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INTERNATIONAL STANDARD

ISO 7776-1986 (E)

Information processing systems — Data communication —
High-level data link control procedures — Description of
the X.25 LAPB-compatible DTE data link procedures

0 Intraduction

This docUment provides the ISO description of the CCITT
Recommendation X.25 Level 2 LAPB interface operation as
viewed by|the DTE. It is the DTE counterpart of the X.25 LAPB
DCE descfiption.

This document also provides the 1SO description of how two
DTEs are kapable of communicating directly with one another
at the Data Link Level using the X.25 LAPB procedures without
an intervening public data network.

‘The data link layer provides the DTE with three basic functions:

a) link initialization: necessary for the DTE to begin com-
munication in a known state;

b) flgw control: control the flow of frames between the
DTE and the other station {DCE or DTE) to ensure that they
are nof sent more quickly than they can be received;*and

c) erfor control: provided in two forms:

1) |a cyclic redundancy check (CRC) using a 16-bit
polynomial to detect mutilated framesjand

2} |use of sequence numbers to ensure against losing
entjre frames.

(The datalink layer endeavours tG.-€nsure correct receipt of all
frames by| retransmission of mutilated or missing frames.}

This Interpational Standard.repeats requirements of other Inter-
national Standards. An\anhex, which does not form an integral
part, contains a list Jof these repeated requirements and
references to the €orresponding {nternational Standards.

1 Scope-andfield-of-application

dation X.25.1) The procedure is applicable td data interchange
between a DTE and a DCE, or between twp DTEs. The pro-
cedures are defined for use on“synchronous| duplex links.

Clause 3 describes two frame structureq: one for basic
{modulo 8) operation and) one for extended (modulo 128)
operation. Basic (medulo 8) operation is the ISO balanced
asynchronous class\ of procedure with opfional functions 2
and 8 (BAC, 2,8).-Extended (modulo 128) operation is the ISO
balanced asynchronous ciass of procedure with optional func-
tions 2, 8,4and10 (BAC, 2, 8, 10). For those DTE/DCE connec-
tions that “support both basic {modulo 8) operation and
extended (modulo 128) operation, the chpice is made at
subscription-time only. For those DTE/remote DTE connec-
tions that support both basic (modulo 8) operation and
extended (modulo 128) operation, the cHoice is made by
bilateral agreement.

NOTE — The procedure herein described as basic {modulo 8) operation
is the only one available in all public data networks.

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

Clauses 5 and 6 describe the single link procgdure (SLP} which
is derived from the frame structure and|the elements of
procedures, and an optional multilink procedure (MLP},
respectively. The SLP is used for data intercHange over a single
data link and the MLP is used for data irnfterchange over a
muitiple of parallel SLPs. An MLP is required jif the effects of in-
dividual SLP failures are not to disrupt the higher level opera-
tion. An MLP can also be used over a single SLP by prior
bilateral agreement. For DTE/DCE connections the choice of
an MLP operation or not is made at subscription-time only. For
DTE/remote DTE connections, the choice i made by bilateral
agreement.

This International Standard defines an application of the
foliowing HDLC Standards: ISO 3309, ISO 4335, 1SO 7478, and
1SO 7809. When there is difficulty in the interpretation of a
reworded requirement from one of the other International Stan-
dards, the original requirement of I1SO 3309, ISO 4335,
ISO 7478 or 1SO 7809 is definitive. It also defines the structure,
elements and procedures for the operation of a DTE using the
X.25 Level 2 LAPB protocol as specified in CCITT Recommen-

Where choices among alternative actions are indicated in the
procedures, a recommended choice is usually indicated. Unless
specifically stated otherwise, the choice of action does not af-
fect interoperability with other implementations of this Inter-
national Standard although efficiency of operation may be af-
fected. Where such choices do affect interoperability, the pro-
cedures explicitly state that prior bilateral agreement on the
choice of procedure with the remote end is needed. An attempt
has been made to minimize such choices consistent with the

1) Future revisions of this International Standard will be made in accordance with revisions of CCITT Recommendation X.25. The present version is

based on the 1984 CCITT Recommendation X.25.
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need to satisfy a broad range of applications. A basic require-
ment for all implementations of this International Standard is
that they be capable of responding, as specified, to any actions
taken at the remote end that are permitted by this International

CCITT Recommendation X.25, /nterface between data terminal
equipment (DTE) and data circuit-terminating equipment (DCE)
for terminals operating in the packet mode and connected to
public data networks by dedicated circuit.

Standard (except possibly for those procedures whose use
involves prior bilateral agreement).

2 References

ISO 3309, Information processing systems — Data communication
— High-level data link control procedures — Frame structure. .

3 Frame structure

All transmissions on a SLP are in frames conforming to one of

1SO 4335, Information processing systems — Data communica- the formats of table 1 for basic (modulo 8) operation, or alter-

ti‘f’” o Hi%h'/iv o o natively one of the formats of table 2 for extended {modulo 128)
or elements of proceaures. ) ) operation. The flag preceding the address field)is.dpfined as the
ISO 7478, Information processing systems — Data communica- opening flag. The flag following the FCS fiéld is dpfined as the

tion — Multilin,

ISO 7809, /nformation processing systems — Data communica-
tion — High-level data link control procedures — Consolidation
of classes of procedures. : :

procedures. 1) closing flag.

All transmissions from the DCE/femote DTE are|expected to
use this frame structure, S

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

Bit order of :
transmission 12345678 12345678 = 12345678 16 to 1 12345678
Flag Address Control FCS Flag
F A (] FCS F
01111110 8-bits 8-bits 16-bits 01111110
FCS = Frame Check Sequence
Bit order of )
transmission 12345678 12345678 12345678 16to1 12345678
Flag Address Control | Information FCS Flag
F A C i FCS F
01111110 8-bits © 8-bits N-bits 16-bits -~ | - 01111110

FCS = Frame Check Sequence

Table 2= Frame formats — Extended (m'od"ulo 128) operation

Bit order of .
transmission 12345678 =~ 12345678 1to* 16to 1 12345678
Flag Address Control FCS - Flag
F A C FCS F
01111110 . 8-bits *-bits 16-bits 01111110

FCS = Frame Check Sequence
Bit order of v : .
transmission 12345678 12345678 1to* 16.t0 1 12345678

Flag Address Control |Information| - FCS Flag
F A c [ Fcs | F ‘ ' |
01111110 8-bits *-bits N-bits 16-bits 01111110 )

FCS = Frame Check Sequence

* 16 for frame formats that contain sequence numbers; 8 for frame formats that do not contain sequence numbers.

1) At present at the stage of draft.
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3.1 Flag sequence

All frames shall start and end with the flag sequence consisting
of one 0" bit followed by six contiguous 1" bits and one
“0" bit. The DTE hunts continuously for this sequence on a bit-
by-bit basis, and thus uses the flag sequence for frame syn-
chronization. The DTE/DCE/remote DTE may send one or
more complete flag sequences between frames. The DTE shall
only send complete eight-bit flag sequences when sending
multiple flag sequences (see 3.10). A single flag may be used as
both the closing flag for one frame and the opening flag for the
next frame.

ISO 7776-1986 (E)

3.6 Frame check sequence (FCS) field

The FCS field shall be a 16-bit sequence. It shall be the ones
complement of the sum (modulo 2) of

a) the remainder of

xk(x15 4 x14 + x1B + x12 + X1 4+ X710 + X9 + X8 4 x7 + x6
+x5 x4+ 3+ x24+x+1)

divided {modulo 2) by the generator polynomial

x18 4+ x12 + x5 + 1,

3.2 Address field

The addreps field shall consist of one octet. The address field
identifies the intended receiver of a command frame and the
transmittef of a response frame. The coding of the address field
is describdd in 5.1.

3.3 Control field

For basic (modulo 8) operation, the control field shall consist of
one octet| For extended (modulo 128) operation, the control
field shall ponsist of two octets for frame formats that contain
sequence numbers, and one octet for frame formats that do
not contajn sequence numbers. The content of this field is
described jn 4.1.

3.4 Information field

ation field of a frame, when present, foliows the
ield (see 3.3) and precedes the .frame check sequence
(see 3.6).| (See 4.3.9 and 6.2 for the various codings and
groupings|of bits in the information field that are defined for
use in this|International Standard.) The coding and grouping of
bits recet from a higher_layer are unrestricted, except for
requirements that are imposed by the higher layer itself.

