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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
particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work. In

the field of ir

International

The main task of the joint technical committee is to prepare International Standards. Draft International Stand

the joint tech
approval by 4

Attention is
rights. ISO af

ISO/IEC 132
Telecommun

This third edjtion cancels and replaces the second edition (ISO/IEC<3239:2000), which has been technically

cancels and r

Annex H forns a normative part of this International Standard.“Annexes A to G are for information only.
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Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

nical committee are circulated to national bodies for voting. Publication as an-International S
t least 75 % of the national bodies casting a vote.

rawn to the possibility that some of the elements of this InternationakStandard may be the s
1d IEC shall not be held responsible for identifying any or all such patentyrights.

B9 was prepared by Joint Technical Committee ISO/IEC JTC I, Information technology, Subd
cations and information exchange between systems.

eplaces ISO/IEC 3309:1993, ISO/IEC 4335:1993, ISOAEC 7809:1993 and ISO/IEC 8885:1993.

ards adopted by
tandard requires
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ommittee SC 6,

revised. It also
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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 data link control (HDLC) procedures are designed to permit synchronous or start/stop, code-transparent data

transmission.

Generally, until
memory in case

In those situatio

numbering sche

scheme is used 1

The acknowled

number. This ca

information.

HDLC proceduges are applicable to unbalanced data links and to balanced data links.

Unbalanced da

An unbalanced
link assumes re
station assumin
control station i

The other data g
the tributary stal

frames.

For the transfer
are considered

station data lin

secondary/tribuf

In the second c4
controls the daf
function, by pol

Tfmmmwmmmmmmm

of frames contajining information from the data source to the data sink acknowledged by a frame in the oppo

the data station comprising the data source receives an acknowledgement, it holds the original i
the need should arise for retransmissions.

ns that require it, data sequence integrity between the data source and the data sink.is effected b
hne, which is cyclic within a specified modulus and measured in terms of frames:“An independe
or each data source/data sink combination on the data link.

pement function is accomplished by the data sink informing the data source of the next exped
n be done in a separate frame, not containing information, or within the control field of a frar

ta links

data link involves two or more participating ‘'data stations. For control purposes, one data statio
ponsibility for the organization of data flowsand for unrecoverable data link level error conditi

h unbalanced connectionless-mode data-links, and the frames it transmits are referred to as comj
tations on the data link are known as-the secondary stations in unbalanced connection-mode dat:
tions in unbalanced connectionless-mode data links, and the frames they transmit are referred t

of data between the primiary/control station and the secondary/tributary stations, two cases of daf]
see figures A and B). In the first case, the data station comprising the data source performs a prj
k control function) and controls the data station comprising the data sink that is assoc]
ary station data link control function, by select-type commands.

se, the data’station comprising the data sink performs a primary/control station data link control
a station comprising the data source that is associated with a secondary/tributary station dat3
-type commands.

f the transfer
ite direction.
hformation in

y means of a
nt numbering

ted sequence
he containing

n on the data
bns. The data

b these responsibilities is known as the primary station in unbalanced connection-mode data links and as the

mand frames.
W links and as
b as response

h link control
imary/control
jated with a

function and
link control

The information flows from the data source to the data sink, and the acknowledgements are always transmitted in the opposite

direction.

These two cases of data link control may be combined so that the data link becomes capable of two-way alternate

communication,

vi

or two-way simultaneous communication.
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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
Primary/ | Secondary/
Control Tributary
station [ - station
Information
Data sink Data source

Figure B — Unbalanced data link functions (case 2)

Balanced dpta links

A balanced |data link involves only two participating data stations. For control\purposes, each data station assumes
responsibility for the organization of its data flow and for unrecoverable data link level error conditions asspciated with the
transmissionq that it originates. Each data station is known as a combined station-in balanced connection-mode data links and
as a peer stafion in balanced connectionless-mode data links and is capable of‘\transmitting and receiving both command and

response frames.

are utilized. The

For the trans
data source 1
commands. T
the opposite

er of data between combined/peer stations, the data link ‘control functions illustrated in figure C
h each combined/peer station controls the data sink.in‘the other combined/peer station by the u
he information flows from the data source to the-data sink, and the acknowledgements are alwa
lirection. The poll-type commands may be us¢d by each combined/peer station to solicit acknow

be of select-type
s transmitted in
ledgements and

status responges from the other combined/peer station.

Select/information/acknowledgement/poll

Combined/ Combined/
Peer Peer
station g station

Select/information/acknowledgement/poll
Data sink/data source Data sink/data source

Figure C — Balanced data link functions

Data link cpnfigurations

HDLC classgs ef-procedures describe methods of data link operation which permit synchronous or start/stop, ode-transparent
data transmidsionl between data stations in a variety of logical and physical configurations. The classes gre defined in a
consistent manner within the framework of an overall HDLC architecture. One of the purposes of this International Standard is
to maintain maximum compatibility between the basic types of procedures, unbalanced, balanced and connectionless, 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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Primary/ <>
Control - -
station
Secondary/ Secondary/
Tributary Tributary
station station
A N

connectionless class applies to point-to-point configurations over either dedicatéd -or s
ilities, or to multipoint configurations over dedicated data transmission facilities (as)illustrate
l/tributary nomenclature). A characteristic of the unbalanced connectionless classcis the existen
t one end of the data link plus one or more tributary stations at the other end(s) 0f'the data linK
sible for determining when a tributary station is permitted to send. Neither the control station no
rt any form of connection establishment/termination procedures, flow,centrol procedures,

t procedures, or error recorvery procedures, hence the designation “connectionless” class of prog

The unbalance
transmission fa
using the contr
control station
station is respo

i

witched data

in figure D

te of a single

The control
the tributary

data transfer
edures.

ss applies to point-to-point configurations (as illustrated in figuré\E“using the combined nomeiclature) over

either dedicated or switched data transmission facilities. A characteristic of the,balanced class is the existenc¢ of two data
stations, called gombined stations, on a logical data link, that may share equdlly in the responsibility for data link jmanagement,
hence the designjation "balanced" class of procedures.
Combined/ I Combined/
Peer < > Peer
station station

A B

Figure E.+— Balanced data link configuration
The balanced c@nnectionless class applies. to-point-to-point configurations over either dedicated or switched data transmission

strated in figure E using.the peer nomenclature). A characteristic of the balanced connectionles
data stations, called peer stations, on a data link, that are each independently in control of when {
tion supports any_form of connection establishment/termination procedures, flow control pro

facilities (as illy
existence of twd
Neither peer st

s class is the
hey can send.
cedures, data

transfer acknowledgement procedures, or error recovery procedures, hence the designation "connectionlgss" class of
procedures.
For each class of procedures, a method of operation is specified in terms of the capabilities of the basic repertoire pf commands

and responses tHat@re found in that class.

A variety of optional functions are also listed. Procedural descriptions for the use of the optional functions are defi

ned.

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 © ISO/IEC 2002 - All

rights reserved


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

ISO/IEC 13239:2002(E)

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

These HDL(
exchange of
purpose XID

These HDL(Q
determine thg

Figure F — Symmetrical data link configuration

procedures define the exchange identification (XID) command/response frame as an optio
fata link information (identification, parameters, functional capability, etc.). Thescontent and fory
frame information field is defined.

hal function for
nat for a general

procedures also specify the parameters and procedures which may be’employed by two data statjons to mutually

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 Scope
This Internat
and format o

layer addres
(HDLC) prod

NOTE — The
of bits to vario|
(e.g., start-sto]

The frame st
basic frame f
the frame ar
extension are

The element
transparent d

These HDL(
secondary stq

This Internat
way simultar
types of datd
stop, etc.

The defined {
procedures. 1
data commur

The classes
procedures, a

[ the general purpose Exchange Identification (XID) frame, and a means for resolution/negotiati
in switched environments for data communication systems using bit-oriented high-level d|
edures.

use of the phrase “bit-oriented”, referring to the HDLC control procedures, pertaing fo the allocation of a ng
us subfields used for HDLC control purposes. However, the frame as an entirety andy be constructed from o
mode) for transmission purposes.

prmat. The mechanisms used to achieve bit pattern independencé (transparency), where and when
e also defined. In addition, three frame checking sequencg&s (FCS) are specified; the rules f]
defined; and the addressing conventions available are deSctibed.

of procedures portion specifies elements of dataxlink control procedures for synchronous or
hta transmission using independent frame numbering in both directions.

elements of procedures are defined specifically in terms of the actions that occur on receipt of
tion, a tributary station, a peer station, or"a-Combined station.

onal Standard is intended to cover a~wide range of applications; for example one-way, two-way
eous data communication between data stations which are usually buffered, including operati
circuits; for example mulfipoint/point-to-point, duplex/half-duplex, switched/non-switched, sy

lements of procedures’are to be considered as a common basis for establishing different types of
his International Standard does not define any single system and should not be regarded as a sp
ication systeqi:Not all of the commands or responses are required for any particular system impld

pf procedures portion describes the HDLC unbalanced classes of procedures, the HDLC bg

nd the HDLC connectionless classes of procedures for synchronous or start/stop data transmissior].

onal Standard specifies the frame structures, the elements of procedures, the classes of procedyres, the content

n of a data link
ata link control

n-integral number
ctet-oriented units

Fucture portion defines the relative positions of the various components of the basic frame formpat and the non-

required, within
br address field

start/stop, code-

commands at a

hlternate or two-
bns on different
nchronous/start-

data link control
ecification for a
mentation.

lanced class of

For the unba

anced Classcs, he data Imnk COnsSISts O a4 primary Station plus one or more secondary Stations

and operates in

either the normal response mode or the asynchronous response mode in a point-to-point or multipoint configuration. 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 — All rights reserved
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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 XID frame information field to be used to negotiate private parameters in a single XID exchange simultaneously with

negotiation of the defined basic parameters.

This Internation|
formats for use

al Standard does not limit or restrict the use of the XID frame information field from defining\
n specific applications.

e examples of potential uses of the XID command/response frame interchange:

n of the calling and called stations when using circuit switched networks (including switched ne

).
n of stations operating on non-switched networks requiring identification at start-up.

pmmand frame with an individual, group or all-station address smay be used to solicit XID resp
tation(s) on the data link, prior to or following data link establishment.

of the Frame Check Sequence (FCS) to be used for ‘Subsequent information interchange, by

support both 16-bit FCS and 32-bit FCS capabilities.

The following a
a) Identificati
applicationg
b) Identificati
c) The XID c{
from other
d) Negotiation
e) Convey hig
f) Transmissi
operational
g) Negotiation

frame is use

The means for r
employing HDI]
parameter fields
addresses are ng
exchange of op

her layer information that may be required prigrto data link establishment.

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

of the number of protected bitsiin the frame when an Unnumbered Information with Header
d.

psolution/negotiation of‘a.data link layer address in switched environments portion is applicable td
C balanced classes (0f)procedures which provide the XID command/response capability with thg
identified below{ It is used to select a pair of operational link addresses when preassigned, systg
t known on an.a'priori basis; e.g., switched circuited data links. Additional XID frame functions
erational parameters, command/response support, higher layer information, etc.) may be acg

ther standard

work backup

bnse frame(s)

stations that

some of the

check (UIH)

data stations
two specific
m designated
including the
omplished in

conjunction with data link) layer address determination or following address determination, with additiona] XID frame

exchanges.

NOTE — Addr "all-station"
address, or complete address support capabilities as defined in clause 8 below are not within the scope of this International
Standard.

bssvresolution anPPdl]rPQ for sitnations where the remote DTE does not support XID frames thé

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

© ISO/IEC 2002 — All 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 standard data link layer protocols that utilize high-level data link control (HDLC) classes of procedures, list of standard
XID format identifiers. list of standard mode-setting information field format identifiers. and list of standgrd user-defined
parameter sef identification values

3 Definitions, acronyms and abbreviations
3.1 Definitions
For the purpgses of this International Standard, the following definitions apply.

3.1.1

abort
a function irfjvoked by a sending primary, secondary, combined, control, tributary or peer station causing [the recipient to
discard (and {gnore) 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, combined, control, tributary or peer station) upon accepting a
correctly recdived 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 dpsignated to receive) the frame

3.1.4
address field extension
enlarging the|address field to include:more addressing information

3.1.5
address resojution/negotiation
procedure foi exchangifig/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 field

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
¢)
d)

actions regar

3.1.9
command

in data communication,

of data flow;

interpretation of received commands and generation of appropriate responses; and

ding error control and error recovery functions at the data link layer.

an instruction represented in the control field of a frame and transmi

tted by the

primary/combined/control/peer station, which causes the addressed secondary/combined/tributary/peer station to execute a
specific data link control function

3.1.10
command fram
a) All frames

b) Those frani
3.1.11
contention mod
a mode of transj

3.1.12

control escape
the unique sequ
transparency alg

3.1.13
control field (C
the sequence of

NOTE — The cof

a) the receiving
some specifi
b) the receiving
the address f]
3.1.14

control field ex
enlarging the co

3.1.15
control station
the data station

e
transmitted by a primary/control station.

es transmitted by a combined/peer station that contain the address of the other combified/peer stat

e
nission in which a transmitter can send on its own initiative

CE)
ence of eight bits (10111110) employed to indicate the following octet has been modified acg
orithm for start/stop transmission environments

eight (or 16/32/64, if extended) bits immediately-following the address field of a frame
tent of the control field is interpreted by:

secondary/combined/tributary/peer station, designated by the address field, as a command instructing the
function; and

primary/combined/control/peér station as a response from the secondary/combined/tributary/peer station
eld, to one or more commands.

fension
ntrol field to.ifielude additional control information

hdtSupports the control station control functions of the data link

jon.

ording to the

performance of

designated by

NOTE — The control station generates command for transmission and interprets received responses. Specific responsibilities assigned to the

control station inc

a) initialization
b) organization
3.1.16

lude:
of control signal interchange, and

of data flow.

data communication
see ISO/IEC 2382-9, term 09.01.03
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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 conceptual layer of control or processing logic existing in the hierarchical structure of a data station (primary, secondary,
combined, 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. These functions
include:

a) transparefcy;

b) address/control field interpretation;

¢) command/response generation, transmission and interpretation; and
d) frame chack sequence computation and interpretation.

3.1.20
data transmjssion
see ISO/IEC P382-9, term 09.01.02

3.1.21
duplex trangmission
see ISO/IEC R382-9, term 09.03.01

3.1.22
exception copdition
the conditior] assumed by a secondary/combined station upon receipt of a frame which it cannot execute|due either to a
transmission prror or to an internal processing malfunction

3.1.23
flag sequencg (F)
the unique sefjuence of eight bits (01 111110) employed to delimit the opening and closing of a frame

3.1.24
format identjfier
designator of one of-128 different standardized formats or one of 128 user-defined formats of the Exchange Identification
(XID) frame fnforination 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
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3.1.27

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

3.1.28

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

user data)

3.1.29

half-duplex transmission
see ISO/IEC 2382-9, term 09.03.02

3.1.30

header check s
a check sequend
flag sequence af

3.1.31

HDLC-based
a protocol whi
adopted as a sta

3.1.32
higher layer
the conceptual |

o5

pquence (HCS)
e using one of the standard 8, 16, or 32 bit polynomials that is computed over the fields betwee
d the HCS field

otocol
is a subset of the elements and classes of procedure and optional functions\defined in the HDLC
ndard by ISO or a recognized international standards body (e.g., ITU-T)

ayer of control or processing logic existing in the hierarchical structure of a data station (primar

combined, control, tributary or peer station) that is above the data link layer and upon which the performance of d

functions are de
3.1.33

information fie
the sequence of

NOTE — The inf

3.1.34

bendent; for example device control, buffer allocatipny station management, etc.

d (INFO)
bits, occurring between the last bit of the eontrol field and the first bit of the frame check sequenc

brmation field contents of I, Ul, and UIH\{rames are not interpreted at the data link layer.

initiating combjined station

a station that seq

3.1.35
interframe tim
the sequence or

3.1.36
intraframe tim

ids the initial XID command frame as part of the address resolution process

p fill
condition transmitted between frames

b fill

in start/stop tra

h the opening

standard, and

y, secondary,
ata link layer

available for

hsmiission, the sequence or condition transmitted within a frame when the next octet is not

contiguous transmission immediately following the preceding octet (For synchronous transmission, there is no provision for
intraframe time fill)

3.1.37
invalid frame

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

a) isterminate
b) contains les
6

d by an abort sequence; or

s than 32 bits before an apparent closing flag sequence is detected

© ISO/IEC 2002 - All

rights reserved
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3.1.38

ISO/IEC 13239:2002(E)

layer parameter

the specificat

3.1.39
non-initiatin

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

g 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 station

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

NOTE — The

3.141

primary station

the data stati

NOTE — The|
the primary stg

<)
d)
e) actions rq
3.1.42

primary/secq
the general ¢

3.1.43

private parameter

an implemen

3.1.44
response

in data co
primary/com|

or more cominands

3.145
response fra
f) all fram

initializafion of control signal interchange;

organization of data flow; and

peer station generates commands for transmission and interprets received commands and responses.

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

primary station generates commands for transmission and interprets received responses. Specific responsil
tion include:

garding error control and error recovery functions at the data link layer.

pndary station

se where the station may be either a primary station or a secondary station

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

mmunication, a teply  represented in the control field of a response frame th3
bined/control/peerstation with respect to the action taken by the secondary/combined/tributary/pe

me
bs transmitted by a secondary/tributary station

ilities assigned to

t advises the
ler station to one

g)

3.1.46
secondary st

ation

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

NOTE — A se

3.1.47
secondary st

condary station interprets received commands and generates responses for transmission.

ation status

those frames fransmitted by a combined/peer stafion that contain the address of the transmitting combined/peer station

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

station

© ISO/IEC 2002 — All rights reserved
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3.1.48

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 menu in its response frame

3.1.49

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 alternpte data communication

see ISO/IEC 23

3.1.51

82-9, term 09.05.03

two-way simulaneous data communication

see ISO/IEC 23

3.1.52

unique identifig
a unique bit/chg
each station

3.1.53
unnumbered c(
the commands t

3.1.54
unnumbered r¢
the responses th

3.1.55
user data
the information

2-9, term 09.05.02

r
racter sequence (for example, global telephone number, station identification, or equivalent) as

mmands
hat do not contain sequence numbers in the control field

sponses
ht do not contain sequence numbers in the control field

pbtained from or delivered to thé-iser of the data link layer

3.2 Acronyms and abbreviations

sociated with

The following afronyms and abbreviations are used commonly throughout this International Standard.
A Addiess field

ABM Asyrlchronous/Balanced Mode

ADM Asyrlchropous Disconnected Mode

ARM Asyrchitonous Response Mode

B Binary encoded

BAC Balanced operation Asynchronous balanced mode Class

BCC Balanced operation Connectionless-mode Class

BCM Balanced Connectionless Mode

C Control field

CE Control Escape

C/R Command/Response

DLSDU Data Link Service Data Unit

F Flag sequence

F Final bit

8 © ISO/IEC 2002 — All

rights reserved
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FI Format Identifier

DC1 Device Control One

DC3 Device Control Three

DCE Data Circuit-terminating Equipment
DISC Disconnect

DM Disconnected Mode

DTE Data Terminal Equipment

E bit Encoded

FCS Frame Check Sequence

FRMR FRaMe Reject

GI Gtoup Identifier

GL Group Length

HCS Hgader Check Sequence
HDLC  Hjgh-level Data Link Control

I Infformation frame

IEC Infernational Electrotechnical Commission

™M Injtialization Mode

INFO INFOrmation field

ISO Infernational Organization for Standardization

ITU-T International Telecommunications Union — Telecommunication Standardization Sector

LAPB Link Access Procedure Balanced

LSB Lgast Significant Bit

M difier function bit

MSB st Significant Bit

MT1 Itilink lost frame Timer 1
MT2 Itilink group busy Timer 2
MT3 Itilink reset confirmation Timer3
MW Itilink Window size

MX Itilink guard region window size
N Npmber of octets

N(S) Sgnd sequence Number

N(R) Re¢ceive sequence Number
NA Npt Appliecable

NDM Nprmal-Disconnected Mode
NRM NérmatResponsevode

P Poll bit

P/F Poll/Final bit

PI Parameter Identifier

PL Parameter Length

Pri Primary

PV Parameter Value

RD Request Disconnect

REJ REJect

RIM Request Initialization Mode

© ISO/IEC 2002 — All rights reserved
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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  Sevep-Bit Data Path Transparency

SD Syst¢gm Defined

Sec Secohdary

SIM Set IThitialization Mode
SM Set Nlode

SNRM  Set Normal Response Mode

SNRME Set Normal Response Mode Extended
SREJ Selegtive REJect

TBD To Be Determined

TEST TEST
TR Technical Report

TWA TwoiWay Alternate
TWS TwoiWay Simultaneous

U Unnymbered frame

UA Unnymbered Acknowledgement

UAC Unb4dlanced operation Asynchronous response mode Class
ucCcC Unb4dlanced operation Connectionless-mode Class

UCM Unbglanced Connectionless Mode

Ul Unnymbered Information

UIH Unnymbered Information with-Header check

UNC Unbdlanced operation Normal response mode Class

UP Unnymbered Poll

V(S) Send|state Variabl¢
V(R) Recejive state-Variable
XID eXchange Wentification
XOFF Transmttter-OFE

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

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

Basic frame format

ISO/IEC 13239:2002(E)

Flag

Address

Control

Info.

