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Foreword

ISO (the Intematlonal Organization for Standardization) and IEC (the International

Electrotech

ion) form the specialized system for worldwide standardization.

National bddies that are members of ISO or IEC participate in the development of

Internation:

| Standards through technical committees established by the respective

organizatiofs 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 information technology, ISO and IEC have established a joint technical

committee,
committee

[SO/IEC JTC 1. Draft International Standards adopted by the joint technical
hre circulated to national bodies for voting. Publication as an International

Standard refjuires approval by at least 75 % of the national bodies casting a vote.

Internationgl Standard ISO/IEC 13239 was prepared by Joint Technical Committee
ISO/IEC JTC 1, Information technology, Subcommittee SC 6, Telecommunications and
information exchange between systems.

Annexes A [to G of this International Standard are for information only.
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Introduction

This International Standard is a composition of the following HDLC-related International
Standards and Amendments:

e ISO/IEC 3309:1993

Information technology — Telecommunications and informatiop exchange
between systems — High-level data link control (HDLG) procedures — Frame
structure

e ISO/IEC 3309:1993/DAM4

Information technology — Telecommunications and information exchange
between systems — High-level data link ¢ontrol (HDLC) procedurds — Frame
structure — Amendment 4: Optional range.of FCS checking

e ISO/IEC 4335:1993

Information technology — ,Telecommunications and information exchange
between systems — High-level.data link control (HDLC) procedures (— Elements
of procedures

e ISO/IEC 4335:1993/Amd.6:1995

Information technology — Telecommunications and informatiop exchange
between systems — High-level data link control (HDLC) procedures |— Elements
of procedures — Amendment 6: Extension of HDLC sequence number modulus
beyond 128

o ISOAEC 4335:1993/Amd.7:1995

Information technology — Telecommunications and informatiop exchange
between systems — High-level data link control (HDLC) procedures [— Elements
of procedures — Amendment 7: Enhanced multi-selective reject optign

e ISO/IEC 4335:1993/DAMS8

Information technology — Telecommunications and informatiop exchange
between systems — High-level data link control (HDLC) procedures |— Elements
of procedures — Amendment 8: Unnumbered information frame with header
check (UIH) command and response

e ISO/IEC 4335:1993/DAM9

Information technology — Telecommunications and informatiop exchange
betweaekh-systens High-level-data-tink-controlHD procedites Elements
of procedures — Amendment 9: Span list encoding of the information field in the
multi-SREJ frame

e ISO/IEC 7809:1993

Information technology — Telecommunications and information exchange
between systems — High-level data link control (HDLC) procedures — Classes of
procedures


https://iecnorm.com/api/?name=5fb8bce0daedd566ef75f4e5cfdb834b

ISO/IEC 13239:1997(E) © ISO/IEC

vi

ISO/IEC 7809:1993/Amd.10:1995

Information technology — Telecommunications and information exchange
between systems — High-level data link control (HDLC) procedures — Classes
of procedures — Amendment 10:Extension of 11DLC Sequence Aumber moanius
beypnd 128

ISOVIEC 7809:1993/DAM11

Infdrmation technology — Telecommunications and information exchange
[ , 12 290 TN SRR TN DIDUNES 2350 BRSNS B2 2 ¢ o 29 I NENUSRSIIS U Vol PO
berween Sys[ems - ﬂlgﬂ'level adid link conrol (110LC) proceaures — LUIUdSES

of grocedures — Amendment 11: Unnumbered information frame with header
chegk (UIH) command and response

ISQV/IEC 7809:1993/DAM12

Infqrmation technology — Telecommunications and information exchange
between systems — High-level data link control (HDLC) procedures — Classes
of grocedures — Amendment 12: Span list encoding of the information field in
the multi-SREJ frame

ISQ/IEC 8885:1993

Infqrmation technology — Telecommunications and inforination exchange
between systems — High-level data link control (HDLC) procedures — General
purpose XID frame information field content and format

ISQ/IEC 8885:1993/Amd.9:1995

Information technology — Telecommunicatigns and information exchange
beteen systems — High-level data link contyol (HDLC) procedures — General
punpose XID frame information field_content and format — Amendment 9:
Extpnsion of HDLC sequence number mgdulus beyond 128

ISQ/IEC 8885:1993/DAM10

Information technology -=-\Telecommunications and information exchange
betyeen systems — High-level data link control (HDLC) procedures — General
purpose XID frame information field content and format — Amendment 10:
Unpumbered information frame with header check (UIH) command and response

ISQ/IEC 8885:1993/DAMI11

Infgrmation. technology — Telecommunications and information exchange
betiveen systems — High-level data link control (HDLC) procedures — General
punpose’ XID frame information field content and format — Amendment 11:

Span list encoding of the information field in the multi-SREJ frame
ISO/IEC 8471:1987

Information processing systems — Data communication — High-level data link
control balanced classes of procedures — Data-link layer address
resolution/negotiation in switched environments
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High-level data link control (HDLC) procedures are designed to permit synchronous or

start/stop, code-transparent data transmission. The normal cycle of the cod

e-transparent

data communication between two data stations consists of the transfer of frames
containing information from the data source o the data sink acknowiedged by a frame in

the opposite direction. Generally, until the data station comprising .the
receives an acknowledgement, it holds the original information in mémor
need should arise for retransmissions.

In those situations that require it, data sequence integrity between the data sq
data sink is effected by means of a numbering scheme, which)is-cyclic withi
modulus and measured in terms of frames. An independent iumbering scl
for each data source/data sink combination on the data link:

The acknowiedgement function is accomplished<by,the data sink inform|

data source
in case the

urce and the
n a specified
leme is used

ing the data

source of the next expected sequence number. -This can be done in a separate frame, not

containing information, or within the contro}-field of a frame containing info

fmation.

HDLC procedures are applicable to unbalanced data links and to balanced ddta links.

Unbalanced data links

An unbalanced data link involVes two or more participating data stations.
purposes, one data station on'the data link assumes responsibility for the or
data flow and for unrecoverable data link level error conditions. The
assuming these responsibilities is known as the primary station in
connection-mode data'links and as the control station in unbalanced connect
data links, and the frames it transmits are referred to as command frames. T
stations on thedata link are known as the secondary stations in unbalanced

For control
banization of
data station

unbalanced
onless-mode
he other data
connection-

mode data, links and as the tributary stations in unbalanced connectionlegs-mode data

links, arid'the frames they transmit are referred to as response frames.

For'the transfer of data between the primary/control station and the secondary/tributary

stations, two cases of data link control are considered (see figures A and B),

case, the data station comprising the data source performs a primary/contro
link control function and controls the data station comprising the data
associated with a secondary/tributary station data link control function, b
commands.

In the second case, the data station comprising the data sink performs a pri
station data link control function and controls the data station comprising th

In the first
station data
sink that is
y select-type

mary/control
e data source

that is associated with a secondary/tributary station data link control functjon, by poll-

type commands.

The information flows from the data source to the data sink, and the ackno

arc always tramsmitted i tie UPPUSHE direction:

These two cases of data link control may be combined so that the data li

wledgements

ink becomes

capable of two-way alternate communication, or two-way simultaneous communication.

vii
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Balanced
A balanced

data links

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
unrecoveraple dara 1ink tevel error conditions associared Wit the transmissions thar it

originates.
mode data

Each data station is known as a combined station in balanced connection-
inks and as a peer station in balanced connectionless-mode data links and is

capable ofaIansmitting and receiving both command and response frames.

For the tr:
illustrated

sfer of data between combined/peer stations, the data link control functions
n figure C are utilized. The data source in each combined/peer station

controls thg data sink in the other combined/peer station by the use of select-type

commands.
acknowledg

The information flows from the data source to the data sink, and the
ements are always transmitted in the opposite direction. The poll-type

commands may be used by each combined/peer station to solicit acknowledgements and
status respgnses from the other combined/peer station.

. Select/information
Primary/ P»-| Secondary/
Control Tributary
station [« station
Acknowledgement
Data source Data-$ink

Figure A — Unbalanced data link functions.(case 1)

. Poll/acknowledgement
Primary/ J-| Secondary/
Control Tributary
station |« station
Information
Data sink Data source

Figure B — Unbalanced data link functions (case 2)

Seleet/information/acknowledgement/poll

(ombined/ Combined/
Peer Peer
station | g station

Select/information/acknowledgement/poll

Data s|nk/data source Data sink/data source

HDLC clas

Figure C — Balanced data link functions

ses of procedures describe methods of data link operation which permit

synchronous or start/stop, code-transparent data transmission between data stations in a
variety of logical and physical configurations. The classes are 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, se

condary, combined, control, tributary, or peer station, as required for a

specific instance of communication.

viii
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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
aricts he nhalancad . a1 a_axictanca—a cinalapriaa tionat()ne

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 managemenf, hence the
designation "unbalanced" classes of procedures.

Primary/ +“—>
Control -
station
Secondary/ Secondary/
Tributary Tributary
station station
A N

Figure D — Unbalanced data link configuration

The unbalanced connectionless class applies to point-to-point configurationf over either
dedicated or switched data transmission facilities, or to multipoint configyrations over
dedicated data transmission facilities (as illustrated in figure D using the con}rol/tributary
nomenclature). A characteristic of the unbalanced connectionless class is the| existence of
a singlexcontrol station at one end of the data link plus one or more tributafy stations at
the other end(s) of the data link. The control station is responsible for determining when
a-tribitary station is permitted to send. Neither the control station nor the tributary
station(s) support any form of connection establishment/termination procgdures, flow
control procedures, data transfer acknowledgement procedures, or err¢r recorvery
procedures, hence the designation «connectionless» class of procedures.

Combined/ I Combined/
Peer P Peer
station station
A B

Figure E — Balanced data link configuration

The balanced class applies to point-to-point configurations (as illustrated in figure E
using the combined nomenclature) over either dedicated or switched data transmission
facilities. A characteristic of the balanced class is the existence of two data stations,
called combined stations, on a logical data link, that may share equally in the
responsibility for data link management, hence the designation "balanced" class of
procedures.

X
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The balanced connectionless class applies to point-to-point configurations over either
dedicated or switched data transmission facilities (as illustrated in figure E using the peer
nomenclature). A characteristic of the balanced connectionless class is the existence of
two data stations, called peer stations, on a data link, that are each independently in

............. 5 Lallel

control of N Ty formmofcommection
establishmeht/termination procedures, flow control procedures, data transfer
acknowledgement procedures, or error recovery procedures, hence the designation
"connectionfless” class of procedures.

For each dlass of procedures, a method of operation is specified in terms of the
capabilities|of the basic repertoire of commands and responses that are found in that
class.

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

It is recognjized 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 Internafional Standard. For example, the combination of two unbalanced progedures
(with 1 franje flow as commands only) in opposite directions would create a symmeétrical
point-to-pojnt configuration (as illustrated in figure F).

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

Figuré F— Symmetrical data link configuration

These HDILC procedures define the exchange identification (XID) command/response

frame as optional function for exchange of data link information (identification,
pmmeterw for-& svuulul Purposc
XID frame information field is defined.

These HDLC procedures also specify the parameters and procedures which may be

employed by two data stations to mutually determine the data link layer addresses to be
used prior to logical data link establishment.
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Information technology — Telecommunications and

information exchange between systems — High-level data
link control (HDLC) procedures

1 Scol'Le

This International Standard specifies the frame structure, the elements of procedures, the classes of procedures, the fontent and
format of|the general purpose Exchange Identification (XID) frame, and a means for resolution/negotiation*of a data link layer
address in switched environments for data communication systems using bit-oriented high-level data’link control (HDLC)
procedurds.

NOTE — The use of the phrase «bit-oriented», referring to the HDLC control procedures, pertains to the allocation of a non-inteng number of
bits to varipus subfields used for HDLC control purposes. However, the frame as an entirety may be constructed from octet-orientgd units (e.g.,
start-stop mode) for transmission purposes.

The fram¢ structure portion defines the relative positions of the various components of the basic frame and the bit dombination
for the frame delimiting sequence (flag). The mechanisms used to achieve bit pattetn-independence (transparency) within the
frame are|also defined. In addition, two frame checking sequences (FCS) are specified; the rules for address field extension are
defined; and the addressing conventions available are described.

These HI)LC elements of procedures are defined specifically in terns of the actions that occur on receipt of comjmands at a
station, a tributary station, a peer station, or a combined station.

ational Standard is intended to cover a wide rang¢.of applications; for example one-way, two-way alterjate or two-
way simujtaneous data communication between data stations which are usually buffered, including operations on different types
of data cifcuits; for example multipoint/point-to-point, duplex/half-duplex, switched/non-switched, synchronous/start-stop, etc.

ed elements of procedures are to be considered as a common basis for establishing different types of data |ink control
procedurgs. This International Standard does not.define any single system and should not be regarded as a specififation for a
data comipunication system. Not all of the commands or responses are required for any particular system implementation.

The clasdes of procedures portion deScribes the HDLC unbalanced classes of procedures, the HDLC balanc¢d class of
procedurgs, and the HDLC connectionless classes of procedures for synchronous or start/stop data transmission.

For the ufibalanced classes, the datalink consists of a primary station plus one or more secondary stations and operates in either
the normdl 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 pdint-to-point
configurafion. For the-lnbalanced connectionless class, the data link consists of a control station plus one or mare tributary
stations ahd operates-iff,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 mpdified-by the use of optional functions.

Balanced 'opera z g . ~ eI
requirements are covered in accordance with the overall HDLC architecture.

—Operational

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,
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.
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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 International Standard does not limit or restrict the use of the XID frame information field from defining other standard

formais for use in prClIlC appuocluunb
The following are examples of potential uses of the XID command/response frame interchange:

a) Identification of the caliing and called stations when using circuit switched networks (including switched network backup
applications).

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

q frame(s)

me of the

ck (UIH)

b specific
parameter fiields, identified below. It is used to select a pair of operational link addresses when preassigned, system designated
addresses afe not known on an a priori basis; e.g., switched circuited data links.” Additional XID frame functions (including the
exchange ¢f operational parameters, command/response support, higher layer information, etc.) may be accomplished in
conjunction} with data link layer address determination or following addréss determination, with additional XID frame ekchanges.

NOTE — Address resolution procedures for situations where the remote DTE does not support XID frames, the "all-station" address, gr complete
address supplort capabilities as defined in clause 8 below are not within'thie'scope of this International Standard.

2 Normative references

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

ISO/IEC 646:1991, Information techniology — ISO 7-bit coded character set for information interchange.
ISO/IEC 2382-9:1995, Informationtechnology — Vocabulary —Part 9: Data communication.

ISO 7478:1987, Information processing systems — Data communication — Multilink procedures.
ISO/IEC 7498-1:1994;-IAformation technology — Open Systems Interconnection — Basic Reference Model: The Basi¢ Model.

ISO/IEC 7§76:1995, Information technology — Telecommunications and information exchange between systems — [{igh-level
data link cpntrol'procedures — Description of the X.25 LAPB-compatible DTE data link procedures.

ISO/IEC TR x — List of
standard data Imk Iayer protocols that uttltze htgh level data lmk control (HDLC) classes of procedures and list of standardized
XID format identifiers and private parameter set of identification values.

3 Definitions, acronyms and abbreviations

3.1 Definitions

The following definitions are to be used throughout this International Standard.

3.1.1 abort:

A function invoked by a sending primary, secondary, combined, control, tributary or peer station causing the recipient to discard
(and ignore) all bit sequences transmitted by the sender since the preceding flag sequence.
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3.1.2 accept:

The condition assumed by a data station (primary, secondary, combined, control, tributary or peer station) upon accepting a
correctly received frame for processing.

3.1.3 address field (A):

The sequence of eight (or any multiple of eight, if extended) bits immediately following the opening flag sequence of a frame
identifying the secondary/combined or tributary/peer station sending (or designated to receive) the frame.

3.1.4 address field extension:
Enlarging the address field to include more addressing information.

3.1.5 agddress resolution/negotiation:

Procedufe for exchanging/determining the data link layer identity of each data link layer entity.

3.1.6 basic status:
A seconflary/combined or tributary/peer station's capability to send or receive a frame containing an information field.

3.1.7 cpntralized control:
A contrql in which all the primary or control station functions of the data link are centralized in pne data station.

3.1.8 cpmbined 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 resppnses. Specific
responsilfilities assigned to a combined station include:

a) ipitialization of control signal interchange;
b)  grganization of data flow;
¢) ipterpretation of received commands and generation of appropriate responses; and

d)  {ctions regarding error control and error recovery functions, at the data link layer.

3.1.9 command:

In dat§ communication, an instruction represented in the control field of a frame and transmiffed by the
primaryf{combined/control/peer station. It causes-the addressed secondary/combined/tributary/peer station to execfite a specific
data link control function.

3.1.10 [command frame:
a)  Alllframes transmitted by aprimary/control station.

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

3.1.11 |contention modeé:
A mode|of transmiSsion in which a transmitter can send on its own initiative.

3.1.12 [controlescape (CE):

The unilque sequence of eight bits (10111110) employed to indicate the following octet has been modified accprding to the
transparency algorithm for start/stop transmission environments.

3.1.13 control field (C):
The sequence of eight (or 16/32/64, if extended) bits immediately following the address field of a frame.

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

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

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

3.1.14 control field extension:
Enlarging the control field to include additional control information.
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3.1.15 control station:
The data station that supports the control station control functions of the data link.

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

a) initialization of control signal interchange, and

b)  organization of data flow.

3.1.16 data communication:
See ISO/IEC 2382-9, term 09.01.03.

3.1.17 dataTink:
See ISO/IE( 2382-9, term 09.04.08.

3.1.18 datq link connection:
See ISO/IE( 7498-1 : 1994.

3.1.19 datd link layer:

The concepthial layer of control or processing logic existing in the hierarchical structure of a.data’station (primary, secondary,
combined, cfntrol, tributary or peer station) that is responsible for maintaining control of the dafalink.

NOTE — The¢ data link layer functions provide an interface between the data station higher layerogic and the data link. These[functions
include:

a) transparency;
b) addreps/control field interpretation;
¢) comnpand/response generation, transmission and interpretation; and

d) framq check sequence computation and interpretation.

3.1.20 datg transmission:
See ISO/IE(Q 2382-9, term 09.01.02.

3.1.21 duplex transmission:
See ISO/IEQ 2382-9, term 09.03.01.

3.1.22 exception condition:

The conditipn assumed by a secondary/combined station upon receipt of a frame which it cannot execute due eifher to a
transmissior] error or to an internal precessing malfunction.

3.1.23 flag sequence (F):
The unique pequence of eight-bits (01111110) employed to delimit the opening and closing of a frame.
3.1.24 formpat identifier:

Designator ¢f one-of 128 different standardized formats or one of 128 user-defined formats of the Exchange Identificatipn (XID)
frame inforrhation-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 32 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.

3.1.27 group identifier:

Classifier of data link layer characteristics or parameters by function (for example, address resolution, parameter negotiation, user
data).
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3.1.28 half-duplex transmission:
See ISO/IEC 2382-9, term 09.03.02.

3.1.29 HDLC-based protocol:

A protocoi which is a subset of the elements and ciasses of procedure and optionai functions defined in the HDLC standard, and
adopted as a standard by ISO or a recognized international standards body (e.g., ITU-T).

3.1.30 higher 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 above the data link layer and upon which the performance of data link layer

3 +o £ 1a d tral h er allocation. station + at
functions are d“pcndem, 101 CXampil device CONird:, oulifr andcation, statidn manageément, €ic.

3.1.31 iLformation field (INFO):
The sequnce of bits, occurring between the last bit of the control field and the first bit of the frame check sequence.

NOTE —[The information field contents of I, UI, and UIH frames are not interpreted at the data link layer.

3.1.32 ipitiating combined station:
A station|that sends the initial XID command frame as part of the address resolution process,

3.1.33 ipterframe time fill:
The sequence or condition transmitted between frames.

3.1.34 Itraframe time fill:

In start/dtop transmission, the sequence or condition transmitted withinya frame when the next octet is not gvailable for
Cﬁﬁﬁg'uu is transmission uluucdiatel] fGl}UWllls the preced.ng octet. <Eor Sy'ﬁ»hi’ﬁuu'do uauauubmuu, Lhci'e is no Fl’!“.r'v’%‘siﬁﬁ for

intraframe time fill.

3.1.35 invalid frame:
A sequerce of bits, following the receipt of an apparent opening flag sequence, that either

a)

b) centains less than 32 bits before an apparent closing flag sequence is detected.

—

{ terminated by an abort sequence; or

3.1.36 layer parameter:
The specjfication of data link layer characteristics and parameters, and their values, available or chosen.

3.1.37 non-initiating combined-station:

A statior} that waits for the other combined station to send the initial XID command frame as part of the addregs resolution
process.

3.1.38 peer station:
The datastation-that Supports the peer station control functions of the data link.

NOTE —|Th¢ peer station generates commands for transmission and interprets received commands and responses.

3.1.39 primary station:
The data station that supports the primary station control functions of the data link.

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

a) initialization of control signal interchange;
b)  organization of data flow; and

c) actions regarding error control and error recovery functions at the data link layer.

3.1.40 primary/secondary station:
The general case where the station may be either a primary station or a secondary station.
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3.1.41 private parameter:
An implementation-specific data link layer parameter not defined in the basic HDLC standards.

3.1.42 response:

In data communication, a reply represented in the control field of a response frame that advises the
primary/combined/control/peer station with respect to the action taken by the secondary/combined/tributary/peer station to one or
more commands.

3.1.43 response frame:
a)  All frames transmitted by a secondary/tributary station.

b) Thopeframes tramsmitted-by acombimred/peer-station-that contain-the-address-of the-transmitting-combined/peer-ptation.

3.1.44 secondary station:
The data station that executes data link control functions as instructed by the primary station.

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

3.145 seT)ndary station status:

The curren{ condition of a secondary station with respect to processing the series of commands’ree€ived from the primary station.

3.1.46 single-exchange negotiation procedure:

The initiatipg station indicates its "menu" of capabilities in its command frame, and the’responding station indicates its choices
from the mpnu in its response frame.

3.1.47 triputary station:
The data sthtion that executes data link control functions as instructed by, the control station.

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

3.1.48 twp-way alternate data communication:
See ISO/IHC 2382-9, term 09.05.03.

3.1.49 twp-way simultaneous data communication;
See ISO/IHC 2382-9, term 09.05.02.

3.1.50 unique identifier:

A unique bit/character sequence (for.example, global telephone number, station identification, or equivalent) assocfiated with
each statiop.

3.1.51 unnumbered commands:
The commhnds that do not contain sequence numbers in the control field.

3.1.52 unnumbered responses:
The resporjses/that/do not contain sequence numbers in the control field.

3.1.53 user data:
The information obtained from or delivered to the user of the data link layer.

3.2 Acronyms and abbreviations
The following acronyms and abbreviations are used commonly throughout this International Standard.

A Address field

ABM Asynchronous Balanced Mode

ADM Asynchronous Disconnected Mode

ARM Asynchronous Response Mode

B Binary encoded

BAC Balanced operation Asynchronous balanced mode Class
BCC Balanced operation Connectionless-mode Class
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BCM Balanced Connectionless Mode

C Control field

CE Control Escape

C/R Command/Response

F Flag sequence

F Final bit

FI Format Identifier

DCl1 Device Control One

DC3 Device Control Three

DCE Data Circuit-terminating Equipment
DISC Disconnect

DM Disconnected Mode

DTE Data Terminal Fq|t€pmpnf

E bit Encoded

FCS Frame Check Sequence

FRMR FRaMe Reject

GI Group Identifier

GL Group Length

HDLC High-level Data Link Control

I Information frame

IEC International Electrotechnical Commission
M Initialization Mode

INFO INFOrmation field

ISO International Organization for Standardization
ITU-T International Telecommunications Union — Telecommunication Standardization Sector
LAPB Link Access Procedure Balanced
LSB Least Significant Bit

M Modifier function bit

MSB Most Significant Bit

MT1 Multilink lost frame Timer 1

MT2 Multilink group busy Timer 2

MT3 Multilink reset confirmation Timer 3
MW Multilink Window size

MX Multilink guard region window size
N Number of octets

N(S) Send sequence Number

N(R) Receive sequence Number

NA Not Applicable

NDM Normal Disconnected Mode

NRM Normal Response Mode

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

RNR Receive Not Ready

RR Receive Ready

RSET ReSET

S Supervisory frame

S Supervisory function bit

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

Sec Secondary

SIM Set Initialization Mode

SM Set Mode

SNRM Set Normal Response Mode
SNRME  Set Normal Response Mode Extended
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SREJ Selective REJect

TBD To Be Determined

TEST TEST

TR Technical Report

TWA Two-Way Alternate

TWS Two-Way Simultaneous

U Unnumbered frame

UA Unnumbered Acknowledgement

UAC Unbalanced operation Asynchronous response mode Class
uccC Unbalanced operation Connectionless-mode Class
UCM Unbalanced Connectionless Mode

Ul Unnumbered Information

UIH —Unnumberednformation-with-Headercheck

UNC Unbalanced operation Normal response mode Class
Up Unnumbered Poll

V(S) Send state Variable

V(R) Receive state Variable

XID eXchange IDentification

XOFF Transmitter OFF

XON Transmitter ON

4 HDLC( frame structure

In HDLC, 4ll transmissions are in frames. The basic frame structure does not include bits inserted for bit-synchronizgtion (i.e.,
start or stop| elements, see 4.3.2) or bits or octets inserted for transparency (see 4.2).