See 4.3.9]|and5.7.3 with regard to the maximum information -

field length.

where k is the number of bits in the frameJexisting between,
but not including, the final bit of thé/opgning flag and the
first bit of the FCS, excluding bitsjinserted|for transparency,
and

b) the remainder of the, division (medulo 2} by the
generator polynomial

X8 4+ x12 + x5 + 4

of the productof-x16 by the content of the frame existing
between, bGt not including, the final bit of the opening flag
and the irst bit of the FCS, excluding| bits inserted for
transparency.

As a typical implementation, at the transmitter, the initial con-
tent’of the register of the device computing the remainder of
the division is preset to all ones and is then mpdified by division
by the generator polynomial (as described above) of the
address, control and information fields; the pnes complement
of the resulting remainder is transmitted as the 16-bit FCS.

At the receiver, the initial content of the reg|ster of the device
computing the remainder is preset to all ohes. The final re-
mainder after multiplication by x16 and then division (modulo 2)
by the generator polynomial

X8 4+ x12 + x5 + 1
of the serial incoming protected bits and thg FCS will be
0001110100001111 (x5 through x0, réspegtively)

in the absence of transmission errors.

3.7 Order of bit transmission

Addresses, commands, responses and sequence numbers shall

3.5 Transparency

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

be transmitted with the low-order bit first (for example, the first
bit of the sequence number that is transmitted shall have the
weight 20},

The order of transmitting bits within the information field is
specified for specific information field formats as defined
elsewhere in this International Standard. The FCS shall be
transmitted to the line commencing with the coefficient of the
highest term, which is found in bit position 16 of the FCS field
(see tables 1 and 2).

NOTE — The low-order bit is defined as bit 1, as depicted in tables
1 to 10.
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3.8 Invalid frames

An invalid frame is defined as one which

a) is not properly bounded by two flags;

b} contains fewer than 32 bits between flags;

c) contains a Frame Check Sequence (FCS) error; dr

d) contains an address field encoding other than that

defined in 5.

1.

4 Elements of procedures

The elements of procedures are defined in terms of actions that
occur at the DTE on receipt of commands ' from the

DCE/ remote DTE.

The elements of procedures specified below contain a selection
of commands and responses relevant to the data link and

system configuration descnbed in clause 1.

of non-octet alig

ment may be made at the Data Link Level orin the

NOTE — For thole DTEs and DCEs that are octet-aligned, a detection

higher level. Det
accomplished by
number of bits
excluding bits ins
octets in length,

ction at the Data Link Level, while not required, is
adding a frame validity check that requires the
between the opening flag and the closing flag,
erted for transparency, to be an integral number of
pr the frame is considered invalid.

3.9 Frame gbortion

Aborting a fran
contiguous “1

he is performed. by transmitting at least seven
bits {with no inserted "*0" bits).

3.10 Interframe time fill

Interframe time|

fill is accomplished by transmitting, contiguous

flags between frames (i.e., muitiple 8-bit flag sequences).

3.11 Datali

hk channel states

3.11.1 Active channel state

The DTE outgding channel is in an active condition when the

DTE is actively
interframe time
in an active cg
frame, an abort

transmitting a frame, an abortion sequence or
fill. The DTE incoming channel is defined to be
ndition when the DTE.is actively receiving a
ion sequence or intefframe time fill.

3.11.2 Idle channel state

The DTE outgo
causes a contir

ng channel is in an idle condition when the DTE

a
“.

4.1.1 Control field formats

The control field indicates the type.of commands ¢

and contains sequence numbers where applicablg.

Three types of control)field formats are used

Controt-field-formats—and-statevaripbles

r responses,

to perform

numbered  information transfer (| format), num‘tered super-

visory functions.{S format) and unnumbered con
(U format). The control field formats for basic
operation are depicted in table 3 and the control
for extended (modulo 128) operation are
table 4. ‘

4.1.1.1 Information transfer format — |

The | format is used by the DTE to perform an
transfer. The functions of N(S), N(R) and P are i
i.e., each | frame shall have an N(S}), an N(R) whic
not acknowledge additional | frames received by th
P bit that may be set to ‘0" or “'1”.

4.1.1.2 Supervisory format — S

The S format is used by the DTE to perform dat
visory control functions such as acknowledgin

ol functions
(modulo 8)
field formats
depicted in

information
hdependent;
may or may
DTE, and a

A link super-
g | frames,

requesting retransmission of | frames, and requ

sting a tem-

uous ‘1" state that persists for at least 15 bit

porary suspension of transmission of | frames, The functions of
N(R) and P/F are independent; i.e., each supefvisory frame
shall have an N(R) which may or may not acknoyledge addi-

times. The DT
-condition when the DTE detects that a continuous 1" state
has persisted for at least 15 bit times.

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

NOTE — Upon detection of the idle channel state for at least time T3,
the DTE should consider the data link to be in the disconnected state.
T3 is as defined in 5,7.1.3.

tional T frames received by the DIE, and a P/F bit that may be
set to ""0” or 1",

i

4.1.1.3 Unnumbered format — U

The U format is used by the DTE to provide additional data link
control functions. This format shall contain no sequence
numbers, but shall include a P/F bit that may be set to 0" or
“1"". The unnumbered frames shall have the same control field
length (one' octet) :in both basic {modulo 8} operation and
extended (modulo 128) operation.
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Table 3 — Control field formats —
Basic (modulo 8) operation

Control field Control field bits
format 1] 2]3]a]ls[e6]7]s

| format 0 N(S} P N(R)

S format 1 0 S S P/F N(R)

U format 1 M mipF{m]m]wm
N(S) = transmitter send sequence number (bit 2 = low-order bit)
N(R} = transmitter receive sequence number (bit 6 = low-order bit)
S = supervisory function bit
M= modifier function bit
P/F = poll bit when issued as a command; final bit when issued as a response

{1 = Poll/Final)

P = poll bit {1 = Poll)

Table 4 — Control field formats — Extended {modulo 128) operation

Control field bits
Control field
format st octet 2nd octet
1] 2] 3] [s [e [7 ]88 |@[w]n[n2]n][[1u]rn]re
I format 0 N(S) P N(R)
S forma} 1 0 S S X X X X P/F N(R)
U formaf 1 M| M [PF{ M| MPM
N{S) = trpnsmitter send sequence number (bit 2 = low-order bit)
N(R) = transmitter receive sequence number (bit 10 = fow-order bit)
S = syipervisory function bit
M modifier function bit
X = rgserved and set to 0"
P/F = ppli bit when issued as a command, final bit whenissued as a response (1 = Poll/Final)
P = pplt bit (1 = Poll)

4.1.2 Control field parameters

The vario
mats are

us parameters associated with the control field for-
Hescribed below.

Modulus

128 and the sequence numbers cycle through the entlre range.
4.1.2.2 Frame variables and sequence numbers

4.1.2.2.1 Send state variable V(S)

The DTE send state variable, V(S), denotes the sequence
number of the next in-sequence | frame to be transmitted by
the DTE. The send state variable can take on the value 0
through modulus minus one. The value of the DTE send state

e shall be sequentially numbered and may have the -

each successive |
N(R) of the last
ximum number of
Hefined in 5.7.4.

variable shall be incremented by one with
frame transmission, but shall not exceed
received | or S frame by more than the m3
outstanding | frames (k). The value of k'is

4.1.2.2.2 Send sequence number N(S)

Only | frames contain N(S), the send sequence number of
transmltted | frames. Pnor to transmission af an in-sequence |
be set equal to the

vaIue of the DTE send state varlable

4.1.2.2.3 Receive state variable V(R)

The DTE receive state variable denotes the sequence number of
the next in-sequence | frame expected to be received by the
DTE. The receive state variable can take on the value 0 through
modulus minus one. The value of the DTE receive state variable
shall be incremented by one on receipt of an error-free, in-
sequence | frame whose send sequence number N(S) equals
the DTE receive state variable.
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4.1.2.2.4 Receive sequence number N(R}

All | frames and supervisory frames shall contain N(R),‘ the ex-
pected sequence number of the next received | frame. Prior to

transmission of a frame of the above types by the DTE, the
value of N(R) shall be set equal to the current value of the DTE
receive state variable. N(R) indicates that the transmitter of the
N(R) has correctly received 'all | frames numbered up to
N(R) — 1 inclusive. :

4.1.2.2.5 Poll/Final bit P/F

All frames contd

the P/F bit is reférred to as the P bit. In reponse frames the P/ F

transmitted by the DTE as a result of a soliciting {poll) com-
mand received from the DCE/remote DTE