FCS

Flag

01111110

8 bits

8 bits

*

16 bits

01111110

* An unspecified number of bits which in some cases may be a multiple of a particular character size; for example, an octet.

where

Flag = flajg sequence

Address 5

Control =

Informati

data station address field

control field

n = information field

FCS = frame checking sequence field

Frames containing only control sequences form a special case where theré is no information field. The format

shall be

4.1.2 Non{

A frame usin
using a non-H

e  instead
e  insteaq
(see 4.

e  insteaq
4.7.2 4

Flag

Address

Control

FCS

Flag

01111110

8 bits

8 bits

16 bits

01111110

basic frame format

o the non-basic frame format does-not follow the structure of 4.1.1 in one or more ways. For e

asic frame format —

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

of an address field consisting of a single octet, has an extended address field consisting of on

7.1 and 6.15.7); 01

of a basie’control field consisting of a single octet, has an extended control field of more thal

nd 6(T50); or

for these frames

kample, a frame

b or more octets

n one octet (see

: o 1 h LR nVal el | etk BLVER nValal 4.0 4 1 1 140 fa Vo Nk HEVER nValal 4.0 2 1 1
° insteadota 6ot €S, Tasamr o=t €S (SCTH.Z 0 A4 ad 0. TJ IT#.2) 0T & DZ-0It T T3 (SCC #.2.0°0 and 0.1

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

5.14.1); 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.

© ISO/IEC 2002 — All rights reserved
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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 Address field(s)

Frames using the basic frame format shall have one address field immediately following the opening flag. Frames using the
non-basic frame format may have more than one address field. When more than one address field is used, they shall be present

in the frame in

In command fra
the address shal

4.2.3 Contro

The control fiel
field shall be us

a)
b)

to convey a

to convey a

4.2.4 Inform

Information may
but, if required,

For start/stop tn
information fiel
octet. The meth

4.2.5 Frame

4.2.5.1

Three frame chg
bit frame check
use by prior ag
overhead of a 1o
in those cases th

Unless otherwis

COIISCC Lll.i v IIdIIICT.

mes, the address(es) shall identify the data station(s) for which the command is intended. Iiy tes]
identify the data station from which the response originated.

field

| indicates the type of commands or responses, and contains sequence numbérsy where appropriat
bd

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

response to such a command from the addressed data station.

htion field

 be any sequence of bits. In most cases it will be linked to a convenient character structure, for ex
it may be an unspecified number of bits and unrelated to a character structure.

ansmission there shall be eight (8) information bits between the start element and the stop el
1 is other than a multiple of 8 bits, the fifidl remainder less than an octet will require pad bits to

d of providing and unambiguously identifying the pad bits is not a subject of this International St

checking sequencing (FCS) field

Genferal

ponse frames,

t. The control

ample octets,

ement. If the
complete the
hndard.

cking sequences ar¢ specified; an 8-bit frame checking sequence, a 16-bit frame checking sequerjce, and a 32-

ng sequence. The 16-bit frame checking sequence is normally used. The 8-bit frame checking sg
eement in these\cases where short frames are used such that the protection afforded is adequg
nger frame Checking sequence is of concern. The 32-bit frame checking sequence is for use by pr
at need a'‘higher degree of protection than can be provided by the 16-bit frame checking sequence

e noted, the frame checking sequence is calculated for the entire length of the frame, excluding

flag, the FCS,

quence is for
te and/or the
or agreement

r the opening

any¥'start and stop elements (start/stop transmission), and any bits (synchronous transmissi

bn) or octets

(start/stop transmission) inserted for transparency. In those instances noted where the FCS is calculated over an agreed to,
designated portion of the entire frame, the calculation shall begin immediately after the opening flag and continue, over 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. 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.

2. Explanatory notes on the implementation of the frame checking sequence are given in Annex A.
3. 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.
12 © ISO/IEC 2002 — Al rights reserved
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4.2.5.2 16-bit frame checking sequence

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

ISO/IEC 13239:2002(E)

a) the remainder of
xk(XIS +x14 +X13 +x12 +X11 +X10 +x9+x8 +x7 +x6 +x5 +X4 +X3 +X2 +x+ 1)
divided (modulo 2) by the generator polynomial
x16 + x12 + XS + 1’
where [k is the number of bits being protected by the FCS and

b) the rerhainder of the division (modulo 2) by the generator polynomial
RUIN |- R R

of the

As a typical
division is pr|
control and 4
transmitted a

At the receiy
remainder aft

16 12 5
x +tx " +x

of the serial 1

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

mplementation, at the transmitter, the initial content of the register of thendevice computing the

eset to all ones and is then modified by division by the generator polynomial (as described above

ny remaining bits of the designated & bits being protected; the,ones’ complement of the resulti
the 16-bit FCS.

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

H 1

hcoming protected bits and the FCS will be

emainder of the
) of the address,
ng remainder is

ones. The final

+x12 +x11 +x10

0001 1101 4000 1111 (x** through x°, respectively)-in the absence of transmission errors.

4.2.53 32-bit frame checking sequence

The 32-bit FCS shall be the ones complenient of the sum (modulo 2) of

a) the rerphainder of

KOO %0+ 1 BN 4 x5 P B 20 19 I8 1T 16 1S e 13
X+ AP R x+ D)
dividefl (mgdulo 2) by the generator polynomial
x32+126:-23:A22:A16:A121A111A101A8:A71A5:A41A2 1/»11,

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

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

x32+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

32 26 23
X

+xT +x

+x

multiplication by x** and then division (modulo 2) by the generator polynomial

22+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 8-bi

The 8-bit FCS s

t frame checking sequence

hall be the ones complement of the sum (modulo 2) of

a) the remaiLder of

A+

+xtrrHHx+])

divided (modtylo 2) by the generator polynomial

B+ +x+ 1

where k is thd number of bits in the frame existing between, but not including, the final bit of the opening flag
bit of thg FCS, excluding start and stop elements (start/stop transmissign), -and bits (synchronous trans

octets (st

irt/stop transmission) inserted for transparency, and

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

B+t +

+1

of the prqduct of x* by the content of the frame existing between, but not including, the final bit of the opd
the first Bit of the FCS, excluding start and stop elements (start/stop transmission), and bits (synchronous

and octet

As a typical imj

b (start/stop transmission) inserted for tratsparency.

division is presdt to all ones and is then modified by division by the generator polynomial (as described above) o

control and info

At the receiver
remainder after

B +rx+1

Fmation fields; the ones complement of the resulting remainder is transmitted as the 8-bit FCS.

the initial content of the register of the device computing the remainder is preset to all on
hultiplication by x® @nd'then division (modulo 2) by the generator polynomial

of the serial infoming protected bits and the FCS, will be “1111 0011” (x’ through x°, respectively) in th
transmission errprs.

r and the first
mission) and

ning flag and
transmission)

lementation, at the transmitter, the*initial content of the register of the device computing the renpainder of the

if the address,

les. The final

e absence of

4.2.6 Header'eheelsequenee(HES)field

The HCS field, if present, follows the control field and is either 8, 16, or 32 bits long. This check sequence is applied 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

14

and FCS, only an FCS.
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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-bit data path
transparency [(SBDPT), specified m 4.3.2.1; and control-octet transparency, specified m 4.3.2.2. Control-ocfet transparency

shall always pe performed. SBDPT is an option, use or non-use of which is selected for a given data link by, nleans outside the
scope of this [[nternational Standard (e.g., a priori knowledge, bilateral agreement, heuristic implementation techniques).

4.3.2.1 Sgven-bit data path transparency
When SBDP|
inclusive, sha

indicated in f]

T is selected, the content of each frame, from address field or frame format field, when prese
11 be transferred between sender and receiver as a frame-image derived fromithe original frame a
gure 1.

nt, to FCS field
follows, and as

Original

Frame Address I I FCS |
. 7 octets | 7 octets | | l n <=7 octets |
S S | 12345678 ]
Original - : :
Segment | : I I I I I l : | : I l
I | I -
Image ¢ ¢ v
Segment §0| §0| §0| §0| go{ §0| 10 0| | §0| §0|-§00000|
............................ N o
Frame 8 octets l ..... 8 octets | | I n+1 octets [ h
Image |

Figure 1 — Original frame to frame-image transition

The sequenc
segments, wi
"original segt

The frame-in

b of octets making up the frame content is considered as divided into a sequence of contigy
h possibly a’final segment having length between one and six octets inclusive. These segments g
ments."

jage consists of a sequence of image segments defined, in one-to-one correspondence with the o

ous seven-octet
re referred to as

iginal segments,

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

ge segment is one octet longer than its original segment;

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

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;

as follows:
a) 1image se
b) eachima
¢)

set to zero;
d)
e)

segment

are set to zero.

© ISO/IEC 2002 — All rights reserved
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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 selected, and otherwise is identical to the frame content from address field or frame format field, when present, to
FCS field inclusiwe-

The control esc
transparency pr

hpe octet is a transparency identifier that identifies an octet occurring within a frame to whieh
cedure is applied. The encoding of the control escape octet is:

he following

1
1

2 3 4 5 678
011 1110

Bit position in octet

Low order bit, first bit
transmitted/received

The transmitter
and FCS fields,
shall:

a) Upon the o

b) Insert a conl

The receiver sh
prior to FCS cal

a) Discard the
b) Restore the

NOTE — Other (
prior system/appl

4.3.3

When necessary
(4.3.2) to octets

Khall examine the frame-image between the opening and closing-flag sequences including the adq
as well as the frame format and HCS fields, when present, and, following completion of the FC
currence of the flag or a control escape octet, complement the 6th bit of the octet, and

trol escape octet immediately preceding the octetresulting from the above prior to transmission.

11l examine the frame-image between thectywo flag octets and shall, upon receipt of a control esc
Culation:

control escape octet, and

immediately following octet-by complementing its 6th bit.

cation agreement.

Start/stop transmission - extended transparency

and-by prior agreement between the stations, the transmitter may apply the above transparen
inthe-groups defined below, in addition to the flag and control escape octets.

Iress, control,
S calculation,

ape octet and

ctet values may optiofially be included in the transparency procedure by the transmitter. Such inclusion shall be subject to

cy procedure

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

44.1

Order of bit transmission

Addresses, commands, responses, sequence numbers, frame formats, and data link layer information within information fields

shall be tran
weight 2°).

The order of
The FCS and
4.4.2 Star
For start/stof

delimited by
required. Typ

mitted low-order bit first (for example, the first bit of the sequence number that is transmitte

ransmitting user data bits within the information field is not specified in this Internatiofial-Standa
HCS, when present, shall be transmitted to the line commencing with the coefficient’of the highe
/stop transmission

transmission, each octet (whether part of the frame structure op-inserted by the transparend

a start element and a stop element. Mark-hold (continuous logical™ ~€ondition) is used for inter-
ical octet transmission is as shown in figure 2.

1 shall have the

d.

t term.

y procedure) is
bctet time fill, if

octet n+2

ofefefefeft]

octet n octet n+1

ofefofo]e]]
»|

|O|b|b|b 00

|

Lo]ee]e

o[l fade] Jofo]e]e

Octet data bit'(0 or 1)

Mark-hold (continuous marking condition) as required
Stop'€lement (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 Inter-fname time fill

4.5.1 Syndhronous transmission

Inter-frame time fill shall be‘accomplished by transmitting either contiguous flags or seven to fourteen contigupus "1" bits, or a

combination pf both.

Selection of tre intef-frame time fill method depends on systems requirements.

4.5.2  Start/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. Invali

4.6.3 Start/st

d frames shall be ignored.

op transmission intra-frame time-out recovery

The intra-framd
excessive period
to a frame that

stopped upon re
time-out functio

If the time-out f]

4.7 Extensions

4.7.1 Extend
A single octet a

However, by pr
address octet w

The format of the extended octet(s) shall be the same as that of the first octet. Thus, the address field may 4

extended. The 14

When extension
address octet is

4.7.2 Extend

The control fiel
responses are de

4.8 Addressin

timeout for start/stop transmission 1s an optional timeout used for recovering from situati
s of time elapse between transmitted octets within a frame. This time-out function (or equivalent
s being received. The time-out function (or equivalent) is started once the stop bit of an-octet is
Ceipt of the start bit of the next octet or when the time-out function (or equivalent) runs-eut’ The dj
h (or equivalent) normally will be well within 1 second.

inction (or equivalent) runs out, the data stream is scanned for the next opening flag sequence.

ed address field
ldress field shall normally be used and all 256 combinations §hall be available.

or agreement, the address field range can be extended-by\reserving the first transmitted bit (low-
hich would then be set to binary zero to indicate that\the following octet is an extension of the

st octet of an address field is indicted by setting the low-order bit to binary one.

is used, the presence of a binary "1" in thigsfirst transmitted bit of the first address octet indicates
being used. The use of address extension‘thus restricts the range of single octet addresses to 128.

bd control field

1 may be extended by one or'more octets. The extension methods and the bit patterns for the ¢
fined in 5.3 and 5.5.

g conventions

bnventions shall apply in the assignment of addresses of data stations for which commands are int

ns in which

only applies
detected and
uration of the

rder) of each
address field.
e recursively

that only one

mmands and

ended.

4.8.1 General
The following ¢
4.8.2 All-stat

3 1.1
Ul AUUITYS

The address field bit pattern 11111111 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-station address.

4.8.4 Groyp addresses

In addition tq an individual assigned address, one or more data stations may be assigned one or more group addresses. A group
address may pe used, for example, for

a) transmitfing a frame simultaneously to the assigned group of data stations, or
b) polling the assigned group of data stations.

Any address field bit pattern, except the all-station address, the no-station address-and any individual address glready assigned,
may be assighed as a group address.

A group addiess may be used for group polling. When there is more thanfene data station for which a commgnd with a group
address is intpnded, any responses from these data stations shall not intéefere with one another.

NOTE — The jmechanism used to avoid overlapping responses to a polkusing a group address is not specified in this International Standard.
4.9 Frame format field
This optional| field is present only when using the non-basic frame format. When present, it follows the opening flag sequence.

The frame format field is 1, 2, or 3 octets (and may’be extended to more) in length and consists of three subfields referred to as
the format type subfield, the segmentation,subfield and the frame length subfield. The format of the frame fprmat field is as

follows:

Table 1 — Frame format field structures

TYPE 0
MSB LSB
Format FRAME LENGTH
TYPE
it e

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|{1f{ofOf*|L|LJLJL)JLJL|L|L|{L{L[LE
Typeo6 [ 11O 1|*|L|jLjLJLJLJL|L|L|L[LPML
Type7 [ 1| 1|{1|Of*|L|LJLJL|JL]L|L|LLILIL LSB
Fxpanded, Type8 | 1| 1| 1] 1[0f0]J0O]O|O|O|O|#)E|JL|L|{L|L|L{L|L|L{L|L|U
L - Length subfield
* - Optional S¢gmentation subfield

Note 1 — Specific frame formats are specified in Annex H. As requirements for new frame formats arise Annex H should pe amended to
include them. Otherwise, all values of the format type'subfield are reserved for future standardization.

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

In the event thaf a ninth frame fofimat type is needed (i.e., format type 8), then the frame format field is expanded to a three
octet field wher¢ the four most Significant bits of the first octet, starting with the MSB of the field, are all ones (1|). The format
type subfield is gxpanded to/8.bits. The 3 most significant bits of the second octet are set to “000”.

4.9.1 Format type-subfield

A MSB value df “0” in the frame format field designates it as the one-bit format type subfield, and further inmplies that the
frame format field is a one-octet field. A MSB value of “1” in the frame format field with the first four bits of the frame format
field not equal to “1111” designates the frame field as a two-octet field, the four most significant bits of which are the format
type subfield. A MSB value of “1” in the frame format field with the first 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 segmentation subfield of 1 bit follows the format type subfield and if present reduces the length subfield by one bit. When
the segmentation field is present, the field is used as follows:

1) AlDLSDUs transmitted shall have the segmentation algorithm applied. The algorithm shall be applied to DLSDUs
which fit in a single HDLC frame or those which must be transmitted as a sequence of HDLCframes

2) Th¢ 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 HDLC frame of the DLSDU shall
be $ent with their segmentation subfield set to 1.

4) Th¢ HDLC window sequence numbers guarantee that all segments are sent/received in order and that lost segments
car] be detected.

S5 HDL( elements of procedures

5.1 Data link channel states

5.1.1 Actiy

5.1.1.1 G
A data link d
station is acti|
transmission
5.1.1.2

5.1.1.2.1
Aborting a fi|
frame. Recel

frame.

NOTE — If

Albort

e data link channel state
eneral
hannel is in an active state when th¢) primary/control station, a secondary/tributary station or :

vely transmitting a frame, a singlg abort sequence, or interframe time fill. In the active state, the
Khall be reserved.

Synchronous trafismission

hme shall be’accomplished by transmitting at least seven contiguous "1" bits (with no inserted "0
bt of sevén)contiguous "1" bits shall be interpreted as an abort and the receiving data station

ore, than seven "1" bits are sent to abort, care should be taken because if 15 or more "1" bits are sent, inclu

| combined/peer
light to continue

[ bits) to end the
shall ignore the

ling those already

transmitted 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

5.1.1.3.1

Interframe time fill

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

Intraframe time fill

Synchronous transmission

There is no provision for time fill within a frame.

5.1.14.2

Start/stop transmission

Inter-octet time
There is no proy

NOTE — A recei
time fill within a
mark-hold condit
thus far) are beyo

5.1.2 Idle dat
5.1.2.1 Syn
A data link cha
detection of the
right to continug
5.1.2.2

A data link chaf
system-specifie

5.2 Modes

Three operation
5.2.1 Operat
The three opera

a) normal resp

b) asynchrono

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

al "1" state).

ing station may choose to operate a system-defined time-out function for the purpose of determiining excesfive inter-octet

frame. This time-out function, if used, is started when inter-octet time fill is first detected’and is stopped (1
on ceases. Actions to be followed upon expiration of the time-out function (e.g., discarding of octets of the
hd the scope of the International Standard.

a link channel state
thronous transmission
nnel is in an idle state when a continuous "1" state is detected that has persisted for at least

idle state at the data link layer shall be considered to ifidicate that the remote data station has re
transmission.

