

frames shall be indicated in subsequent exchanges.

Selective reject, SREJ, (S bits = 11) command and response

The selective reject, SREJ, frame shall be used by a data station to request retransmission of one or more (not necessarily

contigug
retransny
followin
addition|

a) one

b) one
con|

itted (not yet reported by a SREJ frame) and, if the multi-selective reject procedure is invoked, the inforn
2 the control field shall contain the identity of additional I frame(s), if any, in need of retransmission The
bl [ frames in need of transmission shall be indicated by either —

entry for every I frame in need of retransmission, or

entry for every standalone I frame in need of transmission plus a span list for,eyery sequence of t
iguously numbered I frames in need of retransmission.

A span list identifies the start and the end of a sequence of contiguously numbered I framies in need of retransmissio

When tH
is one o}

For mod
field, as

e multi-selective reject procedure is employed without span lists, the information field shall be encoded suc
more octets for each I frame in need of retransmission.

ulo 8 sequence numbering, the N(R) value for each designed {\rame shall occupy bit positions 6-8 of th
per the encoding of the N(R) field of the control field for modulo 8 sequence numbering, with bit position

ame to be
hation field
identity of

yfO Or more

.

h that there

e one-octet
s 1-5 set to

zero, as [illustrated in figure Sa.
For modulo 128 sequence numbering, the N(R) value for each designated I frame shall occupy bit positions 2-8 pf the one-
octet field, as per the encoding of the N(R) field in the second octet of the control field for modulo 128 sequence humbering,
with bit jposition 1 set to zero, as illustrated in figure 5b{
For modulo 32 768 sequence numbering, the N(R)value for each designated I frame shall occupy bit positions 2-16]of the two-
octet field, as per the encoding of the N(R) field in octets 3-4 of the control field for modulo 32 768, with bit positjon 1 in the
first oct¢t of the two-octet field set to "0",as illustrated in figure Sc.
For modulo 2 147 483 648 sequencg¢ numbering, the N(R) value for each designated I frame shall occupy bit positipns 2-32 of
the fourtoctet field, as per the enceding of the N(R) field in octets 5-8 of the control field for modulo 2 147 483 768, with bit
position|1 in the first octet of the,four-octet field set to "0", as illustrated in figure 5d.
1 I 1
1
: Control field 1 Information field :
: : !
| |
Ly 2 3 4 5 6 7 811 2 3 4 5 6 7 8| 1--—--- 56---8:
1 0 1 1 |PF N(R) 0 0 0 0 0 N(R) | J— NR) | FCS
Receive sequence ‘ Sequence number(s) T T
number of first I frame of later I frame(s)
to be retransmitted to be retransmitted
Figure 5a— Control field and information field encoding in SREJ frame for modulo 8 numbering
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1 1 |
1
: Control field 1 Information field :
1
| ! |
B 8 9 10 - TR R P § 1 2 8 |
. 1 01 10 0---mmmmmmmmm- 0 | P/F| N(R) | 0 | N(R) | 0 N(R) | FCS

Receive sequence Sequence number(s) ? ¢
number of first I frame of later I frame(s)

to be retransmitted to be retransmitted

Figure Sb — Control field and information field encoding in SREJ frame for modulo 128 numbering

Control field Information field

w101 10 0 0 |PF| NER) 0 N(R) 0 I N(R) FC

Receive sequence ‘ ' Sequence number(s) * *
number of first I frame of later I frame(s)

to be retransmitted

to be retransmitted

Fipure 5S¢ — Control field and information field encoding in SREJ frame for modulo 32 768 numbering

Control field Information field

1 32 33 34eeee 64

w101 10 0t 0 |PF| NE®) 0 N(R) 0 N(R) FC

Receive sequence Sequence number(s) * *
of later I frame(s)

number of first I frame _
to be retransmitted to be retransmitted

Figurp Sd — Control field and information field encoding in SREJ frame for modulo 2 147 483 648 numbeling

Any number of octet fields can”be included, up to the maximum frame size. Only the I frame numbers in [need of
retransmisgion shall be included) If, for example, in the case of modulo 128 sequence numbering, I frames 3, 5, 7, anld 18 are
being idenfified for retransmission in a single SREJ frame, I frame number 3 shall be identified in the SREJ control figld and I
frames 5, 7}, and 18 shalt-be identified, each within an octet of its own, in increasing order in the SREJ frame informati¢n field.

When the fulti-selective reject option is employed with span lists, the information field shall be encoded such that there is an
entry for egch.standalone I frame in need of retransmission and a span list, consisting of two entries, for each sequence of two
or more cdntiguously numbered I frames in need of retransmission. In the case of standalone I frames, their identify in the
information Tield consists of the appropriate N(KR) value preceded by a U bit in the entry used, as per figure sa tor modulo 8,
figure 5b for modulo 128, figure 5c for modulo 32 768, and figure 5d for modulo 2 147 483 768. In the case of span lists, the
identity of the start and end of the contiguous sequence of I frames consists of the appropriate N(R) values with their preceding
bit in each case (see figures 5a thru 5d) set to “1”. Hence, individual frames are indicated by having the bit that precedes the
N(R) value set to “0”, and a range of contiguous I frames (span list) is indicated by a contiguous pair of indicators (start and
end of contiguous sequence) each with the bit that precedes the N(R) value set to “1”. Annex G illustrates examples of the
possible encodings of the information field in multi-selective reject frames.

If the P/F bit in the SREJ frame is set to "1", then I frames numbered up to N(R) - 1 inclusive (N(R) being the value in the
control field) shall be considered as acknowledged. However, if the P/F bit in the SREJ frame is set to "0", then the N(R) in the
control field of the SREJ frame does not indicate acknowledgement of I frames, but rather indicates an outstanding I frame in
need of transmission.
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Each SREJ exception condition shall be cleared (reset) upon receipt of each I frame with an N(S) equal to the N(R) identified
in the SREJ frame control field or information field.

A data station may transmit one or more SREJ frames with the P bit set to "0", each containing one or more different N(R)
values, before one or more earlier SREJ exception conditions have been cleared. However, a SREJ frame shall not be
transmitted if an earlier REJ exception condition has not been cleared, as indicated in 5.6.2.3 and 5.6.2.4. (To do so would
request retransmission of an I frame that would be retransmitted by the REJ operation.) Likewise, a REJ frame shall not be
transmitted if one or more earlier SREJ exception conditions have not been cleared, as indicated in 5.6.2.3 and 5.6.2.4. I frames
that may have been transmitted following the I frame(s) indicated by a SREJ frame shall not be retransmitted as the result of

receiving a SREJ frame. Additional I frames awaiting initial transmission may be transmitted following the retransmission of

th Lol L L) tad 1o Haoftba CSDIT O % 2|
(§ SpeC U T T AT TS TOOCS OO0 y - diT O T o O T T TS TOUUT VT

(See 5.6]12 for N(S) sequence error recovery procedures.)

5.5.3 [Unnumbered format commands and responses
Unnumbered, U, commands and responses shall be used to extend the number of data link\control functiops. Frames
transmitfed with the U format shall not increment the state variables at either the transmitting or the receiving data sfation. Five
"modifig¢r" bits are provided which allow up to 32 additional command functions and 32 additional response fungtions to be

defined.|Fifteen command functions and nine response functions are defined below; all otliers are reserved.

The encpding of the U format command/response control field shall be as shown in‘figure 6.

’7 First bit transmitted

1 2 3 4 5 6N 7 8
1 Il M M|[PESIM M M
Unnumbered \—_/
format
5 “modifier”
Command bits
(Pol) (s 5.5.3.3 and 5.5.3.4)
Response
(final)

Figure 6 — Unnumbered format of control field bits
(See 5.413 for a description.of the functions of the P/F bit.)
Several junnumbered) commands and responses (i.e., SNRM, SARM, SABM, SNRME, SARME, SABME, SM, UA, DISC,

DM, XID) may<have an optional information field as defined in 5.5.3.1. The information field for FRMR is|defined in
5.534.13.

5.5.3.1 Information Tield structure
The general structure of the optional information field is illustrated in figure 7. The first octet of the information field, when

present, shall be a format identifier subfield. One or more data link layer subfields may follow the format identifier subfield.
These may be followed by a user data subfield.
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Figure 7 — Format of the optional information field in specified unnumbered commands and responses

5.5.3.1.1

The formaf identifier subfield is a fixed length of one octet and is illustrated in figure 7.

5.5.3.1.2

The data lipk layer subfields specify various data link layer characteristics and parameters. The contents of these subf]

generated

restrictions| on the HDLC frame information field, taking into account the lengths/of the format identifier subfield and
data subfie|d.

A data link layer subfield consists of a group identifier (1 octet), a gsoup length (1 or 2 octets, depending on usagg

parameter

The group

Internationpl Standard:
Addrdss resolution;

HDL( parameters;

Mode

Multilink parameters; and

13239:2002(E)
Format
identifier
subfield
F A Control field FCS F
Data link
User data
P lyer P e
1 octet subfields
laf———— Information field ——————— Jp|

Format identifier subfield

Data link layer subfields

hind consumed by the data link layer logic. The length of these subfields is limited by the maximur]

ield (n octets). The general structure of a data link layer\stbfield is illustrated in figure 8.
Group identifier (GI) Group, length (GL) Parameter field
1 Octet 1-or 2 Octets n Octets
= 3 Data link layer subfield ’

Figure 8 — Data link layer subfield

dentifier (GI) identifies the\function of that data link layer subfield. Five data link layer subfields are defing

and modulus;

iclds are
h length
the user

), and a

d in this

User-defined parameters.

The group length (GL) indicates the length of the associated parameter field in octets. The highest order bits in a multi-octet

GLareint

he first octet transmitted.

NOTE — The group length value does not include the lengths of either itself or its associated identifier.

A group length value of zero indicates that there is no associated parameter field and that all parameters within the subfield
specified by the associated group identifier should assume their default values.
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Depending on the data link layer subfield, the parameter field may consist of a series of parameter identifier (PI) (1 octet),
parameter length (PL) (1 octet), and parameter value (PV) (m octets) sets, one set for each defined data link layer subfield
element. For multi-octet PV’s that are binary, the higher-order bits are in the first octet transmitted. When this structure is used,
a data link layer subfield has the organization depicted in figure 9.

GI GL PI PL PV PI1 PL PV

1 Octet 1 Octet m Octets

Where

PI: Parameter identifier, expressed as a decimal value
PL: Parameter length. expressed as a decimal value

NOTE —
A PL va

A PI/PLJ
used. A
ignored
between
behavio
Internati

5.5.3.1.3
The use
link layg
the max
subfield

The use

The use

5.5.3.1.4

The var
given in|

Figure 9 — General organization of a data link layer subfield using the PI/PL/PV structure
- The value of PL does not include the lengths of either itself or its associated PI.
lue of zero indicates that the associated PV is absent and that the parameter shall assume the default value.

PV set may be omitted if it is not required for conveying information or if defaultwalues for the paramete
parameter field containing a PI that is not specified in this International Standard is defined as invalid aj
except within the user-defined parameters subfield, in which PIs other than PI=0 may be defined by a priof
the stations). Except where noted, duplicate PIs should not be sent within ‘the same data link layer su

of the receiver upon receipt of duplicate PIs within the same data“link layer subfield is not defif
onal Standard.

User data subfield
F data subfield contains user information. This data linkmset information is transported transparently acrd
1 to the user of the data link. The amount of information (humber of bits) that can be accommodated is limi
mum length restrictions on the HDLC frame information field, taking into account the lengths of the form
and the data link layer subfields.

data subfield is composed of a user data idéntifier (1 octet), and a user data field (n bits).

data subfield, therefore, has the organization illustrated in figure 10.

User)data identifier User data field

Figure 10 — User data subfield
Allowable subfields in unnumbered format command/response frames

ous subfields(that may exist in the information field of certain unnumbered format command and response
table 9:

Irs are to be
nd shall be
agreement
bfield. The
hed in this

ss the data
ted only by
it identifier

frames are
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Table 9 — Allowable subfields/groups in optional information field in specified unnumbered format commands
and responses

Subfields

Commands/ Format Data Link Layer User Data
Responses r-

T e | e | | i | g

Parameters

DISC X X
DM X X X X X
SABNI X X X X
SABNIE X X X X
SARNI X X X X
SARNIE X X X X
SM X X X X X
SNRI\II X X X X
SNRI\hE X X X X
UA X X X X X
XID X X X X X X

Subfield erjcodings for those subfields that are identified as being associated with the mode-setting command/responsf frames
are given if 5.5.3.2. The subfield encodings for those subfields that are identified as being associated with the general|purpose

XID comnfand/response frames are given in 7.2.

5.5.3.2

Information field encoding of mode-setting command/response frames

The format identifier subfield is always the_first octet of the optional information field. The data link layer subfields, if| present,
follow in apcending order according to th€ir'GI values. Except where noted, specific data link layer subfields may appjear only
once. The gbsence of a particular data(ink layer subfield should be interpreted to mean default values. The user data pubfield,
if present, s always the last subfield.

5.5.3.2.1

Format identifier-subfield encoding

The formaf identifier subfield can be encoded to have the capability of designating 256 different formats.

The formaf{ identifier-subfield used for HDLC-standard, general purpose mode-setting command/response frames as d¢fined in
the Internafional Standard shall be encoded as illustrated in figure 11.

Y

First bit transmitted

High order bit

Y

Control
field

1000

0001

Data link
layer subfield

Figure 11 — General purpose format identifier subfield encoding for mode-setting frames

All other values of the mode-setting command/response frame format identifier are reserved for future assignment.
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Figure 12 indicates the GI encodings for the data link layer subfields that are identified as being associated with the mode-

setting command/response frames covered in this International Standard.

First bit transmitted  High order bit

Y v

Mode and modulus

AR any el 4
TTIDTTC Parameters

[ Suuu—.

S P o=
S P O
S P O
S P O
— P O
— P O
— P O

Ju—

User-defined parameters

Figure 12 — Group identifier encoding for data link layer subfields

The GI gncoding of all ones (1111 1111) is not used as a data link layer subfield identifier encodings It serves as the identifier

encoding for the user data subfield.

All GI epcodings not assigned in this International Standard (here and in 7.2) are reserved for fature use.

NOTES

The HDI{C parameters data link layer subfield and the user-defined parameters data lik layer subfield may each appear more

the inforfnation field. This allows the station to convey multiple menus in the information*field.

than once in

The userfdefined parameters identifier is for use to identify parameters outside the scope of the HDLC parameters identifier while making

use of th¢se parameters that are explicitly identified under the HDLC parameters identifier.

5.5.3.2.3.1 Mode and modulus

The datq link layer subfield associated with the mode and.modulus group is illustrated in figure 13.

First bit transmitted

Figure 13 — Mode and modulus group elements

¢ GI GL 1 Octet ——F 1 Octet
10000001 |O4&N0O0O0O0O 0| 0/1|O/1|0|0|0/1|0/1|0/1 0|O|0|O| 0/1| 0/1| 0/1|0/1|
1 Octet ——Pw-|af— 1 Octet —Pp»| + + +
TWS ABM Mod 8
TWA
ARM Mod 128
Mod 32 768
NRM Mod 2 147 483 648
< Mode of 3 ] Modulus of 3
operation operation

The mode(s) of operation is indicated by setting the corresponding bit(s) to "1". The modulus for operation is indicated by

setting the corresponding bit(s) to "1".
5.5.3.2.2.2 Parameter field elements

Table 10 identifies the parameter field elements that are defined here.

© ISO/IEC 2002 — All rights reserved
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Table 10 — Mode-setting data link layer subfield parameter field elements
HDLC parameters (GI =00000001)

PI Parameter field element

5 | Maximum information field length — transmit

6 | Maximum information field length — receive
7 | Window size k — transmit
P Windowrsize k- receive

User-defined parameters (GI =00001111)

PI Parameter field element

0 Parameter set identification

The followjng legend explains the symbols used in tables 11 and 12.

B: Indjicates this field is binary encoded.
N: Number of octets.
NA: Nof applicable.

Table 11 — HDLC parameters\¢lements

Name PI | PL Parameter field element Code Bit Value
Type No.
Maximunp information field length (transmit) | 5 N Maximum information field length- B NA B
transmit (bits)
Maximunp information field length (receive) 6 N Maximum information field length-receive B NA B
(bits)
Window gize k (transmit) 7 4 Window size k-transmit (frames) B NA B
Window gize k (receive) 8 4 Window size k-receive (frames) B NA B
Table 12 — User-defined parameters elements
Name PI1 PL Parameter field element Code Bit Value
type No.
Paramefer set idenfification 0 N | Parameter set identification NA NA (See Noje 1)
(Implenperitor-defined) (See Note 2) | 1t0255 | N | (Implementor-defined) NA NA NA|

NOTE 1 — Parameter set identification may be from 1 to 255 octets in length. Certain values are listed in ISO/IEC TR 10171.

NOTE 2 — The use of PI/PL/PV encoding in this subfield for PI values other than PI=0 is not required. Such usage is at the discretion of the
organization associated with the parameter set identified by PI=0.

5.5.3.2.3 User data subfield encoding
5.5.3.2.3.1 User data identifier encoding

The user data identifier identifies the subfield as the user data subfield. Figure 14 provides its encoding.
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First bit transmitted ~ High order bit

\ Y

1 1 1 1 1 1 1 1 Userdatasubfield identifier

Figure 14 — User data subfield identifier encoding
5.5.3.2.3.2 User data field
The user_data field is transported transparently by the data link and passed to the user of the data link. The encoding of the user

data field is the responsibility of the data link user and may be any format that is mutually agreed upon by the datp link users
involved.

5.5.3.3 Unnumbered commands

The unnumbered command encodings are shown in figure 15.

}7 First bit transmitted

1 2 3 4 5 6

~
oo

SNRM command
SARMommand
SABM, command
DISG.command
SNRME command
SARME command
SABME command
SIM command

UP command

UI command

XID command
RSET command
(combined station only)
1 1 1 TEST command
SM command

1 1 1 UIH command

QG QUG G G
—_— e
—_—_ O O, kP, O~ = O
—_——O OO = O == O
TUTTUTUTYT YUY
SO — O = O OO = OO
O O OGO = === O OO
_—_ 0 OO0 D0~ O oo —

—
S
ja~Ria-Rha- )
(=}
—_
—_

Figure 15 —Unnumbered command control field bit assignments

The SNRM, SARM, SABM, DISC; SNRME, SARME, SABME, SM and SIM unnumbered mode setting commanpds and the
RSET unnumbered resetting command, the XID unnumbered command, and the TEST unnumbered command, shall require
the secopdary/combined station’fo acknowledge acceptance by responding with the appropriate unnumbered response frame (a
UA response frame, an XIPJresponse frame, and a TEST response frame, respectively). If the secondary/combined station
receives| more than ong-pfithe above commands before a respond opportunity occurs, it shall transmit the response pppropriate
to the first of the received commands at the first respond opportunity. The secondary/combined station transmigsion of the
appropriate respofise following the receipt of one of these commands shall take precedence over a response fof any other
previougy command which may be waiting for a respond opportunity at the secondary/combined station. Following receipt of
one of the above commands, the secondary/combined station may ignore all frames received, except to detect the ngxt respond
opportugity;) until it has sent a response appropriate to that command. Following receipt of a RSET resetting cpbmmand, a
combined stafion may discard the information field contained in any I, UT or UIH frames received but shall continue to utilize
whatever control information is contained in any frames received [for example N(R), change in busy/not busy status, request
for retransmission, indication of an exception condition, etc.] until it has sent a UA response acknowledging receipt of that
resetting command.

In two-way alternate communications, a secondary/combined station, following the receipt of a mode setting command, or a
combined station, following the receipt of a resetting command, shall transmit a UA response frame at the next respond
opportunity. In two-way simultaneous communications, a secondary/combined station which is transmitting concurrent to the
receipt of a mode setting command, or a combined station which is transmitting concurrent to the receipt of a resetting
command, shall initiate transmission of a UA response frame at the earliest respond opportunity.
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If appropriate to the mode of operation, the secondary/combined station may continue transmission following return of the UA
response.

The respond opportunity at the secondary/combined station shall be determined by the operational mode setting command
(SNRM, SARM, SABM, SNRME, SARME, SABME or SM) that is accepted (i.c., the mode that the secondary/combined
station has accepted dictates when the response shall be transmitted), as follows:

a) Upon receipt of a SNRM or SNRME command with the P bit set to "1", the secondary station shall respond with a single
UA frame with the F bit set to "1". If the SNRM or SNRME frame has the P bit set to "0", the secondary station shall wait
until a command frame is received with the P bit set to "1" and then shall respond with a single UA frame with the F bit

t t 111 1 11 b a | 11D . - | edladl P less s I1¥aXil 141 1 11 a | el . 1 UA
Se (0] Iy UL SIIaIl vwdall ULl d Ul CVUIIHIIIAIIU TS TULUIVUU WILT UIV T UIL SLVU U U Al uIvIn Siialr IUDPUJIU Wil a 51 lg c

frame(|with the F bit set to "0".

b) Uponfreceipt of a SARM or SARME command with or without the P bit set to "1", the secondary station shall transmit a
UA frpme:

1) upon detection of an idle data link channel state in TWA data communication; or
2) af the earliest respond opportunity in TWS data communication.

The YA frame shall have the F bit set to "1" if the command has the P bit set to "1 The UA frame may be follpwed by
additipnal secondary station transmissions, if pending.

¢) Uponfreceipt of a SABM or SABME command, or a RSET command whité\in ABM, with or without the P bit s¢t to "1",
the combined station shall transmit a UA frame:

1) upon detection of an idle data link channel state in TWA data cemmunication; or
2) af the earliest respond opportunity in TWS data communication.

The UA frame shall have the F bit set to "1" if the cominand has the P bit set to "1". The UA frame may be follpwed by
additipnal combined station transmissions, if pending.

d) Upon|receipt of a SM command, the data station shall behave in accordance with a), b), or ¢) above, depending on the
mode of operation indicated in the information field or known a priori.