The use of the P/F bit is described in 5.2,

4.3 Commands and responses

The commands and responses supported by the DTE are
representéd in table 5 for basic {(modulo 8) operation and in
table 6 for extended {modulo.128) operation. For purposes of
this International Standard, the supervisory function bit en-
codlng “11” and those encodlngs of the modifier function bits

undefmed or not |mplemented” command and response con-

bit is referred to|as the F bit. trol‘ fields: The cemmands and responses in.tables|5 and 6 are
defined as follows:
4.2 Functions of the poll/final bit 4.3.1 Information () command
The poll (P) bit set to ““1"” shall be used by the I?TE te s'OliCif The function, of the information (I} command phall be to
(pe!l)”a reponse L’°m the DCE/remote DTE. The final (F) bit set transfer across a data link seduentially numbered frames con-
to 1" shall be used by the DTE to indicate the response frame taining an information field.
Table 5 — Commands and responses — Basic {modulo 8} operation
. Encoding
Format Commands Responses — - =
: e 1:2.3 4. 5 6 7 8-
information transfer | (information) 0| N(S) P N(R) -
Supervisory RR (receive ready) RR (receive ready) 1 0|0 of piF N(R)
RNR (receive not ready) RNR (receive not ready) 1 01 0]+P/F N(R)
REJ (reject) REJ (reject) 1 0|0 1| P/F ~N(R)
Unnumbered SABM (set asynchronous . RO & e
balanced mode) Tt 111 1 P 1.0 0
DISC (disconnected) 1 1({0 0 P 0 1 0
UA {unnumbered acknowledgment) 1 10 0| F 1 10
DM (disconnected mode) 111 11 °F 0 00
I FRMR (frame reject) 1 1{1 0 F 0 0 1
Table 6 — Commands and responses — Extended (modulo 128) operation
: S Encoding
Format Commands Responses 17723 456 7 8 9 " 10t0 16
Information transfer 1 {information) : 0] NSy P_| NR)
Supervisory RR (receive ready) RR (receive ready) 1 0|0 O[O0 O O O| P/F N(R)
RNR (receive not ready) RNR (receive not ready) 1 01 010 0 O O} P/F N{R)
REJ (reject) B REJ (reject) 1.0/0 10 O 0 0 P/F i N{R)
Unnumbered SABM (set asychronous belanced
mode extended) 111 1P 00
DISC (disconnect) 1 1{0 - 0(PJ0 0
UA (unnumbered
acknowledgment) 41170 0. 1
DM (disconnected mode) 1111 00
FRMR (frame reject) 1 111 0|F|0 0
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4.3.2 Receive ready (RR) command and response

The receive ready (RR) supervisory frame shall be used by the
DTE to

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

b) acknowledge previously received | frames numbered up
to N(R} — 1 inclusive.

An RR fr:
condition|that was reported by the earlier transmission of an
RNR frame by that same station (DTE or DCE/remote DTE). In
addition fo indicating the DTE status, the RR command with
the P bit[set to “1” may be used by the DTE to ask for the
status of the DCE/remote DTE.

4.3.3 Réceive not ready (RNR) command and response

The receiye not ready (RNR) supervisory frame shall be used by
the DTE {o indicate a busy condition; i.e., temporary inability
to accept|additional incoming | frames. | frames numbered up
to and ingluding N(R) — 1 shall be acknowledged. | frame N(R)
and suquuent | frames received, if any, shall not be

acknowlefiged; the acceptance status of these | frames will be
indicated [in subsequent exchanges.

In addition to indicating the DTE status, the RNR command
with the R bit set to “1"" may be used to ask for the status of the
DCE/rempte DTE.

4.3.4 Reject (REJ) command and (response

The reject (REJ) supervisory frame shall be used by the DTE
t retransmission—~0f/ | frames starting with the

Only one

ISO 7776-1986 (E)

435 Set asynchronous balanced mode (SABM)
command/Set asynchronous balanced mode extended
{SABME) command

The SABM unnumbered command shall be used to place
the addressed DCE or DTE in an asynchronous balanced mode
{ABM) information transfer phase. where all command/

response control fields shall be one octet in length.

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

information transfer

hase _where numbered com-

mand/response control fields shall be two-odtets in length, and
unnumbered command/response control-flelds shall be one

octet in length.

NOTE — For DTE/DCE connections) the mode of

operation of the data

link [basic (modulo 8) or extended tmodulo 128)] Tall be determined at

subscription time and shall-enly'be changed by
subscription process. For-DTE/DTE connections,
tion of the data link {basic.{modulo 8) or extende
be determined by bilateral agreement.

oing through a new
the mode of opera-
i {(modulo 128)] shall

No information' field shall be permitted with the SABM or

SABME ‘command. The transmission of

h SABM/SABME

command shall indicate the clearance of a Husy condition that

was reported by the earlier transmission of
that same station.

SABM/SABME [basic

an RNR frame by

The DTE confirmg acceptance of
{(modulo 8) operation/extended

(modulo 128} operation] command by the transmission at the

first opportunity of a UA response. Upon
command, the DTE send state variable V(S
variable V(R) shall be set to “‘0".

hcceptance of this
and receive state

Previously transmitted | frames that are unadknowledged when

this command is actioned shall remain una

cknowledged f(i.e.,

they are not retransmitted following link set{up). It shall be the

responsibility of a higher-level protocol {for
Layer or MLP) to recover from the possible |

lexample, Network
bss of the contents

{data units) of such | frames.

4.3.6 Disconnect (DISC) command

The DISC unnumbered command shall be used by the DTE to
terminate the mode previously set. It [shall inform the
DCE/remote DTE receiving the DISC command that the DTE
sending the DISC command is suspending gperation. No infor-

mation transfer may be established at any time. The REJ excep-
tion condition shall be cleared (reset) upon the receipt of an
I frame with an N(S) equal to the N(R) of the REJ frame. (A
REJ frame may be retransmitted, however, if the REJ excep-
tion condition is not cleared within the acknowledgment time-
limit T1, see 4.4.2.2.)

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

1 C command. Prior
to actioning the command, the DCE/remote DTE receiving the
DISC command shall confirm the acceptance of the DISC com-
mand by the transmission of a UA response. The DTE sending
the DISC command shall enter the disconnected phase when it
receives the acknowledging UA response.

Previously transmitted | frames that are unacknowledged when
this command is actioned shall remain unacknowledged (i.e.,
they are not retransmitted following link set-up). it shall be the
responsibility of a higher-ievel protocol {for example, Network
Layer or MLP) to recover from the possible loss of the contents
(data units) of such | frames.
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4.3.7 Unnumbered acknowledgment {UA) response

The UA unnumbered response shall be used by the DTE to
acknowledge the receipt and acceptance of the
SABM/SABME and DISC unnumbered commands. No infor-
mation field shall be permitted with the UA response. The
transmission of a UA response shall indicate the clearance of a
busy condition that was reported by the earlier transmission of
an RNR frame by the same station.

4.3.8 Disconnected mode {(DM) response

An information field which immediately. follows the con-
trol field, and consists of 3 octets [basic (modulo 8) operation]
or 5octets [extended (modulo 128) operation], shall be
returned with this response to provide the reason for the
FRMR response. These formats are given in table 7 and
table 8.