Stant/stop transmission

inel is in the idle state when a continuous-thark-hold condition persists for the period of time de
| time-out function. The duration of this timer is not a subject of this International Standard.

hl modes and three non-operational modes are defined.
onal modes

ional modes are;

onse mode (NRM);

hsdesponse mode (ARM); and

eset) when the
frame received

15 bit times;
linquished its

ermined by a

¢) asynchronous balanced mode (ABM).

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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5.2.1.2 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).

5.2.1.3 Asynchronous balanced mode (ABM)

In ABM, which is a balanced data link operational mode, either combined station may send commands at any time and may
initiate response frame transmission without receiving explicit permission to do so from the other combined station. Such an

asynchronou
indicate staty
from a ready
5.2.2 Non{

The three noj

a) normal disconnected mode (NDM);

b) asynchrg

¢) initializaj
The disconng
logically dis
initialization
either in need

These two di
data link in a

a) unintend
b) sequencgd
¢)

ambiguit

A secondary
disconnected

condition(s) fhat causes.it to assume the asynchronous disconnected mode (ADM).

The secondar

transmission may contain single or multiple trames and shall be used for mtormation tield. tx
s changes in the combined station (for example, the number of the next expected information
to a busy condition or vice versa, occurrence of an exception condition).

operational modes

)-operational modes are:

nous disconnected mode (ADM); and

fion mode (IM).

cted modes (NDM and ADM) differ from the operational modes in that the secondary/com
onnected from the data link; i.e., no information (I)>or supervisory frames are transmitted o
mode (IM) differs from the operational modes in that the secondary/combined station data link cqg

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

connected modes (NDM and ADM) are provided to prevent a secondary/combined station from
fully operational mode during unusual situations or exception conditions since such operation coy

ed contention in ARM,;

number mismatch between ‘the primary station and the secondary station, or between combined s
y in the primary/combined station as to the status of the secondary/other combined station.
station shall e system predefined as to the condition(s) that causes it to assume a disconng

mode (NDM-er ADM) shall also be system predefined. A combined station shall be system pre

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

hnsfer and/or to
[rame, transition

bined station is
r accepted. The
ntrol program is

ippearing on the

1d cause:

fations; or

cted mode. The
lefined as to the

a)

accepting and responding to one of several appropriate mode-setting commands [set normal response mode (SNRM), set

asynchronous response mode (SARM), set normal response mode extended (SNRME), set asynchronous response 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)];

accepting and responding to an exchange identification (XID) command;
accepting and responding to a test (TEST) command;

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

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 secondary/combined station in a disconnected mode (NDM or ADM) shall, as a minimum capability, be capable of

generating the [J npn

A secondary/co
DM responses.

unnumbered ach
operational mod

Examples of po
to enter a discor]

a) the seconda
b) the seconda
c) the secondd

link (on-lin

M response with the I bit set to "1" 1n response to a command frame received with the P bit set.tq
mbined station in a disconnected mode (NDM or ADM) receiving a DISC command shalDresy
A secondary/combined station in the initialization mode receiving a DISC command-shall resp
fnowledgement (UA) response if it is capable of actioning the command. A secondary/command
e receiving a DISC command shall respond with the UA response.

ksible conditions (in addition to receiving a DISC command) which shall cause a secondary/cony
nected mode are:

ry/combined station power is turned on, or restored following a temporary loss of power;
ry/combined station data link layer logic is manually reset; and

ry/combined station terminal is manually switched fronmi<a local (home) condition to a connecteq
) condition.

A secondary/combined station in a non-operational mode shall'1iot establish a frame reject exception condition.

5.2.2.1 Nor
In NDM, which
the data link an
response frames
transmit inform:
single frame req
optionally, it mg

In this mode, a
except the DIS
opportunity. Ar
respectively, at

mal disconnected mode (NDM)

is an unbalanced data link non-operational mode, the secondary station shall be logically disco

1 shall, therefore, not be permitted-to accept information in I command frames or to transmit inf
. The secondary station shall,"however, be permitted to accept information in Ul command f
htion in Ul response frames~The secondary station has normal mode respond opportunity and §
[ponse transmission, indicating its status, as a result of receiving a command frame with the P |
y initiate such a response as the result of receiving a UP command with the P bit set to "0".

secondary station shall action only mode setting, XID, Ul and TEST commands. Mode settin|

XID or\TEST command that can be actioned shall be responded to with the XID and TE
he earliest respond opportunity. Receipt of an implemented mode setting, XID or TEST commar

be actioned, or 1
in NDM to res

ec€ipt-of any other command (except a Ul command) with the P bit set to "1", shall cause a secq

ond with the
ond with the
station in an

\bined station

-on-the-data-

nnected from
ormation in I
rames and to
hall initiate a
bit set to "1";

o commands,

C commandi~that can be actioned shall be responded to with the UA response at the eaffliest respond

ST response,
d that cannot
ndary station

n h rliest r n rtuni ith the DM n r, if th ndar ion

fermines it is

unable to function, with the RIM response. Receipt of a Ul command with the P bit set to "1" shall cause a secondary station in
NDM to respond at the earliest respond opportunity with a Ul response, with a DM response, or with a RIM response. In the
case where an implemented mode setting, XID or TEST command has been received 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 commands. Mode setting commands, 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 or TES
TEST comm
shall be resp
determines it
secondary/co
with a RIM r
commands af

Because a co
an appropriaj
balanced mo
combined staj

5.2.2.3

In IM, which
link control {
used in the
secondary/otl
a secondary/
unable to fun

A secondary.
response to |
response. In
predetermine

IM shall be
mode setting

5.3 Contro

5.3.1 Geng

Imitialization mode (IM)

Tesponise, Tespectively, at the carliest respond opportunity. Keceipt ol an implemented mode
hind that cannot be actioned, or receipt of any other command (except a Ul command) with~the
onded to with a DM response, or, if the secondary station, or combined station as a-receive
is unable to function, with the RIM response. Receipt of a Ul command with the P bit sét to '
bined station in ADM to respond at the earliest respond opportunity with a Ul response, with a
bsponse. Any command with the P bit set to "0", other than the implemented mode.setting, XID,
described above, may be ignored by the secondary/combined station in ADM.

mbined station is also a generator of commands, it can terminate a disconnéeted mode at any timg
e mode setting command (SABM, SABME, SM or SM with the fmode in the information f
e, or SIM). Such action can be taken spontaneously or as a result of transmission received
Lion (for example, a DM or RIM response).

is an unbalanced data link or balanced data link non~operational mode, a secondary/one comb
rogram may be initialized or generated by the primaty/other combined station action, or other |}
perational mode may be exchanged. IM is invoked when the primary/one combined station {
ler combined station is operating abnormally,and needs its data link control program corrected, af
ther combined station data link control pregram. Similarly, a secondary/one combined station ma
Ction due to program checks and request\IM to obtain a good program from the primary/other con

combined station shall enter IMiiipon sending a UA response, at its system predefined respong
he receipt of a SIM command: A secondary/combined station may request a SIM command byj
M, the primary/one combined station and a secondary/other combined station may exchange in
1 manner specified for that secondary/each combined station (for example, UI or I frames).

erminated when a“s¢eondary/combined station receives and acknowledges (via a UA response)
commands, or when entering the disconnected mode caused by internal constraints such as loss of

field formats

ral

setting, XID or
P bit set to "1",
I or commands,
1" shall cause a
DM response, or
UL, TEST or UP

by transmitting
lield selected as
from the other

ned station data
barameters to be
oncludes that a
nd for upgrading
y determine it is
bined station.

opportunity, in
sending a RIM

formation in the

one of the other
power.

The three formats defined for the basic (modulo 8) control field (see table 3) are used to perform numbered information
transfer, numbered supervisory functions and unnumbered control functions and unnumbered information transfer.
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Table 3 — Control field formats for modulo 8

Control field bits*
Control field format for
1 2 3 4 5 6 7 8
Information transfer command/ response (I format) 0 N(S) P/F N(R)
Supervisory commands/ responses (S format) 1 0 S S P/F N(R)
Unnumbered commands/ responses (U format) 1 1 M M P/F M M M
* N(S)= transmittingsendsegueneenumber{bit2—tow-order-bity
N(R)= trgnsmitting receive sequence number (bit 6 = low-order bit)
= supervisory function bit
= mgdifier function bit
P/F = pdll bit — primary station or combined station command frame transmissions/final bit —-secondary statiof or combined

std

The control fiel
of I frames and

tion response frame transmissions (1 = poll/final)

1 may be extended by the addition of a second contiguous octet immediately following the basid control field
supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 128. Control field extension

for the information transfer command/response format (I format), the supervisory, eommand/response format (S| format), and

the unnumbered

In table 4, x bits

The control fiel
frames and supq

command/response format (U format) shall be as shown in table 4,

Table 4 — Control field formats for modulo 128

Control Control field bits
field
format First octet Second octet
for Lyl 2 3afs|efy| s|lolwofufnz|i3la]i15]i6
I format | 0 N(S) P/F N(R)
Sformat| 1 [ 0 | S |S | %x |x |x|PF N(R)

U format| 1 1 M[|MJPFIM| M| M

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

I may be extended by the addition of three contiguous octets immediately following the basic conptrol field of I
rvisory frames.\This capability shall provide for an N(S) and N(R) of modulo 32 768. Control field extension

for the information transfer{gemmand/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 5.

Table 5 — Control field formats for modulo 32 768

Control Control field bits

field -
format First two octets Second two octets

for 123|456 7] 8[9o--16f17]18 - vvirevinn. 32
I format | 0 N(S) P/F N(R)
Sformat| 11 0[S |S | x [x|x|x[x:-- x |P/F N(R)

U format| 1 1| M{M|PFIM|M|M

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
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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

In table 6, thq
5.3.2 Infou

The 1 format]
frame shall h

at the receivipg data station, and a P/F bit that may be set to "1" or "0".

5.3.3 Supe
The S form:
retransmissio
are independ
I frames at th|

5.3.4 Unnymbered (U) format

The U forma
contain no s
available, thi

5.4 Contro

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
Tformar 0 NCS) P’F NR)
Sformatf 1] 0| S|S| x |[x|x|x]|[x- x|PF NR)
U format| 1 1| M|M|PFIM|M|M

x bits are reserved and set to "0". Bit 2 and bit 34 shall be the low-order bits of thé;séquence num
mation transfer (I) format

is used to perform an information transfer. The functions of N(S); N¢R) and P/F are indepen
hve an N(S) sequence number, an N(R) sequence number which may-or may not acknowledge ad
rvisory (S) format

it is used to perform data link supervisory control functions such as acknowledging I fra
h of I frames, and requesting a temporary suspension of transmission of I frames. The functions

nt; i.e., each S format frame shall have an N(R),sequence number which may or may not acknow
e receiving data station, and a P/F bit that may be set to "1" or "0".

is used to provide additional data-link control functions and unnumbered information transfer. 1
bquence numbers, but shall-include a P/F bit that may be set to "1" or "0". Five "modifier" |
allowing definition of up.to-32 additional command functions and 32 additional response functioj

field parameters

54.1 Mod

Each T frame
(where mod

lus

shall be sequentially numbered with a number which may have the value 0 to modulus miny

bers.

lent; i.e., each I
ditional I frames

mes, requesting
pof N(R) and P/F
ledge additional

'his format shall
bit positions are
ns.

s one inclusive

[us is"the modulus of the sequence number). The modulus equals 8, 128, 32 768, or 2 147 483 64

8. The sequence

numbers cycle through the entlre range The control ﬁeld formats for modulo 8 are shown in table 3. The control field formats

for modulo 1

formats for modulo 2 147 483 768 are shown n table 6.

he control field

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.

54.2.2

Send state variable V(S)

The send state

\‘{a;riable denotes the sequence number of the next in-sequence I frame to be transmitted. The send

can take the value 0 to modulus minus one inclusive (where modulus is the modulus of the sequence numberin

the numbers cy|
successive I frar

5423

Only I frames s
frame, N(S) sha
54.2.4 Rec
The receive stat
state variable cq
scheme and the
receipt of an err
54.2.5 Rec

All I frames and
with the P/F bit

With this excep
the receive stat
numbered up to

In the case of th
not been receivd

As more than o1
non-received I f]

cle through the entire range). The value of the send state variable shall be incremented by o
he transmission, but shall not exceed N(R) of the last received frame by more than modulus minus

Sendl sequence number N(S)

hall contain N(S), the send sequence number of transmitted frames. Prioxto transmission of an
1 be set equal to the value of the send state variable.

bive state variable V(R)

e variable denotes the sequence number of the next in-seguence I frame expected to be received
n take the value 0 to modulus minus one inclusive (where modulus is the modulus of the sequen
humbers cycle through the entire range). The value ofithe receive state variable shall be incremen|
br-free, in-sequence I frame whose send sequence number N(S) equals the receive state variable.

bive sequence number N(R)

S format frames shall contain N(R) which with the exception of the selective reject (SREJ) supe]
ket to "'0" shall indicate the N(S) sequence number of the next expected I frame.

ion, prior to transmission of-an-T frame or S format frame, the N(R) shall be set equal to the cu
e variable. The N(R) indicates that the station transmitting the N(R) has correctly received
N(R) - 1 inclusive.

e SREJ frame with the P/F bit set to "0", the N(R) indicates only that the I frame with N(S) equd
d.

e SREJ.frame with the P/F bit set to "0" may be outstanding at any one time, it is necessary to g
fames-are ultimately correctly received. This may be achieved by multiple variable counters or by

state variable

b scheme and

ne with each
one.

in-sequence [

. The receive
ce numbering
ted by one on

rvisory frame

rrent value of
all 1 frames

1 to N(R) has

nsure that all
other means.

(See 5.5.2.4 for

efinition of the nse of the SRET command and response )

5.4.3 Poll/final (P/F) bit

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

a)

and

b)

set to "1" shall be used:

of a soliciting (poll) command.

28
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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

primary/combined station issues another frame with the P bit set to "1", it shall have received a response frame from the
secondary/combined station with the F bit set to "1". If no valid response frame is obtained within a system-defined time-out

period, the re
5.4.3.1.2

In NRM, the
transmit until

The secondat

SREJ) with t}
5.43.1.3

In ARM and
to n 1 " .
NOTE — Fd
been receiveq
in5.4.3.1.6.
5.4.3.2 13
5.4.3.2.1

A response f]
command fra

5.4.3.2.2

In NRM, if t}
"1" in the las
P bit set to "
transmission.

fransmission of a command with the P bit set to "1" for error recovery purposes shall be permitted]
Functions of the poll bit in NRM

P bit shall be set to "1" to solicit response frames from the secondary station. The seécondary
it receives either a command frame with the P bit set to "1" or a UP command.

e 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 '
Functions of the poll bit in ARM and ABM

IABM, the P bit set to "1" shall be used to solicit a responsesat the earliest respond opportunity,
r example, if the primary/combined station requires‘\positive acknowledgement that a particulg
, it sets the P bit in the command to "1". This forees a response from the secondary/combined staf
unctions of the final bit
General

fame with the F bit set to 4" shall be used by the secondary/combined station to acknowledge
me with the P bit set to "1

Functions of the fifa) bit in NRM
e right to transmit was acquired by the receipt of a P bit set to "1", then the secondary station sha

frame of ifsaresponse transmission. If the right to transmit was acquired by the receipt of a UP co
0", then\the' secondary station shall set the F bit to "0" in each frame (including the last frame

station shall not

y station may send I frames upon receipt of an I frame with the P bit set te."'1", certain S framjes (RR, REJ or

1" or HOH'

vith the F bit set

r command has
ion as described

the receipt of a

1l set the F bit to
immand with the
of its response

Following tr

fcrtccian ofthao lTact frana of 140 rocianco trancratccingy tho cannndary ofation chall ofoan fran o 4]
............ + Spehse-tHahshisSiohtHe-secoRaary-Statoh Stop-Hahisinttt

subsequent command frame with a P bit set to "1" is received, or a UP command is received.

5.4.3.2.3

Functions of the final bit in ARM and ABM

ng until either a

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 Use

of the P/F bit to assist in error recovery (see also 5.6.2.1)

5.4.3.3.1 Ge¢

Asthe Pand F 1
be issued until t

P bit is received)), the N(R) contained in a received frame with a P bit (see 5.6.2.1h) or F bit set to " 1" ean be used

I frame retransn|
and indicates th
N(R) of a correq
previously trans

neral

its set to "1" are always exchanged as a pair (for every P bit there shall be one F bit, and another
he previous P bit has been matched with an F bit, and, similarly, another F bit shall not.belissued

hission is required. This capability provides early detection of I frames not received|by the remof
b frame sequence number where retransmission shall begin. This capability is referred to as check
tly received I frame or S format frame, except for a SREJ frame with the P/F bit set to "0", shall
mitted I frames to N(R) - 1 inclusive.

5.4.3.3.2 C

In NRM, the N(R) of a received I, receive ready (RR) or receive not ready (RNR) command/response frame whid
bit set to "1" shall cause the secondary/primary station to initiate appropriate‘error recovery if the N(R) does not
at least all I frajnes transmitted by the secondary/primary station previgus‘to, and concurrent with, the last fran
transmitted by the secondary/primary station with the F/P bit set to "1

5.4.3.3.3 C

In ARM, the N
secondary/primg

transmitted by the secondary/primary station previous to, and concurrent with, the last frame which was trans

secondary/primg

5.4.3.34

In ABM, the N(|
station to initiat
combined statio
with the P bit s

5.4.3.4 Sumn

The applicabilit

CHeckpointing in ABM

eckpointing in NRM

eckpointing in ARM

R) of a received I, RR or RNR command/response frame which has the P/F bit set to "1" sH
ry station to initiate appropriate errorrecovery if the N(R) does not acknowledge at least

ry station with the F/P bit set to "]"

R) of a received I, RR«or"RNR response frame which has the F bit set to "1" shall cause the receiy
p appropriate error recovery if the N(R) does not acknowledge at least all I frames transmitted by
n previous to, and_concurrent with, the last frame which was transmitted by the receiving conj
tto "1".

imary of P/F bit functions

P bit shall not
until another
to detect that
e data station
pointing. The
acknowledge

h has the P/F
acknowledge
ne which was

all cause the
all 1 frames
mitted by the

red combined
the receiving
bined station

 afthe P/F bit functions in the three operational modes (NRM, ARM, and ABM) and on data lin

two-way alternal

30

Table 7— P/F bit functions

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

© ISO/IEC 2002 - All
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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 reject

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
RSET.>Reset

TEST - Test

UA - Unnumbered 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

DT TVIOae

UIH - Unnumbered information with header
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)
(0t07) Response
(final)

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

}7 First bit transmitted

1 2345678 9 10111213141516

0 N(S) P/F N(R)
Information Receive
transfer sequence number
format  Send sequence command (0 to 129)
number (pOH)
(010 127) " Response
(final)

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

h First bit transmitted

1 2345 6V 8 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)

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

}7 First bit transmitted

1 23456 7 8 9--32 33 3435 - 64
0 N(S) P/E N(R)
Information Send sequence Command
transfer number (poll)

format  (0to2 147483 647)  Response  Receive
(final) sequence number

(0 to 2 147 483 647)
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.

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

r 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 with the S format control field shall not increment the send state variable at the transmitter or the receive state variable

at the receivg
for the purp
selected.

