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1 General

This Recommendation describes in general terms the @Link Access
Procedure on the D-channel, LAPD\. The application of this protocol to other
channel types is for further study. Details are provided in
Recommendation Q.921(I.u441) [1].

The purpose of LAPD is to convey information between layer 3 entities
across the ISDN user-network interface using the D-channel. '

The definition of LAPD takes into consideration the principles and
terminology of:

- Recommendations X.200 [2] and X.210 [3] — the reference
model and layer service conventions for Open Systems
Interconnection (0SI);

- Recommendation X.25 [4] — LAPB user-network interface
for packet mode terminals; and

- IS0 3309 [5] and ISO 4335 [6] — High~level Data Link Control
(HDLC) standards for frame structure and elements of procedures.

LAPD is a protocol that operates at the data link layer of the 0SI
architecture. The relationship between the data link layer and other protocol
layers is defined in Recommendation I.320 [7].

Note 1 — The physical layer is currently defined in
Recommendations I.430 [8] and I.#31 (9] and layer 3 is defined in
Recommendations Q.930(I.450) [10], Q.931(I.451) [11], and X.25 ([4].
References should be made to these Recommendations for the complete
definition of the procotols and procedures across the ISDN user-network
interface.

Note 2 — The term "data link layer" is used in the main text of
this Recommendation. However, mainly in figures and tables, the terms "layer 2"
and "L2" are used as abbreviations. Furthermore, in accordance with
Recommendations Q.930(I.450) [10] and Q.931(I.451) (11], the term "layer 3"
is used to indicate the layer above the data link layer.

LAPD is independent of transmission bit rate. It requires a duplex,
bit transparent D-channel.

The characteristics of the D-channel are defined in
Recommendation I.412 {12].

(1588)
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8 2 below describes basic concepts used in this Recommendation
ar.i Recommendation Q.921.

§ 3 gives an overview description of LAPD functions and
procedures.

8 4 summarizes the services that the data link layer provides to
layer 3 and the services that the data link layer requires from the physical
layer.

§ 5 provides an overview of the data link layer structure.
2 Concepts and terminology

The basic structuring technique in the 0SI reference model
is layering. According to this technique, communication among
application processes is viewed as being logically partitioned into an ordered
set of layers represented in a vertical sequence as shown in
Figure 1/Q.920.

System
Management
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<> LM ! Highest layer
]
== X
f
i
g LM : (N+1) layer
T
i
<7 M ! (N) layer
i
'
-> LM ! (N-1) layer
1 .
-3 :
!
1
- M ) Lowest layer
o

LM Layer management (see Figure 10/Q.920) T1104590-86

FIGURE 1/Q.920

Layering
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A data link layer @Service Access Point (SAP)\ is the point at
which the data link layer provides services to layer 3. Associated with each
data link layer SAP is one or more data link connection endpoint(s). See
Figure 2/Q.920. A data link connection endpoint is identified by a data link
connection endpoint identifier as seen from layer 3 and by a €Data Link
Connection Identifier (DLCI)\ as seen from the data link layer.

Entities exist in each layer. Entities in the same layer, but in
different systems which must exchange information to achieve a common objective
are called "peer entities". Entities in adjacent layers interact
through their common boundary. The services provided by the data link
layer are the combination of the services and functions provided by both
the data link layer and the physical layer.

Layer 3
ayer 3 entity
Data link layer service
{ access point
ya 0\ N
o= Data link connection
endpoint
Data link
Data link layer layer
entity
T1104600-86

FIGURE 2/Q.920

Entities, service access points and endpoints
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Cooperation between data link layer entities is governed
by a peer—to-peer protocol specific to the layer. In order for information to
be exchanged between two or more layer 3 entities, an association must be
established between the layer 3 entities in the data link layer using a data
link layer protocol. This association is called a data link connection.
Data link connections are provided by the data link layer between two or more
SAPs (see Figure 3/Q.920).

Layer 3
entity

Layer 3
entity

Data link layer
service access
point

0

ya ° AN
AN /

.(/,_____
—
/

N\ Data link

connection
endpoint

/ Data link connection \

T1104610-86

FIGURE 3/3.920

Peer-to-peer relationship

Data link layer message units are conveyed between data
link laver entities by means of a physical connection.

Layer 3 requests services from the data link layer via service
primitives. The same applies for the interaction between the data link
layer and the physical layer. The primitives represent, in an abstract way, the
logical exchange of information and control between the data link layer and
adjacent layers. They do not specify or constrain implementation.

The primitives that are exchanged between the data link layer and
adjacent layers are of the following four types (see also
Figure 4/Q.920):

al REQUEST;

b) INDICATION;
c) RESPONSE; and
d) CONFIRM.

11588)
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Layer 3
CONFIRM ~—pf <4— REQUEST INDICATION —p 4—— RESPONSE
R\\__ SAP
e M — . — — —_— —_—

Data link layer

‘ Data 1link layer T1104620-86

peer-to-peer
protocol

Note - The same principle applies for data link layer-physical interactions.

FIGURE 4/Q.920

Primitive action sequence

The REQUEST primitive type is used when a higher layer is
requesting a service from the next lower layer.

The INDICATION primitive type is used by a layer providing a service
to notify the next higher layer of any specific activity which is service
related. The INDICATION primitive may be the result of an activity of the lower
layer related to the primitive type REQUEST at the peer entity.

The RESPONSE primitive type is used by a layer to acknowledge receipt,
from a lower layer, of the primitive type INDICATION.

The CONFIRM primitive type is used by the layer providing the
requested service to confirm that the activity has been completed.

Layer—-to-layer interactions are specified in
Recommendation Q.921.

(1588)
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Information is transferred, in various types of message units,
between peer entities and between entities in adjacent layers that are attached

te a specific SAP. The message units are of two types:

message units of a peer-to-peer protocol; and

message units that contain layer-to-layer information
concerning status and specialized service requests.

The message units of the layer 3 peer-to-peer protocol are carried
by the data link connection. The message units containing layer-to-layer
information concerning status and specialized service requests are never
conveyed over a data link connection or a physical connection.

This Recommendation specifies (see also Figure 5/Q.920):

the peer-to-peer protocol for the transfer of information

a)
and control between any pair of data link layer service
access points; and

b) the interactions between the data link layer and layer 3,

and between the data link layer and the physical layer.

Layer3 Layer 3
entity eatity
. 4
Data liak layer/ !
layer 3 primitives
LT Y
: \\___r___,/ N 7/
! Data link layer
¥ service access point
Data link Data li g Data link
layer g~ - .a- _hl.llil.a!eige?r.t.o-?se: grft.of.;l- - layer
eatity eatity
s
'
'
Data link layer/ ! pu—
phrt.ic;nl'layer 5 ‘:___f\ L . N
primitives : ‘\\Phniu.l layer
¢ service access point
Physical Physical
layer layer
eatity entity
Physieal connection
T1104630-86

FIGURE 3-Q.92¢

Data link layer reference mocel
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3 Overview description of LAPD functions and procedures
3.1 General

The purpose of LAPD is to convey information between layer 3
entities across the ISDN user-network interface using the D-channel.
Specifically LAPD will support:

- multiple terminal installations at the user-network
interface;

- multiple layer 3 entities.

All data link layer messages are transmitted in frames which are
delimited by flags. (A flag is a unique bit pattern.) The frame structure is
defined in Recommendation Q.921.

LAPD includes functions for:

a) the provision of one or more data link connections on a
D-channel. Discrimination between the data link connections is
by means of a data link connection identifier (DLCI) contained
in each frame;

b) frame delimiting, alignment and transparency, allowing
recognition of a sequence of bits transmitted over a D~channel

as a frame;

c) sequence control, to maintain the sequential order of frames
across a data link connection;

d) detection of transmission, format and operational errors on
a data link connection;

e) recovery from detected transmission, format, and operational
errors;
) £) notification to the management entity of unrecoverable

errors; and

g) flow control.

Data link layer functions provide the means for information
transfer between multiple combinations of data link connection endpoints. The
information transfer may be via point-to-point data link connections or via
broadcast data link connections. In the case of point-to-point information
transfer, a frame is directed to a single endpoint, while in the case of
broadcast information transfer, a frame is directed to one or more endpoints.

Figure 6/Q.920 shows three examples of point-to-point information
transfer. Figure 7/Q.920 shows an example of broadcast information
transfer.

Two types of operation of the data link layer are defined for
layer 3 information transfer: unacknowledged and acknowledged. They may

coexist on a single D-channel.

(1588)
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Point-to-point data link connections
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FIGURE 7-Q.92Q

Broadcast data link connection

3.2 Unacknowledged operation

With this type of operation layer 3 information is transmitted in
@Unnumbered Information (UIL)\ frames.

At the data link layer the UI frames are not acknowledged. Even if
transmission and format errors are detected, no error recovery mechanism
is defined. Flow control mechanisms are not defined.

Unacknowledged operation is applicable for point-to-point and
broadcast information transfer; that is, a Ul frame may be sent to a specific
endpoint or broadcast to multiple endpoints associated with a specific
@Service Access Point Identifier (SAPI)\.

3.3 Acknowledged operation

With this type of operation, layer 3 information is transmitted in
frames that are acknowledged at the data link layer.

Error recovery procedures based on retransmission of unacknowledged
frames are speeified. In the case of errors which cannot be corrected by the
data link layer, a report to the management entity is made. Flow control
procedures are also defined.

(1588)
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Acknowledged operation is applicable for point—-to~point information
transfer.

One form of acknowledged information transfer is defined,
multiple frame operation.

Layer 3 information is sent in numbered €Information {I)\ frames. A
number of I frames may be outstanding at the same time. Multiple frame
operation is initiated by a multiple frame establishment proecedure using a
@Set Asynchronous Balanced Mode Extended (SABME)\ command.

3.4 Establishment of information transfer modes

3.4.1 Data link connection identification

A cdata link connection is identified by a @Data Link Connection
Identifier (DLCI)\ carried in the address field of each frame.

The data link connection identifier is associated with a connection
endpoint identifier at the two ends of the data link connection (see
Figure 8/Q.920).

The connection endpoint identifier is used to identify message units
passed between the data link layer and layer 3. It consists of the SAPI
and the @Connection Endpoint Suffix (CES)\.

The DLCI consists of two elements: the SAPI and the @Terminal
Endpoint Identifier (TEI)\.

The SAPI is used to identify the service access point on the network
side or the user side of the user-network interface.

The TEI is used to identify a specific connection endpoint within a
service access point.

The TEL is assigned by the network, if the user equipment is of the
automatic TEI assignment category or it is entered into the user equipment, for
example, by the user or the manufacturer, if the user equipment is of the
nonautomatic TEI assignment category (see § 3.4.3).

The DLCI is a pure data link layer concept. It is used internally
by the data link layer entity and is not known by the layer 3 entity or
management entity. In these latter entities, the concept of @Connection
Endpoint Identifier (CEI)\ will be used instead.

The CEI is composed of the SAPI information and a reference value
named CES. The CES is a value selected by the layer 3 or management entity to
address the data link layer entity. When the relevant TEI is known by this
entity, it will internally associate the DLCI to the CEI. The layer 3 and
management entities will use this CEI to address its peer entity.

(1588)
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SAPI = 16

DLCI = SAPI + TEI
CEI = SAPI+ CES

Broadcast data link connection (B)
Point-to-point data link connection

Note 1 — The management entity is not shown in this figure.

Note 2 — The selection of the SAPI and TEI values is based on Recommendation Q.921, §§ 3.3.3 and 3.3.4.2,

respectively.
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-
3.4.2 Data link states
A point-to-point data link entity may be in one of three basic
states:
a) TEI~unassigned state. In this state a TEIL has not been
assigned. No layer 3 information transfer is possible; or
b) TEI-assigned state. In this state a TEI has been
assigned by means of the TEL assignment procedure Unacknowledged
information transfer is possible; or
c) multi-frame-established state. This state is established
by means of a multiple frame establishment procedure.
Acknowledged and unacknowledged information transfer are
possible.
Note — For the detailed description of procedures in
_— Recommendation Q.921, an expansion of the basic set of states listed above is
required.

A broadcast data link entity is always in an information transfer
state capable of only unacknowledged information transfer (that is,
TEI-assigned state).

3.4.3 TEI administration

The purpose of the TEI assignment procedure is to allow a user
equipment to obtain a TEI value that the data link layer entities within the
user equipment will use in subsequent communications over the data link
connections.

The assigned TEI value is typically common to all SAPs (if more than
one) in a user equipment. The procedure is conceptually located in the
management entity.

When a TEI has beén assigned, the user equipment establishes an
- association between the TEI and a CES in each SAP (that is, the DLCI is
associated with a CEI). In the network, the corresponding association is made
upon reception of the first frame containing the assigned TEI, or at the time
of TEI assignment.

At that point in time, a data link layer peer-to-peer association has
been formed.

The association between the DLCI and CEI will be removed by the TEI
removal procedures on request from the management entity when recognizing that
the TELI value is no longer valid.

When in the TEI-assigned state or the multiple-frame-established
state, the TEI check procedure may be used by the network t£o check the status
of a TEI (for example, to determine if a user equipment has been disconnected
from an installation). Optionally, the user equipment may request the network
to initiate the TEI check procedure.

(1588)
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Examples of criteria for initiation of the TEl assignment procedure
the TEI check procedure, and the TEI removal procedures are described in
Recommendation Q.921.

Note—This section is not intended to provide a complete
specification of possible criteria for establishing and removing an association
between the DLCI and CEI.

3.4.4 Establishment of multiple frame operation

Before point-to~point acknowledged information transfer can start,
an exchange of a SABME frame and an @Unnumbered Acknowledgement (UA)\ frame
must take place.

The multiple frame establishment procedure is specified in detail in
Recommendation Q.921.

) Service characteristics
4.1 General

The data link layer provides services to layer 3 and to the layer 2
management entity and utilizes the services provided by the physical layer and
layer management. A formal description of the data link layer service provided
to layer 3 and layer management is given in 8 4.2 and § 4.3, respectively. The
layer management service provided to the data link layer is given in § 4.4,

Note — Communication between different layers in the 0SI reference
model makes use of primitives which are passed across the layer boundaries,
The data link layer primitives defined in this Recommendation represent, in an
abstract way, the logical exchange of information and control between the data
link layer and adjacent layers. They do not specify nor constrain
implementations.

.2 Services provided to layer 3

The specification of the interactions with layer 3, (primitives)
provides a description of the services that the data link layer, plus the
physical layer, offer to layer 3, as viewed from layer 3.

Two forms of information transfer service are associated with
layer 3. The first is based on unacknowledged information transfer at the data
link layer while the second service is based on acknowledged information
transfer at the data link layer.

Layer 3 message units are handled according to their respective
layer 2 priority (see 8 5.2).

(1588)
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4.2.1 Unacknowledged information transfer service

Note — In this case the information transfer is not acknowledged
at the data link layer. Acknowledgement procedures may be provided at higher
layers.

The information transfer is via broadcast or point-to-point data
link connections.

The characteristics of the unacknowledged information transfer service
are summarized in the following:

a) provision of a data link connection between layer 3 entities
for unacknowledged information transfer of layer 3 message units;

b) identification of data link connection endpoints; and

e) no verification of message arrival within the peer data link
layer entity.

The primitives associated with the unacknowledged information
transfer service are:

DL-UNIT DATA-REQUEST/INDICATION

The DL-UNIT DATA-REQUEST primitive is used to request that a
message unit be sent using the procedures for unacknowledged information
transfer service. The DL-UNIT DATA~-INDICATION primitive indicates the arrival
of a message unit received by means of an unacknowledged information transfer
service. :

y4,2.2 Acknowledged information transfer service

One mode of operation is defined, multiple frame.

The characteristics of the acknowledged information transfer service
are summarized in thé following:

a) provision of a data link connection between layer 3 entities
for acknowledged information transfer of layer 3 message units;

b) identification of data link connection endpoints;

c) sequence integrity of data link layer message units in the
absence of malfunctions;

d) notification to the peer entity in the case of errors,
for example, loss of sequence;

e) notification to the management entity of unrecoverable
errors detected by the data link layer; and

£) flow control. ¢

(1588)
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The primitives associated with the acknowledged information
transfer services are:

i) Data transfer

DL-DATA-REQUEST/INDICATION

The DL-DATA-REQUEST primitive is used to request that a
message unit be sent using the procedures for the acknowledged
information transfer service. The DL-DATA-INDICATION primitive
indicates the arrival of a message unit received by means of
the acknowledged information transfer service.

ii) Establishment of multiple frame operation

DL-ESTABLISH-REQUEST/INDICATION/CONFIRM

These primitives are used, respectively, to request,
indicate and confirm the establishment of multiple frame
operation between Lwo service access points.

iii) Termination of multiple frame operation

DL~-RELEASE-REQUEST/INDICATION/CONFIRM

These primitives are used, respectively, to request,
indicate and confirm an attempt to terminate multiple frame
operation between two service access points.

4.3 Services provided to layer management

Only the unacknowledged information transfer service is provided to
layer management in order that the data link layer management can communicate
with its peer layer management.

Note —In this case the information transfer is not acknowledged at
the data link layer. Acknowledgement procedures may be provided by layer
management.

The information transfer is via broadcast connections, but in
principle information transfer can also be via point-to-point connections
(no application for data transfer via point-to-point connections has been
identified or included in Recommendation Q.921).

The characteristics of the unacknowledged information transfer service
are summarized in the following: '

a) provision of a data link connection between layer management
entities for unacknowledged information transfer of data units;

b) identification of data link connection endpoints; and
c) no verification of message arriyal within the peer data link layer
entity.

(1588},
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The primitives associated with the unacknowledged information
transfer service provided for layer management are:

MDL~UNIT DATA-REQUEST/INDICATION

The MDL-UNIT DATA~REQUEST primitive is used to request that a
message unit be sent using the procedure for unacknowledged
information transfer service for layer management. The

MDL-UNIT DATA~INDICATION primitive indicates the arrival of a
message unit received by means of the unacknowledged information
transfer service to layer management.

4.4 Administrative services

The characteristics of the administrative services currently
recognized are summarized in the following:

a) assignment, checking, and removal of TEIL values; and

b) data link connection parameter passing (an optional
service performed on a per connection basis).

These services are considered to be conceptually provided
by layer management either on the user side or the network side. The method
of describing these administrative functions uses service primitives.

