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ISO (the International Organization for Standardization)and IEC (the International
Electrotechnical Commission) form the specialized system for yorldwide standardiz-
ation. National bodies that are members of ISO or IEC)participdte in the development
of International Standards.through technical committees established by the respective
organization to deal with particular fields of technical activity. ISO and IEC technical
committees collaborate in fields of mutual isiterest. Other internptional 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, ISO/IEC JTC 1. Draft International Standards gdopted by the joint
technical committee are circulated to national bodies for voting. Publication as an
International Standard sequires approval by at least 75 % of the national bodies
casting a vote. '

International Standard ISO/IEC 4335 was prepared by Joint [Technical Committee
ISO/IEC JTCL, Information technology.

This fourth edition cancels and replaces the third edition (ISO 4835 : 1987), which has
been technically revised.

Anhexes A, B and C of this International Standard are for infgrmation only.
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Introduction

General

High-level data link

tontrol (HDLC) procedures are designed to permit synchronous

or start/stop, code-trapsparent data transmission. This International Standard describes

the HDLC elements

of procedures. Further studies are in progress to identify and

define additional elellents of procedures which may be included at a later date.

In HDLC procedure:
between two data st
from the data sourc
direction. Until th
acknowledgement, it

the normal cycle of the code-transparent data communication
ptions consists of the transfer of frames containing information
e to the data sink acknowledged by a frame in the opposite
e data station comprising the data source receives an
holds the original information in memory in case the need shotld

arise for retransmissi

ns.

Data sequence integrity between the data source and the data sink is effected by means
of a numbering scheme, which is cyclic within a modulus specified in this
International Standargl and measured in terms of frames. An independent numbering
scheme is used for eath data source/data sink combination on the data link.

The acknowledgement function is accomplished by the data sink informing the data

source of the next e
not containing info
information.

HDLC procedures arg

Unbalanced dat:Ll:nks

An unbalanced data
purposes, one data st

ted sequence number. This can-be-done in a separate frame,
ation, or within the control\field of a frame containing

applicable to unbalanced.data links and to balanced data links.

invelves two or more participating data stations. For control
htion ‘on)the data link assumes responsibility for the organization

of data flow and for unrécoverable data link level error conditions. The data station

assuming these responsibitities is—known asthe primmary statiom, =t the frames it
transmits are referred to as command frames. The other data stations on the data link
are known as the secondary stations, and the frames they transmit are referred to as
response frames.

For the transfer of data between the primary station and the secondary stations, two
cases of data link control are considered (see figures 1 and 2). In the first case, the
data station comprising the data source performs a primary station data link control
function and controls the data station comprising the data sink that is associated with a
secondary station data link control function, by select-type commands.

iv
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In the second case, the data station comprising the data sink performs a primary
station data link control function and controls the data station comprising the data
source that is associated with a secondary station data link control function, by poll-
type commands.

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

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

Balanced data links

purposes, each data station assumes responsibility for the orgapization of its data flow
and for unrecoverable data link level error conditi associated with the
transmissions that it originates. Each data station is-known as|a combined station and
is capable of transmitting and receiving both command and response frames.

A balanced data link involves only two participating ﬁ;tations. For control

For the transfer of data between combined stations, the dat4 link control functions
illustrated in figure 3 are utilized. Thé.data source in each combined station controls
the data sink in the other combined-station by the use of selegt-type commands. The
information flows from the datasource to the data sink, and the acknowledgements are
always transmitted in the opposite direction. The poll-type commands may be used by
each combined station to $olicit acknowledgements and stafus responses from the
other combined station.

Select/information

Primary, Secondary
station station

Acknowledgement

Data source Data sink

Figure 1 — Unbalanced data link configurati¢n (case 1)

Poll/acknowledgement
Primary Secondary
station station
Data sink Information Data source

Figure 2 — Unbalanced data link configuration|(case 2)

Select/information/acknowledgement/poll

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

Figure 3 — Balanced data link configuration
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INTERNATIONAL STANDARD

ISO/IEC 4335 : 1991 (E)

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

1| Scope

This International Standard specifies elements of data link
cantrol procedures for synchronous or start/stop, code-
parent data transmission using the HDLC frame structure
ified in ISO 3309 and independent frame numbering in
th directions.

ese HDLC elements of procedures are defined specifically
in|terms of the actions that occur on receipt of commands at a
seondary station or a combined station.

is International Standard is intended to gover a wide range
of| applications; for example one-way, two-way altemate or
-way simultaneous data commumication between data
stjtions which are usually buffered, including operations on
different types of data circuits; for example multipoint/point-
tofpoint, duplex/half-duplex, switched/non-switched,
sypchronous/start-stop, €tc)

THe defined HDLCE - elements of procedures are to be
considered as & common basis for establishing different types
of| control ptocedures. This International Standard does not
define any_single system and should not be regarded as a
specification for a data communication system. Not all of the
commands or responses are required for a particular system

link control (HDLC) procedures — Elements of procedures

currently-valid International Standar.

ISO/IEC 2382-9 : 1984, Information technology - Vocabulary
<Part 9 : Data communication.

ISO/IEC 3309 : 1991, Information technology -
Telecommunications and informatipn exchange between
systems - High-level data link controf (HDLC) procedures -
Frame structure.

3 Definitions

For the purposes of this International Standard, the following
definitions apply (see also ISO/IEC 2382-9).

3.1 abort: A function invoked Hy a sending primary,
secondary or combined station caysing the recipient to
discard (and ignore) all bit sequen¢es transmitted by the
sender since the preceding flag sequenge.

3.2 accept: The condition ass by a data station
(primary, secondary or combined station) upon accepting a
correctly received frame for processing.

implementation.

2 Normative references

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

3.3 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 station sending (or designated to
receive) the frame.

3.4 address field extension : Enlarging the address field to
include more addressing information.
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3.5 basic status: A secondary/combined station’s
capability to send or receive a frame containing an
information field.

3.6 centralized control : A control in which all the primary
station functions of the data link are centralized in one data
station.

3.7 combined : That part of a data station that supports the
combined station control functions of the data link.

NOTE — The combined station generates commands and

3.13 control field extension : Enlarging the control field to
include additional control information.

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

3.15 data link: An assembly of two or more terminal
installations and the interconnecting line operating according
to a particular method that permits information to be
exchanged.

NOTE — In this context, the term "terminal installation” does

responses for trangmission and interprets received commands
and responses. Specific responsibilities assigned to a combined
station include:

a) initializatio[ of control signal interchange;

b) organizatioh of data flow;

c) interpretatign of received commands and generation of
appropriate resgonses; and

d) actions regarding error control and error recovery
functions at the data link level.

3.8 command: In|data communication, an instruction
represented in the control field of a frame and transmitted by
the primary/combin% station, It causes the addressed
secondary/combined ptation to execute a specific data link
control function.

3.9 command framq :

a) All frames tjansmitted by a primary station.

b) Those frames transmitted by a combined station that
contain the addrdss of the other combined station.

3.10 contention mofle : A mode of transmission in"'which a
transmitter can send op its own initiative.

3.11 control escape| (CE) : The unique-sequence of eight
bits (10111110) emplpyed to indicatethe following octet has
been modified according to the~transparency algorithm for
start/stop transmissior] environments.

3.12 control field (() > The sequence of eight (or sixteen, if

not include the data source and the data sink.

3.16 data link level : The conceptual level of. contro} or
processing logic existing in the hierarchical stfucture of a dlata
station (primary, secondary or combined. .station) tha} is
responsible for maintaining control of the data link.

NOTE — The data link level functions provide an inteme
between the data station high\level logic and the data link.
These functions include:

a) transparency,

b) address/Control field interpretation;
¢) comfand/response generation, transmission |and
interpretation; and

d)\frame check sequence computation and interpretatiog.

3.17-data transmission: See ISO/IEC 23829, term
09.01.02.

3.18 duplex transmission: See ISO/IEC 2382-9, term
09.03.01.

3.19 exception condition: The condition assumed by a
secondary/combined station upon receipt of a frame whigh it
cannot execute due either to a transmission error or tgq an
internal processing malfunction.

3.20 flag sequence (F): the unique sequence of eight |bits
(01111110) employed to delimit the opening and closing pf a
frame.

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 station, designated by
the address field, as a command instructing the performance
of some specific function; and

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

3.21 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.

3.22 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
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errors by the receiver.

3.23 half-duplex transmission : See ISO/IEC 23829, term
09.03.02.

3.24 higher level : The conceptual level of control or
processing logic existing in the hierarchical structure of a data
station (primary, secondary or combined station) that is above
the data link level and upon which the performance of data
link level functions are dependent; for example device
control, buffer allocation, station management, etc.

ISO/IEC 4335 : 1991 (E)

the secondary/combined station to one or more commands.

3.32 response frame:

a) All frames transmitted by a secondary station.

b) Those frames transmitted by a combined station that
contain the address of the transmitting combined station.

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

3.25 information field (INFO): The sequence 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 and UI frames are
not interpreted at the data link level.

3.26 interframe time fill:
ansmitted between frames.

The sequence or condition

.27 intraframe time fill: In start/stop transmission, the
sequence or condition transmitted within a frame when the
Xt octet is not available for contiguous transmission

ediately following the preceding octet. For synchronous
ansmission, there is no provision for intraframe time fill¢

3.28 invalid frame: A sequence of bits, following the
bceipt of an apparent opening flag sequence, that-either

-

a) is terminated by an abort sequence; or

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

3.29 primary station : The data station that supports the
primary station control functions of the data link, i.e. that
generates commands’ for transmission and interprets received
r¢sponses.

NOTE (—, ‘Specific responsibilities assigned to the primary
station include:

a) initialization of control signal interchange;

NQIE-—-A—ucmduy-naﬁm.'mrtrpmts received commands

and generates responses for transmisgion.

3.34 secondary station status : 'lroccmem condition of a

secondary station withrespect to
commands received, froni the primary

3.35 two-way’, alternate data
ISO/IEC 2382-9, term 09.05.03.

3.36. two-way simultaneous data
ISO/IEC 2382-9, term 09.05.02.

3.37 unnumbered commands : TH

essing the series of
station.

communication : See

communication : See

e commands that do not

contain sequence numbers in the control field.

3.38 unnumbered responses : ’HIOresponses that do not

contain sequence numbers in the con

4 Data link channel states

1 field.