The encoding
4b for moduy|

numbering. In figures 4a thru 4d, the SS bits define the following command and response supervisory functiong:

se of identifying additional I frames in need of retransmission when the multi-selective tej

of the S format command/response control field shall be as shown in figure 4a for modilo 8 num
Jo 128 numbering, in figure 4c for modulo 32 768 numbering, and in figure4d-for modulo

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

RNR - Receive not 10 RNR - Receive not
ready ready

SREJ - Selective rejeet; 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

r. RR, RNR and REJ frames shall not contain an information field. SREJ frames may contain an information field

pct procedure is

bering, in figure
2 147 483 648

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

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)

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

An S format fra
N(R) shall indi
consequently sh

The primary/combined station may use the S format command.frames with the P bit set to "1" to solicit responses

secondary/comb
(See 5.4.3 fora
5.5.2.1 Rec
The receive read

a) indicatet

b) acknowlg

When transmittg
of an RNR fram|

5.5.2.2

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
e shall contain an N(R), receive sequence number. Exceptfor the SREJ frame with the P/F bit
Cate, at the time of transmission, the sequence numbér of the next expected 1 frame to be
h1] indicate that all received I frames numbered up to N(R) - 1 inclusive have been received corred
ined station indicating its status.

Hescription of the functions of the P/F bit.)

bive ready, RR, (S bits = 00) comimand and response
y, RR, frame shall be used by/a data station to

hat it is ready to receive.an I frame(s); and

dge previously teceived I frames numbered up to N(R) - 1 inclusive.

d, the RR frame shall indicate the clearance of any busy condition that was initiated by the earliet
e by thesame data station. (See 5.6.1.)

Rej¢

ket to "0", the
received, and

tly.

from (poll) a

transmission

cty, REJ, (S bits = 01) command and response

The reject, REJ, frame shall be used by a data station to request retransmission of I frames starting with the frame numbered
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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5.5.2.3 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 frames shall be indicated in subsequent exchanges.

5.5.24 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
contiguous) I frames. The control field of the SREJ frame shall contain the sequence number of the earliest I frame to be
retransmitted (not yet reported by a SREJ frame) and, if the multi-selective reject procedure is invoked, the information field
following thd control Tield shall confain the identity of additional T frame(s), if any, in need of refransmission] The identity of
additional I ffames in need of transmission shall be indicated by either —

a) one entry for every I frame in need of retransmission, or

b) one entry for every standalone I frame in need of transmission plus a span list for évery sequence pf two or more
contiguopsly numbered I frames in need of retransmission.

A span list identifies the start and the end of a sequence of contiguously numbered I fram€s in need of retransmfission.

When the muylti-selective reject procedure is employed without span lists, the infoermation field shall be encodefl such that there
is one or morg octets for each I frame in need of retransmission.

For modulo § sequence numbering, the N(R) value for each designed{l frame shall occupy bit positions 6-8 [of the one-octet
field, as per Ile encoding of the N(R) field of the control field for modulo 8 sequence numbering, with bit positions 1-5 set to
zero, as illustrated in figure Sa.

For modulo |28 sequence numbering, the N(R) value for.each designated I frame shall occupy bit positions| 2-8 of the one-
octet field, ag per the encoding of the N(R) field in the second octet of the control field for modulo 128 sequ¢nce numbering,
with bit positjon 1 set to zero, as illustrated in figure 5b;

For modulo 32 768 sequence numbering, the N(R)wvalue for each designated I frame shall occupy bit positions[2-16 of the two-
octet field, ag per the encoding of the N(R) field-in octets 3-4 of the control field for modulo 32 768, with bit position 1 in the
first octet of fhe two-octet field set to "0" -astllustrated in figure Sc.

For modulo 4 147 483 648 sequence ‘numbering, the N(R) value for each designated I frame shall occupy bit positions 2-32 of
the four-octet field, as per the encoding 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 1
: Control field : Information field
: :
: 1 2 3 4 5 6 7 8 : 1 2 3 4 5 6 7 8 1 ----- 5 6---8
1 0 1 1 |P/F N(R) o 0 0 0 o0 N(R) 0 ----- N(@R) | FCS

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

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

Figure Sa— 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) ? ¢
of later I frame(s)

number of first I frame -
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

LI [ T O S — 0 |PF| NER) 0 N(R) 0 | N(R) FCS

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

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

Figure|Sc — Control field and information field encoding in SREJ frame for modulo 32 768 numbgring

Control field Information field

1 32 33 34eeee 64

1 110 0 coooee 0 |pF N(R) 0 N(R) 0 N(R) FCS

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

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

Figure 5d +— Control field and information field encoding in SREJ frame for modulo 2 147 483 648 numbering

Any number of octet fields can.be included, up to the maximum frame size. Only the I frame numberf in need of
retransmission ghall be included.‘If, for example, in the case of modulo 128 sequence numbering, I frames 3, 5,7, and 18 are
being identified|for retransmissSion in a single SREJ frame, I frame number 3 shall be identified in the SREJ conttol field and I
frames 5, 7, and| 18 shall"\be“identified, each within an octet of its own, in increasing order in the SREJ frame information field.

When the multi selectlve reJ ect optlon is employed w1th span llsts the 1nformat10n ﬁeld shall be encoded such that there is an
entry for each sta ' W chrsequence of two
or more contiguously numbered I frames in need of retransmission. In the case of standalone I frames, their identity in the
information field consists of the appropriate N(R) value preceded by a “0” bit in the entry used, as per figure 5a for 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
the specific I frame(s) requested by all of the SREJ frames received.

(See 5.6.2 fof 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 fuhctions. Frames
transmitted with the U format shall not increment the state variables at either the transmitting op-thé receiving data station. Five
"modifier" bits are provided which allow up to 32 additional command functions and 32 _additional responsq functions to be

defined. Fiftgen command functions and nine response functions are defined below; all others are reserved.

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

’7 First bit transmitted

1 2 3 4 5 6/ 7 8
] 1| M MI|PE| M 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 5.4.3 fot a descriptiofi of the functions of the P/F bit.)

Several unnymbered commands and responses (i.e., SNRM, SARM, SABM, SNRME, SARME, SABME, M, UA, DISC,
DM, XID) 111ay have an optional information field as defined in 5.5.3.1. The information field for FRMR is defined in
5.534.2.

5.5.3.1 Information field 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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Format
identifier
subfield
F A Control field FCS F
Data link User data

€ e P e P
1 octet subfields

laf———— Information field ——————— Jp|

Figure|7 — Format of the optional information field in specified unnumbered commands and respdnses

5.5.3.1.1
The format iden|
5.5.3.1.2 D4
The data link la
generated and
restrictions on t
data subfield.

A data link layzg
parameter field

The group ident
International St3

Address re

HDLC par:

Farmat identifier subfield

Lifier subfield is a fixed length of one octet and is illustrated in figure 7.
ta link layer subfields
yer subfields specify various data link layer characteristics and parameters. The contents of these

onsumed by the data link layer logic. The length of these subfields is limited by the max
he HDLC frame information field, taking into account the lengths) of the format identifier subfiel

r subfield consists of a group identifier (1 octet), a group length (1 or 2 octets, depending on
n octets). The general structure of a data link layer Subfield is illustrated in figure 8.

Group identifier (GI) Group length (GL) Parameter field

1 Octet 1~or 2 Octets n Octets

<€

Data link layer subfield

Figure 8 — Data link layer subfield

fier (GI) identifies théifunction of that data link layer subfield. Five data link layer subfields are g
ndard:

olution;

ymeters;

Mode and 1nodulus;

subfields are
imum length
| and the user

usage), and a

efined in this

Multilink parameters; and

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
GL are in the 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
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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.

NOTE — The
A PL value o

A PI/PL/PV
used. A para
ignored (excq
between the
behavior of
International

5.5.3.1.3

The user dat

link layer to the user of the data link. The amount of informatipn (number of bits) that can be accommodated is

the maximun
subfield and

The user data

The user data

5.5.3.14

The various s
given in tablg

GI GL PI PL

1 Octet

PV PI1 PL PV

1 Octet m Octets

Where

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

Figure 9 — General organization of a data link layer subfield using the PI/PL/PV structur
value of PL does not include the lengths of either itself or its associated PI.
f zero indicates that the associated PV is absent and that the parameter shall assume-the)default va
et may be omitted if it is not required for conveying information or if default values for the parg
meter field containing a PI that is not specified in this International Standard’is defined as invs
pt within the user-defined parameters subfield, in which PIs other than PI<0'may be defined by a
stations). Except where noted, duplicate PIs should not be sent within the same data link lay|
the receiver upon receipt of duplicate PIs within the same data-link layer subfield is not
Standard.

User data subfield

subfield contains user information. This data link uset information is transported transparently

| length restrictions on the HDLC frame information field, taking into account the lengths of the
he data link layer subfields.

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

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

ubfields that may exist in the information field of certain unnumbered format command and resj
9¢

lue.

meters are to be
lid and shall be
prior agreement
er subfield. The
defined in this

across the data
limited only by
format identifier

onse 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 User-
Identifier Address HDLC Mode & Multilink defined
Resolution Parameters Modulus
Parameters

DISC X X

DM X X X X X

SABM X X X X

SABME X X X X

SARM X X X X

SARME X X X X

SM X X X X X

SNRM X X X X

SNRME X X X X

UA X X X X X

XID X X X X X X
Subfield encodipgs for those subfields that are identified as being associated with the mode-setting command/regponse frames
are given in 5.5]3.2. The subfield encodings for those subfields that are identified as being associated with the geperal purpose
XID command/gesponse frames are given in 7.2.
5.5.3.2 Information field encoding of mode-sétting command/response frames
The format idenfifier subfield is always the first'octet of the optional 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 majy appear only
once. The abserice of a particular datalink layer subfield should be interpreted to mean default values. The user fata subfield,
if present, is always the last subfield,

5.5.3.2.1

rmat identifier'subfield encoding

ifier subfield can be encoded to have the capability of designating 256 different formats.

as defined in

, general purpose mode-setting command/response frames|

First bit transmitted

Y

High order bit

Y

1 00000O0O0°1

Control
field

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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Data link layer subfield encoding

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

1 1 Mode and modulus
0
0

000
0 0 0 1 HDLC parameters
1 1 1 1 User-defined parameters

S O O
S O O
S O O

The GI enco
encoding for

All GI encod

NOTES

The HDLC pafameters data link layer subfield and the user-defined parameters data link\layer subfield may each appear

the informatiof

The user-defin
use of those pg

5.5.3.2.21

The data link]

Figure 12 — Group identifier encoding for data link layer subfields

ling of all ones (1111 1111) is not used as a data link layer subfield identifier encoding\It serves|
the user data subfield.

Ings not assigned in this International Standard (here and in 7.2) are reserved for future use.

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

ed parameters identifier is for use to identify parameters outside,the scope of the HDLC parameters identi
rameters that are explicitly identified under the HDLC parameteTs 1dentifier.

Mode and modulus
layer subfield associated with the mode and modulus group is illustrated in figure 13.

First bit transmitted

as the identifier

more than once in

fier while making

¢ GI SE 1 Octet ——Jm» 1 Octet _>.|
100000O0°T1 O10000000|0/1|0/1|0|0|0/1|0/1|0/1 0|0|0|0|0/1|0/1|0/1|0/1|

1 Octet ——Pm-|«af— 1 Octet —Pp»| + + +
TWS ABM Mod §

TWA
ARM Mod 128
Mod 32 768
NRM Mod 2 147 483 648

< Mode of 3 ] Modulus of 3
operation operation

Figure 13 — Mode and modulus group elements

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.
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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

Maximum information field length — receive

~N |

Window size k — transmit

8 | Window size k — receive

User-defined parameters (GI =00001111)

PI Parameter field element

0 Parameter set identification

The following I¢gend explains the symbols used in tables 11 and 12.

B: Indicate$ this field is binary encoded.
N: Number]of octets.
NA: Not applicable.

Table 11 — HDLC parameters‘elements

Name PI | PL Parameter field element Code Bit Value
Type Np.
Maximum infofmation field length (transmit) | 5 N Maximum information field length- B NA B
transmit (bits)
Maximum infofmation field length (receive) 6 N Maximum information field length-receive B NA B
(bits)
Window size kf(transmit) 7 4 Window size k-transmit (frames) B NA B
Window size kf(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.
Parameter set|idetitification 0 N | Parameter set identification NA NA (Sge Note 1)
(Implementor-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 data link users
involved.

5.5.3.3 Unnumbered commands

The unnumbgred command encodings are shown in figure 15.

}7 First bit transmitted

1 2 3 4 5 6

~
oo

SNRM command
SARM ¢éemmand
SABM'command
DISG-eommand
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

____________
—_— e
—_—_ O O, kP, O~ = O
—_——O OO = O == O
TUTUTUTYT YUY
ST~ = O = O OO = OO
SO OO = = == O OO
—_——_ 0 008 o~ O oo —

—_
(=]
R
(=]
—
-

Figure 15 — Unnumbered command control field bit assignments

The SNRM, SARM, SABM, DISG;-SNRME, SARME, SABME, SM and SIM unnumbered mode setting commands and the
RSET unnunibered resetting command, the XID unnumbered command, and the TEST unnumbered command, shall require
the secondary/combined station-to acknowledge acceptance by responding with the appropriate unnumbered r¢gsponse frame (a
UA response| frame, an XIDsresponse frame, and a TEST response frame, respectively). If the secondary/cpmbined station
receives mor¢ than ong-ef.the above commands before a respond opportunity occurs, it shall transmit the resppnse appropriate
to the first of the received commands at the first respond opportunity. The secondary/combined station tragsmission of the
appropriate respofise ‘following the receipt of one of these commands shall take precedence over a responge for any other
previous conjmand which may be waiting for a respond opportunity at the secondary/combined station. Follpwing receipt of
one of the abbvecommmamnds;the bUbUlldaly Tommbiet Statiomn Ty iguuw attframesTecerved; TXCTPTr 1o detectthe next respond
opportunity, until it has sent a response appropriate to that command. Following receipt of a RSET resetting command, a
combined station may discard the information field contained in any I, UI 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
set to "1", or shall wait until a UP command is received with the P bit set to "0" and then shall respond with a single UA
frame with the F bit set to "0".

b) Upon receipt of a SARM or SARME command with or without the P bit set to "1", the secondary station, sHall transmit a
UA frame:

1) upon dletection of an idle data link channel state in TWA data communication; or
2) at the parliest respond opportunity in TWS data communication.

The UA fragme shall have the F bit set to "1" if the command has the P bit set to "\ The UA frame may b¢ followed by
additional §econdary station transmissions, if pending.

¢) Upon receipt of a SABM or SABME command, or a RSET command while.in ABM, with or without the P it set to "1",
the combinjed station shall transmit a UA frame:

1) upon detection of an idle data link channel state in TWA data ¢cémmunication; or
2) at the parliest respond opportunity in TWS data communijcation.

The UA fragme shall have the F bit set to "1" if the command has the P bit set to "1". The UA frame may b¢ followed by
additional ¢ombined station transmissions, if pending:

d) Upon receipt of a SM command, the data statien shall behave in accordance with a), b), or ¢) above, dep¢gnding on the
mode of opleration indicated in the information field or known a priori.

In the case df the non-operational mode setting commands (SIM and DISC), the respond opportpnity at the
secondary/comlined station shall be system defined; i.e., a given secondary/combined station shall be system defined to use
the normal mode respond opportunity;'or the asynchronous mode respond opportunity for the response followjng a SIM or
DISC command} as follows:

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

b) Upon recejpt{of-the DISC command, the secondary/combined station shall respond with the UA or DM response
depending nwhether the secondarv/combined station was in an npera‘rinnal mode or a disconnected mode respectively,
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
command has the P bit set to "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 control fields shall be one octet in length. The secondary station shall confirm acceptance of the SARM command by the
transmission of a UA response at the first respond opportunity. Upon acceptance of this command, the secondary station send

and receive s
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Set asynchronous balanced mode (SABM) command

ommand shall be used to place the addressed combined station in the asynchronous balanced moqg
elds shall be one octet in length. The combined station shall confirm acceptance of the SAB

ate variables shall be set to zero.

mmand is actioned, the responsibility for all unacknowledged I frames assigned to data link cof
[Whether the content of the information field of such unacknowledged I frames is reassigned to
on or not is decided at a higher layer.

on field may be present in the SABM command. The structure of the information field wh
.5.3.2 and table 9.

mmand shall be used fo.términate an operational or initialization mode previously set by a co
| non-switched networks it shall be used to inform the addressed secondary/combined st3
bined station is suspending operation and that the secondary/combined station(s) should ass
mode. In switchied networks, a logically disconnected function at the data link layer may also se

layer inté€rface, a physical disconnect operation of the physical layer; i.e., to have
bined station go "on-hook". Prior to actioning the command, the secondary/combined station s
the DISC command by the transmission of a UA response.

itrol reverts to a
lata link control

bn present is as

e (ABM) where
M command by

of a UA response at the first respond opportunity. Upon dcceptance of this command, the combiped station send

itrol reverts to a
lata link control

bn present is as

mmand. In both
tion(s) that the
hme a logically
've to initiate, at

the addressed
hall confirm the

‘When this ¢

mmand is actioned, the responsibility for all unacknowledged I frames assigned to data link co

trol 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 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 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 SARME command by

transmission of
and receive statg
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hand/response control fields shall be two octets in lengthiahd unnumbered command/response
tet in length (see 5.3.1). The combined station shallconfirm acceptance of the SABME

a UA response at the first respond opportunity. Upon.acceptance of this command, the combine
variables shall be set to zero.

nether the content of the information field>of such unacknowledged I frames is reassigned to dat
or not is decided at a higher layer.

field may be present in the SABME command. The structure of the information field when
3.2 and table 9.

 initialization mode (SEM) command

hind shall be used to cause the addressed secondary/combined station to initiate a station-specified
data link layerhcontrol functions. No information field shall be permitted with the SIM cd
ined station(shall confirm acceptance of the SIM command by the transmission of a UA respon
nity. Upon acceptance of this command, the secondary/combined station send and receive state v

When this com

station send

I reverts to a
h link control

present is as

mode where
control fields
command by
| station send

I reverts to a
h link control

present is as

procedure(s)
mmand. The
e at the first
ariables shall

1 reverts to a

higher layer. Whether the content of the information ﬁeld of such unacknowledged I frames is reass1gned to data link control
for transmission or not is decided at a higher layer.

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:

I/UI frame(s) to send;

a) ithasan
b) it has an
¢) ithasre
d) ithasre
e) ithasex
f) ithasa
report a
If an idle datg

period of tim

5.5.3.3.10

The Ul cominand shall be used to send information (for example, status, application data, operation, interryiption, data link
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layer progran
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no-traffic condition, or a DM response to request a mode setting command).
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b, it shall be assumed that the secondary/combined station hag completed, or will not initiate, trans

lost if a data link exception occurs during,transmission of the command, or duplicated if an exc
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mmand shall be used_to.cduse the addressed secondary/combined station to identify itself, an
ary/combined statignyidentification and/or characteristics to the addressed secondary/combi
ield is optional with the XID command. A secondary/combined station receiving a XID co
n the XID command in any mode unless a UA response to a mode setting command is awaiting t
ion exists.

mmand-contains an information field, the first octet of the information field shall be the format
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d within a given
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hed station. An
mmand shall, if
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The encoding of the format identifier shall be as shown in figure 16.