In the case of the non-operational mode setting commands (SIM and DISC), the respond opportunity| at the
secondary/fombined station shall be system defined; i.e., a given secondary/combined station shall be system defingd to use
the normall mode respond opportunity .or the asynchronous mode respond opportunity for the response following al SIM or
DISC cominand, as follows:

a) Upon|receipt of the SIM)command, the secondary/combined station shall respond with the UA response. The UA frame
shall Bave the F bitsetto "1" if the SIM command has the P bit set to "1".

b) Upon|receiptsof'the DISC command, the secondary/combined station shall respond with the UA or DM fesponse
depenflingcon’whether the secondary/combined station was in an operational mode or a disconnected mode, respgctively,
at the|time ‘that the DISC command was received. The UA or DM frame shall have the F bit set to "1" if the DISC

11 oo P lace car e TN
commapanasthe T ot Ssetto——1—

If the secondary/combined station cannot accept a mode setting command, or the combined station cannot accept a resetting
command, it shall, at its earliest respond opportunity, transmit a DM, FRMR, RD, or RIM response, as appropriate, indicating
non-acceptance of the mode setting or resetting command.

5.5.3.3.1 Set normal response mode (SNRM) command
The SNRM command shall be used to place the addressed secondary station in the normal response mode (NRM) where all
control fields shall be one octet in length. The secondary station shall confirm acceptance of the SNRM command by

transmission of a UA response at the first respond opportunity. Upon acceptance of this command, the secondary station send
and receive state variables shall be set to zero.
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When this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control
for transmission or not is decided at a higher layer.

An information field may be present in the SNRM command. The structure of the information field when present is as
indicated in 5.5.3.2 and table 9.

5.5.3.3.2 Set asynchronous response mode (SARM) command

The SARM command shall be used to place the addressed secondary station in the asynchronous response mode (ARM) where
all contyot-retds—shatt-beomeoctet rtength—Fhe—secomdarystatromrstattconfrmracceptarceofthe-SARMcommand by the
transmigsion of a UA response at the first respond opportunity. Upon acceptance of this command, the secondaty dtation send
and recdjive state variables shall be set to zero.

When tlis command is actioned, the responsibility for all unacknowledged I frames assigned to data dink' control feverts to a
higher Igyer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control
for trangmission or not is decided at a higher level.

An infopmation field may be present in the SARM command. The structure of the infOrmation field when piesent is as
indicatedl in 5.5.3.2 and table 9.

5.5.3.3.3 Set asynchronous balanced mode (SABM) command

The SABM command shall be used to place the addressed combined stationdiithe asynchronous balanced mode (ABM) where
all contfol fields shall be one octet in length. The combined station shall confirm acceptance of the SABM cdmmand by
transmigsion of a UA response at the first respond opportunity. Upon acceptance of this command, the combined dtation send
and recdjive state variables shall be set to zero.

When tlis command is actioned, the responsibility for all unacknowledged I frames assigned to data link control feverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data |ink control
for trangmission or not is decided at a higher layer.

An infofmation field may be present in the SABM command. The structure of the information field when piesent is as
indicategl in 5.5.3.2 and table 9.

5.5.3.34 Disconnect (DISC) command

The DISC command shall be usedto terminate an operational or initialization mode previously set by a commahd. In both
switched and non-switched netwotKs it shall be used to inform the addressed secondary/combined station(p) that the
primary{combined station is guspending operation and that the secondary/combined station(s) should assume |a logically
disconngcted mode. In switched networks, a logically disconnected function at the data link layer may also serve tq initiate, at
the physical layer intérface, a physical disconnect operation of the physical layer; i.e., to have the| addressed
secondafy/combined station go "on-hook". Prior to actioning the command, the secondary/combined station shall ¢onfirm the
acceptarjce of the DISC command by the transmission of a UA response.

When this comimand is actioned, the responsibility for all unacknowledged I frames assigned to data link control feverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data |ink control
for transrission-ornotis-decidedat-ahisherlayer

An information field may be present in the DISC command. The structure of the information field when present is as indicated
in 5.5.3.2 and table 9.

5.5.3.3.5 Set normal response mode extended (SNRME) command

The SNRME command shall be used to place the addressed secondary station in a normal response mode where numbered
command/response control fields shall be two octets in length and unnumbered command/response control fields shall be one
octet in length (see 5.3.1). The secondary station shall confirm acceptance of the SNRME command by transmission of a UA
response at the first respond opportunity. Upon acceptance of this command, the secondary station send and receive state
variables shall be set to zero.
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When this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control
for transmission or not is decided at a higher layer.

An information field may be present in the SNRME command. The structure of the information field when present is as
indicated in 5.5.3.2 and table 9.

5.5.3.3.6 Set asynchronous response mode extended (SARME) command

The SARME command shall be used to place the addressed secondary station in an asynchronous response mode where
numbered .Muuuaud/lcapuubc controrfretds—shat-betwooctetsm lcug,lh arrdomoTTbered: uuuuuauu‘wcbpuuac contrpl fields
shall be ohe octet in length (see 5.3.1). The secondary station shall confirm acceptance of the SARME ecomrhand by
transmissidn of a UA response at the first respond opportunity. Upon acceptance of this command, the seconddry, station send
and receivq state variables shall be set to zero.

When this command is actioned, the responsibility for all unacknowledged I frames assigned to data-link control revierts to a
higher laydr. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control
for transmipsion or not is decided at a higher layer.

An informftion field may be present in the SARME command. The structure of the infogmation field when presgnt is as
indicated i 5.5.3.2 and table 9.

5.5.3.3.7 Set asynchronous balanced mode extended (SABME) command

The SABMIE command shall be used to place the addressed combined station in an asynchronous balanced mode where
numbered fommand/response control fields shall be two octets in lengthiand unnumbered command/response contrpl fields
shall be ope octet in length (see 5.3.1). The combined station shallconfirm acceptance of the SABME command by
transmissidn of a UA response at the first respond opportunity. Upon'aéceptance of this command, the combined statjon send
and receivd state variables shall be set to zero.

When this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts to a
higher laydr. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control
for transmipsion or not is decided at a higher layer.

An informftion field may be present in the SABME command. The structure of the information field when pres¢nt is as
indicated i 5.5.3.2 and table 9.

5.5.3.3.8 Set initialization mode (SIM) command

The SIM cpmmand shall be usedcto,cause the addressed secondary/combined station to initiate a station-specified prodedure(s)
to initializ¢ its data link layer.eontrol functions. No information field shall be permitted with the SIM commgnd. The
secondary/ombined station{shall confirm acceptance of the SIM command by the transmission of a UA response at|the first
respond opportunity. Updn‘acceptance of this command, the secondary/combined station send and receive state varialjles shall
be set to zdro.

When this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts to a
higher laydr./Whether the content of the information field of such unacknowledged I frames is reassigned to data link control

for transmiksior-er-not-is-decided-at-ahishertayer-

5.5.3.3.9 Unnumbered poll (UP) command

The UP command shall be used to solicit response frames from a group of secondary stations (group poll), from all secondary
stations (all-station poll) or from a single secondary/combined station (individual poll) by establishing a logical operational
condition that exists at each addressed data station for one respond opportunity. In the case of a group poll or all-station poll,
the mechanism employed to control response transmissions (to avoid simultaneous transmissions) is not defined in this
International Standard. The UP command does not acknowledge receipt of any response frames that may have been previously
transmitted by the secondary/combined station. No information field shall be permitted with the UP command.
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The secondary/combined station(s) which receives the UP command with a group or all-station address shall respond in the
same manner as when polled using an individual address. The response frame(s) shall contain the sending secondary/combined
station's individual address, plus N(S) and N(R) numbers as required by the particular response(s). The continuity of each
secondary/combined station's N(S) shall be maintained. If the UP command has the P bit set to "1", each addressed
secondary/combined station shall respond with at least one frame, the last frame having the F bit set to "1". If the UP command
has the P bit set to "0", each addressed secondary/combined station may or may not respond depending on the status of the
secondary/combined station. Secondary/combined station responses sent in reply to a UP command with the P bit set to "0"
shall have the F bit set to "0" in all frames of each secondary/combined station's response. A secondary/combined station
which receives a UP command with the P bit set to "0" shall respond when:

a) it }‘ o A1l I//T\_II f‘lulll\/(o) tU D\/lld,
b) it hps an I frame to resend because it did not receive an acknowledgement;

c) it hhs received, but not acknowledged, an I frame(s);

d) it has received, but not responded to, a XID or TEST command,

e) it hps experienced an exception condition or change of status that has not been reported;or

f) it Has a status that has to be reported again (for example, a FRMR, RIM or RDyor, optionally, an appropriate frame to
repprt a no-traffic condition, or a DM response to request a mode setting command).

If an idl¢ data link channel state (15 "ones") exists following the receipt of adrame(s), or no response is received within a given
period off time, it shall be assumed that the secondary/combined station has.completed, or will not initiate, transmissjon.

5.5.3.3.10 Unnumbered information (UI) command
The UI jcommand shall be used to send information (for example, status, application data, operation, interruptiof, data link

layer programs, temporal data or parameters) to a secondary/cembined station(s) without affecting the V(S) or V(R) variables
at any sfation. Reception of the Ul command is not sequehce number verified by the data link procedures; therefore, the UI

frame mjay be lost if a data link exception occurs durin@)transmission of the command, or duplicated if an exceptioh condition
occurs during any reply to the command. There is«no_specified secondary/combined station response to the UI conpmand. The
UI command may be sent independently of the mode of the data link station.

5.5.3.3.11 Exchange identification (XID)-command

The XIID command shall be used to jeause the addressed secondary/combined station to identify itself, and, optionally, to
provide | primary/combined station identification and/or characteristics to the addressed secondary/combined $tation. An
information field is optional @vith’ the XID command. A secondary/combined station receiving a XID commapd shall, if
capable,action the XID command in any mode unless a UA response to a mode setting command is awaiting transrission or a
FRMR ¢ondition exists,

If an XID command\€ontains an information field, the first octet of the information field shall be the format ident{fier for the
remainder of the-information field.

The encpding'of the format identifier shall be as shown in figure 16.

’7 First bit transmitted

Format identifierbits 1 2 3 4 5 6 7 8

Standardized format x x X X X X x 1

User-defined format x x x x x x x.0
AN

Format identifier value

Figure 16 — XID format identifier
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NOTE — The format identifier has a capability of designating 128 different standardized formats and 128 different user-defined formats.

In an operational mode (NRM, ARM or ABM), a FRMR condition may be established if the received XID command
information field exceeds the maximum defined storage capability of the secondary/combined station.

5.5.3.3.12 Reset (RSET) command

The RSET command shall be used by a combined station in an operational mode to reset the receive state variable in the
addressed combined station. No information field shall be permitted with the RSET command. The addressed combined station
shall confirm acceptance of the RSET command by transmission of a UA response at the first respond opportunity. Upon
acceptancu of-thts uuuuuaud, the—addressedcombined-stattonrecetve-state—vartable-shal-be—set-to—zero—Hthe HA—re [ponse is

received cdrrectly, the initializing combined station shall reset its send state variable to zero.

The RSET|command shall reset all frame rejection conditions in the addressed combined station, except for an invalid N(R)
condition yhich the addressed combined station has reported by a FRMR frame. The RSET commandmay be serjt by the
combined $tation which detects an invalid N(R) to clear such a frame rejection condition in place of sending a FRMR frame.
To clear ap invalid N(R) frame rejection condition with a RSET command, the RSET command shall’ be transmitted by the
combined {tation that detects the invalid N(R).

When this command is actioned, the responsibility for all unacknowledged I frames assigned\to data link control revierts to a
higher laydr. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control
for transmipsion or not is decided at a higher layer.

5.5.3.3.13 | Test (TEST) command

The TEST[command shall be used to cause the addressed secondary/combined station to respond with the TEST response at
the first refpond opportunity, thus performing a basic test of the data link control. An information field is optional with the
TEST command. If present, however, the received information field shall be returned, if possible, by the agfldressed
secondary/tombined station with the TEST response. The TEST ‘command shall have no effect on the mode or Jequence
variables njaintained by the secondary/combined station.

The primarly/combined station shall consider the data linklayer test terminated upon receipt of the TEST response of when a
time-out pgriod has run out. The results of the TEST command/response exchange may be made available for interrogation by
a higher layer.

5.5.3.3.14 | Set mode (SM) command

The SM cqmmand shall be used to place-the addressed station (combined/secondary) in one of the operational mod¢s where
numbered fommand/response contrel, fields are greater than two octets in length. The SM command may be used to place the
addressed dtation (combined/secondary) in one of the operational modes where numbered command/response control fiields are
one or two [octets in length.

The specific operational mode, in which the addressed station is placed using the SM command, may be determined by other
means (see|below). Farthermore, use of the SM frame may require these other means to set the number of octets to be psed in I

format and|S format'eommand/response control fields.

Various wdys-in'which the mode and the modulus for operation can be selected are:

(a) with a priori knowledge;
(b) through XID exchange; or
(c) through the use of an information field in the SM command.

An information field may be present in the SM command. The structure of the information field when present is as indicated in
5.5.3.2 and table 9.

If the mode and modulus element or the HDLC optional functions element is present, the mode of operation and the modulus
for operation shall be negotiated by setting the appropriate bits in the corresponding element; if not, then the mode of operation
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and modulus for operation shall be specified as in items (a) or (b). The combined/secondary station shall confirm the
acceptance of the SM command by transmission of a UA response at the first respond opportunity. Upon acceptance of this
command, the combined/secondary station's send and receive state variables shall be set to zero.

When this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control
for transmission or not is decided at a higher layer.

5.5.3.3.15 Unnumbered information with header check (UIH) command

The UI is of lesser
importapce than its delivery to the correct secondary/combined station(s) without affecting the V(S) or V(R) variables at either
station. For the UIH command frame, the FCS shall be calculated over only a specified length of the beginfiing of the frame.
The lenpth of the protected portion shall be determined by parameter negotiation (XID exchange or -mede-sefting frame
exchange), a priori knowledge or as a system definition.

Receptign of the UTH command is not sequence number verified by the data link procedures; therefore, the UIH frgme may be
lost if a data link exception occurs during the transmission of the protected portion of the command, or duplicated if an
exceptidn condition occurs during any reply to the command. There is no specified secondary/combined station resgonse to the
UIH compmand. The UIH command may be sent independently of the mode of the data linkystation.

NOTE —} Cases where the integrity of the information being transferred is of lesser importance than its delivery to the correct stgtion include
the timely transmission of packetized voice, video/graphic data, or periodically updated information.

5.5.34 Unnumbered responses

The unnumbered response encodings are shown in figure 17.

h First bit transmitted

1 2 3 4 5 6 7 8

1 1 0 0 F 1 1 0  UA response

1 1 1 0 F 0 0 1 FRMR response
1 1 1 1 F 0 0 0 DM response

1 1 0 0 F 0 1 0  RD response

1 1 1 0 F 0 0 0  RIM response

1 1 0 0 F 0 0 0  Ulresponse

1 1 1 1 F 1 0 1 XID response

1 1 0 0 F 1 1 1 TEST response
1 1 1 1 F 1 1 1  UIH response

Figure 17 — Unnumbered response control field bit assignments
5.5.34.1 Unnumbered acknowledgement (UA) response
The UA| response shall be used by the secondary/combined station to acknowledge the receipt and acceptance|of SABM,

SNRM, ISARM _SNRME _SABME SARME _SM _RSET _ SIM and DISC commands An information field may be present in
the UA response. The structure of the information field when present is as defined in 5.5.3.2 and table 9.

When the UA response has an information field containing the mode and modulus element, at most one mode bit and one
modulus bit can be set to “1”".

5.5.34.2 Frame reject (FRMR) response
The FRMR response shall be used by the secondary/combined station in an operational mode to report that one of the

following conditions, that is not correctable by retransmission of the identical frame, resulted from the receipt of a frame
without FCS error from the primary/combined station:
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a) the receipt of a command or a response that is undefined or not implemented,;

b) the receipt of an I/U/UIH command or response, or, optionally, a TEST command, or, optionally, a XID command or
response, with an information field which exceeded the maximum information field length which can be accommodated
by the secondary/combined station;

c) the receipt of an invalid N(R) from the primary/combined station, i.e., an N(R) which identifies an I frame which has
previously been transmitted and acknowledged or an I frame which has not been transmitted and is not the next sequential
I frame awaiting transmission; or

d h LIS LS ) et L — ol 1 L — 11 - LW B | 1 . 1
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field.
The secondary/combined station shall transmit the FRMR response at the first respond opportunity.
After sending a FRMR response, the secondary/combined station:

a) shall dtop transmitting I frames if the frame reject exception condition was caused by an inyalid N(R) since its dirgction of
transnpission is affected; or

b) may, because the opposite direction of transmission is affected, optionally continue-Sending I frames if the frarhe reject
excepfion condition was caused by:

1) alcommand or response that is undefined or not implemented, or

2) an I frame with an information field which exceeded the maximum information field length which| can be
accommodated by the secondary/combined station.

(See 5.6.4 for a description of command-response rejection procedures.)
The primarly/combined station receiving the FRMR responselshall be responsible for initiating the appropriate mode sgtting or
resetting crrective action by initializing one or both diréctions of transmission using the RSET, SNRM, SARM,| SABM,
SNRME, SARME, SABME, SM, or DISC command,\ds.applicable.

An informdtion field shall be returned with this response to provide the reason for the frame rejection. When modulo § is used,
the informgtion field shall contain the fields shown in figure 18a.

ﬁ First bit transmitted

273 45 6 7 8 9 10 1112 13 141516 17 18 19 20

Rejected frame

control field 0] N(S) [CR] NR) |w|x[y[z

Figure 18a — Information field format for FRMR response in modulo 8 operation

The functiqns-ofithese fields shall be as follows:

a) The rejected frame control field shall be the control field of the received frame which caused the frame reject exception
condition.

b) N(S) shall be the current value of the send state variable at the secondary/combined station (bit 10 = low-order bit).

c¢) C/R setto "1" shall indicate that the frame which caused the frame reject exception condition was a response frame, and
C/R set to "0" shall indicate that the frame which caused the frame reject exception condition was a command frame.

d) N(R) shall be the current value of the receive state variable at the secondary/combined station (bit 14 = low-order bit).
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e) w set to "1" shall indicate that the control field received and returned in bits 1 to 8 inclusive was undefined or not
implemented.

f) x set to "1" shall indicate that the control field received and returned in bits 1 to 8 inclusive was considered invalid
because the frame contained an information field which is not permitted with this command or response. Bit w shall be set
to "1" in conjunction with this bit.

g) ysetto "1" shall indicate that the information field received exceeded the maximum information field length which can be
accommodated by the secondary/combined station.

h FRDISE T K | T & B b VDR RRPL | + 111 . 1 1 + o e 1 Q" 1 . P 1 . 1.
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The w, ¥, y and z bits in the information field of the FRMR response may all be set to zero, indicating an unspecifi¢d rejection
of the frame for one or more of the conditions cited above. If required, the information field contained within |the FRMR
respons¢ may be padded with zero bits so as to end on any convenient, mutually agreed upon charactersbyte, word ¢r machine-
dependent boundary. (See also 5.6.4.)

When the control field extension (see 5.3.1) is used for modulo 128, the format for the information field return¢d with the
FRMR 1esponse shall be as shown in figure 18b.

ﬁ First bit transmitted

| I 16 17 18----24 25 26---3283---.. 36

Rejected extended frame| ) N(©S) | COR| MR
control field

Figure 18b — Information field format for FRMR response in modulo 128 operation

Bit 18 and bit 26 are the low-order bits of the current value-of the send state and receive state variables, respectipely, at the
secondaly/combined station.

In the ektended FRMR response format in modulo, 128 operation, the rejected frame control field is the control field of the
received frame which caused the frame reject eXception condition. When the rejected frame is an unnumbered| frame, the
control field of the rejected frame is positioned in*bit positions 1 to 8, with bits 9 to 16 set to zero.

When the control field extension (see 53:1) is used for modulo 32 768, the format for the information field returnged with the
FRMR 1esponse shall be as shown in-figare 18c.

ﬁ First bit transmitted

(REEERERRTTErY 32 33 34.----48 49 50----64 65 66 67 68

Rejected extended

frame control field 0 NES) CR NR) L R IR

Figure 18c — Information field format for FRMR response in modulo 32 768 operation

Bit 34 and bit 50 are the low-order bits of the current value of the send state and receive state variables, respectively, at the
secondary/combined station.

In the extended FRMR response format in modulo 32 768 operation, the rejected frame control field is the control field of the
received frame which caused the frame reject exception condition. When the rejected frame is an unnumbered frame, the

control field of the rejected frame is positioned in bit positions 1 to 8, with bits 9 to 32 set to zero.

When the control field extension (see 5.3.1) for modulo 2 147 483 648 is used, the format for the information field returned
with the FRMR response shall be as shown in figure 18d.
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ﬁ First bit transmitted

Lrvreereeeens 64 65 66----96 97 98----128 129 130 131 132

Rejected extended

frame control field 0 NG CR NR) wilx |y =z

Figure 18d — Information field format for FRMR response in modulo 2 147 483 648 operation

Bit 66 and bit 98 are the low-order bits of the current value of the send state and receive state variables, respectively, at the
secondary/ rombied-statton:

In the extepded FRMR response format in modulo 2 147 483 648 operation, the rejected frame control field is the control field
of the received frame which caused the frame reject exception condition. When the rejected frame is an unnumbered frpme, the
control field of the rejected frame is positioned in bit positions 1 to 8, with bits 9 to 64 set to zero.

5.5.34.3 Disconnected mode (DM) response

The DM response shall be used to report a status where the secondary/combined station is logically disconnected from|the data
link, and is} by system definition, in NDM or ADM.