Each frame|consists of the following fields (transmission sequence left to right):

Flag Address [ Control | Info. FCS Flag
01111110 8 bits 8 bits * 16/or'32 bits | 01111110

* An unspefified number of bits which in some cases may be a multiple\of a particular character size; for example, an ogtet.
where
Flag = flag sequence
Addreps = data station address field
Contr¢l = control field
Infornjation = information field
FCS o frame checking sequence field

Frames corjtaining only control sequénces form a special case where there is no information field. The format for thgse frames
shall be

Flag Address | Control FCS Flag
01111110 8 bits 8 bits 160r32bits | 01111110

4.1 Elements of-the frame

4.1.1 Flag séquénce
Allframcs Sta ha-ena-v e 3_";-“" A aata at+oh HeR-aFe—a
for this sequence. Thus, the flag is used for frame synchronization. A single flag
frame and the opening flag for the next frame.

sontinnodusly hunt

may be used as both the closing flag for one

4.1.2 Address field

In command frames, the address shall identify the data station(s) for which the command is intended. In response frames, the
address shall identify the data station from which the response originated.

4.1.3 Control field

The control field indicates the type of commands or responses, and contains sequence numbers, where appropriate. The control
field shall be used

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

b) to convey a response to such a command from the addressed data station.
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4.1.4 Information field

Information may be any sequence of bits. In most cases it will be linked to a convenient character structure, for example octets,
but, if required, it may be an unspecified number of bits and unrelated to a character structure.

For start/stop transmission there shall be eight (8) information bits between the start element and the stop element. If the
information field is other than a multiple of 8 bits, the final remainder less than an octet will require pad bits to complete the
octet. The method of providing and unambiguously identifying the pad bits is not a subject of this International Standard.

4.1.5 Frame checking sequencing (FCS) field

4.1.5.1 General

Two frame checking sequences are specified; a 16-bit frame checking sequence and a 32-bit frame checking sequence. The

16-bit frame checking sequence is normally used. The 32-bit frame checking sequence is for use by prior agreement in those
cases that need a higher degree of protection than can be provided by the 16-bit frame checking sequence.

Unless ¢therwise noted, the frame checking sequence is calculated for the entire length of the frame, excluding the ppening flag,
the FCY, any start and stop elements (start/stop transmission), and any bits (synchronous transmission)“or octgts (start/stop
transmigsion) inserted for transparency. In those instances noted where the FCS is calculated over, 'an) agreed t¢, 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
transmigsion) 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 spegified, but they
vill 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 thie address and control fields.

4.1.5.2 | 16-bit frame checking sequence
The 16-pit FCS shall be the ones complement of the sum (modulo 2) of

a) the remainder of

PP +x+x x4+ H 0  A C r r r x+ ])
livided (modulo 2) by the generator polynomial

1616124054

yhere k is the number of bits being protected by the FCS and

b) the remainder of the division (modulo 2) by the generator polynomial
,I6+X12+X5+1

f 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 remjainder 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 jand any ‘rémaining bits of the designated k bits being protected; the ones complement of the resulting [remainder is
transmifted ag'the 16-bit FCS.

At the rpceiver, the initial content of the register of the device computing the remainder is preset to all ones. The fipal remainder

after multiplication by x*~and then division (modulo 2) by the generator potlymomat
xl6+x'2+x5+l

of the serial incoming protected bits and the FCS will be

0001 1101 0000 1111 (x'° through x°, respectively)

in the absence of transmission errors.

4.1.5.3 32-bit frame checking sequence
The 32-bit FCS shall be the ones complement of the sum (modulo 2) of

a) the remainder of
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xk(x3l +x30+x29 +x28 +x27+x26+x25 +x24+x23 +X22+X2| +x20+xl9+x18+x17+x16+x15 +xl4+xl3 +xl2+x” +x10+
LAl +8+ R+ x+ 1)

divided (modulo 2) by the generator polynomial
x32+x26+x23+x22+x16+x12+xll+x10+x8+x7+x5+x4+x2 +x+1,
where k is the number of bits being protected by the FCS and

b) the remainder of the division (modulo 2) by the generator polynomial
W2 B 22 16 12 10 8T S b xt ]

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

As a typicalHmplementation,—at-the—transmit e—Htal-content-oi-the—register—o e-device—computing th ainder of the
division is preset to all ones and is then modified by division by the generator polynomial (as described above) of'thd address,
control and| any remaining bits of the designated k bits being protected; the ones complement of the resulting-temfainder is
transmitted ps the 32-bit FCS.

>

At the receiper, the initial content of the register of the device computing the remainder is preset to all ones..“The final remainder
after multipication by x** and then division (modulo 2) by the generator polynomial

JRCE T " SN - PR - S T PR | S | S SV S S S |
of the seriall incoming protected bits and the FCS will be

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

4.2 Trapsparency

4.2.1 Syn¢hronous transmission

The transmijtter shall examine the frame content between the two flag sequences including the address, control and FCS fields
and shall irfjsert a "0" bit after all sequences of 5 contiguous "1" bits (ineluding the last 5 bits of the FCS) to ensure that a flag
sequence ig not simulated. The receiver shall examine the frame content and shall discard any "0" bit which directly follows 5
contiguous|'1" bits.

4.2.2 Stant/stop transmission - basic transparency

Two levels| of transparency processing are specified for 'use with start/stop mode transmission. These are seven-bit data path
transparendy (SBDPT), specified in 4.2.2.1; and coritrol-octet transparency, specified in 4.2.2.2. Control-octet transpargncy shall
always be performed. SBDPT is an option, use«or non-use of which is selected for a given data link by means outside [the scope
of this Intefnational Standard (e.g., a priori kngwledge, bilateral agreement, heuristic implementation techniques).

4.2.2.1 Seven-bit data path transparency

When SBIPT is selected, the content of each frame, from address field to FCS field inclusive, shall be transferred between
sender and [receiver as a frame-image derived from the original frame as follows, and as indicated in figure 1.

Original
Frame Adfress | | Fes |
- 7 octets I 7 octets l ‘ l n <=7 octets I

ke e 12345678 '
Original | ] ] | Al 2 ] : Al :
Segment - | F | R | | 1 M | N M|

| | -

Image v
Segment 0 I 20 |::000000
Frame ' 8 octets l 8 octets | | | n+l1 octets l o
Image J

Figure 1 — Original frame to frame-image transition

10
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The sequence of octets making up the frame content is considered as divided into a sequence of contiguous seven-octet segments,

with possibly a final segment having length between one and six octets inclusive. These segments are referred to as "original
segments."

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

a) image segments occur in the same order as the corresponding original segments;
b) each image 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
set to zero,

d) the remaining, final image segment has its least signifi B of the last
ogtet of the original segment, its next to least significant bit set to the value of the MSB of the next to last.oct¢t (if any) of
original segment, and so on;

the final octet of each image segment, all higher order bits for which no corresponding octet.exists in [the original

At the transmitter, the final octet of each image segment can be generated by shifting left the MSBL6f each octet ifi the original
segment, ih sequence, into an initially zero octet: this achieves the correct bit-positioning both for complete Seven-octet segments pnd any short
segment af 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 knqwn and plays
no part in [the reconstruction of the original segment at the receiver, it need not actually be transfefred across data paths that, for ekample, force
parity setting of the MSB of each octet.

4.2.2.2 [Control-octet transparency

The follwing transparency mechanism shall be applied to each frame-image: a frame-image is as defined in 4/2.2.1 when
SBDPT if selected, and otherwise is identical to the frame content from address field to FCS field inclusive.

The control escape octet is a transparency identifier that identifiesian octet occurring within a frame to which te following
transparepcy procedure is applied. The encoding of the control escape octet is:
1

23 45 6 78 Bit position in octet
1 01

I 13810

+ Low order bit, first bit
transmitted/received

The trangmitter shall examine the frame-imiage between the opening and closing flag sequences including the addrgss, control,
and FCSfields and, following completion.of the FCS calculation, shall:

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

The recefver shall examine the frame-image between the two flag octets and shall, upon receipt of a control escape ocjet and prior
to FCS cglculation:

a) Dliscard the.centrol escape octet, and

b) Restore.the immediately following octet by complementing its 6th bit.

her-octet-values—may-optiona be subject to
prior system/application agreement.

4.2.3 Start/stop transmission - extended transparency

When necessary and by prior agreement between the stations, the transmitter may apply the above transparency procedure (4.2.2)
to octets in the groups defined below, in addition to the flag and control escape octets.

4.2.3.1 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).

11
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4.2.3.2 Control-character octet transparency

The control-character octet transparency option provides transparency processing for all octets in which both the 6th and 7th 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 (regardiess of parity).

4.3 Transmission considerations

4.3.1 Order of bit transmission

Addresses, commands, responses sequence numbers, and data link layer information within information fields shall be
transmitted low-order bit first (for example, the first bit of the sequence number that is transmitted shall have the weight 29.

The order of transmitting user data bits within the information field is not specified in this International Standard.

The FCS shill be transmitted to the line commencing with the coefficient of the highest term.

4.3.2 Starp/stop transmission

For start/st¢p transmission, each octet (whether part of the basic frame structure or inserted by the ‘transparency prodedure) is
delimited by a start element and a stop element. Mark-hold (continuous logical 1 condition) is used to inter-octet time fill if
required. Typical octet transmission is as shown in figure 2.

octetn octet n+1 octet n+2

|0|b|b bIblbIbIbIblLl [0|b|b|b|b|b|b|b|b|llo[blblblblblblblbll 'YX

Octet data bit (0 or 1)

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

Data bits (loworder first transmitted)

Start element (logical 0; spacing condition)

Figure 2 — Typical octet transmission for start/stop transmission

4.4 Intg¢r-frame time fill

4.4.1 Synthronous transmission

Inter-frame| time fill shall be accomplished-by transmitting either contiguous flags or seven to fourteen contiguous "1'| bits or a
combinatioh of both.

Selection of the inter-frame time fillkimethod depends on systems requirements.

4.4.2 Stant/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

4.5 Invhlidframe

4.5.1 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 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.

As an example, one method of aborting a frame would be to transmit 8 contiguous "1" bits.

4.5.2 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 four
octets between flags when using the 16-bit FCS and shorter than six octets between flags when using the 32-bit FCS, excluding
octets inserted for transparency), or one in which octet framing is violated (i.e., a "0" bit occurs where a stop element is
expected), or one that ends with a control escape-closing flag sequence. Invalid frames shall be ignored.

12
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4.6 Extensions

4.6.1 Extended address field
A single octet address field shall normally be used and all 256 combinations shall be available.

However, by prior agreement, the address field range can be extended by reserving the first transmitted bit (low-order) of each
address octet which would then be set to binary zero to indicate that the following octet is an extension of the address field. The
format of the extended octet(s) shall be the same as that of the first octet. Thus, the address field may be recursively extended.
The last octet of an address field is indicted by setting the low-order bit to binary one.

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

4.6.2 Ektended control field

The confrol field may be extended by one or more octets. The extension methods and the bit patterns for,the'\commands and
responseg are defined in 5.3 and 5.5.

4.7 Afdressing conventions

4.7.1 General
The follgwing conventions shall apply in the assignment of addresses of data stations for which commands are intended.

4.7.2 I-station address
The addsess field bit pattern 11111111 is defined as the all-station address.
The all-gtation address shall only be used with command frames, and it sKall instruct all receiving data stations t¢ accept and

action the associated command frame. Any response to a command With"the all-station address shall contain fhe assigned
individugl address of the data station transmitting the response.

The all-gtation address may be used for all-station polling. When)there is more than one receiving data station |for which a
commangl 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 thiq International
Standard.

The all-gtation address may be used to determine the-data link layer identification (assigned address) of data stafion(s) when
unknow; for example, in switched or reconfigured,situations.

-station address

ation address shall never be assigned to a data station.
ation address may belused for testing when it is intended that no data station react or respond to a frame cdntaining the
no-statiop address.

4.7.4

In additipn to an individual assigned address, one or more data stations may be assigned one or more group addressps. A group
address ay be used, for example, for

oup addresses

a) tfansmitting 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 already assigned,
may be assigned as a group address.

A group address may be used for group polling. When there is more than one data station for which a command with a group
address 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 a group address is not specified in this International Standard.
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S HDLC elements of procedures

5.1 Data link channel states
5.1.1 Active data link channel state

5.1.1.1 General

A data link channel is in an active state when the primary station, a secondary station or a combined station is

actively

transmitting a frame, a single abort sequence, or interframe time fill. In the active state, the right to continue transmission shall

be reserved.

5.1.1.2 Abort

5.1.1.2.1

Aborting a frame shall be accomplished by transmitting at least seven contiguous "1" bits (with no inserted "Q!"bits) t
frame. Recdipt of seven contiguous "1" bits shall be interpreted as an abort and the receiving data station shall igriore thg

nchronous transmission

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

5.1.1.3 Interframe time fill
5.1.1.3.1 Synchronous transmission
Interframe tjme fill shall be accomplished by transmitting contiguous flags‘between frames.

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
between frames. Selection of the interframe time fill method depends on systems requirements.

5.1.1.4 Intraframe time fill

5.1.1.4.1 $ynchronous transmission
There is no|provision for time fill within a framé:

5.1.1.4.2 $tart/stop transmission

Inter-octet fime fill within a frame shall be accomplished by transmitting continuous mark-hold condition (logical "
There is no[provision for time fill within an octet (i.e., between the start element and stop element).

NOTE — A feceiving station may choose to operate a system-defined time-out function for the purpose of determining excessive inter|

end the
frame.

be already

bt of this

'1" state)

1" state).

octet time

fill within a frame. This time-out'fuinction, if used, is started when inter-octet time fill is first detected and is stopped (reset) when the [mark-hold
condition cegses. Actions t0)be followed upon expiration of the time-out function (e.g., discarding of octets of the frame received thus far) are

beyond the sgope of the [nternational Standard.

5.1.2 Idle|data'link channel state

5.1.2.1 Synechronous-transmission

A data link channel is in an idle state when a continuous "1" state is detected that has persisted for at least 15 bit times; detection
of the idle state at the data link layer shall be considered to indicate that the remote data station has relinquished its right to

continue transmission.
5.1.2.2 Start/stop transmission

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

5.2 Modes

Three operational modes and three non-operational modes are defined.

14
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5.2.1 Operational modes
The three operational modes are:

a) normal response mode (NRM);
b) asynchronous response mode (ARM); and

c) asynchronous balanced mode (ABM).

5.2.1.1 Normal response mode (NRM)

39:1997(E)

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 sha]l consrst of one or more frames while mamtammg an act
channel g S 3 e-explie :

ive data link
Following

indicatiop of the last frame the secondary stat|on shall stop transmmrng untrl expllclt pemnssmn is again reCeived from the

primary $tation.

5.2.1.2 [Asynchronous response mode (ARM)

In ARM/ which is an unbalanced data link operational mode, the secondary station may initiate transmission withdut receiving
explicit permission to do so from the primary station. Such an asynchronous transmission may contain single or multiple frames
and shal] be used for information field transfer and/or to indicate status changes in the sgeondary station (for gxample, the
number pf the next expected information frame, transition from a ready to a busy condition/or vice versa, occufrence of an

exceptiop 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
asynchrdnous transmission may contain single or multiple frames and shall be used for information field transfer and/or to
indicate ptatus changes in the combined station (for example, the number ef'the next expected information frame, transition from

aready tp a busy condition or vice versa, occurrence of an exception condition).

5.2.2 Non-operational modes
The thre¢ non-operational modes are:

a) ormal disconnected mode (NDM);
b) akynchronous disconnected mode (ADM); and

c) initialization mode (IM).

The discpnnected modes (NDM and ADM)differ from the operational modes in that the secondary/combined station is logically

disconndcted from the data link; i.e., no jinformation (I) or supervisory frames are transmitted or accepted. The
mode (IM) differs from the operational modes in that the secondary/combined station data link control program is €
of regengration or is in need of an.exchange of the parameters to be used in an operational mode.

nitialization
ther in need

These two disconnected modes-(NDM and ADM) are provided to prevent a secondary/combined station from app1ar1ng on the

data linK in a fully operatienal’'mode during unusual situations or exception conditions since such operation could ca
a) unintended contention in ARM;

b) spquence.number mismatch between the primary station and the secondary station, or between combined stati

c) ambiguity in the primary/combined station as to the status of the secondary/other combined station.

S€:

bns; or

é¢<mode. The

dlsconnected mode (NDM or ADM) shall also be system predeﬁned A combmed statron shall be system predefmed as to the

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

The secondary station capability in a disconnected mode shall be limited to:

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

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

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, Ul
or TEST command.

A secondarj/combined stafion in a disconnected mode or Shall; as a minimum capability, be capable of generating
the DM response with the F bit set to "1" in response to a command frame received with the P bit set to "1".

A secondary/combined station in a disconnected mode (NDM or ADM) receiving a DISC command shall respond with the DM
responses. | A secondary/combined station in the initialization mode receiving a DISC command shal}, respond |with the
unnumberedl acknowledgement (UA) response if it is capable of actioning the command. A secondary/corfimand stafion in an
operational|mode receiving a DISC command shall respond with the UA response.

Examples of possible conditions (in addition to receiving a DISC command) which shall cause a-secondary/combined ftation to
enter a discpnnected mode are:

a) the gecondary/combined station power is turned on, or restored following a temporary\l0ss of power;
b) the secondary/combined station data link layer logic is manually reset; and

c) the $econdary/combined station terminal is manually switched from a local((home) condition to a connected-ontthe-data-
link](on-line) condition.

A secondary/combined station in a non-operational mode shall not establish)a‘frame reject exception condition.

5.2.2.1 Ngrmal disconnected mode (NDM)

In NDM, which is an unbalanced data link non-operational mode,‘the secondary station shall be logically disconnected from the
d shall, therefore, not be permitted to accept information in I command frames or to transmit informgtion in I
es. The secondary station shall, however, .be: permitted to accept information in Ul command fram¢s and to
transmit information in UI response frames. The secondary station has normal mode respond opportunity and shall|initiate a
i response transmission, indicating its status, as a result of receiving a command frame with the P bit spt to "1";
t may initiate such a response as the result'of receiving a UP command with the P bit set to "0".

, a secondary station shall action ofily mode setting, XID, UI and TEST commands. Mode setting commangs, except
mmand, that can be actioned(Shall be responded to with the UA response at the earliest respond opportynity. An
T command that can be actioned shall be responded to with the XID and TEST response, respectively, at the earliest
ortunity. Receipt of an implemented mode setting, XID or TEST command that cannot be actioned, or recejpt of any
and (except a Ul comimand) with the P bit set to "1", shall cause a secondary station in NDM to respond at the
ond opportunity with the DM response, or, if the secondary station determines it is unable to function, witl the RIM
eceipt of a Ul comitiand with the P bit set to "1" shall cause a secondary station in NDM to respond at the earliest
ortunity with-a"\UI response, with a DM response, or with a RIM response. In the case where an implemented mode
or TEST,command has been received but cannot be actioned or a status condition is to be reported, a UP fommand
with the P pit set t0\'0" shall cause a secondary station in NDM to respond with a DM or RIM response, as appropiliate. Any
command With the P bit set to "0", other than the implemented mode setting, XID, Ul, TEST or UP commands as [escribed
above, may] belignored by the secondary station in NDM.

response.
respond op!
setting, XI

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
command or response frames, respectively, or to transmit information in Ul response frames/UIl 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 simultancous 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.
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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 TEST response, respectively, at the earliest respond opportunity. Receipt of an implemented mode setting, XID or TEST
command that cannot be actioned, or receipt of any other command (except a Ul command) with the P bit set to "1", shall be
responded to with a DM response, or, if the secondary station, or combined station as a receiver or commands, determines it is
unable to function, with the RIM response. Receipt of a UI command with the P bit set to "1" shall cause a secondary/combined
station in ADM to respond at the earliest respond opportunity with a U response, with a DM response, or with a RIM response.
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/combined station in ADM.

Because a combmed statlon is also a generator of commands it can termmate a dlsconnected mode at any time by transmlttmg an
E ; as balanced
bmcd station

(for example, a DM or RIM response).

5.2.2.3 |Initialization mode (IM)

In IM, which is an unbalanced data link or balanced data link non-operational mnrle a secondary/orie combined stati

dat
........................................................................... a seeengary/one Comoinea sial Ga

1 Gaia 1inK

inn linl

U1 1
control program may be initialized or generated by the primary/other combined station action, or other parameters fo be used in
the operptional mode may be exchanged. IM is invoked when the primary/one combined station concludes that a secondary/other
combingd station is operating abnormally and needs its data link control program corrected; and for upgrading a sedondary/other

__________ S ODErat Ccels 1y Cala Lonuo SRUIINAANE, 4Rl LU Bppiatiilg a Seyinaary/ouldt

combingd station data link control program. Similarly, a secondary/one combmed statiofi\mdy determine it is unablk to function
due to pfogram checks and request IM to obtain a good program from the primary/othér combined station.

A secondary/combined station shall enter IM upon sending a UA response, at its"System predefined respond opportunity, in
responsg to the receipt of a SIM command. A secondary/combined station may request a SIM command by sefding a RIM
responsg. In IM, the primary/one combined station and a secondary/othet combined station may exchange information in the
predetermined manner specified for that secondary/each combined station (for example, Ul or I frames).

IM shal] be terminated when a secondary/combined station receiv¢s and acknowledges (via a UA response) one|of the other
mode sejting commands, or when entering the disconnected mode_caused by internal constraints such as loss of powgr.

5.3 Control field formats

5.3.1 G(eneral

The three formats defined for the basic (modulg, 8))control field (see table 1) are used to perform numbered information transfer,
numbergd supervisory functions and unnumbered control functions and unnumbered information transfer.

Table 1 — Control field formats for modulo 8

Control field format for Control field bits*
1 2 | 3 ] 4 5 6 | 71 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 NR)
Unnumbered.commands/ responses (U format) 1 1 M M | PF M [ M]

*  N(P)= transmitting send sequence number (bit 2 = low-order bit)
N(R) = (transmitting receive sequence number (bit 6 = low-order bit)
S £, Jsupervisory function bit
M =" modifier function bit
/F="poll bit— primary station or combined station command frame transmissions/final bit — secondary station or

combined station response frame transmissions (1 = poll/final)

The control field may be extended by the addition of a second contiguous octet immediately following the basic control field of I
frames and 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 command/response format (S format), and the
unnumbered command/response (U format) shall be as shown in table 2.
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Table 2 — Control field formats for modulo 128

Control Control field bits
field -
format First octet Second octet
for 1] 2 3 4 516 71 81 9101112 )13]14}15]16
Iformat| O N(S) P/F N(R)
Sformatf 1 { o | s |s| x [x|x|x]|pF N(R)
U format| 1 I1I M|M|PFIM|M| M

In table 2, x pits are reserved and set to "0". Bit 2 and bit 10 shall be the low-order bits of the sequence numbers.

The control [field may be extended by the addition of three contiguous octets immediately following the basic'control field of 1
frames and qupervisory frames. This capability shall provide for an N(S) and N(R) of modulo 32 768. Control field gxtension
for the information transfer command/response format (I format), the supervisory command/response format (S format) and the
unnumbered| command/response (U format) shall be as shown in table 3.

Table 3 — Control field formats for modulo 32 768

Control Control field bits
field -
format First two octets Second two octets
for 1l 2 3141516 71 81 9161718 cvvvvrrereeennn. 32
I format | O N(S) P/F N(R)
Sformat] 1] 0] S |S| x |x ]| x|x |xd:: x |P/F N(R)
Uformat| 1| 1| M| M|PFIM| M| M

In table 3, thie x bits are reserved and set to "0". Bit 2 and bit 18 shall be the low-order bits of the sequence numbers.

The control [field may be extended by the addition of sevel’contiguous octets immediately following the basic control field of I
frames and pupervisory frames. This capability shall provide for an N(S) and N(R) of modulo 2 147 483 648. Conjrol field
extension for the information transfer command/résponse format (I format), the supervisory command/response format (S
format), and the unnumbered command/response.(U format) shall be as shown in table 4.

Table 4 — Control field formats for modulo 2 147 483 648

Control Control field bits
field -
format First four octets Next four octets
for 11 2 3141516 71 81 9---32133 |34+ veiiiiiiinn, 64
I format | 0 N(S) P/F N(R)
Sformat] 1] 0| S|S| x |x|x]|x|[x- x|PF N(R)
U format| 1 1| M|M|PFIM| M| M

In table 4, the x bits are reserved and set to "0". Bit 2 and bit 34 shall be the low-order bits of the sequence numbers.