© ISO/IEC 200

’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
acceptance of this command, the addressed combined station receive state variable shall be set to zero. If the UA response is

received correctly, the initializing combined station shall reset its send state variable to zero.
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hether the content of the information field of such unacknowledged I franies’ is reassigned to dat
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mand shall be used to cause the addressed secondary/comibined station to respond with the TES
| opportunity, thus performing a basic test of the data ligk control. An information field is opti
. If present, however, the received information {ield shall be returned, if possible, by t
ined station with the TEST response. The TEST eommand shall have no effect on the mode
ined by the secondary/combined station.
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e sent by the
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h link control

I response at
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he addressed
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mbined station shall consider the data link>layer test terminated upon receipt of the TEST resporjse or when a

has run out. The results of the TEST cemmand/response exchange may be made available for int

f mode (SM) command
nd shall be used to place the addressed station (combined/secondary) in one of the operational
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5 in length.

brational fnode, in which the addressed station is placed using the SM command, may be determ
w). Fufthermore, use of the SM frame may require these other means to set the number of octets {]
mat,command/response control fields.

errogation by

modes where
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Various ways 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 UIH command shall be used to send information where the integrity of the information being transferred is of lesser
importance than its delivery to the correct secondary/combined station(s) without affecting the V(S) or V(R) variables at either
station. For the UTH command frame, the FCS shall be calculated over only a specified length of the beginnihg of the frame.
The length f the protected portion shall be determined by parameter negotiation (XID exchange or mege-setting frame
exchange), a priori knowledge or as a system definition.

Reception of|the UIH command is not sequence number verified by the data link procedures; therefore, the UIH frame may be
lost if a datq link exception occurs during the transmission of the protected portion of theleommand, or duplicated if an
exception comdition occurs during any reply to the command. There is no specified secondary/eombined station response to the
UIH commarfd. The UIH command may be sent independently of the mode of the data link station.

NOTE — Casg¢s where the integrity of the information being transferred is of lesser importarice)than its delivery to the corrpct station include
the timely tranpmission of packetized voice, video/graphic data, or periodically updated infotimation.

5.5.34 Unnumbered responses

The unnumbgred 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, SARM, 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) The receipt of a frame containing an information field when no information field is permitted by the associated control

field.

The secondary/d
After sending a

a) shall stopt
transmissid

b) may, becay
exception g

1) acom
2) an I
accon

(See 5.6.4 for a

The primary/coinbined station receiving the FRMR response\shall be responsible for initiating the appropriate m

resetting correc
SNRME, SARM

An information
the information

ombined station shall transmit the FRMR response at the first respond opportunity.
FRMR response, the secondary/combined station:

ransmitting I frames if the frame reject exception condition was caused by an inyalid'N(R) since i
n is affected; or

se the opposite direction of transmission is affected, optionally continue\sending I frames if thq
ondition was caused by:

Inand or response that is undefined or not implemented, or

frame with an information field which exceeded the.maximum information field length W
modated by the secondary/combined station.

Hescription of command-response rejection procedures.)
ive action by initializing one or both directions of transmission using the RSET, SNRM, SA
[E, SABME, SM, or DISC command, as‘applicable.

field shall be returned with this response to provide the reason for the frame rejection. When mod
ficld shall contain the fields,shown in figure 18a.

ﬁ First bit transmitted

(23 456 7 8 9 101112 13 14151617 1819 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

s direction of

frame reject

hich can be

bde setting or
RM, SABM,

ulo 8 is used,

The functions of these 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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implemented.

w set to "1" shall indicate that the control field received and returned in bits 1 to 8 inclusive was undefined or not

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.

2

accommodated by the secondary/combined station.

h)

yset to "1" shall indicate that the information field received exceeded the maximum information field length which can be

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

The w, x, y and z bits in the information field of the FRMR response may all be set to zero, indicating an unsp|

of the frame
response may
dependent bo

When the co
FRMR respo

Bit 18 and b
secondary/co

In the extend
received fran
control field

When the co
FRMR respo

for one or more of the conditions cited above. If required, the information field containgd\w
be padded with zero bits so as to end on any convenient, mutually agreed upon character;byte, W
undary. (See also 5.6.4.)

htrol field extension (see 5.3.1) is used for modulo 128, the format for the information field r
hse shall be as shown in figure 18b.

ﬁ First bit transmitted

16 17 18----24 25 26--- 32-33

Rejected extended frame
control field

0| N©) |oR[NER)

Figure 18b — Information field format for FRMR response in modulo 128 operation
t 26 are the low-order bits of the current value~of the send state and receive state variables, res
nbined station.
he which caused the frame reject eXception condition. When the rejected frame is an unnumb

f the rejected frame is positionedfin bit positions 1 to 8, with bits 9 to 16 set to zero.

ntrol field extension (see 5.3.1) is used for modulo 32 768, the format for the information field r
hse shall be as shown inifigure 18c.

ﬁ First bit transmitted

(ERTRRTRPPPRIS 32 33 34----48 49 50----64 65 66 67 68
Rejected extended
frame control field 0 NES) CR NR) L R IR

ecified rejection
thin the FRMR
ord or machine-

tturned with the

pectively, at the

ed FRMR response format in modulo-128 operation, the rejected frame control field is the control field of the

ered frame, the

eturned with the

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/combined station.

In the extended [FRMR response format in modulo 2 147 483 648 operation, the rejected frame control field is th¢ control field
of the received frame which caused the frame reject exception condition. When the rejected frame is an unnumbeted frame, 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 Dipconnected mode (DM) response

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

The DM response shall be sent by the secondary/combined station in NDM or ADM_ to' request the primary/other combined
station to issue [a mode setting command, or if sent in response to the reception‘of.a mode setting command, fo inform the
primary/other cpmbined station that it is still in NDM/ADM and cannot actiop<the mode setting command. Afi information
field may be prpsent in the DM response. The structure of the information/field when present is as indicated in 5.5.3.2 and
table 9.

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

5.5.3.4.4 Rdquest disconnect (RD) response

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

A secondary/combined station which tas: sent an RD response and receives a command frame(s) other thhn the DISC
command shall jaccept the commangd~frame(s) if it is able to do so. If the secondary/combined station accepts the non-DISC
command franje(s), it shall follow the normal procedures when responding to the primary/combjned station.
Secondary/combined station acteptance of a frame other than the DISC command after sending an RD respongde cancels the
RD response. If|the secondary/eombined station still wishes to be placed in the disconnected mode (NDM or ADMI), it shall re-
issue the RD regponse. If{the secondary/combined station cannot accept the non-DISC frames due to internal proplems, it may
again respond with an RBrresponse to the non-DISC frames.

5.5.34.5 Rdquest initialization mode (RIM) response

The RIM response shall be used in any mode to report a secondary/combined station's need for initialization. No information
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

remainder of

A secondary;
including as §

A combined

that information field. See figure 19 for the encoding of the format identifier field.

combined station may send an unsolicited XID response at any respond opportunity to request-aj
response to any received command, not just an XID command.

station in ABM may establish a FRMR exception condition if the information field ofja.feceive

exceeds the maximum defined storage capability of the combined station.

5.5.34.8
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[ the secondary/combined station is in an operational mode (NRM, ARM, ABM), a FRMR ¢
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ponse shall be used to send informiation where the integrity of the information being transfe
lan its delivery to the correct primary/combined station(s) without affecting the V(S) or V(R) v
he UIH response frame, the- FCS shall be calculated over only a specified length of the beginni
f the protected portion shall be determined by parameter negotiation (XID exchange or mo
priori knowledge or as d\system definition.

the UIH responsé 1s not sequence number verified by the data link procedures; therefore, the Ul
link exceptionhoccurs during the transmission of the protected portion of the response, or

exception copdition occurs-during any reply to the response. There is no specified primary/combined station

UIH responsg

NOTE — Cas
the timely tran|

. The UIH response may be sent independently of the mode of the data link station.

s where the integrity of the information being transferred is of lesser importance than its delivery to the corr

XID exchange,

d XID response

ion, receiving a
UA response is

response. If the
nation field shall
ndition may be
d frame storage

the secondary/combined station. If a FRMR response is not returned for this condition, a TEST fesponse without

red is of lesser
iriables at either
ng of the frame.
le-setting frame

H frame may be
duplicated if an
response to the

ect station include

mission of packetized voice, video/graphic data, or periodically updated information.

5.6 Exception condition reporting 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(S) sequence error

An N(S) sequerlce error exception condition shall occur in the receiver when an I frame received error free, (1]
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tined in the originally transmitted I frame.
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with errors.

final (P/F) bit (checkpoint) recovery (see also 5.4.3.2)
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multi-selective rejéct procedure, any I frames that were retransmitted subsequent to the transmiss

P/F bit, respectively, set to "1", shall not be retransmitted. For a combined station, if an|
en a poll shall'be sent, either by transmitting an RR command (or RNR command if the station
he P bit det)to "1" or by setting the P bit to "1" in the last retransmitted I frame.
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In the caseof a secondary/primary station, 11 a KEJ Irame with the F/F D1t s€t to0 "0~ has becn received

and actioned,

checkpoint retransmission shall be inhibited on the next P/F frame received, if it would cause retransmission of the same

particular |

b)

frame; i.e., same N(R) in same numbering cycle.

In the 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
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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.
If a P/F bit set to "1" is received in an unnumbered format frame, checkpoint retransmission shall be inhibited.

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 "1" shall be inhibited.
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the requested I frame has not been-received, because either the requested I frame or the REJ fram|
frame may be repeated.

h receiving a REJ frame,shall initiate sequential transmission (or retransmission) of I frames st
ed by the N(R) contained in the REJ frame. New I frames may be transmitted subsequently

ission- beginning with a particular frame occurs due to checkpointing (see 5.4.3.2.1, 5.4.3.2.2, 54
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and 5.6.
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in the REJ frame],

the retransmission resulting from the REJ frame shall be inhibited.

5.6.2.3

SREJ recovery

a REJ frame is received which would also start retransmission with the same particular I frame [as identified by the N(R)

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,
each with the P bit set to "0", or one or more SREJ responses, each the F bit set to "0", or a SREJ command with the P bit set to
"1", and these "sent SREJ" exception conditions are not cleared when the combined station is ready to issue the next response
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secondary station receives and actions one or more SREJ frames, each with the F bit (primary st
bn) set to "0", it shall disable actioning of the next SREJ frame received if that frame has the H
(secondary station) set to "I'\\and has the same N(R), (i.e., same value and same numbering
ned SREJ frame, and if the/resultant retransmission was made following the retransmission

or the F bit (secondarysstation). When a combined station receives and actions one or more SRH
bit set to "0", or a SREJ command with the P bit set to "1", or one or more SREJ responses, each
1 disable actioning of'the next SREJ response frame received if that SREJ frame has the F bit set {
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with the F bit
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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", the combined station shall retransmit all requested I frames, except those that were transmitted subsequent to the last
frame with the P bit set to "1". After having retransmitted these I frames, the primary/secondary or combined station may
transmit new [T frames, i ey become avaifabie.

Annex B includes examples of the possible use of the multi-selective reject procedure and implementationiguidelines.
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NOTE 3

When, as a result of a time-out, a secondary/combined station decides to retransmit a response frame, the retransmitted 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
it receives an |

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 undefined or not implemented command/response in the control field, an invalid frame format, an invalid N(R) or an

information field which exceeds the maximum information field length which can be accommodated by the receiving data
station.

At a primary stg of an invalid

N(R), recovery

tion, this exception condition shall be subject to recovery/resolution at a higher layer. Inthe case
hall include, at least, the issuance of a mode setting command.
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Once a secondalry station has established a FRMR exception condition, no additional I frames“shall be accepts
examination of the state of the P bit and the value of the N(R) field, until the condition is clearéd by the primary §
a mode setting ¢gommand. The FRMR response shall be repeated at each respond opportunity until recovery is e
primary station.
At a combined station, this exception condition shall be dealt with in either of twe ways:
The combi
condition i
command,

a) hed station may follow a course of action similar to that described for a primary station, where
b resolved as a higher layer function. The combined station shall issue a mode setting commar]

ps appropriate, as a part of this recovery action.

the exception
d or a RSET

b) The combi

other comb

ned station may follow a course of action similar.to that described for a secondary station and re
ined station resolve the exception condition and effect the required recovery.

quest that the

In the cassg

transmissid
the value o

command

of exception conditions that are not related to the I frame transmission from the reporting dat
n of | frames may continue, with reeeived I frames being examined only for the state of the P 4
f the N(R) field until the excepfion condition is cleared by the other combined station issuing a
br a RSET command, as appropriate. If recovery is not effected by the other combined sta

a station, the
nd F bits and
mode setting
ion within a

se to assume
me is unable
FRMR frame.
as described

specified tjme-out interval, the reporting combined station may repeat the FRMR frame, or it may choo

control of {he recovery function astdescribed in a). If the other combined station that receives the FRMR fr.

to effect ar] appropriate recovery-aetion, it shall reply with a FRMR frame of its own, rejecting the received ]

The combiped station that sentythe original FRMR frame shall then initiate an appropriate recovery functior

in a).
5.6.5 Contention situations
Contention may|ogCur-in ARM (ABM) during a mode setting action in either TWA or TWS communications, ot following an
extended period of“inactivity (idle data link channel state) in a TWA configuration. In the TWA case. thg primary/one
combined station and secondary/other combined station are contending for the use of the logical communication path for mode
setting or data interchange purposes. In the TWS case, the primary/one combined station and secondary/other combined station
are contending with regard to initiating a mode setting function.

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.)

58 © ISO/IEC 2002 — All rights reserved


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

6.1 Types of data station

ISO/IEC 13239:2002(E)

The types of data station that are defined in this International Standard utilize the building blocks illustrated in figure 19.
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bnly I frame stations or receive-only I frame stations, reme@wve'source or sink capability, as appropti
Figure 19 — HDLC stations — Building blocks
data station are defined for the unbalanced classes of procedures (see figure 19):

station, which sends commands, recé€ives responses and is ultimately responsible for data

'y stations, which receive commands, send responses and may initiate data link layer error recovel

ata station is defined for the balanced class of procedures (see figure 19), i.e., combined stations,
d responses, receive bethrcommands and responses, and are responsible for data link layer error 1

f data stations are\defined for the connectionless classes of procedures (see figure 19):
tation in uabalanced connectionless class of procedure, which sends commands, receives respon:

any formr~of data link layer connection establishment/termination, flow control, acknowledg
recovery;

iate.

link layer error

y.

which send both
Ecovery.

es, but does not
ement, or error
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ponses, but does

not support any form of data link layer connection establishment/termination, flow control, acknowledgement, or error
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-switched 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 together over various types of transmission facilities to build point-to-point or multipoint, half-duplex or duplex,

switched or non-

switched configurations.

For the balance
transmission fag

6.3 Operatior

In an unbalancg
response mode

with the capabillity of the configuration being employed. In the balanced class, two combirned stations shall be o

asynchronous b
configuration bd

In the unbalang
unbalanced coni

configuration bd

In the balanced
alternate or two

6.4 Addressin

In all classes (u
address, and res

The "all-station
stations on a mu

d connectionless class of procedures, two peer stations shall be connected together over vaf
ilities to build point-to-point, half-duplex or duplex, switched or non-switched configurations!

al modes

d class, any coupling of a primary station with secondary station(s) shall be operated in eithg
INRM) or the asynchronous response mode (ARM), two-way alternate or two=way simultaneous,

hlanced mode (ABM), two-way alternate or two-way simultaneous; insaccordance with the cap
ing employed.

ed connectionless class, any coupling of a control station‘with tributary station(s) shall be of
hectionless mode (UCM), two-way alternate or two-way simultaneous, in accordance with the caj

ing employed.

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

g scheme

balanced, balanced, and connectionless), commands shall always be sent containing a destinatio
bonses shall always be sent containing the assigned transmitting data station address.

address or a "group" address may be used to transmit a command frame simultaneously to all

4.7. The mecha
this Internation:

6.5 Send and

For each prima
used for each d
both the send

acknowledgeme

Itipoint configuration«er 'to the defined group of secondary stations. The addressing convention i
ism to avoid overldpping responses to multiple station addressing is system dependent and is ng
| Standard.

eceive state variables

y-todsecondary or combined-to-combined pairing, a separate pair of send and receive state vari

ous types of

r the normal
n accordance
perated in the
ability of the

erated in the
ability of the

M), two-way

n data station

he secondary
s specified in
t specified in

hbles shall be
hg command,

rection of transmission of information (I) frames. Upon receipt and acceptance of a mode setti

nt response to a mode setting command, both the send and receive state variables of the origi

shall be set to zero.

>ptance of an

nating station

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 first letter, U or B, indicates unbalanced or balanced operation;

— the secohd letter, A, N, or C, indicates asynchronous, normal, or connectionless response mode; and
— the third letter, C, stands for class.

6.6.2 Basi¢ repertoires

The followin} basic repertoires utilize single octet addressing, unextended control field format, a 16-bit FCS, gnd synchronous
transmission.

6.6.2.1 UNC

The basic regertoire of commands and responses for UNC shall be as followst

Comjmands Responses

I I

RR RR

RNR RNR

SNRM UA

DIS( DM

FRMR

6.6.2.2 UYAC

The basic regertoire of commands andwresponses for UAC shall be as follows:

Comjmands Responses

I 1

RR RR

RNR RNR

SARM UA

DISC Divt
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

ERMR

6.6.2.4 uc¢e

The basic repert

Comm4
Ul

6.6.2.5 BC(

The basic repert

Commgnds Responses

Ul

6.7 Optional 1

Table 13 lists th
optional functio
alternate addres

6.8 Consisten
The consistency

command/respo
inclusion of mu

pire of commands and responses for UCC shall be as follows:

nds Responses
Ul

pire of commands and responses for BCC shall be as follows:

unctions

e optional functions that are available to'modify the fundamental classes of procedures defined
hs involve the additions or deletions of commands and responses to or from the basic repertoires
or control field formats or alternaté.frame checking sequences or alternate form of transmission

cy of classes of procedures
in the five classes_ofprocedures, obtained through the use of the concepts of modes of op

hse repertoires, and ‘hierarchical structuring, is illustrated in 6.6.2. This consistency in repertoire
tiple versions of the/classes of procedures in a data station that is configurable.

6.9 Conform

A data station

commands and fesponses in the basic repertoire for the class of procedures as modified by the selected optional ful

nce to the HDLC classes of procedures

all beydescribed as conforming to a given class of procedures, with optional functions, if it ir

in 6.6. These
or the use of
see table 13).

bration, basic
facilitates the

hplements all
nctions, i.€.,

a) a primary station 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).

Example 1: Class UNC1,2,6,9 indicates the unbalanced operation normal response mode class of procedures with the optional
functions for|identification (XID), REJ recovery (REJ), unnumbered polling (UP), and one-way data flow fiom the secondary
station(s) to the primary station.

Example 2: {Class UACI,5,10.1,13 indicates the unbalanced operation asynchronous response mode,class of [procedures with
the optional functions for identification (XID), initialization (SIM, RIM), extended sequence numbering (mpdulo 128), and
request discopnect (RD).

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

Example 4: {Class UCCI,12 indicates the unbalanced connectionless operation‘cennectionless-mode class of procedures with
the optional flunctions for identification (XID) and data link test (TEST).