The DM r¢sponse shall be sent by the secondary/combined station in NDM or ADM to request the primary/other cpmbined
station to issue a mode setting command, or if sent in response to the receptions of*d mode setting command, to inform the
primary/otler combined station that it is still in NDM/ADM and cannot actiefi\the mode setting command. An inf¢rmation
field may be present in the DM response. The structure of the information<ield when present is as indicated in 5.5.3.2 and
table 9.

A secondafy/combined station in NDM or ADM shall monitor received commands to detect a respond opportunity inforder to
(re)transmif the DM response (or the RIM, XID, Ul, TEST or RD.responses, as appropriate); i.e., no commands (other|than the
XID, Ul gnd TEST commands) are accepted until the disconnected mode is terminated by the receipt of a mod¢ setting
command (SNRM, SARM, SABM, SNRME, SARME, SABME, SM, or SIM, as appropriate).

5.5.3.4.4 Request disconnect (RD) response

The RD repponse shall be used to indicate to thé primary/combined station that the secondary/combined station wishes to be
placed in the disconnected mode (NDM or ADM). No information field shall be permitted with the RD response.

A secondafy/combined station whichhas’sent an RD response and receives a command frame(s) other than the DISC
command $hall accept the command. frame(s) if it is able to do so. If the secondary/combined station accepts the n¢n-DISC
command |frame(s), it shall follow the normal procedures when responding to the primary/combined | station.
Secondary/combined station aeceptance of a frame other than the DISC command after sending an RD response cafcels the
RD responge. If the secondary/eombined station still wishes to be placed in the disconnected mode (NDM or ADM), it|shall re-
issue the RD response. Ifdlie Secondary/combined station cannot accept the non-DISC frames due to internal problems, it may
again respdnd with an.RDresponse to the non-DISC frames.

5.5.34.5 Request initialization mode (RIM) response

The RIM response shall be used in any mode to report a secondary/combined station's need for initialization. No inf¢rmation
field shall be permitted with the RIM response.

Once a secondary/combined station has sent a RIM response, additional commands subsequently received (other than the SIM
or DISC command, or, if capable, the XID or TEST command) shall be monitored to detect a respond opportunity to retransmit
the RIM response, as an indication that the need for initialization persists.

5.5.3.4.6 Unnumbered information (UI) response

The UI response shall be used to send information (for example, status, application data, operation, interruption, or temporal
data) to a primary/combined station without affecting the V(S) or V(R) variables at either station. Reception of the UI response
is not sequence number verified by the data link procedures; therefore, the UI frame may be lost if a data link exception occurs
during transmission of the UI response, or duplicated if an exception condition occurs during any reply to the Ul response.
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The UI response may be sent during any mode of the data link station.
5.5.3.4.7 Exchange identification (XID) response

The XID response shall be used to reply to an XID command, or to request an XID command/response exchange. An
information field containing the secondary/combined station identification and/or characteristics may be optionally present
with the XID response. A secondary/combined station in any mode receiving an XID command shall, if capable, send the XID
response, unless a UA response is pending or a FRMR condition exists.

If an XID response contains an information field, the first octet of the information field shall be the format identifier for the
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A seconfdary/combined station may send an unsolicited XID response at any respond opportunity to request. anyXI[} exchange,
includinfg as a response to any received command, not just an XID command.

A combjned station in ABM may establish a FRMR exception condition if the information field of areceived XID response
exceeds|the maximum defined storage capability of the combined station.

5.5.3.4.9 Test (TEST) response

The TEPT response shall be used to reply to the TEST command in any mode. A, S€oondary/combined station, peceiving a
TEST cpmmand, shall, if capable, send the TEST response in accordance with the defined mode, unless a UA pesponse is
pendingfor a FRMR condition exists.

An infoymation field, if present in the TEST command, shall be returfied ‘with the corresponding TEST respanse. If the
secondafy/combined station is busy and cannot accept an information field, a TEST response without an information field shall
be returhed. If the secondary/combined station is in an operational mode (NRM, ARM, ABM), a FRMR conditfon may be
established if the received TEST command has an information field which exceeds the maximum established frame storage
capabilify of the secondary/combined station. If a FRMR respanse is not returned for this condition, a TEST respopse without
an information field shall be returned.

5.5.3.4.4 Unnumbered information with header. check (UIH) response

The UIH response shall be used to send inforimation where the integrity of the information being transferred {s of lesser
importafice than its delivery to the correct primary/combined station(s) without affecting the V(S) or V(R) variables at either
station. For the UIH response frame, the £CS shall be calculated over only a specified length of the beginning of the frame.
The lenpth of the protected portion shall be determined by parameter negotiation (XID exchange or mode-sefting frame
exchange), a priori knowledge or as@ system definition.

Receptign of the UIH respons¢€isnot sequence number verified by the data link procedures; therefore, the UIH frame may be
lost if g data link exceptign.'occurs during the transmission of the protected portion of the response, or dupligated if an
exceptign condition occurs)during any reply to the response. There is no specified primary/combined station response to the
UIH response. The UlH/response may be sent independently of the mode of the data link station.

NOTE — Cases where the integrity of the information being transferred is of lesser importance than its delivery to the correct stjtion include
the timely transmiission of packetized voice, video/graphic data, or periodically updated information.

5.6 Exdeption-conditionreporting and recovery

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

5.6.1 Busy

The busy condition shall result when a data station is temporarily unable to receive, or unable to continue to receive, I frames
due to internal constraints; for example, receive buffering limitations. In this case, an RNR frame shall be transmitted with the
N(R) number of the next I frame that is expected. Traffic awaiting transmission may be transmitted from the busy data station
prior to, or following, the RNR frame. The continued existence of a busy condition shall be reported by retransmission of an
RNR frame at each P/F frame exchange.
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A data station receiving an RNR frame when in the process of transmitting (i.e., two-way simultaneous) shall stop transmitting
I frames at the earliest possible time. It is suggested that a secondary station in NRM return a frame and the F bit set to "1"
before suspending transmission. A secondary/combined station in ARM/ABM, respectively, shall perform a
response/command time-out before resuming transmission.

Indication that a busy condition has cleared and that I frames will now be acceptable shall be reported by the transmission of
an RR, REJ, SREJ, SNRM, SARM, SABM, SNRME, SARME, SABME, SM, or UA frame with or without the P/F bit set to
"1". Clearance of a busy condition at a primary station shall also be indicated by the transmission of an I frame with the P bit
set to "1". Clearance of a busy condition at a secondary/combined station shall also be indicated by the transmission of an I
frame with the F bit set to "1".

5.6.2 N(P) sequence error

An N(S) s¢quence error exception condition shall occur in the receiver when an I frame received error free (ho FUS error)
contains ai} N(S) that is not equal to the receive state variable at the receiver. The receiver shall not acknewledge [i.e., not
increment {ts receive state variable) the frame causing the sequence error or any I frames which may-follow until arj I frame
with the correct N(S) is received. Unless the SREJ frame is to be used to recover from a given sequénce error, the infgrmation
field of all[I frames received whose N(S) does not equal the receive state variable shall be discarded. (See 5.6.2.3 fpr SREJ
recovery.)

A primary| secondary or combined station which receives one or more I frames having sequence errors, but which are
otherwise ¢rror free, shall accept the control information contained in the N(R) field and the P/F bit to perform data link
control funktions; for example, to receive acknowledgement of previously transmitted-I frames, to cause a secondary/cpmbined
station to rpspond (P bit set to "1"), and, in NRM, to detect that the secondary,station is terminating transmission (F bit set to
"1"). Therdfore, the retransmitted I frame may contain an N(R) field and/or P/F*bit information that are updated and {ifferent
from those|contained in the originally transmitted I frame.

Following [the occurrence of a sequence error, the following means‘are available for initiating the retransmission pf lost I
frames or those with errors.

5.6.2.1 Poll/final (P/F) bit (checkpoint) recovery (see als0°5.4.3.2)

When a dafta station receives a frame with the P/F bit set to "1", it shall initiate retransmission of unacknowledged [l frames
previously ftransmitted with sequence numbers that:afeless than the V(S), send state variable, value that was current at|the time
of transmigsion of the last frame with the F/P bif, respectively, set to "1". Retransmission shall start with the oldest nimbered
unacknowlpdged I frame. I frames shall be, retransmitted sequentially. New I frames may be transmitted if they|become
available. Buch retransmission of I fram@stas a result of an exchange of P/F bits set to "1" is known as chgckpoint
retransmisgion.

When using the multi-selective rejest’procedure, any I frames that were retransmitted subsequent to the transmission of the last
frame witl} the P/F bit, respectively, set to "1", shall not be retransmitted. For a combined station, if any frames are
retransmittgd, then a poll shall be sent, either by transmitting an RR command (or RNR command if the station is in the busy
condition) pvith the P bit set-t0 "1" or by setting the P bit to "1" in the last retransmitted I frame.

Checkpoint retransmisston shall not be initiated under the following conditions:

a) In the| case of a secondary/primary station, if a REJ frame with the P/F bit set to "0" has been received and gctioned,
checkpoint retransmission shall be inhibited on the next P/F frame received, if it would cause retransmission of the same
particular I frame; i.e., same N(R) in same numbering cycle.

b) Inthe case of a combined station, if a REJ command with the P bit set to "0" or "1", or a REJ response with the F bit set to
"0", has been received and actioned while a P bit set to "1" was unanswered, checkpoint retransmission shall be inhibited
on the next frame received with the F bit set to "1", if it would cause retransmission of the same particular I frame; i.c.,
same N(R) in same numbering cycle.

¢) In the case of a secondary/primary station, if the multi-selective reject procedure is not used and if one or more SREJ
frames with the P/F bit set to "0" have been received and actioned, checkpoint retransmission shall be inhibited on the
next frame received with the P/F bit set to "1" when this frame is a SREJ frame and contains the same N(R) as the oldest
unresolved SREJ frame, if it would cause retransmission of the same particular I frame; i.e., same N(R) in same
numbering cycle.
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d) Inthe case of a combined station, if the multi-selective reject procedure is not used and if a SREJ command with the P bit
set to "0" or "1", or one or more SREJ responses with the F bits set to "0", have been received and actioned, checkpoint
retransmission shall be inhibited on the next frame received with the F bit set to "1" when this frame is a SREJ frame and
contains the same N(R) as the oldest unresolved SREJ frame, if it would cause retransmission of the same particular I
frame; i.e., same N(R) in same numbering cycle.

e) IfaP/Fbitsetto"1" is received in an unnumbered format frame, checkpoint retransmission shall be inhibited.

f) If, after sending a frame with the P/F bit set to "1", a data station receives an acknowledgement to that frame before
receiving the corresponding frame with the F/P bit set to "1", checkpoint retransmission on the frame with the F/P bit set
to 'H-shat-e-mhtbited-

g) If 4 SREJ frame with the P/F bit set to "1" is received, the SREJ recovery retransmission shall be used and not|checkpoint
retfansmission.

h) In the case of a combined station, if any frame with the P bit set to "1" is received, checkpeint retransmissipn shall be
inhjbited.

i) In the case of a primary/secondary station, when the multi-selective reject procedure issused, checkpoint retrangmission on
recpipt of an RR frame with the P/F bit set to "1" shall be inhibited if any new I frames\were transmitted subsequent to the
las{ frame with the P/F bit set to "1". In the case of a combined station, when thé-multi-selective reject procedpre is used,
chdckpoint retransmission on receipt of an RR frame with the F bit set to "1"shall be inhibited if any new I ffames were
trapsmitted subsequent to the last frame with the P bit set to "1".

5.6.2.2 REJ recovery

The REJ command/response shall be used primarily to initiate an excéption recovery (retransmission), following the detection

of a sequence error, earlier than is possible by checkpoint (P/F bit) recovery; for example, in two-way simultaneous

information transfer, if a REJ frame is immediately transmitted ,upon detection of a sequence error, then there is no fequirement

to wait for a frame with the P/F bit set to "1".

With regpect to each direction of transmission on the(data link, only one "sent REJ" exception condition from a|given data

station tp another given data station shall be established at a time. A "sent REJ" exception condition shall be cleardd when the

requested I frame is received or when the respense/command time-out function runs out. When the data station pprceives by
time-ou{ that the requested I frame has not beén received, because either the requested I frame or the REJ frame wag in error or
lost, the|REJ frame may be repeated.

A data {tation receiving a REJ frame 'shall initiate sequential transmission (or retransmission) of I frames starting with the I

frame indicated by the N(R) contained in the REJ frame. New I frames may be transmitted subsequently if they become

availabl¢.

If

a) retfjansmissiombéginning with a particular frame occurs due to checkpointing (see 5.4.3.2.1, 5.4.3.2.2,54.3.23,54.3.24
and 5.6.2.1),;and

b) a REd&frame is received which would also start retransmission with the same particular I frame [as identified By the N(R)

1 RELS 1
in the-REJframel;

the retransmission resulting from the REJ frame shall be inhibited.

5.6.2.3

SREJ recovery

The SREJ command/response shall be used primarily to initiate more efficient error recovery by requesting the retransmission
of one or more (not necessarily contiguous) I frame(s) following the detection of sequence errors rather than the retransmission
of the earliest frame in need of retransmission plus all additional I frames which may have been transmitted subsequently.
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5.6.2.3.1 Single SREJ recovery

Single SREJ recovery shall be used to request the retransmission of a single I frame following the detection of a sequence
error.

When an | frame sequence error is detected, and it is determined that SREJ recovery is to be employed, the SREJ frame shall
be transmitted at the earliest possible time. When a primary/secondary station sends one or more SREJ frames, each with the
P/F bit set to "0", and these "sent SREJ" exception conditions are not cleared when the primary/secondary station is ready to
issue the next frame with the P/F bit set to "1", the primary/secondary station shall send a SREJ frame with the P/F bit set to
"1" with the same N(R) as the oldest unresolved SREJ frame. When a combined station sends one or more SREJ commands,

[1¥aXi]
\Y

each with theP-bit-setto "G", or-oncor-more-SREF TCSPONSCS; cachtheFbit-setto S or SREFecommand-with-thePDit set to
"1", and thpse "sent SREJ" exception conditions are not cleared when the combined station is ready to issue the nextfesponse
frame with|the F bit set to "1", the combined station shall send a SREJ response with the F bit set to "1" with th¢ same]N(R) as

the oldest Unresolved SREJ frame.

In a primafy/secondary station, since an I or S format frame sent with the P/F bit set to "1" has the| potential of|causing
checkpoint|retransmission, a primary/secondary station shall not send SREJ frames until it receives'at{east one in-sefjuence I
frame or it[perceives by time-out that the checkpoint retransmission will not be initiated by the remote station. In a cpmbined
station, since an I or S format frame sent with the F bit set to "1" has the potential of causiiig checkpoint retransmjission, a
combined $tation shall not send SREJ frames until it receives at least one in-sequence I frame or it perceives by timefout that
the checkpgint retransmission will not be initiated by the remote station.

With respefct to each direction of transmission on the data link, one or more "sent SREJ" exception conditions from| a given
data station to another given data station may be established at a time. A "sent,SREJ" exception condition shall bg cleared
when the r¢quested I frames have all been received.

When a dafa station perceives by time-out that the requested I frame willnot be received, because either the requested I frame
or the SRE| frame was in error or lost, the SREJ frame may be repeated.

A data staffion receiving one or more SREJ frames shall, when-appropriate, initiate retransmission of the individual [[ frames
indicated by the N(R) values contained in each SREJ framey After having retransmitted these I frames, new I frameq may be
transmitted subsequently if they become available.

When a primary/secondary station receives and actions one or more SREJ frames, each with the F bit (primary station) or P bit
(secondary|station) set to "0", it shall disable actioning of the next SREJ frame received if that frame has the F bit (primary
station) or [P bit (secondary station) set to '\l" and has the same N(R), (i.e., same value and same numbering cycl¢) as the
previously |actioned SREJ frame, and if-the resultant retransmission was made following the retransmission of the P bit
(primary stption) or the F bit (secondary- station). When a combined station receives and actions one or more SREJ commands,
each with the P bit set to "0", or a SREJ<¢ommand with the P bit set to "1", or one or more SREJ responses, each with the F bit
set to "0", it shall disable actioning ofthe next SREJ response frame received if that SREJ frame has the F bit set to "1'| and has
the same IN(R) (i.e., same value-and same numbering cycle) as a previously actioned SREJ frame, and if the fesultant
retransmisqion was made folowing the retransmission of the P bit set to "1".

When the $REJ mechanism is used, the receiving station shall retain correctly received I frames and deliver them to the higher
layer in sequence number order.

5.6.2.3.2 Multiple SREJ recovery

Multiple SREJ reject recovery shall be used when the multi-selective reject procedure is used to request the retransmission of
one or more (not necessarily contiguous) I frame(s) following the detection of a sequence error.

When a primary/secondary or combined station receives an out-of-sequence I frame, the I frame shall be held for later delivery.
The I frame shall be delivered to the upper layer only when all I frames numbered below N(S) are correctly received. If frame
number N(S)-1 has not been received previously, then an SREJ frame with the P/F bit set to "0" shall be transmitted, at the
earliest possible time, that contains the sequence numbers of the list of consecutive missing I frames ending at N(S)-1; the
N(R) field in the control field shall be set to the first sequence number in the list; the information field shall contain the rest of
the sequence numbers. If the list of sequence numbers is too large to fit in the information field of the SREJ frame, then the list
shall be truncated by including only the earliest sequence numbers. The primary/secondary or combined station on receiving an
SREJ frame with the P/F bit set to 0 shall retransmit all requested I frames. After having retransmitted these I frames, the
primary/secondary or combined station may transmit new I frames, if they become available.
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When a primary/secondary station is ready to issue the next frame with the P/F bit to "1" and if there are out-of-sequence 1
frames saved in the receive buffer, the primary/secondary station shall send a SREJ frame with the P/F bit set to "1" with N(R)
equal to the oldest unacknowledged I frame and the information field containing the sequence numbers of the rest of the
missing | frames. When a combined station is ready to issue the next response frame with the F bit to "1" and if there are out-
of-sequence I frames saved in the receive buffer, the combined station shall send a SREJ response with the F bit set to "1" with
N(R) equal to the oldest unacknowledged I frame and the information field containing the sequence numbers of the rest of the
missing I frames. If the list of sequence numbers is too large to fit in the information field of the SREJ frame, then the list shall
be truncated by including only the earliest sequence numbers. When a primary/secondary station receives an SREJ frame with
the P/F bit set to "1", the primary/secondary station shall retransmit all requested I frames, except those that were transmitted
subsequent to the last frame with the P/F bit set to "1". When a combined station receives an SREJ frame with the F bit set to
"1", thereembined—station—shal—retransimit—al—+requested ames—execepi—those—that—were—transmitted—subseguent to the last
frame with the P bit set to "1". After having retransmitted these I frames, the primary/secondary or combinéd dtation may
transmit{new I frames, if they become available.

I

Annex B includes examples of the possible use of the multi-selective reject procedure and implementation guideling
5.6.2.4 Time-out recovery

In the eyvent that the remote data station, as a result of a transmission error, does not rec€ive (or receives and [discards) a
transmigsion consisting of a single I frame or the last I frame(s) in a sequence of I frames;\t will not detect an out-gf-sequence
exceptign condition and therefore will not transmit a SREJ/REJ frame. The data statioh-which transmitted the unacknowledged
I frame(f) shall, following the completion of a system defined time-out period, take appropriate recovery action t¢ determine
the point at which retransmission shall begin.

A primafy/combined station should inquire status with a supervisory frame_/When

a) asg¢condary station has a respond opportunity, and

b) an pptional time-out or equivalent function for unacknowledged I frames has run out, and
¢) no hew I frames are available,

then the secondary station should transmit only the last I frame and should wait until status is received from the primary
station.

If the multi-selective reject procedure is used, then status inquiry should be done using a supervisory frgme. For a
primaryfsecondary station, I frame retransmissions shall be done only after a frame with the P/F bit set to "1" or an $REJ frame
with the| P/F bit set to "0" is received: For a combined station, I frame retransmissions shall be done only after a re§ponse with
the F bifset to "1" or an SREJ response with the F bit set to "0" is received.

NOTE 1 If a data station petraiiSmits one of the unacknowledged I frames (not the last I frame) after a time-out, the data sfation should
keep recprd of the highest’valde of V(S) that had been sent so as to be able to identify an N(R) received as acknowledging or not
acknowlgdging some or alllofthe I frames previously transmitted.

NOTE 2 If a data,station does retransmit all unacknowledged I frames after a time-out, it should be prepared to receive a following REJ
or SREJ frame with an N(R) greater than the send state variable at the data station which retransmits.

NOTE 3 When, as a result of a time-out, a secondary/combined station decides to retransmit a response frame, the retransmifted response
frame should have the F bit set to "0" unless an unanswered P bit set to “1" has been received since the earlier transmission of the response
frame.

NOTE 4 NOTE Care should be taken if a higher layer attempts to change an information field which is being retransmitted as part of
time-out recovery, because the new information field is discarded if the receiving data station had correctly received an I frame with the same
N(S).

NOTE 5 To account for possible retransmissions after time-out, a receiving data station should not set a SREJ exception condition when
it receives an I frame with an N(S) one less than its receive state variable.
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5.6.3 FCS or HCS error

Any frame received with a FCS or HCS error shall not be accepted by the receiver and shall be discarded. At a
secondary/combined station, no action shall be taken as the result of that frame. At a primary/combined station, if the frame
with the FCS or HCS error was a response frame with the F bit set to "1", a resulting time-out function shall occur in the
primary/combined station prior to initiating recovery action.

5.6.4 Command/response frame rejection

A command/response rejection exception condition shall be established upon the receipt of an error-free frame which contains
an undefi T T > T T > T T ) or an
information field which exceeds the maximum information field length which can be accommodated by the receiving data
station.