The primitives associated with these services are:

i) Assignment of TEI value

MDL-ASSIGN-REQUEST/INDICATION

The MDL-ASSIGN~INDICATION primitive is used to

indicate to layer management the need for a TEI value. The
MDL-ASSIGN-REQUEST primitive is used to pass the TEL value
from layer management to the data link layer in order that the
user data link layer entities can begin to communicate with
the network data link layer entities.

ii) Removal of TEI value

MDL-REMOVE-REQUEST

This primitive is used to convey a layer management function
request for removal of a TEI value that has been previously
assigned via the MDL-ASSIGN primitives.

iii) Notification of error

MDL~ERROR-INDICATION/RESPONSE

These primitives are used to report error situations between
layer management and the data link layer entities.

(1588)
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4.5 Model of the data link service
4.5.1 General

The ability of the data link layer to execute a service request by
layer 3 depends on the internal state of the data link layer. For the layer 3
entity, the internal state of the data link layer is represented by the state
of that .data link connection endpoint within a data link service access point
which 13 used by this layer 3 entity to invoke a service.

Consequently, the data link service may be defined by means of data
link connection endpoint states, whereby the capabilities provided by the
data link layer and the service primitives may be related to these states.

In order to allow a data link service user to invoke a service by
making use of primitives, the DL-primitives defined in Recommendation Q.921
have to be related to: point-to-point data link connections (acknowledged or
unacknowledged transfer of information) and/or broadcast data link connections
(unacknowledged transfer of information) (see Table 1/Q.920).

An unconfirmed service is defined as a service which does not
result in an explicit confirmation. A confirmed service is defined as a service

which results in an explicit confirmation from the service-provider. There is
not necessarily any relationship to a response from the peer service-user.

TABLE 1/Q.920

Applicability of DL-Primitives to information transfer modes

POINT-TO-POINT BRCADCAST
Generic INFORATION TRANSFER MODE | INFORMATION
naze of the ACKIOW- UNACKNOW- TRAISTER
DL-primitive LEDGED LEDGED MOD
ESTABLISH CONFIRMED
SERVICE
CONFIRMED
" v
RELEASE SERVICE
- UNCONFIRMED
DATA SERVICE
- UNCONFIRMED | UNCONFIRMED
UNIT DATA SERVICE SERVICE
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4.5.2 Data link layer representation as seen by layer 3

4,5.2.1 Data link connection endpoint states

The states of a data link connection endpoint may be derived from
the internal states of the data link layer entity supporting this type of a
data link connection.

4.5,2.2 Broadcast data link layer connection services

A broadcast data link connection provides an unacknowledged
information transfer service.

The broadcast data link connection endpoint is always in
the information transfer state.

4.5.2.3 Point-to~point data link connection endpoint services

A point-to-point data link connection provides both an
unacknowledged and acknowledged information transfer service. Within each data
link service access point, one or more than one data link connection endpoint
may be present, each identified by a CES.

The acknowledged information transfer service, in addition, implies
the presence of the link establishment, link re-establishment and link
release services.

The point-to-point data link connection endpoint states are:

- link connection released state;

- awaiting establish state;

- awaiting release state;

- link connection established state.

4.5.2.4 Sequences of primitives at one point-to-point data link
connection endpoint

The primitives provide the procedural means to specify conceptually
how a data link service user can invoke a service.

This section defines the constraints on the sequence in which the
primitives may occur. The sequences are related to the states at one
point-to-point data link connection endpoint. ‘

The possible overall sequences of primitives at a point-td-point data
link connection endpoint are defined in the state transition diagram,

Figure 9/Q.920. The link connection released and link connection
established states are stable states whilst the awaiting establish and
awaiting release are transition states.
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4.6 Services required from the physical layer

The services provided by the physical layer are described in detail
in Recommendation I.430 [8] or I.431 [9]. They are summarized in the
following:

a) physical layer connection for the transparent transmission
of bits in the same order in which they are submitted to the
physical layer;

b) indication of the physical status of the D-channel; and

c) transmission of data link layer message units according to
their respective data link layer priority.

Some of the above services may be implemented in the management
entity on the user side or network side. The method of describing these
services is by means of service primitives. The primitives between the data
link layer and the physical layer are:

i) PH-DATA-REQUEST/INDICATION

These primitives are used to request that a message unit be
sent and to indicate the arrival of a message unit.

ii) Activation
PH-ACTIVATE-REQUEST/INDICATION
These primitives are used to request activation of the
physical layer connection, and to indicate that the physical
layer connection has been activated.

iii) Deactivation

PH-DEACTIVATE~REQUEST/INDICATION

This primitive is used to indicate that the physical layer
connection has been deactivated.

5 Data link layer — management structure

The data link layer — management structure is shown in
Figure 10/Q.920. This figure is a model shown for illustrative purposes only,
and does not constrain implementations.

The @layer management entity (LME)\ provides for the
management of resources that have a layer-wide impact. Access to the LME is
provided by means of a specific SAPI. Functions provided by the LME are:

- TEI assignment

- TEI check

- TEI removal

(1588)
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The @connection management entity (CME)\ provides for the
management of resources that have an impact on individual connections.
Selection of the CME is based on a specific data link layer frame type not used
in the acknowledged or unacknowledged information transfer services. Functions
provided by the CME are:

- parameter initialization (optional);
- error processing;

- connection flow control invocation.

T1104680-86

Layer 3 SAP 0 SAP n-1
~{). g VI
Nl O
....................................................... ' Layer 2 : 6000 :
H |
' !
to Syst — A E i T
o System - O #
Connection ||l i _i_J P
Management Management T [ —
<= > Entity S it dd r = Data 1 Dati"!
- Link Link
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? Data J: i
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(LM) Multiplex Procedure
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)
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Note — The broadcast links for SAPs other than SAP 63 are not shown.

FIGURE 10/Q.920

Functional Model of the data link layer - Management
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5.1 Data link procedure

This procedure analyzes the control field of the received frame

(see Recommendation Q.921) and provides appropriate peer-to-peer
responses and layer-to-layer indications. In addition, it analyzes the data
link layer service primitives and transmits the appropriate peer-to-peer

commands and responses.

5.2 Multiplex procedure

This procedure analyzes the flag, @Frame Check Sequence (FCS)\, and
address octets of a received frame. If the frame is correct, it distributes the
frame to the appropriate data link procedures block based on the DLCI
(see Recommendation Q.921). '

On frame transmission, this procedure may provide data link layer
contention resolution between the various data link procedure blocks. The
contention resolution is based on the SAPI value, giving priority to SAPI = 0

! information.

5.3 Structure of the data link procedure

The functional model of the data link procedure is shown in
Figure 11/Q.920. The model consists of several functional blocks for
point-to-point and broadcast connections.

T CES (0) T\ CES (1) TCES (n)
X

AN
S/

N

X X

XX XY SAPn

Broadcast - | Point-to-point Point~-to-point
data link data link data link
PROCEDURE. PROCEDURE!

Data link procedures

| I I

N— 4/

To multiplex procedure T1104690-86

FIGURE 11/Q.920

Data link procedure structure
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n General

This Recommendation specifies the frame structure, elements of
procedure, format of fields and procedures for the proper operation of the Link
Access Procedure on the D-channel, LAPD.

The concepts, terminology, overview description of LAPD functions and
procedures, and the relationship with other Recommendations are described in
general terms in Recommendation Q.920(I.440) [1].

Note 1 — As stated in Recommendation Q.920(I.U440), the term "data
link layer" is used in the main text of this Recommendation. However, mainly in
figures and tables, the terms "layer 2" and "L2" are used as abbreviations,
Furthermore, in accordance with Recommendations Q.930(I.450) [2]
and Q.931(I.451) (3], the term "layer 3" is used to indicate the layer above
the data link layer.

Note 2 — All references within this document to "layer management
entity" and/or "connection management entity" refer to those entities at the
data link layer.

2 Frame structure for peer—-to-peer communication
2.1 General

All data link layer peer-to-peer exchanges are in frames conforming
to one of the formats shown in Figure 1/Q.921. Two format types are shown in
the figure: format A for frames where there is no information field and
format B for frames containing an information field.

2.2 Flag sequence

All frames shall start and end with the flag sequence consisting of
one Q0 bit followed by six contiguous 1 bits and one 0 bit., The flag preceding
the address field is defined as the opening flag. The flag following the Frame
Check Sequence (FCS) field is defined as the closing flag. The closing flag may
also serve as the opening flag of the next frame, in some applications.
However, all receivers must be able to accommodate receipt of one or more
consecutive flags. See ISDN User-Network Interfaces: Layer 1 Recommendations
(I.43x series) [4], [5] for applicability.

2.3 Address field

The address field shall consist of two octets as illustrated in
Figure 1/Q.921. The address field identifies the intended receiver of a
command frame and the transmitter of a response frame. The format of the
address field is defined in 8§ 3.2.

A single octet address field is reserved for LAPB operation in order

to allow a single LAPB {6] data link connection to be multiplexed along with
LAPD data link connections.

(1588)




2.4

2.5

field (see 8 2.4 above) and precedes the frame check sequence (see 8 2.7

Format A

8 7 6 5 4 3 2 1

Flag
0 1 1 1 1 1 1 0

Address
(high order octet)

e = v e v - . - v =

Address
(low order octet)

Control?)

Control®)

FCS (first octet)

R L . el

FCS (second octet)

'

Flag

COM XI-R 43-E

Octet 1

a) Unacknowledged operation — one octet

Multiple frame operation

Control field

Format B
8 7 6 5 4 3 2 1
Flag
0 1 1 1 1 1 1 O
Address

(high order octet)

T T Sy Wy —

Address
(low order octet)

Control®)

Control®)

' Information !

FCS (first octet)

FCS (second octet)

Flag

— two octets for frames with sequence numbers;

— one octet for frames without sequence numbers

FIGURE 1/Q.921

Frame formats

The control field shall consist of one or two octets.
Figure 1/Q.921 illustrates the two frame formats (A and B), each with a control
field of one or two octets, depending upon the type of frame.

The format of the control field is defined in 8 3.4.

Information field

Octet 1

The information field of a frame, when present, follows the control

below). The contents of the information field shall consist of an integer
number of octets.

The maximum number of octets in the information field is defined in

§ 5.9.3.
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2.6 Transgﬂrencx

A transmitting data link layer entity shall examine the frame
content between the opening and closing flag sequences, (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 or an abort sequence is not simulated within the frame. A receiving
data link layer entity shall examine the frame contents between the opening and
closing flag sequences and shall discard any O bit which directly follows
five contiguous 1 bits.

2.7 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
(x's + xlu ¢ xl3 ¥ xl2
+xll gl s xs + XB

+ X7+ xs + x5 + x“ + x?

+ x2 + X+ 1) divided (modulo 2) by the generator

polynomial x'® 4+ x'? + x% 41,

where k is the number of bits in the frame existing between, but
not lncludlng, the final bit of the opening flag and the first
bit of the FCS, excluding bits inserted for transparency, and

b) the remainder of the division (modulo 2) by the generator
polynomial x'® + x!* + x® + 1, of the
product of x16 by the content of the frame existing between, but
not 1nclud1ng, the final bit of the opening flag and the
first bit of the FCS, excluding bits inserted for transparency.

As a typical implementation at the transmitter, the initial
content of the register of the device computing the remainder of the division -
is preset to all 1s and is then modified by division by the generator
polynomial (as described above) on the address, control and information fields;
the ones complement of the resulting remainder is transmitted as the
16-bit FCS.

As a typical implementation at the receiver, the initial content of
the register of the device computing the remainder is preset to all 1s. The
final remainder, after multiplication by x!'® and then division
(modulo 2) by the generator polynomial x'®
+ x'? + x* + 1 of the serial incoming protected
bits and the FCS, will be 0001110100001111 (x'?®
through §°, respectively) in the absence of transmission
errors.

(1588)
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2.8 Format convention
2.8.1 Numbering convention
The basic convention used in this Recommendation is illustrated in
Figure 2/Q.921. The bits are grouped into octets. The bits of an octet are
shown horizontally and are numbered from 1 to 8. Multiple octets are shown
vertically and are numbered from 1 to n.
8 7 6 5§ 4 3 2 1
Octet 1
2
n
FIGURE 2/Q.921
Format convention
2.8.2 Order of bit transmission
The octets are transmftted in ascending numerical order; inside an
octet bit 1 is the first bit to be transmitted.

2.8.3 Field mapping convention

When a field is contained within a single octet, the lowest bit
number of the field represents the lowest order value.

When a field spans more than one octet, the order of bit values
within each octet progressively decreases as the octet number increases. The

lowest bit number associated with the field represents the lowest order
value.

For example, a bit number can be identified as a couple (o, D)
where o is the octet number and b is the relative bit number within the
octet. Figure 3/Q.921 illustrates a field that spans from bit (1, 3) to
bit (2, 7). The high order bit of the field is mapped on bit (1, 3) and the
low order bit is mapped on bit (2, 7).
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COM XI-R 43-E

2¢ 23 23 13t octet of the field

2 2° 2nd octet of the field

FIGURE 3-@.921

Field mapping conuention

An exception to the preceding field mapping convention is the data
link layer FCS field, which spans two octets. In this
case, bit 1 of the first octet is the high order bit and bit 8 of the second
octet is the low order bit (Figure 4/Q.921).

8 7 ] § 4 3 2 1
2? P A 1st octet of the field
29 2’ 2nd octet of the field

FIGURE 4-Q.921

FC3 mapping conventicon

2.9 Invalid frames

An invalid frame is a frame which:

a) is not properly bounded by two flags, or

b) has fewer than six octets between flags of frames that
contain sequence numbers and fewer than five octets between

flags of frames that do not contain sequence numbers, or

c) does not consist of an integral number of octets prior to
zero bit insertion or following zero bit extraction, or

d) contains a frame check sequence error, or
e) contains a single octet address field.

Invalid frames shall be discarded without notification to the
sender. No action is taken as the result of that frame.
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2.10 Frame abort

Receipt of seven or more contiguous 1 bits shall be interpreted
as an abort and the data link layer shall ignore the frame currently
being received.

3 Elements of procedures and formats of fields for data link layer
peer—-to-peer communication

3.1 General

The elements of procedures define the commands and responses that ’
are used on the data link connections carried on the D-channel.

Procedures are derived from these elements of procedures and are
described in 8 5,

3.2 Address field format

The address field format shown in Figure 5/Q.921 contains the
address field extension bits, a command/response indication bit, a data
link layer Service Access Point Identifier (SAPI) subfield, and a Terminal
Endpoint Identifier (TEI) subfield.

8 7 ] 5 4 3 2 1
SAP! C/R EA Octet 2

0
TEL EA 3

1

EA = Address field extension bit
C/R = Command/response field bit
SAP] = Service access point identifier

TE1 w= Terminal endpoint identifier

FIGURE 5-Q.921

Address field format
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3.3 Address field variables

3.3.1 Address field extension bit (EA)

The address field range is extended by reserving the first
transmitted bit of the address field octets to indicate the final oétet of the
address field. The presence of a 1 in the first bit of an address field octet
signals that it is the final octet of the address field. The double octet
address field for LAPD operation shall have bit 1 of the first octet set to a
0 and bit 1 of the second octet set to 1.

3.3.2 Command/response field bit (C/R)

The C/R bit identifies a frame as either a command or a response.
The user side shall send commands with the C/R bit set to 0, and responses
with the C/R bit set to 1. The network side shall do the opposite; that is
commands are sent with C/R set to 1, and responses are sent with C/R set
to 0. The combinations for the network side and user side are shown in
Table 1/Q.921.

In conformance with HDLC rules, commands use the address of the peer
data link layer entity while responses use the address of their own data link
layer entity. According to these rules, both peer entities on a
point-to-point data link connection use the same Data Link Connection
Identifier (DLCI) composed of a SAPI-TEI where SAPI and TEI conform to the
definitions contained in 88 3.3.3 and 3.3.4 and define the data link connection
as described in Recommendation Q.920, § 3.4.1,

TABLE 1/Q.921

C/R field bit usage

Command/Response direction C/R value
network side -» user side 1
Command
user side -» network side 0
network side —= user side 0
Response
user side -» network side 1
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3.3.3 Service access point identifier (SAPI)

The SAPI identifies a point at which data link layer services are
provided by a data link layer entity to a layer 3 or management entity.
Consequently, the SAPI specifies a data link layer entity that should process a
data link layer frame and also a layer 3 or management entity which is to '
receive information carried by the data link layer frame. The SAPI allows
64 service access points to be specified, where bit 3 of the address field
octet containing the SAPI is the least significant binary digit and bit 8 is
the most significant. The SAPI values are allocated as shown in
Table 2/Q.921.

TABLE 2/Q.921
SAPI
Value Related layer 3 or management entity
0 Call control procedures
1 Reserved for packet mode communications using Q.931 call control procedures
16 Packet communication conforming to X.25 Level 3 procedures
63 Layer 2 Management procedures
1 Others | Reserved for future standardization

Note — The reservation of SAPI values for experimental purposes is for further study.

3.3.4 Terminal endpoint identifier (TEI)

The TEI for a point-to~point data link connection may be associated
with a single Terminal Equipment (TE). A TE may contain one or more TEIs used
for point-to-point data transfer. The TEI for a broadcast data link connection
is associated with all user side data link layer entities containing the same
SAPI. The TEI subfield allows 128 values where bit 2 of the address field octet
containing the TEI is the least significant binary digit.and bit 8 is the most
significant binary digit. The following conventions shall apply in the
assignment of these values.

3.3.4.1 TEI for broadcast data link connection

The TEI subfield bit pattern 111 1111 (= 127) 1s defined as the
group TEI. The group TEI is assigned to the broadcast data link connection
associated with the addressed Service Access Point (SAP).
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3.3.".2 TEI for point-to-point data link connection

The remaining TEI values are used for the point-to-point data link
connections associated with the addressed SAP. The range of TEI values shall be

allocated as shown in Table 3/Q.921.

Non-automatic TEI values are selected by the user, and their
allocation is the responsibility of the user.

Automatic TEI values are selected by the network, and their allocation
is the responsibility of the network.

For further information regarding point-to-point situations, see

Annex A.
A
TABLE 3/Q.921
TEI
Value User Type
0-63 Non-automatic TEI assignment user equipment
64-126 | Automatic TEI assignment user equipment
3.4 Control field formats
The control field identifies the type of frame, which will be
- either a command or response. The control field will contain sequence numbers,
where applicable.

Three types of control field formats are specified: numbered
information transfer (I format), supervisory functions (S format), and
unnumbered information transfers and control functions (U format). The control
field formats are shown in Table 4/Q.921.