5.3.2 Information transfer (I) format

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

5.3.3 Supervisory (S) format

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

The U format is used to provide additional data link control functions and unnumbered information transfer. This format shall
contain no sequence numbers, but shall include a P/F bit that may be set to "1" or "0". Five "modifier" bit positions are available,
this allowing definition of up to 32 additional command functions and 32 additional response functions.

5.4 Control field parameters

5.4.1 Modulus

Each I frame shall be sequentially numbered with a number which may have the value 0 to modulus minus one inclusive (where
modulus is the modulus of the sequence number) The modulus equals 8, 128 32 768 or 2 147 483 648 The sequence numbers
cycle throu g . e

modulo 128 are shown in table 2. The control ﬁeld formats for modulo 32 768 are shown in table 3 The control eld formats
for modulo 2 147 483 768 are shown in table 4.

The maximum number of sequentially numbered I frames that a primary, secondary or combined station may have putstanding
(i.e., unagknowledged) at any given time (sometimes known as a «window» size) shall never exceed one-less than the|modulus of
the sequepce numbers. This restriction is to prevent any ambiguity in the association of transmitted ¥ frames with sequence
numbers dluring 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, th¢ 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 transmispion delay.

5.4.2 Frpme state variables and sequence numbers

5.4.2.1 General

In HDLC|operations, each data station shall maintain an independent send-State variable V(S) and an independent rtceive state
variable Y(R) for the I frames it sends to and receives from another data station. Each secondary station shall maintaip a V(S) for
the I framjes it transmits to the primary station and an V(R) for the I frares it correctly receives from the primary stafion. In the
same mafner, the primary station shall maintain an independent “V{(S) and V(R) for I frames sent to and rec¢ived from,
respectivgly, each secondary station on the data link. Each combined station shall maintain a V(S) for the I frames it fransmits to
the other fombined station, and a V(R) for the I frames it correetly’receives from the other combined station.

5.4.2.2 $end state variable V(S)

The send [state variable denotes the sequence number.'of the next in-sequence I frame to be transmitted. The send sthte variable
can take the value 0 to modulus minus one inclusive (where modulus is the modulus of the sequence numbering schdme and the
numbers ¢ycle through the entire range). The.value of the send state variable shall be incremented by one with each uccessive I
frame trafjsmission, but shall not exceed N(R) of the last received frame by more than modulus minus one.

5.4.2.3 $end sequence number N(S)

Only I frgmes shall contain N(S)5ithe send sequence number of transmitted frames. Prior to transmission of an in{sequence I
frame, N(f) shall be set equal to.the value of the send state variable.

5.4.2.4 Receive state variable V(R)

The receipe state variable denotes the sequence number of the next in-sequence I frame expected to be received. The receive
state varigble can take’the value 0 to modulus minus one inclusive (where modulus is the modulus of the sequence|numbering
scheme apd the'nimbers cycle through the entire range). The value of the receive state variable shall be incremented by one on
receipt of|anferror-free, in-sequence I frame whose send sequence number N(S) equals the receive state variable.

5.4.2.5 Receive sequence number N(R)

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

With this exception, prior to transmission of an I frame or S format frame, the N(R) shall be set equal to the current value of the
receive state variable. The N(R) indicates that the station transmitting the N(R) has correctly received all I frames numbered up
to N(R) - 1 inclusive.

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

As more than one SREJ frame with the P/F bit set to "0" may be outstanding at any one time, it is necessary to ensure that all
non-received I frames are ultimately correctly received. This may be achieved by multiple variable counters or by other means.

(See 5.5.2.4 for definition of the use of the SREJ command and response.)
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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 set to "1" shall be used:

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

b) by asecondary station in ARM and by a combined station in ABM to indicate the response frame transmitted as the result
of a soliciting (poll) command.

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 gstireP-bit-hrrespomseframes;itisreferred-to-as-the-+-bit-)

5.4.3.1 Functions of the poll bit

5.4.3.1.1 General
The P bit sqdt to '1" shall be used to solicit a response frame with the F bit set to "1" from the secondary/combined statior].

On a data Jink, only one frame with a P bit set to "1" shall be outstanding in a given direction“at’a given time. |Before a
primary/comnbined station issues another frame with the P bit set to "1", it shall have received a response frame|from the
secondary/dombined station with the F bit set to "1". If no valid response frame is obtained/Within a system-defined time-out
period, the fetransmission of a command with the P bit set to "1" for error recovery purposes shall be permitted.

5.4.3.1.2 Functions of the poll bit in NRM

In NRM, the P bit shall be set to '1" to solicit response frames from the secondary station. The secondary station|shall not
transmit unfil it receives either a command frame with the P bit set to "1" or a.UP command.

The secondary station may send I frames upon receipt of an I frame with the Pbit set to "1", certain S frames (RR, REJ|or SREJ)
with the P bit set to "1", a Ul command with the P bit set to "1", or a UP.eommand with the P bit setto "1" or "0".

5.4.3.1.3 Functions of the poll bit in ARM and ABM
In ARM arld ABM, the P bit set to "1" shall be used to solicit a‘response, at the earliest respond opportunity, with the H bit set to
" ‘l ll.

NOTE — F¢r example, if the primary/combined station requires positive acknowledgement that a particular command has been recefved, it sets
the P bit in the command to "1". This forces a response from the secondary/combined station as described in 5.4.3.1.6.

5.4.3.2 Functions of the final bit

5.4.3.2.1 {[General

A responsg frame with the F bit_set-1o "1" shall be used by the secondary/combined station to acknowledge the regeipt of a
command frame with the P bit set.to)"1".

5.4.3.2.2 Functions of the:fintal bit in NRM

In NRM, if the right to-tfansmit was acquired by the receipt of a P bit set to "1", then the secondary station shall set tije F bit to
"1" in the lpst frame‘of-its response transmission. If the right to transmit was acquired by the receipt of a UP command pvith the P
bit set to 10", then\the secondary station shall set the F bit to "0" in each frame (including the last frame) of ity response
transmissiqn.

Following Transmisston of The 1ast frame of 1S TeSponse ANSIMISSION, e SeCondary Station shatt Stop transmiting umtil either a
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

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.

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
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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 General

As the P and F blts set to "1" are always exchanged asa pair (for every P b1t there shall be one F bit, and another P bit shall not
be issuedu P ; ftil another P
bit is redeived), the N(R) contamed ina recened frame witha P b1t (see 5. 6 2. lh) or F bit set to "1" can be used ‘to| detect that I
frame refransmission is required. This capability provides early detection of I frames not received by the remoté-dath station and
indicateg the frame sequence number where retransmission shall begin. This capability is referred to as checkpointing. The N(R)
of a corpectly received I frame or S format frame, except for a SREJ frame with the P/F bit set t0("0", shall acknowledge
previougly transmitted I frames to N(R) - 1 inclusive.

5.4.3.3.3 Checkpointing in NRM

In NRM] the N(R) of a received I, receive ready (RR) or receive not ready (RNR) command/response frame which has the P/F bit
set to "I" shall cause the secondary/primary station to initiate appropriate error recoverynif the N(R) does not acknowledge at
least all|I frames transmitted by the secondary/primary station previous to, and concurrent with, the last fram¢ which was
transmit{ed by the secondary/primary station with the F/P bit set to "1".

5.4.3.3.3 Checkpointing in ARM

In ARM, the N(R) of a received I, RR or RNR command/response frame' which has the P/F bit set to "1" shgll cause the
secondafy/primary station to initiate appropriate error recovery if the N(R) does not acknowledge at least all I frame} transmitted
by the sqcondary/primary station previous to, and concurrent with, the\last frame which was transmitted by the seconflary/primary
station With the F/P bit set to "1".

5.43.3.4 Checkpointing in ABM

In ABM| the N(R) of a received I, RR or RNR response-frame which has the F bit set to "1" shall cause the receivgd combined
station tp initiate appropriate error recovery if the N(R) does not acknowledge at least all I frames transmitted by the receiving
combined station previous to, and concurrent with, the last frame which was transmitted by the receiving combined| station with
the P bit|set to "1".

5.4.3.4 |Summary of P/F bit functions

The applicability of the P/F bit functions in the three operational modes (NRM, ARM, and ABM) and on data links employing
two-way| alternate and two-way simbltaneous data communication is summarized in table 5.

Table 5 — P/F bit functions

Operational mode NRM ARM ABM
Data Coninunication 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/

Lastframe indication X/X /x

Sélicit supervisory or unnumbered response x/ x/ X/ x/ x/ x/
Checkpointing X/X X/X X/X X/X X/X X/X

Key:
x indicates that the function is applicable
TWA — two-way alternate

TWS — two-way simultaneous
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5.5 Commands and responses
The set of commands and responses is summarized in table 6.

5.5.1 Info

Table 6 — Commands and responses

© ISO/IEC

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

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

SREJ - Selective 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 - Exchange identification

RSET - Reset

TEST - Test

SM - Set Mode

UIH - Unnumbered information with header check

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 - Unnumberedunfermation with header check

ation transfer format command and response

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

The encodi
modulo 128

22

’—— First bit transmitted

of the I command/response control‘field shall be as shown in figure 3a for modulo 8 numbering, in figute 3b for
numbering, in figure 3¢ for modulo.32 768 numbering and in figure 3d for modulo 2 147 483 648 numbering

E.

1 2 3 4 5 6 7 8
0 N(S) P/F N(R)
Information Receive
transfer sequence number
format Send sequence Command (0to7)
nuIIov: (poll)
(0to7) Response
(final)

Figure 3a — Information transfer format of control field bits for modulo 8 numbering
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’— First bit transmitted

1 2345678 9 10111213141516

0 N(S) P/F N(R)
Information Receive
transfer sequence number

format  Send sequence command (0to 127)
number (pou)

(0to 127)  Response

The I fram
a) N
b) N

ex|
be

(final)

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

’——-— First bit transmitted

1 2345678 9--16 17 1819 -- 32
0 N(S) P/F N(R)
Information Send sequence Command Receive
transfer number (poll)  sequence number
format (0 to 32 767) Response ~(0 to 32 767)
(final)

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

f—_ First bit transmitted

1 23 456 7\8 9---32 33 3435 -- 64
0 N(S) P/F N(R)
Information Seénd-sequence Command
transfer number (poll)

format (0o 2 147 483 647) Response ~ Receive
(final) Sequence number

(0to 2 147 483 647)
Figure 3d — Information transfer format of control field bits for modulo 2 147 483 648 numbering

e control field shall'eontain two sequence numbers.
S), send sequence number, which shall indicate the sequence number associated with the I frame; and

R), receivesequence number, which shall indicate the sequence number (as of the time of transmission)
pected 1 frame to be received, and consequently shall indicate that the I frames numbered up to N(R) - 1 inc
endeceived correctly.

ISO/IEC 13239:1997(E)

pf the next
usive have

(See 5.4.3Tor 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 receiver. RR, RNR and REJ frames shall not contain an information field. SREJ frames may contain an information field for
the purpose of identifying additional I frames in need of retransmission when the multi-selective reject procedure is selected.

The encoding of the S format command/response control field shall be as shown in figure 4a for modulo 8 numbering, in figure
4b for modulo 128 numbering, in figure 4c for modulo 32 768 numbering, and in figure 4d for modulo 2 147 483 648
numbering. In figures 4a thru 4d, the SS bits define the following command and response supervisory functions:
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Commands SS Responses
RR - Receive ready 00 RR - Receive ready
REJ - Reject 01 REJ - Reject

RNR - Receive notready 10 RNR - Receive not ready
SREJ - Selective reject 11 SREJ - Selective reject

ﬁ First bit transmitted

© ISO/IEC

1 2 3 4 5 6 7 8
[ 1 o] s sler] N |
Supervisory

format Command  Receive

(poll) sequence number

Response (0to 7)
(final)
Supervisory
function

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

’-—— First bit transmitted

12 3 4 5678 9 100~ 16
[1o]s sfxxxx]pr [ N) |

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

’—— First bit transmitted

1 20304 5 -coeee- 16 17 18 --- 32
[1Ofs ]xemmmm 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

’— First bit transmitted

12 3 4 5 - 32 33 34 --- 64
[10]s s[xmmm x | PF | NR) |
Supervisory Command
fomat (pO“) 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

An S format_ frame shall contain an N(R), receive sequence number. Except for the SREJ frame with the P/F bit set to "0", the
N(R) shall indicate, at the time of transmission, the sequence number of the next expected I frame to be received, and

consequently shall indicate that all received I frames numbered up to N(R) - 1 inclusive have been received correctly.
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The primary/combined station may use the S format command frames with the P bit set to "1" to solicit responses from (poll) a
secondary/combined station indicating its status.

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

5.5.2.1 Receive ready, RR, (S bits = 00) command and response
The receive ready, RR, frame shall be used by a data station to

a) indicate that it is ready to receive an I frame(s); and
b) acknowledge previously received I frames numbered up to N(R) - 1 inclusive.

When transmitted, the RR frame shall indicate the clearance of any busy condition that was initiated by the earlier transmission

of an RNWC:. (See-5-6-1
5.5.2.2 Reject, 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 fram¢ numbered
N(R). I frames numbered N(R) - 1 and below shall be considered as acknowledged. Additional /) frames awajting initial
transmissjon 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 dpta station shall be established at any given time. A REJ frame shall not be transmifted 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 gxception condition shall be cleared (reset) upon the receipt of an I frame with Jan N(S) equal to the N(R)|of the REJ
frame.

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

The receiye 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 fram¢ numbered
N(R) and|any subsequent I frames received, if any, shall not be considered as acknowledged; the acceptance status of these
frames shll be indicated in subsequent exchanges.

5.5.2.4 Helective 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 SREINrame shall contain the sequence number of the earliest I frame to be
retransmifted (not yet reported by a SREJ frame) and, if the multi-selective reject procedure is invoked, the information field
following|the control field shall contain the identity of additional I frame(s), if any, in need of retransmission. The identity of
additional I frames in need of transmission shall-be indicated by either —

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

b) one entry for every standalone T frame in need of transmission plus a span list for every sequence of two or more
coptiguously numbered ['frames in need of retransmission.

A span ligt identifies the start'and the end of a sequence of contiguously numbered I frames in need of retransmission.

When the[multi-selective.reject procedure is employed without span lists, the information field shall be encoded such that there is
one or mdre octets for gach I frame in need of retransmission.

For modufo 8 sequence numbering, the N(R) value for each designed I frame shall occupy bit positions 6-8 of the onejoctet ficld,
as per thelenCoding of the N(R) field of the control field for modulo 8 sequence numbering, with bit positions 1-5 sef to zero, as
illustrated in\figure 5a.

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

For modulo 32 768 sequence numbering, the N(R) value for each designated I frame shall occupy bit positions 2-16 of the two-
octet field, as per the encoding of the N(R) field in octets 3-4 of the control field for modulo 32 768, with bit position 1 in the
first octet of the two-octet field set to "0", as illustrated in figure 5c.

For modulo 2 147 483 648 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.
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Any number of octet fields can be included, up to the maximum frame size. Only the I frame numbers in need of retransmission
shall be included. If, for example, in the case of modulo 128 sequence numbering, I frames 3, 5, 7, and 18 are being identified
for retransmission in a single SREJ frame, I frame number 3 shall be identified in the SREJ control 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.

1 ] 1
: Control field : Information field !
1 i

. ! !

l —2—3—4—5 8L+ 2 3 45 678141 3
SEEEEE |P/F| N® [0 0 0 0 o | NR) | 0 @ | Fes
eceive sequence Sequence number(s) * *
umber of first I frame of later I frame(s)
tb be retransmitted to be retransmitted

Figure 5a — Control field and information field encoding in SREJ frame for modulo 8 numbering

) 1 1
! Control field X Iniformation field :
] 1 1
1 ! 1
1l V0 /D V., S S TR U /A [ S (R JU— 161
o |1 P11 0 0-remmmemeeeees 0 | PF NR®R) 0 NR®) I 0 NQR) FCS

Receive sequence | Sequence number(s) * *
number of first I frame of later 1 frame(s)

to be retransmitted to.be retransmitted

Figure 5b — Control field and information field encoding in SREJ frame for modulo 128 numbering

1 ! 1

: Control field : Information field '

1 1

1 ! :

1 16 17 18 -meememm- <y B — 16 1 216
w101 10 0-efeey=-—-0 | PF NR) 0 NR) 0 I NR) 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 numbering|

1 ) '

: Control field : Information field !

! 1

I . :

1 e < DT PO Y B A SN ? S SR SN 5 |

« 1011000 [PF| N®R |0 N®) 5 — —

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

to be retransmitted to be retransmitted

Figure Sd — Control field and information field encoding in SREJ frame for modulo 2 147 483 648 numbering
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When the multi-selective reject option is employed with span lists, the information field shall be encoded such that there is an
entry for each standalone I frame in need of retransmission and a span list, consisting of two entries, for each sequence 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 «O» bit in the entry used, as per figure 5a for modulo 8,
figure 5b for modulo 128, figure Sc¢ 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 «O», 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.

Each SREJ exception condition shall be cleared (reset) upon receipt of each I frame with an N(S) equal to the N(R) jidentified in
the SREJ frame control field or information field.

A data sfation may transmit one or more SREJ frames with the P bit set to "0", each containing orié~or more different N(R)
values, before one or more earlier SREJ exception conditions have been cleared. However, a SREJ frame shall not bq transmitted
if an eatflier REJ exception condition has not been cleared, as indicated in 5.6.2.3 and 5.6.2:4~ (To do so wquld request
retransm|ssion of an I frame that would be retransmitted by the REJ operation.) Likewise, a REJ frame shall not be ttansmitted if
one or mpre earlier SREJ exception conditions have not been cleared, as indicated in 5.6.23/and 5.6.2.4. I frames thiat may have
been trarfsmitted following the I frame(s) indicated by a SREJ frame shall not be retransmittéd as the result of receiying 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.p for N(S) sequence error recovery procedures.)

5.5.3 Upnumbered format commands and responses

Unnumbgred, U, commands and responses shall be used to extend thé\number of data link control functions. Frameq transmitted
with the U format shall not increment the state variables at either;the transmitting or the receiving data station. Fivg "modifier"
bits are provided which allow up to 32 additional command fungtions and 32 additional response functions to be defiped. Fifteen
commandl functions and nine response functions are defined,b€low; all others are reserved.

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

’—— First bit transmitted

1 1 M M | PFF M M M
Unnumbered \'—_"/ d
format
5 “modifier”
Command bits
(poll) (s 5.5.3.3 and 5.5.3.4)
Response
(final)

Figure 6 — Unnumbered format of control field bits

(See 5.4.3 for a description of the functions of the P/F bit.)
Several unnumbered commands and responses (i.e., SNRM, SARM, SABM, SNRME, SARME, SABME, SM, UA, DISC, DM,
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5.5.3.1 Information field structure
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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.

5.5.3.1.1 Hormat identifier subfield
The format

5.5.3.1.2 1D)ata link layer subfields

The data ligk layer subfields specify various data link layer characteristics and¢parameters. The contents of these sub
generated ai
on the HDUJ

A data link
parameter f}

The group
Internation4

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

Format
identifier
subfield
F A Control field FCS F
Data link User data
P v P i P
1 octet subfields
Information field ————————————

A

HDLC parameters;

Kigure 7— Format of the optional information field in specified unnumbered commahnds‘and responses

dentifier subfield is a fixed length of one octet and is illustrated in figure 7.

nd consumed by the data link layer logic. The length of these subfields is limited by the maximum length re
C frame information field, taking into account the lengths of the(format identifier subfield and the user data §

layer subfield consists of a group identifier (1 octet), & group length (1 or 2 octets, depending on usag
eld (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

dentifier (GI) identifies the function of that data link layer subfield. Five data link layer subfields are defin
1 Standard:

ddress resolution;

ode and modulus;

M
M

ultilink parameters; and
ser-defined-parameters.

fields are
Strictions
ubfield.

£), and a

td in this

octet GL

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

A group length value of zero indicates that there is no associated parameter field and that all parameters within the subfield
specified by the associated group identifier should assume their default values.

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.
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GI GL Pl PL PV PI PL PV

1Octet 1Octet m Octet

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 structure

ISO/IEC 13239:1997(E)

NOTE — The value of PL does not include the lengths of either itself or its associated PI.
A PL value of zero indicates that the associated PV is absent and that the parameter shall assume the default value.
A PI/PLIPV set may be omitted if it is not required for conveying information or if default values for the parametgrs are to be
used. Al parameter field containing a PI that is not specified in this International Standard is defined as invalid pnd shall be
ignored {except within the user-defined parameters subfield, in which Pls other than PI=0 may be defined by“a priqr agreement
between [the stations). Except where noted, duplicate PIs should not be sent within the same data link layer subfield. The
behavior] of the receiver upon receipt of duplicate PIs within the same data link layer subfield is not défined in this International
Standard.
5.5.3.1.3] User data subfield
The user|data subfield contains user information. This data link user information is transported transparently across fhe data link
layer to the user of the data link. The amount of information (number of bits) that canbe accommodated is limited only by the
maximumn length restrictions on the HDLC frame information field, taking into account the lengths of the fornfat identifier
subfield pnd the data link layer subfields.
The user|data subfield is composed of a user data identifier (1 octet), and a user data field (n bits).
The user|data subfield, therefore, has the organization illustrated in figure“\1 0!
User data identifier User data field
Figure 10 = User data subfield

5.5.3.1.4 Allowable subfields in unnumbered format command/response frames
The varipus subfields that may exist in the inforiation field of certain unnumbered format command and responst frames are
given in ftable 7.

Table 7=—~Allowable subfields/groups in optional information

field in specified unnumbered format commands and responses

Subfields
Format Data Link Layer User Data
Comdes/ Identifier Address HDLC Mode & User-defined
Respohses Resoultion Parameters Modulus Multilink Parameters

DISC X X
DM X X X X X
SABM X X X X
SABMH 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 encodings for those subfields that are identified as being associated with the mode-setting command/response frames are
given in 5.5.3.2. The subfield encodings for those subfields that are identified as being associated with the general purpose XID
command/response frames are given in 7.2.
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5.5.3.2 Information field encoding of mode-setting command/response frames

The format identifier subfield is always the first octet of the optional information field. The data link layer subfields, if present,
follow in ascending order according to their GI values. Except where noted, specific data link layer subfields may appear only
once. The absence of a particular data link layer subfield should be interpreted to mean default values. The user data subfield, if
present, is always the last subfield.

5.5.3.2.1 Format identifier subfield encoding
The format identifier subfield can be encoded to have the capability of designating 256 different formats.

The format identifier subfield used for HDLC-standard, general purpose mode-setting command/response frames as defined in
the International Standard shall be encoded as illustrated in figure 11.

First bit transmitted

¢ High order bit

Control 1 4 g 9 0 0 0 0 1 | Daulink
field layer subfield

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

All other v3lues of the mode-setting command/response frame format identifier are reservédfor future assignment.

5.5.3.2.2 Data link layer subfield encoding

Figure 12 ihdicates the GI encodings for the data link layer subfields that are identified as being associated with the mofle-setting
command/iesponse frames covered in this International Standard.

First bit transmitted  High order bit

\

0 0,0"1 Mode and modulus
00" 0 1 HDLC parameters
11 1 1 User-defined parameters

o o — «f—

(== R )
[ =)
oS O O

Figure 12 — Group identifier encoding for data link layer subfields

The GI engoding of all ones (1111 1111)/s not used as a data link layer subfield identifier encoding. It serves as the| identifier
encoding for the user data subfield.

All GI encgdings not assigned in this-International Standard (here and in 7.2) are reserved for future use.
NOTES

1. The HPLC parameters data‘link layer subfield and the user-defined parameters data link layer subfield may each appear more than once in
the infprmation field{This allows the station to convey multiple menus in the information field.

2.  The user-defined parameters identifier is for use to identify parameters outside the scope of the HDLC parameters identifier whjile making
use of those parameters that are explicitly identified under the HDLC parameters identifier.

5.5.3.2.2.1_Mode and modulus
The data link layer subfield associated with the mode and modulus group is illustrated in figure 13.
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First bit transmitted

Gl GL ‘— 1 Octet —» 1 Octet
10000001 01000000 o|0/1|0/1| Io 0/1|0/1|0/1 0|0|0|o| 0/1|0/1|0/1|0/1|
1Octet —Pp-lf— 1Octet —P» *
ABM Mod 8
ARM Mod 128
Mod 32 768
NRM Ivfod-2-H7-483-648

I < Mode of > Modulus of
operation I<_— 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 indicatgd by setting
the corrgsponding bit(s) to "1".

5.5.3.2.2.2 Parameter field elements
Table 8 {dentifies the parameter field elements that are defined here.

Table 8 — Mode-setting data link layer subfield parameter field elements
HDLC parameters (GI = 00000001)

PI Parameter field-element
5 | Maximum information field length — transmit
6 | Maximum information field length — receive
7 | Window size k — transmit
8 | Window size k +~~receive

User-definedparameters (GI = 00001111)

PI Parameter field element
0 | Parameter set identification

The follpwing legend explains the symbels used in tables 9 and 10.