At a primafy station, this exception condition shall be subject to recovery/resolution at a higher layer. In the¢*case of an invalid
N(R), recoyery shall include, at least, the issuance of a mode setting command.

At a seconflary station, this exception condition shall be reported by a FRMR response for apprdpriate primary statiop action.
Once a sedondary station has established a FRMR exception condition, no additional I frames shall be accepted, ejcept for
examinatiopn of the state of the P bit and the value of the N(R) field, until the condition is cl€ared by the primary station issuing
a mode setfing command. The FRMR response shall be repeated at each respond opportunity until recovery is effectdd by the
primary station.

At a combiped station, this exception condition shall be dealt with in either of two,ways:

a) The cpmbined station may follow a course of action similar to that described for a primary station, where the egception
condifion is resolved as a higher layer function. The combined station shall issue a mode setting command or|a RSET
command, as appropriate, as a part of this recovery action.

b) The cpmbined station may follow a course of action similarsto that described for a secondary station and reques{ that the
other fombined station resolve the exception condition.and effect the required recovery.

In the| case of exception conditions that are not.related to the I frame transmission from the reporting data station, the
transnpission of I frames may continue, with feceived I frames being examined only for the state of the P and F|bits and
the vallue of the N(R) field until the exception condition is cleared by the other combined station issuing a modg setting
commland or a RSET command, as appropriate. If recovery is not effected by the other combined station pithin a
specifjed time-out interval, the repprting combined station may repeat the FRMR frame, or it may choose to assume
contrql of the recovery function as-described in a). If the other combined station that receives the FRMR frame is unable
to effgct an appropriate recovery.action, it shall reply with a FRMR frame of its own, rejecting the received FRMR frame.
The cpmbined station that sent-the original FRMR frame shall then initiate an appropriate recovery function as described
in a).

5.6.5 Cantention situations

Contention| may occuirvin ARM (ABM) during a mode setting action in either TWA or TWS communications, or follgwing an
extended fleriod \0f-'inactivity (idle data link channel state) in a TWA configuration. In the TWA case, the prithary/one
combined dtation and secondary/other combined station are contending for the use of the logical communication path for mode
setting or data-dinterchange purposes—n-the TWS casethe primary/onecombined station-and secondary/other combined station
are contending with regard to i

In all of the above cases, the contention situation shall be resolved through the use of different value time-out functions in each
data station. The time-out function employed by secondary/one combined station shall be greater than that employed by the
primary/other combined station so as to permit such contention situations to be resolved in favour of the primary/specified
combined station.

6 HDLC classes of procedures

Five basic classes of procedures are defined in HDLC: two unbalanced classes of procedures, a balanced class of procedures,
and two connectionless classes of procedures. (See 6.6.)
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6.1 Types of data station

The types of data station that are defined in this International Standard utilize the building blocks illustrated in figure 19.

Data Source and
flow sink™®
Command Response Command and
Control
control control response gontrol

Primary Control Secondary Tributary “ Combined Peer
station  station station  statiort station  station

layer error

h send both
ry.

ut does not

s, but does

nt, or error

* For §end-only I frame stations or receive-only I frame stations, remove'source or sink capability, as appropriate.
Figure 19 — HDLC stations — Building blocks
Two types of data station are defined for the unbalanced classes of procedures (see figure 19):
a) prifnary station, which sends commands, receives responses and is ultimately responsible for data link
recpvery;
b) secpndary stations, which receive commands, send responses and may initiate data link layer error recovery.
One typ¢ of data station is defined forhe balanced class of procedures (see figure 19), i.e., combined stations, whic
commar]ds and responses, receive both commands and responses, and are responsible for data link layer error recov¢
Three types of data stations are-defined for the connectionless classes of procedures (see figure 19):
a) corltrol station in unbalanced connectionless class of procedure, which sends commands, receives responses,
support any form>of data link layer connection establishment/termination, flow control, acknowledgement, or error
recpvery;
b) tributary stations in unbalanced connectionless class of procedure, which receives commands, sends responsg
not| support any form of data link layer connection establishment/termination, flow control, acknowledgeme]
recovery;
c) peer stations in balanced connectionless class of procedures, which send both commands and responses, receive both

commands and responses, but are not responsible for any form of data link layer connection establishment/termination,
flow control, acknowledgement, or error recovery.

NOTE - The above terms are introduced in order to avoid having to use compound terms such as "connectionless secondary station", etc.,
throughout the subclauses that deal with connectionless classes of procedures.
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6.2 Configurations

For the two unbalanced classes of procedures, a single primary station plus one or more secondary station(s) shall be connected
together over various types of transmission facilities to build point-to-point or multipoint, half-duplex or duplex, switched or

non-switch

ed configurations.

For the balanced class of procedures, two combined stations shall be connected together over various types of transmission
facilities to build point-to-point, half-duplex or duplex, switched or non-switched configurations.

For the unbalanced connectionless class of procedures, a single control station plus one or more tributary station(s) shall be

connected
switched o

For the bal
transmissid

6.3 Oper

In an unbdlanced class, any coupling of a primary station with secondary station(s) shall be‘operated in either thq

response 1
with the ca
asynchrong
configurati
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alternate ot
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In all class
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4.7. The mpchanism to avoid overlapping responses to multiple station addressing is system dependent and is not spe
this Interngtional Standard.

6.5 Send

For each p

used for edch direction of transmission of information (I) frames. Upon receipt and acceptance of a mode setting cd
both the s¢gnd-and receive state variables of the receiving station shall be set to zero. Upon receipt and acceptan

acknowled,

OCCIICT OVer Various Types Of WansIission 1acititics 10 build Poim-to-poilt or muitipoint, tatf-dupiex o
non-switched configurations.

lanced connectionless class of procedures, two peer stations shall be connected together over ' vatious
n facilities to build point-to-point, half-duplex or duplex, switched or non-switched configurations:

hitional modes

ode (NRM) or the asynchronous response mode (ARM), two-way alternate or two-sway simultaneous, in ac
pability of the configuration being employed. In the balanced class, two combined stations shall be operat
us balanced mode (ABM), two-way alternate or two-way simultaneous,in accordance with the capabili
bn being employed.

hlanced connectionless class, any coupling of a control station with tributary station(s) shall be operatd
connectionless mode (UCM), two-way alternate or two-way, sithulltaneous, in accordance with the capabili

bn being employed.

iced connectionless class, two peer stations shall be operated in the balanced connectionless mode (BCM),
two-way simultaneous, in accordance with the capability of the configuration being employed.

pssing scheme

bs (unbalanced, balanced, and connectionless), commands shall always be sent containing a destination dat
d responses shall always be sent containing the assigned transmitting data station address.

ition" address or a "group" address may be used to transmit a command frame simultaneously to all the sq
a multipoint configuration or to the defined group of secondary stations. The addressing convention is spg

hnd receive state variables

Fimary-to-se¢ondary or combined-to-combined pairing, a separate pair of send and receive state variables

beémment response to a mode setting command, both the send and receive state variables of the originatin

duplex,

types of

normal
ordance
bd in the
y of the

d in the
ty of the

Wo-way

A station

condary
icified in
cified in

shall be
mmand,
ce of an
b station

shall be set to zero.

For each control-to-tributary or peer-to-peer pairing, there are no send and receive state variables used for each direction of
transmission of data.

6.6 Fundamental classes of procedures

6.6.1 Designations

Five fundamental classes of procedures are defined. They are designated:

UNC - Unbalanced operation Normal response mode Class;
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UAC - Unbalanced operation Asynchronous response mode Class;
BAC - Balanced operation Asynchronous balanced mode Class;
UCC - Unbalanced operation Connectionless mode Class; and
BCC - Balanced operation Connectionless mode Class.

In these designations

— the

— the

— the

TITSt Ietter, U or B, indicates unbalanced or batanced operation,
second letter, A, N, or C, indicates asynchronous, normal, or connectionless response mode; and

third letter, C, stands for class.

6.6.2 [Basic repertoires

ISO/IEC 13239:2002(E)

The follpwing basic repertoires utilize single octet addressing, unextended control field format, a 16-bit FCS, and synchronous
transmigsion.
6.6.2.1 UNC
The bas]c repertoire of commands and responses for UNC shall be as follows:
Commands Responses
[ I
RR RR
RNR RNR
SNRM UA
PDISC DM
FRMR
6.6.2.2 UAC
The bas]c repertoire of commands afid;résponses for UAC shall be as follows:
Commands Responses
| 1
RR RR
RNR RNR
SARM UA
PDISC DM
FRMR
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6.6.2.3 BAC

The basic repertoire of commands and responses for BAC shall be as follows:

Commands Responses

I I

RR RR

RNR RNR

SABM UA

DISC DM

FRMR

6.6.2.4 UucCcC

The basic 1epertoire of commands and responses for UCC shall be as follows:

Commands Responses
Ul UI

6.6.2.5 BCC
The basic 1epertoire of commands and responses for BCC shall be as follows:

Commands Responses
Ul

6.7 Optignal functions

Table 13 lists the optional functions that are available te‘modify the fundamental classes of procedures defined in 6.
optional fupctions involve the additions or deletions gf-eommands and responses to or from the basic repertoires, or th
alternate address or control field formats or alternaté\frame checking sequences or alternate form of transmission (see t:

6.8 Consistency of classes of procedures
The consigtency in the five classes of procedures, obtained through the use of the concepts of modes of operatid

command/fesponse repertoires, and_ hierarchical structuring, is illustrated in 6.6.2. This consistency in repertoire facili
inclusion of multiple versions of the classes of procedures in a data station that is configurable.

6.9 Conformance to the HDLC classes of procedures

A data stafion shall.be)described as conforming to a given class of procedures, with optional functions, if it implen
commands|and respeonses in the basic repertoire for the class of procedures as modified by the selected optional functiol

6. These
e use of
hble 13).

n, basic
tates the

nents all
ns, i.c.,

a) a primparystation shall have the ability to receive all of the responses in the basic repertoire for the unbalanced

class of

procedures as modified by the selected optional functions;

b) asecondary station shall have the ability to receive all of the commands in the basic repertoire for the unbalanced class of

procedures as modified by the selected optional functions;

c) a combined station shall have the ability to receive all of the commands and responses in the basic repertoire for the

balanced class of procedures as modified by the selected optional functions.

d) a control station shall have the ability to receive all of the responses in the basic repertoire for the unbalanced

connectionless class of procedures as modified by the selected optional functions;
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e) a tributary station shall have the ability to receive all of the commands in the basic repertoire for the unbalanced
connectionless class of procedures as modified by the selected optional functions;

f) a peer station shall have the ability to receive all of the commands and responses in the basic repertoire for the balanced
connectionless class of procedures as modified by the selected optional functions.

6.10 Method of indicating classes and optional functions

The classes of procedures and the optional functions shall be indicated by specifying the designation of the class (see 6.6.1)
plus the number(s) of the accompanying optional functions (see 6.7).

Examplg I: Class UNC1,2,6,9 indicates the unbalanced operation normal response mode class of procedures with tlhe optional
functions for identification (XID), REJ recovery (REJ), unnumbered polling (UP), and one-way data flow from th¢ secondary
station(q) to the primary station.

Examplg 2: Class UACI,5,10.1,13 indicates the unbalanced operation asynchronous response mode, ¢lass of proc¢dures with
the optipnal functions for identification (XID), initialization (SIM, RIM), extended sequence numbering (modulg 128), and
request dlisconnect (RD).

Examplg 3: Class BAC2,8 indicates the balanced operation asynchronous balanced mode ¢lass of procedures with the optional
functions for REJ recovery (REJ) and the ability to send I frames as commands only.

Examplg 4: Class UCCI,12 indicates the unbalanced connectionless operation connectionless-mode class of procg¢dures with
the optignal functions for identification (XID) and data link test (TEST).

Examplg 5: Class BCC1,14 indicates the balanced connectionless operation connectionless-mode class of procedutes with the
optional| functions for identification (XID) and 32-bit FCS.
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Table 13 — Optional functions

Option

Functional description

Required change

UNC

UAC

BAC

UCC

BCC

Provides the ability to exchange identification
and/or characteristics of data stations

Add command: XID
Add response: XID

2 Provides the ability for more timely reporting of I Add command: REJ X X X
frame sequence errors Add response: REJ
3.1 | Provides the ability for more efficient recovery from | Add command: SREJ X X X
I frame sequence errors by requesting Add response: SREJ
retransmission-of a-single frame
3.2 | Pfovides the ability for more efficient recovery from [ Add command: SREJ X X X
I'fframe sequence errors by requesting Add response: SREJ
r¢transmission of one or more individual I frames S . . .
. . . s upport multi-selective reject
with a single request consisting of individual L
.o procedure using individual I-frame
[{frame indicators only e
indicators only
3.3 | Ppovides the ability for more efficient recovery from | Add command: SREJ X X X
I'fframe sequence errors by requesting Add response: SREJ
r¢transmission of one or more individual I frames . . .
. . .. Co Support multi-selective reject
with a single request consisting of individual I- s
o A procedure using individual I-frame
fifame indicators and span list indicators, as - ce
. indicators and span list indicators
appropriate
4 Provides the ability to exchange information fields | Add command: Ul X X X
independent of the mode (operational or non- Add response: Ul
operational) without impacting the I frame sequence
npmbers
5 Provides the ability to initialize a remote data Add command£SIM X X X X X
sfation, and the ability to request initialization Add responsé”RIM
6 Provides the ability to perform unnumbered group | Add command: UP X X X X X
apd all-station polling as well as unnumbered
ipdividual polling
7 Provides for greater than single octet addressing Use extended addressing format X X X X X
instead of basic addressing format
8 Llimits the procedures to allow I frames to be Delete response: | X X X
cpmmands only
9 Ljimits the procedures to allow I framesito be Delete command: I X X X
r¢sponses only
10.1 | Ppovides the ability to use extended Sequence Use extended control field format X X X
npmbering (modulo 128) instead of basic control field
format; use the SXXME command
instead of the SXXM command
10.2 | Ppovides the ability o use extended sequence Use extended control field format X X X
npimbering (modlo32 768) instead of basic control field
format; use the SM command
instead of the SXXM command
10.3 | Ppovides,the ability to use extended sequence Use extended control field format X X X
npimbeting (modulo 2 147 483 648) instead of basic control field
format: use the SM command
instead of the SXXM command
11 Provides the ability to reset the state variables Add command: RSET X
associated with only one direction of information
flow
12 Provides the ability to perform a basic data link test | Add command: TEST X X X X X
Add response: TEST
13 Provides the ability to request logical disconnection | Add response: RD X X X
14.1 | Provides for 32-bit frame checking sequence (FCS) [ Use the 32-bit FCS instead of the X X X X X
16-bit FCS
14.2 | Provides for 8-bit frame checking sequence (FCS) | Use the 8-bit FCS instead of the X X X X X
16-bit FCS
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Option Functional description Required change UNC | UAC | BAC | UCC | BCC
15.1 | Provides for start/stop transmission with basic Use start/stop transmission with X X X X X
transparency basic transparency instead of
synchronous transmission
15.2 | Provides for start/stop transmission with basic Use start/stop transmission with X X X X X
transparency and flow-control transparency basic transparency and flow-control
transparency instead of
SyNCNTONOUS transmission
15.3 || Provides for start/stop transmission with basic Use start/stop transmission with X X X X X
transparency and control-character octet basic transparency and control-
transparency character octet transparency instead
of synchronous transmission
16 Provides for operation in a start/stop transmission Use the seven-bit data path X X X
environment that only permits transfer of seven data | transparency function, in
bits per character conjunction with one of the Option
15 functions
17 Provides the ability to set up a link Use the Set Mode command, in X X X
place of the corresponding(fyame
from the basic repertoir¢ (SXXM)
or the associated extended frame
(SXXME) to setuprthe link
18 Provides the ability to have an optional information | Use the UA and DM responses and X X X
field in the UA and DM response frames and the the DISC.€ommand with an
DISC command frame optional-information field
19 Provides the ability to have an optional information [-Usg the corresponding mode setting [ X X X
field in different mode setting commands from the ‘¢ommand with an optional
basic repertoire (i.e., SABM, SARM, SNRM) or’the’ | information field
alternative frame per optional function 10.1 (ie;
SABME, SARME and SNRME)
20 || Provides the ability to exchange information fields | Add command: UIH X X X X X
Fhat are not fully protected by a c.heck sequence, Add response: UTH
independent of the mode (operational or non
operational) without impacting.the I frame sequence
numbers
21 Provides the abilityo-have more than one address | Use more than one address field X X X X X
field in a consecutive manner following the opening | after the opening flag and before
flag the control field.
22 Provides the frame format field immediately Include the frame format field after | X X X X X
following the opening flag sequence and before any | the opening frame sequence
address fields
23 UUse of seementation The segmentation subfield is X X X X X
present in the frame format field
24 | Inhibits bit or octet insertion as a transparency Do not perform bit or octet X X X X X
mechanism insertion
25 Start/stop mode intra-frame timeout Set the timer upon receipt of a stop X X X X X
bit and disable upon receipt of a
start bit or upon the timer running
out
26 Provides a check sequence over the header A HCS is inserted after the control X X X X X
field
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6.11 Unbalanced operation (point-to-point and multipoint)
6.11.1 General

The following requirements apply to the procedure for unbalanced operation of synchronous or start/stop data transmission
over point-to-point or multipoint data links with two-way alternate or two-way simultaneous data transfer. The procedure uses
the HDLC frame structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It uses the basic
command/response repertoire designated UNC or UAC (see 6.6.2.1 or 6.6.2.2, respectively). Although only the basic
commands and responses are described, there are several optional functions available for enhanced operation. These are listed
in 6.7 and shown in table 13.

NOTE — Tlhe HDLC unbalanced classes of procedures operate as illustrated in the examples given in Annex B.
6.11.2 Description of the data link
6.11.2.1 |Configuration (see figure D, Introduction)

The unbalgnced operation data link configuration shall consist of one primary station and oné_or more secondary| stations
interconneg¢ted by physical layer transmission facilities.

6.11.2.2 |Physical layer transmission facilities

The physicpl layer transmission facilities may provide either half-duplex or duplex transmission over switched or non-$witched
data circuits.

NOTE — Ip the case of a switched data circuit, the procedures described assume that'the switched data circuit has been established
The data Ijnk layer shall not initiate data transmission until an indication of circuit availability is provided by the [physical
layer. (In [some systems providing two-way alternate data exchange on physical layer data circuits using half-duplex
transmissidn, this indication of physical layer circuit availability 18 indicated by an idle data link channel state.)
6.11.3 Description of the procedures

6.11.3.1 |General

Unbalancedl control procedures shall operateyona data link with one primary station and one or more secondary statjon(s) in
either normal or asynchronous response/mode. Only one secondary station at a time shall be put in asynchronous tesponse

mode. The [primary station shall be ultimately responsible for overall data link error recovery.

Each data §tation shall check for@the correct receipt of the I frames it has sent to the remote data station by checking fhe N(R)
of each recpived I frame and stpervisory frame.

6.11.3.2 |Data station.characteristics

The primary station:shall be responsible for:

a) setting up-the data link and disconnecting the data link;

b) sending information transfer, supervisory and unnumbered commands; and
¢) checking received responses.

Each secondary station shall be responsible for:

a) checking received commands; and

b) sending information transfer, supervisory and unnumbered responses as required by the received commands.
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6.11.4 Detailed definition of the procedures

The procedures for a permanently connected data link or an established switched connection are defined in 6.11.4.1 to 6.11.4.6.
The protocol for establishing and disconnecting a switched data circuit is not within the scope of this International Standard.
However, the ability to exchange identification and/or characteristics after the switched connection is established is available

as an optional function.

6.11.4.1  Setting up and disconnecting the data link

6.11.4.1f—Settimg up the data timk

The prirhary station shall initialize the data link with a secondary station by sending a SNRM (or SARM) cémimarld and shall
start a rpsponse time-out function (or equivalent). The addressed secondary station, upon receiving the SNRM (or SARM)
commar]d correctly, shall send the UA response at its first opportunity and shall set its send and receivestate varialjles to zero.
If the UA response is received correctly, the data link set up to the addressed secondary station is-complete, and the primary
station shall set its send and receive state variables relative to that secondary station to zero and 'shall stop the response time-
out fundtion (or equivalent). If, upon receipt of the SNRM (or SARM) command, the secondary station determiines that it
cannot gnter the indicated mode, it shall send the DM response. If the DM response is receiyed correctly, the primary station
shall stop the response time-out function (or equivalent).

If the SINRM (or SARM) command, UA response or DM response is not received ¢orrectly, it shall be ignored. Th¢ result will
be that the primary station's response time-out function (or equivalent) will run out, and the primary station may| resend the
SNRM (or SARM) command and restart the response time-out function (or equivalent) (see 6.11.4.3).

This actlon may continue until a UA response has been received correctly or until recovery action takes place at a higher layer.
6.11.4.112 Disconnecting the data link

The pritpary station shall disconnect the data link(s) with secondary station(s) by sending a DISC command and shall start a
responsg time-out function (or equivalent). The addressed\secondary station(s), upon receiving the DISC comman(l correctly,
shall sepd a UA response at its first opportunity and(shall enter the normal disconnect mode (NDM), or the asynchronous
disconn¢cted mode (ADM), as predefined for that secondary station. If, upon receipt of the DISC command, th¢ addressed
secondaty station is already in the disconnected-mode, it shall send the DM response. The primary station, upon feceiving a
UA or DM response to a sent DISC commandy shall stop the response time-out function (or equivalent).

When iff is a multipoint configuration;~the UA response from secondary stations shall not interfere with one apother. The
mechanfsm used to avoid overlapping-responses to the disconnect (DISC) command using a group address or th¢ all-station
address |s system-defined.

If the DISC command, UA tesponse or DM response is not received correctly, it shall be ignored by the receiving sation. This
will resylt in the expiry of the primary station's response time-out function (or equivalent), and the primary station may resend
the DISC command arid/restart the response time-out function (or equivalent) (see 6.11.4.3).