-~
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TABLE 4/Q.921

Control field formats

Control field bits

(modulo 128) 8 7 6 5 4 3 2 1

I format NS) 0 Octet 4
N(R) P 5

S format X X X X S s 0 1 Octet 4
N(R) P/F 5

U format M M M I|P/FI M M| 1 1 Octet 4

N(S)  Transmitter send sequence number M Modifier function bit

N(R) Transmitter receive sequence number P/F  Poll bit when issued as a command,
final bit when issued as a response

S Supervisory function bit X Reserved and set to 0

3.4.1 Information transfer (1) format

The I format shall be used to perform an information transfer
between layer 3 entities. The functions of N(S), N(R) and P (defined in 8 3.5)
are independent; that is, each I frame has an N(S) sequence number, an N(R)
sequence number which may or may not acknowledge additional I frames received
by the data link layer entity, and a P bit that may be set to 0 or 1.

The use of N(S), N(R), and P is defined in 8 5.

3.4.2 Supervisory (S) format

The S format shall be used to perform data link supervisory control
functions such as: acknowledge I frames, request retransmission of I frames,
and request a temporary suspension of transmission of 1 frames. The functions
of N(R) and P/F are independent, that is, each supervisory frame has an N(R)
sequence number which may or may not acknowledge additional I frames received
by the data link layer entity, and a P/F bit that may be set to O
or 1.

3.4.3 Unnumbered (U) format

The U format shall be used to provide additional data link control
functions and unnumbered information transfers for unacknowledged information
transfer. This format does not contain sequence numbers. It does include a P/F
bit that may be set to 0 or 1. )
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3.5 Control field parameters and associated state variables

The various parameters associated with the control field formats
are described in this section. The coding of the bits within these parameters
is such that the lowest numbered bit within the parameter field is the least
significant bit.

3.5.1 Poll/Final (P/F) bit

All frames contain the Poll/Final (P/F) bit. The P/F
bit serves 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. The P bit set to 1 is used by a data link layer
entity to solicit (poll) a response frame from the peer data link layer entity.
The F bit set to 1 is used by a data link layer entity to indicate the
response frame transmitted as a result of a soliciting (poll) command.

The use of the P/F bit is described in 8 5.

3.5.2 Multiple frame operation — variables and sequence numbers

3.5.2.1 Modulus

Each I frame is sequentially numbered and may have the value 0
through n minus 1 (where n is the modulus of the sequence numbers). The
modulus equals 128 and the sequence numbers cycle through the entire range,
0 through 127.

3.5.2.2 Send state variable V(S)

Each point-to-point data link connection endpoint shall have an
associated V(S) when using I frame commands. V(S) denotes the sequence number
of the next I frame to be transmitted. The V(S) can take on the value 0 through
n minus 1. The value of V(S) shall be incremented by 1 with each successive
I frame transmission, and shall not exceed V(A) by more than the maximum number
of outstanding I frames k. The value of k may be in the range of
1 £k 5127,

3.5.2.3 Acknowledge state variable V(A)

Each point-to-point data link connection endpoint shall have an --
associated V(A) when using I frame commands and supervisory frame
commands/responses. V(A) identifies the last frame that has been
acknowledged by its peer [V(A) — 1 equals the N(S) of the last acknowledged
I frame]. V(A) can take on the value O through n minus 1. The value of V(A)
shall be updated by the valid N(R) values received from its peer
(see 8 3.5.2.6). A valid N(R) value is one that is in the range
V(A) s N(R) 2 V(S).

3.5.2.4 Send sequence number N(S)

Only I frames contain N(S), the send sequence number of transmitted
I frames. At the time that an in-sequence I frame is designated for
transmission, the value of N(S) is set equal to V(S).
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3.5.2.5 Receive state variable V(R)

Each point-to-point data link connection endpoint shall have an
associated V(R) when using I frame commands and supervisory frame
commands/responses. V(R) denotes the sequence number of the next in-sequence
1 frame expected to be received. V(R) can take on the value 0 through n
minus 1. The value of V(R) shall be incremented by one with the receipt of an
error-free, in-sequence I frame whose N(S) equals V(R).

3.5.2.6 Receive sequence number N(R)

All I frames and supervisory frames contain N(R), the expected send
sequence number of the next received I frame. At the time that a frame of the
above types is designated for transmission, the value of N(R) is set equal to
V(R). N(R) indicates that the data link layer entity transmitting the N(R) has
correctly received all I frames numbered up to and including N(R) — 1.

3.5.3 Unacknowledged operation — variables and parameters

No variables are defined. One parameter is defined, N201 (see
8 5.9.3).

3.6 Frame types

3.6.1 Commands and responses

The following commands and responses are used by either the user or
the network data link layer entities and are represented in Table 5/Q.921. Each
data link connection shall support the full set of commands and responses for
each application implemented. The frame types associated with each of the two
applications are identified in Table 5/Q.921.

Frame types associated with an application not implemented
shall be discarded and no action shall be taken as a result of that frame.

For purposes of the LAPD procedures in each application, those
encodings not identified in Table 5/Q.921 are identified as undefined command
and response control fields. The actions to be taken are specified in 8 5.8.5.

The commands and responses in Table 5/Q.921 are defined
in 88 3.6.2-3.6.12.
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TABLE 5/Q.921

Commands and responses - modulo 128

A Encoding 0
cte
Application Format Commands Responses 8 5 4 3 92 1
Information . . N(S) 0 4
Transfer I (information) NER) P 5
RR (receive RR (receive 0 0 0 0 0 1 4
ready) ready) N(R) p/F| s
: RNR (receive RNR (receive |0 0 0 1 0 1 4
Unacknowledged Supervisory not ready) not ready) N(R) TP/F 5
REJ REJ 0 0 1 0 0 1 4
and (reject) (reject) N(R) IP/F 5
) SABME (set
Multiple asynchronous
balanced 0 Pi1 1} 1 1 4
Frame mode
extended)
Acknowledged :
DM (disconnected 0 Fl1 1l 1 1 4
mode)
Information
U! (unnum.bered o Pplo ol 1 1 4
information)
Transfer
Unnumbered DISC
(disconnect) 0 Plo o0l 1 1 4
UA (unnumbered
acknowledgement) Flo op1 1 4
FRMR (frame |, Flo 1|1 1 4
reject)
Connection XID (Exchange | XID (Exchange
Management Identification) | Identification) |1 P/Fi1 1l 1 1 4
. See Note See Note )

Note - Use of the XID frame other than for parameter negotiation procedures (see § 5.4) is for

further study.
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3.6.2 Information (I) command

The function of the information (I) command is to transfer, across
a data link connection, sequentially numbered frames containing information
fields provided by layer 3. This command is used in the multiple frame
cperation on point-to-point data link connections.

3.6.3 " Set asynchronous balanced mode extended (SABME) command

The SABME unnumbered command is used to place the addressed
user side or network side into modulo 128 multiple frame acknowledged

operation.

No information field is permitted with the SABME command. A data link
layer entity confirms acceptance of an SABME command by the transmission at the
first opportunity of a UA response. Upon acceptance of this command, the data
link layer entity's V(S), V(A), and V(R) are set to 0. The transmission of an
SABME command indicates the clearance of all exception conditions.

Previously transmitted I frames that are unacknowledged when this
command is processed remain unacknowledged and are discarded. It is the
responsibility of a higher level (for example, layer 3) or the management
entity to recover from the possible loss of the contents of such I frames.

3.6.4 Disconnect (DISC) command

The DISC unnumbered command is used to terminate the multiple frame
operation.

No information field is permitted with the DISC command. The data link
layer entity receiving the DISC command confirms the acceptance of a DISC
command by the transmission of a UA response. The data link layer entity
sending the DISC command terminates the multiple frame operation when it
receives the acknowledging UA or DM response.

Previously transmitted I frames that are unacknowledged when this
command is processed remain unacknowledged and are discarded. It is the
responsibility of a higher level (for example, layer 3) or the management
entity to recover from the possible loss of the contents of such I frames. -

3.6.5 Unnumbered information (UI) command

When a layer 3 or management entity requests unacknowledged
information transfer, the Ul unnumbered command is used to send
information to its peer without affecting data link layer variables. Ul command
frames do not carry a sequence number and therefore, the UL frame may be lost

without notification.
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3.6.6 Receive ready (RR) command/response

The RR supervisory frame is used by a data link layer
entity to:

a) indicate it is ready to receive an I frame;

b) acknowledge previously received I frames numbered up to and
including N(R) — 1 (as defined in 8 5); and

c) clear a busy condition that was indicated by the earlier
transmission of an RNR frame by that same data link layer
entity.

In addition to indicating the status of a data link layer entity,
the RR command with the P bit set to 1 may be used by the data link layer
entity to ask for the status of its peer data link layer entity.

3.6.7 Reject (REJ) command/response

The REJ supebvisory frame is used by a data link layer
entity to request retransmission of I frames starting with the frame numbered
N(R). The value of N(R) in the REJ frame acknowledges I frames numbered up to
and including N(R) — 1. New I frames pending initial transmission shall be
transmitted following the retransmitted I frame(s).

Only one REJ exception condition for a given direction of information
transfer is established at a time. The REJ exception condition is cleared
(reset) upon the receipt of an I frame with an N(S) equal to the N(R) of the
REJ frame. An optional procedure for the retransmission of a REJ response
frame is described in Appendix I.

The transmission of a REJ frame shall also indicate the clearance of
any busy condition within the sending data link layer entity that was reported
by the earlier transmission of an RNR frame by that same data link layer
entity.

In addition to indicating the status of a data link layer entity, the
REJ command with P bit set to 1 may be used by the data link layer entity to
ask for the status of its peer data link layer entity.

3.6.8 Receive not ready (RNR) command/response

The RNR supervisory frame is used by a data link layer
entity to indicate a busy condition; that is, a temporary inability to accept
additional incoming I frames. The value of N(R) in the RNR frame acknowledges
I frames numered up to and including N(R)-1,

In addition to indicating the status of a data link layer entity, the

RNR command with the P bit set to 1 may be used by the data link layer entity
to ask for the status of its peer data link layer entity.
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3.6.9 Unnumbered acknowledgement (UA) response

The UA unnumbered response is used by a data link layer
entity to acknowledge the receipt and acceptance of the mode-setting
commands (SABME or DISC). Received mode-setting commands are not processed
until the UA response is transmitted. No information field is permitted with
the UA response. The transmission of the UA response indicates the clearance of
any busy condition that was reported by the earlier transmission of an RNR
frame by that same data link layer entity. '

3.6.10 Disconnected mode (DM) response

The DM unnumbered response is used by a data link layer
entity to report to its peer that the data link layer is in a state such that
multiple frame operation cannot be performed. No information field is permitted
with the DM response.

ki

3.6.11 Frame reject (FRMR) response

The FRMR unnumbered response may be received by a data link
layer entity as a report of an error condition not recoverable by
retransmission of the identical frame, i.e. at least one of the following erro
conditions resulting from the receipt of a valid frame:

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

b) the receipt of a supervisory or unnumbered frame
with incorrect length;

e) the receipt of an invalid N(R); or

d) the receipt of an I frame with an information field which
exceeds the maximum established length.

An undefined control field is any of the control field encodings
that are not identified in Table 5/Q.921.

A valid N(R) value is one that is in the range V(A) < N(R) s V(S).
An information field which immediately follows the control field and
consists of five octets (modulo 128 operation) is returned with this

response and provides the reason for the FRMR response. This information field
format is given in Figure 6/Q.921.
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Rejected frame Cctet 5
———————— (;-o;trol field | 6
v(s) o .

V(R) C/R 8

o o o o lz|lY|lx|w .

— Rejected frame control field is the control field of the received frame which caused the frame
reject. When the rejected frame is an unnumbered frame, the control field of the rejected frame is
positioned in octet 5, with octet 6 set to 0000 0000 .

— V(8) is the current send state variable value on the user side or network side reporting the
rejection condition.

— C/Ris set to 1 if the frame rejected was a response and is set to 0 if the frame rejected was a
command.

— V(R) is the current receive state variable value on the user side or network side reporting the
rejection condition. '

— W set to 1 indicates that the control field received and returned in octets 5 and 6 was undefined
or not implemented.

— Xset to 1 indicates that the control field received and returned in octets 5 and 6 was considered
invalid because the frame contained an information field which is not permitted with this frame or
is a supervisory or unnumbered frame with incorrect length. Bit W must be set to "I in
conjunction with this bit.

— Y set to 1 indicates that the information field received exceeded the maximum established
information field length (N201) of the user side or network side reporting the rejection condition.

— Z set to 1 indicates that the control field received and returned in octets 5 and 6 contained an
invalid N(R).

— Octet 7 bit 1 and octet 9 bits 5 through 8 shall be set to 0 .

FIGURE 6/Q.921

* FRMR information field format - extended (modulo 128) operation
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3.6.12 Exchange identification (XID) command/response

The XID frame may contain an information field in which the
identification information is conveyed. The exchange of XID frames is a
compelled arrangement used in connection management (i.e. when a peer entity
receives an XID command, it shall respond with an XID response at the earliest
time possible). No sequence numbers are contained within the control field.

The information field is not mandatory. However, if a valid XID
command contains an information field and the receiver can interpret its
contents, the receiver should then respond with an XID response also containing
an information field. If the information field cannot be interpreted by the
receiving entity, or a zero length information field has been received, an XID
response frame shall be issued containing a zero length information field. The
maximum length of the information field must conform to the value N201.

Sending or receiving an XID frame shall have no effect on the
operational mode or state variables associated with the data link layer
entities.

y Elements for layer—-to-layer communication

4.1 General

Communications between layers and, for this dccommendation, between
the data link layer and the layer management are accomplished by means
of primitives.

Primitives represent,. in an abstract way, the logical exchange of
information and control between the data link and adjacent layers. They do not
specify or constrain implementations.

Primitives consist of commands and their respective responses
associated with the services requested of a lower layer. The general syntax of
a primitive is:

XX — Generic name — Type: Parameters

where XX designates the interface across which the primitive flows. For this
Recommendation, XX is:

- DL for communication between layer 3 and the data link
layer;

PH for communication between the data link layer and the
physical layer;

- MDL for communication between the layer management and the
data link layer; or

- MPH for communication between the management entity and the
physical layer.
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4.1.1 Generic names

The generic name specifies the activity that should be performed.
Table 6/Q.921 illustrates the primitives defined in this Recommendation. Note
that not all primitives have associated parameters.

Table 6/Q.921, p. 53,

The primitive generic names that are defined in this
Recommendation are:

4,1.1.1 DL-ESTABLISH

The DL-ESTABLISH primitives are used to request, indicate and
confirm the outcome of the procedures for establishing multiple frame
operation.

4,1.1.2 DL-RELEASE

The DL-RELEASE primitives are used to request, indicate and confirm
the outcome of the procedures for terminating a previously established multiple
frame operation, or for reporting an unsuccessful establishment attempt.

4.1.1.3 DL-DATA

The DL-DATA primitives are used to request and indicate layer 3
messages which are to be transmitted, or have been received, by the data link
layer using the acknowledged information transfer service.

4.,1.1.4 DL-UNIT DATA

The DL-UNIT DATA primitives are used to request and indicate
layer 3 messages which are to be transmitted, or have been received, by the
data link layer using the unacknowledged information transfer service.

4.1.1.5 MDL-ASSIGN

The MDL-ASSIGN primitives are used by the layer management entity
to reqLest that the data link layer associate the TEI value contained within
the message unit of the primitive with the specified Connection Endpoint
Suffix (CES), across all SAPIs. The MDL-ASSIGN primitive is used by the data
link layer to indicate to the layer management entity the need for a TEI value
to be associated with the CES specified in the primitive message unit.

4.1.1.6 MDL-REMOVE

The MDL-REMOVE primitives are used by the layer management entity
to request that the data link layer remove the associaticn of the specified TEI
value with the specified CES, across all SAPIs. The TEI and CES are specified
by the MDL-REMOVE primitive message unit. !

‘
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4.1.1.7 MDL-ERROR

The MDL-ERROR primitives are used to indicate to the connection
management entity that an error has occurred, associated with a previous
management function request or detected as a result of communication with the
data link layer peer entity. The layer management entity may respond with an
MDL-ERROR primitive if the layer management entity cannot obtain a TEI
value.

4,7.1.8 MDL-UNIT DATA

The MDL-UNIT DATA primitives are used to request and indicate layer
management entity messages which are to be transmitted, or 'have been received,
by the data link layer using the unacknowledged information transfer
service.

4.1.1.9 MDL-XID

The MDL-XID primitives are used by the connection management entity
to request, indicate, respond and confirm the outcome of the actions for the
use of the XID procedures.

4.1.1.10 PH-DATA

The PH-DATA primitives are used to request and indicate message
units containing frames used for data link layer peer-to-peer communications
passed to and from the physical layer.

4,1.1.11 PH-ACTIVATE

The PH-ACTIVATE primitives are used to request activation of the
physical layer connection or to indicate that the physical layer connection has
been activated.

4,1.1.12 PH-DEACTIVATE

The PH-DEACTIVATE primitive is used to indicate that the physical
layer connection has been deactivated.

4.1.1.13 MPH-ACTIVATE (see Appendix III)

The MPH-ACTIVATE primitive is used to indicate that the physical
layer connection has been activated.

4,1.1.14 MPH-DEACTIVATE (see Appendix III)

The MPH-DEACTIVATE primitives are used to request deactivation of
the physical layer connection or to indicate that the physical layer connection
has been deactivated. The —REQUEST primitive is for use by the network side
system management entity.
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4,%.7.15 MPH-INFORMATION

The MPH-INFORMATION primitive is for use by the user side
management entity, and provides an indication as to whether the terminal

is:
- connected; or

- disconnected or unable to provide sufficient power to support
the TEI management procedures.

h.or.2 Primitive types

The primitive types defined in this Recommendation are:

4.1.2.1 REQUEST

The REQUEST primitive type is used when a higher layer or layer
management is requesting a service from the lower layer.

4.1.2.2 INDICATION

The INDICATION primitive type is used by a layer providing a
service to inform the higher layer or layer management.

4.1.2.3 RESPONSE

The RESPONSE primitive type is used by layer management as
a consequence of the INDICATION primitive type.

4,1.2.4 CONFIRM

The CONFIRM primitive type is used by the layer providing the
requested service to confirm that the activity has been completed.