Example 5: (lass BCC1,14 indicates the balanced connectionless opetation connectionless-mode class of propedures 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 | Provides the ability for more efficient recovery from [ Add command: SREJ X X X
I framdSequence errors by requestng Add response: SREJ
retranspnission of one or more individual I frames S . . .
. . . s upport multi-selective reject
with a pingle request consisting of individual L
.o procedure using individual I-frame
I-fram¢ indicators only e
indicators only
3.3 | Providgs the ability for more efficient recovery from | Add command: SREJ X X X
I framq sequence errors by requesting Add response: SREJ
retransnission of one or more individual I frames . . .
. . .. Co Support multi-selective reject
with a pingle request consisting of individual I- s
: A procedure using individual I-frame
frame indicators and span list indicators, as - ce
. indicators and span list indicators
appropfiate
4 Providgs the ability to exchange information fields | Add command: Ul X X X
indepepdent of the mode (operational or non- Add response: Ul
operatipnal) without impacting the I frame sequence
numbefs
5 Providgs the ability to initialize a remote data Add command{SIM X X X X X
station| and the ability to request initialization Add responsésRIM
6 Providgs the ability to perform unnumbered group | Add command: UP X X X X X
and alltstation polling as well as unnumbered
individual polling
7 Providgs for greater than single octet addressing Yse extended addressing format X X X X X
instead of basic addressing format
8 Limits the procedures to allow I frames to be Delete response: | X X X
commdnds only
9 Limits the procedures to allow I frames-ta'be Delete command: I X X X
responges only
10.1 | Providgs the ability to use extended.sequence Use extended control field format X X X
numbeting (modulo 128) instead of basic control field
format; use the SXXME command
instead of the SXXM command
10.2 | Providgs the abilityte use extended sequence Use extended control field format X X X
numbefing (modulo32 768) instead of basic control field
format; use the SM command
instead of the SXXM command
10.3 | Providgs thé ability to use extended sequence Use extended control field format X X X
numbering (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
synchronous transmission
153 | Proyidesforstart/stop-transmission-with-basic Use start/stop-transmission-with X X X X X
tra:tparency and control-character octet basic transparency and control-
transparency character octet transparency instead
of synchronous transmission
16 Proyides for operation in a start/stop transmission Use the seven-bit data path X X X
envjronment that only permits transfer of seven data | transparency function, in
bits|per character conjunction with one of the Option
15 functions
17 Proyides the ability to set up a link Use the Set Mode command‘in X X X
place of the corresponding-Aframe
from the basic repertoire (SXXM)
or the associated extended frame
(SXXME) to setip the link
18 Proyides the ability to have an optional information | Use the UA afid DM responses and X X X
field in the UA and DM response frames and the the DISC\¢command with an
DISC command frame optionabMinformation field
19 Proyides the ability to have an optional information | Use the corresponding mode setting [ X X X
field in different mode setting commands from the . {command with an optional
basic repertoire (i.e., SABM, SARM, SNRM) or; the’ | information field
altefnative frame per optional function 10.1 (i.e.,
SABME, SARME and SNRME)
20 | Proyides 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
ind¢pendent of the mode (opesational or non
opefational) without impacting‘the I frame sequence
nunjbers
21 Proyides the ability.to'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 Proyides the frame format field immediately Include the frame format field after | X X X X X
follpwigrthe opening flag sequence and before any | the opening frame sequence
addtessfrehds
23 Use of segmentation 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 — The HDLC unbalanced classes of procedures operate as illustrated in the examples given in Annex B.

6.11.2 Descrthion of the data link

6.11.2.1

The unbalanced
interconnected 4

6.11.2.2  Phy

The physical lay
data circuits.

NOTE — In the
The data link 14

layer. (In somg
transmission, th

6.11.3 Descripgtion of the procedures

6.11.3.1

Unbalanced con
either normal o
mode. The prim|

Each data statio
of each received

Conffiguration (see figure D, Introduction)

Gengeral

operation data link configuration shall consist of one primary station and oné*er more secoi
y physical layer transmission facilities.

bical layer transmission facilities

er transmission facilities may provide either half-duplex or duplex ‘transmission over switched or

ase of a switched data circuit, the procedures described assume-that'the switched data circuit has been establl
yer shall not initiate data transmission until an indication of circuit availability is provided by

systems providing two-way alternate data exchange on physical layer data circuits using
s indication of physical layer circuit availabilify is indicated by an idle data link channel state.)

trol procedures shall operate on a data link with one primary station and one or more secondary
- asynchronous response mode. Only one secondary station at a time shall be put in asynchror
hry station shall be ultimately responsible for overall data link error recovery.

h shall check for the correct receipt of the I frames it has sent to the remote data station by chec]
I frame and supervisory frame.

h station.characteristics

iofishall be responsible for:

dary stations

non-switched

ished.

the physical
r half-duplex

y station(s) in
ous response

king the N(R)

6.11.3.2 Dat
The primary stai
a)
b)
c)

Each secondary

a)

b)

66

setting up the data link and disconnecting the data link;
sending information transfer, supervisory and unnumbered commands; and

checking received responses.

station shall be responsible for:

checking received commands; and

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 optiona

6.114.1 S

6.11.4.1.1

The primary
start a respoj
command co
If the UA res
station shall

out function
cannot enter
shall stop the

If the SNRM
be that the p
SNRM (or S/

This action n
6.11.4.1.2

The primary
response tim
shall send a
disconnected
secondary sts
UA or DM rg

When it is 4
mechanism 4
address is syS

If the DISC g
will result in
the DISC cor

This action n
takes place a

6.11.4.1.3

1 function.
etting up and disconnecting the data link

Setting up the data link

station shall initialize the data link with a secondary station by sending a SNRM (or SARM) cor
ise time-out function (or equivalent). The addressed secondary station, upon receiving the¢ SN
rectly, shall send the UA response at its first opportunity and shall set its send and receive, 'state v
ponse is received correctly, the data link set up to the addressed secondary station iscgomiplete,
et its send and receive state variables relative to that secondary station to zero and,'shall stop th
(or equivalent). If, upon receipt of the SNRM (or SARM) command, the secondafy station dg
the indicated mode, it shall send the DM response. If the DM response is received correctly, the
response time-out function (or equivalent).

(or SARM) command, UA response or DM response is not received.¢orrectly, it shall be ignored
imary station's response time-out function (or equivalent) will run“out, and the primary station|
ARM) command and restart the response time-out function (or equivalent) (see 6.11.4.3).

ay continue until a UA response has been received correctly ot until recovery action takes place a
|Disconnecting the data link

station shall disconnect the data link(s) with secondary station(s) by sending a DISC command
b-out function (or equivalent). The addressed, s€condary station(s), upon receiving the DISC co
[UA response at its first opportunity and(shall enter the normal disconnect mode (NDM), or
mode (ADM), as predefined for that secondary station. If, upon receipt of the DISC comman
tion is already in the disconnected<mode, it shall send the DM response. The primary station, U
sponse to a sent DISC command;shall stop the response time-out function (or equivalent).

multipoint configuration, the’ UA response from secondary stations shall not interfere with o
sed to avoid overlapping résponses to the disconnect (DISC) command using a group address
tem-defined.

ommand, UA.response or DM response is not received correctly, it shall be ignored by the receiv
the expiry ef’the primary station's response time-out function (or equivalent), and the primary st3

hmand and restart the response time-out function (or equivalent) (see 6.11.4.3).

nay continue until either the UA response or a DM response has been received correctly or until

i

hmand and shall
RM (or SARM)
ariables to zero.
and the primary
P response time-
rtermines that it
primary station

. The result will
may resend the

t a higher layer.

and shall start a
mand correctly,
e asynchronous
1, the addressed
pon receiving a

ne another. The
r the all-station

ing station. This
tion may resend

recovery action

a higher layer

Procedure in a disconnected 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 data stat
it can accept, it
actions:

ble V(R)] that
the following

on receives correctly an in-sequence I frame [i.e., N(S) equals the value of the receive state varial
shall increment its receive state variable V(R), and, at its next opportunity to send, take-one of

described in
ed I frame to

If informat
6.11.4.2.1 3
the value of

a) on is available for transmission and the remote data station is ready to receive}-it’shall act ag
Ind acknowledge the received I frame(s) by setting N(R) in the control field of the next transmitf

V(R).

b) If information is not available for transmission but the data station is ready to receive I frames, the data statfon shall send
an RR framp and acknowledge the received I frame(s) by setting N(R) to the value of V(R).
c) If the data §tation is not ready to receive further I frames, the data station may send an RNR frame and ackhowledge the

received I frame(s) by setting the N(R) to the value of V(R).

If the data stati
send an RNR fr
6.11.4.23 R

If a frame is rec

If an I frame is feceived with a correct FCS but with an incorrect N(S), the receiving data station shall ignore the ]

discard the infoy
shall, however,
expected I frami

NOTE — Ignorin
optional function

The P/F recover

n is unable to accept the correctly received I frame(s), V(R) shall not be incremented. The dat;
yme with the N(R) set to the value of V(R).

ception of incorrect frames

pived with an incorrect FCS, it shall be discarded.
mation field in that frame. Fhis-Shall continue until the expected I frame is received correctly. Th
use the P/F and N(R) indiedtions in the discarded I frames. The data station shall then ack

b, when received correctly, as described in 6.11.4.2.2.

p the N(S) field and discarding the information field of an I frame applies to the basic repertoire. When using
B for individual frame retransmission, the N(S) field is not ignored and the information field is retained.

y (checkpointing) shall cause retransmission of the I frames received incorrectly, as described in 3

6.11.4.2.4 D1ta station receiving acknowledgements

h station may

N(S) field and
e data station
howledge the

any variant of

4.3.2.

A data station receiving an I, RR or RNR frame with a valid N(R) = x shall treat as acknowledged all previously transmitted
I frames up to and including the I frame transmitted with N(S) equal to x - /.

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

6.11.4.5
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P/F bit usage

in the unbalanced classes of procedures, UNC and UAC, shall be as described in 5.4.3.

Two-way alternate considerations

In the case of normal respond opportunity, two-way alternate, data link operation

transmission from the primary station shall not be allowed until either:

receipt of a frame with the F bit set to "1", or

a)

1y
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sion from the secondary station shall not be allowed until receipt of a frame with the P bitset'to "

[n multipoint configurations of normal respond opportunity, two-way alternate, data linkyoperation ove
rimary station may transmit frames with the P bit set to "0" to non-polled secondary stations-in‘the above me

normal respond opportunity, two-way alternate, data link operation, a data station shall not accej
with the P/F bit set to "1" was accepted and before it sends a frame with the\F/P bit, respectively,

asynchronous respond opportunity, two-way alternate, data link opération, transmission from a
d until either

of an idle data link channel state after receipt of a frame,dr a flag; or
f an extended period of inactivity (idle data link channel state).

the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control thd
he direction of transmission is controlled by the data’link layer, and may be signalled by the physical layer.

hre transmitted from either data station-while in ARM and information is waiting for transmissio
Station transmits at first a supervisoryframe only in order to avoid long time recovery action, wh
I frame contention.

bn has transmitted frames and'no further frames are pending for transmission, it shall give the rig
ta station.

wo-way simultanieous considerations

balanced class-"of procedures, two-way simultaneous communication protocols may be used
circuit.¢apability (i.e., half-duplex transmission). However, in the case of half-duplex data

ccomiodation has to be made to control the direction of data transmission. The direction of]
thé data link layer. In addition, in the case of normal respond opportunity, data transmission fro

station shall 1

I duplex physical
htioned period.

ot further frames
ket to "1".

lata station shall

direction of data

h, it is advisable
ich would occur

ht to transmit to

independent of
ircuit facilities,
transmission is
m the secondary

jot\be allowed until receipt of a frame with the P bit set to "1".

6.12 Balanced operation (point-to-point)

6.12.1 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 circuits.

NOTE — In the cpse of a switched data circuit, the procedures described assume that the switched data circuit has been established.

The data link 13
layer. (In somg
transmission, th

yer shall not initiate data transmission until an indication of circuit availability is proyided by
systems providing two-way alternate data exchange on physical layer data circuits using
s indication of physical layer circuit availability is indicated by an idle data link channel state.)

6.12.3 Descripgtion of the procedures

6.12.3.1
Balanced contr(
station. The pro

link layer error §

Each combined
the N(R) of eacl

6.12.3.2

Genjeral

1 procedures shall operate on a data link where the data station ‘at-each end of the data link i
tedures shall use the asynchronous balanced mode. Each combined station shall be equally respor
ecovery.

station shall check for the correct receipt of the I frames it has sent to the remote combined statio
| received I frame or supervisory frame.

Combined station characteristics

Each station shalll be a combined station, i.e., it shall beable to set up the data link, disconnect the data link, and |

receive commar

ds and responses.

6.12.4 Detailel definition of the procedures

The procedures
in6.12.4.1 to 6.

The protocol fo
However, the al
as an optional fi

6.124.1  Sett

for a point-to-point data link-dsing a permanently connected or an established switched connectig
[2.4.6.

- establishing and\disconnecting a switched data circuit is not within the scope of this Internatig
ility to exchange identification and/or characteristics after the switched connection is establishe]

nction.

ng up and disconnecting the data link

the physical
¢ half-duplex

5 a combined
sible for data

1 by checking

poth send and

n are defined

nal Standard.
d is available

6.124.1.1  Sel

tting up-the data link

Either combined station may take the initiative to initialize the data link. It shall send the SABM command and start a 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://iecnorm.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

response tim|
unless a sep4
stopped. Thig

e-out function (or equivalent) will run out 1n the combined station which originally sent the
rate mode setting command is received, in which case the response time-out function (or equ
combined station may resend the DISC command and restart its response time-out functien.(or e
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correctly, or {
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setting commn]
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e until receiving a UA responsé:In the latter case, if the UA response is not received, the comb
e when the response time-out\function (or equivalent) expires, or the combined station may r
and.

de setting commands are different, ecach combined station shall enter ADM and issue a DM
nd opportunity. Ifi the case of a DISC command contention with a different mode setting comr
ired. In the case.of contention between a SABM and a SABME or SM command, the combined
br SM command shall have priority over the combined station sending the SABM command in re
ment.
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ivalent) may be
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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 bit set 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) if information is not available for transmission, but the combined station is ready to receive I frames, the combined 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 combined station is unable to accept the correctly received I frame(s), V(R) shall not be incremented. The combined
station may sendl 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,on.whether a P bit set fo "1" or an F
bit set to "1" tjansmission, respectively, is required. If the transmission of a P bit or\F\vbit set to "1" is not|required, the
acknowledgement frames may be either commands or responses.
6.12.4.2.3 Rdception of incorrect frames

If a frame is rec¢ived with an incorrect FCS, it shall be discarded.
If an I frame is received with a correct FCS but with an incorrect N(), the receiving combined station shall ighore the N(S)
field and discargl the information field in that frame. This shall continue until the expected I frame is received ¢orrectly. The
combined statioh shall, however, use the P/F and N(R) indications in the discarded I frames. The combined statjon shall then

acknowledge th¢ 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 variant of
optional function P for individual frame retransmission, thé N(S) field is not ignored and the information field is retained.

The P/F recoverly (checkpointing) shall cause the-retransmission of the I frames received incorrectly, as described [in 5.4.3.2.
6.124.2.4 Cqgmbined station receiving acknowledgements

A combined stdtion receiving an’ I;”RR, or RNR frame with a valid N(R) = x shall treat as acknowledged all previously
transmitted I frajmes up to and ifticluding the I frame transmitted with N(S) equal to x - 1.

6.12.4.3 Time-out considerations

In order to detdctsa no-reply or lost-reply condition, each combined station shall provide a response time-ouf function (or
equivalent). Thq expiry of the time-out function (or equivalent) shall be used to initiate appropriate error recoverylprocedures.

The duration of time-out functions (or equivalent) shall be system-dependent. The duration of the time-out function (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.
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6.12.4.4  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)
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d station has transmitted frames and no further frames are pending for transmission, it shall
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Jlanced connectionless operation (point-to-point and multipoint)
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b requirements apply to the procedure’ for unbalanced connectionless operation of synchronous

over point-to-point or multipointidata links with two-way alternate or two-way simultaneous d

bs the HDLC frame structure defined in clause 4 and the HDLC elements of procedures describg
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ription of the data link

onfiguration
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ircuit facilities,
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d in clause 5. It
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vn in table 13.

r more tributary

hysical layer transmission facilities

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,
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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 control station and the tributary station(s) shall check incoming frames for correct frame check sequence and correct
frame format. Incorrect frames shall be discarded without notification to the other station.

6.13.3.2 UnlJalanced connectionless station characteristics

The control statfon shall be responsible for:

a)
b)

sending unjjumbered command frames;
receiving upnumbered response frames; and
¢) determining when each tributary station shall send.
The tributary stdtion shall be responsible for:

inumbered command frames; and

)
b)

receiving ui
sending unfjumbered response frames when given the right to transmit.

6.13.4 Detailedl definition of the procedures

The procedures
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Standard. Howg
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Jata link set-up précédures or data link disconnect procedures in the unbalanced connectioi
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International
established is
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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 UI 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.

74

© ISO/IEC 2002 - All

rights reserved


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

ISO/IEC 13239:2002(E)

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

Unbalanced connectionless stations do not operate with acknowledgements per se. A tributary station reacts to the receipt of a
UI command| frame with the P bit set to "I" by sending a Ul response frame with the F bit set to "I" as_ palrt of the polling
process. A cqntrol station reacts to the receipt of a Ul response frame with the F bit set to "1" as a result of a, pfeviously sent Ul
command frame with the P bit set to "1" as an indication that the secondary is through sending UI frames:

6.13.4.3  Tlime-out considerations
In order to ddtect a no-reply or lost-reply condition relative to P/F bit exchange (i.e., polling), each control stat{on shall provide
a response tifne-out function (or equivalent). The expiry of the time-out function (or equivalent) shall be avdilable for use to
initiate transrhission of another P bit set to "1" Ul command frame, to the same or a differént tributary station.
The duration of the time-out function (or equivalent) shall be system-dependent.

The time-out| function (or equivalent) shall be started whenever the control station has transmitted a Ul comrhand frame with
the P bit setfto "1". When a UI response frame with the F bit set to-"1" is received from the tributary statipn, the time-out

function (or dquivalent) shall be stopped.

If the responge time-out function (or equivalent) runs out, a UL command frame with the P bit set to "1" may be transmitted,
and the respopse time-out function (or equivalent) restarted,

6.13.4.4  P{F bit usage
P/F bit usagg in the unbalanced connectionless*class of procedure, UCC, serves to indicate which tributary|station is being
allowed to transmit. The issuance of a Ul response frame with F bit set to "1" indicates that the tributary statjon has no more
information tp send.

6.13.4.5 Tjwo-way alternate considerations
In two-way aJternate data link gperation

a) transmigsion from the-eontrol station shall not be allowed until either:

1) recgipt of-a Ul response frame with the F bit set to "1", or

2) expusrofano-responsetime-out-function(or equivalent);and
b) transmission from a tributary station shall not be allowed until receipt of a Ul command frame with the P bit set 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 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 BCC (see 6.6.2.5) Although only the basic command defined is described, there are
several optional|functions available for enhanced operation. These are listed in 6.7 and shown in table 13.

6.14.2 Descrifition of the data link
6.14.2.1  Conlfiguration

The balanced ¢
layer transmissi

nnectionless operation data link configuration shall consist of two peer stations interconnecte
n facilities.

1 by physical

6.14.2.2  Phypical layer transmission facilities

The physical lay non-switched

data circuits.

er transmission facilities may provide either half-duplex or duplex‘transmission over switched or

NOTE — In the cpse of a switched data circuit, the procedures described assume that the switched data circuit has been established.

The data link 1dyer shall not initiate data transmission until an indication of circuit availability is provided byl the physical

layer. (In somg systems providing two-way alternate dataexchange on physical layer data circuits using half-duplex
transmission, th¢ indication of physical layer circuit availability is indicated by an idle data link channel state.)

6.14.3 Descripgtion of the procedures

6.14.3.1  Genleral

Balanced conneftionless control procedures shall operate on a data link where the data station at each end of the|data link is a
peer station. Th¢ procedures shall use.the.connectionless-mode of operation. Each peer station shall be responsible for sending
Ul command frgmes and receiving UI'command frames, but shall not be responsible for connection establishmen}/termination,

flow control, acknowledgements, ‘orjerror recovery.