4.1 Active data link channel state

4.1.1 General

A data link channel is in an active
station, a secondary station or a conj
transmitting a frame, a single abort
time fill. In the active state, the right
shall be reserved.

4.1.2 Abort

state when the primary
bined station is actively
sequence, or interframe
to continue transmission

4.1.2.1 Synchronous transmission |

. .

——b)—organizatton-of data-flow;-and
c) actions regarding error control and error recovery
functions at the data link level.

3.30 primary/secondary station : The general case where
the station may be either a primary station or a secondary
station.

3.31 response : In data communication, a reply represented
in the control field of a response frame that advises the
primary/combined station with respect to the action taken by

Aborting a frame shall be accomplished by transmitting at
least seven contiguous "1" bits (with no inserted “0" bits) to
end the frame. Receipt of seven contiguous "1" bits shall be
interpreted as an abort and the receiving data station shall
ignore the frame,

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

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

4.1.3 Interframe time fill
4.1.3.1 Synchronous transmission

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

a) normal response mode (NRM);
b) asynchronous response mode (ARM); and
c) asynchronous balanced mode (ABM).

5.1.1 Normal response mode (NRM)

In NRM, which is an unbalanced data link operation mode,
the secondary station shall initiate transmission only as the
result of receiving explicit permission to do so from the
primary station. After receiving permission, the secondary
station shall initiate a response transmission. The response
transmission shall consist of one or more frames while

4.13.2 Start/stop transmission

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

4.1.4 Intraframe time fill
4.1.4.1 Synchronous fransmission

There is no provision for time fill within a frame.

4.1.4.2 Start/stop trarsmission

Inter-octet time fill wiithin a frame shall be accomplished by
transmitting continugus mark-hold condition (logical "1"
state). There is no prpvision for time fill within an octet (ie.,
between the start elenjent and stop element).

4.2 Idle data link ¢channel state
4.2.1 Synchronous tfansmission

A data link channel i$ in anidle state when a continuous !'"l"
state is detected that|has persisted for at least 15 bit times;
detection of the idlel state at the data link level shall be
considered to indicdte that the remote data \station has
relinquished its right fo continue transmissiorn.

4.2.2 Start/stop transmission

A data link channel fis in the _idle state when a coniinuous
mark-hold condition] persists™ for the period of time
determined by a syptem-specified timeout function. The
duration of this timer ‘is‘\fiot a subject of this International

of the response transmission shall be explicitly indic by
the secondary station. Following indication of the last frame,
the secondary station shall stop transmitting until explicit
permission is again received from the primary-station.

maintaining an active data link channel state. The las‘t“t;%:ne

5.1.2 Asynchronous response mode (ARM)

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

5.1.3 Asynchronous balanced mode (ABM)

In ABM, which is a balanced data link operation mode, either
combined station may send commands at any time and may
initiate response frame transmission without receiying
explicit permission to do so from the other combined station.
Such an asynchronous transmission may contain singl¢ or
multiple frames and shall be used for information field
transfer and/or to indicate status changes in the combined
station (for example, the number of the next expegted
information frame, transition from a ready to a busy condifion
or vice versa, occurrence of an exception condition).

5.2 Non-operational modes

The three non-operational modes are:

Standard.

5 Modes

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

5.1 Operational modes
The three operational modes are:

a) normal disconnected mode (NDM);
b) asynchronous disconnected mode (ADM); and
¢) initialization mode (IM).

The disconnected modes (NDM and ADM) differ from the
operational modes in that the secondary/combined station is
logically disconnected from the data link; i.e. no information
() or supervisory frames are transmitted or accepted. The
initialization mode (IM) differs from the operational modes in
that the secondary/combined station data link control program
is either in need of regeneration or is in need of an exchange
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of the parameters to be used in an operational mode.

These two disconnected modes (NDM and ADM) are
provided to prevent a secondary/combined station from
appearing on the data link in a fully operational mode during
unusual situations or exception conditions since such
operation could cause:

a) unintended contention in ARM;

b) sequence number mismatch between the primary
station and the secondary station, or between combined
station; or

ISO/IEC 4335 : 1991 (E)

A secondary/combined station in a disconnected mode (NDM
or ADM) shall, as a minimum capability, be capable of
generating the DM response with the F bit set to "1" in
response to a command frame received with the P bit set 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 shall respond
with the unnumbered acknowledgement (UA) response if it is
capable of actioning the command. A secondary/command
station in_an operational mode receiving a DISC command

c) ambiguity 1n the primary/combined station as to the
status of the secondary/other combined station.

secondary station shall be system predefined as to the
cpndition(s) that causes it to assume a disconnected mode.

e disconnected mode (NDM or ADM) shall also be system
predefined. A combined station shall be system predefined as

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

he secondary station capability is a disconnected mode shall
e limited to:

o -

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 initialization mode (SIM), and discomnect
(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;

e) transmitting a_disconnected mode (DM), request
initialization mode ) (RIM), exchange identification
(XID), or request_disconnect (RD) response frame at a
respond oppeortunity to solicit a specific action on the
part of theprimary station;

f) accepting an unnumbered information (UI) command;
and

g) transmitting a Ul response at a respond opportunity.

shall respond with the UA response,

Examples of possible conditions (in|addition to receiving a
DISC command) which{shall causdq a secondary/combined
station 1o enter a disconnected mode gre:

a) the secondary/combined statjon power is turned on,
or restored following a temporary loss of power;

b) the'secondary/combined station data link level logic
is(manually reset; and

¢) the secondary/combined station terminal is manually
switched from a local (home) condition to a connected-
on-the-data-link (on-line) conditfon.

A secondary/combined station in 4 non-operational mode
shall not establish a frame reject exception condition.

5.2.1 Normal disconnected mode (NDM)

In NDM, which is an unbalanced data link non-operational
mode, the secondary station shall b¢ logically disconnected
from the data link and shall, therefqre, not be permitted to
accept information in I command |frames or to transmit
information in I response frames. [The secondary station
shall, however, be permitted to ac¢ept information in Ul
command frames and to transmit infgrmation in UI response
frames. The secondary station has|normal mode respond
opportunity and shall initiate a pingle frame response
transmission, indicating its status, ag a result of receiving a
command frame with the P bit setg "1"; optionally, it may
initiate such a response as the result of receiving a UP
command with the P bit set to "0".

In this mode, a secondary station shall action only mode

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), 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.

setting;— XD, U —ard—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. A XID or TEST command that can be
actioned shall be responded to with the XID and 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 cause a secondary station in NDM to respond at the
earliest respond opportunity with the DM response, or, if the
secondary station determines it is unable to function, with the
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RIM response. - Receipt of a Ul command with the P bit set to
"1" shall cause a secondary station in NDM to respond at the
earliest respond opportunity with a Ul response, with a DM
response, or with a RIM response. In the case where an
implemented mode setting, XID or TEST command has been
received but cannot be actioned or a status condition is to be
reported, a UP command with the P bit set to "0" shall cause a
secondary station in NDM to respond with a DM or RIM
response, as appropriate. Any command with the P bit set to
"0", other than the implemented mode setting, XID, UI,
TEST or UP commands as described above, may be ignored
by the secondary station in NDM.

secondary/combined station in ADM.

Because a combined station is also a generator of commands,
it can terminate a disconnected mode at any time by
transmitting an appropriate mode setting command (SABM,
SABME, or SIM). Such action can be taken spontaneously or
as a result of transmission received from the other combined
station (for example, 2 DM or RIM response).

5.2.3 Initialization mode (IM)

In IM, which is an unbalanced data link or balanced data link
non-operational mode, a secondary/one combined station data

5.2.2 Asynchronous llisconnected mode (ADM)

In ADM, which is an|unbalanced data link or balanced data
link non-operational fnode, the secondary/combined station
shall be logically disqonnected from the data link and shall,
therefore, not be p¢rmitted to accept information in I
command frames/I | command or response frames,
respectively, or to trarjsmit information in I response frames/I
command or resgonse frames, respectively. . The
secondary/combined dtation shall, however, be permitted to
accept information in| UI command frames/UI command or
response frames, respectively, or to transmit information in
command or response frames,
¢ndary station, or combined station as a

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 ito
function. The combinpd station, as a transmitter of command
frames, is also permitted to send a Ul command frame at any
asynchronous mode respond opportunity.

In this mode a seconflary station, or combined station as a
receiver of commands, shall action only ‘mode setting, XID,
UI and TEST commdnds. Mode setting commands, except
the DISC command, that can be actioned shall be responded
to with the UA respofse at the earliest respond opportunity.
A XID or TEST cofimand that can be actioned shall be
responded to with the XID-or TEST response, respecnvely, at
the earliest respond opportunity 3
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 UI 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

link control program may be initialized or regenerated by [the
primary/other combined station action, or other parameters to
be used in the operational mode may be exchanged. IM is
invoked when the primary/one combined station concludes
that a secondary/other combined station)is operati
abnormally and needs its data link contrgl program correc

primary/other combined station.

A secondary/combined station shall enter IM upon sendi
UA response, at.its system predefined respond opportuni
response to_ ‘the receipt of a SIM command. | A
secondary/combined station may request a SIM command by
sending_a RIM response. In- IM, the primary/one combihed
stationand a secondary/other combined station may exchange
information in the predetermined manner specified for
secondary/each combined station (for example, UI o I
frames).

IM shall be terminated when a secondary/combined station
receives and acknowledges (via a UA response) one of [the
other mode setting commands, or when entering [the
disconnected mode caused by internal constraints such as loss
of power.

6 Control field and parameters
6.1 Control field formats
6.1.1 General

1

The three formats defined for the control field (see tablq

supervisory functions and unnumbered control functlons and
unnumbered information transfer.

6.1.2 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
setto "1" or "0".


https://iecnorm.com/api/?name=5e0b3ddf61937ee38fb403b9f2fc5ee8

Table 1 — Control field formats

Control field Control field bits*
format for
112({314] 5161718

Information transfer command/
response (I format) 0] N(S) |P/F| NQR)
Supervisory commands/
responses (S format) 1]10{ S| S|P/F| NR)
Unnumbered commands/
responses (U format) 11HTMIM|PFIMIMIM

—* N(S) = transmitting send-sequence-number

ISO/IEC 4335 : 1991 (E)

modulo 128 are shown in table 4 (see 7.4).