Figure 7/Q.921 illustrates the relationship of the primitive types
to layer 3 and the data link layer.
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Layer 3
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Confirm —a ~— Request Indicatiopw—e= ~«— Response
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Data link layer
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Layer 2 CCITT-89950
peer-to-peer
protocol

FIGURE 7-/Q.921

Relationship of the primitive types to
layer 3 and the data link laver

4.1.3 Parameter definition

4.1.3.1 Priority indicator

Since several SAPs may exist on the network side or user side,
protocol messages units sent by one 3AP may contend with those of other service
access points for the physical resources available for message transfer. The
priority indicator is used to determine which message unit will have greater
priority when contention exists. The priority indicator is only needed
at the user side for distinguishing message units sent by the SAP with a SAPI
value of 0 from all other message units.

4,1.3.2 Message unit

The message unit contains additional layer-to-layer information
concerning actions and results associated with requests. In the case of the
DATA primitives, the message unit contains the requesting layer peer-to-peer
messages. For example, the DL-DATA message unit contains layer 3 information.
The PH-DATA message unit contains the data 1link layer frame.

Note — The operations across the data link layer/layer 3 boundary
shall be such that the layer sending the DL-DATA or DL-UNIT DATA primitive can
assume a temporal order of the bits within the message unit and that the layer
recelving the primitive can reconstruct the message with its assumed temporal
order.
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TABLE 6/Q.921

¢
. Type Paramelers Message
Generic g unit
name Request| Indication | Response | Confirm | Priority | Message contents
indicator unit
L3 <-> L2
DL-ESTABLISH X X - X - —
DL-RELEASE X X - X — —-—
Layer 3
DL-DATA X X - - - X peer-to-peer message
Layer 3
DL-UNIT DATA X X - - - X peer-to-peer message
M <-> L2
MDL-ASSIGN X X —_ - - X TEI value, CES
MDL-REMOVE X -~ — - ~— X TEI value, CES
Reason for error
MDL-ERROR - X X - - X message
X X _ _ . X Management function
MDL-UNIT DATA peer-to-peer message
Coanection management
X X —
MDL-XID X X X information
L2 <->11
---------------------------------------------------------------------------- . W-.---o-.-...¢---.-.-.-c.....‘. .".‘ﬁé}‘;.l'ii{k'.l.a.:y.é‘r““'
PH-DATA X X - - X X peer-to-peer message
PH-ACTIVATE X ‘X — — — —
PH-DEACTIVATE - X —_ - -— -
M <->1L1
MPH-ACTIVATE - X - —_— - -
MPH-DEACTIVATE X X - - — -
MPH-INFORMATION —_ - — - X connected/disconnected

L3 « L2: Layer 3/data link layer boundary

L2 « L1: Data link layer/physical layer boundary
M «— L2: Management entity/data link layer boundary
M «~ L1: Management entity/physical layer boundary
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4.2 Primitive procedures
4.2.1 General

Primitive procedures specify the interactions between adjacent
layers to invoke and provide a service. The service primitives represent the
elements of the procedures.

In the scope of this Recommendation the interactions between layer 3
and the data link layer are specified.

y,2.2 Layer 3 — data link layer interactions

The states of a data link connection endpoint may be derived from
the internal states of the data link layer entity supporting this type of a
data link connection. '

Data link connection endpoint states are defined as follows:

a) Broadcast data link connection endpoint:

— information transfer state.

b) Point-to-point data link connection endpoint:

- link connection released state;

- awaiting establish state;

- awaiting release state;

- link connection established state.

The primitives provide the procedural means to specify
conceptually how a data link service user can invoke a service.

This section defines the constraints on the sequences in which the
primitives may occur. The sequences are related to the states at one
point-to-point data link connection endpoint.

The possible overall sequences of primitives at a point-to-point data
link connection endpoint are defined in the state transition diagram,
Figure 8/Q.921. The link connection released and link connection established
states are stable states whilst the awaiting establish and awaiting release
states are transition states.
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Notes to Figure 8/Q.921:

Note 1 —If the data link layer entity issues a

DL-ESTABLISH-INDICATION (this applies to the case of data link layer initiated
or peer system initiated re-establishment), DL-RELEASE-CONFIRM or
DL-RELEASE-INDICATION, this indicates the discard of all the data link service
data units representing DL-DATA-REQUESTSs.

Note 2 —This primitive notifies layer 3 of link re-establisnment.

Note 3—This primitive will occur if a DL-RELEASE-REQUEST collides
with a DL-RELEASE-INDICATION.

Note 4 —This primitive will occur if a DL-ESTABLISH-REQUEST
collides with a DL-ESTABLISH-INDICATION.

Note 5—=This primitive will occur if a DL-RELEASE-REQUEST collides
with a DL-ESTABLISH-INDICATION.

Note 6 —This primitive will occur if a DL-ESTABLISH-REQUEST (this
applies to the case of layer 3 initiated re-establishment) collides with a

DL-RELEASE-INDICATION. Since this DL-RELEASE-INDICATION is not related to the
DL-ESTABLISH-REQUEST, the data link layer will establish the link and issue a

DL-ESTABLISH-CONFIRM.

5 Definition of the peer-to-peer procedures of the data link
layer

The procedures for use by the data link layer are specified in the
following sections.

The elements of procedure (frame types) which apply are:
aj for unacknowledged information transfer (8 5.2):
UI-command

b) for multiple frame acknowledged information transfer
(88 5.5 to 5.8):

SABME-command
UA-response
DM-response
DISC-command
RR-command/response

RNR-command/response
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REJ-command/response
I-command
FRMR~response
c) for connection management entity information transfer:

XID-command/response.

i
5.1 Procedure for the use of the P/F bit

5.1.1 ﬁnacknowledged information transfer

For unacknowledged information transfer the P/F bit is not used and
shall be set to O.

5.1.2 Acknowledged multiple frame information transfer

A data link layer entity receiving an SABME, DISC, RR, RNR, REJ
or 1 frame, with the P bit set to 1, shall set the F bit to 1 in the next
response frame it transmits, as defined in Table 7/Q.921.

i

TABLE 7/Q.921

Immediate response operation of P/F bit

Conymand received with P bit = 1 Response transmitted with F bit = 1
SABME, DISC : UA, DM
I, RR, RNR, REJ RR, RNR, REJ (note)

Note — A' LAPB data link layer entity may transmit an FRMR or DM response with
the F bit set to 1 in response to an I frame or supervisory command with the
P bit sét to 1.

|

5.2 Procedures for unacknowledged information transfer

5.2.1 General

The procedures which apply to the transmission of information in
unacknowledged operation are defined below.

No data link layer error recovery procedures are defined for
unacknowledged operation.
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5.2.2 Transmission of unacknowledged information

Note — The term "transmission of a Ul frame" refers to the
delivery of a Ul frame by the data link layer to the physical layer.

Unacknowledged information is passed to the data link layer by
layer 3 or management entities using the primitives DL-UNIT DATA-REQUEST or
MDL~UNIT DATA-REQUEST, respectively. The layer 3 or management message unit
shall be transmitted in a UI command frame.

For broadcast operation, the TEI value in the UI command address field
shall be set to 127 (binary 111 1111, the group value).

For point-to-point operation, the appropriate TEI value shall be
used.

The P bit shall be set to 0.

In the case of persistent layer 1 deactivation, the data link layer
will be informed by an appropriate indication. Upon receipt of this indication,
all UI transmission queues shall be discarded.

Note — The network side system management deactivation procedures
should ensure that layer 1 is not deactivated before all UI data transfer is
completed.

5.2.3 Beceipt of unacknowledged information

On receipt of a UI command frame with a SAPI and TEI which are
supported by the receiver, the contents of the information field shall be
passed to the layer 3 or management entity using the data link layer to layer 3
primitive DL-UNIT DATA-INDICATION or the data link layer to management
primitive MDL-UNIT DATA-INDICATION, respectively. Otherwise, the UI command
frame shall be discarded.

5.3 Terminal endpoint identifier (TEL) management{ procedures
5.3.1 General

TEI management is based on the following procedural
means:

- TEI assignment procedures (see 8 5.3.2);
- TEI check procedures (see 8 5.3.3);
- TELI removal procedures (see 8 5.3.4);

- optional user equipment initiated TEI Identity verify
procedures (see 8 5.3.5).
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A user equipment in the TEI-unassigned state shall use the TEl

ass..nment procedures to enter the TEI-assigned state. Conceptually, these
procedures exist in the layer management entity. The layer management entity on
the network side is referred to as the @Assignment Source Point (ASP)\ in this

Recommendation.

The purpose of these procedures is to:

a) allow automatic TEI equipment to request the network to
assign a TEI value that the data link layer entities within
the requesting user equipment will use in their subsequent
communications;

b) allow a network to remove a previously assigned TEI value
from specific or all user equipments;

c) allow a network to check:
- whether or not a TEI value is in use, or
- whether multiple TEI assignment has occurred;

d) allow user equipment the option to request that the network
invoke TEI check procedures.

The user side layer management entity shall instruct the user data
link layer entities to remove all TEI values when it is notified that the
terminal is disconnected at the interface (as defined in
Recommendation 1.430).

Additionally, the user side layer management entity should instruct
the user data link layer entity to remove a TEI value for its own internal
reasons (for example, losing the ability to communicate with the network). The
layer management entity shall use the MDL-REMOVE-REQUEST primitive for these
purposes.

8 5.3.4.1 includes the actions taken by a data link layer entity
receiving an MDL-REMOVE-REQUEST primitive.

Typically, one TEI value would be used by the user equipment (for
example, a data link layer entity which has been assigned a TEI value could use
that value for all SAPs which it supports). If required, a number of TEI values
may be requested by multiple use of the procedures defined in 8 5.3.2. It shall
be the responsibility of the user to maintain the association between TEI and
SAPI values.

The initiation of TEI assignment procedures occurs on the receipt of
a request for establishment or unacknowledged information transfer while in the
TEI-unassigned state. The data link layer entity shall inform the layer
management entity using the MDL-ASSIGN-INDICATION primitive. Alternatively, the
user side layer management entity may initiate the TEI assignment procedures
for its own reasons.

Note— In the case of initialization from a no power condition, the
user equipment should postpone the start of the TEI assignment procedure until
an outgoing or incoming call is to be handled.
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All layer management entity messages used for these TEI management
procedures are transmitted to, or received from, the data link layer entity
using the MDL~UNIT DATA-REQUEST primitive, or the MDL-UNIT DATA-INDICATION
primitive, respectively. The data link layer entity shall transmit management
entity messages in UI command frames. The SAPI value shall be 63. The TEI
value shall be 127. ‘

5.3.2 TEl assignment procedure

If the user equipment is of the non-automatic TEI assignment
category, the user side layer management entity shall deliver the TEI value to
be used to the data link layer entity(s) via the MDL-ASSIGN~REQUEST primitive.

If the user equipment is of the automatic TEI assignment category,
upon initiation of the automatic TEI assignment procedure, the user side layer
management entity shall transmit to its peer a message containing the following
elements:.

a) message type = Identity request;
b) Reference number (Ri); and
c) Action indicator (Ai).

The Reference number, Ri, shall be used to differentiate between
a number of user equipments which may simultaneously request assignment of
a TEI value. The Ri shall be 2 octets in length and shall be randomly generated
for each request message by the user equipments.

All values in the range 0 to 65535 shall be available from the random
number generator.

Note — The design of the random number generator should minimize the
probability of identical reference numbers being generated by terminals which
initiate their TEI assignment procedures simultaneously.

The single-octet Action indicator, Ai, shall be used to indicate a
request to the ASP for the assignment of any TEI value available.

The coding of the Ai shall be Ai = Group address TEL = 127. This Al
value requests the ASP to assign any TEI value.

A timer T202 shall be started.

The ASP, on receipt of the Identity request message, shall
either:

- select a TEI value;

- deny Identity requests with Ai values in the range 64-126,
or ignore Identity requests with the Ai value in the range 0-63;
or
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- ignore the Identity request message if a previous Identity
request message that contains an identical Ri has been received
and no response has been issued. In this case, the ASP shall not
assign a TEI value to either request.

Selection of a TEI value shall be on the basis of information

stored at the ASP. This may consist of:

- a map of the full range of automatic TEI values; or

- an updated list of all automatic TEI values available for
assignment, or a smaller subset.

The ASP, after having selected the TEI value, shall inform the
network data link entities by means of the MDL-ASSIGN-REQUEST primitive and
transmit to its peer a message containing the following elements:

| a) message type = Identity assigned;
A,

b) Reference number (Ri); and

c) the assigned TEI value in the Al field.

If the available TEI information/resources are exhausted, a TEIL
check procedure should be initiated.

A user side layer management entity receiving this Identity
assigned message shall compare the TEI value to its own to see if it is
already allccated if an Identity request message is outstanding.
Additionally, the TEL value may be compared on the receipt of all Identity
assigned messages:

If there is a match, the management entity shall either:

- initiate TEI removal; or

- initiate the TEI identity verify procedures.

‘ Y 2

If there is no match, the user side layer management entity
shall:

- compare the Ri value with any outstanding Identity request
message and if it matches, consider the TEI value assigned to
the user equipment, discard the value of Ri, inform the user
side data link layer entities by means of the MDL-ASSIGN-REQUEST
primitive and stop timer T202;

- compare the Ri value with any outstanding Identity request
message and if there is no match, do nothing;

- if there is no outstanding Identity request message, do
nothing.

-
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When the data link layer receives the MDL-ASSIGN-REQUEST primitive
from the layer management entity, the data link layer entity shall:

- enter the TEI-assigned state; and

- proceed with data link establishment procedures if a
DL-ESTABLISH-REQUEST primitive is outstanding, or proceed with
the transmission of a UI command frame if a DL-UNIT
DATA-REQUEST primitive is outstanding.

To deny an Identity request message, the ASP shall transmit to its
peer a message containing the following elements:

a) message type = Identity denied;
b) Reference number (Ri); and
c) the value of TEIl which is denied in the Ai field (a value of

127 indicates that no TEI values are available).

5.3.2.1 Expiry of timer T202

If the user receives either no response or an Identity denied
message to  its Identity request message, then on expiry of timer T202, the
timer shall be restarted and the Identity request message shall be
retransmitted with a new value of Ri.

After N202 unsuccessful attempts to acquire a TEI value, the layer
management entity shall inform the data link layer entity using the
MDL-ERROR-RESPONSE primitive. The data link layer entity receiving the
MDL-ERROR-RESPONSE primitive shall respond with the DL-RELEASE-INDICATION
primitive if a request for establishment had previously occurred, and shall
discard all unserviced DL-UNIT DATA-REQUEST primitives.

The values of T202 and N202 are specified in § 5.9.

The TEL assignment procedure is illustrated in Figure 9/Q.921.
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User side ASP

UI (SAPI, TEI) [ID request, Ri,Ai]

Start T202

-

UI (SAPI, TEI) [ID assigned, Ri,Ai]

or
UI (SAPI, TEI) {ID denied, Ri,Ai]

CCITT-89970

SAPI : Service access point identifier = 63
TEI : Group TEI = 127

ID request : Identity request

ID assigned : Identity assigned

ID denied : Identity denied

Al : Action indicator, see Table 8/Q.921

Ri : Reference number

— —

) : Contents of the data link layer command address field
] : Contents of the data link layer command information field

FIGURE 9 /Q.921

TEI assignment procedure

5.3.3 TEL check procedure

5.3.3.1 Use of the TEI check procedure

The TEL check procedure shall be used in the TEI audit and
recovery procedures. The TEI check procedure allows the network side layer
management entity either:

- to establish that a TEI value is in use; or

- to verify multiple TEI assignment.

The TEL check procedure for verifying multiple TEI assignment may
also optionally be invoked as a response to an Identity verify

request message from the user equipment.

5.3.3.2 Operation of the TEIL check procedure

The TEL check procedure is illustrated in
Figure 10/Q.921.
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User side ASP
UI (SAPI, TEI) (ID check request, Ai]

Start T201

UI (SAPI, TEI) [ID check response, Ri,Ai]

SAPI1

63 CCITT-89980
TEI

127

Note 1 — For explanation of legends, see Figure 9/Q.921.

FIGURE 10/Q.921

TEI Checﬁuproceduré-

The ASP shall transmit a message containing the following
elements:

a) message type = Identity check request; and

b) Ai field which contains the TEI value to be checked or the
value 127 when all TEI values are to be checked.

Timer T201 shall be started.

If any user equipment has been assigned the TEI value specified in
the identity check request message, it shall respond by transmitting a meésage
containing the following elements:

a) message type = Identity check response;
o) the TEL value in the Al field; and
c) Reference number (Ri).

When the TEI check procedure is used to verify multiple TEI
assignment:

- if more than one Identity check response is received
within T201, then multiple TEI assignment shall be considered
present; otherwise the request shall be repeated once and timer
T201 restarted;

- if more than one Identity check response is received witnin
the second T20!1 period, multiple TEI assignment shall be
considered present;

- if no Identity check response is received after both T201

periods, the TEI value shall be assumed to be free and available
for (re)assignment;
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- if one Identity check response is received in one or both
T201 periods, the TEI value shall be assumed to be in
use.

When the TEI check procedure is used to test whether a TEL
value is in use, it is completed upon the receipt of the first TEI Identity
check response message, and the TEI value is assumed to be in use.
Otherwise:

- if no Identity check response is received within T201, the
identity check request shall be repeated once and timer T20t1
restarted;

- if no Identity check response is received after the second
Identity check request, the TEI value shall be assumed to be
free and available for reassignment.

If the Ai value in the Identity check request is equal to 127, it

- is preferred that the receiving user side layer management entity respond with
a single Identity check response message that contains all of the TEL values in
use within that user equipment (see 8§ 5.3.5.5). If an Identity check request
with Al equal to 127 is transmitted and an Identity check response is received
making use of the extension facility, each Ai variable in the Ai field shall be
processed as if received in separate Identity check responses for parallel
Identity check requests.

5.3.4 TEI removal procedure

When the network side layer management entity determines that the
removal of a TEI value (see § 5.3.4.2) is necessary, the ASP shall transmit a
message containing the-following elements and issue an MDL-REMOVE-REQUEST

primitive:
a) message type = Identity remove; and
b) TEI value which is to be removed, as ind:.cated in the Ai
field (the value 127 indicates that all user equipments should
- remove their TEI values; otherwise, the specific TEI value

should be removed).

The Identity remove message shall be sent twice in
succession, to overcome possible message loss.

When the user side layer management entity determines that the removal
of a TEI value is necessary (see 8 5.3.4.,2), it shall instruct the data link
layer entity to enter the TEIl-unassigned state, using the MDL-REMOVE-REQUEST
primitive. This action would also be taken for all TEI values when the Ai field
contains the value of 127.