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

where the DTE i$ logically disconnected from the link, and is in
the disconnectedl phase. The DM response may be sent in this
phase to request a set mode command, or, if sent in response
to the reception of a set mode command, to inform the
DCE/remote DTE that the DTE is still in the disconnected
phase and canngt action the set mode command. No informa-
tion field shall be permitted with the DM response. '

The DM responie shall be used by the DTE to report a status

A DTE in the digconnected phase shall monitor received com-
mands, react to p SABM/SABME command as outlined in 5.3
and respond with a DM response with the F bit set to ‘1" to
any other command received with the P bit set to ‘1",

4.3.9 Frame reject (FRMR) response

The FRMR response shall be used by a DTE to report an error
condition not rgcoverable by retransmission of the identical
frame by the DCE/remote DTE; i.e., at least one of the follow-
ing conditions, which results from the receipt of a valid frame:

a) the recepgt of a command or response control field that
is undefined pr not implemented;

b} the receipt of an | frame with an information field which
exceeds the maximum established length;

c) the recéipt of an invalid‘N(R); or

d) the receipt of a frame-with an information field which is
not permitted or the.receipt of a supervisory frame with
incorrect length” \(comprised between 32 and 39 bits
inclusive). ‘

Information field bits

-1to8 9 10to 131410 17 18,19)20 21 22:23 24

122 . 16
Rejected
frame
control O|N(S)[C/R|NRY[w|x|{¥lz]|D|O[O[O
field
where:

a) Rejected\frame control field shall be the contrg
receivedframe which caused the ‘frame reject.

b}y 'N(S) shall be the current send ‘state variable
DTE or DCE reporting the rejection:condition (bit 10
bit).

c) C/R set to “1" shall indicate that the frame whig

| field of the

value -at- the
= low-order

h caused the

rejection condition was a response frame, and C/R sgt to “0" shall

indicate that the frame which caused the rejection to
command frame.

d) N(R) shall be the current receive state variable
DTE or DCE reporting. the rejection condition {bit 14
bit).

e)  w set to 1" shall indicate that the control field

fi x set to “1” shall indicate that the control field
returned in bits 1 to 8 was considered invalid becau
contained an information field which is not permitted.
set to “1”’ in conjunction with this bit.

hdition was a

value at the
= low-order

Feceived and

returned in bits 1 to 8 was undefined or not implemented.

eceived and
ke the frame
Bit w shall be

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

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

g7y set to T~ shall indicate that any information
exceeded the maximum established capacity of the
reporting the rejection condition. )

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

i) Bits 9 and 21 to 24 shall be set to *'0"".

ield received
DTE or DCE

received and

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

el
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Table 8 — FRMR information field format — Extended
{modulo 128) operation

Information field bits

1SO 7776-1986 (E)

condition at the link level are described below. The exception
conditions described are those situations which may occur as
the resuit of transmission errors, station malfunction or oper-
ational situations.

4.4.1 Busy condition

The busy condition shall result when the DTE is temporarily
unable to continue to receive | frames due to internal
constraints, for example, receive buffering limitations. In this

i the DTE. | frames

11016 17 18to 256 26to 33 34 35 36 37 38 39 40
24 32
Rejected
frame oiN©SI c/RINR [ wlx|y|z|o]o|o]o
control
field
where:

al Rejpcted frame control field shall be the control field of the
received frame which caused the frame reject. When the rejected
frame i$ an unnumbered frame, the control field of the rejected
frame shall be positioned in bit positions 1 to 8, with 9 to 16 set
to 0",

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

responge. C/R set to “0” shall indicate the rejected frame was a

c) C/% set to 1" shall indicate the rejected frame was a
command.

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

e) wsetto 1" shall indicate that the control field received-and
returnedl in bits 1 to 16 was undefined or not implemented:

f} x sgt to ‘1" shall indicate that the control field received
and returned in bits 1 to 16 was considered.invalid because the
frame cpntained an information field which isynot permitted or is a
supervigory frame with incorrect length {comprised between 32 and
39 bits |nclusive). Bit w shall be set t6~{'1”" in conjunction with this
bit.

g) ysgtto 1" shall indicate that the information field received ex-
ceeded|the maximum éstablished capacity of the DTE or DCE
reporting the rejection \condition.

h)  z spt to “1"sshall indicate that the control field received and

returned in‘bits'1 to 16 contained an invalid N(R).

pending transmission may be transmitted by the DTE prior to or
following the RNR frame. An indication that'the busy condition
has cleared shall be communicated by ‘the trapsmission of a UA
(only in response to a SABM/SABME command), RR, REJ or
SABM/SABME frame.

Upon receipt of an RNR frame from the DCH/remote DTE, the

DTE shall terminate any. transmission of | fi

ames in progress

and wait for an indication from the DCE/remote DTE that the
busy condition has)been cleared. If the DTE has | frames to

send, it shallstart a time-out function (T
receives the' RNR frame, or if | frames becom

the firstl.frame becomes available. If Timer

mer T1) when it
B available to send

1 runs out before

while in.the busy condition, the DTE shall St‘tt Timer T1 when

an indication of busy clearance is received, th
supervisory command frame with the P bit s
the status of the DCE/remote DTE. The resp(
the F bit set to “*1"’ shall report the busy/non-

manner until either a non-busy response i

DTE shall send a
bt to /1"’ to solicit
nse received with
busy status of the

received or it is

DCE/remote DTE. The DTE shall repeatedly a:licit status in this

determined that the data link level should
regarding the status of the information fram
for subsequent disposition.

4.4.2 N(S) sequence error

The information field of all | frames received

turn information
es to higher level

by the DTE whose

N(S) does not equal the DTE receive state vaffiable V(R) shall be

discarded.

An N{S} sequence exception condition occur|
an | frame received contains an N(S) that i
DTE receive state variable. The DTE shall not
increment its receive state variable) the |
sequence error, or any | frames which ma

L

i) Bits 17 and 37 to 40 shall be set to “0".

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

4.4 Exception condition reporting and recovery

The error recovery procedures which are available to effect
recovery following the detection/occurrence of an exception

5 in the DTE when
not equal to the
acknowledge (i.e.
ame causing the

follow, until an

A DTE which receives one or more | frames having sequence
errors or subsequent supervisory frames (RR, RNR and
REJ) shall accept the control information contained in the
N(R) field and the P or F bit to perform link control functions;
for example, to receive acknowledgment for | frames pre-
viously transmitted by the DTE and to respond (P bit set
to “1").

The means specified in 4.4.2.1 to 4.4.2.3 shall be available for
initiating the retransmission of lost or errored | frames following
the occurrence of a N(S) sequence error condition.
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4.4.2.1 Checkpoint recovery

Checkpoint recovery shall be based on a checkpoint cycle. For
the DTE, a checkpoint cycle shall begin with the transmission
of a command frame with the P bit set to 1"’ and end either

a) with the receipt of a response frame with an F bit set to
ll1ll, Or

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

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

The DTE receiving a REJ frame from the DCE/reimote DTE shall
initiate sequential (re-)transmission of | frames starting with the
| frame indicated by the N(R) contained in the REJ frame. The
retransmitted frames may contain an N{R) and a P bit that are
updated from, and therefore different from, the ones contained

When the DTE feceives the supervisory response frame with
the F bit set to ‘[1”, after having transmitted an I, RR, RNR or
REJ command frame with the P bit set to 1", it shall initiate
retransmission df all unacknowledged | frames with sequence
numbers less thgin the value of the send state variable V(S) at
the time the command frame with the P bit set to 1" was
transmitted. (In the case where the supervisory frame received
is a RNR responpe, the DTE shall first wait for an indication of
clearance of the pusy condition at the DCE/remote DTE before
initiating possible retransmission.). Retransmission shall start
with the lowest |numbered unacknowledged |-frame. | frames

shall be retran
transmitted by
retransmission (
mission.

When the DTE d

mitted sequentially. New | frames may. be
the DTE if they become available. Such
f | frames is known as checkpoint retrans-

letects the necessity for checkpoint retransmis-

sion, the retranjmission shall be started either before or con-

current with tra
P bit set to 1",

NOTE — The DTE
pointing cycle ind
mand frame with
dent checkpointin
will not initiate ch
mand frame with
response frame wi
mand frame sent

To prevent dup
sion of a specifi
cycle} shall be

during the chec

smission of the next command frame with the

and the DCE/remote DTE may each initiate a check-
pendently of the other by the transmission of a com-
he P bit set to “1”’. Therefore, since two indepen-
h cycles may be in process simuitaneously, the DTE
pckpoint retransmission upon the receipt of a com-
he P bit set to ‘1", but only upon the receipt of a
h the F bit set to /1", that is,the résponse to a com-
y the DTE with the P bit,set.to 1",

cate retransmissions, checkpoint retransmis-
C | frame [sameN(R) in the same numbering
nhibited for\the current checkpoint cycle, .if
kpoint cycle‘the DTE has previously received

and actioned a REJ frame with the P bit set to 0" or ‘1", or an
F bit.set to 0"

9] Immmmmraﬁstlau start the
retransmission before or concurrent with trapsmisgsion of the

next command frame with the P bit set to /1"

a) DTE retransmission beginning with a partjcular frame
occurs due to checkpointing {see 4.4.2.1), and

b) a REJ frame is received from:the DCE befpre comple-
tion of the next ‘checkpoint cycle which wouf also start
retransmission, with the same particular frame [gs identified
by the N{R) in the REJ framel,

the retransmissioh resuiting from the REJ frame shall be
inhibited by the DTE.