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

NOTE — The number of outstanding I frames may be further
restricted by the data station frame storage capability; for
example, the number of I frames that can be stored for

(bit 2 = low-order bit)

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

S = supervisory function bit

M = modifier function bit

P/F poll bit — primary station or combined
station command frame transmissions/final
bit — secondary station or combined station
response frame transmissions

(1 = poly/final)

.1.3 Supervisory (S) format

e S format is used to perform data link supervisory control
nctions such as acknowledging I frameés, requesting
retransmission of I frames, and requesting a temporary
spspension of transmission of I frames.” The functions of
(R) and P/F are independent; i.e. each S format frame shall
ave an N(R) sequence number.which may or may not
knowledge additional I frames-at the receiving data station,
d a P/F bit that may besetto "1" or "0".

.1.4 Unnumbered (U) format

e U formatjs.used to provide additional data link control
ctions and Junnumbered information transfer. This format
shall coritain no sequence numbers, but shall include a P/F bit
atmay be set to "1" or "0". Five "modifier” bit positions
€\available, this allowing definition of up to 32 additional

the event of a transmission
error. Optimum data link effici can only be obtained,
however, if the minimum data stati¢gn frame storage capacity is
sufficient for the maximum, anticipgted round trip transmission
delay.

6.2.2 Frame state variables and sequence numbers
6.2.2.1 General

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

6.2.2.2 Send state variable V(S)

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

command functions and 32 additional response functions.

6.2 Parameters
6.2.1 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 or 128. The sequence numbers cycle
through the entire range. The control field formats for
modulo 8 are shown in table 1. The control field formats for

6.2.2.3 Send sequence number N(S)

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

6.2.2.4 Receive state variable V(R)

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

6.2.2.5 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

63.1.1 General

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

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

With this exception, grior 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 yariable. The N(R) indicates that the
station transmitting the N(R) has correctly received all 1
frames numbered up tp 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 frgmes are ultimately correctly received.
This may be achieved by multiple variable counters or by
other means.

(See 7.2.4 for definitign of the use of the SREJ command and
response.)

6.2.3 Poll/final (P/F)|bit

The poll (P) bit pet to "1" shall be used by «the
primary/combined stption to solicit (poll) a response) or
sequence of rgsponses  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 transmittefd as the result of a previous soliciting
(poll) command;|and

b) by a seconddry station in ARM and by a combined
station in ABM\ %o’ indicate the response frame

6.3.1.2 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 until it receives either a command-frame with the P
bit set to "1" or a UP command.

The secondary station may send J.frames upon receipt of an I
frame with the P bit set to "1", certain S frames (RR, REJ or
SREJ) with the P bit set to “1Y, a Ul command with the H bit
set to "1", or a UP comniand with the P bit set to “1" or 0.

6.3.1.3 Functions of the poll bit in ARM and ABM

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

NOTE — For example, if the primary/combined station requires
positive acknowledgement that a particular command has
received, it sets the P bit in the command to "1". This fordes a
response from the secondary/combined station as described in
63.2.2.

6.3.2 Functions of the final bit

A response frame with the F bit set to "1" shall be used by] the
secondary/combined station to acknowledge the receipt of a
command frame with the P bit set to "1".

6.3.2.1 Functions of the final bit in NRM

In NRM, if the right to transmit was acquired by the receipt
of a P bit set to "1", then the secondary station shall set the F
bit to "1" in the last frame of its response transmission. Iff the

transmitted as the Tesult of a soliciung (poll) commmand.
6.3 Functions of the poll/final (P/F) bit

The poll/final (P/F) bit shall serve a function in both
command frames and response frames. (In command frames,
the P/F bit is referred to as the P bit. In response frames, it is
referred to as the F bit.)

6.3.1 Functions of the poll bit

right to transmit was acquired by the receipt of a UP
command with the P bit set to "0", then the secondary station
shall set the F bit to "0" in each frame (including the last
frame) of its response transmission.

Following transmission of the last frame of its response
transmission, the secondary station shall stop transmitting
until either a subsequent command frame with a P bit set to
"1" is received, or a UP command is received.
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6.3.2.2 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

ISO/IEC 4335 : 1991 (E)

secondary/primary station previous to, and concurrent with,
the last frame which was transmitted by the
secondary/primary station with the F/P bit set to "1".

6333 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"
shall cause the secondary/primary station to initiate
appropriate error recovery if the N(R) does not acknowledge
at least all I frames transmitted by the secondary/primary
station previous to, and concurrent with, the last frame which
was transmitted by the secondary/primary station with the F/P

e to be transmitted.

ARM and ABM, the transmission of a response frame with
F bit set to "1" shall not require the secondary station or

combined station, respectively, to stop transmitting
repponse frames. Additional response frames may be
transmitted following the frame which had the F bit set to "1".
Thus, in ARM and ABM, the F bit shall not be interpreted as
the end of transmission by the secondary station or the
cgmbined station, respectively; it shall only be interpreted as
inflicating the response frame from the secondary/combined.
stgtion sent as a reply to the previous command frame
refeived with the P bit set to "1".

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

ig9y

6.3.3 Use of the P/F bit to assist in error recovery (see also
clause 8)

6.3.3.1 General

A$ the P and F bits set to "1" are-always exchanged as a pair
1 every P bit there shall\be one F bit, and another P bit
not be issued until/the.previous P bit has been matched
an F bit, and, similarly, another F bit shall not be issued
until another P bit\is received), the N(R) contained in a
regeived frame with a P bit (see 8.2.1h) or F bit set to "1" can
used to detect-that I frame retransmission is required. This
capabilityprovides early detection of I frames not received by
the remote’ data station and indicates the frame sequence
numbér/where retransmission shall begin. This capability is

bitsefto 1.

633.4 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" $hall cause the received
combined station.to initiate appropriate error recovery if the
N(R) does not/acknowledge at least 2l I frames transmitted
by the receiving.Combined station preyious to, and concurrent
with, the last 'frame which was transmitted by the receiving
combined station with the P bit set to T1".

6.3.4 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 twolway simultaneous data
communication is summarized in tabld 2. "

Table 2 - P/F bit functions

Operational mode NRM ARM ABM
Data communication| TWA |TWS ! TWA [ TWS{TWA|TWS
P/F bitin
command/response PF |\ P/F }|PF | PIF ) PF | PF
Solicit information x/ x/

Last frame indication x/x /x
Solicit supervisory or
unnumbered response x/ x/ x/ x/ x/ x/
Checkpointing xix | x| |xx | xix | x| oxk
Key:
x indicates that the function is applicable

refeffed © a5 checkpoiming. 1he N(R) of a cormreclly
received I frame or S format frame, except for a SREJ frame
with the P/F bit set to "0", shall acknowledge previously
transmitted I frames to N(R) - 1 inclusive.

63.3.2 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 "1" shall cause the secondary/primary station
to initiate appropriate error recovery if the N(R) does not
acknowledge at least all I frames transmitted by the

TWA - two-way alternate

TWS - two-way simultaneous

7 Commands and responses

The set of commands and responses is summarized in table 3.
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Table 3 - Commands and responses

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

SARM - Set asynchropous DM - Disconnected mode
response mode

SABM - Set asynchropous RIM - Request initialization
balanced mode mode
DISC - Disconnect RD - Request disconnect

SNRME - Set normal fresponse | UL - Unnumbered information
mode extended

SARME - Set asynchyonous | XID - Exchange identification
response mode extended

SABME - Set asynchfonous | FRMR - Frame reject
balanced mode extended

SIM - Set initializatiop mode | TEST - Test
UP - Unnumbered poll

UI - Unnumbered ian;matim

Figure 4 - Information transfer format of control fi
bits

Information transfer Information transfer
format commands format responses
1 - Information I-Information #— First bit transmitted
Supervisory format Supervisory format 1 2 3 4 5 6 7 8
commands responses
RR - Receive ready RR - Receive ready 0 NG) PE| NR)
RNR - Receive not ready RNR - Receive not ready Information Receive
REJ - Reject REJ - Reject transfer ‘ sequence number
SRETJ - Selective reject SRE]J - Selective reject format Qw0 7)
Unnumbered format Unnumbered format

command responses Sendsequence—Command —
SNRM - Set normal rgsponse  |UA - Unnumbered ' ‘(‘(‘)“tnob};)" (pol))
mode acknowledgement Response

(final)

eld

(See 6.3 for a description of the'functions of the P/F bit.)

7.2 Supervisory format.commands and responses

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

Frames (with the S format control field shall not contain

an

information field and, therefore, shall not increment the send
state variable at the transmitter or the receive state variablq at

the receiver.

The encoding of the S format command/response control fi
shall be as shown in figure 5.

eld

XID - Exchange identjfication
RSET - Reset 4 Firstbit transmitted
1 2 3 4 5 6 7 8
T-
TEST - Test 1 o|s s|epF NR)
7.1 Information transfer forniat command and Supervisory Command Receive |
response format (poll) sequence num
Response ©w7)
The function of the information, I, command and response (final)
shall be to transfer |[seqUentially numbered frames, each Commands Responses
containing an mformal.lmrﬂ'erd,—mcss T data tink: RR - Roceive ready 00 RR -Recave ready
) REJ - Reject 01 REJ-Reject
The encoding of the I command/response control field shall RNR - Receive not ready 10 RNR - Receive not ready
be as shown in figure 4. SRET - Selective reject 11 SREJ - Selective reject

The I frame control field shall contain two sequence numbers.

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

b) N(R), receive sequence number, which shall indicate
the sequence number (as of the time of transmission) of
the next expected I frame to be received, and

Figure 5 - Supervisory format of control field bits

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 receiv

ed,

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

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

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

ISO/IEC 4335 : 1991 (E)

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

response

The selective reject, SREJ, frame shall be used by a data

station to request retransmission
numbered N(R). If the P/F bit in the

of the single I frame
SREIJ frame is set to "1",

then I frames numbered up to N(R) -1 inclusive shall be
considered as acknowledged. However, if the P/F bit in the
SREJ frame is set to "0", then the N(R) of the SREJ frame
does not indicate acknowledgement of I frames.