Further action to be taken shall be either initiation of automatic TEI
assignment for a new TEI value or notification to the equipment user for the
need for corrective action (that is, when equipment uses a non-automatic TEI
value and does not support the automatic TEI assignment procedure.)
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5.3.4.1 Action taken by the data link layer entity receiving the
MDL-REMOVE-REQUEST primitive

A data link layer entity receiving an MDL-REMOVE-REQUEST primitive
shall:

a) if no DL-RELEASE-REQUEST primitive is outstanding and the
user equipment is not in the TEI-assigned state, issue a
DL-RELEASE-INDICATION primitive; or

b) if a DL-RELEASE-REQUEST primitive is outstanding, issue a
DL-RELEASE-CONFIRM primitive.

The data link layer entity shall then enter the TEI-unassigned
state after discarding the contents of both UI and 1 queues.

- 5.3.4.2 Conditions for TEI removal

At the user equipment, automatic TEI values shall be removed, and
in the case of non-automatic TEI values, an appropriate indication shall be
made to the user under the following conditions:

- on request from the ASP by an Identity remove message;

- on receipt of an MPH-INFORMATION-INDICATION (disconnected)
primitive;

- on receipt of an MDL-ERROR-INDICATION primitive indicating
that the data link layer entity has assumed possible multiple
assignment of a TEI value, rather than requesting a TEI check
procedure by the transmission of an Identity verify request
message; or

- optionally on receipt of an Identity assigned message
containing a TEI value in the Ai field, which 1is already in use
within the user equipment (see 8§ 5.3.2).

At the network side, TEL values should be removed:

- following a TEI audit procedure showing that a TEI value is
no longer in use or that multiple TEI assignment has
occurred; or

- on receipt of an MDL-ERROR-INDICATION primitive indicating a
possible multiple TEI assignment, which may be confirmed by the.

invocation of the TEI check procedures.

5.3.5 TEI identity verify procedure

5.3.5.1 General

The TEI identity verify procedure allows the user side layer
management entity to have the capability to request that the network invoke the
identity check procedure for verification of multiple TEIL assignment.
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The TEI identity verify procedure is optional for both the network and
usar equipment.

5.3.5.2 Operation of the TEI identity verify procedure

The TEI identity verify procedure is illustrated in

USER SIDE
ASP
ur ( '
o SAPI, 1
» TEI) [1p
VERTFY, 4y
\*
cHECK REQUEST, Al | “1201
u1 (sap1, TED) CIP B
v
UI (sapr
, TE
I) [ CHECk RESPoNg
E Ri,a4]
\1 "

SAPI = 63, TEI = 127 CCITT-89990

Note | — For explanation of legends, see Figure 9/Q.921,

Note 2 — The Ai in the ID Verify will be in the range 0 to 126.
Ai= 127 is not allowed.

FIGURE 11/Q.921

TEI Identify verify procedure

The user equipment shall transmit an Identity verify message
containing the following elements:

a) message type = Identity verify request;

b) the TEI value to be checked in the Ai field; and

c) the Ri field, which is not processed by the network and is
coded 0.

Timer T202 is started.

The ASP, on receipt of the TEI Identity verify message shall, if
implemented, invoke the TEI check procedure as defined in & 5.3.3. This

will result in the ASP sending an Identity check request message to the user
equipment.
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5.3.5.3 Expiry of Timer T202

If the user equipment receives no Identity check request message
with an Ai equal to its TEI or an Ai equal to 127 before the expiry of
timer T202, the user side layer management entity shall restart the timer and
the Identity verify message shall be retransmitted. If no Identity check
request message is received from the ASP after the second Identity verify
request, the TEI shall be removed.

5.3.6 Formats and codes

5.3.6.1 General

All messages used for TEI management procedures are carried in the
information field of UI command frames with a SAPI value set to 63 (binary
11 1111) and TEI value set to 127 (binary 111 1111).

All messages have the structure shown in Figure 12/Q.921.

8 7 6 5 4 3 2 1
Octet
Management Entity Identifier 1
Reference Number 2
3
Message Type L
Action Indicator E 5

Figure 12/Q.921

Messages used for TEIl management procedures
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A,
Fields that are not used in a specific message are coded all
zeros, and are not to be processed by either side.
The coding of each field for the various messages is specified in
Table 8/Q.921.
E is the Action indicator field extension bit (see 8§ 5.3.6.5).
TABLE 8/Q.921
Codes for messages concerning TEI management procedures
Py Management Reference
Message name entity number Message Action indicator
identifier Ri type Ai
Identity request 0000 1111 0- 85535 0000 0001 { Ai =: 127 , Any TEI value
{user to network) acceptable
Identity assigned } 0000 1111 0 - 65535 0000 0010 | Ai ==64-126 , Assigned TEI
{network to user) value
Identity denied 0000 1111 0 - 65535 0000 0011 | Ai= 64-126, denied TEI value
Ki" =127, No TEI value
| (network to user) available
4 Identity check _Ai == 127 Check all TEI values _
request 0000 1111 Not used (coded 0) | 00000100 | Ai==0-126 , TE! valueto be
- (network to user) checked
Identity check
respoase 0000 1111 0 - 65535 0000 0101 | Ai==0-128 , TElvaluein
(user to network) use
Identity remove 0000 1111 Not used (coded 0) | 0000 0110 | Ai = 127, .Request. for removal
(network to user) e ofall TELvalues __ _
Ai==0-128, TEI value to be
removed
fdentity Verify 0000 1111 Not used (coded 0)| 0000 0111 | a4 = 0- 126, TEI value
user to network) . to be checked
A,
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5.3.6.2 Layer management entity identifier

For TEI administration procedures, the layer management entity
identifier octet is 00001111, Other values are reserved for further
standardization.

5.3.6.3 Reference number (Ri)

Octets 2 and 3 contain Ri. When used, it can assume any value
between 0 and 65535.

5.3.6.4 Message type

Octet 4 contains the message type. The purpose of the message type
is to identify the function of the message being sent.

5.3.6.5 Aetion indicator (Ai)

The Ai field is extended by reserving the first transmitted bit of
the Ai field octets to indicate the final octet of the Ai field.

Ai variables in the Al field are coded as follows:

a) bit 1 is the extension bit and is coded as
follows:

- 0 to indicate an extension, and
- 1 to indicate the final octet;
b) bits 2 to 8 contain the Action indicator.

The purpose of the Action indicator is to identify the concerned
TEI value(s).

5.4 Automatic negotiation of data link layer parameters

This procedure is defined in Appendix IV.

5.5 Procedures for establishment and release of multiple frame
operation
5.5.1 Establishment of multiple frame operation

The provision of extended multiple frame operation (modulo 128
sequencing) is recommended.

5.5.1.1 General

These procedures shall be used to establish multiple frame
operation between the network and a designated user entity.

Layer 3 will request establishment of the multiple frame operation by
the use of the DL-ESTABLISH-REQUEST primitives. Re~establishment may be
initiated as a result of the data link layer procedures defined in 8 5.7. All
frames other than unnumbered frame formats received during the establishment
procedures shall be ignored.
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5.2 1.2 Establishment procedures

A data link layer entity shall initiate a request for the multiple
frame operation to be set by transmitting the SABME command. All existing
exception conditions shall be cleared, the retransmission counter shall be
reset, and timer T200 shall then be started (timer T200 is defined in 8§ 5.9.1).
All mode setting commands shall be transmitted with the P bit set
to 1.

Layer 3 initiated establishment procedures imply the discard of all
outstanding DL-DATA-REQUEST primitives and all I frames in queue.

A data link layer entity receiving an SABME command, if it is able
to enter the multiple-frame-established state, shall:

- respond with a UA response with the F bit set to the same
binary value as the P bit in the received SABME command;

- set V(S), V(R) and V(A) to 0;

- enter the multiple-frame-established state and inform
layer 3 using the DL-ESTABLISH-INDICATION primitive;

clear all existing exception conditions;
- clear any existing peer receiver busy condition; and

- start timer T203 (timer T203 is defined in § 5.9.8), if
implemented.

If the data 1link layer entity is unable to enter the
multiple-frame-established state, it shall respond to the SABME command with
a DM response with the F bit set to the same binary value as the P bit in the
received SABME command.

Upon reception of the UA response with the F bit set to 1, the
originator of the SABME command shall:

- reset timer T200;
- start timer T203 if implemented;
set V(S), V(R), and V(A) to 0; and

- enter the multiple-frame-established state and inform
layer 3 using the DL-ESTABLISH-CONFIRM primitive.

Upon reception of a DM response with the F bit set to 1, the
originator of the SABME command shall indicate this to layer 3 by means of
the DL-RELEASE-INDICATION primitive, and reset timer T200. It shall then enter
the TEI-assigned state. DM responses with the F bit set to 0 shall be ignored

in this case.
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A DL-RELEASE-REQUEST primitive received during data link layer
initiated re-establishment shall be serviced on completion of the establishment
mode-setting operation.

5.5.1.3 Procedure on expiry of timer T200

If timer T200 expires before the UA or DM response with the F bit
set to 1 is received, the data link layer entity shall:

- retransmit the SABME command as above;

- restart timer T200; and

- increment the retransmission counter.

After retransmission of the SABME command N200 times, the data
link layer entity shall indicate this to layer 3 and the connection management
entity by means of the DL-RELEASE-INDICATION and MDL-ERROR-INDICATION
primitives, respectively, and enter the TEI-assigned state, after discarding
all outstanding DL-DATA-REQUEST primitives and all I frames in queue.

The value of N200 is defined in 8 5.9.2,

5.5.2 Information transfer

Having either transmitted the UA response to 2 received SABME
command or received the UA response to a transmitted SABME command, I frames
and supervisory f{rames shall be {ransmitted and received according to the
procedures described in 8 5.6.

If an SABME command is received while in the
multiple-frame-established state, the data link layer entity shall conform to
the re-establishment procedure described in 8§ 5.7,

On receipt of a Ul command, the procedures defined in 8 5.2 shall be
followed.

5.5.3 Termination of multiple frame operaticn

5.5.3.1 General

These procedures shall be used to terminate the multiple frame
operation between the network and a designated user entity.

Layer 3 will request termination of the multiple frame operapion by
use of the DL-RELEASE-REQUEST primitive.

All frames other than unnumbered frames received during the release
procedures shall be ignored.

All outstanding DL-DATA-REQUEST primitives and all I frames in queue
shall be discarded.

In the case of persistant layer 1 deactivation the data link layer
entity shall discard all I queues and deliver to layer 3 a DL-RELEASE-CONFIRM
primitive if a DL-RELEASE-REQUEST primitive is outstanding, or otherwise a
DL-RELEASE-INDICATION primitive.
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5.5.3.2 Release procedure

A data link layer entity shall initiate a request for release of
the multiple frame operation by transmitting the Disconnect (DISC) command with
the P bit set to 1. Timer T200 shall then be started and the retransmission
counter reset.

A data link layer entity receiving a DISC command while in the
multiple-frame-established or timer recovery state shall transmit a UA
response with the F bit set to the same binary value as the P bit in the
received DISC command. A DL-RELEASE~INDICATION primitive shall be passed to
layer 3, and the TEI-assigned state shall be entered.

If the originator of the DISC command receives either:
- a UA response with the F bit set to 1; or
- a DM response with the F bit set to 1, indicating that the
peer data link layer entity is already in the TEI-assigned
state, .
it shall enter the TEI-assigned state and reset timer T2CO0.
The data link layer entity which issued the DISC command is now in
the TEI-assigned state and will notify layer 3 by means of the
DL-RELEASE-CONFIRM primitive. The conditions relating to this state are defined
in 8§ 5.5.4.

5.5.3.3 Procedure on expiry of timer T200

If timer T200 expires before a UA or DM response with the F bit set
to 1 is received, the originator of the DISC command shall:

- retransmit the DISC command as defined in 8 5.5.3.2;

- restart timer T200; and

- increment the retransmission counter.

If the data link layer entity has not received the correct
response as defined in 8 5.5.3.2, after N200 attempts to recover, the data link
layer entity shall indicate this to the connection management entity by means
of the MDL-ERROR-INDICATION primitive, enter the TEI-assigned state and
notify layer 3 by means of the DL-RELEASE-CONFIRM primitive.

5.5.4 TEI-assigned state

While in the TEI-assigned state:

- the receipt of a DISC command shall result in the
transmission of a DM response with F bit set to the value of the
received P bit;

- on receipt of an SABME command, the procedures defined in
8 5.5.1 shall be followed;
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- on receipt of an unsolicited DM response with the F bit set
to 0, the data link layer entity shall, if it is able to,
initiate the establishment procedures by the transmission of an
SABME (see 8§ 5.5.1.2). Otherwise, the DM shall be ignored;

- on receipt of Ul commands, the procedures defined in 8§ 5.2
shall be followed; and

- on receipt of any unsolicited UA response an
MDL-ERROR-INDICATION primitive indicating a possible double
assignment of a TEI value shall be issued; and

- all other frame types shall be discarded.

5.5.5 Collision of unnumbered commands and responses

5.5.5.1 Identical transmitted and received commands

If the transmitted and received unnumbered commands (SABME or
DISC) are the same, the data link layer entities shall send the UA response at
the earliest possible opportunity. The indicated state shall be entered after
receiving the UA response. The data link layer entity shall notify layer 3 by
means of the appropriate confirm primitive.

5.5.5.2 Different transmitted and received commands

If the transmitted and received unnumbered commands (SABME or
DISC) are different, the data link layer entities shall issue a DM response at
the earliest possible opportunity. Upon receipt of a DM response with the F bit
set to 1, the data link layer shall enter the TEl-assigned state and notify
layer 3 by means of the appropriate primitive. The entity receiving the DISC
command will issue a DL~RELEASE-INDICATION primitive, while the other entity
will issue a DL-RELEASE-CONFIRM primitive.

5.5.6 Unsolicited DM response and SABME or DISC command

When a DM response with the F bit set to 0 is received by a data
link layer entity, a collision between a transmitted SABME or DISC command
and the unsolicited DM response may have occurred. This is typically caused by
a user equipment applying a protocol procedure according to X.25 LAPB [9] to
ask for a mode-setting command.

In order to avoid misinterpretation of the DM response received, a
data link layer entity shall always send its SABME or DISC command with the P
bit set to 1.

A DM response with the F bit set to 0 colliding with an SABME or
DISC command shall be ignored.

5.6 Procedures for information transfer in multiple frame operation

The procedures which apply to the transmission of I frames are
defined below.

Note — The term "transmission of an I frame" refers to the delivery
of an I frame by the data link layer to the physical layer.
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5.6.1 Transmitting I frames

Information received by the data link layer entity from layer 3 by
means of a DL-DATA-REQUEST primitive shall be transmitted in an I frame. The
control field parameters N(S) and N(R) shall be assigned the values of
V(S) and V(R), respectively. V(S) shall be incremented by 1 at the end of the
transmission of the I frame.

If timer T200 is not running at the time of transmission of an I
frame, it shall be started. If time T200 expires, the procedures defined in
8 5.6.7 shall be followed,

If V(S) is equal to V(A) plus k (where k is the maximum number of
outstanding I frames — see 8 5.9.5), the data link layer entity shall not
transmit any new I frames, but may retransmit an I frame as a result of the
error recovery procedures as described in 88 5.6.4 and 5.6.7.

When the network side or user side is in the own receiver busy
condition, it may still transmit I frames, provided that a peer receiver
busy condition does not exist.

Note — Any DL-DATA-REQUEST primitives received whilst in the timer
recovery condition shall be queued.

5.6.2 Receiving I frames

Independant of a timer recovery condition, when a data link layer
éntity is not in an own receiver busy condition and receives a valid I frame
whose N(S) is equal to the current V(R), the data link layer entity
shall:

- pass the information field of this frame to layer 3 using the
DL-DATA-INDICATION primitive;

- increment by 1 its V(R), and act as indicated below.

5.6.2.1 P bit set to 1

If the P bit of the received I frame was set to 1, the data link
layer entity shall respond to its peer in one of the following ways:

- if the data link layer entity receiving the I frame is still
not in an own receiver busy condition, it shall send an
RR response with the F bit set to 1;

if the data link layer entity receiving the I frame enters

the own receiver busy condition upon receipt of the I frame,
it shall send an RNR response with the F bit set to 1.
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5.6.2.2 P bit set to 0

If the P bit of the received I frame was set to 0 and:

a) if the data link layer entity is still not in an own
receiver busy condition:

- if no I frame is available for transmission or if an I
frame is available for transmission but a peer receiver
busy condition exists, the data link layer entity shall
transmit an RR response with the F bit set to 0; or

- if an I frame is available for transmission and no peer
receiver busy condition exists, the data link layer entity
shall transmit the I frame with the value of N(R) set to
the current value of V(R) as defined in 8 5.6.1; or

b) if, on receipt of this I frame, the data link layer entity
is now in an own receiver busy condition, it shall transmit an
RNR response with the F bit set to 0.

When the data link layer entity is in an own receiver busy
condition, it shall process any received I frame according to 8 5.6.6.

5.6.3 Sending and receiving acknowledgements

5.6.3.1 Sending acknowledgements

Whenever a data link layer entity transmits an I frame or a
supervisory frame, N(R) shall be set equal to V(R).

5.6.3.2 Receiving acknowledgements

On receipt of a valid I frame or supervisory frame (RR, RNR,
or REJ), even in the own receiver busy, or timer recovery conditions, the data
link layer entity shall treat the N(R) contained in this frame as an
acknowledgement for all the I frames it has transmitted with an N(3) up to and
including the received N(R) — 1. V(A) shall be set to N(R). The data link
layer entity shall reset the timer T200 on receipt of a valid I frame or
supervisory frame with the N(R) higher than V(A) (actually acknowledging some I
frames), or an REJ frame with an N(R) equal to V(A).

Note 1 — 1If a supervisory frame with the P bit set to 1 has been
transmitted and not acknowledged, timer T200 shall not be reset.

Note 2 —Upon receipt of a valid I frame, timer T200 shall not be
reset if the data link layer entity is in the peer receiver busy condition,

If timer T200 has been reset by the receipt of an I, RR, or RNR frame,
and if there are outstanding I frames still unacknowledged, the data link layer
entity shall restart timer T200. If timer T200 then expires, the data link
layer entity shall follow the recovery procedure as defined in 8 5.6.7 with
respect to the unacknowledged I frames.