4.4.2.3 Time-out recovery

If the DCE/remote DTE, due to a transmission errgr, does not
receive (or receives and discards) a single | framg or the last
| frame in a sequence of | frames, it will not detgct an N{(S)
sequence error condition and, therefore, will no{ transmit a
REJ frame. The DTE which transmitted the unacknowledged
| frame(s) shall, following the completion of a systgm specified
time-out period (see 5.7.1), take appropriate recovery action to
determine at which | frame retransmission shall [begin. The
retransmitted | frames may contain an N(R) and a H bit that are
updated from, and therefore different from, the ongs contained
in the originally transmitted | frames.

4.4.3 Invalid frame condition

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

4.4.2.2 REJ recovery

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

10

Any frame received from the DCE/remote DTE which is invalid
(see 3.8) shall be discarded by the DTE and no actlon shall be
taken as the result of that frame.

4.4.4 Frame rejection condition

A frame rejection condition shall be established at the DTE
upon the receipt of an error-free frame with one of the con-
ditions listed in 4.3.9. ,
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This frame rejection exception condition shall be reported by
the DTE by a FRMR response frame for appropriate action by
the DCE/remote DTE. Once the DTE has established such an
exception condition, no additional | frames shall be accepted,
except for examination of the P bit, until the condition is reset
by the DCE/remote DTE. The FRMR response may be repeated
by the DTE at each opportunity, as specified in 5.6.2,
until recovery is effected by the DCE/remote DTE and the
data link is reset, or until the local DTE initiates its own
recovery,

ISO 7776-1986 (E)

For DTE/DTE use (point-to-point non-switched applications),
the assignment of A/B (single link operation} or C/D (multilink
operation) addresses shall be made prior to initialization and

should be capable of being fixed at system

generation time.

NOTE — Thé mechanism for ascertaining DTE address allocation in the
case of point-to-point switched applications for both DTE/DCE cases
and DTE/DTE cases is not covered by this international Standard.

5.2 Procedure for the use of the P/F bit

5 Desgription of the procedure

5.1 Prdcedure for addressing

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

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

Frames cgntaining commands transferred from the DCE to the
DTE shal:l contain the address A for the single link operation
and addrdss C for the multilink operation.

Frames containing responses transferred from the DCE to the
DTE shal:] contain the address B for the single link operation
and addrgss D for the muiltilink operation.

Frames c¢ntaining commands transferred from the DTE to the
DCE shall contain the address B-for the single link operation
and addrgss D for the multilink operation.

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

These addlresses are coded as follows:

The DTE receiving a SABM/SABME, DISC,| supervisory com-
mand or | frame with the P bit set to “17) shall set the F bit to

1" in the next response frame it transmits.

The response frame returned’by the DTE tola SABM/SABME
or DISC command with the P\bit set to ’1’’ shall be a UA or DM
response with the F bit set to ‘“1"". The response frame returned
by the DTE to an | frame with the P bit set to 1", received

during the information transfer phase, shal

RNR or FRMR response with the F bit set to

frame returned<by the DTE to a supervisory

with the P)'bit set to ‘1", received durin

be an RR, REJ,
‘1", The response
command frame
j the information

transfer.phase, shall be an RR, REJ, RNR gr FRMR response
with the'F bit set to “1”’. The response frame returned by the
DTE to a supervisory command or | comman{ frame with the P
bit'set to 1", received in the disconnected phase, shall be a

DM response with the F bit set to 1",

The P bit shall be used in conjunction with

the timer recovery

condition (see 5.4.9). The P bit may also be §ised by the DTE to

initiate a checkpoint mechanism (see 4.4.2.

5.3 Procedures for link set-up and

5.3.1 Link set-up

) at anytime.

disconnection

A DCE shall indicate that it is able to set up the link by transmit-

ting contiguous flags (active channel state)

Either the DTE or a DCE/remote DTE may
Prior to initiation of link set-up, either

to the DTE.

hitiate link set-up.
the DTE or the

DCE/remote DTE may initiate link disconnéction for the pur-

pose of ensuring that the DTE and the DCE

remote DTE are in

Address Bit
12345678
Single link operation A 11000000
B 10000000
Multilink operation C 11110000
D 11100000

The DTE shall discard all frames received with an address other
than A or B (single link operation}, or C or D (multilink
operation).

the same phase. The DTE may also transmit

an unsolicited DM

response to request the DCE/remote DTB to initiate link

set-up.

The DCE/remote DTE shall initialize the link by transmitting a

SABM/SABME command to the DTE. If,

on receiving cor-

rectly the SABM/SABME command, the DTE can enter the
information transfer phase, it shall return a UA response, set its

send and receive state variables, V(S) and
consider the link set-up.

V{(R), to “0”, and

If, on receiving correctly the

SABM/SABME command, the DTE cannot enter the inform-
ation transfer phase, it shall return a DM response as a denial to
the link set-up initialization and consider the link not set-up.

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

The DTE, having sent a SABM/SABME command, shall ignore
and discard any frames except the SABM/SABME, DISC, UA
and DM frame reg¢eived from the DCE/remote DTE. The receipt
of a SABM/SABME or DISC frame from the DCE/remote DTE
will result in a dollision situation that is resolved per 5.3.5.
Frames from the| DTE other than the UA frame and the DM
frame sent in response to a received SABM/SABME or DISC
frame from the DCE/remote DTE shall be sent only after the
link is set-up angl no outstanding SABM/SABME command
exists. )

After the DTE sends the SABM/SABME command, if a UA ov
DM response is ot received correctly, Timer T1 will run(outin
the DTE. The DTE shall then resend the SABM/SABME com-
mand and restar{ Timer T1. After N2 attempts to.set-up the

link, the DTE shall initiate appropriate higher level recovery

action. The value of N2 is defined in 5.7.2.

5.3.2 Informat on transfer phase

After having fransmitted (the UA response to an
SABM/SABME ¢ommand or having received the UA response
to a transmitted]l SABM/SABME command, the DTE shall
accept and transmit | frames and supervisory frames according
to the procedures described in 5.4.

While in the information. transfer phase, either the DTE or the
DCE/remote DTE may initiate a disconnect of the data link
according to the procedures described in 5.3.3.

5.3.3 Link disconnection -

The DCE/remote DTE shall initiate a disconnect of the data link
by transmitting a DISC command to the DTE. The DTE, on
receiving correctly a DISC command in the information transfer
phase, shall send a UA response and shall enter the discon-
nected phase. The DTE, on receiving correctly-a DISC com-
i i sponse and

remain in the disconnected phase.

The DTE shall initiate a disconnect of the. data link by transmit-
ting a DISC command to the DCE/remote DTE aphd starting
Timer T1. Upon reception of a“UA response| from the
DCE/remote DTE, the DTE shall stop Timer T1 ang enter the
disconnected phase. Upcn recéption of a DM resgonse from
the DCE/remote DTE as anCindication that the DCE/remote
DTE was already in the disconnected phase, the DTE shall stop
Timer T1 and enter the disconnected phase. In order to avoid
misinterpretation of a‘DM response received during link discon-
nect, the DTE shall always send its DISC commarld with the
P bit set to “1”. It will then be possible to differentiate a DM
response from.the DCE/remote DTE intended as ar) indication
that the DCE/remote DTE was already in the digconnected
phase (F.bit set to “1”) from a DM response from the
DCE/remote DTE that was issued in an unsolicited gense (F bit
set-t0*‘0"') as a request for a mode-setting command (as des-
cribed in 5.5).

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

frame received from the DCE/remote DTE. The receipt of a -

SABM/SABME or DISC command from the DCE/remote DTE
will result in a collision:situation that is resolved per 5.3.5.

After the DTE sends a DISC command, if a UA or DM response
is not received correctly, Timer T1 will run out.in th¢ DTE. The
DTE shall then resend the DISC command and regtart Timer
T1. After N2 attempts to disconnect the data link, the DTE shall
initiate appropriate higher level recovery action.

5.3.4 Disconnected phase

After having received a DISC command and retufned a UA

During the information transfer phase, whenever there has
been no activity on the data link for a period of time T4, it is
strongly recommended that the DTE transmit an appropriate
supervisory command frame with the P bit set to “'1” to query
the status of the DCE/remote DTE. Receipt of a response with
the F bit set to /1" will indicate both the existence of a working
physical link and the logical status of the responding
DCE/remote DTE.