Each SREJ exception condition shall be cleared (reset) upon

receipt of an I frame with an N(S)
SREI frame

The receive ready, RR, frame shall be used by a data station
[0

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

bf any busy condition that was initiated by the earlier
ansmission of an RNR frame by the same data station. (See
1)

2.2 Reject, RE], (S bits = 01) command and response

e reject, REJ, frame shall be used by a data station to
equest retransmission of I frames starting with the frate
umbered N(R). I frames numbered N(R) - 1 and below ‘shall

considered as acknowledged. Additional I (frames
waiting initial transmission may be transmitted following the
etransmitted I frame(s).

With respect to each direction of transmission on the data

only one REJ exception condition-from a given data
tation to another data station shall'be established at any
given time. A REJ frame shall not be transmitted until an
arlier REJ exception condition-or all earlier SREJ exception
¢onditions have been cleared as indicated in 8.2.2, 8.2.3 and
24.

The REJ exception condition shall be cleared (reset) upon the
eceipt of an/Dframe with an N(S) equal to the N(R) of the
EJ frame(

.23’ Receive not ready, RNR, (S bits = 10) command and
YESPONSe

equal to the N(R) of the

A data station may transmit one or [more SREJ frames, each

containing a different N(R)\with

one or more earlier SREJ-excepti
cleared. However, a,SREJ frame s
an earlier REJ exception condition

P bit set to "0", before
conditions have been
all not be transmitted if
has not been cleared as

indicated -in 8.2.3 and 8.24. (Tp do so would request

retransmission’ of an I frame that
the REJ-operation.) Likewise, a

ould be retransmitted by
EJ frame shall not be

transniitted if one or more earlier SREJ exception conditions

have not been cleared as indicated in

8.2.3 and 8.24.

I frames that may have been transmitted following the I frame

indicated by the SREJ frame shall
result of receiving a SREJ fy
awaiting initial transmission may be

t be retransmitted as the
Additional I frames
transmitted following the

retransmission of the specific I franje requested by the SREJ

frame.

(See 8.2 for sequence error recovery |procedures.)

7.3 Unnumbered format com

Unnumbered, U, commands and re
extend the number of data link cg
transmitted with the U format shal
variables at either the transmittin;
station. Five "modifier" bits are pro

ands and responses

ponses shall be used to
ntrol functions. Frames
not increment the state
t or the receiving data
vided which allow up to

32 additional command functions and 32 additional response

functions to be defined. Thirteen
eight response functions are defing
reserved.

The encoding of the U format co

field shall be as shown in figure 6, |

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

command functions and
td below; all others are

mmand/response control

(See 6.3 for a description of the functions of the P/F bit.)

7.3.1 Unnumbered commands

The unnumbered command encodings are shown in figure 7,

11
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#— Firstbit transmitted
1 2 3 4 5 6 7 8

1 1 M M|{PFIM M M
N

Unnumbered
format

Command S "modifier”’

(poll) bits
Response (see 7.3.1 and 7.3.2)
(final)

command. Following receipt of a RSET resetting command,
a combined station may discard the information field
contained in any I or Ul 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

Figure 6 - Unnullbered format of control field bits

# — Firstbit transmifted

1 2 3 4 5|6 7 8

1 1 0 0 P|0O 0 '1 SNRMcommand

1 1 1 1 P|O O O SARMcommand

1 1 1 1 P|1 O O SABMcommand

1 1 0 0 P|O0O 1 0 DISCcommand

1 1 1 1 P|O 1 1 SNRME command

1 1 1 1 P|lO 1 0 SARME command

1 11 t P|1 1t O SABME command

1 t 1+ 0 P|O O O SIMcommand

1 1 0 0 P|1 ©0 0 UPcommand

1 1 0 0 P|O0O O O Ulcommand

1 1 1 1 P|1 0 0 XIDcommand

1 1 1 1 P|O 0 1 RESETcommand
(combined station
only)

1 1 0 0o P|1 1 1 TEST command

Figure 7 - Unnumphbered command control field bit
assignments

The SNRM, SARM, SABM, DISC, SNRME, SARME,
SABME and SIM unhumbered mode seitirig commands and
the RSET unnumbered resettings..command,  the XID
unnumbered command, and ‘the- TEST unnumbered
command, shall require the secondary/combined station to
acknowledge acceptafice by-responding with the appropriate
unnumbered respons¢ frame’(a UA response frame, a XID
response frame, and g TEST response frame, respectively). If

comm md,_shaanLa_UAJespon&e_&mmm_mLIxt
respond  opportunity. In two-way  simultanepus

communications, a secondary/combined station whichl is
transmitting concurrent to the receipt of a mode setling
command, or a combined station which ds. transmitfing
concurrent to the receipt of a resetting command, shall initjate
transmission of a UA response frame at the earliest resppnd

opportunity.

If appropriate to the ,mode of operation, |the
secondary/combined statiofimay continue transmisgion
following return of the UA résponse.

The respond opportunity at the secondary/combined stagion
shall be determined by the operational mode setting co: d
(SNRM, SARM, SABM, SNRME, SARME or SABME) that
is accepted (1.e. the mode that the secondary/combined stafion
has accepted dictates when the response shall be transmittgd),
as follows:

a) Upon receipt of a SNRM or SNRME command with
the P bit set to "1", the secondary station shall resppnd
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 framg is
received with the P bit set to "1" and then shall resppnd
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 s¢t to
"0" and then shall respond with a single UA frame with
the F bit set to "0".

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

1 upon detection of an idle data link channe] state in
TWA data communication; or

the secondary/combined station receives more than one of the
above commands before a respond opportunity occurs, it shall
transmit the response appropriate to the first of the received
commands at the first respond opportunity. The
secondary/combined station transmission of the appropriate
response following the receipt of one of these commands
shall take precedence over a response for any other previous
command which may be waiting for a respond opportunity at
the secondary/combined station. Following receipt of one of
the above commands, the secondary/combined station may
ignore all frames received, except to detect the next respond
opportunity, until it has sent a response appropriate to that
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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 or without the P
bit set to "1", the combined station shall transmit a UA
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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 set to "1". The UA frame may be
followed by additional combined station transmissions,
if pending.

In the case of the non-operational mode setting commands

ISO/IEC 4335 : 1991 (E)

7.3.1.2 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. No
information field shall be permitted with the SARM
command. 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 acuoned, the responsibility for all
: cned-tq data link control reverts

($IM  and DISC), the respond opportunity at the
s¢condary/combined station shall be system defined; ie. a
given secondary/combined station shall be system defined to
ufe the normal mode respond opportunity or the

ynchronous mode respond opportunity for the response
fgllowing a SIM or DISC command, as follows:

a) Upon receipt of the SIM command, the
secondary/combined station shall respond with the UA
response. The 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
secondary/combined station shall respond with the UA
or DM response depending on whether the
secondary/combined station was in an operational mode
or a disconnected mode, respectively, at the time that the
DISC command was received. The UA or DM frame
shall have the F bit set to "1" if the DISC command has
the P bit setto "1".

Iff the secondary/combined station cannot ‘accept a mode
sltting command, or the combined station cannot accept a

setting command, it shall, at (its” earliest respond
opportunity, transmit a DM, FRMR,(RD, or RIM response, as
aIpropriate, indicating non-accéptance of the mode setting or
rgsetting command.

~J

3.1.1 Set normal résponse mode (SNRM) command

The SNRM command shall be used to place the addressed
s¢condary station in the normal response mode (NRM) where
a]l control'fields shall be one octet in length. No information
field shall be permitted with the SNRM command. The
s:acondary station shall confirm acceptance of the SNRM

respond opportumty Upon acceptance of thxs 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 higher level. 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.

to hlgher level Whether the contén of the information field
of such unacknowledged I frames i reassigned to data link
control for transmission or not.is' decifled at a higher level.

73.13 Set asynchronoiis balanced mode (SABM) commmand

The SABM command shall be used to place the addressed
combined station in the asynchronous balanced mode (ABM)
where all control fields shall be ope octet in length. No
information field shall be pe ed with the SABM

thé SABM command by transmission of a UA response at the
first respond opportunity. Upon acceptance of this command,
the combined station send and receivg 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 higher level. Whether the content|of the information field
of such unacknowledged I frames i reassigned to data link
control for transmission or not is decifled at a higher level.

7.3.1.4 Disconnect (DISC) command

The DISC command shall be used to terminate an operational
or initialization mode previously set by a command. In both
switched and non-switched networks it shall be used to
inform the addressed secondary/compined station(s) that the
primary/combined station is suspending operation and that the
secondary/combined station(s) should assume a logically
disconnected mode. In switched | networks, a logically
disconnected function at the data link level may also serve to
initiate, at the physical level interfacg, a physical disconnect
operauon of the phys1ca1 level; i.e| to have the addressed

g go"on-hook”". No information
ﬁeld shall be permxtted wnh the DSIC command. Prior to
actioning the command, the secondary/combined station shall
confirm the acceptance of the DISC command by the
transmission of a UA response.

When this command is actioned, the responsibility for all
unacknowledged I frames assigned to data link control reverts
to higher level. 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.

13
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7.3.1.5 Set normal response mode extended (SNRME)
command

The SNRME command shall be used to place the addressed
secondary station in - a normal response mode where
numbered command/response control fields shall be two
octets in length and unnumbered command/response control
fields shall be one octet in length (see 7.4). No information
field shall be permitted with'the SNRME command. The
secondary station shall confirm acceptance of the SNRME
command by transmission of a UA response at the first
respond opportunity. Upon acceptance of this command, the
secondary station send and receive state variables shall be set
o zero.

of such unacknowledged I frames is reassigned to data link
contro} for transmission or not is decided at a higher level.

7.3.1.8 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 level 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 varishles shallbe settozero,

When this comma;kmis actioned, the responsibility for all
unacknowledged I frames assigned to data link control reverts
to higher level. Whether the content of the information field
of such unacknowleflged I frames is reassigned to data link
control for transmissjon or not is decided at a higher level.

73.1.6 Set asynchrgnous response mode extended (SARME)
command , ’

secondary station in| an asynchronous response mode where
numbered command/response - control fields shall be two
octets in length and|unnumbered command/response control
fields shall be one octet in length (see 7.4). No irformation
field shall be permijtted with the SARME command. The
secondary station shall confirm acceptance of the SARME
command by transmission of a UA response at the first
respond opportunity| Upon acceptance of this command, the
secondary station send and receive state variables shall be set
to zero.

The SARME eomr:id shall be used to place the addressed

When this commang is actioned, the responsibility for all
unacknowledged I es assigned to data link control reverts
to higher level. Whether the content of the informyation field
of such unacknowleflged I frames in reassigned.to data link
control for transmissjon or not is decided at a higher level.