Each peer statig orrect frames

shall be discardg

n shall cheek-incoming frames for correct frame check sequence and correct frame format. Ind
d without.notification to the other peer station.
6.14.3.2

Balgnced. connectionless station characteristics

Each station shall be a peer station. It shall be able to both send and receive Ul command frames without the need for a data
link connection to be established.

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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etting 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

6.14.4.2.1

Exchange of unnumbered information (UI) frames

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 a system-defined parameter.

Whenever a
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beer station 1s ready to send a Ul command frame, it shall send it immediately since there isnd
s class service.

|[Receiving UI frames

station receives correctly a Ul command frame that it can accept, the informationfi€ld contents
er. If the peer station is unable to accept the correctly received Ul command frame, the informati
|[Reception of incorrect frames

received with an incorrect FCS, it shall be discarded. If a frame is received with incorrect fo

|Balanced connectionless station receiving acknowledgements

do not operate with acknowledgements.

ime-out considerations

tect a no-activity condition in two-way alternate configurations, each peer station shall provide a
or equivalent) - idle data link channel state detector. The expiry of this time-out function (or eqy
ise to initiate transmission of UFeommand frames.

of this time-out function. (0r’equivalent) shall be system-dependent. The duration of the time-
| the two peer stations.shall be unequal in two-way alternate operation in order to resolve contg
function (or equivalent) shall be started whenever the peer station observes a steady idle state co
frame is received the time-out function (or equivalent) shall be stopped. If the no-activity time-

F bit usage

F<itusage in the balanced connectionless class of procedure, BCC.

flow control in

are passed up to
n field contents

rmat, it shall be

ho-activity time-
ivalent) shall be

out function (or
ntion situations.
ndition. When a
out function (or

Two-way alternate considerations

Iternate 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 circuit capability (i.e., half-duplex or duplex transmission). However, 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 th
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he optional functions defined in 6.7 are described in this clause. The optional functions provi
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in 5.5.
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n optional function provides the means for data link layer entitigs‘to-exchange data link layer p4
f operation before or during normal operation. The functiomyutilizes the Exchange Identifi
sponse frames.

tion of Option 1 is in conjunction with a switched network connection. Following the indication
fom the physical layer, and prior to establishing a\jlogical data link connection over which
be exchanged, the data link layer entities cansexchange details concerning the data link la
group) that they are responsive to, the capabilities that they support (for example options
and the parameter values employed (forvexample, value of reply timer, receive window siz
d length, etc.). The manner in which thése details are encoded in the information field of the
subject of clause 7.

dentification function is an optien:for accommodating a limited amount of higher layer informati

p the establishment of a. logical data link connection between higher layer entities. Such if
parently by the data link\layer entities.

applicability before data link connection establishment, the identification function also provides
change in datazlink layer parameter value(s) while in the information transfer phase. Exa

parameters are the receive window size and the maximum frame length. Local conditions at one end of a data li

(for example, 1o}
remote station i
remote transfer

ng term-congestion or non-temporary reduction in buffering capacity) may dictate a change in op|
n order to maintain efficient utilization of the physical facilities. The identification function allo
bf {ocal parameter values at any time, with a remote-to-local confirmation in return.
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on field. This may be useful\in applications where security and/or authentication check roufines must be
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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 operation, the requested I frames alone are retransmitted, followed by new I frames as appropriate.
Although this optional function imposes greater buffering requirements in the receiver data link layer to hold out-of-sequence,
higher-numbered good frames received until the required lower-numbered frames are received, it yields a better utility of the

information t
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est for retransmission can take place when it is perceived that the desired action has not tq
mes about either as the result of a SREJ timer timeouty or by the receipt of requested I frame X b

frame X - n (fhe request for I frame X - n precedes the request for I frame X).

6.1532 (

ption 3.2 — multiple individual I frame(s)retransmission request consisting of individual I

indicators only

The multiple
mechanism f
request by if
outstanding 3
procedure us

The multi-sg
acknowledge
case of 6.15.
single SREJ

individual T frame(s) retransmission-optional function that uses only individual I-frame indic
r a receiver to request retransmission of one or more individual T frame(s) out of a series of I fran
corporating an information~fi¢ld in the SREJ frame. Any number of requests for different I
t a time. The mechanism.is*the selective reject (SREJ) command/response frame with the mult
ng only individual I-frame indicators.

lective reject procedure SREJ frame using only individual I-frame indicators does not
ment function.of\I' frames received when the P/F bit is set to “0”; it does when the P/F bit is set
B.1 above, With this multi-selective reject procedure, to report I frames numbered X, X+3 and
frame would be sent with "X" encoded in the control field N(R) subfield and with "X+3" and "}

individual I-frame-indicators in the information field of the SREJ frame. Acknowledging receipt of retransm

accomplisheqd

in the’normal manner by an I, RR or RNR frame transmission with an N(R) value that identifig

etransmission of
o at a time. The

et to "0"; it does
frame could be
es numbered up
acknowledging
X or RNR frame

ken place. This
pfore requested 1

frame

htors provides a
hes with a single
frames may be
-selective reject

incorporate an
to “1”, as in the
X+5 missing, a
(+5" encoded as
itted I frames is
s the correct in-

sequence rec

xipf of the qunPQde I frame(s)

Another request for retransmission can take place when it is perceived that the desired action has not been accomplished. This
perception comes about either as the result of a SREJ timer time-out, or by the receipt 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 retransmission can take place when it is perceived that the desired action has not been accomplished. This
perception comes about either as the result of a SREJ timer time-out, or by the receipt 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-selgetrve—Teect—procedure—SREFframe—that—uses—mdrviduat—t=frame—mdreators—amd—spamr—trstndicators, as

appropriate.
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5 — initialization

h optional function providés the mechanisms for requesting and initiating an initialization modd
defined initialization procedures are utilized. The mechanisms are the set initialization mode (S]
nitialization modé¢ (RTM) response frames.

n be employed-at any time, whenever it is deemed necessary by the station involved. A RIM re
command being sent. The SIM command shall be responded to using the UA response frame. T
pxchangeor exchanges involved to realize a successful initialization are system defined. The con|
desis.identified by the exchange of an appropriate mode-setting command frame and the UA re

When a primary

ion transport
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M) command

kponse would
he nature and
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/combined station initiates the initialization procedures, a SIM command frame is sent without

there being a

requesting RIM

6.15.6 Option

response frame.

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 employed in situations where it is considered desirable for each data link location within a
system (even a system that spans independent data links) to have a unique data link layer identifier. System management and
station administration may benefit as a result. Station portability from data link to data link within the system could be
enhanced. THis optional function may also be employed in situations where one octet of addressing (i.e., 25¢ total addresses,
including the|null and the all-station addresses) is insufficient.

6.15.8 Optipn 8 — command I frames only

The commanfl I frames only optional function restricts I frames to being I command frames only:

In balanced d
cannot be uti
a series of 1

must be inser

In unbalancd
information S

6.15.9 Opti

The response]
the procedurs

In balanced d
P bits. Hencq
process of tr.
frames, betwi

In unbalancd
information 1

6.15.10 Opti

Typical appli
high speed/hq

peration, each combined station's ability to send I frames is only impeded fo-the extent that an ]
ized to return an F bit set to "1" when an F bit set to "1" must be sent. A\non-I response frame my
ommand frames is in the process of transmission when an F bit set.to 1" must be sent, a non-I
ted into the stream of I frames, between I frames, in order to convey.the F bit set to "1" to the rem|

d operation, applying the optional function results in a <quite different overall service, ong
end-only service at the primary station and an information‘teceive-only service at the secondary s

pn 9 — response I frames only

I frames only optional function restricts I frameés‘to being I response frames only. This function W
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, a non-I command frame must be*sent if a P bit set to "1" is required. If a series of I response
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ben | frames, in order to convey.the P bit set to "1" to the remote station.
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6.15.10.1 Option 10.1 — 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.

© ISO/IEC 2002 — All rights reserved 81


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

ISO/IEC 13239:2002(E)

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
unnumbered frames remains one octet in length.

6.15.10.3 Option 10.3 — extended sequence numbering — modulo 2 147 483 648
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11 —one-way reset

et optional function provides a mechanism for initiating thelresetting of the logical data link for
ransfer in the balanced mode of operation without affecting the logical data link for the othe
sfer. The mechanism is the reset (RSET) command frame:

ion initiates a reset of the logical data link relatiye, to its I frame transmission by sending the RS
te station acknowledges the RSET command frame by returning a UA response frame.

irection of the logical data link results incthe following events taking place at the RSET sende
d state variable is reset at the RSET “sender, and the receive state variable is reset at the UA
ounter is reset at the RSET sender*The UA response indicates that any busy condition that exis
cleared. Also, any frame reject (FRMR) condition that existed at the UA sender has been cleared.

12 — data link test
5t optional function(provides a mechanism for testing the basic data link layer function at a rem|

endent of the mode of operation or the phase of the procedures. The mechanism is the test (TE
mes. It is not intended as a conclusive test of remote station operation.

The test functiop checks'the’ following capabilities at the remote station:
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detect a closing flag;

calculate an FCS for the received bit stream;

check that the unique FCS remainder was obtained;

decode its address as being the contents of the address field;
decode the control field as the TEST command,;

accommodate the length of the information field;
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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;

i)

k)

send an opening flag;

closing flag is sent;

)

the transmitted bit stream for zero bit insertion; and

insert zero bits into the transmitted bit stream following the opening flag so that a flag sequence is not simulated before the

calculate an FCS on the transmitted bit stream (consisting of the address, control and information fields) and append it to

m) end the ]
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briate respond opportunity, a secondary/combined station may send a RD-response frame to
pined station that the secondary/combined station wishes to be placed in‘the“disconnected mode (
of the RD response frame, the primary/combined station may

e RD response frame and continue with the normal procedures; or

e RD response and issue a DISC command frame.

pn 14 — Alternate frame check sequences

ernate frame check sequence is determined by\prior agreement or by use of a FCS negotiation
Annex E when both stations are capable of supporting both the 16-bit FCS and the 32-bit FCS).

ption 14.1 — alternate frame checking sequence — 32-bit FCS

CS optional function provides. a higher degree of transmission error detection capability than tha
h-bit FCS capability. The génetrator polynomial and the FCS generation and checking process
ption 14.2 — alternate frame checking sequence — 8-bit FCS

S optional furfetion can be used by those applications with short frames (e.g., such as on the order
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ration and-checking process are described in 4.2.5.4.
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6.15.15 OptiPn 15— start/stop transmission

The start/stop transmission optional function permits HDLC frames and procedures to be used in start/stop transmission
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
frames and procedures to be used in start/stop transmission environments where only seven data bits per start/stop character
can be transferred (e.g., where bit 8 is used for parity). The mechanism for seven-bit data path transparency is described in

4.3.2.1. Use of this optional function is always in conjunction with one of the transparency functions of Option-]
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may contain an information field, in which the mode of operationtand the modulus to use may
in the information field can be items such as the operational parameters (both standard and user
r data. This function thereby allows the use of a single mode’ setting command, SM, in place of
5 (SABM, SARM, SNRM, SABME, SARME and SNRME) in those environments where one ot
pbne or more moduli, are supported by a single data link ldyer entity.

18 — presence of an information field in UAand DM responses, and in DISC commands

, and user data information., The type of information that can be conveyed in a DISC comnj
F data only. The existence of this optional function complements the selection of optional functio

bn 19 — presence of an information field in SABM, SARM, SNRM, SABME, SARME, SNR|

nction provides for the ability to convey control and/or user data information in the transmission
SABME;-SARME or SNRME mode-setting command frame. The mechanism is the incorp
| in these commands.

; selection of
inction 16 is

or SXXME

modulo 8) or

be identified.
-defined) and
up to six set
more modes

| in the mode
Ames.

ta, parameter

and frame is
ns 10.2, 10.3,

ME

of an SABM,
bration of an

£fiauld

The informatior

£ 41 1ot tatlo 4 1 4 Lo, =i = = =
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supported, and user data for passage up to the higher layer.

6.15.20

Optio

n 20 — unnumbered information with header check

fined) being

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 fields. The frame format field includes the format type, frame length and optional
segmentation subfields. The frame format field is defined in 4.9 and frame formats are defined in Annex H. The XID

parameter suj

6.1523 O

The segment
only be used

6.1524 O

This optiona

Option 22, si
mechanism.
6.1525 O

This optional

intra-frame tifneout.

pported frame format types contains a bit mask of the frame format types supported by this statien
btion 23 — segmentation

hition optional function indicates that the segmentation subfield exists in the frame~format field.
when Option 22 is also used. The segmentation subfield is defined in 4.9.3.

btion 24 — no bit or octet insertion

function indicates that the normal transparency mechanisms are inhibited. This option can on
nce the length subfield defined by Option 22 makes it possible to ‘inhibit bit or octet insertion a
btion 25 — start/stop mode intra-frame timeout

function indicates that an intra-frame timeout is béing used in start/stop mode. See 4.6.3 for a d|

6.15.26

The header

information field. The HCS can only be used with Option 22. If present, the HCS is the same length as the K

same polyno

7 Generjl purpose Exchange Identification (XID) frame

A general pu
environment,
7.1 Gene

The general j

ption 26 — header check sequence
eck sequence (HCS) optional function indicates that there is a HCS following the control fiel

ial.

ral purpese XID frame information field structure

ufpose XID frame information field structure is the same as that described in 5.5.3.1 for mode-sg

This option can

ly be used with
5 a transparency

escription of the

1 and before the
ICS and uses the

pose XID frame is defined for use by two correspondents wishing to communicate with one another in an HDLC

tting commands

and responses:

7.1.1

Format 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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7.2.1

Format 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

Figure 20 — General purpose XID format identifier subfield encoding

7.2.2 Data lillk layer subfield encoding

Figure 21 indicg
The GI encodin
All GI encoding
NOTE 1 The
than once in an X
exchange.

NOTE 2 The

while making use
with a single XID|

The group lengt

The following i
parameters, and

tes the GI encodings for the data link layer subfields that are useable with the general purpose XII
b of all ones (1111 1111) is not used as a data link layer subfield encoding.
s not assigned in this International Standard (here and in 5.5.3.2.2) are reseryed for future use.

HDLC parameters data link layer subfield and the user-defined parameters data/link layer subfield may ead
D information field. This allows a station to convey multiple menus of supportable parameters through a sir

user-defined parameters identifier is for use to identify parameters outside the scope of the HDLC param
of those parameters that are explicitly identified by the HDLC'parameters identifier — thus allowing paramg
exchange.

First bit transmitted

;High order bit

1 00 0,00 1 0 Addressresolution

0 0 000 0 0 1 HDLC Parameters

0 0.0 0 0 0 1 Multilink parameters

0 00 01 I I 1 Userdefinedparameters

Figure 21 — General purpose XID data link layer subfield identifier encodings
h is expressed.as\a-two-octet binary number representing the length of the associated parameter fig

5 a list of parameter field elements that are defined for the address resolution, HDLC paramet]
user-defined parameters data link layer subfields.

D frame.

h appear more
gle XID frame

bters identifier,
ter negotiation

1d in octets.

ers, multilink

The following l¢gend explains the symbols used in tables 14, 15, 16, 17 and 18

PI Parameter Identifier, expressed as a decimal value.

PL Parameter Length in octets, expressed as a decimal value.

E 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.

B Indicates this field is binary encoded.

N Number of octets.

NA Not applicable.

SD System defined.

Bit No. Numerical order of bits transmitted.

TBD To be determined.
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Table 14 — Data link layer subfield parameter field elements

Address resolution (GI =10000010)

ISO/IEC 13239:2002(E)

PI Parameter field element

1 Unique identifier

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 protectéd bits in a UIH frame

Multilink parameters (GI = 00010001)

PI | Parameter 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)

7 | Multilink group size

8 | Multilink group member(s)

User-defined parameters (GI =00001111)

PI Parameter field element

0 | Parameter set identification
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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

Na Pl PL Parameterficld-clement fy";’: Bit Ne- Value

Identifier 1 TBD | Unique identifier B TBD BY

Classes of procddures 2 2 Balanced ABM E 1 0/1
Unbalanced NRM-Primary E 2 0/1
Unbalanced NRM-Secondary E 3 0/1
Unbalanced ARM-Primary E 4 0/1
Unbalanced ARM-Secondary E 5 0/1
Balanced BCC E 8 0/1
Unbalanced UCC-Control E 9 0/1
Unbalanced UCC-Tributary E 10 0/1
Two-way alternate E 6 0/1
Two-way simultaneous E 7 0/1
Reserved 11to 16 0

HDLC optional [functions® 3 5 1 Reserved 1 0
2 REJ cmd/resp E 2 0/1
3.1 SREJ cmd/resp sitigle frame E 3 0/1

3.2 SREJ cmd/resp:multiple frames-individual E 22 0/1
I-frame indications only

3.3 SREJ cmd/resp multiple frames-individual E 24 0/1
I-frame indications and span list indicators

4 Ul cmd/resp E 4 0/1
$ SIM cmd/RIM resp E 5 0/1
6 UP cmd E 6 0/1
7 Basic address (basic capability) E 7 0/1
7.1 Extended address E 8 0/1
8 Delete resp 1 E 9 0/1
9 Delete cmd I E 10 0/1
10 Modulo 8 (basic capability) E 11 0/1
10.1 Modulo 128 E 12 0/1
10.2 Modulo 32 768 E 25 0/1
10.3 Modulo 2 147 483 648 E 26 0/1
11 RSET cmd E 13 0/1
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 B 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 addregs(es)” 4 N Data link group address NA NA SD
Maximum infformation field | 5 N Maximum information field\length transmit B NA B
length (transfnit) (bits)
Maximum infformation field | 6 N Maximum informationfield length receive B NA B
length (receiye) (bits)
Window sizd k (transmit) N Window size k=transmit (frames) B NA 0 to modulus -1
Window sizd k (receive) N Window size*k-receive (frames) B NA 0 to modulus -1
Acknowledgpment timer N Wait for.acknowledgement timer (msec) B NA B
Retransmissipn attempts 10 | N Maximum number of retransmission attempts B NA B
Reply delay fimer 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
Number of pfotected bits 13 |N Number of protected bits in a UTH frame B NA B
Address-field count 14 4N Count of address fields B NA B (see note 4)
Supported frime format 15| N Frame format types supported B NA B (see note 5)
types
Intra-frame tjme-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 This parameter field element may be repeated to specify multiple operational configurations.
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)
Multilink window size 4 2 Multilink window size (MW) - B 1-12 0 through 4095-
(transmit) transmit-(frames) MG
Reserved B 13-16 0
Multilink window size 5 2 Multilink window size (MW) - B 1-12 0,thréugh 4¢095-MX
(receive) receive (frames)
Reserved B 13-16 0
Guard regi¢n window 6 2 Guard region window size (MX) B 1~12 B
size (frames)
Reserved B 13-16 0
Multilink group size 7 1 Number of data links in multilink B NA B
group
Multilink group 8 4 Local port number - remote port B NA B
member (s¢e note) number, for the data link conngction
NOTE This|parameter field element is repeated for each memberof the multilink group.
Table 18 — User-défined parameters elements
Code .
Name PI PL Parameter field element type Bit No. Valuge
Identifier 0 Parameter set identification NA NA (See Notge 1)
(Implementor-defined) | 1to N (Implementor-defined) NA NA NA
(See Note 2) 255
NOTE 1 Parajmeter 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 PIPE/PV encoding in this subfield for PI values other than PI=0 is not required. Such usage is at te discretion of
the organization afsociatedwwith the parameter set identified by PI=0.
7.2.3 User datasubfield-encoding
7.2.3.1 User data identifier 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

1111111

Figure 22 — User data subfield encoding

1 User data identifier
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ser 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 inv

olved.