This actjon may-centinue until either the UA response or a DM response has been received correctly or until recovery action
takes plgce at a’higher layer.

6.11.4.13—Proeedure-ina-diseonneeted-mode

A secondary station in NDM (or ADM) shall monitor commands, shall react, at the earliest respond opportunity, to a SNRM
(or SARM) command as outlined in 6.11.4.1.1, and shall respond with a DM response to a received DISC command. The
secondary station shall respond to other commands received with the P bit set to "1" with a disconnected mode (DM) response
with the F bit set to "1". Other commands received with the P bit set to "0" shall be ignored. The DM response shall be used to
report the secondary station status asynchronously in ADM.
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6.11.4.2 Exchange of information (I) frames

6.11.4.2.1 Sending I frames

The control field format shall be as defined in 5.5.1 for an I frame with N(S) set to the value of the send state variable V(S) and
with N(R) set to the value of the receive state variable V(R). Following data link set-up, both V(S) and V(R) shall be set to

zero. The maximum length of the information field in I frames shall be a system-defined parameter.

If the data station is ready to send an I frame numbered N(S), where N(S) is equal to the last received acknowledgement plus
the modulo - 1, the data station shall not send the I frame but shall follow the procedures described in 6.11.4.3.

6.11.4.2.2 | Receiving I frames

After a datj station receives correctly an in-sequence I frame [i.e., N(S) equals the value of the receive state variable V[(R)] that
it can accept, it shall increment its receive state variable V(R), and, at its next opportunity to send, takerone’ of the fpllowing
actions:

a) If infopmation is available for transmission and the remote data station is ready to receiye¢, it shall act as desdribed in
6.11.4)2.1 and acknowledge the received I frame(s) by setting N(R) in the control field of'the next transmitted I frame to
the value of V(R).

b) If infofmation is not available for transmission but the data station is ready to receive I frames, the data station shall send
an RR[frame and acknowledge the received I frame(s) by setting N(R) to the yalue’of V(R).

c) If the glata station is not ready to receive further I frames, the data station’ may send an RNR frame and acknowlgdge the
receivgd I frame(s) by setting the N(R) to the value of V(R).

If the data|[station is unable to accept the correctly received I frame(s)! V(R) shall not be incremented. The data stafion may
send an RNR frame with the N(R) set to the value of V(R).

6.11.4.2.3 | Reception of incorrect frames

If a frame is received with an incorrect FCS, it shall be/discarded.
If an I franje is received with a correct FCS but with an incorrect N(S), the receiving data station shall ignore the N(S) field and
discard the|information field in that frame. This shall continue until the expected I frame is received correctly. The data station
shall, howg¢ver, use the P/F and N(R) indications in the discarded I frames. The data station shall then acknowl¢dge the

expected I frame, when received correctly;-as described in 6.11.4.2.2.

NOTE — Ignoring the N(S) field and.discarding the information field of an I frame applies to the basic repertoire. When using any pariant of
optional funftion 3 for individualftame retransmission, the N(S) field is not ignored and the information field is retained.

>

The P/F regovery (checkpeinting) shall cause retransmission of the I frames received incorrectly, as described in 5.4.3.

6.11.4.2.4 | Datasstation receiving acknowledgements

A data statjonreceiving an I, RR or RNR frame with a valid N(R) = x shall treat as acknowledged all previously trahsmitted

I frames uptoandinelndinethe Hrametransmitted-wih MSrequattex—-
6.11.4.3 Time-out considerations

In order to detect a no-reply or lost-reply condition, each primary station shall provide a response time-out function (or
equivalent). Also, in ARM, each secondary station shall provide a command time-out function (or equivalent). In each case,
the expiry of the time-out function (or equivalent) shall be used to initiate appropriate error recovery procedures. In NRM, a

secondary station shall depend on the primary station to initiate time-out recovery.

The duration of time-out functions (or equivalent) shall be system-dependent. To resolve possible contention situations in
ARM, the duration of the secondary station's time-out function shall be different from that of the primary station.
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P/F bit usage

P/F bit usage in the unbalanced classes of procedures, UNC and UAC, shall be as described in 5.4.3.

6.11.4.5

Two-way alternate considerations

In the case of normal respond opportunity, two-way alternate, data link operation

a) transmission from the primary station shall not be allowed until either:

1)

2)

b) trapsmission from the secondary station shall not be allowed until receipt of a frame with the P bit‘setto "1".

NOTE 1
facilities

In the c4
after a fi

In the ¢4
not be a

a) detg
b) the

NOTE 2

transmisgion. The direction of transmission is controlled by the datalink layer, and may be signalled by the physical layer.

If no frames are transmitted from either data stationy while in ARM and information is waiting for transmission, it §

that the
in the c4

If a datal
the rem

6.11.4.6

For eac
physical
appropr
controll
station s

TCCCIpt Of @ {raIme Wil UTe & DIt Set o 10T

expiry of a no-response time-out function; and

— In multipoint configurations of normal respond opportunity, two-way alternate, data link operation over dup
the primary station may transmit frames with the P bit set to "0" to non-polled secondary stations in the above mentiong

se of normal respond opportunity, two-way alternate, data link operation, a data/station shall not accept fur
ame with the P/F bit set to "1" was accepted and before it sends a frame with, the)F/P bit, respectively, set to

se of asynchronous respond opportunity, two-way alternate, data link eperation, transmission from a data s
lowed until either

ction of an idle data link channel state after receipt of a frame ora flag; or
end of an extended period of inactivity (idle data link channel state).

— In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the dire

data station transmits at first a supervisoryframe only in order to avoid long time recovery action, which
se of I frame contention.

station has transmitted frames-and no further frames are pending for transmission, it shall give the right to
te data station.

Two-way simultaneous considerations

h unbalanced class of procedures, two-way simultaneous communication protocols may be used indg
data circuit_Capability (i.e., half-duplex transmission). However, in the case of half-duplex data circu
ate accommodation has to be made to control the direction of data transmission. The direction of tran
bd by the_data link layer. In addition, in the case of normal respond opportunity, data transmission from thg
hall notbe allowed until receipt of a frame with the P bit set to "1".

lex physical
d period.

ther frames
n l n .

tation shall

tion of data

s advisable
yould occur

transmit to

pendent of
t facilities,
smission is
secondary

6.12 B

6.12.1
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General

The following requirements apply to the procedure for balanced operation of synchronous or start/stop data transmission over
point-to-point data links with two-way alternate or two-way simultaneous data transfer. The procedure uses the HDLC frame
structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It uses the basic command/response
repertoire designated BAC (see 6.6.2.3). Although only the basic commands and responses are described, there are several

optional

functions available for enhanced operation. These are listed in 6.7 and shown in table 13.

NOTE — The HDLC balanced class of procedures operates as illustrated in the examples given in Annex B.
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6.12.2 Description of the data link
6.12.2.1 Configuration (see figure E, Introduction)

The balanced operation data link configuration shall consist of two combined stations interconnected by physical layer
transmission facilities.

6.12.2.2  Physical layer transmission facilities

The physical layer transmission facilities may provide either half-duplex or duplex transmission over switched or non-switched
data circuifs:

NOTE — I the case of a switched data circuit, the procedures described assume that the switched data circuit has been established.
The data Iink layer shall not initiate data transmission until an indication of circuit availability is provided by the [physical
layer. (In [some systems providing two-way alternate data exchange on physical layer data cireuits using halff-duplex
transmissidn, this indication of physical layer circuit availability is indicated by an idle data link channelstate.)
6.12.3 Description of the procedures

6.12.3.1 |General

Balanced dontrol procedures shall operate on a data link where the data station’at ‘each end of the data link is a cpmbined
station. Th¢ procedures shall use the asynchronous balanced mode. Each combified*station shall be equally responsible for data

link layer drror recovery.

Each combjined station shall check for the correct receipt of the I frames it has sent to the remote combined station by ¢hecking
the N(R) of each received I frame or supervisory frame.

6.12.3.2 |Combined station characteristics

Each statiop shall be a combined station, i.e., it shall be able to set up the data link, disconnect the data link, and both $end and
receive cothmands and responses.

6.12.4 Detailed definition of the procedures

The procedures for a point-to-point data linkiusing a permanently connected or an established switched connection ard defined
in6.12.4.1to 6.12.4.6.

The protocpl for establishing and-disconnecting a switched data circuit is not within the scope of this International Standard.
However, the ability to exchange*identification and/or characteristics after the switched connection is established is gvailable
as an optiopal function.

6.12.4.1 |Setting upand disconnecting the data link

6.12.4.1.1 | Setting up the data link

Either combimed statiom may take the Titiative to mitiatize the data ik sttt semd e SAB M commmamd amd start @ response
time-out function (or equivalent). The other combined station, upon receiving the SABM command correctly, shall send a UA
response and reset both its send and receive state variables to zero. If the UA response is received correctly, the data link set-up
shall be complete, and the initiating combined station shall set both its state variables to zero, stop the response time-out
function (or equivalent), and enter the indicated mode. If, upon receipt of the SABM command, a combined station determines
that it can not enter the indicated mode, it shall send the DM response. If the DM response is received correctly, the initiating
combined station shall stop the response time-out function (or equivalent).

If an SABM command, UA response or DM response is not received correctly, it shall be ignored. The result will be that the
response time-out function (or equivalent) will run out in the combined station which originally sent the SABM command and
that combined station may resend the SABM command and restart the response time-out function (or equivalent) (see
6.12.4.3).

70 © ISO/IEC 2002 — All rights reserved


https://standardsiso.com/api/?name=fe7a87f3c1e781192bf1e3c1946ca727

ISO/IEC 13239:2002(E)

This action may continue until a UA response has been received correctly or until recovery action takes place at a higher layer.
6.12.4.1.2  Disconnecting the data link

Either combined station may take the initiative to disconnect the data link. It shall send the DISC command and start a
response time-out function (or equivalent). The other combined station, in an operational mode, upon receiving the DISC
command correctly, shall send a UA response and enter the asynchronous disconnected mode (ADM). If, upon receipt of the
DISC command, the other combined station is already in the disconnected mode, it shall send the DM response. The initiating
combined station, on receiving a UA or DM response to a sent DISC command, shall stop its response time-out function (or
equivalent).

If a DISC command, UA response or DM response is not received correctly, it shall be ignored. The result will{be that the
responsg¢ time-out function (or equivalent) will run out in the combined station which originally sent the DISC command
unless g separate mode setting command is received, in which case the response time-out function (or-equivalept) may be
stopped] This combined station may resend the DISC command and restart its response time-out function (er equivajent).

This acfion may continue until a UA or DM response has been received correctly, a DISC ¢emmand has be¢n received
correctly, or until recovery action takes place at a higher layer.

6.12.4.1{3 Procedure in a disconnected mode

A combjned station in ADM shall monitor received commands, shall react to a SABM' command as outlined in 6.12.4.1.1, and
shall respond with a DM response to a received DISC command. It shall respond to-other commands received with the P bit set
to "1" with a disconnected mode (DM) response with the F bit set to "1". Qther commands received with the P bit set to "0"
shall be [ignored. The DM response shall be used to report the combined stdtion status asynchronously in ADM.

6.12.4.114 Simultaneous attempts to set mode (contention)

When a| combined station issues a mode setting command and;-before receiving an appropriate response, receiyes a mode
setting ¢ommand from the remote combined station, a comtention situation has developed. Contention situatiops shall be
resolved in the following manner.

When the sent and received mode setting commands are the same, each combined station shall send a UA response at the
earliest fespond opportunity. Each combined station shall either enter the indicated mode immediately or defer gntering the
indicatefl mode until receiving a UA response. In the latter case, if the UA response is not received, the combined $tation may
enter th¢ mode when the response time-eut function (or equivalent) expires, or the combined station may reissug the mode
setting gommand.

When the mode setting commands .are different, each combined station shall enter ADM and issue a DM resppnse at the
earliest tespond opportunity. In.the case of a DISC command contention with a different mode setting command| no further
action i required. In the case of contention between a SABM and a SABME or SM command, the combined statjon sending
the SABME or SM command shall have priority over the combined station sending the SABM command in re-atteipting data
link establishment.

6.12.4.2] Exchange of information (I) frames

6.12.4.2}1.. Sending I frames

The control field format shall be as defined in 5.5.1 for an I frame, with N(S) set to the value of the send state variable V(S)
and with N(R) set to the value of the receive state variable V(R). Following data link set-up, both V(S) and V(R) shall be set to
zero. The maximum length of the information field in I frames shall be a system-defined parameter.

If the combined station is ready to send an I frame numbered N(S), where N(S) is equal to the last received acknowledgement
plus the modulo - 1, the combined station shall not send the I frame but shall follow the procedures described in 6.12.4.3.

The decision whether to send an I frame as a command or as a response, i.¢., to use the remote or the local address to indicate a

P or an F bit, respectively, shall depend on the need to acknowledge a received P bit set to "1" by transmitting a response with
the F bitset to "1".
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6.124.2.2 Receiving I frames

After a combined station receives correctly an in-sequence I frame [i.e., N(S) equals the value of the receive state variable
V(R)] that it can accept, the combined station shall increment its receive state variable V(R), and, at its next opportunity to
send, take one of the following actions:

a) if information is available for transmission and the remote combined station is ready to receive, it shall act as described in
6.12.4.2.1 and acknowledge the received I frame(s) by setting N(R) in the control field of the next transmitted I frame to
the value of V(R);

b ff — . + 1l O 4  — h TEPRDE | 1 IR . 1 . 16 +1 1o 1 .
) 1T InToymatromr 1s not avariaoic 101 UWAIISIIIISSTUTL, UUL UIT CUTITUIIITU S IAtIUIN IS Taly tU TCUUTVE T ITAITITS, UIT combmed station

shall send an RR frame and acknowledge the received I frame(s) by setting N(R) to the value of V(R); or

c) if the [combined station is not ready to receive further I frames, the combined station may send an-RNR frame and
acknowledge the received I frame(s) by setting the N(R) to the value of V(R).

If the compined station is unable to accept the correctly received I frame(s), V(R) shall not be incremented. The cpmbined
station may send an RNR frame with the N(R) set to the value of V(R).

The I or supervisory frame transmitted will be either a command or a response depending gn'ywhether a P bit set to "1] or an F
bit set to '|1" transmission, respectively, is required. If the transmission of a P bit or'F)bit set to "1" is not requjred, the
acknowledpement frames may be either commands or responses.
6.12.4.2.3 | Reception of incorrect frames

If a frame is received with an incorrect FCS, it shall be discarded.
If an I frampe is received with a correct FCS but with an incorrect IN(S), the receiving combined station shall ignore the N(S)
field and djscard the information field in that frame. This shall continue until the expected I frame is received correg¢tly. The
combined $tation shall, however, use the P/F and N(R) indications in the discarded I frames. The combined station shall then

acknowledpe the expected I frame, when received correctly,.as*described in 6.12.4.2.2.

NOTE — Ignoring the N(S) field and discarding the information field of an I frame applies to the basic repertoire. When using any yariant of
optional funftion 3 for individual frame retransmission, thé.N(S) field is not ignored and the information field is retained.

The P/F regovery (checkpointing) shall cause, the retransmission of the I frames received incorrectly, as described in 5.4.3.2.
6.12.4.2.4 | Combined station receiying-acknowledgements

A combingd station receiving am I;-RR, or RNR frame with a valid N(R) = x shall treat as acknowledged all previously
transmitted I frames up to and/meluding the I frame transmitted with N(S) equal to x - 1.

6.12.4.3 |Time-out considerations

In order tq detect<ano-reply or lost-reply condition, each combined station shall provide a response time-out fun¢tion (or
equivalent). The expiry of the time-out function (or equivalent) shall be used to initiate appropriate error recovery procgdures.

q RS S ERETENE sl —Fhe—duration—ofthe—time-eut—fandtion (or
equivalent) in the two combined stations shall be unequal in order to resolve contention situations, especially in two-way
alternate operation.

The time-out function (or equivalent) shall be started whenever the combined station has transmitted a frame for which a reply
is required. When the expected reply is received, the time-out function (or equivalent) shall be stopped. If, during the interval
that the time-out function (or equivalent) is running, other frames are sent for which acknowledgements are required, the time-
out function (or equivalent) may have to be restarted.

If the response time-out function (or equivalent) runs out, a command with the P bit set to "1" may be (re)transmitted, and the
response time-out function (or equivalent) restarted.

72 © ISO/IEC 2002 — Al rights reserved


https://standardsiso.com/api/?name=fe7a87f3c1e781192bf1e3c1946ca727

6.12.4.4

ISO/IEC 13239:2002(E)

P/F bit usage

P/F bit usage in the balanced class of procedure, BAC, shall be as described in 5.4.3.

6.12.4.5

Two-way alternate considerations

In two-way alternate, data link operation, transmission from a combined station shall not be allowed until either

a) detection of an idle data link channel state after receipt of a frame or a flag; or

b) the

NOTE —
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nbalanced connectionless operation (point-tg-point and multipoint)
General

bwing requirements apply to the procedute’ for unbalanced connectionless operation of synchronous or stal
sion over point-to-point or multipoint.data links with two-way alternate or two-way simultaneous data tr
e uses the HDLC frame structurendefined in clause 4 and the HDLC elements of procedures described in
basic command/response repertoire designated UCC (see 6.6.2.4). Although only the basic command and r
d, there are several optionalfunctions available for enhanced operation. These are listed in 6.7 and shown in
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re tributary

The physical layer transmission facilities may provide either half-duplex or duplex transmission over switched or non-switched
data circuits.

NOTE — In the case of a switched data circuit, the procedures described assume that the switched data circuit has been established.

The data link layer shall not initiate data transmission until an indication of circuit availability is provided by the physical
layer. (In some systems providing two-way alternate data exchange on physical layer data circuits using half-duplex
transmission, the indication of physical layer circuit availability is indicated by an idle data link channel state.)
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6.13.3 Description of the procedures

6.13.3.1 General

Unbalanced connectionless control procedures shall operate on a data link with one control station and one or more tributary
station(s). The procedures shall use the connectionless-mode of operation. The control station shall be responsible for sending
unnumbered command frames and receiving unnumbered response frames. The tributary station(s) shall be responsible for
receiving unnumbered command frames and sending unnumbered response frames. Neither shall be responsible for connection

establishment/termination, flow control, acknowledgements, or error recovery.

Both the cgmtrotstatromrand-the-tributary stattonts)stattcheckmrecommgframes—forcorrectframechecksequernceamyl correct
frame formjat. Incorrect frames shall be discarded without notification to the other station.

6.13.3.2 |Unbalanced connectionless station characteristics

The contro station shall be responsible for:

a) sending unnumbered command frames;

b) receiving unnumbered response frames; and

¢) deternlining when each tributary station shall send.

The tributayy station shall be responsible for:

a) receiving unnumbered command frames; and

b) sending unnumbered response frames when given the right to transmit.
6.13.4 Detailed definition of the procedures

The procedures for a permanently connected (dedicated).data link or an established switched connection are defined in|6.13.4.1
to 6.13.4.6] The protocol for establishing and disconretting a switched data circuit is not within the scope of this Intefnational
Standard. However, the ability to exchange identification and/or characteristics after the switched connection is estabflished is
available a$ an optional function.

6.13.4.1 |Setting up and disconnecting the data link

[There are| no data link set-up procedures or data link disconnect procedures in the unbalanced connectionless [class of
procedures}]

6.13.4.2 |Exchange of uinumbered information (UI) frames
6.13.4.2.1 | Sending UI frames

The contro| field format shall be as defined in 5.5.3 for a UI frame. The maximum length of the information field in Ul frames
shall be a system-defined parameter.

Whenever the control station is ready to send a Ul command frame, it shall send it immediately since there is no flow control
in connectionless class service. The tributary station(s) shall only send Ul response frames when given permission to do so.

6.13.4.2.2 Receiving Ul frames
When a control or tributary station receives correctly a UI frame that it can accept, the information field contents are passed up

to the higher layer. If the control or tributary connectionless station is unable to accept the correctly received Ul frame, the
information field contents are discarded.
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If a tributary station correctly receives a Ul command frame with the P bit set to "1", the tributary station shall send whatever
UI response frames it has to send and then will send a Ul response frame with the F bit set to "1". The UI response frame with
the F bit set to "1" shall contain a zero length information field (in order to minimize its exposure to transmission errors).

6.13.4.2.3 Reception of incorrect frames

If a frame is received with an incorrect FCS, it shall be discarded. If a frame is received with incorrect format, it shall be
discarded.

6.13.4.2.4 Unbalanced connectionless station receiving acknowledgements

Unbalachr:.ed connectionless stations do not operate with acknowledgements per se. A tributary station reacts to-thefeceipt of a
Ul command frame with the P bit set to "1" by sending a Ul response frame with the F bit set to "1" as_part-of|the polling
process.|A control station reacts to the receipt of a Ul response frame with the F bit set to "1" as a result of a ptevioysly sent Ul
commar]d frame with the P bit set to "1" as an indication that the secondary is through sending Ul frames.
6.13.4.3] Time-out considerations

In order|to detect a no-reply or lost-reply condition relative to P/F bit exchange (i.e., polling)each control station shall provide
a resporfse time-out function (or equivalent). The expiry of the time-out function (or equiyalent) shall be availabl¢ for use to
initiate ransmission of another P bit set to "1" Ul command frame, to the same or a different tributary station.
The durgtion of the time-out function (or equivalent) shall be system-dependent:

The timg-out function (or equivalent) shall be started whenever the control station has transmitted a Ul command [frame with
the P bif set to "1". When a UI response frame with the F bit set to "1 is received from the tributary station, the time-out

function| (or equivalent) shall be stopped.

If the regponse time-out function (or equivalent) runs out, a Ul ¢command frame with the P bit set to "1" may be fransmitted,
and the fesponse time-out function (or equivalent) restarted.