If timer T200 has been reset by the receipt of an REJ frame, the data
link layer entity shall follow the retransmission procedures in 8 5.6.4.
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5.6.4 Receiving REJ frames

On receipt of a valid REJ frame, the data link layer entity shall
act as follows:

a) if it is not in the timer recovery condition:
- clear an existing peer receiver busy condition;

- set its V(S) and its V(A) to the value of the N(R)
contained in the REJ frame control field;

- stop timer T200;

- start timer T203 if implemented;

- if it was an REJ command frame with the P bit set to 1,
transmit an appropriate supervisory response frame (see
Note 2, 8 5.6.5) with the F bit set to 1.

- transmit the corresponding I frame as soon as possible,
as defined in 8§ 5.6.1, taking into account the items 1)
to 3) below and the paragraph following items 1) to 3)
and

- notify a protocol violation -0 the connection
management entity by means of the MDL-ERROR-INDICATION
primitive, if it was an REJ response frame with the F bit
set to 1.

b) if it is in the timer recovery condition and it was an REJ
response frame with the F bit set to 1:

- clear an existing peer receiver busy condition;

- set its V(S) and its V(A) to the value N(R) contained
in the REJ frame control field;

- stop timer T200;
- start timer T203 if implemented;
- enter the multiple-frame-established state; and
- transmit the corresponding I frame as soon as possible,
as defined in 8 5.6.1, taking into account the items 1)
to 3) below and the paragraph following items 1) to 3).
c) if it is in the timer recovery condition and it was an REJ
frame other than an REJ response frame with the F bit set to

- clear an existing peer receiver busy condition;

- set its V(A) to the value of the N(R) contained in the
REJ frame control field; and '
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- if it was an REJ command frame with the P bit set to
1, transmit an appropriate supervisory response frame
with the F bit set to 1 (see Note 2 in 8 5.6.5).

Transmission of I frames shall take account of the
following:

1) if the data link layer entity is transmitting a supervisory
frame when it receives the REJ frame, it shall complete that
transmission before commencing transmission of the requested I
frame;

2) if the data link layer entity is transmitting an SABME
command, a DISC command, a UA response or a DM response when it
receives the REJ frame, it shall ignore the request for
retransmission; and

3) if the data link layer entity is not transmitting a frame
when the REJ is received, it shall immediately commence
transmission of the requested I frame.

All outstanding unacknowledged I frames, commencing with the I
frame identified in the received REJ frame, shall be transmitted. Other I
frames not yet transmitted may be transmitted following the retransmitted 1
frames.

5.6.5 Receiving RNR frames

After receiving a valid RNR command or response, if the data link
layer entity is not engaged in a mode-setting operation, it shall set a peer
receiver busy condition and then:

- if it was an RNR command with the P bit set to 1, it shall
respond with an RR response with the F bit set to 1 if the
data link layer entity is not in an own redeiver busy condition,
and shall respond with an RNR response with the F bit set to 1
if the data link layer entity is in an own receiver busy
condition; and

- if it was an RNR response with the F bit set to 1, an
existing timer recovery condition shall be cleared and the N(R)
contained in this RNR response shall be used to update
V(s).

The data link layer entity shall take note of the peer receiver
busy condition and not transmit any I frames to the peer which has indicated
the busy cond.tion.

Note 1 —The N(R) in any RR or RNR command frame (irrespective of
the setting of the P bit) will not be used to update the V(S).

(1588)



(1588)

- 79 —
COM XI-R 43-E

The data link layer entity shall then:

treat the N(R) contained in the received RNR frame as an
acknowledgement for all the I frames that have been
(re)transmitted with an N(S) up to and including N(R) minus 1,
and set its V(A) to the value of the N(R) contained in the RNR
frame; and

restart timer T200 unless a supervisory response frame with
the F bit set to 1 is still expected.

If timer T200 expires, the data link layer entity shall:

if it is not yet in a timer recovery condition, enter the
timer recovery condition and reset the retransmission count
variable; or

if it is already in a timer recovery condition, add one to
its retransmission count variable.

The data link layer entity shall then:

a)

b)

if the value of the retransmission count variable is less
than N200:

- transmit an appropriate supervisory command {see
Note 2) with a P bit set to 1;

- restart timer T200; and

if the value of the retransmission count variable is equal

to N200, initiate a re-establishment procedure as defined in
8 5.7, and indicate this by means of the MDL-ERROR-INDICATION
primitive to the connection management entity.

The data link layer entity receiving the supervisory frame with

the P bit set to 1 shall respond, at the earliest opportunity, with a
supervisory response frame (see Note 2) with the F bit set tc 1, to indicate
whether or not its own receiver busy condition still exists.

Upon receipt of the supervisory response with the F bit set to 1,
the data link layer entity shall reset timer T200, and:

if the response is an RR or REJ response, the peer receiver
busy condition is cleared and the data link layer entity may
transmit new I frames or retransmit I frames as defined in
88 5.6.1 or 5.6.4, respectively; or

if the response is an RNR response, the data link layer
entity receiving the response shall proceed according to this
§ 5.6.5, first paragraph.
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If a supervisory command (RR, RNR, or REJ) with the P bit set to
0 or 1, or a supervisory response frame (RR, RNR, or REJ) with the F bit
set to 0 is received during the enquiry process, the data link layer
entity shall:

- if the supervisory frame is an RR or REJ command frame or an
RR or REJ response frame with the F bit set to 0, clear the
peer receiver busy condition and if the supervisory frame
received was a command with the P bit set to 1, transmit the
appropriate supervisory response frame (see Note 2) with the F
bit set to 1. However, the transmission or retransmission of
I frames shall not be undertaken until the épprOpriate
supervisory response frame with the F bit set to 1 is
received or until 'expiry of timer T200; or

- if the supervisory frame is an RNR command frame or an RNR
response frame with the F bit set to 0, retain the peer
receiver busy condition and if the supervisory frame received
was an RNR command with P bit set to 1, transmit the
appropriate supervisory response frame (see Note 2) with the F
bit set to 1.

Upon receipt of an SABME command, the data link layer entity
shall clear the peer receiver busy condition.

Note 2—1If the data link layer entity is not in an own receiver
busy condition and is in a Reject exception condition [ that is, an N(S)
sequence error has been received, and an REJ frame has been transmitted, but
the requested I frame has not been received], the appropriate supervisory frame
is the RR frame.

If the data link layer entity is not in an own receiver busy condition but is

in an N(S) sequence error exception condition [that is, an N(S) sequence error
has been received but an REJ frame has not been transmitted], the appropriate

supervisory frame is the REJ frame.

If the data link layer entity is in its own receiver busy condition, the
appropriate supervisory frame is the RNR frame.

Otherwise, the appropriate supervisory frame is the RR frame.

5.6.6 Data link layer own receiver busy conditiocn

When the data link layer entity enters an own receiver busy
condition, it shall transmit an RNR frame at the earliest opportunity.

The RNR frame may be either:
- an RNR response with the F bit set to 0; or
if this condition 1is entered on receiving a command frame
with the P bit set to 1, an RNR response with the F bit set to

1; or

if this condition is entered on expiry of timer T200, an RNR
command with the P bit set to 1.
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All received I frames with the P bit set to 0 shall be
discarded, after updating V(Az.

All received supervisory frames with the P/F bit set to 0 shall be
processed, including updating V(A).

. All received 1 frames with the P bit set to 1 shall be discarded,
after updating V{A). However, an RNR response frame with the F bit set to 1
shall be transmitted.

All received supervisory frames with the P bit set to 1 shall be
processed including updating V(A). An RNR response with the F bit set to 1
shall be transmitted.

To indicate to the peer data link layer entity the clearance of the
own receiver busy condition, the data link layer entity shall transmit an RR
frame or, if a previously detected N(S) sequence error has not yet been
reported, an REJ frame with the N(R) set to the current value of V(R).

The transmission of an SABME command or a UA response (in reply to
an SABME command) also indicates to the peer data link layer entity the
clearance of the own receiver busy condition.

5.6.7 Waiting acknowledgement

The data link layer entity shall mainta.n an internal
retransmission count variable.

If timer T200 expires, the data link layer entity shall:
- if it is not yet in the timer recovery condition, enter the
timer recovery condition and reset the retransmission count

variable; or

- if it is already in the timer recovery condition, add one to
its retransmission count variable,

The data link layer entity shall then:

a) if the value of the retransmission count variable is less
than N200:

- restart timer T200; and either

- transmit an appropriate supervisory command (see Note 2
in 8§ 5.6.5) with the P bit set to 1; or

- retransmit the last transmitted I frame [V(S) — 1] with
the P bit set to 1; or

b) if the value of the retransmission count variable is equal
to N200, initiate a re—establishment procedure as defined in
8 5.7 and indicate this by means of the MDL~ERROR-INDICATION
primitive to the connection management entity.
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The timer recovery condition is cleared when the data link layer
ent;ty receives a valid supervisory frame response with the F bit set to 1. If
the received supervisory frame N(R) is within the range from its current V(A)
to its current V(S) inclusive, it shall set its V(S) to the value of the
received N(R). Timer T200 shall be reset if the received supervisory frame
response is an RR or REJ response, and then the data link layer entity shall
resume with I frame transmission or retransmission, as appropriate. Timer T200
shall be reset and restarted if the received supervisory response is an RNR
response, to proceed with the enquiry process according to 8 5.6.5.

5.7 Re-establishment of multiple frame operation

5.7.1 Criteria for re-establishment

The criteria for re-establishing the multiple frame mode of
operation are defined in this section by the following conditions:

- the receipt, while in the multiple-frame mode of operation,
of an SABME;

- the receipt of a DL-ESTABLISH-REQUEST primitive from layer 3
(see 8§ 5.5.1.1);

- the occurrence of N200 retransmission failures while in the
timer recovery condition (see 8 5.6.7);

- the occurrence of a frame rejection condition as
identified in & 5.8.5;

- the receipt, while in the multiple-frame mode of operation,
of an FRMR response frame (see 8 5.8.6); '

- the receipt, while in the multiple-frame mode of operation,
of an unsolicited DM response with the F bit set to O
(see 8 5.8.7);

- the receipt, while in the timer-recovery condition, of a
DM response with the F bit set to 1.

5.7.2 Procedures
In all re—-establishment situations, the data link layer entity
shall follow the procedures defined in 8 5.5.1. All locally generated

conditions for re-establishment will cause the transmission of the SABME.

In the case of data link layer and peer initiated re-establishment,
the data link layer entity shall also:

- issue an MDL~ERROR-INDICATION primitive to the connection
management entity; and

- if V(S) > V(A) prior to re-establishment, issue a

DL-ESTABLISH-INDICATION primitive to layer 3, and discard all I
queues,
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In case of layer 3 initiated re-establishment or if a
JL~ESTABLISH-REQUEST primitive occurs pending re-establishment, the
DL~ESTABLISH-CONFIRM primitive shall be used.

5.8 Exception condition reporting and recovery

, Exception conditions may occur as the result of physical layer
errors or data link layer procedural errors.

The error recovery procedures which are available to effect recovery
following the detection of an exception condition at the data link layer are
defined in this section.

The actions to be taken by the connection management entity on receipt
of an MDL-ERROR-INDICATION primitive are defined in Appendix II.

5.8.1 N(S) sequence error

An N(S) sequence error exception condition occurs in the receiver
when a valid I frame is received which contains an N(S) value which is not
equal to the V(R) at the receiver. The information field of all I frames whose
N(S) does not equal V(R) shall vbe discarded.

The receiver shall not acknowledge [nor increment its V(R)] the I
frame causing the sequence error, nor any 1 frames which may follow, until an I
frame with the correct N(S) is received.

A data link layer entity which receives one or more I frames having
sequence errors but otherwise error-free, or subsequent supervisory frames (RR,
RNR, and REJ), shall use the control field information contained in the N(R)
field and the P or F bit to perform data link control functions; for example,
to receive acknowledgement of previously transmitted I frames and to cause the
data link layer entity to respond if the P bit is set to 1. Therefore, the
retransmitted I frame may contain an N(R) field value and P bit that are
updated from, and therefore different from, the ones contained in the
originally transmitted I frame.

The REJ frame is used by a receiving data link layer entity to
initiate an exception condition recovery (retransmission) following the
detection of an N(S) sequence error.

Only one REJ exception condition for a given direction of information
transfer shall be established at a time.

A data link layer entity receiving an REJ command or response shall
initiate sequential transmission (retransmission) of I frames starting with the
I frame indicated by the N(R) contained in the REJ frame.

An REJ exception condition is cleared when the requested I frame is
received or when an SABME or DISC command is received.

An optional procedure for the retransmission of an REJ response frame
is described in Appendix I.
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5.8.2 N(R) sequence error

An N(R) sequence error exception condition occurs in the
transmitter when a valid supervisory frame or I frame is received which
contains an invalid N(R) value.

A valid N(R) is one that is in the range V(A) s N(R) s V(S).

The information field contained in an I frame which is correct in
sequence and format may be delivered to layer 3 by means of the
DL-DATA-INDICATION primitive.

The data link layer entity shall inform the connection management
entity of this exception condition by means of the MDL-ERROR~INDICATION
primitive, and initiate re-establishment according to 8§ 5.7.2.

5.8.3 Timer recovery condition

If a data link layer entity, due to a transmission error, does not
receive 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 an REJ frame.

The data link layer entity which transmitted the unacknowledged I
frame(s) shall, on the expiry of timer T200, take appropriate recovery action
as defined in 8 5.6.7 to determine at which I frame retransmission must
begin.

5.8.4 Invalid frame condition

Any frame received which is invalid (as defined in 8 2.9) shall be
discarded, and no action shall be taken as a result of that frame.

5.8.5 Frame rejection condition

A frame rejection condition results from one of the conditions
described in 8 3.6.1 (third paragraph) or 8 3.6.11, items b, ¢ and d.

Upon occurrence of a frame rejection condition, the data link laye:
entity shall:

- issue an MDL~ERROR-INDICATION primitive; and
- initiate re-establishment (see 8 5.7.2).

Note — For satisfactory operation it is essential that a receiver is able to
discriminate between invalid frames, as defined in 8 2.9, and I frames wlth an
I-field which exceeds the maximum established length [see d) of 8§ 3.6.11].
unbounded frame may be assumed, and thus discarded, if two times the longest
permissible frame plus two octets are received without a flag detection.
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Receipt of an FRMR response frame

Upon receipt of an FRMR response frame in the multiple~frame mode
of operation, the data link layer entity shall:

5.8.7

Unsolicited response frames

issue an MDL-ERROR-INDICATION primitive; and

initiate re-establishment (see 8 5.7.2).

The action to be taken on the receipt of an unsolicited response
frame is defined in Table 9/Q.921.

The data link layer entity shall assume possible multiple-TEIL
assignment on the receipt of an unsolicited UA response and shall inform layer

management.
TABLE 9/Q.921
Actions taken on receipt of unsolicited response frames
Unsolicited . .. o Multiple frame modes
response frame TEI-assigned Awaftmg A;;:allt;:cg of operation
Establishment Established Time recovery
mode condition
UA response MDL-Error .. .. MDL-Error MDL-Error
F=1 Indication Solicited Solicited Indication Indication
UA response MDL-Error | MDL-Error MDL-Error MDL-Error MDL-Error
F=0 Indication Indication Indication Indication Indication
DM response Ignore ta3 s MDL-Error ..
P g Solicited Solicited Indication Solicited
DM response . Re-establish Re-establish
Feo Establish Ignore Ignore MDL-Error MDL-Error
Indication Indication
Supervisory Ignore Ignore I MDL-Error .
Response F =1 gnore Indication Solicited
Supervisory .
Response F = 0 |  lgnore Ignore Ignore Solicited | Solicited
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5.8.8 Multiple assignment of a TEI value

A data link layer entity shall assume multiple assignment of a TEIL
value and initiate recovery as specified below by:

a) the receipt of a UA response frame whilst in the
multiple~frame-established state;

b) the receipt of a UA response frame whilst in the timer
recovery state;
c) the receipt of a UA response frame whilst in the

TEI-assigned state.

A data link layer entity, after assuming multiple assignment of a
TEI value shall inform the connection management entity by means of the
MDL-~ERROR-INDICATION primitive.

5.9 List of system parameters

The system parameters listed below are associated with each
individual SAP.

A method of assigning these parameters is defined in 8 5.4,

The term default implies that the value defined should be used in the
absence of any assignment or negotiation of alternative values.

5.9.1 Timer T200

The default value for timer T200 at the end of which transmission
of a frame may be initiated according to the procedures described in 8 5.6
shall be one second.

Note 1 — The proper operation of the procedure requires that timer
T200 be greater than the maximum time between transmission of command frames
and the reception of their corresponding response or acknowledgement frames.

Note 2 —When an implementation includes multiple terminals on the
user side together with a satellite connection in the transmission path, a
value of T200 greater than 1 second may be necessary. A value of 2.5 seconds
is suggested.

5.9.2 Maximum number of retransmissions (N20Q)

The maximum number of retransmissions of a frame (N200) is a system
parameter. The default value of N200 shall be 3.
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5.7.°0 Maximum number of octets in an information field (N201)

™~

The maximum number of octets in an information field (N201) is a
system parameter. (See also § 2.5.)

- For an SAP supporting signalling, the default value shall be
260 octets.

- For SAPs supporting packet information, the default value
shall be 260 octets.

5.9.4 Maximum number of transmissions of the TEI Identity request
message (N202)

The maximum number of transmissions of a TEI Identity request
message {(when the user requests a TEI) is a system parameter. The default value
of N202 shall be 3.

5.9.5 Maximum number of outstanding I frames (k)

The maximum number (k) of sequentially numbered 1 frames that may
be outstanding (that is, unacknowledged) at any given time is a system
parameter which shall not exceed 127, for extended (modulo 128)
operation.

- For an SAP supporting basic access (16 kbit/s) signalling,
the default value shall be 1.

For an SAP supporting primary rate (64 kbit/s) signalling,
the default value shall be 7.

For an SAP supporting basic access (16 kbit/s) packet
information, the default value shall be 3.

- For an SAP supporting primary rate (64 kbit/s) packet
information, the default value shall be 7.

5.9.6 Timer T201

The minimum time between retransmission of the TEI Identity check
messages (T201) is a system parameter which shall be set to T200 seconds.

5.9.7 Timer T202

The minimum time between the transmission of TEI Identity request
messages is a system parameter (T202) which shall be set to 2 seconds.