B: Indicates this field is binary encoded.
N: WNumber of octets.
NA: ot applicable.

Table 9 — HDLC parameters elements

Code Bit
Name PI | PL Parameter field element Type Np. Value
Maximym information field length 5 N | Maximum information field length-transmit B NA B
(transmft) (bits)
Maximym idformation field length 6 N | Maximum information field length-receive B NA B
(receivd) (bits)
Window size k (transmit) 7 4 | Window size k-transmit (frames) B NA B
Window size k (receive) 8 4 | Window size k-receive (frames) B NA B
Table 10 — User-defined parameters elements

Name PI PL Parameter field element Code type | Bit No. Value
Parameter set identification 0 N | Parameter set identification NA NA (See Note 1)
(Implementor-defined) (See Note 2) 1t0 255 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 P/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.
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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.

First bit transmitted ~ High order bit

\ |

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 daa field is transported transparently by the data link and passed to the user of the data link. The engcoding of the user
data field i§ 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 unnumpered command encodings are shown in figure 15.

’—— First bit transmitted

1 2 3 4 6

w
]
oo

SNRM command
SARM command
SABM command
DISC command
SNRME command
SARME command
SABME command
SIM command

UP command

Ul command

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

1 SM command

I UIH command

— et e e
— e e e e e e
—_—— O O O e e O = O
v/vWwww'YTTUTTT
O =~ O QO =000 — OO
S oo OTH=)—— — O OO
—_—0 OO0 O OO O O —~

0
1
1
0
1
1
1
1
0
0
1
1

1 1 0 0 P
1 1 0 0 P
1 1 I 1 P 1

O —

Figure 15 — Unnumbered command control field bit assignments

The SNRM, SARM, SABM, DISC} SNRME, SARME, SABME, SM and SIM unnumbered mode setting commands and the
RSET unn@mbered resetting command, the XID unnumbered command, and the TEST unnumbered command, shall r¢quire the
secondary/¢ombined station to ‘acknowledge acceptance by responding with the appropriate unnumbered response frafe (a UA
response frame, an XID{ésponse frame, and a TEST response frame, respectively). If the secondary/combined statiop receives
more than pne of the @bove commands before a respond opportunity occurs, it shall transmit the response appropriate tp the first
of the received commands at the first respond opportunity. The secondary/combined station transmission of the appropriate
response fdllowing)the receipt of one of these commands shall take precedence over a response for any other previous fommand
which may| bedwaiting for a respond opportunity at the secondary/combined station. Following receipt of one of the above
commands, i f T tved; ity, 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.

If appropriate to the mode of operation, the secondary/combined station may continue transmission following return of the UA
response.
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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.e., 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:

2) at the earliest respond opportunity in TWS data communication.

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

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

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

The UA frame shall have the F bit set to "1" if the command has the P bit sett0 "1". The UA frame may be followed by
additional combined station transmissions, if pending.

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

In the cage of the non-operational mode setting commands (SIM andBPISC), the respond opportunity at the secondary/combined
station shiall be system defined; i.e., a given secondary/combined station shall be system defined to use the normal m¢de respond
opportunity or the asynchronous mode respond opportunity for the response following a SIM or DISC command, as fpllows:

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

b) Upon receipt of the DISC command, the sécondary/combined station shall respond with the UA or DM response
ddpending on whether the secondary/combined station was in an operational mode or a disconnected mode, rpspectively,
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
cdmmand has the P bit set to "1".

If the sedondary/combined station cannet/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 flelds shall-be\one octet in length. The secondary station shall confirm acceptance of the SNRM cqmmand by
transmissfon of a UA-tesponse at the first respond opportunity. Upon acceptance of this command, the secondary dtation send
and receiYe state variables shall be set to zero.

When thif ‘edonimand is actioned, the responsibility for all unacknowledged I frames assigned to data link control feverts to a
higher layer. Whether the content of the mformation ield 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 7.

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 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 level.
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An information field may be present in the SARM command. The structure of the information field when present is as indicated

in 5.5.3.2 and table 7.

5.5.3.3.3 Set asynchronous balanced mode (SABM) command

The SABM command shall be used to place the addressed combined station in the asynchronous balanced mode (ABM) where
all control fields shall be one octet in length. The combined station shall confirm acceptance of the SABM command by
transmission of a UA response at the first respond opportunity. Upon acceptance of this command, the combined station 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 highpr layer

An information field may be present in the SABM command. The structure of the information field when present s as jndicated

in 8829 and tahla 7
i J.0.5.4 aifG 1aoiC /.

5.5.3.3.4 Disconnect (DISC) command

The DISC ¢ommand shall be used to terminate an operational or initialization mode previously setyby/a command.| In both
switched and non-switched networks it shall be used to inform the addressed secondary/combined station(s) |that the
primary/combined station is suspending operation and that the secondary/combined station(s) should assume a |logically
disconnecteld mode. In switched networks, a logically disconnected function at the data link<layeér may aiso serve to iitiate, at
the physical layer interface, a physical disconnect operation of the physical layer; i.e., to have the addressed secondary/¢ombined
station go "pn-hook". Prior to actioning the command, the secondary/combined station shall/confirm the acceptance of the DISC
command bjy the transmission of a UA response.

When this gommand is actioned, the responsibility for all unacknowledged I frameés assigned to data link control reyerts to a
higher layel. Whether the content of the information field of such unacknowledged I frames is reassigned to data link cpntrol for
transmissiof or not is decided at a higher layer.

An informalion field may be present in the DISC command. The structire.of the information field when present is as indlicated in
5.5.3.2 andtable 7.

5.5.3.3.5 $et normal response mode extended (SNRME) comrmand

The SNRME command shall be used to place the addressed secondary station in a normal response mode where jumbered
command/rgsponse control fields shall be two octets inlength and unnumbered command/response control fields shgll be one
octet in lerngth (see 5.3.1). The secondary station shall confirm acceptance of the SNRME command by transmissior| of a UA
response af the first respond opportunity. Upon acceptance of this command, the secondary station send and recgive state
variables sHall be set to zero.

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

An information field may be (presént in the SNRME command. The structure of the information field when pregent is as
indicated ir} 5.5.3.2 and table.J.

5.5.3.3.6 Pet asynchronous response mode extended (SARME) command

The SARME conimand shall be used to place the addressed secondary station in an asynchronous response mogde where
numbered ¢ommand/response control fields shall be two octets in length and unnumbered command/response control fields shall
be one octdt indlength (see 5.3.1). The secondary station shall confirm acceptance of the SARME command by transmifsion of a
UA responSe at te 1 respond opportunily.  UPOIT acCeptance of thisTo amd;the secondary statiormr send—amd Teceive 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.

An information field may be present in the SARME command. The structure of the information field when present is as
indicated in 5.5.3.2 and table 7.

5.5.3.3.7 Set asynchronous balanced mode extended (SABME) command

The SABME command shall be used to place the addressed combined station in an asynchronous balanced 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 combined station shall confirm acceptance of the SABME command by transmission of a

UA response at the first respond opportunity. Upon acceptance of this command, the combined 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 1 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 SABME command. The structure of the information field when present is as
indicated in 5.5.3.2 and table 7.

5.5.3.3.8 Set initialization mode (SIM) command

The SIM command shall be used to cause the addressed secondary/combined station to initiate a station-specified procedure(s) to
initialize its data link layer control functions. No information field shall be permitted with the SIM command. The
secondary/combined station shall confirm acceptance of the SIM command by the transmission of a UA response at the first
respond opportunity. Upon acceptance of this command, the secondary/combined station send and receive state variables shall
be set to Zero.

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

5.5.3.3.9 | Unnumbered poll (UP) command

The UP gommand shall be used to solicit response frames from a group of secondary stations-(group poll), from alf secondary
stations (pll-station poll) or from a single secondary/combined station (individual poll) by, ‘establishing a logical joperational
condition|that exists at each addressed data station for one respond opportunity. In the case¢\0fa group poll or all-statipn poll, the
mechanisin employed to control response transmissions (to avoid simultaneous transmi§sions) is not defined in this International
Standard.| The UP command does not acknowledge receipt of any response frames thatimay have been previously trapismitted by
the secondlary/combined station. No information field shall be permitted with the YP command.

The secorjdary/combined station(s) which receives the UP command with a gfoup or all-station address shall respond fin the same
manner ab when polled using an individual address. The response frame(s) shall contain the sending secondarl/combined
station's individual address, plus N(S) and N(R) numbers as required\by the particular response(s). The continufity of each
secondary/combined station's N(S) shall be maintained. If the UR 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 sfation may or may not respond depending on the sfatus of the
secondary/combined station. Secondary/combined station resperises 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 stgtion which
receives d UP command with the P bit set to "0" shall re§pond when:

a) it has an I/UI frame(s) to send;

b) it has an I frame to resend because it did-not receive an acknowledgement;

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

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

€) it has experienced an ex¢eption condition or change of status that has not been reported; or

f) ithas a status that has-to be reported again (for example, a FRMR, RIM or RD, or, optionally, an approprigte frame to
report a no-traffic'condition, or a DM response to request a mode setting command).

If an idle[data link ¢hannel state (15 "ones") exists following the receipt of a frame(s), or no response is received within a given
period of time, it'shall be assumed that the secondary/combined station has completed, or will not initiate, transmissiof.

5.5.3.3.1(4 “Unniumbered information (UI) command

The UI command shall be used to send information (for example, status, application data, operation, interruption, data link layer
programs, temporal data or parameters) to a secondary/combined station(s) without affecting the V(S) or V(R) variables at any
station. Reception of the UI command 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 command, or duplicated if an exception condition occurs during
any reply to the command. There is no specified secondary/combined station response to the Ul command. The Ul command
may be sent independently of the mode of the data link station.

5.5.3.3.11 Exchange identification (XID) command

The XID command shall be used to cause the addressed secondary/combined station to identify itself, and, optionally, to provide
primary/combined station identification and/or characteristics to the addressed secondary/combined station. An information field
is optional with the XID command. A secondary/combined station receiving a XID command shall, if capable, action the XID
command in any mode unless a UA response to a mode setting command is awaiting transmission or a FRMR condition exists.

If an XID command contains an information field, the first octet of the information field shall be the format identifier for the
remainder of the information field.
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The encoding of the format identifier shall be as shown in figure 16.

’—— 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

\ /

Format identifier value
Ei 16— XID fi identifi

NOTE — THe format identifier has a capability of designating 128 different standardized formats and 128 different user-defined forml.ts

In an operafional mode (NRM, ARM or ABM), a FRMR condition may be established if the received XID command information
field exceedls 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 dombined station. No information field shall be permitted with the RSET command, ‘Fhe addressed combinied station
shall confifm acceptance of the RSET command by transmission of a UA response at_the.first respond opportunify. Upon
acceptance|of this command, the addressed combined station receive state variable shall be set to zero. If the UA r¢sponse is
received cdrrectly, the initializing combined station shall reset its send state variable to Zero.

The RSET|command shall reset all frame rejection conditions in the addressed Combined station, except for an invjalid N(R)
condition Which the addressed combined station has reported by a FRMR frame. The RSET command may be sgnt by the
combined dtation which detects an invalid N(R) to clear such a frame rejection)condition in place of sending a FRMR frame. To
clear an irjvalid N(R) frame rejection condition with a RSET command, the RSET command shall be transmitted by the
combined gtation that detects the invalid N(R).

When this|command is actioned, the responsibility for all unacknowledged I frames assigned to data link control rqverts to a
higher laygr. Whether the content of the information field of siich-unacknowledged I frames is reassigned to data link gontrol for
transmissiqn or not is decided at a higher layer.

5.5.3.3.13 | Test (TEST) command

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

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

5.5.3.3.14| Set mode (SM) command

The SM cpmmand ‘shall be used to place the addressed station (combined/secondary) in one of the operational mofles where
numbered comntand/response control fields are greater than two octets in length. The SM command may be used tq place the
addressed ptation-(combined/secondary) in one of the operational modes where numbered command/response control| fields are
one or twoloctets in length

The specific operational mode, in which the addressed station is placed using the SM command, may be determined by other
means (see below). Furthermore, use of the SM frame may require these other means to set the number of octets to be used in I
format and S format command/response control fields.

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 7.

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 and
modulus for operation shall be specified as in items (a) or (b). The combined/secondary station shall confirm the acceptance of
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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 1 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 UIH command frame, the FCS shall be calculated over only a specified length of the beginning of the frame.
The length of the protected portion shall be determined by parameter negotiation (XID exchange or mode-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 UFH. frme may be
lost if a dhta link exception occurs during the transmission of the protected portion of the command, or duplicdted-if a exception
condition| occurs during any reply to the command. There is no specified secondary/combined station response ffo the UIH
command. The UIH command may be sent independently of the mode of the data link station.

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

5.5.3.4 Unnumbered responses
The unnumbered response encodings are shown in figure 17.

’——— 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 I 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 E 0 0 0  RIM response

1 1 0 0 F 0 0 0 Ul response

1 1 1 1 F 1 0 1 XID response

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

Figure 17—-Unnumbered response control field bit assignments

5.5.3.4.1 | Unnumbered acknowledgement (UA) response

The UA rgsponse shall be used by the secondary/combined station to acknowledge the receipt and acceptance of SABM, SNRM,
SARM, YNRME, 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 7.

When thd UA respefise: has an information field containing the mode and modulus element, at most one mode Bit and one
modulus bit can be'set'to «1».

5.5.3.4.2 | Eraine reject (FRMR) response

The FRMR tesponse 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:

a) the receipt of a command or a response that is undefined or not implemented;

b) the receipt of an I/UI/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.
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The secondary/combined station shall transmit the FRMR response at the first respond opportunity.

R ATy

After sending a FRMR response, ihe secondary/combined station:

ISO/IEC

a) shall stop transmitting I frames if the frame reject exception condition was caused by an invalid N(R) since its direction of

transmission is affected; or

b) may, because the opposite direction of transmission is affected, optionally continue sending I frames if the frame reject

exception condition was caused by:

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

2) an I frame with an information field which exceeded the maximum information field length which can be

accommodated by the secondary/combined station.

(See 5.6.4

—y

r a description of command-response rejection procedures.)

/combined station receiving the FRMR response shall be responsible for initiating the appropriate mode

E, SABME, SM, or DISC command, as applicable.

An information field shall be returned with this response to provide the reason for the frame rejectionsy When moduio
the information field shall contain the fields shown in figure 18a.

First bit transmitted

123456789 10111213 141516171819 20

Rejected frame

control field 0] N(GS) |CR| NR)Aw |x|y|z

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

The functiops 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
condlition.

etting or

ective action by initializing one or both directions of transmission using the RSET, SNRM,"SARM{ SABM,

is used,

pxception

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

c) C/R|set to "1" shall indicate that the frame which caused the frame reject exception condition was a response ffame, and

C/R|set to "0" shall indicate that the frame which caused the frame reject exception condition was a command fr

4qme.

d) N(R) shall be the current value of the receive state variable at the secondary/combined station (bit 14 = low-ordef bit).

€) w spt to "1" shall indicate that tHe control field received and returned in bits 1 to 8 inclusive was undefinpd or not

implemented.

f) x sqt to "1" shall indicate~that the control field received and returned in bits 1 to 8 inclusive was consider
bechuse the frame contained an information field which is not permitted with this command or response. Bit
set fo "1" in conjunction With this bit.

g) ysetto "1" shalliindicate that the information field received exceeded the maximum information field length wh
accpmmodated by the secondary/combined station.

h) zsetto,"{" shall indicate that the control field received and returned in bits 1 to 8 inclusive contained an invalid

d¢d invalid
shall be

ch can be

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 unspecified rgjection of

the frame for one or more of the conditions cited above. If required, the information field contained within the FRM
may be padded with zero bits so as to end on any convenient, mutually agreed upon character, byte, word or machine-
boundary. (See also 5.6.4.)

response
dependent

When the control field extension (see 5.3.1) is used for modulo 128, the format for the information field returned with the FRMR

response shall be as shown in figure 18b.

}———- First bit transmitted

) T 16 17 18-+---24 25 26-+-3233----- 36

Rejected extended frame| ) NeS) | cr| NR)
control field

Figure 18b — Information field format for FRMR response in modulo 128 operation
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Bit 18 and bit 26 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 128 operation, the rejected frame control field is the control field of the
received frame which caused the frame reject exception condition. When the rejected frame is an unnumbered frame, the control
field of the rejected frame is positioned in bit positions 1 to 8, with bits 9 to 16 set to zero.

When the control field extension (see 5.3.1) is used for modulo 32 768, the format for the information field returned with the
FRMR response shall be as shown in figure 18c.

’— First bit transmitted

[ERRERRRTERETES 32 33 34----48 49 50----64 65 66 67 68

KRejected extended

frame control field 0 NE) CR N(R) L R I

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

Bit 34 arld 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 exfended FRMR response format in modulo 32 768 operation, the rejected frame contfol 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.

’———— First bit transmitted

| RS 64 65 66----96 97. 98----128 129 130 131 132

Rejected extended

frame control field 0 N(S) CR N(R) wilx tyl]z

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

Bit 66 arld 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 the corftrol field of
the received frame which caused the frame reject exception condition. When the rejected frame is an unnumbered frame, the
control figld of the rejected frame is positiohed in bit positions 1 to 8, with bits 9 to 64 set to zero.

5.5.3.4.3 | Disconnected mode (PM)'response

The DM fesponse shall be used 1o report a status where the secondary/combined station is logically disconnected frpm the data
link, and |s, by system definition, in NDM or ADM.

The DM [response shall“be sent by the secondary/combined station in NDM or ADM to request the primary/othef combined
station tq issue a mode setting command, or if sent in response to the reception of a mode setting command, to|inform the
primary/dther combined station that it is still in NDM/ADM and cannot action the mode setting command. An inforthation field
may be pfesentiin’'the DM response. The structure of the information field when present is as indicated in 5.5.3.2 and fable 7.

A secondanicom 2 : RN eteet-a—respe atty in order to
(re)transmit the DM response (or the RIM XID UI TEST or RD responses, as appropriate); i.e., no commands (other 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 Request disconnect (RD) response

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

A secondary/combined station which has sent an RD response and receives a command frame(s) other than the DISC command
shall accept the command frame(s) if it is able to do so. If the secondary/combined station accepts the non-DISC command
frame(s), it shall follow the normal procedures when responding to the primary/combined station. Secondary/combined station
acceptance of a frame other than the DISC command after sending an RD response cancels the RD response. If the
secondary/combined station still wishes to be placed in the disconnected mode (NDM or ADM), it shall re-issue the RD
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response. If the secondary/combined station cannot accept the non-DISC frames due to internal problems, it may again respond
with an RD response to the non-DISC frames.

5.5.3.4.5 Request initialization mode (RIM) response

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

E&L&2AL Tlasriiolenwad o Fammrntinm
5.5.3.4.6 Unnumbered information (U}) reSponse

The UI respjonse shall be used to send information (for example, status, application data, operation, interruption, Qr ftemporal
data) to a prjmary/combined station without affecting the V(S) or V(R) variables at either station. Reception of the U} repponse is
not sequenck number verified by the data iink procedures; therefore, the Ul frame may be iost if a data linkjexCeptign occurs
during transmission of the Ul response, or duplicated if an exception condition occurs during any reply to theUI responge.

The Ul resppnse may be sent during any mode of the data link station.

5.5.3.4.7 Hxchange identification (XID) response

TN T ~ T

The XID r¢sponse shali be used to repiy to an XiD command, or to request an XID cOmmand/response exchapge. An
information|field containing the secondary/combined station identification and/or characteristicS may be optionally prepent with
the XID regponse. A secondary/combined station in any mode receiving an XID command shall, if capable, send|the XID
response, u:Lless a UA response is pending or a FRMR condition exists.

If an XID rfesponse contains an information field, the first octet of the information field shall be the format identifigr for the
remainder of that information field. See figure 19 for the encoding of the formatddentifier field.

A secondary/combin n unsolicited XID response at @ity respona
including ad a response to any received command, not just an XID command.

L
Javiaiige,

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

5.5.3.4.8 Test (TEST) response

The TEST tlesponse shall be used to reply to the TEST-command in any mode. A secondary/combined station, receiving a TEST
command, ghall, if capable, send the TEST responselin accordance with the defined mode, unless a UA response is pending or a
FRMR conglition exists.

An informdtion field, if present in the PEST command, shall be returned with the corresponding TEST responsg. If the
secondary/dombined station is busy and cannot accept an information field, a TEST response without an information field shall
be returnedl If the secondary/combihed ‘station is in an operational mode (NRM, ARM, ABM), a FRMR conditiof may be
established |if the received TEST-command has an information field which exceeds the maximum established framg storage
capability of the secondary/combined station. If a FRMR response is not returned for this condition, a TEST response without an
information field shall be returned.

5.5.3.4.9 Unnumberediinformation with header check (UIH) response

The UIH rpsponsesshall be used to send information where the integrity of the information being transferred is [of lesser
importance|thanits delivery to the correct primary/combined station(s) without affecting the V(S) or V(R) variables| at either
station. For the UIH response frame, the FCS shall be calculated over only a spemﬁed length of the begmnmg of the frgme. The
length of th 2 hange), a
priori knowledge orasa system defmmon

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

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

A data Zlation receiving an RNR frame when in the process of transmitting (i.e., two-way simultaneous) shall step tfansmitting I
frames af the earliest possible time. It is suggested that a secondary station in NRM return a frame and the F bit’set fo "1" before
suspending transmission. A secondary/combined station in ARM/ABM, respectively, shall perform a response/command time-
out befofe resuming transmission.

Indicatign that a busy condition has cleared and that I frames will now be acceptable shall be reported by the transtission of an
RR, RE], SREJ, SNRM, SARM, SABM, SNRME, SARME, SABME, SM, or UA frame with or‘without the P/F Hit set to "1".
Clearange 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". Cldarance of a busy condition at a secondary/combined station shall also be indicated by.the transmission of an|I frame with
the F biffset to "1".

5.6.2 sg¢quence error

An N(S) sequence error exception condition shall occur in the receiver whenXan I frame received error free (n¢ FCS error)
containg an N(S) that is not equal to the receive state variable at the recgiver? The receiver shall not acknowledige (i.e., not
increment its receive state variable) the frame causing the sequence error,or any I frames which may follow until an|I frame with
the corrgct N(S) is received. Unless the SREJ frame is to be used to re¢over from a given sequence error, the informption field of
all I frames received whose N(S) does not equal the receive state varjable shall be discarded. (See 5.6.2.3 for SREJ recovery.)

A primafy, secondary or combined station which receives one or'more I frames having sequence errors, but which gre otherwise
error freg, shall accept the control information contained in théN(R) field and the P/F bit to perform data link contiol functions;
for example, to receive acknowledgement of previously transmitted I frames, to cause a secondary/combined statign to respond
(P bit sqgt to "1"), and, in NRM, to detect that the secondary station is terminating transmission (F bit set to "1"). Therefore, the
retransnjitted I frame may contain an N(R) field and/er®P/F bit information that are updated and different from those|contained in
the originally transmitted I frame.

Followipg the occurrence of a sequence errory the following means are available for initiating the retransmission of]lost I frames
or those|with errors.

5.6.2.1 | Poll/final (P/F) bit (checkpoint) recovery (see also 5.4.3.2)

When afdata station receives a frame with the P/F bit set to "1", it shall initiate retransmission of unacknowledged I frames
previougly transmitted with sequence numbers that are less than the V(S), send state variable, value that was current fit the time of
transmigsion of the last frame' with the F/P bit, respectively, set to "1". Retransmission shall start with the oldgst numbered
unackndwledged I frame\™ 1 frames shall be retransmitted sequentially. New I frames may be transmitted if they become
availablg. Such retransmission of I frames as a result of an exchange of P/F bits set to "1" is known as checkpoint refransmission.

ing the multi-selective reject procedure, any I frames that were retransmitted subsequent to the transmissign of the last
th the P/F bit, respectively, set to "1", shall not be retransmitted. For a combined station, if any frames are retransmitted,
1Kshall be sent, either by transmitting an RR command (or RNR command if the station is in the busy copdition) with

Checkpoint retransmission shall not be initiated under the following conditions:

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

b) 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.e., same N(R) in same numbering cycle.

c) 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
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unresolved SREJ frame, if it would cause retransmission of the same particular 1 frame; i.e., same N(R) in same
numbering cycle.

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

e) IfaP/F bitsetto"1" isreceived in an unnumbered format frame, checkpoint retransmission shall be inhibited.

f) If, after sending a frame with the P/F bit set to "1", a data station receives an acknowledgement to that frame before

receiving the corresponding frame with the F/P bit set to "1", checkpoint retransmission on the frame with the F/P bit set
to "1" shall be inhibited

g) Ifa $REJ frame with the P/F bit set to "1" is received, the SREJ recovery retransmission shall be used and net cHeckpoint
retransmission.

h) In tHe case of a combined station, if any frame with the P bit set to "1" is received, checkpoint retfansmissior| shall be
inhibited.
i) In tHe case of a primary/secondary station, when the multi-selective reject procedure is used, checkpoint retrarjsmission
on r¢ceipt of an RR frame with the P/F bit set to "1" shall be inhibited if any new I frames-were transmitted subsgquent to
the last frame with the P/F bit set to "1". In the case of a combined station, when the multi-selective reject progedure is

used, checkpoint retransmission on receipt of an RR frame with the F bit set to "1" shallbe inhibited if any new{ I frames
werd transmitted subsequent to the last frame with the P bit set to "1".