6.13.4.4] P/F bit usage
P/F bit psage in the unbalanced connectionless.class of procedure, UCC, serves to indicate which tributary statipn is being
allowed|to transmit. The issuance of a Ul response frame with F bit set to "1" indicates that the tributary station hps no more
information to send.

6.13.4.5| Two-way alternate considerations

In two-way alternate data link ©peration

a) trapsmission from the control station shall not be allowed until either:

1) | receipt of @)Ul response frame with the F bit set to "1", or

2) | expiry of a no-response time-out function (or equivalent); and

b) trarsTSSION fronTa tributary station st ot beattowed umntitreceiptof @ Ut commmand - frame witirthe P-bitset to "1".

NOTE 1 — In multipoint configuration, two-way alternate data link operation over duplex physical facilities, the control station may
transmit Ul command frames with the P bit set to "0" to non-polled tributary stations in the above mentioned period.

NOTE 2 — In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction of data
transmission. The direction of transmission is controlled by the data link layer, and may be signalled by the physical layer.

6.13.4.6 Two-way simultaneous consideration

For the unbalanced connectionless class of procedures, two-way simultaneous operation may be used independent of physical
data circuit capability (i.e., half-duplex or duplex transmission). However, in the case of half-duplex data circuit facilities,
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appropriate accommodation has to be made to control the direction of data transmission. The direction of transmission is
controlled by the data link layer. In addition, data transmission from the tributary station shall not be allowed until receipt of a
frame with the P bit set to "1".

6.14 Balanced connectionless operation (point-to-point)
6.14.1 General

The following requirements apply to the procedure for balanced connectionless operation of synchronous or start/stop data
transmission over p01nt to—p01nt data links with two-way alternate or two- way 51multane0us data transfer The procedure uses
the HDLC frar i et he basic
command/fesponse repertoire de51gnated BCC (see 6.6.2.5) Although only the basic command deﬁned is descnbed here are
several optjonal functions available for enhanced operation. These are listed in 6.7 and shown in table 13.

6.14.2 Description of the data link
6.14.2.1 |Configuration

The balanded connectionless operation data link configuration shall consist of two peer station$ interconnected by |physical
layer transinission facilities.

6.14.2.2 |Physical layer transmission facilities

The physicpl layer transmission facilities may provide either half-duplex or dupleX transmission over switched or non-$witched
data circuifs.

NOTE — Inf the case of a switched data circuit, the procedures described assume that the switched data circuit has been established.
The data Ijnk layer shall not initiate data transmission until an_indication of circuit availability is provided by the [physical
layer. (In [some systems providing two-way alternate datacexchange on physical layer data circuits using halff-duplex
transmissidn, the indication of physical layer circuit availability 1s indicated by an idle data link channel state.)
6.14.3 Description of the procedures

6.14.3.1 |General

Balanced cpnnectionless control procedures'shall operate on a data link where the data station at each end of the data|link is a
peer station). The procedures shall use the connectionless-mode of operation. Each peer station shall be responsible for| sending
Ul command frames and receiving l,command frames, but shall not be responsible for connection establishment/termination,

flow contrgl, acknowledgements (o €rror recovery.

Each peer ptation shall check)incoming frames for correct frame check sequence and correct frame format. Incorreqt frames
shall be digcarded without@otification to the other peer station.

6.14.3.2 |Balancedconnectionless station characteristics

Each station(shall be a peer station. It shall be able to both send and receive UI command frames without the need for a data
link connectiom to be estabiisied:

6.14.4 Detailed definition of the procedures

The procedures for a point-to-point data link using a permanently connected (dedicated) or an established switched connection
are defined in 6.14.4.1 to 6.14.4.6. The protocol for establishing and disconnecting a switched data circuit is not within the
scope of this International Standard. However, the ability to exchange identification and/or characteristics after the switched
connection is established is available as an optional function.
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Setting up and disconnecting the data link

[There are no data link set-up procedures or data link disconnect procedures in the balanced connectionless class of
procedures.]

6.14.4.2

Exchange of unnumbered information (UI) frames

6.14.4.2.1 Sending UI frames

The control field format shall be as defined in 5.5.3 for a UI frame. The maximum length of the information field in UI frames

shall be

WheneV
connectj

6.14.4.2

When a
the high|
are disc

6.14.4.2

If a frai
discardg

6.14.4.2
Peer sta
6.14.4.3

In order
out fund
availabl

The dur
equivalg
This tim

1 3
il 5 YSLCIIT=UCIIIICU Pal dIlITiCl.

er a peer station is ready to send a Ul command frame, it shall send it immediately since there is-noyflo
onless class service.

2 Receiving Ul frames

peer station receives correctly a Ul command frame that it can accept, the information field contents are p
er layer. If the peer station is unable to accept the correctly received Ul command frafme, the information fig
rded.

3 Reception of incorrect frames

he is received with an incorrect FCS, it shall be discarded. If a frame is received with incorrect format,
d.

4 Balanced connectionless station receiving acknowledgements
ions do not operate with acknowledgements.

Time-out considerations
to detect a no-activity condition in two-wayi-alternate configurations, each peer station shall provide a no-ad
tion (or equivalent) - idle data link channel state detector. The expiry of this time-out function (or equivale
p for use to initiate transmission of Ul'command frames.
htion of this time-out function(oi’ equivalent) shall be system-dependent. The duration of the time-out f

nt) in the two peer stations(shall be unequal in two-way alternate operation in order to resolve contention
e-out function (or equivalent) shall be started whenever the peer station observes a steady idle state conditi

 control in

assed up to
1d contents

it shall be

tivity time-
nt) shall be

unction (or
situations.
bn. When a

Ul command frame is received-the time-out function (or equivalent) shall be stopped. If the no-activity time-out function (or

equivalg
6.14.4.4
There is|

6.14.4.5
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P/F bit usage
no P/F bitusage in the balanced connectionless class of procedure, BCC.

Two-way alternate considerations

In two-way alternate data link operation, transmission from a peer station shall not be allowed until either:

a) detection of an idle data link channel state after receipt of a frame or a flag; or

b) the end of an extended period of inactivity (idle data link channel state).

NOTE — In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction of data
transmission. The direction of transmission is controlled by the data link layer, and may be signalled by the physical layer.
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If no frames were transmitted from either peer station for quite some time and information becomes available for transmission,
it is advisable that the peer station transmits at first a Ul command frame with a zero length information field in order to avoid
long timer recovery action, which would occur in the case of contention of UI frames with information.

If a peer station has transmitted frames and no further frames are pending for transmission, it shall give the right to transmit to
the remote peer station.

6.14.4.6 Two-way simultaneous consideration

For the balanced connectionless class of procedures, two-way simultaneous operation may be used independent of physical
data circuif—capabitity (e tatf=duptexorduptex—tramsmisstom—However; - theaseofhatf=duptex—data—cmreutfacilities,
appropriatd accommodation has to be made to control the direction of data transmission. The direction of transmjssion is
controlled py the data link layer.

6.15 Uses of the optional functions

Some uses| of the optional functions defined in 6.7 are described in this clause. The optional functions provide aglditional
capabilitied beyond the basic operations described in 6.11, 6.12, 6.13 and 6.14. The commands and responses identifigd are, in
general, defined in 5.5.

6.15.1 Option 1 — identification

The identiffication optional function provides the means for data link layer entitie$,to exchange data link layer paramgters and
characterisfics of operation before or during normal operation. The functien)utilizes the Exchange Identification (XID)
command gnd response frames.

A prime agjplication of Option 1 is in conjunction with a switched network connection. Following the indication of a working
physical path from the physical layer, and prior to establishingsa\logical data link connection over which higher layer
informatiof can be exchanged, the data link layer entities can\exchange details concerning the data link layer addresses
(individual| and group) that they are responsive to, the capabilities that they support (for example options, clags(es) of
procedure,|etc.), and the parameter values employed (for~example, value of reply timer, receive window size, nfaximum
information field length, etc.). The manner in which thése details are encoded in the information field of the XII} frames
exchanged|is the subject of clause 7.

Included irf the identification function is an optionfor accommodating a limited amount of higher layer information in|the XID
frame infofmation field. This may be useful in applications where security and/or authentication check routines [must be
invoked ptior to the establishment of a~legical data link connection between higher layer entities. Such infornjation is
transported transparently by the data link layer entities.

In addition|to its applicability befor¢data link connection establishment, the identification function also provides a mgchanism
for indicating a change in dataMink layer parameter value(s) while in the information transfer phase. Examples|of such
parameters|are the receive . window size and the maximum frame length. Local conditions at one end of a data link copnection
(for example, long term.cengestion or non-temporary reduction in buffering capacity) may dictate a change in operati¢n of the
remote staffion in order\fo maintain efficient utilization of the physical facilities. The identification function allows a [local-to-
remote trarfsfer of local parameter values at any time, with a remote-to-local confirmation in return.

6.15.2 Option 2 — REJ recovery

The REJ recovery optional function provides a mechanism for reporting an observed out-of-sequence exception condition of
received I frames, and thereby requesting the retransmission of I frames starting with the first missing I frame. The mechanism
is the reject (REJ) command/response frame.

This function has its greatest utility in systems that support two-way simultaneous operation, so that an observed gap in
received sequence numbers can be reported immediately, during incoming information transfer. In two-way alternate
operation, the REJ function offers a somewhat lesser utility, but does separate the sequence error reporting from the P/F bit
exchange checkpointing function that in some modes of operation is required to be associated with the last frame transmitted in
each transmit opportunity.
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In two-way simultaneous operation, the improvement in performance gained by using the REJ function is measured by the
number of I frames that would be sent after the point in time where the gap is reported, versus when the transmitter's transmit
window is exhausted or acknowledgement timer times-out, and the status enquiry process performed. In cases of large transmit
windows or long acknowledgement timers, this could be a substantial amount of time.

6.15.3 Option 3— SREJ recovery

This optional function is equally adaptable to both two-way simultaneous operation and two-way alternate operation. In two-
way simultaneous operation, the retransmitted I frames are interspersed in the ongoing sequential transmission of new I frames.
In two- -way alternate operat10n the requested I frames alone are retransm1tted followed by new I frames as appropriate.
Althoug 3 S . -of-sequence,
higher- numbered good frames recerved unt1l the requlred lower- numbered frames are recerved it y1e1ds a better ufility of the
information transfer capacity of the data link.

6.15.3.1] Option 3.1 —single individual I frame retransmission request

The single individual I frame retransmission optional function provides a mechanism for a receiver torequest retrangmission of
a single|l frame out of a series of I frames. Any number of requests for different I frames may be outstanding at § time. The
mechangsm is the selective reject (SREJ) command/response frame.

The SREJ frame does not incorporate an acknowledgement function for I frames received-when the P/F bit is set to ['0"; it does
when the P/F bit is set to "1". For example, to report frames numbered X, X+3, and"X+5 missing, a SREJ(X) framhe could be
sent with its P/F set to "1", when appropriate for the mode of operation, to acknowledge receipt of I frames nymbered up
through [X-1. SREJ(X+3) and SREJ(X+5) frames could be sent immediately with their P/F bits set to "0", not ackhowledging
any I frgmes received. Acknowledging receipt of a retransmitted I frame jis'usually accomplished by an I, RR or RNR frame
transmigsion with an N(R) value that identifies the correct receipt of the requested I frame.

Another| request for retransmission can take place when it is perceived that the desired action has not taken place. This
perceptipn comes about either as the result of a SREJ timer timeout, or by the receipt of requested I frame X before|requested I
frame X|- n (the request for I frame X - n precedes the request for I frame X).

6.15.3.2] Option 3.2 — multiple individual I frame(s)-retransmission request consisting of individual I-frame
indicatqrs only

The multiple individual I frame(s) retransmission-optional function that uses only individual I-frame indicators|provides a
mechanism for a receiver to request retransmission of one or more individual I frame(s) out of a series of I frames with a single
request py incorporating an informationtfield in the SREJ frame. Any number of requests for different I franjes may be
outstanding at a time. The mechanismris\the selective reject (SREJ) command/response frame with the multi-selective reject
procedufe using only individual I-frame indicators.

The mylti-selective reject precedure SREJ frame using only individual I-frame indicators does not incqrporate an
acknowledgement function(of,1 frames received when the P/F bit is set to “0”; it does when the P/F bit is set to “If”, as in the
case of p.15.3.1 above, With this multi-selective reject procedure, to report I frames numbered X, X+3 and X+5| missing, a
single SREJ frame would be sent with "X" encoded in the control field N(R) subfield and with "X+3" and "X+5" lencoded as
.o I frames is
correct in-

: : : : a = n-ha ished. This
perceptlon comes about e1ther as the result of a SREJ timer t1me out, or by the recelpt of a requested I frame X before
requested I frame X-n (the request for I frame X-n precedes the request for I frame X, either in an earlier SREJ frame or the
same multi-selective reject procedure SREJ frame that uses only individual I-frame indicators).

6.15.3.3 Option 3.3 — multiple individual I frame(s) retransmission request consisting of individual I-frame
indicators and span list indicators, as appropriate

The multiple individual I frame(s) retransmission optional function that uses both individual I-frame indicators and span list
indicators, as appropriate, provides a mechanism for a receiver to request retransmission of one or more individual I frame(s)
out of a series of I frames with a single request by incorporating an information field in the SREJ frame. Any number of
requests for different I frames may be outstanding at a time. The mechanism is the selective reject (SREJ) command/response
frame with the multi-selective reject procedure using both individual I-frame indicators and span list indicators, as appropriate.
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The multi-selective reject procedure SREJ frame using both individual I-frame indicators and span list indicators, as
appropriate, does not incorporate an acknowledgement function of I frames received when the P/F bit is to “0”; it does when
the P/F bit is set to “1”, as in the case of 6.15.3.1 above. With the multi-selective reject procedure, to report I frames numbered,
X, X+3, X+5, X+6, X+7, and X+8 missing, a single SREJ frame would be sent with “X” encoded in the control field N(R)
subfield, and with “X+3” encoded as an individual I-frame indicator, and “X+5, X+6, X+7 and X+8” encoded in a span list
indicator in the information field of the SREJ frame. Acknowledging receipt of retransmitted I frames is accomplished in the
normal manner by an I, RR or RNR frame transmission with an N(R) value that identifies the correct in-sequence receipt of the
requested I frames.

Another request for retransmlsswn can take place when it 1s percelved that the desired actlon has not been accomphshed This
perception a-SR before
requested 1| frame X -n (the request for I frame X-n precedes the request for I frame X, either in an earlier SREJ franpe or the
same multi-selective reject procedure SREJ frame that uses individual I-frame indicators and span listcindicjtors, as
appropriatd.

6.15.4 Option 4 — unnumbered information

The unnunjbered information optional function provides a mechanism for the sending of higher layer information at any time
without anfy impact on whatever mode of operation may be in use. The mechanism is the{unriumbered informatjon (UI)
command/fesponse frame.

There are o flow control procedures and no acknowledgement procedures associated ‘with Ul frame operation. Thete are no
data link eptablishment and no error recovery procedures required with Ul frame gperation. Error control procedurgs cover
only those matters concerned with frame structure and the frame check sequence{leading to the frame being discardefl and no
action takgn. The only data link layer parameter that is involved is the maximum established information field size at the
receiver. Miolation of maximum information field size may lead to a franie rejection (FRMR) exception conditign when
received dyring an operational mode (see 5.2.1).

UI frames [can be transmitted to one or more or all multiple statigusswithout concern for sequence number alignmept at the
stations inyolved. Depending on the application, UI frames can be fransmitted repeatedly with the same contents to [improve
the likelihdod that a good copy of the transmittal is received cogrectly at all intended receivers.

UI frame-only operation may be a logical choice of operation in highly reliable, error-free data link layer environmenty. Higher
layer provision of error recovery procedures and flow.control procedures may result in an acceptable information {ransport
mechanisn] for the users of such configurations.

6.15.5 Option 5 — initialization

The initialization optional function prevides the mechanisms for requesting and initiating an initialization mode of dperation
wherein syptem-defined initialization\procedures are utilized. The mechanisms are the set initialization mode (SIM) cpmmand
and the request initialization mode.(RIM) response frames.

This functipn can be employed-at any time, whenever it is deemed necessary by the station involved. A RIM responde would
result in anf SIM command’b¢ing sent. The SIM command shall be responded to using the UA response frame. The ndture and
make-up of the exchange or exchanges involved to realize a successful initialization are system defined. The conclusi¢n of the
initializatign mode is identified by the exchange of an appropriate mode-setting command frame and the UA response frame.
When a pr{mary/cembined station initiates the initialization procedures, a SIM command frame is sent without therq being a
requesting RIM sesponse frame.

6.15.6 Option 6 — unnumbered polling

The unnumbered polling optional function provides the mechanism for a primary/combined station to poll one or more or all of
the associated secondary/combined stations with a single frame transmission. The mechanism is the unnumbered poll (UP)
command frame.

The UP command frame contains no sequence numbers, acknowledges no frames received and is addressable to one or more
or all of the stations on the data link. The order of response and ensuring non-overlap of responses is not the subject of this
International Standard. Responses are optional or mandatory depending on whether the UP command frame had its P bit set to
"0" or "1", respectively. Unless the underlying response-ordering-mechanism provides an indicator of "last responder", it is
suggested that a specified "last" station respond to every UP command frame received, with an F bit set to the value of the P bit
in the UP command frame, so that the station which sent the UP command does not have to rely on time-out.
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6.15.7 Option 7— multi-octet addressing

The multi-octet addressing optional function defines the means for having an address field of N octets in length. The
mechanism employs one bit per octet to act as an end-of-address-field indicator. This bit set to "0" means that another address
field octet follows. This bit set to "1" means that this octet is the final octet in the address field. The sum of the 7N bits in the
identified N-octet address field constitutes a single address. This address can be an individual or group address. The all-station
address is always an address octet of "1" bits. An N-octet address field can be considered to have an address that is expressed
as a bit stream of 7N bits, or as an N-character series, for instance, using the ISO 646 character set.

This optional function may be ernployed in 51tuat10ns where it is con51dered des1rable for each data link location within a
system k k arragement and
station gdministration may benefit as a result. Station portability from data link to data link w1th1n the systeqn could be
enhancefl. This optional function may also be employed in situations where one octet of addressing (i.e., 256\tota] addresses,
includinfg the null and the all-station addresses) is insufficient.

6.15.8 Option 8 — command I frames only
The command I frames only optional function restricts I frames to being I command frames only.

In balanced operation, each combined station's ability to send I frames is only impeded(to) the extent that an I response frame
cannot Ye utilized to return an F bit set to "1" when an F bit set to "1" must be sent. A 'non-I response frame must bd utilized. If
a series jof I command frames is in the process of transmission when an F bit set {6, "1" must be sent, a non-I response frame
must befinserted into the stream of I frames, between I frames, in order to convgey the F bit set to "1" to the remote sfation.

In unbajanced operation, applying the optional function results in a quite different overall service, one thaf yields an
information send-only service at the primary station and an information teeeive-only service at the secondary statior(s).

6.15.9 Option 9 — response I frames only

The response I frames only optional function restricts I framesto being I response frames only. This function was d¢fined to be
the procpdural complement of the command I frames only-optional function (see 6.15.8).

In balanped operation, each combined station's ability to send I frames is only impeded to the extent that I frames cpnnot carry
P bits. Hence, a non-I command frame must be.sent if a P bit set to "1" is required. If a series of I response frames is in the
process jof transmission when a P bit set to "1 must be sent, a non-I command frame must be inserted into the gtream of I
frames, petween I frames, in order to convey the P bit set to "1" to the remote station.

In unbalanced operation, applying the” optional function results in a quite different overall service, one thaf yields an
information receive-only servicesatithe primary station and an information send-only service at the secondary statior(s).

6.15.10 Option 10 — extended sequence numbering

Typical ppplications fofsmodulus values greater than § are: satellite operations, long propagation delay environments and very
high spded/heavy, traffic load situations. The greater modulo value allows for larger send and receive windows to bg defined so
that infdrmationstransfer performance can be improved in such applications. The choice of higher modulus value fepends on
the actugl delay and other parameters of the specific environment.

6.15.10.T Opftion T0.T — extended sequence numbering — modulo 128

The extended sequence numbering modulo 128 optional function provides the mechanism for defining the sequence numbering
for I frame transfer to be modulo 128. The mechanism is in the form of separate mode-setting commands and different frame
formats for extended sequence numbering for the normal response mode (NRM) operation, the asynchronous response mode
(ARM) operation, and the asynchronous balanced mode (ABM) operation.

The send and receive sequence numbers in I frames are modulo 128. The receive sequence number in supervisory frames is

modulo 128. The control field in I frames and supervisory frames is extended to two octets in length. The control field in
unnumbered frames remains one octet in length.
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6.15.10.2

Option 10.2 — extended sequence numbering — modulo 32 768

The extended sequence numbering modulo 32 768 optional function provides the mechanism for defining the sequence
numbering for I frame transfer to be modulo 32 768. The mechanism is in the form of an SM command with an optional
information field to indicate the modulo and the mode of the operation (i.e., the normal response mode (NRM) operation, the
asynchronous response mode (ARM) operation, or the asynchronous balanced mode (ABM) operation).

The send and receive sequence numbers in I frames are modulo 32 768. The receive sequence number in supervisory frames is
modulo 32 768. The control field in I frames and supervisory frames is extended to four octets in length. The control field in

unnumbere

d frames remains one octet in length.