When receiving an SABM/SABME command while in the
information transfer phase, the DTE shall conform to the link
resetting procedure described in 5.6.
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response-or-havingreceived-the-UA-response-to-a-transmitted
DISC command, the DTE shall enter the disconnected phase.

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

In the disconnected phase, the DTE shall react to the receipt of
an SABM/SABME command as described in 5.3.1 and shall
transmit a DM response in answer to a received DISC com-
mand. When receiving any other command frame with the P bit
set to “/1”", the DTE shall transmit a DM response with the F bit
set to “'1”. Other frames received in the disconnected phase
shall be ignored.
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When the DTE enters the disconnected phase after detecting
error conditions as listed in 5.5, or after an internal malfunction,
it may indicate this by sending a DM response rather than a
DISC command. In these cases, the DTE shall transmit the DM
response and start its Timer T1. if Timer T1 runs out before the
reception of an SABM/SABME or DISC command, the DTE
may retransmit the DM response and restart Timer T1. After
transmission of the DM response N2 times, the DTE may re-
main in the disconnected phase and appropriate recovery ac-
tions shall be initiated by a higher level. Alternatively, after an
internal malfunction, the DTE may either initiate a link resetting
procedure (see 5.6) or disconnect the data link (see 5.3.3) prior

to mltlatln';.a_lmkse:t.up.pmcedu;e_(see 531)
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In the following, “‘number one higher" is in reference to a con-
tinuously repeated sequence series, i.e., 7 is one higher than 6
and 0 is one higher than 7 for modulo 8 series, and 127 is one
higher than 126 and 0 is one higher than 127 for modulo 128
series.

5.4.1 Sending | frames

When the DTE has an | frame to transmit (i.e., an | frame not
already transmitted, or an | frame that has to be retransmitted
as described in 5.4.6), it shall transmit it with an N{S) equal to
its current send state variable V(S), and an N(R) equal to its

5.3.5 Cojlision of unnumbered commands

Collision sftuations.shall be resolved in the following way.

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

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

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

In the cage of b}, the DTE shall accept a subsequent UA
response fo the unnumbered command it issued without con-
sidering it| an unsolicited UA response if received within the
time-out interval. If the sent and received unnumbered com-
mands ard different, the DTE and the DCE/remote DTE"shall
each enter| the disconnected phase and issue a DM response at
the earliest possible opportunity.

5.3.6 Collision of DM response with SABM/SABME or
DISC command

When a response is issued by-the' DCE/remote DTE as an
unsoliciteq . response to request the DTE to issue a mode-

current r rec_t_l_ﬁl_mrfmhrelve state variable : of the transmis-
sion of the | frame, it shall increment its sendstate variable V(S)
by one.

The DTE Timer T1, if not running ‘atithe time pf transmission of
an | frame, shall be started.

If the DTE send state variable V(S) is equal t

b the last value of

N(R) received plus kClwhere k is the maximum number of

outstanding | frames; see 5.7.4) the DTE sha

| not transmit any

new | frames, but may retransmit an old | frame as described in

5.4.6 or 5.4.9.

In order.toensure security of information

ransfer, the DTE

shall not transmit any | frame if its send state variable V(S) is
equal ‘to the last value of N(R) it has re¢ceived from the
DCE/remote DTE plus 7 in basic (modulo 8) gperation or 127 in

extended {modulo 128) operation.

When the DTE is in the busy condition, it

may still transmit

| frames, provided that the DCE/remote DTE is not busy.

When in the frame rejection condition, it shal
I frames.

5.4.2 Regeiving an | frame

| frame whose send sequence number is

stop transmitting

qual to the DTE

When the DTE is notin a busy condition a{d receives a valid

receive state variable V(R), the DTE shall a

cept the inform-

ation field of this frame, increment by ong its receive state

variable V(R), and take one of the following

a) If the DTE is still not in a busy condj('

1) if an | frame is available for tran
shall act as described in 5.4.1 and
received | frame by setting N(R) in the
next transmitted | frame to the value (
state variable V(R), or the DTE shall

actions:

on:

mission, the DTE
acknowledge the
control field of the
bf the DTE receive
acknowledge the

5.3.7 Collision of DM responses

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

5.4 Procedures for information transfer

The procedures which apply to the transmission of | frames in
each direction during the information transfer phase are
described below.

received | frame by transmitting an RR frame with the
N(R) equal to the value of the DTE receive state variable

V(R);

2) if no | frame is availabie for transmission, the DTE

shall transmit an RR frame with the

N(R) equal to the

value of the DTE receive state variable V{R).

b)- If the DTE is now in a busy condition, it shall transmit
an RNR frame with N(R) equal to the value of the DTE

receive state variable V(R) (see 5.4.8).

When the DTE is in a busy condition, it may

ignore the inform-

ation field contained in any received | frame.

13
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5.4.3 Reception of invalid frames

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

5.4.4 Reception of out-of-sequence frames

When the DTE receives a valid | frame whose send sequence
number is incorrect, i.e., not equal to the current DTE receive
state variable V(R), it shall discard the information field of the
frame and transmit an REJ frame with the N(R) set to one

c) If the DTE is transmitting an | frame when it receives the
REJ frame, it may abort the | frame and commence
transmission of the requested | frame immediately after
aborting the frame,

d} If the DTE is not transmitting any frame when it
_.receives the REJ frame, it shall commence transmission of
the requested | frame immediately.

In" all cases, if other unacknowledged | frames have already
been transmitted following the one indicated in the REJ frame,
then those | frames shall be retransmitted by the DTE following
the retransmission of the requested | frams.

" higher than the N[S) of the last correctly received | frame. The
REJ frame shall be a command frame with the P bit set to ““1"”" if
an acknowledged transfer of the retransmission request is
required; otherwise the REJ frame may be either a command or
a response framp. The DTE shall then discard the information
field of all | frgmes received until the expected | frame is
received correctly. When receiving the expected | frame, the
DTE shall then acknowledge the | frame as described in 5.4.2.
The DTE shall use the N{R) and P bit information in. the dis-
carded | frames hs described in 4.4.2.

5.45 Receiving acknowledgment

When correctly receiving an | frame or a supervisory frame (RR,
RNR or REJ), eyen in the busy condition, the DTE shall con-
sider the N(R) cpntained in this frame as an acknowledgment
for all the | frames it has transmitted with an N(S) up to and
including the reéceived N(R)~1. The DTE shall stop the
Timer T1 when it correctly receives an | frame or a supervisory
frame with the N{R) higher than the last received N(R) (actually
acknowledging some | frames), or a REJ frame with an N{(R)
equal to the last|received N(R).

If Timer T1 has been stopped by the receipt of an [, RR or RNR
frame, and if there are outstanding | frames still\tnacknowl-
edged, the DTE ghall start Timer T1. If Timer T1,then runs out,
the DTE shall fdllow the recovery procedure.{see 5.4.9) with
respect to the ujacknowledged | frames..If-Timer T1 has been
reset by the recgipt of a REJ frame,the"DTE shall follow the
retransmission pfocedures in 5.4.6:

5.4.6 Receiving an REJ frame

When receiving an-REJ frame, the DTE shall set its send state
variable V(S) to|the’N(R) received in the R rame contro
field. 1t shall transmit the corresponding | frame as soon as it is
available or retransmit it, in accordance with the procedure
described in 5.4.1. (Re)transmission shall conform to the
following:

a) If the DTE is transmitting a supervisory command or
response when it receives the REJ frame, it shall complete
that transmission before commencing transmission of the
requested | frame.

b) If the DTE is transmitting an unnumbered command or

response when it receives the REJ frame, it shall ignore the
request for retransmission.
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If the REJ frame was received from the DCE/remotte DTE as a
command with the P bit set to /1", the DTE shall [transmit an
RR, RNR or REJ response, as appropriate,with thg F bit set to
“1" before transmitting or retransmitting, the corresponding |
frame. Other | frames not yet transmiitted may be [transmitted
following the retransmitted | frames.

65.4.7 Receiving an RNR\frame

After receiving an RNR frame, the DTE shall stop tfansmission
or retransmission (of, | frames until an RR or. REJ frame is
received, or until_Timer T1 runs out, see 4.4.1. When Timer T1
runs out before.receipt of a busy clearance indication, the DTE
shall follow:the procedures described below. In arly case, the
DTE shalbnot transmit any other | frames before receiving an
RR or'REJ frame, or before completion of a link resetting
procedure.