5.6.2.2 RRJ recovery

The REJ conmand/response shall be used primarily to initiate an exception reeOvery (retransmission), following the defection of
a sequence [error, earlier than is possible by checkpoint (P/F bit) recovery;{for ‘example, in two-way simultaneous information
transfer, if 4 REJ frame is immediately transmitted upon detection of a sequence error, then there is no requirement to yvait for a
frame with the P/F bit set to "1".

With respedt to each direction of transmission on the data link, only.one "sent REJ" exception condition from a given dajta station
to another given data station shall be established at a time. A "sent'REJ" exception condition shall be cleared when the fequested
I frame is r¢ceived or when the response/command time-out funetion runs out. When the data station perceives by timg¢-out that
the requestgd I frame has not been received, because either;the requested I frame or the REJ frame was in error or lost} the REJ
frame may be repeated.

A data statipn receiving a REJ frame shall initiate sequential transmission (or retransmission) of [ frames starting with tHe I frame
indicated by the N(R) contained in the REJ framel_New I frames may be transmitted subsequently if they become availaple.

If

a) retrgnsmission beginning witha particular frame occurs due to checkpointing (see 5.4.3.2.1, 5.4.3.2.2,5.4.3.2.3,[5.4.3.2.4
and|[5.6.2.1), and

b) aREJ frame is received which would also start retransmission with the same particular I frame [as identified by|the N(R)
in the REJ frame],

the retransmission resulfing-from the REJ frame shall be inhibited.

5.6.23 S
The SREJ hission of
one or mor ission of

the earliest frame in need of retransmission plus all addltlonal 1 frames which may have been transmltted subsequemly

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 I 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 frame with the F
bit set to "1", the combined station shall send a SREJ response with the F bit set to "1" with the same N(R) as the oldest
unresolved SREJ frame.
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In a primary/secondary station, since an I or S format frame sent with the P/F bit set to "1" has the potential of causing
checkpoint retransmission, a primary/secondary station shall not send SREJ frames until it receives at least one in-sequence I
frame or it perceives by time-out that the checkpoint retransmission will not be initiated by the remote station. In a combined
station, since an I or S format frame sent with the F bit set to "1" has the potential of causing checkpoint retransmission, a
combined station shall not send SREJ frames until it receives at least one in-sequence I frame or it perceives by time-out that the
checkpoint retransmission will not be initiated by the remote station.

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

When a data station perceives by time-out that the requested I frame will not be received, because either the requested I frame or
the SREJ frame was in error or lost, the SREJ frame may be repeated.

A data stjtion receiving one or more SREJ frames shall, when appropriate, initiate retransmission of the individukl I frames
indicated py the N(R) values contained in each SREJ frame. After having retransmitted these I frames, new [frarhes may be
transmittefd subsequently if they become available.

When a pfimary/secondary station receives and actions one or more SREJ frames, each with the F bit (prilary statign) or P bit
(secondary station) set to "0", it shall disable actioning of the next SREJ frame received if that frame has the F it (primary
station) of P bit (secondary station) set to "1" and has the same N(R), (i.c., same value and same ‘lumbering cylcle) as the
previously actioned SREJ frame, and if the resultant retransmission was made following the retransmission of the P Hit (primary
station) of the F bit (secondary station). When a combined station receives and actions one orlmore SREJ commands, each with
the P bit set to "0", or a SREJ command with the P bit set to "1", or one or more SREJ respenses, each with the F bit get to "0", it
shall disable actioning of the next SREJ response frame received if that SREJ frame hasthe F bit set to "1" and hds the same
N(R) (i.e.] same value and same numbering cycle) as a previously actioned SREJ frame;-and if the resultant retransmission was
made follgwing the retransmission of the P bit set to "1".

When the[SREJ mechanism is used, the receiving station shall retain correctly, received I frames and deliver them td the higher
layer in sgquence number order.

5.6.2.3.2 | Multiple SREJ recovery

Multiple $REJ reject recovery shall be used when the multi-selective.reject procedure is used to request the retransmission of one
or more (ot necessarily contiguous) I frame(s) following the detection of a sequence error.

When a pfimary/secondary or combined station receives an\out-of-sequence I frame, the I frame shall be held for later delivery.
The [ frame shall be delivered to the upper layer only when all I frames numbered below N(S) are correctly receivdd. 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 transmifted, at the
earliest pgssible time, that contains the sequence, numbers of the list of consecutive missing I frames ending at N(S)-|; the N(R)
field in thie control field shall be set to the first sequence number in the list; the information field shall contain the|rest of the
sequence pumbers. 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 receivir g an SREJ
frame with the P/F bit set to O shall “fetransmit all requested I frames. After having retransmitted these 1 frames, the
primary/s¢condary or combined station may transmit new I frames, if they become available.

When a pfimary/secondary stations ready to issue the next frame with the P/F bit to "1" and if there are out-of-sequenke I 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 oldestjunacknowledged.I frame and the information field containing the sequence numbers of the rest of the missin g I frames.
When a cgmbined statiofris ready to issue the next response frame with the F bit to "1" and if there are out-of-sequenke 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 ungcknowledged 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 trfincated by
including fonly-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 refransmit 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 I frames, if they
become available.

Annex B includes examples of the possible use of the multi-selective reject procedure and implementation guidelines.

5.6.2.4 Time-out recovery

In the event that the remote data station, as a result of a transmission error, does not receive (or receives and discards) a
transmission consisting of a single I frame or the last I frame(s) in a sequence of I frames, it will not detect an out-of-sequence
exception condition and therefore will not transmit a SREJ/REJ frame. The data station which transmitted the unacknowledged 1
frame(s) shall, following the completion of a system defined time-out period, take appropriate recovery action to determine the
point at which retransmission shall begin.
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A primary/combined station should inquire status with a supervisory frame. When

a)

a secondary station has a respond opportunity, and

b) an optional time-out or equivalent function for unacknowledged I frames has run out, and

©)

no new I frames are available,

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

If the

multi-selective reject procedure is used, then status inquiry should be done using a supervisory frame. For a

primary/secondary station, I frame retransmissions shall be done only after a frame with the P/F bit set to "1" or an SREJ frame
with the P/F bit set to "0" is received. For a combined station, I frame retransmissions shall be done only after a response with
the F bit set to "1" or an SREJ response with the F bit set to "0" is received.

NOTES

1. If a datg station retransmits one of the unacknowledged I frames (not the last I frame) after a time-out, the data station should keep record
of the hlighest value of V(S) that had been sent so as to be able to identify an N(R) received as acknowledging or not deknowledging some

or all of the I frames previously transmitted.

2. If a dath station does retransmit all unacknowledged I frames after a time-out, it should be prepared to receive) a-following REJ or SREJ

frame With an N(R) greater than the send state variable at the data station which retransmits.

3. When, ps a result of a time-out, a secondary/combined station decides to retransmit a response frame; the retransmitted respgnse 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 respopse frame.

4. Care sHould be taken if a higher layer attempts to change an information field which is being-retransmitted as part of time-ouf recovery,

becausq the new information field is discarded if the receiving data station had correctly received-an I frame with the same N(S).

5. To accqunt for possible retransmissions after time-out, a receiving data station should ndt sét a SREJ exception condition when|it receives

an

5.6.3 FCS§error

I framne with an N(S) one less than its receive state variable.

Any frame [received with a FCS error shall not be accepted by the receiver and shall be discarded. At a secondary/fombined

station,
response
initiating rdcovery action.

5.6.4 Command/response frame rejection

no action shall be taken as the result of that frame. At a primary/combined station, if the frame with the FCS efror was a
e with the F bit set to "1", a resulting time-out function shall occur in the primary/combined statiof prior to

A commandl/response rejection exception condition shall be established upon the receipt of an error-free frame which cgntains an
undefined ¢r not implemented command/response inthe 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.

N(R), recoyery shall include, at least, the issuance of a mode setting command.

station, this exception conditiorshall be subject to recovery/resolution at a higher layer. In the case of fn invalid

At a seconflary station, this exception'condition shall be reported by a FRMR response for appropriate primary statipn action.
Once a sedondary station has established a FRMR exception condition, no additional I frames shall be accepted, ¢xcept for
examinatioh of the state of the(P bit and the value of the N(R) field, until the condition is cleared by the primary station issuing a
mode settipg command. The FRMR response shall be repeated at each respond opportunity until recovery is effected by the

primary station.

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

a)

b)

44

Thq combired station may follow a course of action similar to that described for a primary station, where the jexception
itiom is resolved as a higher layer function. The combined station shall issue a mode setting command gr a RSET

P Ie] £
) 'y UUTUITS TULU VLT y-avtIutTs

The combined station may follow a course of action similar to that described for a secondary station and request that the
other combined station resolve the exception condition and effect the required recovery.

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


https://iecnorm.com/api/?name=5fb8bce0daedd566ef75f4e5cfdb834b

©ISO/IEC ISO/IEC 13239:1997(E)

5.6.5 Contention situations

Contention may occur in ARM (ABM) during a mode setting action in either TWA or TWS communications, or following an
extended period of inactivity (idle data link channel state) in a TWA configuration. In the TWA case, the 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 basif classes of procedures are defined in HDLC: two unbalanced classes of procedures, a balanced class of [procedures,
and two donnectionless classes of procedures. (See 6.6.)

6.1 Types of data station
The typeg of data station that are defined in this International Standard utilize the building blocksillustrated in Figure(19.

Data Source and
flow sink*
Command Response Command and
Control
control control response control

Primary Control Secondary Tributary = Combined Peer
station  station station  station station  station

*  For sgnd-only I frame Stations or receive-only I frame stations, remove source or sink capability, as appropriate.
Figure 19 — HDLC stations — Building blocks

Two types of datayStation are defined for the unbalanced classes of procedures (see figure 19):

a) prjmary station, which sends commands, receives responses and is ultimately responsible for data link |layer error
recovery;

b) secondary stations, which receive commands, send responses and may initiate data link layer error recovery.

One type of data station is defined for the balanced class of procedures (see figure 19), i.e., combined stations, which send both
commands and responses, receive both commands and responses, and are responsible for data link layer error recovery.

Three types of data stations are defined for the connectionless classes of procedures (see figure 19):

a) control station in unbalanced connectionless class of procedure, which sends commands, receives responses, but does not
support any form of data link layer connection establishment/termination, flow control, acknowledgement, or error
recovery;

b) tributary stations in unbalanced connectionless class of procedure, which receives commands, sends responses, but does
not support any form of data link layer connection establishment/termination, flow control, acknowledgement, or error
recovery;
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commands and responses, but are not responsible for any form of data link

flow control, acknowledgement, or error recovery.

c) peer stations in balanced connectionless class of procedures which send both commands and re sponses, recelv
Tiem o Tan
1

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.

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 trapsmission
facilities to] build point-to-point, half-duplex or duplex, switched or non-switched configurations.

For the unpalanced connectionless class of procedures, a single control station plus one or more tributary station(g) shall be
connected [together over various types of transmission facilities to build point-to-point or multipointhalf-duplex ¢r duplex,
switched o non-switched configurations.

For the bglanced connectionless class of procedures, two peer stations shall be connected together over varioug types of
transmissidn facilities to build point-to-point, half-duplex or duplex, switched or non-switched-configurations.

10 Dunda pon

6.3 Operational modes

In an unbglanced class, any coupling of a primary station with secondary station(s) shall be operated in either the normal
response njode (NRM) or the asynchronous response mode (ARM), two-way alternate or two-way simultaneous, in gccordance
with the cdpability of the configuration being employed. In the balanced glass, two combined stations shall be opergted in the
asynchrongus balanced mode (ABM), two-way alternate or two-way simultaneous, in accordance with the capability of the
configuration being employed.

In the unBalanced connectionless class, any coupling of a controk'station with tributary station(s) shall be operafed in the
unbalanced connectionless mode (UCM), two-way alternate ortWé-way simultaneous, in accordance with the capabflity of the
configuratjon being employed.

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

6.4 Adgdressing scheme

In all clasfes (unbalanced, balanced, and.connectionless), commands shall always be sent containing a destination data station
address, anId responses shall always be sent containing the assigned transmitting data station address.

The "all-sfation" address or a "group" address may be used to transmit a command frame simultaneously to all the|secondary
stations o a multipoint configuration or to the defined group. of secondary stations. The addressing convention is specified in
4.7. The mechanism to avdid-overlapping responses to multiple station addressing is system dependent and is not specified in
this Internptional Standard:

6.5 Send and'receive state variables

For each primiary-to-secondary or combined-to-combined pairing, a separate pair of send and receive state variables shall be used
for each dmrmmﬂﬁmmﬁ, both the
send and receive state variables of the receiving station shall be set to zero. Upon receipt and acceptance of an acknowledgement
response to a mode setting command, both the send and receive state variables of the originating station shall be set to zero.

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

6.6 Fundamental classes of procedures

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

UNC - Unbalanced operation Normal response mode Class;

UAC - Unbalanced operation Asynchronous response mode Class;
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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 second letter, A, N, or C, indicates asynchronous, normal, or connectionless response mode; and

the third letter, C, stands for class.

6.6.2 BasicTepertoires
The folldwing basic repertoires utilize single octet addressing, unextended control field format, a 16-bit FCS,@nd $ynchronous
transmisgdion.
6.6.2.1 [UNC
The basi¢ repertoire of commands and responses for UNC shall be as follows:
Commands  Responses
| I
RR RR
RNR RNR
SNRM UA
DISC DM
FRMR
6.6.2.2 UAC
The basi¢ repertoire of commands and responses for UAC shall be as folfows:
Commands  Responses
[ 1
RR RR
RNR RNR
SARM UA
DISC DM
FRMR
6.6.2.3 [BAC
The basi¢ repertoire of commands and résponses for BAC shall be as follows:
Commands  Responses
[ I
RR RR
RNR RNR
SABM UA
DISC DM
FRMR
6.6.2.4 [UCC
The basif reépertoire of commands and responses for UCC shall be as follows:
Commands  Responses
Ul Ul
6.6.2.5 BCC
The basic repertoire of commands and responses for BCC shall be as follows:
Commands  Responses
Ul

6.7 Optional functions

Table 11 lists the optional functions that are available to modify the fundamental classes of procedures defined in 6.6. These
optional functions involve the additions or deletions of commands and responses to or from the basic repertoires, or the use of
alternate address or control field formats or alternate frame checking sequences or alternate form of transmission (see table 11).
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6.8 Consistency of classes of procedures

The consistency in the five classes of procedures, obtained through the use of the concepts of modes of operation, basic
command/response repertoires, and hierarchical structuring, is illustrated in 6.6.2. This consistency in repertoire facilitates the
inclusion of multiple versions of the classes of procedures in a data station that is configurable.

Table 11 — Optional functions

© ISO/IEC

Option Functional description Required change UNC | UAC | BAC | UCC | BCC
1 Provides the ability to exchange identification and/or | Add command: XID X X X X X
characteristics of data stations 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 Provi it —Ardd-command—SRES X X X
rame sequence errors by requesting retransmission of [ Add response: SREJ
h single frame
32 Provides the ability for more efficient recovery from I | Add command: SREJ X X X
frame sequence errors by requesting retransmission of | Add response: SREJ
bne or more individual I frames with a single request Support multi-selective
bonsisting of individual I-frame indicators only reject procedure using
individual I-frame
indicators only
33 Provides the ability for more efficient recovery fromI | Add command: SREJ X X X
frame sequence errors by requesting retransmission of | Add response: SREJ
bne or more individual I frames with a single request Support multi-selective
Consisting of individual I-frame indicators and span reject procedure using in-
ist indicators, as appropriate dividual I-frame indicators
and span list indicators
4 Provides the ability to exchange information fields Add command: Ul X X X
ndependent of the mode (operational or non- Add response: Ul
Eperational) without impacting the I frame sequence
umbers
5 Erovidcs the ability to initialize a remote data station, | Add command: SIM X X X X X
nd the ability to request initialization Add response: RIM
6 rovides the ability to perform unnumbered group Add¢ommand: UP X X X X X
d all-station polling as well as unnumbered
individual polling
7 Provides for greater than single octet addressing Use extended addressing X X X X X
format instead of basic
addressing format
8 Limits the procedures to allow I frames to be Delete response: 1 X X X
commands only
9 Limits the procedures to allow I frames'to be Delete command: I X X X
responses only
10.1 Provides the ability to use extended sequence Use extended control field X X X
numbering (modulo 128) format instead of basic
control field format; use
the SXXME command
instead of the SXXM
command
10.2 Provides the ability to use extended sequence Use extended control field X X X
numbering\(modulo 32 768) format instead of basic
control field format; use
the SM command instead
of the SXXM command
10.3 Provides the ability to use extended sequence Use extended control field X X X
numbering (modulo 2 147 483 648) format instead of basic
control field format; use
the SM command instead
of the SXXM command
11 Provides the ability to reset the state variables as- Add command: RSET X
sociated 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 Provides for 32-bit frame checking sequence (FCS) Use the 32-bit FCS instead X X X X X
of the 16-bit FCS
15.1 Provides for start/stop transmission with basic Use start/stop transmission X X X X X
transparency with basic transparency
instead of synchronous
transmission
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Option Functional description Required change UNC UAC BAC | UCC | BCC
152 Provides for start/stop transmission with basic Use start/stop transmission X X X X X
transparency and flow-control transparency with basic transparency
and flow-control
transparency instead of
synchronous transmission
15.3 Provides for start/stop transmission with basic Use start/stop transmission X X X X X
transparency and control-character octet transparency | with basic transparency
and control-character octet
transparency instead of
synchronous transmission
16 Provides for operation in a start/stop transmission Use the seven-bit data path X X X
environment that only permits transfer of seven data transparency function, in
bits per character conjunction with one of
the Option 15 functions
17 Provides the ability to set up a link Use the Set Mode X X X
command in place of the
corresponding frame from
the basic repertoire
(SXXM) or the associated
extended frame (SXXME)
to set up the link
18 Provides the ability to have an optional information Use the UA and DM X X X
field in the UA and DM response frames and the responses and the DISC
DISC command frame command with an optional
information field
19 Provides the ability to have an optional information Use the corresponding X X X
field in different mode setting commands from the mode setting command
basic repertoire (i.e., SABM, SARM, SNRM) or the with an optional
alternative frame per optional function 10.1 (i.e., information field
SABME, SARME and SNRME)
20 Provides the ability to exchange information fields Add.command: UIH X X X X X
that are not fully protected by a check sequence, Add response: UIH
independent of the mode (operational or non
operational) without impacting the I frame sequence
numbers.
6.9 Conformance to the HDLC classes of procedures

A data

tation shall be described as conformiing to a given class of procedures, with optional functions, if it implements all

comman(ds and responses in the basic repertoite for the class of procedures as modified by the selected optional functjons, i.c.,

a)

b)

©)

d)

connectionless class of procedures as modified by the selected optional functions;

primary station shall have the ability to receive all of the responses in the basic repertoire for the unbalaniced class of

rocedures as modified by the selected optional functions;

secondary station shall.have the ability to receive all of the commands in the basic repertoire for the unbalapced class of

rocedures as modified’by the selected optional functions;

combined station shall have the ability to receive all of the commands and responses in the basic repeftoire for the

control\station shall have the ability to receive all of the responses in the basic repertoire for the]
nnectionless class of procedures as modified by the selected optional functions;

alanced class,of procedures as modified by the selected optional functions.

unbalanced

unbalanced

f)  apeer 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 UNCI1,2,6,9 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 from the
secondary station(s) to the primary station.
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Example 2: Class UACI1,5,10.1,13 indicates the unbalanced operation asynchronous response mode class of procedures
with the optional functions for identification (XID), initialization (SIM, RIM), extended sequence numbering (modulo 128),

and request disconnect (RD).

Example 3: Class BAC2,8 indicates the balanced operation asynchronous balanced mode class of procedures with the

optional functions for REJ recovery (REJ) and the ability to send I frames as commands only.

Example 4: Class UCC1,12 indicates the unbalanced connectionless operation connectionless-mode class of procedures

with the optional functions for identification (XID) and data link test (TEST).

Example 5: Class BCC1,14 indicates the balanced connectionless operation connectionless-mode class of procedures with

the optional functions for identification (XID) and 32-bit FCS.

6.11 Unbalanced operation (point-to-point and multipoint)

6.11.1 Geperal

The following requirements apply to the procedure for unbalanced operation of synchronous or start/stop datatransmigsion over
point-to-pojnt or multipoint data links with two-way alternate or two-way simultaneous data transfer. - The procedur¢ uses the

HDLC frame structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It uses
command/rgsponse repertoire designated UNC or UAC (see 6.6.2.1 or 6.6.2.2, respectively). Although-only the basic ¢
and responges are described, there are several optional functions available for enhanced operation. These are listed i
shown in table 11. '

NOTE — The HDLC unbalanced classes of procedures operate as illustrated in the examples given in Annex B.

6.11.2 Dekcription of the data link

6.11.2.1 (onfiguration (see figure D, Introduction)

The unbalgnced operation data link configuration shall consist of one{primary station and one or more secondar]
interconnegted by physical layer transmission facilities.

The physichl layer transmission facilities may provide either half-duplex or duplex transmission over switched or non

6.11.2.2 %hysical layer transmission facilities
data circuit.

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

the basic

ommands

n 6.7 and

stations

-switched

The data lipk layer shall not initiate data transmission until an indication of circuit availability is provided by the physjcal layer.
(In some systems providing two-way alternate data exchange on physical layer data circuits using half-duplex transmigsion, this

indication ¢f physical layer circuit availability\is'indicated by an idle data link channel state.)

6.11.3 Description of the procedures
6.11.3.1 General

Unbalancegl control procedures-shall operate on a data link with one primary station and one or more secondary station(s) in
either nornjal or asynchrenous response mode. Only one secondary station at a time shall be put in asynchronous respohse mode.

The primarjy station shallbe ultimately responsible for overall data link error recovery.

Each data gtation.shall check for the correct receipt of the I frames it has sent to the remote data station by checking the N(R) of

each received I frarhe and supervisory frame.

6.11.3.2 Data station characteristics
The primary station shall be responsible for:

a) setting up the data link and disconnecting the data link;
b) sending information transfer, supervisory and unnumbered commands; and
c) checking received responses.
Each secondary station shall be responsible for:
a) checking received commands; and

b) sending information transfer, supervisory and unnumbered responses as required by the received commands.
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6.11.4 Detailed definition of the procedures
The procedures for a permanently connected data link or an established switched connection are defined in 6.11.4.1 to 6.11.4.6.

The protocol for establishing and disconnecting a switched data circuit is not within the scope of this International Standard.
However, the ability to exchange identification and/or characteristics after the switched connection is established is available as
an optional function.

6.11.4.1 Setting up and disconnecting the data link

6.11.4.1.1 Setting up the data link

The primary station shall initialize the data link with a secondary station by sending a SNRM (or SARM) command and shall
start a response time-out functlon (or equlvalent) The addresscd secondary statlon upon recelvmg the SNRM (or SARM)
commanyg h A : able

the UA 1p !
shall set jts send and receive state variables relative to that secondary station to zero and shall stop the rcsponsc time4out function
(or equiyalent). If, upon receipt of the SNRM (or SARM) command, the secondary station determines that i’ canfot enter the
indicated mode, it shall send the DM response. If the DM response is received correctly, the primary: station shall stop the
response{time-out function (or equivalent).

If the SNRM (or SARM) command, UA response or DM response is not received correctly, it shalDbe ignored. THe result will
be that the primary station's response time-out function (or equivalent) will run out, and the primary station may resend the
SNRM (pr SARM) command and restart the response time-out function (or equivalent) (see/6:1.1.4.3).

This actipn may continue until a UA response has been received correctly or until recoyery, action takes place at a higher layer.

6.11.4.12 Disconnecting the data link

The primary station shall disconnect the data link(s) with secondary station(s).by sending a DISC command and|shall start a
response time-out function (or equivalent). The addressed secondary station(s), upon receiving the DISC command correctly,
shall serjd a UA response at its first opportunity and shall enter the-normal disconnect mode (NDM), or the asynchronous
disconngdcted mode (ADM), as predefined for that secondary station. “If, upon receipt of the DISC command, the addressed
secondarfy station is already in the disconnected mode, it shall send the DM response. The primary station, upon redeiving a UA
or DM r¢sponse to a sent DISC command, shall stop the responge time-out function (or equivalent).

When it|is a multipoint configuration, the UA response from secondary stations shall not interfere with one afother. The
mechanipm used to avoid overlapping responses to the disconnect (DISC) command using a group address or tlje all-station
address 1s system-defined.