6.15.10.3

The extend
numbering

optional infformation field to indicate the modulo and the mode of the operation (i.e., the normalrresponse mode

operation,

The send a

frames is npodulo 2 147 483 648. The control field in I frames and supervisory frames is exfended to eight octets in len|

control fiel

6.15.11 Of

The one-w
of informa

information transfer. The mechanism is the reset (RSET) command frame:

A combineg
frame. The
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retransmiss
sender has
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The data li
any time, i
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Option 10.3 — extended sequence numbering — modulo 2 147 483 648

ed sequence numbering modulo 2 147 483 648 optional function provides the mechanism for defining the S
for I frame transfer to be modulo 2 147 483 648. The mechanism is in the form of an SM~command

he asynchronous response mode (ARM) operation, or the asynchronous balanced mode (ABM) operation).
nd receive sequence numbers in I frames are modulo 2 147 483 648. The receive s€quence number in sup
d in unnumbered frames remains one octet in length.

tion 11 —one-way reset

hy reset optional function provides a mechanism for initiating the résetting of the logical data link for one
ion transfer in the balanced mode of operation without affecting the logical data link for the other dirg
d station initiates a reset of the logical data link relatiye to its I frame transmission by sending the RSET ¢
remote station acknowledges the RSET command frame by returning a UA response frame.

ne direction of the logical data link results ii.the following events taking place at the RSET sender and
e send state variable is reset at the RSETtsender, and the receive state variable is reset at the UA sen

ion counter is reset at the RSET sender.The UA response indicates that any busy condition that existed a
been cleared. Also, any frame reject (FRIMR) condition that existed at the UA sender has been cleared.

tion 12 — data link test

hk test optional functionprovides a mechanism for testing the basic data link layer function at a remote s
hdependent of the mode)of operation or the phase of the procedures. The mechanism is the test (TEST) ¢
ke frames. It is not intended as a conclusive test of remote station operation.

nction checks-the following capabilities at the remote station:

an operiing flag;

equence
with an
(NRM)

ervisory
oth. The

lirection
ction of

bmmand

the UA
ler. The
the UA

ation, at
bmmand

b) remov

e zero bits that have been inserted for transparency from the received bit stream following the opening flag;

c) detect

a closing flag;

d) calculate an FCS for the received bit stream;

e) check that the unique FCS remainder was obtained;

f) decode its address as being the contents of the address field;

g) decode the control field as the TEST command,;

h) accommodate the length of the information field;
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i) generate a bit stream consisting of its own address in the address field, the TEST response encoding in the control field
with the F bit set to the same value as the P bit in the received TEST command control field, and the information received
in the information field;

j)  send an opening flag;

k) insert zero bits into the transmitted bit stream following the opening flag so that a flag sequence is not simulated before the

clos

ing flag is sent;

1) calculate an FCS on the transmitted bit stream (consisting of the address, control and information fields) and append it to

the
m) end|
6.15.13

The req
disconn

At an 4

primary,
Upon re

a) ign
b) acc
6.15.14

Use of §
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Option 13 —request disconnect

hest disconnect optional function provides a mechanism for a secondary/combined statioh. to request that
ct be initiated by a primary/combined station. The mechanism is the request disconngdt (RD) response fram

ppropriate respond opportunity, a secondary/combined station may send a RD)response frame to indi
combined station that the secondary/combined station wishes to be placed in thie disconnected mode (NDM
Ceipt of the RD response frame, the primary/combined station may

re the RD response frame and continue with the normal procedures;(t:

ept the RD response and issue a DISC command frame.

Option 14 — Alternate frame check sequences

n alternate frame check sequence is determined by prior agreement or by use of a FCS negotiation mecl
, see Annex E when both stations are capable of supporting both the 16-bit FCS and the 32-bit FCS).

1 Option 14.1 — alternate frame checking sequence — 32-bit FCS

bit FCS optional function provides a higher degree of transmission error detection capability than that av3

hal 16-bit FCS capability. The geénerator polynomial and the FCS generation and checking process are d

D Option 14.2 — alternate frame checking sequence — 8-bit FCS

t FCS optional funetion can be used by those applications with short frames (e.g., such as on the order of 1
voice) where overhead is a concern and/or where the protection afforded is adequate. The generator polyj

generation and checking process are described in 4.2.5.4.

Option 15 — start/stop transmission

a data link
.

cate to the

or ADM).

hanism (for

ilable with
escribed in

0 octets for
nomial and

The stal

t/sfop transmission optional function permits HDLC frames and procedures to be used in start/stop tfansmission

environments. The mechanism for start/stop transmission is described in 4.3.2. The three levels of transparency available are as
indicated below. Use of this optional function is determined by prior agreement.

6.15.15.

1 Option 15.1 — start/stop transmission with basic transparency

The basic transparency option provides transparency processing for the flags and the control escape octets.

6.15.15.2 Option 15.2 — start/stop transmission with basic transparency and flow-control transparency

In addition to the basic transparency, the flow-control transparency option provides transparency processing for the DC1/XON
and DC3/XOFF control characters defined in ISO/IEC 646. This has the effect of assuring that the octet stream does not
contain values which could be interpreted by intermediate equipment as flow control characters.
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6.15.15.3 Option 15.3 — tart/stop transmission with basic transparency and control-character octet transparency

In addition to the basic transparency, the control-character octet transparency option provides transparency processing for all
octets in which both the 6th and 7th bits are "0" as well as for the DELETE character octet. This has the effect of assuring that
the octet stream does not contain values which could be interpreted by intermediate equipment as the control characters or
DELETE character defined by ISO/IEC 646.

6.15.16 Option 16 — even-bit data path transparency

The seven-bit data path transparency option, for use in conjunction with any of the functions of Option 15, permits HDLC

v haracter
can be trarjsferred (e.g., where bit 8 is used for parity). The mechanism for seven-bit data path transparency iscdesg¢ribed in
4.3.2.1. Usp of this optional function is always in conjunction with one of the transparency functions of Option.15;5sel¢ction of
the particujar Option 15 transparency function is independent from the use of Option 16. Use of optionalfunctipn 16 is
determined by prior agreement.

6.15.17 (ption 17 — set mode command (SM) with optional information field used in place.of SXXM or $XXME
command

The optiorfal function provides an alternate mechanism for data link set-up in place of the use of SXXM (modulo 8) or
SXXME (thodulo 128) commands. The mechanism is the set mode (SM) mode setting comimand.

The SM frpme may contain an information field, in which the mode of operation, and the modulus to use may be identified.
Also includable in the information field can be items such as the operational parameters (both standard and user-defiped) and
higher laydr user data. This function thereby allows the use of a single mode{setting command, SM, in place of up tp six set
mode commands (SABM, SARM, SNRM, SABME, SARME and SNRME)'in those environments where one or more modes
of operatiop, or one or more moduli, are supported by a single data link layer entity.

6.15.18 (Pption 18 — presence of an information field in UA_and DM responses, and in DISC commands

This optiorjal function allows for information to be conveyediin mode setting response frames (UA and DM) and in the mode
setting disqonnect command frame (DISC). The mechanism is the incorporation of an information field in these frames.

The type of information conveyed in UA and DM-résponse frames can include mode of operation and modulus data, pprameter
selection npatters, and user data information. The’/type of information that can be conveyed in a DISC command [frame is
restricted tp user data only. The existence of'this optional function complements the selection of optional functions 1(.2, 10.3,
17 or 19.

6.15.19 Option 19 — presence 6f'an information field in SABM, SARM, SNRM, SABME, SARME, SNRME
commands

This optionjal function provides for the ability to convey control and/or user data information in the transmission of anl SABM,
SARM, SNRM, SABME; SARME or SNRME mode-setting command frame. The mechanism is the incorporatign of an
information field in these commands.

The informjatiofi field can convey information relative to the operational parameters (both standard and user-defined) being
supported, pad-user data for passage up to the higher layer.

6.15.20 Option 20 — unnumbered information with header check

The unnumbered information with header check optional function provides the ability to exchange information fields that may
not be entirely protected by a frame check sequence, independent of the mode (operational or non-operational), without
impacting the I frame sequence numbers. This option can be used when the integrity of the information being transferred is of
lesser importance than its delivery to the correct station(s). Cases where the integrity of the information being transferred is of
lesser importance than its delivery to the correct station include the timely transmission of packetized voice, video/graphic
data, or periodically updated information.
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6.15.21 Option 21 — multiple address fields

The multiple address fields optional function allows frames to have more than one address field. When more than one address
field is used, they shall be present in the frame in a consecutive manner immediately following the opening flag, or the frame
format field (see 4.9), when present. Each address field may be chosen independently to use either the single-octet format or
the extended format (see 4.7.1).

6.15.22  Option 22 — frame format field

The frame format field optional function allows a frame to have a frame format field immediately following after the opening
flag sequence and before any address fictds. Ihe frame format field includes the format type, frame tength_apd optional
segmentation subfields. The frame format field is defined in 4.9 and frame formats are defined in Annex Hl The XID
parametpr supported frame format types contains a bit mask of the frame format types supported by this station.

6.15.23| Option 23 — segmentation

The segmentation optional function indicates that the segmentation subfield exists in the frame format field. This|option can
only be ised when Option 22 is also used. The segmentation subfield is defined in 4.9.3.

6.15.24| Option 24 — no bit or octet insertion
This opfional function indicates that the normal transparency mechanisms are inhibited. This option can only bg used with
Option 22, since the length subfield defined by Option 22 makes it possible t0,inhibit bit or octet insertion as a tfjansparency

mechanism.

6.15.25| Option 25 — start/stop mode intra-frame timeout

This optional function indicates that an intra-frame timeout is being used in start/stop mode. See 4.6.3 for a description of the
intra-frame timeout.

6.15.26| Option 26 — header check sequence
The header check sequence (HCS) optional function indicates that there is a HCS following the control field and before the

information field. The HCS can only be used/with Option 22. If present, the HCS is the same length as the FCS apd uses the
same polynomial.

7 Gg¢neral purpose Exchange-1dentification (XID) frame

A generpl purpose XID frameGs-defined for use by two correspondents wishing to communicate with one another i an HDLC
environment.

7.1 (eneral purpose XID frame information field structure

The gengral purpose XID frame information field structure is the same as that described in 5.5.3.1 for mode-setting|commands
and responses.

7.1.1 ormaft identifier subfield

The format identifier (FI) subfield is defined in 5.5.3.3.11. The list of standard XID format identifiers that are registered is
given in ISO/IEC TR 10171.

7.2 General purpose XID frame information field encoding

The general purpose XID format identifier subfield is the first octet of the general purpose XID information field. The data link
layer subfields, if present, follow in ascending order according to their GI values. Except where noted, specific data link layer
subfields may appear only once in the general purpose XID information field. The absence of a particular data link layer
subfield should be interpreted to mean that parameters within this subfield shall maintain their present values. The user data
subfield, if present, is always the last subfield of the XID information field.
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rmat identifier subfield encoding

The format identifier (FI) subfield is encoded as illustrated in figure 20.

First bit transmitted

;High order bit

01 00 0 0 0 1 General purpose XID format identifier

7.2.2 Data link layer subfield encoding

Figure 21 i
The GI eng
All GI enc
NOTE 1
than once in|
exchange.
NOTE 2

while makin
with a singlg

The group

The follow
parameters

The follow}

Figure 20 — General purpose XID format identifier subfield encoding

oding of all ones (1111 1111) is not used as a data link layer subfield encoding.
dings not assigned in this International Standard (here and in 5.5.3.2.2) are resefved for future use.

The HDLC parameters data link layer subfield and the user-defined parameters data link layer subfield may each apy
an XID information field. This allows a station to convey multiple menus of supportable parameters through a single X

The user-defined parameters identifier is for use to identify parameters, outside the scope of the HDLC parameters
o use of those parameters that are explicitly identified by the HDLC’parameters identifier — thus allowing parameter n{
XID exchange.

Eirst bit transmitted

;High order bit

1 0 0 0-0,0 1 O Addressresolution

00 0¢(4,0 0 0 1 HDLC Parameters
000 T 0 O0 0 I Multlink parameters

0 O\N0 0 I I 1 1 User-defined parameters

Figure 21 — Geng¢ral purpose XID data link layer subfield identifier encodings

ength is expressed@s,a two-octet binary number representing the length of the associated parameter field in

and user-defined parameters data link layer subfields.

ng legend explains the symbols used in tables 14, 15, 16, 17 and 18.

PI

PL
E

B

N

NA
SD

Bit No.
TBD

86

s £ 1d B o d d - 1 1
I drarrivivt LUUJJLILI\./I’ \.«API voollu dds a ulvuiinial varuwv.,
Parameter Length in octets, expressed as a decimal value.

Indicates the field is bit encoded. When this bit position is "1", the feature is present or supported by
the sender. When the bit position is "0", the feature is absent or not supported by the sender.

Indicates this field is binary encoded.
Number of octets.

Not applicable.

System defined.

Numerical order of bits transmitted.

To be determined.
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Table 14 — Data link layer subfield parameter field elements

Address resolution (GI =10000010)

PI

Parameter field element

Unique identifier

ISO/IEC 13239:2002(E)

2 | Local data link layer address
HDLC parameters (GI = 00000001)

Pl Parameter field element

1 Unique identifier

2 | Class of procedures

3 | HDLC optional functions

4 Group address(es)

5 | Maximum information field length - transmit

6 | Maximum information field length - receive

7 | Window size (k) - transmit

8 Window size (k) - receive

9 | Acknowledgement timer

10 | Retransmission attempts

11 | Reply delay timer

12 | Port number

13 | Number of protected bits in a UIH frame

Multilink parameters (GI = 00010001)

PI |Rarameter field element

1 Lost frame timer (MT1)

2 | Group busy timer (MT2)

3 | Reset confirmation timer (MT3)

4 | Multilink window size (MW) - transmit

5 | Multilink window size (MW) - receive

6 | Guard region window size (MX)

F—Muttimkgroupsize

8 | Multilink group member(s)

User-defined parameters (GI =00001111)

PI Parameter field element

0 | Parameter set identification

© ISO/IEC 2002 — All rights reserved
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Table 15 — Address resolution data link layer subfield parameter field elements

Name PI PL Parameter field element Code type Bit No. Value
Identifier 1 TBD | Unique identifier B TBD B (see the note)
Address 2 N Local data link layer address NA NA SD

NOTE The value of this PV is a subject for further study.
Table 16 — HDLC parameters elements
Name PI PL Parameter field element (t':}(’)l;]: Bit No. Value

Identifier 1 TBD | Unique identifier B TBD B)

Classes oflprocedures” 2 2 Balanced ABM E 1 oN
Unbalanced NRM-Primary E 2 o
Unbalanced NRM-Secondary E 3 o
Unbalanced ARM-Primary E 4 of
Unbalanced ARM-Secondary E 5 o
Balanced BCC E 8 ot
Unbalanced UCC-Control E 9 ot
Unbalanced UCC-Tributary E 10 o
Two-way alternate E 6 of
Two-way simultaneous E 7 of
Reserved 11to 16

HDLC opfional functions® 3 5 1 Reserved
2 REJ cmd/resp E 2 of
3.1 SREJ cmd/resp single frame E 1
3.2 SREJ cmd/resp multiple frames-individual E 22 oN
I-frame indications only
3.3 SREJ cmdfresp multiple frames-individual E 24 oNf
I-frame.indications and span list indicators
4 UL cmd/resp E 4 oM
S.SIM cmd/RIM resp E 5 of
6 UP cmd E 6 oft
7 Basic address (basic capability) E 7 of
7.1 Extended address E 8 of
8 Delete resp 1 E 9 oM
9 Delete cmd I E 10 ot
10 Modulo 8 (basic capability) E 11 o/t
10.1 Modulo 128 E 12 of
10.2 Modulo 32 768 E 25 of
10.3 Modulo 2 147 483 648 E 26 ot
HRSET-eméd E 3 041
12 TEST cmd/resp E 14 0/1
13 RD resp E 15 0/1
14 16-bit FCS (basic capability) E 16 0/1
14.1 32-bit FCS E 17 0/1
14.2 8-bit FCS E 32 0/1
15 Synchronous transmission (basic capability) E 18 0/1
15.1 Start/stop transmission with basic E 19 0/1
transparency
15.2 Start/stop transmission with basic and flow E 20 0/1
control transparency
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Table 16 — HDLC parameters elements (continued)

Name PI PL Parameter field element (t:;;)i: Bit No. Value
15.3 Start/stop transmission with basic and E 21 0/1
control-character octet transparency
16 Transfer of seven data bits/character in E 30 0/1
start/stop transmission environments
17 Set Mode command with an optional E 27 0/1
information field to be used in place of SXXM
or SXXME
18 UA and DM responses, and the DISC E 28 0/1
command with an optional information field
19 SABM, SNRM, SARM, SABME, SNRME, E 29 0/1
SARME command with an optional
information field
20 UIH cmd/resp E 23 0/1
21 Support for multiple address fields E 31 0/1
22 Support of frame format field E 33 0/1
23 Support of segmentation E 34 0/1
24 Inhibit bit or octet insertion E 35 0/1
25 Start/stop mode intra-frame timeout E 36 0/1
26 Header check sequence E 37 0/1
Reserved 381 to 40 0
Group hddress(es)” 4 N Data link group address NA NA SD
Maximpim information field | 5 N Maximum information field’length transmit B NA B
length (transmit) (bits)
Maximpim information field | 6 N Maximum information: field length receive B NA B
length (receive) (bits)
Windoy size k (transmit) N Window size k-transmit (frames) B NA 0 to fnodulus -1
Windoy size k (receive) N Window, sizek-receive (frames) B NA 0 to fodulus -1
Acknoyledgement timer N Wait.for.acknowledgement timer (msec) B NA B
Retrangmission attempts 10 | N Maximum number of retransmission attempts B NA B
Reply delay timer 11 | N Maximum delay in generation of reply (msec) B NA B
Port number 12 |2 Local port identifier (for multilink use) B NA B
Numbey of protected bits 13 | N Number of protected bits in a UTH frame B NA B
Addres-field count 4\ N Count of address fields B NA B (spe note 4)
Supporged frame format 15| N Frame format types supported B NA B (sl:e note 5)
types
Intra-frpme time-out 16 | 2 Maximum time between octets (msec) B NA B
NOTE 1 Thevalue of this PV is beyond the scope of this International Standard.
NOTE 2

NOTE 3 This parameter field element may be repeated for multiple group addresses.

NOTE 4 The count is not meant to restrict protocols to a specific interpretation of this field. For example, this field may be used as a
count of the actual number of address fields or of the maximum number of address fields allowed to be present in frames.

NOTE 5 The MSB of the first octet of the bit mask represents type 0; the second MSB, type 1; and so. The initiating station may use the
bit mask to indicate the type it wants, the recipient can use it to indicate the types it can support.
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Table 17 — Multilink parameters elements

Name PI PL Parameter field element (t:;;iee Bit No. Value
Lost frame timer 1 MT1 - lost frame timer (msec) B NA B
Group busy timer 2 N MT?2 - Group busy timer (msec) B NA B
Reset confirmation 3 MTS3 - Reset confirmation timer B NA B
timer (msec)
Multiflink window size 4 2 Multilink window size (MW) - B 1-12 0 through 4095
(trangmit) transmit (frames) MX
Reserved B 13-16 0
Multiflink window size 5 2 Multilink window size (MW) - B 1-12 0'through 4095-MX
(receive) receive (frames)
Reserved B 13-16 0
Guar(q region window 6 2 Guard region window size (MX) B 1312 B
size (frames)
Reserved B 13-16 0
Multilink group size 7 1 Number of data links in multilink B NA B
group
Multiflink group 8 4 Local port number - remote port B NA B
member (see note) number, for the data link cepnéction
NOTE This parameter field element is repeated for each membgr ot the multilink group.
Table 18 — User<defined parameters elements
Code .
Nam P1 PL Parameter field element type Bit No. Value
Identifier 0 N Rarameter set identification NA NA (See Note 1)
(Implementor-defined) | 1 to N (Implementor-defined) NA NA NA
(See Note 2) 255
NOTE 1 Parameter set identifiCation may be from 1 to 255 octets in length. Certain values are listed in ISO/IEC TR 10171.
NOTE 2 The use of PEPL/PV encoding in this subfield for PI values other than PI=0 is not required. Such usage is at the dis¢retion of
the organizafion associated with the parameter set identified by PI=0.
7.2.3  Uspr data subfield encoding

7.2.3.1 User data identilier encoding

The user data identifier identifies the subfield as the user data subfield. Figure 22 provides its encoding.

90

First bit transmitted

;High order bit

1 1 1 1 1 1 1 1 Userdataidentifier

Figure 22 — User data subfield encoding
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7.2.3.2
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User data subfield encoding

The user data subfield is transported transparently by the data link and passed on to the user of the data link. The encoding of
the user data subfield is the responsibility of the data link user, and may be any format that is mutually agreed upon by the data
link users involved.

7.3 Sin

gle-frame exchange negotiation process

This subclause defines a single-frame exchange negotiation process using the XID command/response frame exchange with a
general purpose XID information field to identify and profile the correspondents desiring to communicate over either switched

or priva
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selection of parameter yalues by the responding station from those offered by the initiating station is as follow:

— For

— For

T data Hnks:

nary/combined station desiring to, or having been requested to, initiate the XID frame exchange. trarism
onding station initiates an XID response frame with an information field that indicates the-parameter sel
le.

Address resolution

se 8.

Parameter negotiation

Specifying supportable parameters

command frame shall specify the modes which are supported by the local station. Encoding of these mod
s:

ituations where XID frame collisions are possible¢during parameter negotiation, the local unique identifi
ed in the Parameter field.

s of classes of procedures and the HDLC optional functions parameter value are used to specify multipl
Fation. Each pair shall be encoded sueh-that all HDLC optional functions specified in the HDLC option3
meter value are supported in association with all classes of procedure specified in the classes of procedures
other parameter values are encoded as necessary.

Specifying parameter values selected

D response frame.shall designate the mode in which the local station will operate. Acceptance criteria o

the "E" bit.encoded parameters, only options supported by both stations may be selected.

the’window size parameters and the maximum information field length parameters, the minimum values arg

its an XID

d frame with the P bit set to "1" with an information field containing an offered profile of supportable’parameters.

bction from

les shall be

er shall be

e modes of
1 functions
value.

method of

chosen.