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

a) If the response is an RR or REJ frame, the busy con-
dition shall be assumed to be cleared and th¢ DTE may
transmit | frames beginning with the | frame identified by
the N(R) in the received response frame.

b) If the response is an RNR frame, the busy condition
shall be assumed to still exist, and the DTE after|a period of
time (for example, the length of Timer T1) shal| repeat the
‘lOA fthD r‘ note ', re o e

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

If, at any time during the enquiry process, an unsolicited RR or
REJ frame is received from the DCE/remote DTE, it shall be
considered to be an indication of clearance of the busy con- .
dition. Should the unsolicited RR or REJ frame be a command
frame with the P bit set to /1", the appropriate response frame
with the F bit set to 1" shall be transmitted before the DTE
may resume transmission of | frames. If Timer T1 is running,
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the DTE shall wait for the non-busy response with the F bit set
to “1"‘, or wait for Timer T1 to run out, and then resume
transmission of | frames beginning with the | frame identified by
the N(R) in the received RR or REJ frame.

5.4.8 DTE busy condition

When the DTE enters a busy condition, it shall transmit an RNR
frame at the earliest opportunity. Thé RNR frame shall be a
command frame with the P bit set to /1" if an acknowledged
transfer of the busy condition indication is required; otherwise
the RNR frame may be elther a command or a response frame.

ISO 7776-1986 (E)

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

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

mand frame with the P bit set to ’1”. To clear the busy con-
dition, the] DTE shall transmit either an REJ frame or an RR
frame, with N(R) set to the current receive state variable V(R}
(for examgle, the choice of frame depends on whether or not
the DTE discarded information fields of correctly received |
frames). The REJ frame or the RR frame shall-be a command
frame with the P bit set to /1" if an acknowledged transfer of
the busy-tp-non-busy transition is required; otherwise the REJ
frame or the RR frame may be either a command or a response
frame. .

5.4.9 Widiting acknowledgment

if Timer T1 runs out waiting for the acknowledgment from the
DCE/remgte DTE for an 1 frame transmitted, the DTE shall
restart Tinjer T1 and transmit an appropriate supervisory com-
mand frame (RR, RNR or REJ) with the P bit set to “/1”. If the
DTE receies correctly a supervisory response frame with the' F
bit set to ‘[1”" and with an N(R) within the range from-the last
N(R) received to the last N{S) sent plus one, the DFE shall reset
Timer T1 #nd set its send state variable V(S) to the received
N(R) and then resume with | frame transmission or retransmis-
sion, .as appropriate. If, on the other hand; the DTE receives
correctly alsupervisory response frame with-the F bit set to /0",
or an | frame or supervisory command. frame with the P bit set
to 0" or ‘[1”, and with an N{R) within the range from the last
N(R) receiyed to the last N{S) sent-plus one, the DTE shall not
reset Timgr T1, but use the-received N(R) as an indication of
acknowledqgment of transmitted | frames up to and including |
frame numbered N(R) 1.

If Timer T{ runs out-before a supervisory response frame with
the F bit et to 1" is received, the DTE shall retransmit an
appropriatp Supervisory command frame (RR, RNR or REJ)
with the Plbitsetto1~. A :
response frame wrth the F blt set to "1" from the DCE/ remote
DTE, the DTE-shall initiate a link resetting procedure as
described in 5.6.

5.6 Conditions for link resetting or link
re-initialization (link set-up)

When the DTE receives, during the information transfer phase,
a frame which is not invalid (see 3.8} with one of the conditions
listed in 4.3.9, it shall report the error condition and request the
DCE/remote DTE to initiate a link resetting procedure by
transmitting an FRMR response (see 5.6.2). ‘

When the DTE receives, during the informatign transfer phase,
a DM response, the DTE shall either initiate tne link set-up (in-
itialization) procedures or return a DN response to ask the
DCE/remote DTE to initiate the link set-up Irocedures. After
transmitting a DM response, the DTE shall pnter the discon-
nected phase.

5.6 Procedure for-link resetting

5.6.1 Link reset

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

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

The DCE/remote DTE shall initiate a link resetting by transmitting
a SABM/SABME command to the DTE. If, on correct receipt of

mand, the DTE determines that it cannot remair} in the information
transfer phase, it shall return a DM response [as a denial to the
resetting request and enter the disconnected phase.

The DTE shall initiate a link resetting by transmitting a -
SABM/SABME command to the DCE/remote DTE and
starting its Timer T1. The DTE, on receiving a UA response
from the DCE/remote DTE, shall reset its send and receive
state varlab|es V(S) and V(R) to 0", stop [its Timer T1, and
3 he DTE, on receiv-
inga DM response from the DCE/ remote DTE as a denial to the
link resetting request, shall stop its Timer T1 and enter the
disconnected phase.

The DTE, having sent a SABM/SABME command, shall ignore
and discard any frames except a SABM/SABME or DISC com-
mand, UA or DM response received from the DCE/remote
DTE. The receipt of a SABM/SABME or DISC command from
the DCE/remote DTE shall result in a collision situation that is
resolved in 5.3.7. Frames other than the UA or DM response
sent in response to a received SABM/SABME or DISC com-
mand shall be sent only after the data link is reset and no
outstanding SABM/SABME command exists.
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After the DTE sends the SABM/SABME command, if a UA or
DM response is not received correctly, Timer T1 will run out in
the DTE. The DTE shall then send the SABM/SABME com-
mand again and start Timer T1. After N2 attempts to reset the
link, the DTE shall initiate appropriate higher level recovery
action and enter the disconnected phase.

5.6.2 Request for link reset

The DTE may ask the DCE/remote DTE to reset the data link by
transmitting an FRMR response (see 5.5).

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

After transmitting an FRMR response, the DTE shall enter the
frame rejection [condition. The frame rejection condition shall
be cleared en the DTE receives or transmits an
SABM/SABME| or DISC command or a DM response. Any
other command|received while in the frame rejection condition
shall cause the DTE to retransmit the FRMR response with the
same informatign field as originally transmitted.

The DTE may $tart Timer T1 on transmission of the FRMR
response. If Timer T1 runs out before the reception of an
SABM/SABME]|or DISC command or a DM response from the
DCE/remote DTIE, the DTE shall retransmit the FRMR response
and start Timer [T1. After N2 attempts to get the DCE/remote
DTE to reset the link, the DTE shall reset the link itself as
described in 5.6{1.

In the frame rg¢jection condition, | frames and supervisory
frames shall not be transmitted by the DTE. Also, received
| frames and redeived supervisory frames shall be discarded by
the DTE except [for the observance of a P bit set to */1”". When
an additional FRMR response has to be transmitted by the DTE
as a result of the receipt of a P bit set to “’1”" while Timer-TI-is
running, Timer T1 shall continue to run. The DTE on receiving
an FRMR response (even during a frame rejectionicondition),
shall initiate resetting procedure by transmitting an
SABM/SABME| command as described in-%.6.1, or shall
transmit a DM response to ask the DCE/remote DTE to initiate
the link set-up procedure as described.in 5.3.1 and enter the
disconnected phase.

5.7 List of system parameters

The system pargmeters.shall' be as follows:

5.7.1 Timers

8.7.1.4 Parameter T4 .

D749 0 s I
72 rarameter—=

The value of DTE parameter T2 may be different frqm the value
of the DCE/remote DTE parameter T2.

T2 is the amount of time available\at'the DTE or [DCE/remote
DTE before the acknowledging frame must be initigted in order
to ensure its receipt by the DECE/remote DTE or OTE, respec-
tively, prior to Timer T1 running out at the DCE/remote DTE or
DTE. T2 < T1.

5.7.1.3 Timer T3

The periad,of optional Timer T3 shall provide an adgquate inter-
val ofdimie to justify considering the data link to be|in a discon-
nected (out of service) state. T3 >»>T4.

maximum time a DTE will allow without frames being ex-
changed on the data link. The value of T4 should be greater
than T1 and may be very large for applications which are not
concerned with early ‘detection of faulty data linid or physical
link conditions. T4 > T1.

The parameter T4 is a system parameter which reEresents the

5.7.2 Maximum number of transmissions N2,

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

‘5711 Timer Th

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

The period of Timer T1, at the end of which retransmission of a
frame may be initiated according to the procedures described in
5.3 to 5.4 shall take into account whether T1 is started at the
beginning or the end of the transmission of a frame.
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The value of N2 shall indicate the maximum number of at-
tempts that shall be made by the DTE or DCE/remote DTE to
complete the successful transmission of a frame to the
DCE/remote DTE or DTE, respectively.