7.3.1.7 Set asynchrgnous balanced mode-extended (SABME)
command

The SABME commfind 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

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

73.19 Unnumbered poll (UP) ¢omimand

The UP command shall be.used to solicit response es
from a group of secondary stations (group poll), from all
secondary stations (all-station poll) or from a gle
secondary/combined station (individual poll) by establishing
a logical operational condition that exists at each addressed
data station_for one respond opportunity. In the case|of a
group pollyor all-station poll, the mechanism employed to
control ‘response transmissions (to avoid simultaneous
transmissions) is not defined in this International Sm:IA(d.
o

The: UP command does not acknowledge receipt any
responise frames that may have been previously transnjitted
by the secondary/combined station. No information (field
shall be permitted with the UP command.

The,sécondarylcombined station(s) which receives th

the same manner as when polled using an individual
The response frame(s) shall contain the sending

and N(R) numbers as required by the particular respo
The continuity of each secondary/combined station’s

"1", each addressed secondary/combined station shall r
with at least one frame, the last frame having the F bit
"1". If the UP command has the P bit set to "0",
addressed secondary/combined station may or ma

fields shall be one octet in length (see 7.4). No mnformation
field shall be permitted with the SABME command. 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.

When this command is actioned, the responsibility for all

unacknowledged I frames assigned to data link control reverts
to higher level. Whether the content of the information field
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respond depending on the status of the secondary/combined
station. Secondary/combined station responses sent in reply
to a UP command with the P bit set to "0" shall have the F bit
set to "0" in all frames of each secondary/combined station’s
response. A secondary/combined station which receive a UP
command with the P bit set to "0" shall respond 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;
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¢) it has received, but not acknowledged, an I frame(s);
d) it has received, but not responded to a XID or TEST
command; v

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

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

If an idle data link channel state (15 "ones") exists following
the receipt of a frame(s), or no response is received within a

ISO/IEC 4335 : 1991 (E)

/—— First bit transminted
Format identifier 1 2 3 4 5 6 7 8
bits ‘
Standardized format x x x x x x x 1
User-defined format x x x x x x x 0
AN S
Format identifier
value

Figure 8 - XID format identifier

given period of time, it shall be assumed that the
secondary/combined station has completed, or will not
[nitiate, transmission.

73.1.10 Unnumbered information (UI) command

The UI command shall be used to send information (for
bxample, status, application data, operation, interruption,
mporal data, link level programs or parameters) to a
econdary/combined station(s) without affecting the V(S) or
(R) variables at any station. Reception of the Ul command
not sequence number verified by the data link procedures;
therefore, the Ul frame may be lost if a data link exception
beeurs during transmission of the command, or duplicated if
an  exception condition occurs during any reply to the
rommand. There is no specified secondary/combined station
response to the Ul command. The UI command may be ‘sent
independently of the mode of the data link station.

7.3.1.11 Exchange identification (XID) command

Fhe XID command shall be used to cause the addressed
secondary/combined station to identify itself, and, optionally,
o provide primary/combined stdtion identification and/or
tharacteristics to the addressed secondary/combined station.
An information field is optional with the XID command. A
becondary/combined station‘receiving a XID command shall,
f capable, action the XID command in any mode unless a UA
fesponse to a mode ‘sefting command is awaiting transmission
br a FRMR condition exists.

f an XID\command contains an information field, the’ first
betet of the information field shall be the forma; identifier for
he femainder of the information field.

73.1.12 Reset (RSET) command

The RSET command shall 'be-used

by a combined station in

an operational mode to reset the re
addressed combined station. No i

reive state variable in the
ormation field shall be

permitted with the” RSET command. The addressed

combined station shall confirm
command by transmission of a

ptance of the RSET
A response at the first

respond/opportunity. Upon acceptafice of this command, the
addressed combined station receive [state variable shall be set
to¢zero. If the UA response is| received correctly, the

initializing combined station shall r
to zero.

The RSET command shall reset all
in the addressed combined station,
condition which the addressed com!

by a FRMR frame. The RSET com

et its send state variable

ame rejection conditions
cept for an invalid N(R)
ined station has reported
mand may be sent by the

combined station which detects an i

a frame rejection condition in pl
frame. To clear an invalid N(R)

hvalid N(R) to clear such
of sending a FRMR
ame rejection condition

with a RSET command, the RYET command shall be
transmitted by the combined station that detects the invalid
N(R). ‘

When this command is actioned, the responsibility for all
unacknowledged I frames assigned tp data link control reverts
to higher level. 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.

73.1.13 Test (TEST) command

The TEST command shall be used to cause the addressed
cppnﬂdnvy'/nnmhjn_ed_stamn_w_m' spond with the TEST

The encoding of the format identifier shall be as shown in
figure 8.

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

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

response at the first respond 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 retumned, 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 primary/combined station shall consider the data link
level test terminated upon receipt of the TEST response or

15
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when a time-out period has run out. The resuits of the TEST
command/response exchange may be made available for
interrogation by a higher level.

7.3.2 Unnumbered responses

The unnumbered response encodings are shown in figure 9.

/——— First bit transmitted

The secondary/combined station shall transmit the FRMR
response at the first respond opportunity.

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

a) shall 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) inay, because the opposite direction of transmission
is affected, optionally continue sending I frames if the

1 2 3 4 5 6 7 8 frame reject exception condition was caused by:

1 1 0 0 F _1 1 0 VAresponse 1 a command or response that is undefined or not
1 1 1 0 F|0 0 1 FRMRresponse implemented, or

: } (l) (l) g g (1) g ‘%h)d :swns? 2 an I frame with an information field which
1 110 Flo o o RM;E;:nse exceeded the maximum information ‘field length
1 1 0 0 Flo o0 o UI response which can be accommodated © by | the
1 1 1 1 F|1 0 1 XIDresponse secondary/combined station.

r 10 0 F|1 1 1 TESTresponse

Figure 9 - Unnpmbered response control field bit
assignments

7.3.2.1 Unnumbered acknowledgement (UA) response

The UA response s be used by the secondary/combined
station to acknowledge the receipt and acceptance of SNRM,
SARM, SABM, SNRME, SARME, SABME, RSET, SIM
and DISC commands. No information field shall be
permitted with the UA response.

7.3.2.2 Frame rejec (FRMR) response

The FRMR rejponse shall be wused 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 frdme without FCS error from the
primary/combined srtlion:

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

b) the receipt| of an I/UL ¢ommand 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 hy the secondary/combined

(See 84 for a description of command-response rejection
procedures.)

The primary/combined station receiving the FRMR response
shall be responsible for'initiating the appropriate mode iT)tting
or resetting corrective’ action by initializing one or |both
directions of transmission using the RSET, SNRM, SARM,
SABM, SNRME,/SARME, SABME, or DISC command, as
applicable.

An information field shall be retumed with this response to
provide the reason for the frame rejection. The information
field shall contain the fields shown in figure 10.

F First bit transmitted
1 23456 78 91011121314151617 181920

Rejected frame 0
control field NG) CR| N®) jw | x|z

Figure 10 - Information field format for FRMR
response in modulo 8 operation
The functions of the fields in figure 10 shall be as follows:

a) The rejected frame control field shall be the control
field of the received frame which caused the frame feject

station;

¢) 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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exceptionm condition:

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

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

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

e) w set to "1" shall indicate that the control field
received and retumed in bits 1 to 8 inclusive was
undefined or not implemented.

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

g) y set to "1" shall indicate that the information field

ISO/IEC 4335 : 1991 (E)

The DM response shall be sent by the secondary/combined
station in NDM or ADM to request the primary/other
combined station to issue a mode setting command, or if sent
in response to the reception of a mode setting command, to
inform the primary/other combined station that it is still in
NDM/ADM and cannot action the mode setting command.
No information field shall be permitted with the DM
response.

A secondary/combined station in NDM or ADM shall
monitor received commands to detect a respond opportunity
in order to (re)transmit the DM response (or the RIM, XID,
UL TEST or RD responses, as appropriate); i.e. no commands

er-than-the ane commands) are accepted

recetved exceeded the maximum information field length
which can be accommodated by the secondary/combined
station.

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

The w, x, y and z bits in the information field of the FRMR
fesponse may all be set to zero, indicating an unspecified
rejection of the frame for one or more of the conditions cited
hbove. If required, the information field contained within the
FRMR response may be padded with zero bits so as to end on
hiny convenient, mutually agreed upon character, byte, word
br machine-dependent boundary. (See also 8.4.)

When control field extension (see 7.4) is used, the format. for
the information field returned with the FRMR response shall
be as shown in figure 11,

#— Firstbit transmitted

-+ 161718 - - - 242526~ - -3233 . .. 36

Rejected extended

frag:eeigomrol 0 NE).|[ERI NR) lw|x| y|:z

Figure 11 - Information field format for FRMR
extended response in modulo 128 operation

Bit 18 and bif 26 are the low-order bits of the state variable
alues.

In the extended FRMR response format, the rejected frame
ontrol field is the control field of the received frame which

inated by the receipt of a
ARM, SABM, SNRME,

to indicate to the

e secondary/combined
disconnected mode (NDM
all be permitted with the

The RD response shall be usg
primary/combined station that
station wishes to be placed in the
or ADM). No information field
RD response.

A secondary/combined station which has sent an RD response
and receives a command frame(§) other than the DISC
command shall accept the commangl frame(s) if it is able to
do so. If the secondary/combined |station accepts the non-
DISC command frame(s), it shiall follow the normal
procedures when responding to the gri
Secondary/combined station accepta

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 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.

7.3.2.5 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

caused the Irame 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 §, with
bits 9 to 16 set to zero.

73.2.3 Disconnected mode (DM) response

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

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.

7.3.2.6 Unnumbered information (UI) response

The UI response shall be used to send information (for
example, status, application data, operation, interruption, or
temporal data) to a primary/combined station without
affecting the V(S) or V(R) variables at either station.

17
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Reception of the Ul response is not sequence number verified
by the data link procedures; therefore, the UI frame may be
lost if a data link exception occurs during transmission of the
UI response, or duplicated if an exception condition occurs
during any reply to the Ul response.

The UI response may be sent during any mode of the data
link station.