If the DISC command, UA response or DM response is not received correctly, it shall be ignored by the receiving dtation. This
will resuflt in the expiry of the primary station's response time-out function (or equivalent), and the primary station mgy resend the
DISC command and restart the response time-out function (or equivalent) (see 6.11.4.3).

This actjon may continue until either the)UA response or a DM response has been received correctly or until recpvery action
takes pldce at a higher layer.

6.11.4.1]3 Procedure in a disconnected mode

A seconglary station in NDM-(or ADM) shall monitor commands, shall react, at the earliest respond opportunity, to @ SNRM (or
SARM) kommand 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-t0 6ther commands received with the P bit set to "1" with a disconnected mode (DM) responge with the F
bit set td "1". Otheér-commands received with the P bit set to "0" shall be ignored. The DM response shall be used [to report the
secondafy stationistatus asynchronously in ADM.

6.11.4.2L_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 station receives correctly an in-sequence I frame [i.e., N(S) equals the value of the receive state variable V(R)] that it
can accept, it shall increment its receive state variable V(R), and, at its next opportunity to send, take one of the following
actions:
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a) If information is available for transmission and the remote data station is ready to receive, it shall act as described in
6.11.4.2.1 and acknowledge the received I frame(s) by setting N(R) in the control field of the next transmitted I frame to
the value of V(R).

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

c) If the data station is not ready to receive further I frames, the data 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 data station is unable to accept the correctly received I frame(s), V(R) shall not be incremented. The data station may send
an RNR frame with the N(R) set to the value of V(R).

6.11.4.2.3 [Reeepem-vf-memee\-mes
If a frame if received with an incorrect FCS, it shall be discarded.

If an I franje is received with a correct FCS but with an incorrect N(S), the receiving data station shall ignorejthe/N(S) field and
discard the|information field in that frame. This shall continue until the expected I frame is received correctly. The dta station
shall, howgver, use the P/F and N(R) indications in the discarded I frames. The data station shall then ackhowledge th¢ expected
I frame, when received correctly, as described in 6.11.4.2.2.

NOTE — Ignoring the N(S) field and discarding the information field of an I frame applies to the basic repertoire. When using any variant of
optional funftion 3 for individual frame retransmission, the N(S) field is not ignored and the information field.is retained.

The P/F regovery (checkpointing) shall cause retransmission of the I frames received incorrectly, as described in 5.4.3.2

6.11.4.2.4 | Data station receiving acknowledgements

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

6.11.4.3 Time-out considerations

In order tp detect a no-reply or lost-reply condition, each primary)station shall provide a response time-out fupction (or
equivalent). Also, in ARM, each secondary station shall provide axcommand 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 ftation shall depend on the primary station to initiate time-out recovery.

The duratin of time-out functions (or equivalent) shall\bé-System-dependent. To resolve possible contention situationg in ARM,
the duratiop of the secondary station's time-out function shall be different from that of the primary station.

6.11.4.4 P/F bit usage )
P/F bit usage in the unbalanced classes of/procedures, UNC and UAC, shall be as described in 5.4.3.

6.11.4.5 'Two-way alternate considerations
In the case|of normal respond opportunity, two-way alternate, data link operation

a) trapsmission from the primary station shall not be allowed until either:
1) | receipt of a\frame with the F bit set to "1", or

2) | expiry-ofid no-response time-out function; and

b) trapsmission from the secondary station shall not be allowed until receipt of a frame with the P bit set to "1".

NOTE 1 — aitipot onfigura Of TIOTTITal e T two-way attermate, data Hink opera 5 EX
the primary station may transmit frames with the P bit set to "0" to non-polled secondary stations in the above mentioned period.

v

al facilities,
In the case of normal respond opportunity, two-way alternate, data link operation, a data station shall not accept further frames
after a frame with the P/F bit set to "1" was accepted and before it sends a frame with the F/P bit, respectively, set to "1".

In the case of asynchronous respond opportunity, two-way alternate, data link operation, transmission from a data 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 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.
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If no frames are transmitted from either data station while in ARM and information is waiting for transmission, it is advisable that
the data station transmits at first a supervisory frame only in order to avoid long time recovery action, which would occur in the
case of I frame contention.

If a data station has transmitted frames and no further frames are pending for transmission, it shall give the right to transmit to the
remote data station.

6.11.4.6 Two-way simultaneous considerations

For each unbalanced class of procedures, two-way simultaneous communication protocols may be used independent of physical
data circuit capability (i.e., half-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 the
data link layer. In addition, in the case of normal respond opportunity, data transmission from the secondary station shall not be

: it ca "nin
allowed yntil-reeeipt-ef-a-frame-with-the- P-bit-set-te-+-

6.12 Balanced operation (point-to-point)

6.12.1 General

The follgwing 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 £DLC frame
structure{defined in clause 4 and the HDLC elements of procedures described in clause 5., It uses the basic command/response
repertoirg designated BAC (see 6.6.2.3). Although only the basic commands and responsés are described, therg are several
optional functions available for enhanced operation. These are listed in 6.7 and shown(in\table 11.

NOTE — The HDLC balanced class of procedures operates as illustrated in the examples given-in Annex B.
6.12.2 Description of the data link

6.12.2.1 | Configuration (see figure E, Introduction)
The balgnced operation data link configuration shall consist of.\tw0 combined stations interconnected by pHysical layer
transmisgion facilities.

6.12.2.2 | Physical layer transmission facilities
The phygical layer transmission facilities may provide either-half-duplex or duplex transmission over switched or non-switched
data circhits.

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

The datallink layer shall not initiate data transmission until an indication of circuit availability is provided by the pHysical layer.
(In somg systems providing two-way alternate-data exchange on physical layer data circuits using half-duplex transinission, this
indicatiop of physical layer circuit availability is indicated by an idle data link channel state.)

6.12.3 Description of the procedures

6.12.3.1| General

Balanceq control procedures-shall operate on a data link where the data station at each end of the data link is a combjined station.
The progedures shall¢use the asynchronous balanced mode. Each combined station shall be equally responsible for data link
layer errgr recovery.

Each cotpbined-station shall check for the correct receipt of the I frames it has sent to the remote combined station |by checking
the N(R)| ofeach’received I frame or supervisory frame.

6.12.3.2 Combined station characteristics

Each station shall be a combined station, i.c., it shall be able to set up the data link, disconnect the data link, and both send and
receive commands and responses.

6.12.4 Detailed definition of the procedures
The procedures for a point-to-point data link using a permanently connected or an established switched connection are defined in
6.12.4.1t06.12.4.6.

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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6.12.4.1 Setting up and disconnecting the data link

6.12.4.1.1 Setting 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 combingd station may resend the SABM command and restart the response time-out function (or equivalent) (see/6.12.4.3).

This action fnay continue until a UA response has been received correctly or until recovery action takes place at achigher|layer.

6.12.4.1.2 Disconnecting the data link

Either combfined station may take the initiative to disconnect the data link. It shall send the DISC command and start ajresponse
time-out fugction (or equivalent). The other combined station, in an operational mode, upon receiving the DISC ¢gommand
correctly, shall send a UA response and enter the asynchronous disconnected mode (ADM).~If, upon receipt of the DISC
command, fhe other combined station is already in the disconnected mode, it shall send the"DM response. The [nitiating
combined sfation, on receiving a UA or DM response to a sent DISC command, shall stop“its response time-out furjction (or
equivalent).

If a DISC dommand, UA response or DM response is not received correctly, it shall\be ignored. The result will bg that the
response tinpe-out function (or equivalent) will run out in the combined station which originally sent the DISC command unless a
separate mode setting command is received, in which case the response time-out function (or equivalent) may be stopped. This
combined sfation may resend the DISC command and restart its response time-out function (or equivalent).

This action may continue until a UA or DM response has been received.eorrectly, a DISC command has been received forrectly,
or until recqvery action takes place at a higher layer.

6.12.4.1.3 |Procedure in a disconnected mode

A combined station in ADM shall monitor received commands, shall react to a SABM command as outlined in 6.12.4.1.1, and
shall respor]d with a DM response to a received DISC command. It shall respond to other commands received with thg P bit set
to "1" with h 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 reportthe combined station status asynchronously in ADM.

6.12.4.1.4 |Simultaneous attempts to set mode(contention)

When a combined station issues a mode sétting command and, before receiving an appropriate response, receives a mogle setting
command ffom the remote combined station, a contention situation has developed. Contention situations shall be resolyed in the
following njanner.

When the s¢nt and received mode setting commands are the same, each combined station shall send a UA response at tl{e earliest
respond opportunity. Each ¢ombined station shall either enter the indicated mode immediately or defer entering the |indicated
mode until freceiving a UA tesponse. In the latter case, if the UA response is not received, the combined station may|enter the
mode whei} the responsé, time-out function (or equivalent) expires, or the combined station may reissue the mode setting
command.

When the mode setfing commands are different, each combined station shall enter ADM and issue a DM response at the earliest
respond op ortumty In the case of a DISC command contentlon w1th a different mode settmg command no further{action is
required. IrtheTa eNTion be z e SABME
or SM command shall have prlonty over the combmed station sending the SABM command in re- attemptmg data link
establishment.

6.12.4.2 Exchange of information (I) frames

6.12.4.2.1 Sending I frames

The control field format shall be as defined in 5.5.1 for an I frame, with N(S) set to the value of the send state variable V(S) and
with N(R) set to the value of the receive state variable V(R). Following data link set-up, both V(S) and V(R) shall be set to zero.
The maximum length of the information field in I frames shall be a system-defined parameter.

If the combined station is ready to send an I frame numbered N(S), where N(S) is equal to the last received acknowledgement
plus the modulo - 1, the combined station shall not send the I frame but shall follow the procedures described in 6.12.4.3.
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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

hit cat to "1
Uil OV W i .

6.12.42.2 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) iiLntormatlon 1s not available Tor fransmission, but the combined station is ready to receive I frames, the combjined station
shpll 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 Jan-RNR| frame and
acknowledge the received I frame(s) by setting the N(R) to the value of V(R).
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station mgy send an RNR frame with the N(R) set to the value of V(R).
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The I or supervisory frame transmitted will be either a command or a response depending on whether a P bit set to "1 or an F bit
set to "I|' transmission, respectively, is required. If the transmission of a P bit or E'\bit set to "1" is not rdquired, the
acknowlefigement frames may be either commands or responses.

6.12.4.2.3 Reception of incorrect frames
If a fram¢] is received with an incorrect FCS, it shall be discarded.

Ifanl frjne is received with a correct FCS but with an incorrect N(S), thé\receiving combined station shall ignore the N(S) field
and discard the information field in that frame. This shall continue“antil the expected I frame is received cormectly. The
combined station shall, however, use the P/F and N(R) indications in.the discarded I frames. The combined statiorf shall then
acknowleflge the expected I frame, when received correctly, as described in 6.12.4.2.2.

NOTE — |gnoring the N(S) field and discarding the information fi¢ld ‘of an I frame applies to the basic repertoire. When using ahy variant of
optional function 3 for individual frame retransmission, the N(S) field“is not ignored and the information field is retained.

The P/F rgcovery (checkpointing) shall cause the retransmission of the I frames received incorrectly, as described in 5[4.3.2.

6.12.4.2.4 Combined station receiving acknowlédgements

A combined station receiving an I, RR, .or RNR frame with a valid N(R) = x shall treat as acknowledged all| previously
transmittgd I frames up to and includingthe\I frame transmitted with N(S) equal to x - 1.

6.12.4.3 |Time-out considerations

In order fo detect a no-reply_or lost-reply condition, each combined station shall provide a response time-out function (or
equivalenft). The expiry of the time-out function (or equivalent) shall be used to initiate appropriate error recovery prdcedures.

The durafion of time-out; functions (or equivalent) shall be system-dependent. The duration of the time-out function (or
equivalent) in the twotcombined stations shall be unequal in order to resolve contention situations, especially jn two-way
alternate pperation:

The time-outfunction (or equivalent) shall be started whenever the combined station has transmitted a frame for whigh a reply is
required. | When the expected reply is received, the time-out function (or equivalent) shall be stopped. If, during the {nterval that
the time-Out Tunction (or equivalent) Is running, other irames are sent 10r 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.

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) the end of an extended period of inactivity (idle data link channel state).
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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.

If no frames were transmitted from either combined station while in ABM and information is waiting for transmission, it is
advisable that the combined station transmits at first a supervisory frame only in order to avoid long time recovery action, which
would occur in the case of I frame contention.

If a combined station has transmitted frames and no further frames are pending for transmission, it shall give the right to transmit
to the remote combined station.

6.12.4.6 Two-way simultaneous consideration

For a balanced class of procedures, two-way simultaneous communication protocols 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 the

6.13 Unbalanced connectionless operation (point-to-point and multipoint)

6.13.1 Ggdneral

The following requirements apply to the procedure for unbalanced connectionless operation ¢f synchronous or start/stop data
transmissidn over point-to-point or multipoint data links with two-way alternate or two-way simultaneous data transfer. The
procedure pises the HDLC frame structure defined in clause 4 and the HDLC elements of procedures described in clguse 5. It
uses the bdsic command/response repertoire designated UCC (see 6.6.2.4). Although only the basic command and regponse are
described, there are several optional functions available for enhanced operation. These are listed in 6.7 and shown in table 11.

6.13.2 Ddscription of the data link

onfiguration

ced connectionless operation data link configuration shall\consist of one control station plus one or mor¢ tributary
connectionjless stations interconnected by physical layer transmission. facilities.

6.13.2.2

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

hysical layer transmission facilities

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 phydical layer.
(In some systems providing two-way alternate data exchange on physical layer data circuits using half-duplex transmjssion, the
indication pf physical layer circuit availability is indicated by an idle data link channel state.)

6.13.3 Dgscription of the procédures

6.13.3.1 Qeneral

Unbalanceld connectionléss-control procedures shall operate on a data link with one control station and one or morg tributary
station(s). | The procedures shall use the connectionless-mode of operation. The control station shall be responsible fpr sending
unnumber¢d command” frames and receiving unnumbered response frames. The tributary station(s) shall be respdnsible for
receiving ynnumbered command frames and sending unnumbered response frames. Neither shall be responsible for ¢onnection
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 Unbalanced connectionless station characteristics
The control station shall be responsible for:

a) sending unnumbered command frames;

b) receiving unnumbered response frames; and

c) determining when each tributary station shall send.
The tributary station shall be responsible for:

a) receiving unnumbered command frames; and

56


https://iecnorm.com/api/?name=5fb8bce0daedd566ef75f4e5cfdb834b

©ISO/IEC ISO/IEC 13239:1997(E)

b) sending unnumbered response frames when given the right to transmit.

6.13.4 Detailed definition of the procedures
The procedures for a permanently connected (dedicated) data link or an established switched connection are defined in 6.13.4.1

t0 6.13.4.6. The protoco! for establishing and disconnecting a switched data circuit is not within the scope of this International

Standard. However the ability to exchange identification and/or characteristics after the switched connection is established is
available as an optional function.

6.13.4.1 Setting up and disconnecting the data link

[There are no data link set-up procedures or data link disconnect procedures in the unbalanced connectionless class of
procedures.]

6.13.4.2 | Exchange of unnumbered information (UI) frames

6.13.4.2.1 Sending UI frames
The contfol field format shall be as defined in 5.5.3 for a Ul frame. The maximum length of the information field in UI frames

chall ha 4 cuctam_dafinad naramatar
Siaii 0C ¢ SySiem-GeIinea parameicr.

Whenevgr the control station is ready to send a Ul command frame, it shall send it immediately since there is no flow control in
connectipnless class service. The tributary station(s) shall only send UI response frames when given permission to dd so.

6.13.42.p Receiving Ul frames

When a dontrol or tributary station receives correctly a Ul 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 U[ frame, the
information field contents are discarded.

If a tribujary station correctly receives a Ul command frame with the P bit.sét to "1", the tributary station shall send whatever Ul
response(frames it has to send and then will send a UI 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).

6.13.42.p 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 rec€iving acknowledgements

Unbalan¢ed 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 "1"\by sending a Ul response frame with the F bit set to "1" as part of the polling process.
A contro| station reacts to the receipt of.a Ul response frame with the F bit set to "1" as a result of a previously sent /I command
frame with the P bit set to "1" as an,indication that the secondary is through sending UI frames.

6.13.4.3 | Time-out considerations

In order o detect a no-reply or’lost-reply condition relative to P/F bit exchange (i.e., polling), each control station shall provide a
response| time-out function (or equivalent). The expiry of the time-out function (or equivalent) shall be available for use to
initiate tfansmissiop-efanother P bit set to "1" UI command frame, to the same or a different tributary station.

(or equnvalent) shall be stoppcd

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

6.13.4.4 P/F bit usage

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

6.13.4.5 Two-way alternate considerations
In two-way alternate data link operation

a) transmission from the control station shall not be allowed until either:
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1) receipt of a Ul response frame with the F bit set to "1", or
2) expiry of a no-response time-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 connectlonless class of procedures two-way sxmultaneous operauon may be used mdependent of physical
data circuiffcapability (i.c e facilities,
appropriate accommodatlon has to be made to control the dlrectlon of data transmlssxon The dnrectlon of transmission is
controlled by the data link layer. In addition, data transmission from the tributary station shall not be allowed until repeipt of a
frame with fhe P bit set to "1".

6.14 Balanced connectionless operation (point-to-point)

6.14.1 Gehperal

The followjing requirements apply to the procedure for balanced connectionless operation.of synchronous or start/stop data
transmissiop over point-to-point data links with two-way alternate or two-way simultan€ous 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/rgsponse repertoire designated BCC (see 6.6.2.5). Although only the basic’‘command defined is described,| there are
several optjonal functions available for enhanced operation. These are listed in 6.7.and shown in table 11.

6.14.2 Defcription of the data link
6.14.2.1

The balancpd connectionless operation data link configuration shall consist of two peer stations interconnected by physical layer
transmission facilities.

(onfiguration

6.14.2.2

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

Physical layer transmission facilities

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

The data lipk layer shall not initiate data trafismission until an indication of circuit availability is provided by the physjical layer.
(In some systems providing two-way,alternate data exchange on physical layer data circuits using half-duplex transmfission, the
indication pf physical layer circuit dvailability is indicated by an idle data link channel state.)

6.14.3 Dadscription of the procedures

6.14.3.1

Balanced donnectionless control procedures shall operate on a data link where the data station at each end of the dath link is a
peer statiof. The procedures shall use the connectionless-mode of operation. Each peer station shall be responsible for sending
UI commahddrames and receiving Ul command frames, but shall not be responsible for connection establishment/tefmination,
flow contr¢l, 'acknowledgements, or error recovery.

;zeneral

Each connectionless station shall check incoming frames for correct frame check sequence and correct frame format. Incorrect
frames shall be discarded without notification to the other peer station.

6.14.3.2 Balanced 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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6.14.4.1 Setting up and disconnecting the data link
[There are no data link set-up procedures or data link disconnect procedures in the balanced connectionless class of procedures.]

6.14.4.2 Exchange of unnumbered information (UI) frames

6.14.4.2.1 Sending Ul frames

The control field format shall be as defined in 5.5.3 for a Ul frame. The maximum length of the information field in UI frames
shall be a system-defined parameter.

Whenever a peer station is ready to send a Ul command frame, it shall send it immediately since there is no flow control in
connectionless class service.

6.14.4.2. 1 Receiving Ul frames

When a pger station receives correctly a Ul command frame that it can accept, the information field contents are(pass¢d up to the
higher layfer. If the peer station is unable to accept the correctly received Ul command frame, the information-field dontents are
discarded

6.14.4.2.3] Reception of incorrect frames

If a framg is received with an incorrect FCS, it shall be discarded. If a frame is received withNincorrect format,|it shall be
discarded

6.14.4.2.4 Balanced connectionless station receiving acknowledgements
Peer statigns do not operate with acknowledgements.

6.14.4.3 [Time-out considerations

In order tp detect a no-activity condition in two-way alternate configuratidns, each peer station shall provide a no-adtivity time-
out functipn (or equivalent) - idle data link channel state detector. The'€xpiry of this time-out function (or equivalent) shall be
available for use to initiate transmission of Ul command frames.

The duratjion of this time-out function (or equivalent) shall be system-dependent. The duration of the time-out flinction (or
equivalenf) in the two peer stations shall be unequal in two*Way alternate operation in order to resolve contention situations.
This timetout function (or equivalent) shall be started whenevér the peer station observes a steady idle state condition. When a
UI commgnd frame is received the time-out function (or equivalent) shall be stopped. If the no-activity time-out function (or
equivalent) runs out, a Ul command frame may be transmitted.

6.14.4.4 |P/F bit usage
There is njo P/F bit usage in the balanced connectionless class of procedure, BCC.

6.14.4.5 |Two-way alternate considerations
In two-wdy alternate data link operation, transmission from a peer station shall not be allowed until either:

a) detection of an idle datalink channel state after receipt of a frame or a flag; or
b) th¢ 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
transmissign. The-direction of transmission is controlled by the data link layer, and may be signalled by the physical layer.

If no franfes‘were transmltted from elther peer station for qu1te some tlme and mformatmn becomes avaxlable for tranpmission, it
is advisable-thatthe-pee M am A 0 der-te! avoid long
timer recovery action, whlch would occur in the case of contentlon of UI frames w1th mformatlon

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 the
data link layer.
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6.15 Uses of the optional functions

Some uses of the optionai functions defined in 6.7 are described in this ciause. The optionai functions provide additionai
capabilities beyond the basic operations described in 6.11, 6.12, 6.13 and 6.14. The commands and responses identified are, in
general, defined in 5.5.

6.15.1 Option 1 — identification

The identification optional function provides the means for data link layer entities to exchange data link layer parameters and
characteristics of operation before or during normal operation. The function utilizes the Exchange Identification (XID) command
and response frames.

A prime apphcatlon of Optlon 1isin comunctlon w1th a swntched network connectlon Followmg the mdlcatmn of a working
physical p v ayer— : :

that they arfe responsnve to, the capabilities that they support (for example options, class(es) of procedure, etc.), and’the|parameter
values employed (for example, value of reply timer, receive window size, maximum information field length,’etc:). The manner
in which these details are encoded in the information field of the XID frames exchanged is the subject of clause 7.
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infofmation field. This may be useful in applications where security and/or authentication check’routines must he invoked

prior to tii[uestablishment of a logical data link connection between higher layer entities. Such information is tfansported
[
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In additior] to its applicability before data link connection establishment, the identification, function also provides a mechanism
for indicating a change in data link layer parameter value(s) while in the information transfer phase. Examplds of such
parameters| are the receive window size and the maximum frame length. Local conditions at one end of a data link qonnection
(for examplle, long term congestion or non-temporary reduction in buffering capacity) may dictate a change in operafion of the
remote station in order to maintain efficient utilization of the physical facilities. The identification function allows h local-to-
remote tragsfer of local parameter values at any time, with a remote-to-local'confirmation in return.

6.15.2 Option 2— REJ recovery

covery optional function provides a mechanism for reporting an observed out-of-sequence exception copdition of
received I frames, and thereby requesting the retransmission of I frames starting with the first missing I frame. The meghanism is

This function has its greatest utility in systems that suppoft two-way simultaneous operation, so that an observed gap ih received
sequence rjumbers can be reported immediately, during'incoming information transfer. In two-way alternate operatiof), the REJ
function offers a somewhat lesser utility, but does’separate the sequence error reporting from the P/F bit exchange che¢kpointing
function that in some modes of operation is required to be associated with the last frame transmitted in each transmit opportunity.

In two-wa)y simultaneous operation, the(improvement in performance gained by using the REJ function is measufed 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 larde transmit
windows or long acknowledgeménttimers, this could be a substantial amount of time.

6.15.3 Oxtion 3 — SREJ recovery

This optional function-isequally adaptable to both two-way simultaneous operation and two-way alternate operation. Ih two-way
simultanedus 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 optiorfal funetion imposes greater buffering requirements in the receiver data link layer to hold out-of-sequende, higher-
numbered poed frames received until the required lower-numbered frames are received, it yields a better utility of the ifformation
transfer capacity of the data link.

6.15.3.1 Option 3.1 — single individual I frame retransmission request

The single individual I frame retransmission optional function provides a mechanism for a receiver to request retransmission of a
single I frame out of a series of I frames. Any number of requests for different I frames may be outstanding at a time. The
mechanism is the selective reject (SREJ) command/response frame.

The SREJ frame does not incorporate an acknowledgement function for I frames received when the P/F bit is set to "0"; it does
when the P/F bit is set to "1". For example, to report frames numbered X, X+3, and X+5 missing, a SREJ(X) frame could be sent
with its P/F set to "1", when appropriate for the mode of operation, to acknowledge receipt of I frames numbered up through X-1.
SREJ(X+3) and SREJ(X+5) frames could be sent immediately with their P/F bits set to "0", not acknowledging any I frames
received. Acknowledging receipt of a retransmitted I frame is usually accomplished by an I, RR or RNR frame transmission with
an N(R) value that identifies the correct receipt of the requested I frame.
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Another request for retransmission can take place when it is perceived that the desired action has not taken place. This
perception comes about either as the result of a SREJ timer timeout, or by the receipt of requested I frame X before requested I
frame X - n (the request for I frame X - n precedes the request for I frame X).