5.7.3 Maximum number of bits in an | frame N1

The value of the DTE N1 system parameter may be different
from the value of the DCE/remote DTE N1 system parameter.
These values shall be made known to both the DTE and the
DCE/remote DTE.
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The value of N1 shall indicate the maximum nhumber of bits in
an | frame (excluding flags and 0" bits inserted for trans-
parency) that the DTE or DCE/remote DTE is willing to accept
from the DCE/remote DTE or DTE, respectively.

In order to support universal DCE operation, a DTE shall sup-
port a value of DTE N1 which is not less than 1080 bits (135
octets). DCEs shall offer to DTEs that require it, a value of DCE
N1 which is greater than or equal to the maximum length of

1SO 7776-1986 (E)

6.2 Multilink frame structure

All information transfers over an SLP shall be in multilink
frames conforming to one of the formats shown in figure 1.

l\@ﬂilink frame

FI1A|C MLC FCS | F

agreed to call set-up and clearing packets plus the length of the 2 octets
address, control and FCS fields at the DTE/DCE interface, and
greater than or equal to the maximum length of the data - Multilink frame —

packets which may cross the DTE/DCE interface plus the
length of the address, control and FCS fields at the DTE/DCE
interface.

5.7.4 Maximum number of outstanding | frames &

In the casg of DTE/DCE operation, the value of the DTE k
system patameter shall be the same as the value of the DCE &
system pgrameter. This value shall be agreed to for a
designated period of time by both the DTE and the DCE. In the
case of DTE/remote DTE operation, the value of the DTE &
system parameter may be different from the value of the
remote DTE k system parameter. These values shall be agreed
to for a designated period of time by both the DTE and the
remote D

The DTE YValue of k shall indicate the maximum number of
sequentially numbered | frames that the DTE may have out-
standing (ile., unacknowledged) at any given time. The value
of k shall hever exceed 7 for modulo 8 operation, or 127 for
modulo 12B operation.

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

6 Multlink procedure (MLP)

For DTE/IDCE operation, use)of the multilink procedure is a
subscriptign-time selectable- option. For DCE/remote DTE
operation, luse of the,multilink procedure shall be a subject for
bilateral agreement.

FI1AGC MLC Information FCS | F

<2 octetg

Figure 1 — Muitilink frame formats

The multilink controi*field (MLC), the contegnts of which are
described in 6.3, shall consist of two octets| The information
field of the multilink-frame, when present, shall follow the MLC
(see 6.3.2.3/for the codings and groupinjs of bits in the
multilink frame’information field that are impgsed by this Inter-
nationahStandard).

6.3< Multilink control field format and parameters

6.3.1 Multilink control field format

The relationship shown in figure 2 shall exist hetween the order
of bits delivered to/received from an SLP and|the coding of the
fields in the multilink control field.

First bit delivered
r to/received from an SLP

14 5 6 7 8 ) fo 16

MNHIS)T V[ S| R C MNL (S)

28 _ 211 _‘_0 - 27
) N Weight of bits in MN(S;—/

Multilink control field

Legend
MNH(S) = bits 9 to 12 of 12-bit muitilink send sequence number
N . ) MN
The DTE multilink procedure (MLP) performs the functions of s
MNL(S) = bits 1 to 8 of 12-bit multilink send| sequence number
— distributing across the available DTE/SLPs packets MN(S)
which are to be transmitted to the DCE/remote DTE, and; V = void sequencing bit
: . S = sequence check option bit
— resequencing DCE/remote DTE packets received from R = MLP b
the DTE SLPs for delivery to the DTE higher level. = MLP reset request bit
C = MLP reset confirmation bit

6.1 Field of application

The optional multilink procedure (MLP) described below shall
be used for data interchange over one or more single link pro-
cedures {SLPs), each conforming to the description in clauses
3, 4 and 5, in parallel between a DTE and a DCE/remote DTE.

Figure 2 — Multilink control field format

6.3.2 Multilink control field parameters

The various parameters associated with the multilink control
field format are described below (see figure 3).
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6.3.2.1 Void sequencing bit {V)

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

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

6.3.2.2 Sequence check option bit (S}

6.3.2.6 Multilink sequence number MN(S)

Multilink frames shall contain the multilink sequence number
MN(S). Prior to the assignment of an in-sequence multilink
frame to an available SLP, the value of MN(S) shall be set equal
to the value of the muitilink send state variable MV(S).. The
multilink sequence number shall be used to resequence and to
detect missing and duplicate multilink frames at-the receiver
before the contents of a multilink frame information field is
delivered to the higher level.

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

NOTE — This bit-shall be set to “*0”’. The procedure with S set to ““1""
will form the subjéct of further study.

6.3.2.3 MLP rgset request bit (R)

The MLP reset request bit shall be used to request a reset of the
MLP state variaples (see 6.4.2). The R bit set to “0": shall be
used in normal ¢ommunication; i.e., no request for reset. The
R bit set to “[I”’ shall be used by the DTE MLP or the
DCE/remote DTE MLP to indicate a request for the reset of the
DCE/remote DTEE or the DTE MLP state variables, respectively.
- In'this R = 1 case, the multilink frame information field shall
not contain higher level information, but may contain an
optional 8-bit Cause Field that incorporates the reason for.the
reset.

NOTE — The engoding of the Cause Field will form ‘the ‘subject of
further study.

6.3.2.4 MLP rgset confirmation bit (C)

The MLP reset [confirmation bit.shall be used in reply to the
R bit set to ““1”’[to confirm that{all of the MLP state variables
have been reset| The C bit'set to “0’’ shall be used in normal
communication ] i.e., no.reset request has been activated. The
C bit set to ““1"” Fhall berused by the DTE MLP or DCE/remote

DTE MLP in reply-to.a DCE/remote DTE MLP or DTE MLP
multilink frame, fespectively, with the R bit set to ‘1", and shall

variable MV(T)

MV(T) is the state variable at the transmitting OTE MLP or
DCE/remote DTE MLP that shall denote the oldgst multilink
frame which is awaiting an indication that a QTE SLP or
DCE/remote DTE SLP has received an acknowledgment from
its remote DCE/remote. DTE SLP or DTE SLP, fespectively.
This variable can take on the value 0 to 4095 {m¢dulo 4096).
Some multilink frames Wwith sequence numbers |higher than
MVI(T) may already have-been acknowledged.

6.3.2.8 Multilink receive state variable MV(R)

The multilink receive state variable MV(R) shall|denote the
sequence number at the receiving DTE MLP or PCE/remote
DTE"MLP of the next in-sequence multilink ffame to be
received and delivered to the higher level. This varigble can take
on the value 0 to 4095 (modulo 4096). The value of|MV(R) shall
be updated as described iin 6.4.3.2. Multilink frameg with higher
sequence numbers in the DTE MLP or DCE/remote DTE MLP
receive window may already have been received.

6.3.2.9 Multilink window size MW

MW shall be the maximum number of sequentially numbered
multilink frames that the DTE MLP or DCE/remote DTE MLP
may transfer to its SLPs beyond the lowest numbeted multilink .
frame which has not as yet been acknowledged. MW is a
system parameter whichican never exceed 4095-MX. The value
of MW shall be agreed for a period of time with the
DCE/remote DTE and shall have the same value for both the
DTE MLP and the DCE/remote DTE MLP for a given direction
of information transfer. - :

indicate that the DTE MLP or DCE/remote DTE MLP state
variable reset process has been completed by the DTE MLP or
DCE/remote DTE MLP, respectively. In this C = 1 case, the
multilink frame shall be used without an information field.

6.3.2.5 Multilink send state variable MV(S)

The multilink send state variable MV(S) shall denote the

sequence number of the next in-sequence multilink frame to be
assigned to an SLP. This variable can take on the value 0 to
4095 (modulo 4096). The value of MV(S) shall be incremented
by one with each successive multilink frame assignment.
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NOTE — Factors which shall affect the value of parameter MW
include, but are not limited to, single link transmission and propagation
delays, the number of links, the range of multilink frame lengths, and
single link parameters N2, T1, and k.

The MLP transmit window shall contain the sequence numbers
MV(T) to MV(T} + MW - 1 inclusive.

The MLP receive window shall contain the sequence numbers
MV(R) to MV(R) + MW — 1 inclusive. Any multilink frame
received within this window shall be delivered to the higher
level when its MN(S) becomes the same as MV(R).
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