7.3.2.7 Exchange identification (XID) response

The XID response shall be used to reply to an XID command,
or to request an XID commandfresponse exchange. An

733 Assignment of XID format identifiers

Annex C contains information on the standardized XID
formats that have been identified at the time of publication of
this International Standard.

Annex C will be updated, as appropriate, in future editions of
this International Standard to provide information on any
additional standardized XID formats that may be recognized
as subjects of other International Standards or CCITT
Recommendations.

7.4 Control field formats for modulo 128

information field containing the secondary/combined station
identification and/or ¢haracteristics may be optionally present
with the XID response. A secondary/combined station in any
mode receiving an XID command shall, if capable, send the
XID response, unles§y a UA response is pending or a FRMR
condition exists.

If an XID response [contains an information field, the first
octet of the informatibn field shall be the format identifier for
the remainder of thal information field. See figure 8 for the
encoding of the format identifier field.

A secondary/combingd station may send an unsolicited XID
response at any ::Fnd opportunity to request an XID

exchange, including 3s a response to any received command,
not just an XID command.

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

7.3.2.8 Test (TEST) fesponse

The TEST response| shall be used to reply to the \TEST
command in any mode. A secondary/combined station,
receiving a TEST command, shall, if capable, send the TEST
response in accordanfe with the defined niode; unless a UA
response is pending of a FRMR condition exists.

An information field,|if present in(the' TEST command, shall
be returned with the| corresponding TEST response. If the
secondary/combined [station“is“busy and cannot accept an
information field, a TEST\response without an information
field shall be returnefl.\If’the secondary/combined station is

Control field extension for the information traIsfer

The control field may be extended by the addition of alse¢ond
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.

command/response format (I format), the supervifory
command/response format (S fofmat), and the unnumbgred
command/response (U format)shall be as shown in table 4.

In the extended formats, x bits are reserved and set to ['0".

Bit 2 and bit 10 shall(be the low-order bits of the sequénce
numbers.

Table 4 - Control field formats for modulo 128

Control Control field bits

field
format First octet Second octet

for

1 zl3[4l 5 I6J 7l8 9 IOIII’IZIBJMIIS 16

I format [0 N(S) P/F N(R)
Sformat{110]S|S| x Ix|x|x|PF NR)
Uformat|1]1|M|M|PFIM|{M|M

8 Exception condition reporting and recovery

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

in an operational mode (NRM, ARM, ABM), a FRMR
condition may be established if the received TEST command
has an information field which exceeds the maximum
established  frame  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.

18

8.1 Busy

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

Indication that a busy condition has cleared and that I frames
will now be acceptable shall be reported by the transmission
of an RR, REJ, SREJ, SNRM, SARM, SABM, SNRME,
SARME, SABME, or UA frame with or without the P/F bit

N

hall also be indicated by the transmission of an I frame with
he P bit set to "1". Clearance of a busy condition at a
gecondary/combined station shall also be indicated by the
ransmission of an I frame with the F bit set to "1".

8.2 N(S) sequence error

An N(S) sequence error exception condition shall occur in the
eiver when an I frame received error free (no FCS error)
ontains an N(S) that is not equal to the receive state variable
t the receiver. The receiver shall not acknowledge (i.e. not
crement its receive state variable) the frame causing the
equence error or any I frames which may follow until an I
ame with the correct N(S) is received. Unless the SREJ
ame is to be used to recover from a given sequence error;
e information field of all I frames received whose N(S)'does
ot equal the receive state variable shall be discarded”;(See
.2.3 for SREJ recovery.)

primary, secondary or combined station which receives one
r more I frames having sequence errors; but which are
therwise error free, shall accept thé eontrol information
ontained in the N(R) field and the P/F bit to perform data
control functions; for\\"example, to receive
cknowledgement of previously-transmitted I frames, to cause
secondary/combined station‘to respond (P bit set to "1"),
d, in NRM, to detect’ that the secondary station is
rminating transmission’ (F bit set to "1"). Therefore, the

transmitted I frame may contain an N(R) field and/or P/F bit
information that."are updated and different from those
ontained in the originally transmitted I frame.

ollowing' the occurrence of a sequence error, the following
earis-are available for initiating the retransmission of lost I

ISO/IEC 4335 : 1991 (E)

retransmitted sequentially. New I frames may be transmitted
if they become available. Such retransmission of I frames as
a result of an exchange of P/F bits set to "1" is known as
checkpoint retransmission.

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.same numberin

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 reqeived and actioned while
a P bit set to)-'1" was pnanswered, checkpoint
retransmission, 'shall be inhibjted on the next frame
received with 'the F bit set t9 "1", if it would cause
retransmission of the same parficular I frame; i.e. same
N(R) in'same numbering cycle.

c)In“the case of a secondary/primary station, if one or
more SREJ frames with the P/ bit set to "0" have been
received and actioned, checkppint retransmission shall
be inhibited on the next frame yreceived with the P/F bit
set to "1" when this frame is a SREJ frame and contains
the same N(R) as the oldest solved SREJ frame, if it
would cause retransmission the same particular I
frame; i.e. same N(R) in same bering cycle.

d) In the case of a combiped station, if a SREJ
command with the P bit set to "D" or “1", or one or more
SREJ responses with the F bits set to "0", have been
received and actioned, checkpeint 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 1
frame; i.e. same N(R) in same nimbering cycle.

e) If a P/F bit set to "1" is received in an unnumbered
format frame, checkpoint rgtransmission 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 correspondlent frame with the F/P
bit set to "1", checkpoint retrdnsmission on the frame

withrerrors:

8.2.1 Poll/final (P/F) bit (checkpoint) recovery (see also
6.3)

When a data station receives a frame with the P/F bit set to
"1", it shall initiate retransmission of unacknowledged I
frames previously transmitted with sequence numbers that are
less than the V(S), send state variable, value that was current
at the time of transmission of the last frame with the F/P bit,
respectively, set to "1". Retransmission shall start with the
oldest numbered unacknowledged I frame. I frames shall be

with the F/P bit s¢ 3 inhibited.

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

h) In the case of a combined station, if any frame with
the P bit set to "1" is received, checkpoint retransmission
shall be inhibited.
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3.2.2 REJ recovery

'he REJ command/response shall be used primarily to initiate
an  exception recovery ({retransmission), following the
letection of a sequence error, earlier than is possible by
-heckpoint (P/F bit) recovery; for example, in two-way
simultaneous information transfer, if a REJ frame is
mmediately transmitted upon detection of a sequence error,
hen there is no requirement to wait for a frame with the P/F
it set to "1",

With respect to each direction of transmission on the data
ink, only one “"sent REJ" exception condition from a given
lata station to another given data station shall be established

with the P bit set to "0" or "1", or one or more SREJ
responses, each the F bit set to "0", and the "sent SREJ"
conditions are not cleared when the combined station is ready
1o 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.

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 1 frame or it percexves by time-out that the

at a time. A "sent REJ" exception condition shall be cleared
when the requested [I frame is received or when the
response/command tithe-out function runs out. When the
data station perceives py time-out that the requested I frame
has not been received, [because either the requested I frame or
the REJ frame was i error or lost, the REJ frame may be
repeated.

A data station receivirlg a REJ frame shall initiate sequential
ransmission (or retranmission) of I frames starting with the I
frame indicated by te N(R) contained in the REJ frame.
New I frames may |be transmitted subsequently if they
become available.

If

a) retransmission beginning with a particular frame
occurs due to checkpointing (see 6.3.3.1, 6.3.3.2, 6.3.3.3
and 8.2.1), and

b) a REJ framd 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 regulting from the REJ frame shall _be
inhibited.

8.2.3 SRE] recovery

The SREJ commandfresponse shall be‘used primarily to
initiate more efficienft error recovery,“by requesting the
retransmission of a single I frame following the detection of a
sequence error rather fhan the retransmission of the I frame
requested plus all addjtional-T\frames which may have been
ransmitted subsequently:

SRE]J frames until it receives at least one in-sequence I frame
or it perceives by time-out that the checkpoint-retransmissjon
will not be initiated at 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 conditjon
shall be cleared when the requested I frame is received.

frame will not be received, because either the requested 1
frame or the SREJ frame was in error or lost, the SREJ frame
may be repeated.

When a data station-perceives by time-out that the reques?li‘l

appropriate, initiate retransmission of the individual I frames
indicated by the N(R) contained in each SREJ frame. er
having retransmitted the frames above, new I frames may|be
transmitted subsequently if they become available.

A.data station receiving one or more SREJ frames shall, %ﬁn
t

When a primary/secondary station receives and actions ond or
more SREJ frames, each with the F bit (primary station) of P
bit (secondary station) set to "0", it shall disable actioning of
the next SREJ frame if that frame has the F bit (prnngLry
station) or P bit (secondary station) set to “1" and has fhe
same N(R), (i.e. same value and same numbering cycle)| as
the previously actioned SREJ frame, and if the resultant
retransmission was made following the transmission of the P
bit (primary station) or F bit (secondary station). When a

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,
sach 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

20

command with the P bit set to "1", or one or more SREJ
responses, each with the F bit set to "0", it shall disable
actioning of the next SREJ response frame if that SREJ frame
has the F bit set to "1" and has 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 following
the transmission 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 to the
higher layer in sequence number order.
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8.2.4 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 I 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.

A primary/combined station should enquire status with a

ISO/IEC 4335 : 1991 (E)

prior to initiating recovery action.

8.4 Command/response frame rejection

A command/response rejection exception condition shall be
established upon the receipt of an error-free frame which
contains an undefined or not implemented command/response
in the control field, an invalid frame format, an invalid N(R)
or an information field which exceeds the maximum
information field length which can be accommodated by the
receiving data station.

At a primary station, this exception condition shall be subject

supervisory frame. When

a) asecondary station has a respond opportunity, and

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

c) nonew I frames are available.

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

NOTES

1 If a data 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 highest value of V(S) that had been
sent S0 as to be able to identify an N(R) received as
acknowledging or not acknowledging some or all of the Lframes
previously transmitted.

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

3 When, as a result of a time-out] a secondary/combined
station decides to retransmit a résponse frame, the retransmitted
response frame should have'the F bit set to "0" unless an
unanswered P bit set to"17\has been received since the earlier
transmission of the response frame.

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

S To account for possible retransmissions after Ume~out a

whcn it receives an I frame wnh an N(S) one less Lhan its
receive state variable.