6.15.3.2 Option 3.2 — multiple individual I frame(s) retransmission request consisting of individual I-frame indicators
only

The multiple individual 1 frame(s) retransmission optional function that uses only individual I-frame indicators provides a
mechanism for a receiver to request retransmission of one or more individual I frame(s) out of a series of I frames with a single
request 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 only individual I-frame indicators.

s I ([ S S F C =framc dicators  does 1 indorporate an
acknowlgdgement function of I frames received wh 0 «0»; it does when the P/F bit is set to «I», gs in the case
.3.1 above. With this multi-selective reject procedure, to report I frames numbered X, X+3 and X+5.missing, a single
SREJ frdme would be sent with "X" encoded in the control field N(R) subfield and with "X+3" and "X+5" encoded §s individual
I-frame Indicators in the information field of the SREJ frame. Acknowledging receipt of retransmitted. I frames is accomplished
in the ngrmal manner by an I, RR or RNR frame transmission with an N(R) value that identifies the correct in-sequerfce receipt of
the requgsted I frame(s).

Anotherrequest for retransmission can take place when it is perceived that the desired actiori has not been accomplished. This
perceptigpn comes about either as the result of a SREJ timer time-out, or by the receipt of a fequésted I frame X beforf requested I
frame Xin (the request for I frame X-n precedes the request for I frame X, either in an\eéarlier 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 4nd span list
indicatots, as appropriate, provides a mechanism for a receiver to request retransmission of one or more individual I{frame(s) out
of a serigs of I frames with a single request by incorporating an information field in the SREJ frame. Any number off 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.

The mulfi-selective reject procedure SREJ frame using bath individual I-frame indicators and span list indicators, as|appropriate,
does not{incorporate an acknowledgement function of Fframes received when the P/F bit is to «O»; it does when the P/F bit is set
to «1», d@s 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, X47, and X+8 missing, a single SREJ frameywould be sent with «X» encoded in the control field N(R) subfigld, and with
«X+3» gncoded as an individual I-frame indicator, and «X+5, X+6, X+7 and X+8» encoded in a span list indjcator in the
informatjon 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 art N(R) value that identifies the correct in-sequence receipt of the requested I frames.

Another|request for retransmissionycan take place when it is perceived that the desired action has not been accomplished. This
perceptign comes about either asthe result of a SREJ timer time-out, or by the receipt of a requested I frame X befor¢ requested I
frame Xin (the request for [-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 individual I-frame indicators and span list indicators, as appropriate.

6.15.4 Pption 4 —vunnumbered information

The unnumbered_information optional function provides a mechanism for the sending of higher layer information| at any time
without jany impact on whatever mode of operation may be in use. The mechanism is the unnumbered infogmation (UI)
commanf/response frame.

There are no flow control procedures and no acknowledgement procedures associated with UI frame operation. There are no
data link establishment and no error recovery procedures required with UI frame operation. Error control procedures cover only
those matters concerned with frame structure and the frame check sequence, leading to the frame being discarded and no action
taken. The only data link layer parameter that is involved is the maximum established information field size at the receiver.
Violation of maximum information field size may lead to a frame rejection (FRMR) exception condition when received during an
operational mode (see 5.2.1).

UI frames can be transmitted to one or more or all multiple stations without concern for sequence number alignment at the
stations involved. Depending on the application, UI frames can be transmitted repeatedly with the same contents to improve the
likelihood that a good copy of the transmittal is received correctly at all intended receivers.

UI frame-only operation may be a logical choice of operation in highly reliable, error-free data link layer environments. Higher
layer provision of error recovery procedures and flow control procedures may result in an acceptable information transport
mechanism for the users of such configurations.
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6.15.5 Option 5 — initialization

The initialization optional function provides the mechanisms for requesting and initiating an initialization mode of operation
wherein system-defined initialization procedures are utilized. The mechanisms are the set initialization mode (SIM) command
and the request initialization mode (RIM) response frames.

This function can be employed at any time, whenever it is deemed necessary by the station involved. A RIM response would
result in an SIM command being sent. The SIM command shall be responded to using the UA response frame. The nature and
make-up of the exchange or exchanges involved to realize a successful initialization are system defined. The conclusion of the
initialization mode is identified by the exchange of an appropriate mode-setting command frame and the UA response frame.
When a primary/combined station initiates the initialization procedures, a SIM command frame is sent without there being a
requesting RIM response frame.

6.15.6 Option 6 — unnumbered polling

The unnumbered polling optional function provides the mechanism for a primary/combined station to poll one or‘mor¢ or all of
the associafed secondary/combined stations with a single frame transmission. The mechanism is the unnumbered poll (UP)
command ftame.

The UP comhmand frame contains no sequence numbers, acknowledges no frames received and is addréssable to one of more or
all of the Iations on the data link. The order of response and ensuring non-overlap of responses ‘is'not the subject of this
Internationgl 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 respongler”, 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 cpmmand frame, so that the station which sent the UP command does not have to teply on time-out.

ion 7 — multi-octet addressing

ctet addressing optional function defines the means for having an address field of N octets in length. The mechanism
employs orfe bit per octet to act as an end-of-address-field indicator. Thisbit, set to "0" means that another address field octet
follows. Tlhis bit set to "1" means that this octet is the final octet in the address field. The sum of the 7N bits in the ideptified N-
octet addreps field constitutes a single address. This address can be an\individual or group address. The all-station fddress is
always an fddress octet of "1" bits. An N-octet address field can be_considered to have an address that is expressefl as a bit
stream of 7N bits, or as an N-character series, for instance, using the,ISO 646 character set.

This optioral function may be employed in situations where it is°considered desirable for each data link location withir} a system
(even a system that spans independent data links) to have-a unique data link layer identifier. System management apd station
administration may benefit as a result. Station portabilityfrom data link to data link within the system could be enhanged. This
optional fupction may also be employed in situations where one octet of addressing (i.e., 256 total addresses, includinjg the null
and the allstation addresses) is insufficient.

6.15.8 Option 8 — command I frames only
The commgnd I frames only optional function restricts I frames to being I command frames only.

In balanced operation, each combined station's ability to send I frames is only impeded to the extent that an I respopse frame
cannot be ytilized to return an F-bit'set to "1" when an F bit set to "1" must be sent. A non-I response frame must be ufilized. If
a series of | command frames is-in the process of transmission when an F bit set to "1" must be sent, a non-I response ffame must
be inserted|into the streamof\l frames, between I frames, in order to convey the F bit set to "1" to the remote station.

In unbalanged operationy ‘applying the optional function results in a quite different overall service, one that yields an infformation
send-only gervice at-the primary station and an information receive-only service at the secondary station(s).

6.15.9 Option9 — response I frames only

The response I frames only optional function restricts I frames to being I response frames only. This function was defined to be
the procedural complement of the command I frames only optional function (see 6.15.8).

In balanced operation, each combined station's ability to send I frames is only impeded to the extent that I frames cannot carry P
bits. Hence, a non-I command frame must be sent if a P bit set to "1" is required. If a series of I response frames is in the process
of transmission when a P bit set to "1" must be sent, a non-I command frame must be inserted into the stream of I frames,
between I frames, in order to convey the P bit set to "1" to the remote station.

In unbalanced operation, applying the optional function results in a quite different overall service, one that yields an information

receive-only service at the primary station and an information send-only service at the secondary station(s).

6.15.10 Option 10 — extended sequence numbering

Typical applications for modulus values greater than 8 are: satellite operations, long propagation delay environments and very
high speed/heavy traffic load situations. The greater modulo value allows for larger send and receive windows to be defined so
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that information transfer performance can be improved in such applications. The choice of higher modulus value depends on the
actual delay and other parameters of the specific environment.

6.15.10.1 Option 10.1 — extended sequence numbering — modulo 128

The extended sequence numb

o my ering modulo 128 ontional function vidog tha macbkamices £on dafinias ¢ ceauence niimharing
i liv vAawwiiuvu a\n.luvuvv 1Hmulnvvl
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for I frame transfer to be modulo 128. The mechanism is in the form of separate mode-setting commands and different frame
formats for extendcd sequence numbering for the normal response mode (NRM) operation, the asynchronous response mode

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 Ipnoth

6.15.10.2) Option 10.2 — extended sequence numbering — modulo 32 768

The extepded sequence numbering modulo 32 768 optional function provides the mechanism for defiring 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
informatipn field to indicate the modulo and the mode of the operation (i.c., the normal response mdde (NRM) operation, the
asynchrofious response mode (ARM) operation, and the asynchronous balanced mode (ABM) operation).

The send|and receive sequence numbers in I frames are modulo 32 768. The receive sequence numnber in supervisory frames is
modulo 32 768. The control field in I frames and cnnpr\ncm’\/ frames is extended to four dotets in lenoth. The control field i

1
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unnumbefed frames remains one octet in length.

6.15.10.3 Option 10.3 — extended sequence numbering — modulo 2 147 483 648

The extended sequence numbering modulo 2 147 483 648 optional function provides the mechanism for defining the sequence
numberirlg for I frame transfer to be modulo 2 147 483 648. The mechanisndis in the form of an SM command with|an optional
informatipn field to indicate the modulo and the mode of the operation (i.¢., the normal response mode (NRM) operation, the
asynchrofious response mode {ARM) operation, and the asynchronous balanced mode (ABM) operation).

The send| and receive sequence numbers in I frames are modulo 2,147 483 648. The receive sequence number in|supervisory
frames is|modulo 2 147 483 648. The control field in I frames and ‘supervisory frames is extended to eight octets in Jength. The
control field in unnumbered frames remains one octet in lengtlf:

6.15.11 |Option 11 — one-way reset

The one-jvay reset optional function provides a mechanism for initiating the resetting of the logical data link for one|direction of
informatipn transfer in the balanced mode of<operation without affecting the logical data link for the other flirection of
informatipn transfer. The mechanism is the reset (RSET) command frame.

A combined station initiates a reset of thie;logical data link relative to its I frame transmission by sending the RSE[l command
frame. The remote station acknowledgesthe RSET command frame by returning a UA response frame.

Resetting one direction of the logical data link results in the following events taking place at the RSET sender and the]UA sender.
The send| state variable is reset‘atthe RSET sender, and the receive state variable is reset at the UA sender. The retransmission
counter i reset at the RSET 'sender. The UA response indicates that any busy condition that existed at the UA sender has been
cleared. Also, any framewgject (FRMR) condition that existed at the UA sender has been cleared.

6.15.12 |Option 12— data link test

The datallink testyoptional function provides a mechanism for testing the basic data link layer function at a remote station, at any
time, indepéndent of the mode of operation or the phase of the procedures. The mechanism is the test (TEST) command and
response frames. It is not intendedas-a conclusive test of remote station operation

The test function checks the following capabilities at the remote station:
a) detect an opening flag;
b) remove zero bits that have been inserted for transparency from the received bit stream following the opening flag;
c) detect a closing flag;
d) calculate an FCS for the received bit stream;
€) check that the unique FCS remainder was obtained;
f) decode its address as being the contents of the address field;
g) decode the control field as the TEST command;

h) accommodate the length of the information field;

63


https://iecnorm.com/api/?name=5fb8bce0daedd566ef75f4e5cfdb834b

ISO/IEC 13239:1997(E) © ISO/IEC

i)  generate a bit stream consisting of its own address in the address field, the TEST response encoding in the control field
with the F bit set to the same value as the P bit in the received TEST command control field, and the information received
in the information field,;

J)  send an opening flag;

k) insert zero bits into the transmitted bit stream following the opening flag so that a flag sequence is not simulated before
the closing flag is sent;

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

m) end the transmission with a closing flag.

6.15.13 (I)tion 13 — request disconnect
€

The request disconnect optional function provides a mechanism for a secondary/combined station to request-that a|data link
disconnect pe initiated by a primary/combined station. The mechanism is the request disconnect (RD) responsé-frame.

At an appfopriate respond opportunity, a secondary/combined station may send a RD response frame’to indicdte to the
primary/combined station that the secondary/combined station wishes to be placed in the disconnected jmode (NDM ¢r ADM).
Upon receipt of the RD response frame, the primary/combined station may

a) igngre the RD response frame and continue with the normal procedures; or

b) accgpt the RD response and issue a DISC command frame.

6.15.14 Option 14 — 32-bit FCS

The 32-bit FCS optional function provides a higher degree of transmission error detection capability than that availabl¢ with the
normal 16-bit FCS capability. The generator polynomial and the FCS generation and checking process are described in4.1.5.3.

Use of this|optional function is determined by prior agreement or by use Of the FCS negotiation mechanism described|in Annex
E.

6.15.15

The start/sjop transmission optional function permits HDLE frames and procedures to be used in start/stop trafismission
environments. The mechanism for start/stop transmission is\described in 4.3.2. The three levels of transparency availaple are as
indicated bglow. Use of this optional function is determinéd by prior agreement.

ption 15 — start/stop transmission

6.15.15.1
The basic transparency option provides transparency processing for the flags and the control escape octets.

ption 15.1 — start/stop transmissionwith basic transparency

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 )C1/XON
and DC3/XOFF control characters defined in ISO/IEC 646. This has the effect of assuring that the octet stream does nft contain
values whigh could be interpreted’by intermediate equipment as flow control characters.

6.15.15.3

In addition| to the basic” transparency, the control-character octet transparency option provides transparency processifg for all
octets in which bothrthe 6th and 7th bits are "0" as well as for the DELETE character octet. This has the effect of assFring that

ption 15.3<—start/stop transmission with basic transparency and control-character octet transparen¢y

the octet sjredm does not contain values which could be interpreted by intermediate equipment as the control chatacters or

6.15.16 Option 16 — seven-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 4.2.2.1. Use
of this optional function is always in conjunction with one of the transparency functions of Option 15; selection of the particular

Option 15 transparency function is independent from the use of Option 16. Use of Optional Function 16 is determined by prior
agreement.

6.15.17 Option 17 — set mode command (SM) with optional information field used in place of SXXM or SXXME
command

The optional function provides an alternate mechanism for data link set-up in place of the use of SXXM (modulo 8) or SXXME
(modulo 128) commands. The mechanism is the set mode (SM) mode setting command.
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The SM frame may contain an information field, in which the mode of operation and the modulus to use may be identified. Also
includable in the information field can be items such as the operational parameters (both standard and user-defined) and higher
layer user data. This function thereby allows the use of a single mode setting command, SM, in place of up to six set mode
commands (SABM, SARM, SNRM, SABME, SARME and SNRME) in those environments where more than one mode of
operation, or both moduli, are supported by a single data link layer entity.

6.15.18 Option 18 — presence of an information field in UA and DM responses, and in DISC commands

This optional function allows for information to be conveyed in mode setting response frames (UA and DM) and in the mode
setting disconnect command frame (DISC). The mechanism is the incorporation of an information field in these frames.

The type of information conveyed in UA and DM response frames can include mode of operation and modulus data, parameter
selection matters, and user data information. The type of information that can be conveyed in a DISC command frame is

restrictedrtouserdataomty—Fhreextstenrceof thtsoptiomat-functiomrcomptenentsthe-setectiomof optiomatfunctiony 10.2, 10.3,
17 or 19.

6.15.19 (Option 19 — presence of an information field in SABM, SARM, SNRM, SABME, SARME, SNRME dommands

This optipnal function provides for the ability to convey control and/or user data information in the transmission of an SABM,
SARM, BNRM, SABME, SARME or SNRME mode-setting command frame. The mechanism'i$ the incorporation of an
informatipn field in these commands.

The infofmation field can convey information relative to the operational parameters (both\standard and user-defined) being
supportedl, and user data for passage up to the higher layer.

6.15.20 (Option 20 — unnumbered information with header check

The unnymbered information with header check optional function provides the dbility to exchange information fields that may
not be entirely protected by a frame check sequence, independent of the mode (operational or non-operationhl), without
impacting the I frame sequence numbers. This option can be used when/theintegrity of the information being tranpferred is of
lesser importance than its delivery to the correct station(s). Cases whefe the integrity of the information being tranfferred is of
lesser importance than its delivery to the correct station include the timely transmission of packetized voice, video/gdraphic data,
or periodjcally updated information.

7 Genleral purpose Exchange Identification (XID) frame

A general purpose XID frame is defined for use by two’correspondents wishing to communicate with one another in an HDLC
environnient.

7.1 General purpose XID frame information field structure

The gendral purpose XID frame information field structure is the same as that described in 5.5.3.1 for mode-setting commands
and respqnses.

7.1.1 Fg¢rmat identifier subfield

The formpat identifier (FI) subfield is defined in 5.5.3.3.11. The list of standard XID format identifiers that are registdred is given
in ISO/IHC TR 10171.

7.2 Generalpurpose XID frame information field encoding

The gengral¢purpose XID format identifier subfield is the first octet of the general purpose XID information field. The data link
layer subffields, if present. follow in ascending order according to their GI values. Except where noted, specific dala 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.

7.2.1 Format identifier subfield encoding
The format identifier (FI) subfield is encoded as illustrated in figure 21.
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First bit transmitted

;High order bit

01 00 0 0 0 1 General purpose XID format identifier
Figure 21 — General purpose XID format identifier subfield encoding

a link layer subfield encoding

Figure 22 indicates the GI encodings for the data link layer subfields that are useable with the general purpose XID frame.

Eirst-bit-transmitted
Ei ed

;High order bit

1 000 0 0 1 O Addressresolution
00 00O O 0 1 HDLCParameters
00010 0 0 1 Multilink parameters
000011 1 1 Userdefinedparameters

Figure 22 — General purpose XID data link layer subfield identifier.encodings

The GI encpding of all ones (1111 1111) is not used as a data link layer subfield encoding;

All GI encqdings not assigned in this International Standard (here and in 5.5.3.2.2) dre reserved for future use.

NOTES

1) The
in
excl

2) The

XID information field. This allows a station to convey multiplésmenus of supportable parameters through a single
ange.

making use of those parameters that are explicitly identified by\the HDLC parameters identifier — thus allowing parameter
with] a single XID exchange.

The group

The follow
parameters

The follow]

PI
PL
E

B
N
NA
SD

ength is expressed as a two-octet binary numbeér representing the length of the associated parameter field in

| and user-defined parameters data link layer subfields.
ng legend explains the symbols-used in tables 12, 13, 14, 15 and 16.

Parameter Identifier, expressed as a decimal value.
Parameter Length-in‘octets, expressed as a decimal value.

When the bit,position is "0", the feature is absent or not supported by the sender.
Indicates this field is binary encoded.
Number of octets.
Not.applicable.
£/ System defined.

Bit No.
TBD
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———INumericat order of bitstransmmitted:

HDLC parameters data link layer subfield and the user-defined paraméters-data link layer subfield may each appear morg than once

IXID frame

user-defined parameters identifier is for use to identify patameters outside the scope of the HDLC parameters identjfier, while

hegotiation

pctets.

ing is a list of parameter field elements that are defined for the address resolution, HDLC parameters,| multilink

Indicates the field"is bit encoded. When this bit position is "1", the feature is present or supported by the sender.

To be determined.
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Table 12 — Data link layer subfield parameter field elements
Address resolution (GI = 10000010)

PI Parameter field element
Unique identifier

—

2 | Local data link layer address
HDLC parameters (GI = 00000001)

PI Parameter field element

1 | Unique identifier

2 Class of procedures

3 | HDLC optional functions

4 | Group address(es)

5 | Maximum information field length - transmit

6 | Maximum information field length - receive

7 | Window size (k) - transmit

8 | Window size (k) - receive

9 | Acknowledgement timer

10 | Retransmission attempts

11 | Reply delay timer

12 | Port number

13 | Number of protected bits in a UTH frame

Multilink parameters (GI = 00010001)

PI Parameter fieldelement

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
0w} ‘Parameter set identification
TFable 13 — Address resolution data link layer subfield parameter field elements
Name PI PL Parameter field element Code type Bit No. Vajue
Identifie 1 TBD | Unique identifier B TBD B (see the note)
Address 2 N Local data link layer address NA NA Sp

NOTE — The value of this PV is a subject for further study.
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Table 14 — HDLC parameters elements

Code
Name PI PL Par ter field el t type Bit No. Value
Identifier 1 TBD | Unique identifier B TBD B"
Classes of procedures? 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 01
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
—Lwo-way simultaneous L L ol
Reserved 11to 16 0
HDLC optiohal functions® 3 5 1 Reserved 1 0
2 REJ cmd/resp E 2 0/1
3.1 SREJ cmd/resp single frame E 3 0/1
3.2 SREJ cmd/resp multiple frames-individual I-frame E 22 0/1
indications only
3.3 SREJ cmd/resp multiple frames-individual I-frame E 24 0/1
indications and span list indicators
4 UI cmd/resp E 4 0/1
5 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 | E 9 0/1
9 Delete cmd 1 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
15 Synchronous tr ission (basic capability) E 18 0/1
15.1 Start/stop tr ission with basic transparency E 19 0/1
15.2 Start/stop transmission with basic and flow control E 20 0/1
transparency.
15.3 Start/stop transmission with basic and control-character E 21 0/1
octettransparency
16 Transfer of seven data bits/character in start/stop E 30 0/1
tr ission environments
17 Set Mode command with an optional information field to E 27 01
be used in place of SXXM or SXXME
18 UA and DM responses, and the DISC command with an E 28 0/1
optional information field
19 SABM, SNRM, SARM, SABME, SNRME, SARME E 29 0/1
command with an optional information field
20 UIH cmd/resp E 23 0/1
Reserved 31 to 40 0
Group addrgss(es)* 4 N Data link group address NA NA SD
Maximum ipformatiofi:field 5 N Maximum information field length transmit (bits) B NA B
length (trangmit)
Maximum ipfofination field 6 N Maximum information field length receive (bits) B NA B
length (recefve)
Window size k (transmit) 7 N Window size k-transmit (frames) B NA 0 to modulus -1
Window size k (receive) 8 N Window size k-receive (frames) B NA 0 to modulus -1
Acknowledg t timer 9 N Wait for acknowledgement timer (msec) B NA B
Retransmission attempts 10 N Maximum number of retransmission attempts B NA B
Reply delay timer 11 N Maximum delay in generation of reply (msec) B NA B
Port number 12 2 Local port identifier (for multilink use) B NA B
Number of protected bits 13 N Number of protected bits in a UIH frame B NA B
NOTES

1. The value of this PV is beyond the scope of this Intemational Standard.
2. This parameter field element may be repeated to specify multiple operational configurations.
3. This parameter field element may be repeated for multiple group addresses.
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Table 15 — Multilink parameters elements
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Code
Name PI PL Parameter field element type Bit No. Value
Lost frame timer 1 N MT]1 - lost frame timer (msec) B NA B
Group busy timer 2 N MT?2 - Group busy timer (msec) B NA B
Reset confirmation timer 3 N MT3 - Reset confirmation timer (msec) B NA B
Multilink window size 4 2 Multilink window size (MW) - transmit B 1-12 0 through 4095- MX
(transmit) (frames)
Reserved B 13-16 0
Multilink window size S 2 Multilink window size (MW) - receive B 1-12 0 through 4095-MX
(receive) (frames)
Reserved B 13-16 0
Guard regien-window 6 2 Guard-region-window-size-(MX) B 2 B
size (frames)
Reserved B 13-16 0
Multilink group size 7 1 Number of data links in multilink group B NA B
Multilik group member 8 4 Local port number - remote port B NA B
(see notg) number, for the data link connection
NOTE — This parameter field element is repeated for each member of the multilink group.
Table 16 — User-defined parameters elements
Code
Name Pl PL Parameter field element type Bit No. Yalue
Identifigr 0 N Parameter set identification NA NA (Se¢ Note 1)
(Implenjentor-defined) 1to N (Implementor-defined) NA NA NA
(See Nojte 2) 255
NOTE 1}|— Parameter set identification may be from 1 to 255 octets in length. /Certain values are listed in ISO/IEC TR 10171.
NOTE 2 {— The use of PV/PL/PV encoding in this subfield for PI values otherthan PI=0 is not required. Such usage is at the di§cretion of the
organizatjon associated with the parameter set identified by PI=0.

7.2.3 User data subfield encoding

7.2.3.1
The user

7.2.3.2

The uset
user dat:
users iny

User data identifier encoding

First bit transmitted

;High order bit

1 11 1 1 1 1 1 Userdataidentifier

Figure 23 — User data subfield encoding

User datasubfield encoding

olvéd:

data identifier identifies the subfield as the user data subfield. Figure 23 provides its encoding.

data subfield is transported transparently by the data link and passed on to the user of the data link. The en¢oding of the
 subfield is the responsibility of the data link user, and may be any format that is mutually agreed upon by [the data link

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 data links.

The primary/combined station desiring to, or having been requested to, initiate the XID frame exchange transmits an XID
command frame with the P bit set to "1" with an information field containing an offered profile of supportable parameters.