— Parameter fields not supported by the receiver are ignored and omitted from the XID response frame.

— In the case of HDLC optional function parameters 3, 7, 10 and 15 (see table 16), one alternative must be chosen. The
method of changing from one version to another version, in these cases, is not the subject of this International Standard.

— In the case of HDLC optional function parameter 14 (see table 16), one or both versions may be identified as supported.
The method of selection is in accordance with the single-frame exchange negotiation process. The operation of a system

that

supports the 16-bit FCS and the 32-bit FCSboth versions is described in 7.4.
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7.3.2.3

Collision of XID command frames

Which station has control of parameter selection during collision situations shall be resolved in the following way. The local
unique identifier is compared with the remote unique identifier received in the XID command frame. If the local unique
identifier is greater than the remote unique identifier, then the local station shall select the operating parameters from the
offered profile of supportable parameters supplied by the remote station in the XID command frame. Selection of these
operating parameters and transmission of the XID response frame is described in 7.3.2.2. If the local unique identifier is less
than the remote unique identifier, then the local station yields control of operating parameter selection to the remote station. If
an XID response frame does not contain an HDLC parameters subfield, this is interpreted to mean that parameters within this
subfield shall maintain their present values (see 7.2).

7.3.2.4

Every user
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— The initiating station will start the negotiation process from the 16-bit FCS mode as far as transmitted XID frames are
concerned.

— During the FCS negotiation process, and until the mode-setting command and response have been exchanged, the stations
will receive and process frames in both the 16-bit FCS mode and the 32-bit FCS mode simultaneously. (In the constrained
case, it is not necessary for the initiating station to process received frames in both 16-bit FCS and 32-bit FCS modes
simultaneously since the responding station does not send frames with 32-bit FCS until after it has indicated selection of
the 32-bit FCS mode and has received a set mode command with a 32-bit FCS from the initiating station.)

92
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7.5

Illustrat]:e examples ol the application ol these FTS negotiation rules are given in Annex E.

ISO/IEC 13239:2002(E)

The responding station will select the value of FCS to be used from that which both stations are indicating they support,
and will indicate the selected value in the XID response HDLC parameters data link layer subfield.

The stations will disable the unusable FCS mode upon the sending of or the receipt of the mode-setting command that
confirms the other station's concurrence as far as the value of FCS to be used for information transfer is concerned.

The stations will reactivate the disabled FCS mode upon the sending of or the receipt of a mode-setting disconnect mode
command, thereby returning to a condition where all frames are received and processed in both the 16-bit FCS mode and
the 32-bit FCS mode simultaneously.

Rulles for negotiation use of the frame format field in non-basic frame format mode

Two cades are covered: the general case and a constrained case. The constrained case allows for sofie Simplificjtion in the
operating procedures (by virtue of the known roles of initiating and responding station) and in the capabilities that fhe stations
involved must support (because collision situations do not exist). The differences in the basic principles (rules) that|are used in

the negdtiation process are noted by parenthetical explanations.

The follpwing basic principles (rules) apply to stations that support both basic-mode and Option 22 (frame format field) as far
as negoffiation of the frame format field is concerned. (In the following paragraph, weZwill assume for brevity that|*“non-basic

mode” rheans “non-basic mode with the frame format field Option 22.”)

8.1

Negotiation or re-negotiation is only performed in the logical data link disconnected phase.

Thq initiating station will start the negotiation process from pthe“basic mode as far as transmitted XID [frames are
conperned.

Duifing the negotiation process, and until the mode-setting\command and response have been exchanged, the stations will
recgive and process frames in both the basic mode andithe non-basic mode simultaneously. (In the constrainefl case, it is
not necessary for the initiating station to process recéived frames in both basic mode and non-basic modes simpltaneously
sinde the responding station does not send frames-with non-basic mode until after it has indicated selection pf the non-
basjc mode and has received a set mode command with a non-basic mode from the initiating station.)

The responding station will select non-basic mode options to be used from that which both stations are indicating they
support, and will indicate the selected‘options in the basic-mode XID response HDLC parameters data link layef subfield.

Thd stations will disable the basic/mode upon the sending of or the receipt of the mode-setting command that cpnfirms the
othgr station’s concurrence. as far as the options to be used for information transfer is concerned.

The stations will reacfivate the basic mode upon the sending of or the receipt of a mode-setting discojnect mode
command, thereby zeturning to a condition where all frames are received and processed in both the basic mgde and the
nontbasic mode Simultaneously.

Rdgsolution/negotiation of data link layer address in switched environments

Operational requirements

XID Command/Response Frame Support: All stations shall support the XID frame optional function defined as optional
function 1 (see 6.15.1).

All-Stations Address Support: All stations shall support the "all-stations" address capability.

Station Address Support: All stations shall be capable of supporting the complete range of assignable addresses within the
constraints of HDLC procedures.
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8.2 Address resolution

In cases where the operational data link layer addresses are not known on an a priori basis (e.g., on switched circuit data links),
the stations involved that initially are assuming an initiating combined station status shall start the address resolution procedure
in order to establish the data link layer addresses to be employed in subsequent frame exchanges.

Upon receipt of an indication from the physical layer that a physical connection exists, the initiating combined station shall
transmit as soon as possible an XID command frame as indicated in 8.2.1 below. The non-initiating combined station, upon
receipt of an indication from the physical layer that a physical connection exists, shall await the receipt of an XID command
frame in order to transmit an XID response frame as described in 8.2.2 below.

In order tq prevent stations from assuming the "all-stations" or "no-stations" data link layer address, as a result, off address
resolution, [stations sending XID command frames shall choose data link layer addresses in the range from 2 to,253:

8.2.1 Ggdnerating XID command frames

An addresq resolution XID command frame shall be sent that contains, within the information field, both the Local Diata Link
Layer Addfess parameter and the Unique Identifier parameter, in accordance with clause 7. The XID command frame|shall be
sent with the "all-stations" address in the address field and with the P-bit set to “1”.

If a valid ¥ID response frame is not received within a predefined time, another XID commiand frame shall be sent, cqntaining
the then cyrrent value of that station's Local Data Link Layer Address parameter as.well as the station's Unique Identifier
parameter. [This procedure may be repeated "n" times (where the value of "n" is implementation dependent).

For the nop-initiating combined station, if a valid XID command frame is“ot received within a predefined time, fhe non-
initiating cpmbined station shall assume the role of an initiating combined station.

Whenever p station initiates address resolution (i.e., has sent an XID\éommand frame with the "all-stations" address), it shall
remain in the disconnected phase until it has successfully completed*an XID frame exchange.

8.2.2 Gdnerating XID response frames

Upon recefjtion of an XID command frame, the received data link layer address parameter field is compared with the lpcal data
link layer address.

— If the fwo addresses are different, no address modification is necessary. An XID response frame shall be transmifted with
the logal data link layer address contained in the address field of the frame as well as in the local data link layey address
parameter field.

— If'the fwo addresses are identreal, the local data link layer address must be modified before transmitting the XID fesponse
frame| If the local UniquéAdentifier parameter value is greater than the Unique Identifier parameter value containgd in the
infornpation field of thewréceived XID command frame, then the local station shall increment its data link layer address by
one.

— If the local Unique Identifier parameter value is less than the Unique Identifier parameter value contained in the feceived
XID dommand frame, then the local station shall decrement its data link layer address by one.

Once the address has been modified, an XID response frame shall be sent with the new local data [ink layer address contained
in the address field of the frame as well as in the local data link layer address parameter field.

NOTE 1 The Unique Identifier parameter values are considered as pure binary numbers for performing the comparison.

NOTE 2 In the case of multiple octet addressing, the incrementation/decrementation operation shall be done such that the bits reserved
for address extension, low order bit “b1”, are not changed.
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Annex A
(informative)

Explanatory notes on the implementation of the frame checking sequence

In order to permit the use of existing devices that are arranged to use a zero preset register, the following implementation may be used. (This

example
At the trg
a) pre
b) inv
c) shi
d) inv

At the re
as receiv

a) pre
b) inv
c) shi
d) inv|
In the ab

In the ab
the all ze]

The trang
the FCS

It shall b
receiver
will need

iven in terms of the 16-bit frame checkin nce, and assumes that all bits of the frame are check
nsmitter, generate the FCS sequence in the following manner while transmitting the elements of the frame unaltered onf
set the FCS register to zeros;

ert the first 16 bits (following the opening flag) before shifting them into the FCS register;
[t the remaining fields of the frame into the FCS register uninverted;

ert the contents of the FCS register (remainder) and shift onto the line as the FESsequence.

eiver, operate the FCS checking register in the following manner while receiving{(and storing) unaltered the elements
ed from the line:

set the FCS register to zeros;

ert the first 16 bits (following the opening flag) before shiftifig them into the FCS checking register;
[t the remaining elements of the frame, up to the beginhing of the FCS, into the checking register uninverted
ert the FCS sequence before shifting into the checking register.

ence of errors, the FCS register will contain all zeros after the FCS is shifted in.

bve, inversion of the first 16 bits is equivalent to a ones preset, and inversion of the FCS at the receiver causes the regi
Fos state.

mitter or the receiver can independently use the ones preset or the first 16-bit inversion. Also, the receiver can choose
n which case it has to check-for the unique nonzero remainder specified in 4.2.5.

e realized that inversion’ of the FCS by the receiver requires a 16-bit storage delay before shifting received bits into the
annot anticipaté the beginning of the FCS. Such storage, however, will normally take place naturally as the FCS checK

o the line:

of the frame

4

ters to go to

not to invert

egister. The
ing function

to differentiate’the FCS from the data, and it will thus withhold 16 bits from the next function at all times.
Flag Address Control Information Frame checking sequence Flag
- ka(j:)S | 16 bits —————— Jp
< i >

The procedure for using the FCS is based on the assumptions that:

a) the

k bits of data which are being checked by the FCS can be represented by a polynomial G(x).

Example: G(x) = x%+x3 +1 represents 101001.
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b)  The address field, control field and information field (if it exists in the frame) are represented by the polynomial G(x) .

¢) For the purpose of generating the FCS, the first bit following the opening flag is the most significant bit of G(x) regardless of the

actual representation of the address, control and information fields.

6 12

d)  There exists a generator polynomial P(x) of degree 16, having the form P(x) = 181245 11,

The FCS is defined as the ones complement of a remainder R(x) obtained from the modulo 2 division of

x16G(x)+xk(x15 I L L L AL L RN ST +x+1)
by the genetptor polynomial P(x).
x166(x)+xk(x15+x14+-~-x+1) R(x)PCS
= 0(x)+
P(x) P(x)
The multipl{cation of G(x) by x16 corresponds to shifting G(x) by 16 places and thus providing the Space of 16 bits for the FCS. The
addition of )ck(x15 +xM e xq 1) to x16G(x) [equivalent to inverting the first 16 bits of] x16G(x)] corresponds to initializing the
initial remainder to a value of all "ones". This addition is provided for the purpose of protection against the obliteration of leadjng flags,
which may pe non-detectable if the initial remainder is zero. The complementing of R{x),-by the transmitter, at the completipn of the
division enspres that the received, error-free message will result in a unique, non-zerd.rémainder at the receiver. The non-zero femainder
provides prdtection against potential non-detectability of the obliteration of trailing flags.
At the transthitter, the FCS is added to the x16G(x) , resulting in an M (x) oflength n , where M (x) = x16G(x) + FCS.
At the receier, the incoming M (x) is multiplied by x16 , added to gp’(x VoM ixs 1) and divided by P(x).
163166 (x) + FCS]+x" (1 +x™ +- -+ x+1) P r(x)
= 0r()+
P(x) P(x)
If the transnfission is error free, the remainder Rr(x) will be "0001 1101 0000 1111" (x15 through x0 , respectively).
, , o oL(x) 15 14 , -
Rr(x) is th¢ remainder of the division = where L(x)=x " +x " +---4+ x+1. This can be shown by establishing that all other
X
terms of the[numerator of the receivér division are divisible by P(x).
Note that FCS= R(x)=L(x)+ R(x). [Adding L(x) without carry to a polynomial of its same length is equivalent to a pit-by-bit
inversion offthe polynomial.]
The equatiofn above, for the FCS receiver residual, is used in the following to show that inverting the FCS at the receiver returns the|checking
16
x T L(x Rr(x
register to zero. This equation is T()) = Q(x)+% where L(x) is as defined above and Rr(x) is the residual contents of the
X X
FCS register. x16L(x)
16 16
L(x)+ L
If is added to the numerator, the rabove esult is al (xl))( ); (x) =0.
X

Physically, t
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he addition of x16L(x) is achieved by inverting the FCS.
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Annex B
(informative)

Example of the use of commands and responses

B.1 Introduction

B.4.1 General notation

The notation used in the diagrams in this annex is illustrated below.

/ \ Flag (i.e. frame boundary) 7\
| _————Frame without information
:Framo containing information

Frame with error : r——7$é—< or :.7%

B.1.2 Notation for primary and secondary stations

Information format
rSend sequence number

Infgrmation frame : I N(S), N(R) P/F -a—Poll or final bit ON

Receive sequence number {next expected frame)

Ex1mple : Pri xmits : 12,6 P. This denotes a primary information frame with send sequence number 2, the next expected | frarrle from
the [secondary is receive sequence pumber 6 (frames numbered 5 and below are therefore acknowledged) and the poll bit is sef to “1”
(i.e]the secondary is to initiate transmission with | frames if available).

Supervisory command/ response

Supervisory frame.. XXX N(R), P/F «a—Poll or final bit ON

Receive sequence number

Example : Pri xmits : RR2 P. This denotes a receive ready (RR) command, N(R) = 2 (i.e. the next expected | frame from the
secondary is receive sequence number 2); and the poll bit is set to "'1".

r-thnumbered command or response

Unnumbered frame : XXXX, P/F -==— Poll or final bit ON

Example : Pri xmits : SNRM, P. This denotes the normal response mode {NRM) mode-setting command with the P bit set to 1"
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B.1.3 Notation for combined stations
Address
v .
Information format
’»—Send seguence number
Information frame : X, I N(S), N(R) P/F -ea——Poll or final bit ON
Receive sequence number (next expected frame)
Address
F Supervisory command/response
Supervisory frame : X, XXX N(R), P/F -a——Poll or final bit ON
LReceive sequence number
Address
—— Unnumbered command or response

Unnumbered frame : X, XXXX, P/F -e—Poll or final bit ON
B.2 [Examples of normal response mode (NRM) two-way alternate (TWA) transmission
B.2.1 | Normal response mode (NRM) TWA without transmission errors
B.2.1.] NRM start-up procedure and secondary only information transfer

SNRM P RROP RR3.P
Pri xmity : — — —

UA,F 10,0 11,0 12,0F 13,0 14.9

Sec xmis : :J b + + i b + )
B.2.1.2| NRM start-up procedure and primary only information transfer

SNRM;P 10.0 11,0P 12,0 13,0
Pri xmit$ : : } + | s + T‘

UAF RR2.F
Sec xmirs : t:j l:]
B.2.1.3 NRM information transfer by primary and secondary
19.0 11,0 12,0P 13,2 14,2P 15.3
Pri xmits : | 4— { | ! — ; O
19,3 11,3F 12,5F

Sec xmits } 1 | p———y
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B.2.2 Normal response mode (NRM) TWA with transmission errors in command frames
B.2.2.1 NRM start-up command error

SNRM P SNRM,P 0.9

Pri xmits %—T&——E —_—
UAF

Sec xmits [:1

B.2.2.2 NRM primary information frame error

Retransmitted frames

0.9 1.9 / 12, aP n,2 12.2 1329

Pri xmifs : F T / V! ! t

18,1 11,1F

Sec xmits : b

T

B.2.2.3 NRM primary poll frame error

Retransmitted frame

10,0 e lZ,OP/ RR9.P 12,2 13,2 14,2
Pri xmifs : f } + /Av PR L - F + +

18,2 11,2F

Sec xnpits : 5 t 1

~A

B.2.3| Normal response mode (TWA) HDX with transmission errors in response frames

B.2.3.1 NRM start-up response error

SNRM,P - SNRM.P 10.0
Pri xmiks : m - Ly el — E —_
UAF UAF

Sec xmpits : m Ej

B.2.3/2 NRM secondary information frame error

Retransmirted framgs

0.9 e 12,0P 13,0 14 0P 15.2
Pri xmlts : b ¢ } —_ — } | —

43 s/ 11.3F 10,5 i
Sec xmits : b /AV/ } i } " gw
or Retransmitted frames
CX] 11,0 12,0P RROP
Pri xmits : [ S— + } -4 m | 1
0.3 [1,3F 10,3 11 3F
Sec xmits : — /AV/% — - + —
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B.2.3.3 NRM secondary ‘‘final’’ frame error

Retransmitted frame

1.0 11,0 12,0P Tim?‘ou‘ or 13,1 14,1pP 153
Pri xrmits - ‘r ; ' ] idle line detect ' X . ?
10,3 I1,3F 11,5 12,5F
s . , .

- !
Sec xmits : + + /‘T’ b + -

or Retransmitted frame
@0 110  120P ame-out or RR1P 13.3
Pri xmits - - . } 4 idle line detect ;r___! '
19,3 11,3F 11,3 12,3F
Sec xpits : b + /AVJ' ,__.Q__’

B.3 | Examples of asynchronous response mode (ARM) two-way aiternate (TWA) transmission
B.3.1] Asynchronous response mode (ARM) TWA without transmission erfors

B.3.1]1 ARM start-up procedure and secondary only information transfer

SARM.P RR2 RR3
Pri xml|ts : t:l m :1

UAF (0.0 b1,0
Sec xrits m Indefinite time ~ ————+————

12,0
—

t— Indefinite time —"_——2

B.3.12 ARM primary and secondary information transfer with contention situation

Contention

SARM.P \ oo 110 , 100 110p
| 1 4 Primary - . -

Pri xmifts : E T ! ! time-out ' i '

VA F 0.0 11,0 10.2F

o Secondary . .
Sec xrpits : IZJ Indefinite time  F————+———— time-out '
-~

~

B.3.2 “Asynchronous response mode (ARM) TWA with transmission errors in command frames

B.3.2.1 ARM start-up command error

SARMP SARM P

Pri xmits : W‘ Time-out —
UA.F
Sec xmits : l:l
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B.3.2.2 ARM primary information frame error

NOTE — Recovery procedure is identical to NRM operation.

Retransmitted frames

SARM P 1o, i1,0P 0.0 11.0pP

T |
Indefinite time T v 1

AS
T

Pri xmits .

Sec xmits . h b H

B.3.2.3 ARM primary ‘‘poll’’ information frame error

NOTE — Recovery procedure is identical to NRM operation.

/— Retransmitted frame
SARM P 19.0 11,0P, 10.0 12, 0P
. ) A / Idie li '
Pri xmits : m Indefinite time r d:telzf ; RR3,F
e g )~ :
UA F RR1

Sec kmits : m Ej

B.3|3 Asynchronous response mode (ARM) TWA with transmission errors in response frames
B.3.3.1 ARM start-up

SARMP SARM\P
Pri xfnits : :j - Time-out [:1

UAF UAF

Sec kmits : m m

B.3.3.2 ARM secondary information frame error

Retransmitted frames

SARMP RRO.P RR2
Pri xqnits : D m /\ m

UA.F 00 , 11,0 10.0F 11,0
—_d

Indefinite time

]

Indefinite)

Indefinite time

——

time

{

Sec kmits Indefinite time

Ar———

B.3.3.3 ARM secondary ‘‘final’’ information frame error

SARM,P RR2

Pri xmits : m
10.0 / 60 10
Sec xmits : tj Indefinite time Time-out '?
UA,F e -

Retransmitted frame
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B.4 Examples of normal response mode (NRM) two-way simultaneous (TWS) transmission
B.4.1 Normal response mode (NRM) TWS without transmission errors

B.4.1.1 NRM start-up procedure and secondary only information transfer

SNRM P RRQ,P RR1 RR2 RR3 RR4 RR5.P
pixmis: [ - s S s [ s Y s [ e
HAF 09 -9 29 379 4 oF RRO.F

Sec xmits t:j } } | ! ! | :
f 1 T t 1 — _

or {where grimary acknowledgments are returned for several response frames)

SNRM. P RRO.P RR3 RR5.P
Pri xmits ; l ] ! 1 m [:1
UAF 1.0 1.0 12,0 13,0 14.0F RRQ,F
Sec xmits l:l b + " + + g :
B.4.1.2 INRM start-up procedure and primary only information transfer
SNRM.P 19.0P 110 12,0P 13,0 t4.0P 15,0
Pri xmits — } - + + + - ?
UAF RR1 F RR3,F RRS,F
Sec xmits — — — !:j
or (where grimary sets poll bit to 1’ to solicit acknowledgment for several frames)
SNRM P 1@.,0P 1.0 12,0 13,0 14,0 15,0P
Pri xmits : |:| ' ; } + + + 1
UAF RR1,F RR6,F

Sec xmits : m m E

B.4.1.3 NRM start-up procedure and primary/secondary information transfer

SNRM,P 10:0P [1,0 121 13,4 4.4 15.4 16.5 1715

Pri xmits : — + + t t +— + +
UAF 0.0 na 12,2 13,2 14,2 15.5 t6f7
Sec xmits = + } + - + " ' -
B.4.2 Normal response mode (NRM) TWS with transmission errors in command frames
B.4.2.1 NRM REJ capability
Retransmitted frames
Abort* ’/ * \
0P (1.0 12,0/ (3.1 14:\ 23 13e 145
Pri xmits : F + } /A\/ + + —J\F l }
101 11,2 12,2 REJ2 13,2 14,2 15,3 16,4

Sec xmits : [ - 4 J—{]' + + — 1

* Optional : Frame may be completed or aborted.
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