8.3 FCSerror

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

b—feeenry»‘rmduﬁen—m—a—lﬁgher—l:]el In the case of an
invalid N(R), recovery shall include, at| 1east, the issuance of a

mode setting command.

At a secondary station,-this‘exception condition shall be
reported by a FRMR response for priate primary station
action. Once a secondary station established a FRMR
exception condition,/no additional I frgmes shall be accepted,
except for examination of the state of the P bit and the value
of the N(R) field, until the condition is|cleared by the primary
station _ isspying a mode setting and. The FRMR
response ‘shall be repeated at each respond opportunity until
recovery is effected by the primary statjon.

At a combined station, this exception ¢ondition shall be dealt

with in either of two ways:

a) The combined station may folfow a course of action
similar to that described for a primary station, where the
exception condition is resolved as a higher level
function. The combined statior] shall issue a mode
setting command or a RSET command, as appropriate,
as a part of this recovery action.

b) The combined station may follow a course of action
similar to that described for a pecondary station and
request that the other combinefl station resolve the
exception condition and effect therequired recovery.

In the case of exception condition$ that are not related to
the I frame transmission from the|reporting data station,
the transmission of I frames may ¢ontinue, 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
1ssu1ng a mode semng command or a RSET command,

PPt effected by the other
combmed stauon within a specxﬁed 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).

21


https://iecnorm.com/api/?name=5e0b3ddf61937ee38fb403b9f2fc5ee8

ISO/IEC 4335 : 1991 (E)

8.5 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
secondaryfone 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.

22
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Annex A
(informative)

Time-out function considerations

A.1 Introduction

In order to detect a no-reply or lost-reply condition, each primary/combined station shall provide a response time-out
function. Also, in ARM and ABM, in order to detect a no-reply or lost-reply condition, each secondary/combined
station shall provide a command time-out function. In any case, the expiry of the time-out function shall initiate

appropriate error recovery procedures

The duration of a time-out period is system dependent and subject to bilateral agreement.

AR Primary/combined station command reply time-out function
A2.1 NRM

Start condition:

Transmission of a frame with the P bit set to "1",
Reptart condition:

Receipt of an error-free frame with the F bit set to "1",
Stgp condition:

Receipt of an error-free frame with the F bit set to "1/
A.2.2 ARM (TWA) and ABM (TWA)

Stdrt condition:

Transmission of a frame with the P bit set to "1".
Reftart condition:

Transmission of a comrmand frame.

Stqp condition:

Receipt 0f an error-free frame with the F bit set to "1".

A2.3CARM (TWS) and ABM (TWS)

Start condifion:
Transmission of a frame with the P bit set to "1".
Stop condition:

Receipt of an error-free frame with the F bit set to "1".
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A.2.4 NDM, ADM and IM

Start condition:

Transmission of a frame with the P bit set to "1".

Stop condition:

Receipt of an error-free frame with the F bit set to "1".

A3 Primary/secondary/combined station I-frame reply time-out function

A3.1 NRM
Not used.

A3.2 ARM (TW
Start condition:

fA) and ABM (TWA)

Transmissiof of an I frame.

Restart condition
Transmissio;

Stop condition:

h of a frame.

Receipt of ap error-free frame with the expected N(R).

A3.3 ARM (TWS) and ABM (TWS)

Start condition:
Transmissio)

Stop condition:

h of an I frame.

Receipt of ah error-free frame with the expected N(R).

A3.4 NDM, AL
Not used.

A4 Secondar]
A.4.1 NRM, NI
Not used.

M and IM

b/combined station command request time-out function
M and IM

A.4.2 ARM, ADM and ABM

Start condition:

Transmission of an unnumbered response frame which requests a command.

Stop condition:

Receipt of an error-free command frame.
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A.5 No-activity time-out function (for switched circuit application)
Start condition:

Physical connection established.
Restart condition:

Receipt of an error-free frame.
Stop condition:

Initialization of the disconnect procedure at the interface.
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Annex B
(informative)

Examples of the use of commands and responses

B.1 Introduction

B.1.1 General

notation

The notation used in the diagrams in this annex is illustrated below.

/-

Frame with error|:

:Frame containing information

P

B.1.2 Notation for primary and secondary stations

Information format

rSend sequence number

Information frame : I N(S), N(R) P/F -a—Poli or final bit ON

Example : Pri xm|
the secondary is
(i.e. the seconda

Receive sequence number (next expected frame)

eceive sequence numben6 (frames numbered 5 and below are therefore acknowledged) and the poll
Fy is to initiate transmission with | frames if available).

Supervisory command/response

Supervisory franpe : XXX N(R), P/F --a—-Poll or final bit ON

\ Fragte—framebourdary} /\
Frame without informgtion

Example : Pri xmits :

Roeocaivo on vaYd
TeetTve-—o5t OF

secondary is receive sequence humber 2), and the poll bit is set to "1"".

Unnumbered command or response

Unnumbered frame : XXXX, P/F -s—Poli or final bit ON

ts : 12,6 P. This denotes a primary information frame with send sequence number 2, the next expected | frame from

bit is set to "'1"’ l

RR2 P. This denotes a receive ready (RR) command, N(R} = 2 (i.e. the next expected | frame from the

Example : Pri xmits : SNRM, P. This denotes the normal response mode (NRM) mode-setting cornmand with the P bit set to 1",
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B.1.3 Notation for combined stations

Address
Information format
{——Send sequence number
Information frame : X, 1 N(S), N(R} P/F -a——Poll or final bit ON

Receive sequence number (next expected frame)

r—Address
\ r—Supervisory command/response
Supervisory frame : X, XXX N(R), P/F «a——Poll or final bit ON
Receive sequence number
Address
Unnumbered command or response
Unnumberéd frame : X, XXXX, P/F -w—Poll or final bit ON

B.2 Examples of normal response mode (NRM) twosway 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 RREP RR3,P
Pri xmits : t:j [:j t:l

UAF 10,0 1,0 12,0F 13,0 14,0

Sec xmits : :J

1
1
1
-

B.2.1.2 NRM start-up procedure and primary only information transfer

SNRM,P 10,0 11,0P 12,0 13,0
Pri xmits : "——_||| | . }

UAF RR2,F

Sec xmits : I___:] [:1

B.2.1.3 NRM information transfer by primary and secondary

10,0 10 12,0p 13,2 14,2P 15,3

Pri xmits : — } } S—

T
1

18,3 11,3F 12,5F
Sec xmits : } i | p———
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B.2.2 Normal response mode (NRM) TWA with transmission errors in command frames.

B.2.2.1 NRM start-up command error

SNRM,P Ti SNRM,P 10,0
Pri xmits : — ime-out =]-| ' —_
UAF
Sec xmits : r:j
B.2.2.2 NRM primary information frame error
Retransmitted frames
10,0 11,0 / 12,0P 11,2 12,2 13,2P
Pri xmits : — ¢ /AV t —] — } } 4
10,1 11,1F
Sec xmits : — ] —
B.2.2.3 NRM primary poll frame error
/ Retransmifted frame
10,0 ne - 12,0)P/ . RRO,P 12,2 13,2 14,2
Pri xmits : — } } AL e Time-out =J_|: — ; } ]
19,2 11,2F
Sec xmits : — } —
B.2.3 Normal response mode (TWA) HDX with transmission errors in response frames

B.2.3.1 NRM stal:-up response error

SNRM,P Ti SNRM,P 10,0
-out
Pri xmits : r_’:’ s = — t:___‘l —
UAF UA,F
Sec xmits : m :j
B.2.3.2 NRM se¢ondary information frame error
X Retransmitted frames
10,0 11,0 12,0P 13,0 14,0P I5,2
Pri xmits : - } i — | } | b
10,3 11,3F 10,5 11, 5F
Sec xmits : }— /Ay/} { ﬁ { 1
of Retransmitted frames
10,0 11,0 12,0P RR@,P
Pri xmits : — } { — t:_—l '___—{
10,3 11,3F 10,3 I1,3F
Sec xmits : — /AV/= 4 E | |

28
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B.2.3.3 NRM secondary ““final’’ frame error

Retransmitted frame

13,0 110 12,0P _ Time-out or 13,1 14,1P 15,3
Pri xmits : F 4 + - idle line detect - : — | i
18,3 [13F 11,5 ! 125F
Sec xmits : — —+ 9
or Retransmitted frame
10,0 11,0 12,0pP _d':'ir:}e-ogt ort RR1,P 133
Pri xmits : u 4 IL — idle line detec Mm __?

9,3 1,3F 11,3 12,3F
Sec xmits : ;__4__7474 ' |

B.3 Examples of asynchronous response mode (ARM) two-way alternate (TWA) transmlission
B.3.1 Asynchronous response mode (ARM) TWA without transmission errors

B.3.1.1 ARM start-up procedure and secondary only information transfer

SARM P RR2 RR3
Pri xmits : ':1 L__—l m

UAF 100 1.0 12,0
Sec xmits : ‘::j Indefinite time __F~—— —

4—_——]
L— Indefinite time ——J

B.3.1.2 ARM primary and secondary information transfer with contention situation

Contention
SARMP 10,0 11,0P . 10,0 11,0P
Pri xmits : :] H = - t'i’r::grl}lt—_..}_—-!_’—_—i
UAF 10,0 11,0 s d 19|2F
. econdar
Sec xmits : [-_j Indefinite time '____*—_——' -~ fimp-nnfy - }____——?
S P ————

B.3.2 Asynchronous response mode (ARM) TWA with transmission errors in command frames

B.3.2.1 ARM start-up command error

SARM P , SARM.P
Pri xmits : qz -—-——I'Lnfiu—t-——-—-—[:j

UAF

Sec xmits : t:
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B.3.2.2 ARM primary information frame error

NOTE — Recovery procedure is identical to NRM operation.

Time-out

Retransmitted frames
SARM P 10,0 11,0P 16,0 11,0p
Pri xmits : [:___1 Indefinite time — + { Indefinite time
——————————{—

UAF RRO,F RR2,F
Sec xmits : t—__:j r_—:‘ t:j
B.3.2.3 ARM pfimary “poll’”” information frame error
NOTE — Recovery] procedure is identical to NRM operation.