The responding station initiates an XID response frame with an information field that indicates the parameter selection from the

profile.
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7.3.1 Address resolution
See clause 8.

7.3.2 Parameter negotiation

7.3.2.1 Specifying supportable parameters
The XID command frame shall specify the modes which are supported by the local station. Encoding of these modes shall be as
follows:

— In situations where XID frame collisions are possible during parameter negotiation, the local unique identifier shall be
placed in the Parameter field.

— Pairs as proceaures—ana—tne P optional—fun oRS—paramete alue-are—used-to-specifiy—multiple-modes of
opergtion. Each pair shall be encoded such that all HDLC optional functions specified in the HDLC optional fhinctions
pararheter value are supported in association with all classes of procedure specified in the classes of procedures vdlue.

— Al ofher parameter values are encoded as necessary.

7.3.2.2 Spdcifying parameter values selected

The XID regponse frame shall designate the mode in which the local station will operate. Acceptance criteria or mgthod of
selection of parameter values by the responding station from those offered by the initiating station(is as follow:

— For the "E" bit encoded parameters, only options supported by both stations may be selected.

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

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

— In the case of HDLC optional function parameters 3, 7, 10 and 15 (s€e, table 14), one alternative must be chosen. The
methiod of changing from one version to another version, in these cases,"is not the subject of this International Stapdard.

— In the case of HDLC optional function parameter 14 (see table, 14), one or both versions may be identified as sypported.
The fnethod of selection is in accordance with the single-frame exchange negotiation process. The operation of p system

Which statipn has control of parameter selection during\collision situations shall be resolved in the following way. The local
unique identtifier is compared with the remote unique identifier received in the XID command frame. If the local unique
identifier is [greater than the remote unique identifier, then the local station shall select the operating parameters from thg offered
profile of spipportable parameters supplied by(the remote station in the XID command frame. Selection of these ¢perating
parameters and transmission of the XID résponse frame is described in 7.3.2.2. If the local unique identifier is less|than the
remote unique identifier, then the local station yields control of operating parameter selection to the remote station. If an XID
response frgme does not contain an HDLC parameters subfield, this is interpreted to mean that parameters within this| subfield
shall maintaiin their present values((see 7.2).

Every user-flefined parameters subfield must contain one and only one parameter set identification parameter, and it myst be the
first paramefer within the/subfield.

A station decoding a user-defined parameters subfield containing an unrecognized parameter set identification value shall ignore
that entire subfield. Likewise if a station does not support user-defined parameters at all, subfields with group identifiers of
00001111 shall be ignored.

Multiple user-defined parameters subfields with different parameter set identification values are permitted and are to be treated
independently of one another by the station. Handling of multiple user-defined parameters subfields with identical parameter set
identification values is to be determined by the stations agreeing to use the given parameter set identification value. For example,
it may be designated that only one of those user-defined parameters subfields with identical parameter set identification values
may be returned in an XID response (selection from a menu).

The interpretation of parameter set identifier values other than PI=0 is determined by prior agreement between the stations.
However, user-defined parameters are not to be used for conveyance of parameters or information for the use of higher layer
entities (the user data subfield should be used for this purpose). Neither may user-defined parameters negotiation be used to
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negotiate parameters which are defined in the basic HDLC standards (the standard mechanisms defined elsewhere in this
International Standard should be used for this purpose).

7.4 Frame check sequence negotiation rules’

Two cases are covered: the general case and a constrained case. The constrained case allows for some simplification in the
operating procedures (by virtue of the known roles of initiating and responding station) and in the capabilities that the stations
involved must support (because collision situations do not exist). The differences in the basic principles (rules) that are used in
the FCS negotiation process are noted by parenthetical explanations below and in the second example given in Annex E.

The following basic principles (rules) apply to stations that support both 16-bit FCS and 32-bit FCS as far as frame check
sequence negotiation is concerned.

— F(S negotiation or re-negotiation 1s 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
copcerned.

— Dyring the FCS negotiation process, and until the mode-setting command and response have be¢n‘exchanged, fhe stations
will receive and process frames in both the 16-bit FCS mode and the 32-bit FCS mode simultaneously. (In the
copistrained case, it is not necessary for the initiating station to process received frames in both-16-bit FCS and 32-bit FCS
mgdes simultaneously since the responding station does not send frames with 32-bit"ECS until after it hal indicated
selection of the 32-bit FCS mode and has received a set mode command with a 32-bit FCS from the initiating :Eation.)

— The responding station will select the value of FCS to be used from that which both stations are indicating they support,
anfl 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
copfirms the other station's concurrence as far as the value of FCS to berused for information transfer is concerned.

— The stations will reactivate the disabled FCS mode upon the sending”of or the receipt of a mode-setting discopnect mode
command, thereby returning to a condition where all frames are.received and processed in both the 16-bit FC$ mode and
th¢ 32-bit FCS mode simultaneously.

Illustrativg examples of the application of these FCS negotiation fules are given in Annex E.

8 Resqglution/negotiation of data link layer address in switched environments

8.1 Operational requirements

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

2. All-Stations Address Suppoxt; “All stations shall support the "all-stations" address capability.

3. Sthtion Address Support:—All stations shall be capable of supporting the complete range of assignable addresses within
th¢ constraints of HDLC procedures.

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 statiogs.involved that initially are assuming an initiating combined station status shall start the address resolution procedure
in order t&-estabt i yer-addresses-to-be-employed-insubseqte AE-eXe

rata a acaa Sto© PTO C HOSeaq a anges:

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, stations sending XID command frames shall choose data link layer addresses in the range from 2 to 253.

8.2.1 Generating XID command frames

An address resolution XID command frame shall be sent that contains, within the information field, both the Local Data Link
Layer Address parameter and the Unique Identifier parameter, in accordance with clause 7. The XID command frame shall be
sent with the "all-stations" address in the address field and with the P-bit set to «1».
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If a valid XID response frame is not received within a predefined time, another XID command frame shall be sent, containing the
then current value of that station's Local Data Link Layer Address parameter as well as the station's Unique Identifier parameter.
This procedure may be repeated "n" times (where the value of "n" is implementation dependent).

For the non-initiating combined station, if a valid XID command frame is not received within a predefined time, the non-
initiating combined station shall assume the role of an initiating combined station.

Whenever a station initiates address resolution (i.e., has sent an XID command frame with the "all-stations" address), it shall
remain in the disconnected phase until it has successfully completed an XID frame exchange.

8.2.2 Generating XID response frames

Upon reception of an XID command frame, the received data link layer address parameter field is compared with the local data
link layer

— If the two addresses are different, no address modification is necessary. An XID response frame shall be transmitted with
the|local data link layer address contained in the address field of the frame as well as in the local data link-layer address
parpmeter field.

— Ifthe two addresses are identical, the local data link layer address must be modified before transmitting the XIID response
frame. If the local Unique Identifier parameter value is greater than the Unique Identifier parameter value cqntained in
the|information field of the received XID command frame, then the local station shall increment its data link layer address
by pne.

If the local Unique Identifier parameter value is less than the Unique Identifier parametér value contained in the received
XID command frame, then the local station shall decrement its data link layer address by one.

Once the dddress has been modified, an XID response frame shall be sent with thesnewlocal data link layer address cdntained in
the addres$ field of the frame as well as in the local data link layer address parameter field.

NOTE 1 —]The Unique Identifier parameter values are considered as pure binary numbers for performing the comparison.

NOTE 2 —{ In the case of multiple octet addressing, the incrementation/decrementation operation shall be done such that the bits feserved for
address extgnsion, low order bit «b1», are not changed.
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Explanatory notes on the implementation of the frame checking sequence

Annex A
(informative)

ISO/IEC 13239:1997(E)

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 transmitter, generate the FCS sequence in the following manner while transmitting the elements of the frame unaltered

onto the line:
a) preset the FCS register to zeros;
b) [nvert the first 16 bits (following the opening flag) before shifting them into the FCS register;
c) phift the remaining fields of the frame into the FCS register uninverted;
d) |nvert the contents of the FCS register (remainder) and shift onto the line as the FCS sequéneg:

At the receiver, operate the FCS checking register in the following manner while receiving (and storing) unaltered
of the frgme as received from the line:

a)
b)
<)
d)

In the absence of errors, the FCS register will contain all zeros after the FCS is shifted in.

In the aljove, inversion of the first 16 bits is equivalent to a.ones preset, and inversion of the FCS at the receivd
registers(to go to the all zeros state.

The tran§mitter or the receiver can independently use the.ones preset or the first 16-bit inversion. Also, the receive
not to inyert the FCS in which case it has to check for the unique nonzero remainder specified in 4.1.5.

It shall He realized that inversion of the FCS by the réceiver requires a 16-bit storage delay before shifting received
register. | The receiver cannot anticipate the beginning of the FCS. Such storage, however, will normally take place
the FCS|checking function will need to differentiate the FCS from the data, and it will thus withhold 16 bits fr
function fat all times.

The progedur€ for using the FCS is based on the assumptions that:

a)

b)

<)

d)

preset the FCS register to zeros;
invert the first 16 bits (following the opening flag) before shifting them into'the’FCS checking register;
shift the remaining elements of the frame, up to the beginning of the ECS,.into the checking register uninvertg

invert the FCS sequence before shifting into the checking register:

Flag Address Control Information Frame checking sequence Flag

- "G b(;tj >t 16 bits

bits
e e >

the k bits of data which are being checked by the FCS can be represented by a polynomial G(x).

Example: G(x) = x*+x*+1 represents 101001.

he elements

r causes the

I can choose

bits into the
naturally as
pbm the next

The address field, control field and information field (if it exists in the frame) are represented by the polynomial G(x) .

For the purpose of generating the FCS, the first bit following the opening flag is the most significant bit of G(x)

regardless of the actual representation of the address, control and information fields.

There exists a generator polynomial P(x) of degree 16, having the form P(x) = x Y px? 4y’ +1.

The FCS is defined as the ones complement of a remainder R(x) obtained from the modulo 2 division of
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G+ x (xR xS X P Dby
the generator polynomial P(x).

G+ G+ +x+1) RS
=Q(x)+——
P(x) P(x)

The multiplication of G(Xx) by x' corresponds to shifting G(X) by 16 places and thus providing the space of 16 bits for the
FCS. The addition of x* (x> +x™ +---+x +1) to x'°G(x) [equivalent to inverting the first 16 bits of X'°G(X)]

R e AL SN T 1 e R e 4

LUlTCprl'lQb to lﬂl[lallZlng Inc Inllldl rcmdmucr i0oa leUC 01 dll ones . 1nis auumuu lb pruv1ucu lUl' UlC pUerbC Ul lUlellUll
against the |obliteration of leading flags, which may be non-detectable if the initial remainder is zero. The complenjenting of

R(x ) , by [the transmitter, at the completion of the division ensures that the received, error-free message will resultyinfa unique,

non-zero r¢mainder at the receiver. The non-zero remainder provides protection against potential non-detectability of the
obliteration of trailing flags.

At the transmitter, the FCS is added to the x“”G(x), resulting in an M(X)of length n|, where
M(x) = k'*G(x) + FCS.
At the recefver, the incoming M(x) is multiplied by x'6 ,added to X" (xls +x" 4t x + 1) and divided by] P(x).

x[xG(x)+ FCS]+ x"(x" +x" +-- -+ x +1) S Or(x)+ _Pr(x)
P(x) P(x)

If the transmission is error free, the remainder Rr(x) will be "0001 11010000 1111" (xiS through X 0 , respectively).

16
x " L(x
Rr(x) is |the remainder of the division T()z where LX) = x® 4+x™ 4.+ x+1. This can be $hown by
X

establishing that all other terms of the numerator of the reééiver division are divisible by P(x).

Note that F'CS= R(x) = L(x)+ R(x). [Adding L(x) without carry to a polynomial of its same length is equiyalent to a
bit-by-bit ipversion of the polynomial.]

The equatipn above, for the FCS receiver ‘residual, is used in the following to show that inverting the FCS at the receiver returns
16L

x"L(x) = O(x)+ Rr(x)

P(x) P(x)

the checkinlg register to zero. This.equation is ————— where L(X) is as defined above and Rr(x)

is the residpal contents of the FCS register.
x"L(x)+x"°L(x) _
P(x)

If xmL(.X ) is added to the above numerator, the result is

Physically,|the addition of x'6L( 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 General notation

The notatioft used 1n the lagrams 1n this annex is iius below.

\ Flag (i.e. frame boundarv)ﬁ\

| | _——Frame without informatfon
:Frame containing information

Frame with |error : %—0 or %

B.1.2 Notation for primary and secondary stations

T

Information format
rSmd sequence number.

Informatior{ frame : I N(S), N(R) P/F.<s—Poll or final bit ON

Receive sequence number (next expected frame)

Example : Bri xmits : 12,6 P. This denotes a primary information frame with send sequence number 2, the next expected | frame from
the secondary is receive sequence-number 6 (frames numbered 5 and below are therefore acknowledged) and the poll pit is set to “1”
(i.e. the secpndary is to initiate transmission with | frames if available).

Supervisory command/response

Supervisory frame): XXX N(R), P/F <a— Poll or final bit ON

heceive sequence number

Example : Pri xmits : RR2 P. This denotes a receive ready (RR) command, N(R) = 2 li.e. the next expected | frame from the
secondary is receive sequence number 2); and the poll bit is set to 1.

r—-Unnuml'mfed command or response

Unnumbered frame : XXXX, P/F <a— Poll or final bit ON

Example : Pri xmits : SNRM, P. This denotes the normal response mode (NRM) mode-setting command with the P bit set to “1"".
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B.1.3 Notation for combined siations

Address

Information format
‘\— {—Send seauence number

Information frame : X, | N(S), N(R) P/F -a——Poll or final bit ON
Receive sequence number (next expected frame)
— Address
Y f—Supervisory command/response
Supervisory frame : X, XXX NI(R), P/F -a——Poii or finai bit ON

Receive sequence number

Address
; Unnumbered command or response

Unnumbered frame : X, XXXX, P/F -a—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 RR@.P RR3.P
Pri xmuts : :j m [::1
UA.F 10,0 1.0 12,0F 13,0 1410
Sec xmits : '_—_:1 b + + 4 — ' N
B.2.1.2 NRM start-up procedure and primary only information transfer
, SNAMP 10.0 11.0P 120 13.0
Pri xmits : : b —+ i - - !
UAF RR2,F
Sec xmits : t: m
B.2.1.3 NRM information transfer by primary and secondary
10,0 11,0 12,0P 13,2 14,2P 15,3
Pri xmits : — +—— { - p— + —d —_—
19,3 11,3F 12,5F
Sec xmits : F + — _—

76


https://iecnorm.com/api/?name=5fb8bce0daedd566ef75f4e5cfdb834b

©ISO/IEC ISO/IEC 13239:1997(E)

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 i SNRM.P 10,0
Pri xmits Time-out =: —_—

UAF

Sec xmits - —

B.2.2.2 YRM primary information frame error

Retransmitted frames

10.0 1.0 A 12,0P 11,2 12,2 13,2p

Pri xmits : - +- - — b

T /VI 1 !

—
L4

=+
4

10,1 111F
Sec xmits - $ 4
B.2.2.3 NRM primary poll frame error
/Rctrammmodfmm
10,0 11,0 IZ,GP/ - . RRO.P 12,2 13]2 14,2
Prxmis |} * A e —t s !
19,2 11,2F

Sec xmits

-_
<4
e

B.2.3 Normal response mode (TWA) HDX with transmission errors in response frames

B.2.3.1 |[NRM start-up respoase error

SNRM,P - SNRM,P 10,0
Pri xmits : m —- me-out —— E —_—

UAF UAF
Sec xmits|: ¢ m

B.2.3.2 |NRM secoandary information frame error

Retransmitted frames
10,0 1,0 12,0P 13,0 I4,0P I5 2
Pri xmits : e $ } 4 F ¢
10,3 I1,3F 10,5 11,5F
Sec xmits : } /AV /§ — f— + ]
or Retransmitted frames
) 100 1,0 12,0P RROP
Pri xmits : — 4 } — tj — )
10.3 [1,3F 10.3 11, 3F
Sec xmits : F /Ay/% —e - } —
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Pri xmits -

Sec xmits :

or

Pri xmuts :

Sec xmits :

© ISO/IEC
B.2.3.3 NRM secondary ‘‘final’’ frame error
Retransmitted frame
10.0 1.0 i2,0p d{‘ﬂ;@@:t or 13.1 14,1pP 15.3
b + } " idle line detect N ‘ . ?
10,3 11.3F 115 12.5F
1 ' A/ 1 e 2 d
m T / | A — +
Retransmitted frame
00 1o 120p _ Time-out or RR1pP 1343
! ) dle line detect h
: : — ' — —3
10,3 11,3F 11,3 12,3F
— + 1 ——
7V

B.3 Examples of asynchronous response mode (ARM) two-way alternate (TWA) transmission

B.3.1 Asynchronous response mode (ARM) TWA without transmission errors
B.3.1.1 A start-up procedure and secondary only information transfer
SARMP RR2 RR3
Pri xmits : m m . m
UAF 0o 1.0 E 12,0
Sec xmits : I ! Indefinite time p—t— ' —
— - ‘——?
Q— Indefinite time ———’
B.3.1.2 ARM primary and secondary information transfer with contention situation
Contention
SARMP \ 100 11,0P o 00 11.0p
Pri xmits : E b } ~ tim | + —
UAF 10,0 11,0 10,2F
Sec xmits : L—‘ Indefinite time | T == time-out - — 1

B.3.2 Asynchronous response mode (ARM) TWA with transmission errors in command frames

B.3.2.1 ARM start-up command error

Pri xmits :

Sec xmits :
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B.3.2.2 ARM primary information frame error
NOTE — Recovery procedure is identical to NRM operation.

Retransmitted frames

SARMP IO.OA 11.0P 10.0 11.0P
Prixmits . t: Indefinite time | 77 t — F + — indefinite ime
-—

————————
LUA,F RRO,F RR2,F

Sec xmits ‘__l L__] {___l

B.3.2.3 ARM primary ‘‘poll’’ information frame error

NOTE — Recovery procedure is identical to NRM operation.

/— Retransmitted frame
SARM P 10.0 11,0P, 10.0 12, 0P
N Idle i
Pri xmits : — Indefinite time b———‘—-ﬁA ¢ detect 30 " RR3,F ||aefinite time
—— —— —— ['_': q—
UA F RR1

Sec xmits [:J t:]

B.3.3 Asynchronous response mode (ARM) TWA with transmission errors in response frames

B.3.3.1 ARM start-up

SARM P SARMP
Pri xmits : [:I_‘ Time-out :

UAF UAF.

Sec xmits | m :

B.3.3.2 |ARM secondary informatioa frame error

Retransmitted frames

SARMP RROP RR2
Pri xmits : m m /\\ tj

UAF 10,0 1.0 l0.0F 11,0 Indefinite time
H . . . :
Sec xmits : l: Indefinite time A
el

B.3.3.3 ARM secondary ‘‘final’’ information frame error

SARM.P RR2

Pri xmits : !:1 r:—!
19.0 10.0 1.0
Sec xmts . ! Indefinite time "_744 Time-out '7_‘__—‘ Indefinite time
— e

UA F - e

Retransmitted frame
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B.4 Examples of normal response mode (NRM) two-way simultaneous (TWS) transmission
B.4.1 Normal response mode (NRM) TWS without transmission errors
B.4.1.1 NRM start-up procedure and secondary only information transfer
SNRM P RROP RR1 RR2 RR3 RR4 RRS.P
R — s [ s [ s S s [ e
UAF 10.0 11,0 12,0 13.0 14 OF RRO.F
Sec xmits : :J - } . } - } [:j
or (where prifnary acknowledgments are returned for several response frames)
SNRM,P RRO.P RR3 RRS|P
Pri xmits : E m I: [::j
UAF 10,0 11,0 12,0 13.0 14, 0F RRQ.F
Sec xmits : — — + + + t 1 —
B.4.1.2 NRM start-up procedure and primary only information transfer
SNRM.P 10,0P 1.0 12,0P 13,0 14,0P 15,0
Pri xmits : | — } +— —+ + + + 1
UAF RR1.F RR3,F RRS,F
Sec xmits : | — = — —
or (where prifmary sets poll bit to "‘1”’ to solicit acknowledgment for several frames).
SNRM P 10,0P 11,0 12,0 13,0 14,0 15,0P
Pri xmits : E — + + - + ' )
UAF RR1,F RR6,F
Sec xmits : I: E:l l:1
B.4.1.3 NRM start-up procedure and primary/secondary information transfer
SNRM,P 10,0P 11,0 121 13.4 14,4 15.4 16,5 175
Pri xmits : t + + + + + + +
UAF 10.0 (RN 12,2 13.2 14,2 15.5 16.7
Sec xmits | | — + + \ ¥ ¥ + -
B.4.2 Normal response mode (NRM) TWS with transmission errors in command frames
B.4.2.1 NRM REJ capability
Retransmitted frames
Abort* / *
10.0P 11.0 I2,0/ 131 l4;\ 12,3 I 13.4 145
Pri xmits : } + 4 /Av +— + N— 1 4
101 11,2 122 REJ2 13,2 142 15.3 164
Sec xmuts : b + 4 I + 4 + —

* Optional : Frame may be completed or aborted.
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B.4.2.2 NRM SREJ capability

Retransmitted frame

19.0P 11.0 2.0 / 131 14,2 12,3 15.4 16.5
Pri xmuts : [ L L A + L 4 L s 1
T T / v T T T T 1
191 11,2 12.2 SREJ2 13.2 14,2 15.5 16.6
Sec xmits : | L L . — N I 3
Ly T T T }__{ T ' T {
B.4.3 |Normal response mode (NRM) TWS with transmission errors in response frames
B.4.3.1| NRM REJ capability
looP (1,0 12,2 13,1 14,1 REJ1 151 16,1 171 10,2
Pri xmitg i~ + + + H] - +— - + ?
10,1 11,2 12,3 13,4 15 12,7 13|10
Sec xmits : } } AL + 4 + - J
} + 7+ + t t 7
N T 7
Retransmitted frames
B.4.3.2| NRM SREJ capability
190P (10 12,0 13,1 14,1 SREJ1 15,1 16,1 17,4 0.4
Pri xmit$ : — ' ' ' = — + ' —+ ?
19,1 11,2 12,3 13,4 11,5 14,6 15,0
Sec xmifts : p— + /Arl + $ ’ + $ )
Retransmitted frame
B.S |[Examples of asynchronous response mode (ARM) two-way simultaneous (TWS) trangmission
B.5.1 | Asynchronous response mode (ARM) TWS without transmission errors
B.5.1.]1 ARM start-up procedure and intermittent secondary or primary information transfer
SARM. P 10.1 11.2P
Pri xmits— i ‘l } . 4
UAF 10.0 11,0 RR2F

—
Sec xmits : — Indefinite time | f 1 —

.

B.5.1.2 ARM start-up procedure and continuous primary/secondary information transfer

SARMP looP 11,0 12,1 13,2 14,2 15,3 16,4P
Pri xmits : - $ + +— 5 + + ?
- —— _b,__-!\_..-.\",______i ¢
UAF Indefinite t 10.0 111F 12,2 13.4F 145
m
Sec xmits : Ej‘rnemvel ’4-=‘r + + + + !
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B.5.2 Asynchronous response mode (AR

© ISO/IEC

) TWS with transmission errors in command frames

B.5.2.1 ARM start-up command error
SARM.P SARM P
Pri xmits . Time-out :] Indefinite time
’ JE— — RS
UAF
Sec xmits | —
B.5.2.2 ARM REJ capability
Abort * Retransmitted frame$
\ /
SARM.P 10.0P 1.0 12,0 131 11,2P 12,3 3.5 143
Pri xmits - —l Indefinite , 4 L . J) AL I 4 1 D)
. ‘—‘ “me T L ----- %T v U v IL -' e 1 T A Y
UAF RR1,F 10,1 11,1 REN 121 RR2,F 13.3
Sec xmits : m t:‘ b + j__rll — t: —_
B.5.2.3 ARM SREJ capability
/-— Retransmitted frame
SARM P 0.0P “'OA/ 12,0 131 1h.2P 143 15.3
Pri xmits : — —t 7a'amn + + e + 5
! 1
Indefinite L=, [P
time ! !
—— ' !
UA,F RR1,F 101 11,1 SREJ1 121 RR4 F 13,5
Sec xmits : = ' i—l'_' - ':: —_
B.5.3 Asynchronous response mode (ARM) TWS with transmission errors in response frames
B.5.3.1 ARM REJ capability
Time-out
- S
SARM.P 10.0P 1.0 12,1 13,1 REJT [4,1P 5.1 16.2P
Pri xmits : m — + + } —L_ﬁ‘ + + ?
Indefinite
time
(X 111 12,2 13,3 14,4 1.4 12,5F 135 146
. UA'F L 0 o 4 A7 . 4 & !lj\n n 4 It {
Sec xmits : t: — t / 14 T T T - \ T * 1
Abort * / Retransmitted frames

Optional : Frame may be completed or aborted.
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