7.3 Single-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 private dat

a links.

The primary
command fraj

The respondi
the profile.

7.3.1 Add
See clause 8.
7.3.2

7.3.2.1 S

The XID command frame shall specify the modes which are supported by the local station. Encoding of thesq

as follows:

In situat
placed in

Pairs of

operatioff. Each pair shall be encoded such“that all HDLC optional functions specified in the HDLC op

parametd
All othe
7.3.2.2 S

The XID res
selection of p

For the "

Parameter negotiation

combined station desiring to, or having been requested to, initiate the XID frame exchange-tr
me with the P bit set to "1" with an information field containing an offered profile of supportable]

hg station initiates an XID response frame with an information field that indicates the)parametg

ress resolution

pecifying supportable parameters

ons where XID frame collisions are possiblecduring parameter negotiation, the local unique id
the Parameter field.

classes of procedures and the HDLC. optional functions parameter value are used to specify my
r value are supported in association with all classes of procedure specified in the classes of proced
parameter values are encoded as necessary.
pecifying parameter values selected

ponse frame.-shall designate the mode in which the local station will operate. Acceptance critet
arameter yalues by the responding station from those offered by the initiating station is as follow:

E" bit ericoded parameters, only options supported by both stations may be selected.

ansmits an XID
parameters.

r selection from

modes shall be

entifier shall be

hltiple modes of
tional functions
ures value.

ia or method of

Parameter fields not supported by the receiver are ignored and omitted from the XID response frame.

For the window size parameters and the maximum information field length parameters, the minimum values are chosen.

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

identifier is greater than the remote unique identifier, then the local station shall select the operating paramet

offered profile of supportable parameters supplied by the remote station in the XID command frame. Selec

local unique
ers from the
tion 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 rem

ote 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 User-defined parameters negotiation

Every user-defifed parameters subfield must contain one and only one parameter set identification parameter,
the first paramefer within the subfield.

Parameter set identification values (PV of PI=0) are by prior agreement between data link layer entities, and are
of this Internatipnal Standard. (See ISO/IEC TR 10171 Table 4 for specific values.) It is themesponsibility of
selecting paramg¢ter set identification values to insure that the values are unique within the scope of the intended a

A station decoding a user-defined parameters subfield containing an unrecognized parameter set identificatiol
ignore that entirp subfield. Likewise if a station does not support user-defined parameters at all, subfields with grg

of 00001111 sh

Multiple user-d
independently
set identificatio
example, it m
identification v

The interpretati
However, user-
entities (the use
negotiate paran
International St4

7.4 Frame ch

For negotiation
The constrained|
responding stati
The differences
explanations bel

The following 1

11 be ignored.

fined parameters subfields with different parameter set identification values are permitted and arg
one another by the station. Handling of multiple user-défined parameters subfields with identi
values is to be determined by the stations agreeing.to<use the given parameter set identificati

be designated that only one of those user-defined parameters subfields with identical f
lues may be returned in an XID response (selection from a menu).

n of parameter set identifier values other than PI=0 is determined by prior agreement betweer
lefined parameters are not to be used for@conveyance of parameters or information for the use o
I data subfield should be used for this-purpose). Neither may user-defined parameters negotiati
eters which are defined in the basic)HDLC standards (the standard mechanisms defined else
ndard should be used for this purpose).

bck sequence negotiation-rules

between the 16-bit FCS and the 32-bit FCS, tTwo cases are covered: the general case and a con
case allows for some simplification in the operating procedures (by virtue of the known roles of
pn) and in the_capabilities that the stations involved must support (because collision situations

in the basie-principles (rules) that are used in the FCS negotiation process are noted by
ow and in the second example given in Annex E.

asic principles (rules) apply to stations that support both 16-bit FCS and 32-bit FCS as far as

sequence negoti

t1e1 is concerned

nd it must be

not a subject
if the stations
pplication.

n value shall
up identifiers

to be treated
cal parameter
bn value. For
arameter set

the stations.
[ higher layer
n be used to
where in this

strained case.
initiating and
do not exist).
parenthetical

frame check

— FCS negotiation or re-negotiation is only performed in the logical data link disconnected phase.

— 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.)
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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-bi

t FCS mode simultaneously.

lustrative examples of the application of these FCS negotiation rules are given in Annex E.

7.5 Rules fof negotiation use of the frame format field in non-basic frame format mode

Two cases a
operating prq
involved mug
the negotiatid

The followin|
as negotiatio
mode” means

Negotiat

The init
concerng

During t
receive g
not nece
since thd

e covered: the general case and a constrained case. The constrained case allows for sofhe-simj
cedures (by virtue of the known roles of initiating and responding station) and in the ¢apabilities
t support (because collision situations do not exist). The differences in the basic principles (rules
n process are noted by parenthetical explanations.

1 of the frame format field is concerned. (In the following paragraph, we 'Wwill assume for brevity
“non-basic mode with the frame format field Option 22.”)

on or re-negotiation is only performed in the logical data link disconnected phase.

ating station will start the negotiation process from ,the.basic mode as far as transmitted
d.

he negotiation process, and until the mode-settingZeommand and response have been exchanged,
nd process frames in both the basic mode and.the non-basic mode simultaneously. (In the const
sary for the initiating station to process recgived frames in both basic mode and non-basic mode
responding station does not send frames~with non-basic mode until after it has indicated seled

lification in the
that the stations
that are used in

b basic principles (rules) apply to stations that support both basic-mode and Option 22 (frame fomat field) as far

that “non-basic

KID frames are

the stations will
rained case, it is

simultaneously
tion of the non-

basic 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 arq indicating they
support, pnd will indicate the selected gptions in the basic-mode XID response HDLC parameters data link layer subfield.

— The statipns will disable the bdsi¢'mode upon the sending of or the receipt of the mode-setting command that confirms the
other stafion’s concurrence-as.far as the options to be used for information transfer is concerned.

— The statjons will reactivate the basic mode upon the sending of or the receipt of a mode-setting disconnect mode
commanfl, thereby réturning to a condition where all frames are received and processed in both the basjc mode and the
non-basif modesintultaneously.

8 Resolu

8.1 Operational requirements

1. XID Command/Response Frame Support: All stations shall support the XID frame optional function defined as optional
function 1 (see 6.15.1).

2. All-Stations Address Support: All stations shall support the "all-stations" address capability.

3. 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 to prevent stations from assuming the "all-stations" or "no-stations" data link layer address, as a result of address

resolution, statigns sending XID command frames shall choose data link layer addresses in the range from 2 to 25

8.21

An address resoflution XID command frame shall be sent that contains, within the information field, both the Lo
Layer Address parameter and the Unique Identifier parameter, in accordance with clause 7. The XD command f]
sent with the "all-stations" address in the address field and with the P-bit set to “1”.

If a valid XID r
the then current
parameter. This

For the non-inifiating combined station, if a valid XID command frame is_not received within a predefined t

initiating combi

Whenever a sta
remain in the di

8.2.2

Upon reception
link layer addre

If the two :
the local d
parameter 1

If the two 4
frame. If th
informatiof
one.

If the local

Generating XID command frames

Generating XID response frames

psponse frame is not received within a predefined time, another XID commidnd frame shall be se
value of that station's Local Data Link Layer Address parameter.as_well as the station's Uni

procedure may be repeated "n" times (where the value of "n" is implementation dependent).

hed station shall assume the role of an initiating combined;station.

ion initiates address resolution (i.e., has sent an XID‘¢ommand frame with the "all-stations" add
connected phase until it has successfully completed an XID frame exchange.

pf an XID command frame, the receivedidata link layer address parameter field is compared with

@

ddresses are different, no address modification is necessary. An XID response frame shall be tra
ita link layer address contained in the address field of the frame as well as in the local data link
ield.

ddresses are identical, the local data link layer address must be modified before transmitting the
e local Unique-Identifier parameter value is greater than the Unique Identifier parameter value co
| field of thedeceived XID command frame, then the local station shall increment its data link lay

Unique Identifier parameter value is less than the Unique Identifier parameter value contained if

3.

ral Data Link
rame shall be

ht, containing
Hue Identifier

me, the non-

ress), it shall

the local data

hsmitted with
layer address

XD response
htained in the
er address by

the received

XID com

d_L +la 41 1 1 ctats Lall d fata Jdosto 101 1 . 1.
AT T AT T IT UOTe TO U AT - STAtTUIT - STIATT LT UTTICITU TS U ata TR T y LT atTI TS U Y UTICT

Once the address has been modified, an XID response frame shall be sent with the new local data link layer address contained
in the address field of the frame as well as in the local data link layer address parameter field.

NOTE 1

NOTE 2

The Unique Identifier parameter values are considered as pure binary numbers for performing the comparison.

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 is given in terms of the 16-bit frame checking sequence, and assumes that all bits of the frame are checked.)

At the transmifte

a) preset th
b) invert th
c) shift the
d) invert th

At the receivel
as received fro

a) preset th
b) invert th
c) shift the
d) invert th

In the absence

In the above, i
the all zeros st

The transmitte
the FCS in wh

It shall be real
receiver canno|
will need to di

e FCS register to zeros;

e first 16 bits (following the opening flag) before shifting them into the FCS register;
remaining fields of the frame into the FCS register uninverted;

e contents of the FCS register (remainder) and shift onto the line as the ECS sequence.

, operate the FCS checking register in the following manner while receiving”(and storing) unaltered the eler]
n the line:

e FCS register to zeros;

e first 16 bits (following the opening flag) before shifting them into the FCS checking register;
remaining elements of the frame, up to the beginnihg of the FCS, into the checking register uniny
e FCS sequence before shifting into the chécking register.

of errors, the FCS register will contain all zeros after the FCS is shifted in.

hversion of the first 16 bits is equivalent to a ones preset, and inversion of the FCS at the receiver causes thg
hte.

- or the receiver can independently use the ones preset or the first 16-bit inversion. Also, the receiver can ch
ch case it has to check. for the unique nonzero remainder specified in 4.2.5.

zed that invefsion of the FCS by the receiver requires a 16-bit storage delay before shifting received bits int
L anticipaté the beginning of the FCS. Such storage, however, will normally take place naturally as the FCS
ferentiate-the FCS from the data, and it will thus withhold 16 bits from the next function at all times.

er¢d onto the line:

hents of the frame

erted;

registers to go to

00se not to invert

b the register. The
checking function

The procedure

a) the k bits

T1ag ZAqAITSS COmrot Trformration Frame checkimg Sequence TTag
—— /it g 16 bits —————Jp!
G(x)
> n bits >
M(x)

for using the FCS is based on the assumptions that:

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.

© ISO/IEC 200

2 — All rights reserved

95


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

ISO/IEC 13239:2002(E)

field, control field and information field (if it exists in the frame) are represented by the polynomial G(x).

actual representation of the address, control and information fields.

b) The address
¢)
d) There exists

The FCS is define

6 12

a generator polynomial P(x) of degree 16, having the form P(x) = 181245 11,

d as the ones complement of a remainder R(x) obtained from the modulo 2 division of

11 10 8 3 2

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

x16G(x)+xk(x15+x14+x13+x12+x x0T xS x4 +x+1)
by the generator polynomial 2(X).
x16G(x)+ xk(x15+x14+-~-x+1) R(x)PCS
= Ox)+ 29
P(x) P(x)

The multiplicatiop of G(x) by x16 corresponds to shifting G(x) by 16 places and thus providing the space of 16 bits fo

addition of x* (x

initial remainder
which may be ng

division ensures f{
provides protectid

At the transmitter
At the receiver, th

x16[x16G

15 M hxs 1) to x16G(x) [equivalent to inverting the first 16 bits of x16G(x)] corresponds to

o a value of all "ones". This addition is provided for the purpose of protection ‘against the obliteration o
n-detectable if the initial remainder is zero. The complementing of R(X),/by the transmitter, at the con]

hat the received, error-free message will result in a unique, non-zero(femainder at the receiver. The non-
n against potential non-detectability of the obliteration of trailing flags.

the FCS is added to the x16G(x), resulting in an M (x) oflength n , where M (x) = x16G(x) + FCS.

4

e incoming M (x) is multiplied by x16 , added to x"(x15 +x! +---4+ x+1) and divided by P(x).

15

x)+ FCS]+x"(x1% + x4

oY P r(x)

Or(x)+

If the transmissiof

Rr(x) is the rem;

terms of the numg

Note that FCSH

inversion of the p

P(x)

P(x)

) is error free, the remainder RF(x) will be "0001 1101 0000 1111" (x15 through x0 , respectively).

x16L(x)

P(x

15 14

inder of the division where L(x)=x " +x " +---4+ x+1. This can be shown by establishin

rator of the reegiver division are divisible by P(x).

R(x)=L(x)+ R(x). [Adding L(x) without carry to a polynomial of its same length is equivalent
lynomial.]

I the FCS. The
initializing the
leading flags,
hpletion of the

vero remainder

g that all other

to a bit-by-bit

The equation above, for the FCS receiver residual, is used in the following to show that inverting the FCS at the receiver returns the checking

register to zero. This equation is

FCS register. x 1 6L(x)

If is added to the

16
x L) = Q(x)+Rr—(x) where L(x) is as defined above and Rr(x) is the residual contents of the
P(x) P(x)
x16L(x)+ x16L(x)

=0.

numerator, the rabove esult is

P(x)

Physically, the 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.1.1 Genenral notation

The notalion used in the diagrams in this annex is illustrated below.

/ \ Flag (i.e. frame boundary) 7\

| _——Frame without informatiop
: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

Information frame : I N(S), N(R) P/F -a—=Poll or final bit ON

Receive sequence number {next expected frame)

Example |: Pri xmits : 12,6 P. This denotes-a’ primary information frame with send sequence number 2, the next expected || frame from
the secor|dary is receive sequence number 6 (frames numbered 5 and below are therefore acknowledged) and the poll bifl is set to “1”
(i.e. the spcondary is to initiate transmission with | frames if available).

Supervisory command/ response

Supervispry 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"

© ISO/IEC 2002 — All rights reserved
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B.1.3 Notation for combined stations

v—Address
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

Unnumbereqd 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.2.1.1 NRM start-up procedure and secondary only information transfer

SNRM P RROQP RR3.,P
Pri xmits : : l:j E
UAF 10,0 11,0 12,0F 13,0 14.9
Sec xmits : :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 xmits : 7 | + ! b 4 i
1 |A'= RR2 F
Sec xmits : — —
B.2.1.3 NRM information transfer by primary and secondary
0.0 11,0 12,0P 13,2 14,2P 15.3
Pri xmits : | 4— { | ! — ; O
19,3 11,3F 12,5F
Sec xmits } 4 | p———y

© ISO/IEC 2002 — All rights reserved
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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 1.0
Time-out
Pri xmits [?;j————_.{:) —_

UA.F

Sec xmits [:

B.2.2.2 NRM primary information frame error

Retransmitted frames

10.0 11,9 12,0P 1,2 12,2 1372P
Pri xmits - ' + A/f — — y ' )

/" ‘ ‘

19.1 11,1F
Sec xmits : ; - i
B.2.2.3 NRM primary poll frame error
Retransmjitted frame
10,0 ne lZ,OP/ T RRO.P 12,2 13,2 14,2
Pri xmits - ’ y + /Av T b + ! l
10,2 11,2F

Sec xmits : I ¢ 4

B.2.3 Ndrmal 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 xmits : m —- kLl o E _
UAF UAF

Sec xmits : m Ej

B.2.3.2 NRM secondary-information frame error

Retransmirted frames

0.9 .0 12,0p 13,0 14,0 / 15.2
Pri xmits : } 4 } — — I | L —
7 \
19,3 11,3F 10.5 11,5F
Sec xmits : b /AV/= i } 4 —
of Retransmitted frames
CX] 11,0 12,0P RROP 13.2
Pri xmits : — + } 4 E:] } 1
[1,3F 10.3 11,3F
S i . 1 lo'a A A — 1 L .|
ec xmits : — / A 4 - + !
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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 ' , . ?
10,3 I1,3F 11,5 12,5F
s . , .

- !
Sec xmits : + + /‘T’ b + -

or Retransmitted frame
00 110 120P .d'“"‘?‘-'ﬂg‘ or RR1P 13.3
Pri xmits : - ' } 4 e e = —y
19,3 11,3F 11,3 12,3F
Sec xmits : b ; /AVJ' —_—

B.3 Exdmples of asynchronous response mode (ARM) two-way alternaté (TWA) transmission
B.3.1 Adynchronous response mode (ARM) TWA without transmission efrors

B.3.1.1 ARM start-up procedure and secondary only information transfer

SARM.P RR?2 RR3
Pri xmits : t:l m :1

UAF 0.0 11,0
Sec xmits : m Indefinite time p——

12,0
—

t— Indefinite time —"_——2

B.3.1.2 ARM primary and secondary information transfer with contention situation

Contention

SARM.P \ oo 110 , 100 110p
E L I 1 Primary L L o

! ! ' time-out

Pri xmits :

UAF 0.0 11,0 10.2F

o Secondary . 5
Sec xmits : l: Indefinite time I l l time-out f
-

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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Retransmitted frames

SARM P

IG,QA i1,0P 0.9 11.0P
Pri xmits . Indefinite time | an — = + — Indefinite tme
-

UA F RRO,F RR2,F
Sec xmits . m m m
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
: . Idie lin
Pri xmits : t:} Indefinite time +_'_—‘_7AV4 { datect T3 "2 RRIF inefinite time
—— e ———— g q.——-—l

UA F RR1
Sec xmits m tj
B.3.3 Asynchronous response mode (ARM) TWA with transmission errors in response frames
B.3.3.1 ARM start-up

SARMP SARMP

Pri xmits : :j - Time-out [:1

UAF UAF
Sec xmits m m
B.3.J3.2 ARM secondary information frame error

Retransmitted frames
SARMP RRO.P RR2

Pri xmits : m m

UAF 10,0 1,0 10.0F 110 Indefinite time

i . . :
Sec xmits Indefinite time I N
e ee——— e

B.3.3.3 ARM secondary ‘‘final’’ information frame error

SARM.P

Pei xmits :

0.9 11,0

10,9
Indefinite time Time-out ! ?
g i~

Retransmitted frame

m—

UA F <amp—

Sec xmits :

© ISO/IEC 2002 — All rights reserved
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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 RR9.P RR1 RR2 RR3 RR4 RR5.P
Pri xmits : Ej E r—_T m — D ‘:1
UA F 10.0 11,0 12,0 13.0 14,0F RRQ.F
Sec xmits : [:j } : } f t — m
or {where primary acknowledgments are returned for several response frames)
SNRM.P RRQ.P RR3 RRS.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 + " + + —y I:j
B.4.1.2 NRM|start-up procedure and primary only information transfer
SNRM.P 19.0P 11,0 12,0P 13,0 14.0P 15,0
Pri xmits — } - + + + - ?
UAF RR1.F RR3F RRS,F
Sec xmits : — — — !:j
or (where primary 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 : |:| f } 4 + + + 1
UAF RR1,F RR6,F
Sec xmits : :1 m E
B.4.1.3 NRM|start-up procedure and primary7secondary information transfer
SNRM,P 10.0P 11,0 121 13.4 14,4 15.4 16.5 175
Pri xmits : — + + + + — + 4
UAF 0.0 111 12,2 13,2 14,2 15.5 6.7
Sec xmits : : F + -+ + + t + —
B.4.2 Norm1l 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| 13 145
Pri xmits : k + } /A\/ + + } l '
191 11,2 12,2 REJ2 13,2 14,2 15,3 16.4
Sec xmits : s — 4 1 } + 4 — 4

.

Optional : Frame may be completed or aborted.
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