5.9.8 Timer T203

Timer T203 represents the maximum time allowed without frames being
exchanged. The default value of timer T203 shall be 10 seconds.
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5.10 Data link layer monitor function

5.10.1 General

The procedural elements defined in 8 5 allow for the supervision of
the data link layer resource. This section describes procedures which may be
used to provide this supervision function. The use of this function is
optional.

5.10.2 Data link layer supervision in the multiple-frame—established
state

The procedures specified herein propose a solution which is already
identified in the HDLC classes of procedures. The connection verification is a
service provided by data link layer to layer 3. This implies that layer 3 is
informed in case of a failure only. Furthermore, the procedure may be
incorporated in the "normal" exchange of information and may become more
efficilent than a procedure based on the involvement of layer 3.

The procedure is based on supervisory command frames (RR command,
RNR command) and timer T203, and operates in the multiple-frame-established
state as follows.

If there are no frames being exchanged on the data link connection
(neither new nor outstanding I frames, nor supervisory frames with a P bit set
to 1), there is no means to detect a faulty data link connection
condition, or a user equipment having been unplugged. Timer T203 represents the
maximum time allowed without frames being exchanged.

If timer T203 expires, a supervisory command with a P bit set to 1
is transmitted. Such a procedure is protected against transmission errors by
making use of the normal timer T200 procedure including retransmission count
and N200 attempts.

5.10.3 Connection verification procedures

5.10.3.1 Start timer T203

The timer T203 is started:

- when the multiple-frame—established state is entered; and

- in the multiple-frame-established state whenever T200 is
stopped. (See Note in 8 5.10.3.2.)

Upon receiving an I or supervisory frame, timer T203 will be
restarted if timer T200 1s not to be started.

5.10.3.2 Stop timer T203

The timer T203 is stopped:

- when, in the multiple-frame-established state, the timer
T200 is started (see note); and
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-
- upon leaving the multiple-~frame~established state.
Note — These two conditions mean that timer T203 is only started
whenever T200 is stopped and not restarted.
5.10.3.3 Expiry of timer T203
If timer T203 expires, the data link layar entity will act as
follows (it should be noted that timer T200 is neither running nor
expired):
a) set the retransmission count variable to 0;
b) enter timer recovery state;
c) transmit a supervisory command with the P bit set to 1 as
follows:
- - if there is not a receiver busy condition {own receiver
not busy), transmit an RR command; or
- if there is a receiver busy condition (own receiver
busy), transmit an RNR command; and
d) start timer T200; and
e) send MDL-ERROR-INDICATION primitivc to zonnection management
after N200 retransmissions.
-_
A
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ANNEX A
(to Recommendation Q.921)
Provision of point-to—point signalling connections
In certain applications it may be advantageous to have a
single point—-to-point signalling connection at layer 3; the allocation of the
value 0 as a preferred TEI for that purpose is a network option. Use of the

value 0 in such applications dces not preclude using that value in other
applications or networks. .
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ANNEX B
(to Recommendation Q.921)

SDL for point—-to-point procedures

B.1 General

The purpose of this annex is to provide one example of an SDL
representation of the point-to-point procedures of the data link layer, to
assist in the understanding of this Recommendation. This representation does
not describe all of the possible actions of the data link layer entity, as a
non-partitioned representation was selected in order to minimize its
complexity. The SDL representation does not therefore constrain implementations
from exploiting the full scope of the procedures as presented within the text
of this Recommendation. The text description of the procedures is definitive.

The representation is a peer-to-peer model of the point-to-point
procedures of the data link layer and is applicable to the data link layer
entities at both the user and network sides for all ranges of TEI values. See
Figure B-1/Q.921.

Service user Service user
(user side) (network side)
3 A
Ve N /S ~\
AN / AN /
v ' v
Management Point-to- Peer-to-peer Point-~to- Management
point connection point
L . procedures procedures >

CCITT-91000
FIGURE B-1/Q.921

Peer-to-peer model of the point-to-point procedures

B.2 An overview of the states of the point-to-point data link
layer entity

The SDL representation of the point-to-point procedures are based
on an expansion of the three basic states identified in 8§ 3.4.2/Q.920 to the
following 8 states:

State 1 TEI unassigned

State 2 Assign awalting TEI .
State 3 Establish awaiting TEI
State 4 TEI assigned
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State 5 Awaiting establishment
State 6 Awaiting release

State 7 Multiple frame established
State 8 Timer recovery

An overview of the inter-relationship of these states is provided
in Figure B-2/Q.92%1., This overview is incomplete, and serves only as an
introduction to the SDL representation. All data link layer entities are
conceptually initiated in the TEIl unassigned state (state 1), and will
interact with the layer management in order to request a TEI value. TEI
assignment initiated by a Unit data request will cause the data link layer
entity to move to the TEI assigned state (state 4) via the assign awaiting
TEI state (state 2)., Initiation by an Establishment request will cause a
transition to the awaiting establishment state (state 5) via the establish
awaiting TEI state (state 3). Direct TEI assignment will cause an immediate
transition to the TEI assigned state (state 4). In states 4-8, Unit data
requests can be directly serviced by the data link layer entity. The receipt of
an Fstablish request in the TEI assigned state (state 4) will cause the
initiation of the establishment procedures and the transition to the awaiting
establishment state (state 5). Completion of the LAP establishment procedures
takes the cata link layer entity into the multiple frame established state
(state 7). Peer initiated establishment causes a direct transition from the
TEI assigned state (state 4) to the multiple frame es-ablished state
(state 7). In the multiple frame established state (state 7), Acknowledged
data transfer requests can be serviced directly subject to the restrictions of
the procedures. Expiry of timer T200, which is used in both the flow control
and data transfer aspects of the data link layer entity's procedures initiates
the transition to the timer recovery state (state 8). Completion of the timer
recovery procedures will return the data link layer entity to the multiple
frame established state (state 7). In states 7 and 8, of the SDL
representation the following conditions which are identified within the
Recommendation are observed:

a) peer receiver busy
D) reject exception
c) own receiver busy.

In addition other conditions are used in order to avoid
identification of additional states. The complete combination of both of these
categories of conditions with the 8 states of the SDL representation is the
basis for the state transition table description of the data link layer entity.
A peer initiated LAP release will take the data link layer entity directly into
the TEI assigned state (state 4), whilst a Release request will be via the
awaiting release state (state 6). TEI removal will cause a transition to the

TEL unassigned state (state 1).

(1588).
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=

Establish 1
Request TEI
unassigned
Unit data Eatablish
Request request
3 3
TEI
Assign Establish
avaiting assignment awalting
TEI TEL
TEI
assignment
y TEI
TEI aszignment
assigned
LAP release Establish
completed request
-

6 Peer Peer
Avwaiting 1nii;zfed initiated Avalting
release LAP establishment
release establishment

LAP
Release establishment
request completed

~

1

Multiple Any state
Release frame
request established
Peer T200 Completion TEI
initiated timer of timer removal

LAP release recovery

8
Timer
Recovery

FIGURE B-2/Q.921

An overview of the states of the point-tc-point procedures
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B.3 Cover notes

The following symbols and abbreviations are used within this
description. A full descriptior. of the symbols and their meaning and
application can be fcuni in the Series Z Recommendations (Fascicles VI.10
and VI.11).

5 E Signal reception
c) > Signal generation
d) Z{i::::;7 Save a sigmal (until completion of a transition
to a new state)
e) Process description
0 Q Test
g) Procedure call
h) A{iiij>>> Iaplement:tion option
Y Procedure definition
!
1
i) *k % To mark an event or signal required as a result of the
representation approach adopted, which is local to the
data link layer entity.
k) RC Retransmission counter
) (A-0) The codes used in the MDL-ERROR-INDICATION signals are defined in
TABLE 11I-1/Q.921 in Appendix II. When multiple codes are shown, only
one applies.
B.4 The use of queues

To enable a satisfactory representation of the data link layer
entity, conceptual queues for the UL frame and I frame transmission
have been explicitly brought out. These conceptual queues are finite but
unbounded and should in no way restrict the implementation of the
point-to-point procedures. Two additional signals have been provided in order
to cause the servicing of these queues to be initiated — UI frame queued
up and I frame queued up.

(1588)
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SDL representation

Note 1:

Note 2:

Note 3:

1
TEI

UNASSIGNED

COM XI-R 43-E

NOTE 1

DL
ESTABLISH
REQUEST

MDL
ASSIGN
INDICATION

3
ESTABLISH

AWAITING
TEI

NOTE 1 NOTE 2
DL MDL
UNIT DATA ASSIGN
REQUEST REQUEST
MDL SAVE
ASSIGN TET
INDICATION
UNIT DATA [
INTO TEI
UI QUEUE ASSIGNED
T1101230-86
X X%
UI FRAME
QUEUED UP | Note 3
2
ASSIGN
AWAITING
TEX
T1101230-38

The use of these events on the network side is for further study.

- This function may be implemented over a geographically distributed architecture,

- This primitive may occur on initialisation for fixed TEIs at the network side, or
as appropriate in order to correctly process a frame carrying s fixed TEL

Processing of UT frame queued up is described in Figure B-8/Q.021

FIGURE B-3/Q.921 (1 of 3)
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ASSIGN
AWALTING
TEI
1 1 1 ] |
DL DL ML MDL /
ESTABLISH UNIT DATA ASSIGN ERROR PEASLSTENT Qgéu;gAHE
REQUEST REQUEST REQUEST RESPONSE | ITFACTIVATICN, up
I l [ Note
I I~ R
UT QUEUE TEI ‘
b I 4 1 %

3

1 1

TEI TEI TEI

ASSIGNED

UNASSIGNED

UNASSIGNED

ESTABLISH UT FRAME
AWAITING QUEUED UP
TEI
Note
;)
ASSIGN
AWAITING
TEL

Note:

T1101240-86

FIGURE B-3/Q.921 (2 of 3)

Processing of UI frame queued up is described in Figure B-9/Q.921

ESTABLISH
AWAITING
TEI
1 T T —
oL HDL MDL
UNIT DATA ASSIGN ZRROR PERSISTENT “gu;“‘"ﬁy
REQUEST 8EQUEST RESPONSE DEACTIVATION QUEUED
] J AJ Note
DISCARD
s
U1 QUEUE ®EL ur Qu
ESTABLISH L DL
Qﬁﬁugg‘”ﬁp DATA RELEASE RELEASE
LINK INDICATION INDICATION

3

ESTABLISH

AWAITING
TEl

AWAITING
ESTABLISHMENT

Note:

Processing of Ul frame queued

1
TEI
UNASSIGNED

T1101250-86

FIGURE B-3/Q.921 (3 of 3)
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TEI
ASSIGNED
DL MDL F
DL-RELEASE ERSISTENT .
ESTABLISH REMOVE SABME - pISC
TBLI REQUEST M., crmmo<
1 1 1 1 | 1
ESTABLISH DL-RELEASE DISCARD DISCARD
DATA CONFIRM Ul QUEUE UL QUEUE: F=P F=P
LINK
[] y ¥
4 1 4
TEI TEI TEI TX DM
ASSIGNED UNASSIGNED ASSIGNLD
) No —oinTo .
l STASLES ASSIGNED
TX DM TXUA
. CLEAR
TE! EXCEPTION
ASSIGNED CONDITIONS
]
V(S| =0
V(A)=0
V{R} = 0
DL
ESTABLISH
[CATION
STOP T200
START T208
7
MULTIPLE
FRAME
TABLISHED T1101261-36

(1588)

FIGURE B-4/Q.921 (1 of 2)
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DL ERROR
INDICATION
(C,D)

4
TEI
ASSIGNED

4 ESTABLISH
TEIL DATA
ASSIGNED LINK

STABLISHMENY

T1101271-36

FIGURE B-4/Q.021 (2 of 2)
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5
AWAITING
STABLISHME

] NOTE NOTE l ] l
DISCARD DISCARD
DISCARD 1 AND Ul LAND Ul FmP
IQ QUEUES QUEUES
] 1 1
SET LAYER 3 DL-RELEASE
INTTIATED INDICATION @cxmoxv ™>Ua
1 ¥
5 3
AWAITING STOP T200 STOP T200 AWAITING
TABLISHMENT STABLISHME

1 4
TEI TEI
UNASSIGNED ASSIGNED

NOTE - Oaly possible in cases of Layer 2 initiated re-establishment.

T110128)-86

FIGURE B-5/Q.921 (1 of 3)
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AWAITING
TABLISHME

(DL-ERROR
INDIC(JIA)\)TION

5
AWAITING

STABLISHMENY

T1101291-86

FIGURE B-6/Q.921 (2 of 3)
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)
Awaiting
establishment
1 J{ “es |

Timer I frame DL-Data-
DM T200 queued up request

expuy

Note
No Yes Yes
Yes No No e
Discard RC=RC+1 Discard layer 3 Yes Put in
I queue P=1 I queue injtiated I queue
™~
DL-release- [ frame [ frame
indication TX SABME queued up queued up
5
Stop T200 Start T200 DL -release- Awaiting
indication establishment
4 5 5 4 5
TEI Awaiting Awaiting TEI Awaiting
assigned establishment establishment assigned establishment
. TI10130286

(1588)

NOTE: Only possible in cases of layer 2 initiated re-establishment.

FIGURE B-5/Q.921 (3 of 3)
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[]
AWAITING
RELEASE
MDL PERSISTENT
REMOVE DEACTIVA- SABME DISC UA
REQUEST TION
1 1 1 I
DISCARD DISCARD FuP Fep No
Ul QUEVE Ul QUEUE
| I
DL-RELEASE DL-RELEASE DL-RELEASE L-ERROR
CONFIRM CONFIRM TXDM > Q @B\)TION
¥
[}
STOP T200 STOP T200 AWAITING AWAITING STOP T200 AWAITING
RELEASE RELEASE RELEASE
y )
1 4 4
TEI TEI TEI
UNASSIGNED ASSIGNED ASSIGNED
T1101310-86

(1588)

FIGURE B-6/Q.821 (1 of 2)
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DM

No

Yes

6 L-ERROR
DL-RELEASE RC = RC+1
AWAITING INDICATION
G| (o) [oe | <&@
l —
DL-RELEASE
STOP T200 TX DISC CONFIRM
4 4
TEI - START T200 TE!
ASSIGNED ASSIGNED
6
AWAITING
RELEASE
T1101321-36

FIGURE B-8/Q.021 (2 of 2)
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1N 1 1 con
DL-RELEASE DL-DATA I FRAME
REQUEST REQUEST QUEUED UP
I 1 ]
DISCARD DISCARD PUT IN
1 QUEUE 1 QUEUE 1 QUEUE
i 1 1
ESTABLISH RC =0
DATA LINK Pl
| I
SET LAYER 3
INTTIATED TX DISC
K2 1
3
STOP T203
AWAITING P=0
ST e RESTART T200
)
TX1
AWAITING
e EASE COMMAND
T1101330-88 V() = VIS)+1
{
CLEAR
ACKNOWLEDGE
PENDING
@ Yes
No
STOP T208
START T200
l

Note - The regeneration of this signal does not affect the sequence
integrity of the I queue.

FIGURE B-7/Q.921 (1 of 10)
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TIMER
T200
EXPIRY

RC =0

|

—-

—

TRANSMIT
ENQUIRY

V(s )P-Vl(s)- 1

TX 1
COMMAND

V(S) =-V(S)+1

]

CLEAR
ACKNOWLEDGE
PENDING

[\

START T200

T

RC = RC+1

TIMER
RECOVERY

FIGURE B-7/Q.921 {2 of 10}

T%R L-REMOV! ERSISTENT
e REQUEST CTIVATIO
l t |
DISCARD DISCARD
Tm&w 1 AND UI 1 AND Ul
QUEUES QUEUES
! i I
RC =0 DL-RELEASE DL-RELEASE
INDICATION INDICATION
8
STOP T200 STOP T200
TIMER
REAER STOP T203 STOP T203
’ —
1 4
TEI TEI
UNASSIGNED ASSIGNED

T110134)-36
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7
MULTIFI E
FRAME
ABLISHED
SABME < pisc ¢ UA <
1 { ]
L-ERROR
FaP i INDICATION
D)
1 | ¥
MULTIPLE
TX UA F=P ULTIPL
STABLISHED
]
CLEAR
EXCEPTION
CONDITIONS

DL-ERROR
INDICATION
(F)

DISCARD
1 QUEUE

DL-RELEASE
INDICATION

STOP T200
STOP T203

TEI
ASSIGNED

L-ESTABVISH
INDICAT OON

p— —

T1101351-36

FIGURE B-7/Q.921 (3 of 10)
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DM
" No
L-ERROR L-ERROR
INDI((JA)TION INDICATION
E
ESTABLISH F=0
DATA LINK
]
CLEAR
TX RNR
LAYER 3
INTTIATED RESPONSE
CLEAR
ACKNOWLEDGE
PENDING

FIGURE B-7/Q.021 (4 of 10)

TXRR
RESPONSE

| cLEAR
| ACKNOWLEDGE
PENDING

L

Note - These signals are generated outside of this SDL representation, and
may be generated by the connection management entity.

* T101361-36
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CLEAR PEER

. Yes
ADL-ERROR
INDICATION
(&)
ENQUIRY
RESPONSE - l{.:EbéggIgSYE
{ B
1 2
] [

T1101370-86

FIGURE B-7/Q.921 (6 of 10}
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STOP T200
RESTART T203

<>

No

V{A)=N(R)

I

RESTART T200

J

N(R) ERROR
NI ” V{A) = N(R)
. ]
5
STOP T200
AWAITING
TABLISHMENY START T203
]
INVOKE
RE-
TRANSMISSION

FIGURE B-7/Q.921 (6 of 10)

T1101380-86
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RNR

SET PEER

ENQUIRY
RESPONSE

ESTABLISH
DATA LINK

L-ERROR
XNDI(?ATION

A)

VIa) = N) REGOVERY
T ¥
b
STOP T203
RESTARTT20 | kofupl AME

T1101390-86

FIGURE B-7/Q.921 (7 of 10}
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DISCARD
INFORMATION
V(R) = V(R}+1 IN’FDOI%(;AATION
l - Yes
CLEAR REJECT Fml
EXCEPTION
]
SET
DL-DATA
INDICATION EchEEJg'%N TXRER
I ].
CLEAR
F=P ACKNOWLEDGE
PENDING
F=P TXREI]
CKNOWLEDGE TXRR ACKN%WLEDGE
PENDING PENDING
1
SET CLEAR
ACKNOWLEDGE ACKNOWLEDGE
PENDING PENDING
I ]
4
3 T1101400-86

NOTE 1 =Processing of acknowledge pending is described on sheet 10 of this Figure B-7/Q.921.
NOTE 2 ~This SDL representation does not include the optional procedure in Appendix I.