Retransmitted/frame
SARM P 0.0 11,0 10,0 12/0P ‘
s rite - Idle line
Pri xmits tj Indefinite time e detelct _j F | RR3,F Ingefinite time
el ————————— ot el -~ —.————]

UA.F RR1
Sec xmits : t:l [:1
B.3.3 Asynchronous response mode (ARM) TWA with transmission errors in response frames
B.3.3.1 ARM start-up

SARM P SARM,P
Pri xmits : I I ime-
ri xmits i Time-out l:j

UAF UAF
Sec xmits : l#‘ t:j
B.3.3.2 ARM s¢condary information-frame error .

Retransmitted frames
SARM.P RRO,P RR2
Pri xmits : l: t___l r_'_j
- UAF 10,0‘ / 11,0 logF 11,0 IndEfinite time z
Sec xmits : Lﬂ Indefinite time I ! 1
- -
B.3.3.3 ARM secondary ““final’’ information frame error
SARM,P RR2
Pri xmits : t:]
10,0 10,0 n,e
Sec xmits : lz . | L
indefinite time Indefinite time
l)— .

UAF

30
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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.4f1.1 NRM start-up procedure and secondary only information transfer

SNRM,P RRoP RR1 RR2 RR3 RR4 RR5,P
Priomis - ] - = = e e
UAF 10,0 1,0 12,8 13,0 ' 14,0F RR@,F

its : L ] | l ]
Sec xmits : t::j — - } ! } — [:1

or {(where primary acknowledgments are returned for several response frames)

SNRM,P RRg,P RR3 RR5,P
Pri xmits : :] r_: I:j t [
UAF 10,0 11,0 12,0 13,0 14,0F RRO,F

w
1

Sec xmits : m k

B.4.1.2 NRM [start-up procedure and primary only information transfer

BNRM,P 19,0P 11,0 12,0P 13,0 14,0P 15,0
Pri xmits : [:—__1 — 4— 4 4 +
UAF RR1,F RR3,F RR5,F

Sec xmits : :j ‘j A:j :j

or {(where primary] sets poll bit to *“1”’ to solicit acknowledgment for.several frames)

i

SNRM,P 1@.,0P 11,0 12,0 3,0 14,0 15,0pP
Pri xmits : l:j -

UAF RRT,F RR6,F

v

Sec xmits : t:l t:‘ t:j

B.4.1.3 NRM ptart-up procedure-and primary/secondary information transfer

-t
~

SN RM,P 10,0P 11,0 12,1 13,4 14,4 15,4 16,5 17,5
Pri xmits : ':—_'l —t } } + — + + '
UA.F 10,0 11,1 12,2 13,2 14,2 155 16,7
Sec xmits : t:j = —+ } —+ t —+ t 3
B.4.2 Normal response mode (NRM) TWS with transmission errors in command frames
B.4.2.1 NRM REJ capability -
Ab Retransmitted frames
ort* / + \
0P 110 I2,®/ 13,1 14,2—\\ 123 13.4 4,5
Pri xmits : } } + //_\V 4 + — L } +
10,1 11,2 12,2 REJ2 13,2 14,2 15,3 16,4

Sec xmits : I

+

+
d

* Optional : Frame may be completed or aborted. -~
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B.4.2.2 NRM SREJ capability

,,— Retransmitted frame
10,0P 11,0 12,0 13,1 14,2 12,3 15,4 16,5
Pri xmits : ! — 4 %]V/% + + } }, =
10,1 11,2 12,2 SREJ2 13,2 14,2 15,6 16,6
Sec xmits : — + t + t— 4+ n —
B.4.3 Normal response mode (NRM) TWS with transmission errors in response frames
B.4.3.1 NRM IJEJ capability
60 110 120 131 141 REN 151 161 171 102
Pri xmits : —- — } t 1 4 } 4 3
10,1 11,2A 12,3 13,4 11,5 12,7 13,0
Sec xmits : | } } } - ] I f
¥ T V ¥ T T L ¥ /
/ AN } /

B.4.3.2 NRM SREJ capability

Retransmitted frames

196P 11,0 12,6 13,1 14,1 SREJ1-J5,1 16,1 17,4 10,4
Pri xmits : [ —+ -+ } ! +— — + t 2
10,1 11,2 /12,3 o I34 1,6 14,6 15,0
Sec xmits : t t /Ay 1 u t t t —

Retransmitted frame

B.5 Examples of asynchronous response mode (ARM) two-way simultaneous (TWS) transmission

B.5.1 Asynchfonous response ' mode (ARM) TWS without transmission errors

B.5.1.1 ARM start-up procedure and intermittent secondary or primary information transfer

SARM;P
Pri xmits : =

10,1

[1,2pP

— 1

1
—

4
T

UAF

Sec xmits :

Indefinite time

10.0

11,0

|
1

RR2,F

B.5.1.2 ARM start-up procedure and continuous primary/secondary information transfer

SARM P 1g.0P 11,0 12,1 13,2P 14,2 15,3 16,4P
Pri its : 1 - 1 )
fi xenies — - L____'___& ,f__j\'___jvr*___*__rf
1 ’ "
UAF L 10,0 [1,1F 12,2 13,4F 14,5
. Indefinite time )
Sec xmits : 1:14 + } — } —
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B.5.2 Asynchronous response mode (ARM) 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
——
UA.F
Sec xmits : l:::‘
B.5.2.2 ARM REJ capability
Abort * Retransmitted frames
SARM.P o 10,0P I1,ﬂ/ 12,0 13,1 11,2P 12,3 13,5 14,3
Pri xmits : — e A — e +—
UA,F RR1,F 19,1 11,7 REJ1 12,1 RR2,F 13,3
Sec xmits : l:j l::l k + 1 I 4 t:] —_—
B.5.2.3 ARM SREJ capability
/— Retransmitted frame
SARM,P 10,0P 11,0)/1 / 12,0 13,1 11,2p 14,3 15,3
Pri xmits : l:j " Ve ¢ + i TLT* 4 4
Indefinite - Lo S
time I 1
— t i
UA,F RR1,F 10,1 [1,7 SREJ1 121 RR4,A 13,5
Sec xmits : ‘:j :‘ I } Mﬁ } 4 l: p——s
B.5.3 Asynchronous response mode (ARM) TWS with transmission errors in response frames
B.5.3.1 ARM REJ capability
Time-out
SARMP 10.0P I, . . 81 16,2pP
Pri xmits : l:j F } v } J—‘L1 ' + — —
Indefinite
time
UAF 10,0 11,17 12,2 13,3 14,4 11,4 12,5F 13,5 14,6
Sec xmits : I:l } ' vas 4 + } 4 ' ’ ; ’ —y
Abort * _/ \ Retransmitted frames /

* Optional : Frame may be completed or aborted.
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B.5.3.2 ARM SREJ capability

Time-out
el —
SREJ1P
SARM,P 10,0P 11,0 12,1 31 141 151 16,5
Pri xmits : I:l - b : t - t } }'—1'___{‘— } } ﬁ‘
Indefinite Lo o e e — - e e e = 1
time \ |
| {
UA,F 10,0 [1,1F / 122 133 14,4 I1,6F 155
Sec xmits : t:l — } /'{, } t t t t -
B.5.3.3 ARM P/F bit recovery with transmission errors in command frames
Retransmitted frames
sARM P 10,0p 11 oy 122 133P 144 155 (116P 127 |30 ‘ ‘
Pri xmits : tj IndefiniteF | } / 14 } = ,1“ } { } A } } 42
time — S 1 W G NP [ U S
- \ Y ¥
UAF 09 11,0 121F I31 14,1 I5,1F 16,1 17,1 19,2F
Sec xmits : — : : : : : : : : + R

Sec N(R) does not acknewledge Pri frame through previous P bit {i.e. thfough 3}; Pri
initiates retransmission:

B.5.3.4 ARM P/F bit recovery with transmission errors in response frames i

PFiN(R) does not acknowledge Sec frame through previous F bit {i.e. through 2); Sec %
l—_ initiates retransmission. |

!

SARM,P Indefinite 19,1 11,1 121 I3,1P 14,1 15,1 16,2 17,3P 10,4

Pri xmits : L’_‘j : ! 1 ' ! ‘ . . . R (
time ¥ 1 T T T A, : T T T T 4 : L 7 I

|——-'_-‘| o e = e g e S e e = T

UAF 00 1Yy 2of 132 143 1AF 125 136 147 150\
Sec xmits : — PN A — : : : \: T :/ e )

Retransmitted frames

B.6 Examples.of changing control mode

B.6.1 Normal response mode (NRM) to asynchronous response mode (ARM) change

B.6.1.1 Two-way alternate (TWA) transmission NRM to ARM code change

Example A

Indefinite time

Pri xmits : + , } —] :1 t:J
10,3F RR3,F UAF 10,0 11,0

Sec xmits : P t:—__—l 1:1= | }

B
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Example B
11,0 12,0P RNR@P SARM,P Indefinite time
Pri xmits - } — [:1 m
RR3,F RR3,F UAF 10,0 11,0
Sec xmits : — — — - 4+
Example C
RNR3,P SARM,P Indefinite time
Pri xmits : t::j t:l
11,0 12,0F RRQ,F UAF 19,0 p.o
Sec xmits : b -+ — t'_‘_—_—_I :14_._4._—)———}—————1
B.6.1.2 Twp-way simultaneous (TWS) transmission NRM to ARM mode change
‘ Example A
Abort * Indefinite time
11,2 12,3 RNR4 SARM,P
Pri xmits : {—} } :’
13,1 14,2 15,3 RR3,F UA,F 10,0 11,0
Sec xmits : —t — 4
Example B
1,0p 12,0 13,0P RNR@,P SARM,P L
Pri xmits : - ; ; L ' Indefinite time
RR2,F RRA4,F RR4,F UA F 10,0 11,0
Sec xmits : t:‘ t: L__’_'l.-___—.}___{____{
Example C
RR2 RNR3,P SARM,P Indefinite time
Pri xmits : I___J ':j
11,0 12,0F RR®,F UAF 10,0 11,0
Sec xmits : } } ——— - tj :1 Pt
B.6.2 Asynchronous response mode (ARM) to normal response mode (NRM) change

B.6.2.1 Two-way alternate (TWA) transmission ARM to NRM mode change

Example A
11,0 12,0P RNR1,P SNRM,P 10,0 11,0
Pri xmits : } + | I:] m pr—f—
19,3F RR3,F UAF
Sec xmits : — E:" t::‘

* Optional : Frame may be completed or aborted.
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