FIGURE B-7/Q.921 (8 of 10)

0
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REQOVERY

]
AWAITING
STABLISHMEN

STOP T200 -
RESTART T203 V(A) = N(R)
RESTART T200

l

T1101411-36

FIGURE B-7/Q.821 (9 of 10)

(1588)



- 113 -
COM XI-R 43-E

-_
APKNOWLEDG
PENDING
A~
CLEAR
ACKNOWLEDGE
PENDING
1
F = 0
TXRR
- T1101421-36
FIGURE B-7/Q.621 (10 of 10)
-
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TIMER
RECOVERY
ESTRE-LISH DL-RELEASE DL-DATA I FRAME
REQUEST REQUEST REQUEST QUEUED UP
I i i
—
DISCARD DISCARD PUT IN
1 QUEUE I QUEUE I QUEVE
ESTABLISH RC=0 I FRAME
DATA LINK P=1 @EUED up
1 i
3
SET LAYER 3
TXDISC TIMER
RESTART
T200

FIGURE B-8/Q.921 {1 of §)
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L-REMOVH

ERSISTENT
REQUEST ACTIVATIO
)| L
DISCARD DISCARD
1 AND Ul LAND UL
QUEUES QUEUES
L-ERROR
DL-RELEASE DL-RELEASE
IND‘%‘TION INDICATION INDICATION
ESTABLISH
ESTABLISH STOP T200 STOP T200
CLEAR 1 1
LAYER 3 TEL TEI
INITIATED UNASSIGNED ASSIGNED
GET LAST 5
m&%&r TRANSMITTED AWAITING
1 FRAME STABLISHME
V(S) = V(S)1
Pl
TX I .
COMMAND T1101441-36
V(S) = V(S) +1
CLEAR
ACKNOWLEDGE
PENDING
i
START T200
RC = RC+1 l '
8
TIMER
RECOVERY

FIGURE B-8/Q.921 (2 of 9)




(1588)

8

= 116 —

COM XI-R 43-E

TIMER
RECOVERY
SABME DISC UA
IDL-ERROR
F=P ?‘SSEASQ INDICATION
(C. D)
I L
8
TX UA F=P TIMER
RECOVERY
CLEAR
EXCEPTION TX UA
CONDITIONS

D
INDICATION
{F)

DL-RELEASE
INDICATION

STOP T200
DISCARD 4
TEl
1 QUEUE ASSIGNED

L-ESTABLISH
INDICATION

STOP T200
START T203

T1101451-36

FIGURE B-8/Q.921 {3 of 9)
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TIMER
RECOVERY
SET OWN CLEAR OWN
DM RECEIVER
BUSY
Yes
No
DL-ERROR {DL-ERROR SET OWN
INDICATION INDICATION RECEIVER
(E) (B) BUSY
F=0 F=0
ESTABLISH TXRNR TXRR
DATA LINK RESPONSE , RESPONSE
CLEAR CLEAR CLEAR
LAYER 3 ACKNOWLEDGE ACKNOWLEDGE
INITIATED . PENDING PENDING
e |

T1101461-36

NOTE - These signals are generated outside of this SDU representation, and may be
generated by the connection management ~ntity.

FIGURE B-8/Q.921 (4 of 9)
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RR

REJ

le

fe-

CLEAR PEER

RECEIVER
BUSY

ENQUIRY
RESPONSE

Yes

V(A) = N(R)

]

STOP T200
START T203

TRANSMISSION

N(R)
V(8) = N(R) RS
RECOVERY
8 5
TIMER AWAITING
RECOVERY ESTABLISHMENT

FIGURE B-8/Q.921 (5 of 9)

MULTIPLE
FRAME

ESTABLISHED
T1101470-86
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8
TIMER
RECOVERY

L —

RNR : FRMR

i

SET PEER
RECEIVER
BUSY

ESTABLISH
DATA LINK
CLEAR
LAYER 3
INITIATED
Yes
ENQUIRY 5
v(a) = N(R) AWAITING
RESPONSE ESTABLISHMENT
S |
RESTART
T200
N(R) INVOKE
V(A) = N(R) ERROR RE-
RECOVERY TRANSMISSION

8 5 7
TIMER AWAITING MELTIPLE
RECOVERY ESTABLISHMENT RAME

ESTABLISHED

7110148086

FIGURE B-8/Q.921 (6 of 9)
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8

TIMER
RECOVERY

COMMAND

OWN

Yes
RECEIVER
BUSY
No DISCARD
INFORMATION
V(R) = V(R)+1 DISCARD
INFORMATION
CLEAR
No
REJECT
EXCEPTION NOTE 2
SET
REJECT
EXCEPTION
F=P F=1
TX . X
ACKNOWLEDGE X
PENDING RR REJ RNR
J NOTE 1 ’ ]
SET CLEAR CLEAR CLEAR
ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
PENDING PENDING PENDING PENDING
T 2 ¥ 7
T1101480—-86
4
8

NOTE 1 - Processing of Acknowledge Pending is described on sheet 9 of this figure B-8/Q.921.
NOTE 2 - This SDL representation does not include the optionai procedure in Appendix |

FIGURE B-8/Q.921 (7 of 9)
{1588) "
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8
TIMER
RECOVERY

—

1211

CKNOWLEDG,
PENDING

NOWLED No
PENDING

>

Vi) No Yes
< N(R) < CLEAR 8
Yis) ACKNOWLEDGE TIMER
Yes PENDING RECOVERY
N(R) ERROR [
V(A) = N(R) RECOVERY
, F=0
) ¥ '
8 5 I
TIMER AWAITING
RECOVERY STABLISHME TXRR
8 \ .
TIMER T1101501-86
RECOVERY
FIGURE B-8/Q.921 (8 of 9) 7

FIGURE B-8/Q.921 (8 of 9)
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l 1

DL
UI FRAME ur
URI‘;:‘E&QSTTA QUEUED UP COMMAND <
] ] {
REMOVE Ul DL
T QUBUE FRAME FROM UNIT DATA
QUEUE ICATION
[ " 1 ¥
TX U
NOTE 2 COMMAND
NOTE 2

T1101511-86

NOTE 1 - The relevant states are as follows:

4 TEI-assigned

6 Awaiting-establishment
6 Awaiting-release

7 Multiple-{rame-established
8 Timer-recovery

NOTE 2 - The data link layer returns to the state it was in
prior to the events shown.

FIGURE B-9/Q.921 {1 of 5)
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RELEVANT
STATES
(NOTE)

e

|

NTR INFO NOT INCORRECT I FRAME
C%ELDOL PERMITTED LENGTH TOC LONG
ERROR(W) A4}

{ ] - 1B ]
INDICATION
(L,M,N,0)
ESTABLISH
DATA LINK
]
CLEAR
T1101521-86
NOTE - The relevant states are as follows:

7 Multiple-frame-established
8 Timer-recovery

FIGURE B-9/Q.921 (2 of 5)

l |

|

CONTROL INFO NOT INCORRECT 1 FRAME
ELD PERMITTED LENGTH TOO LONG
ERROR(W) x %9
| J

L-ERROR
INDICATION
(LM, N, 0)

NOTE 1 - The relevant states are as {ollows:

4 TEI-assigned
5 Awaiting-establishment
6 Awaiting-release

NOTE 2 - The data link layer returns to the state it was in

prior to the events shown.

FIGURE B-8/Q.921 (3 of 5)
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CLEAR
R) ERRQR TABLISH RANSMIT
EKCEPTION i

éOVERY TA LINK CONDITIONS NQUIR

L-ERROR CLEAR CLEAR PEER
INDICATION EXCEPTION RECEIVER P=1

It} CONDITIONS BUSY

ESTABLISH RC =0 RCELJ%Ac?r
DATA LINK P=1 EXCEPTION

CLEAR CLEAR OWN

LAYER 3 TX SABME RECEIVER com ch RNR
INITIATED BUSY
I i !
CLEAR !
RS AR T 2200 ACKNOWLEDGE
PENDING
CLEAR
ACKNCWLEDGE
PENDING
T T1101530-86
START T200

FIGURE B-9/Q.921 {4 of 5)
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ENQUIRY
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L3

F=1

TXRR
RESPONSE
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TX RNR
RESPONSE

CLEAR
ACKNOWLEDGE
PENDING

INVOKE
SMISS{O

i

——<(‘.~')=N(R)

Yes

V(S) = V(S)- 1

i
st
—

NOTE

BACI{ TRACK
Al.ONG
1 QUEUE

]

T11015640-88

NOTE - The generation of the correct number of signals in order to cause the required
retransmission of I frames does not alter their sequ :uce integrity.

FIGURE B-9/Q.921 (5 of 6}
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vi) state variables

vii) P/F bit setting

viii) discarding contents of queues.

Key to the state transition table

Definition of a cell of the state transition table

EVENT

STATE

ACTIONS X detines the transition to the next state

X empty indicates "remain in the current state”

Key to the contents of a cell

/

V(S)=V(A)=N(R)

Timer T200

TX ACK

"DISCARD"

(A-0)

Impossible by the definition .f the data link layer service.

Impossible by the definition of the peer-to-peer data link
procedures.

No action, no state change.

Collective term for the two actions V(S)=N(R) and
V(A)=N(R).

Start timer T200 if not already running.

The acknowledgement of the received I frame may be conveyed
by an I frame associated with the information flow in the
opposite direction or a supervisory response frame, as
appropriate.

Indicates the discarding of the information contained in
the information field of the 1 frame. .

The codes used in MDL-ERROR-INDICATION signals are defined
in Table 1I1-1/Q.921 in Appendix II. When multiple codes are
shown, only one applies.

(
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Theaotion 1 _ L _ L. 1dicates

Note — In general, this state transition table does not prevent
an implementation from using N(R) to acknowledge more than one I frame.

(1588)
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TABLE D-1/Q.921 (1 of 10)

State transition table: receiving primitive

Note - The transmitter condition ®"pending release® may occur only
of layer 2 initiated re-e¢stablishment.

lis Cades

BASIC STATR L3 ASSIGN ESTABLISH TRI AWAITING AWALTING
UNASSIGNED AWAITING AWAITING ASSIGNED ESTABLISHMENT RELEASE
TEL TEX
TRANSMITTER CONDITION Establish Re-establish Pending release
See Note ~--==--===~r-mmnuend
RECEIVER CONDITION
STATE NUMBER 1 2 3 4 5.0 5.1 5.2 6
MDL~ASS- 10N AC=0
3 TX SABME D=1 1 DISC. 1 QUEUE X 1
DL-ESTABLISH-REQUEST START T200
3 3 5.0 5.0
Dl RELEASE-~ REQUEST ¥ 1 1 DL~REL~CONF 3 1 1
5.2
DL-DATA-REQUEST 1 1 ’ 1 I DATA INTO 1 I
1_QUEUE
T PRAME IN QUEUE 1 1 ] 1 1 LEAVE I FRAME | T
v(S)AV(A)+k IN QUEUE
T FRAME IN QUEUE e
V(S)=V{A) ¢k 1 1 1 I 1 | I
WDL~A55-IND UNIT DATA ' ) |
DL-UNIT DATA~REQUEST UNIT DATA INTO UL QUEUE , i |
INTO UI QUEUE { {
2 ! . N ! !
U1 FRANE IN QUEUR i LEAVE UI PRAME [ ™ UL P=0 ' ; ] |
IN QUEUE | !
' 1 | 1
STORE TRI STORE TEI
VALUE RC=0 1 b 1 1 I
MDL~ASSIGN~-REQUEST TX SABME pwi
START T200
4 5.0
DL-REL- IND DL~ REL-IND DL-REL-CONF DL-REL-CONF
1 1 1 DISC. UI QUEUVE| DISC. UI QUEVE | DISC. I and UI | DISC. I and UI | DISC. UT QUEUE
MDL~REMOVE=- REQUEST STOP T200 QUEUES QUEUES STOP T200
STOP T200 STOP T200
1 1 1 1
DISC. Ul QUEUE | OL-REL-IND
MDL~ENWR~RESPONSE 1 DISC. UL QUEUR X 1 I 1 I
1 1
DL-HREL-IND DL~REL-IND DL-REL-IND DI.“REL-CONF T oLswr e T
PERSISTENT DEACTIVATION - DISC. Ul QUEUE 0ISC. Ul QUEUE DISC. UL QUEUE D15C. UI {UEUE D1SC. 1 and Ul HLISC. 1 and UI DISU. L ')EI)E
STOP T200 QUEUES QUEUES Stor Poou
STOP 1200 5TOP T200
1 1 4 4 . a N

d-£h ¥-IX WOD

— 0ttt —
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TABLE D-1/Q.921 (2 of 10)

State transition table: receiving unnumbered frame with correct format

L

[ —

BASIC STATE TEL ASSIGN ESTABLISH TEI AWAITING AWAITING
. UNASSIGNED AWAITING AMAITING ASSIGNED ESTABLISHMENT RELEASE
TR ™1
TRANSMITTER CONDITION Establish Re-establish Panding release
RECEIVER CONDITION
STATE MNUMBER 1 2 3 4 5.0 S.1 5.2 6
DL~RST-IND ] I
SABME P=1 V(B,R,A)=0 ( |
ABLE TO ENTER STATE 7.0 / / / TX UR =1 TX UA P=1 TX DM P=1
START T203 | |
7.0 | '
SABME P=) / / / TX DM Pl / / / /
UNABLE 70 ENTER STATE 7.9
)
DL~EST-IND | .
V(S,R,A)=0 | .
SABME Land / / / TX UA F=0 TX UA F=0 | TX OM P=0
ABLE TO ENTER STATE 7.0 START 7201 ‘ :
7.0
SABME P=0 / / / TX DM P=0 / l / ] / /
UNABLE TO ENTER STATE 7.0
D18C 1 / / / TX DM P=i TX DM Pw1i ' ' TX_UA P=1
pIsc =0 / / / TX DM Pw0 TX DM _P=0 ' ' TX_UA_FP=0
MDL-ERR-IND(C) | V(S,R,A)=0 v (8,R,A)=0 DISC I QUEUE
DL~EST-CONP STOP T200 RC=0 DL~REL~CONP
ua r~1 / / / STOP T200 START T203 TX OISC P=1 STOP T200
V(8) = V(A) START T203 RESTART T200
- — e e b a0 7 —_——— s 1 . .
DISC I QUEUE
V(8,R,A)=0
UA P=1 / / / DL~EST-IND
V(S) # V(A) STOP T200
START T203
7.0
UA F=0 7 7 7 MDL~ERR-IND(D) 1 ] l
DL~ REL~ IND DL~REL-IND DL~REL-CONF DL~REL~CONF
o -1 / / / - STOP T200 DISC I QURUE | pIsc I QUEUE | sToe T200
groP T200 STOP T200
4 4 [
oM r=0 RC=0
ABLE TO ENTER STATE 7.0 TX SABME P=1
/ / / START T200 - - - -
5.1
DM F=0
UNABLE 10 ENTER STATE 7.0 yi / / - / / / /
UI  command 7 V4 7 DL-UNIT | ' v 1
OATA~IND ' i 1 N

\\M L
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TABLE D-1/Q.921 (3 of 10)

State transition table: receiving FRMR unnumbered frame with correct format

™=I1

ASSIGH

ESTABLISH

T™®I

rejecting FRMR

BASIC STATE AMAITING AWAITING
UNASSIGNED AMAITING AWAITING ABSIGNED ESTABLISHMENT RELEASR
TEL =1
TRANSMITTER CONDITION Establish Re-establish | Pending release
RECEIVER CORDITION
STATE NUMBER 1 2 3 4 $.0 S.1 5.2 6
FRMR response / / / / - - - /
|__rejecting sAmnE
FRMR rssponse / / / / / / / -
rejecring DISC
——
FRMR reaponse / / / - - - - -
rejecting UA
FRMR response V4 / / - - - = =
rejecting DM
FRMR response
rejecting 1 cosmand / / / / - - - -
FRMR response
rejecting B trame / / / / - - - -
FRMR responsse / / / / / / / /

F-En ¥-IX WOD
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TABLE D-1/Q.921 (4 of 10)

State transition table: receiving RR supervisory frame with correct format

BASIC STATE TEI ASSIGN ESTABLISH TEL AMAITING AWALITING

UNASSIGNED AWAITING AWAITING ASSIGNED ESTABLISHMENT RELEASE
TEI TEI

TRANSMITTER CONDITION Establish Re~-establiah Pending release

RECEIVER CONDITION

STATE NUMBER 1 2 3 4 5.0 5.1 5.2 6

RR command P=y / / / - - - - -

RR command P=0 7/ / / - - - - -

RR response F=(Q / / / - - - - -

RR response P=1 / / / - - - - -

9-£8 ¥-IX WOD
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TABLE D-1/Q.921 (5 of 10)

State transition table: receiving REJ supervisory frame with correct format

BASIC STATE TEI ASSIGN ESTABLISH T8I AWAITING AWAITING

UNASSIGNED AWAITING AWALITING ASSIGNED ESTABLISHMENT RELEASE
TEX TEL

TRANSMITTER CONDITION Establish Re-establish | Pending release

RECEIVER CONDITION

STATE NUMBER 1 2 3 4 5.0 5.1 5.2 '3

REJ command  P=1 / / / - - - - -

REJ command P=0 / / / - - - - -

REJ response P=0 / / / - - - - -

REJ response Fe=1 / / / - - - - -

3-Eh ¥-IX WOD
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TABLE D-1/Q.921 (6 of 10)

State transition table: Receiving RNR supervisory frame with correct format

\

BASIC STATE TRI ABSIGN ESTABLISH Tl ANAITING AWAITING

UNASSIGNED AWAITING AWAITING ASSIGNED ESTABLISHMENT RELEASE
™I TEX

TRANSMITTER CONDITION Establish Re-eatablish Pending release

RECEIVER CONDITION

STATE NUMBER 1 2 3 4 5.0 5.1 5.2 6

RNR command  P=t / / / - - - - -

RNR cosmand P=0 / / / - - - - -

RNR response F=0 / 7/ / - - - - -

RNR response F=1 V4 Y4 / - - - - -

q-¢h ¥-IX WOD
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TABLE D-1/Q.921 (7 of 10)

State transition table: receiving I command frame with correct format acknowledging all outstanding
I frames or containing an N(R) which satisfies V(A) < N(R) < V(S)

BASIC STATE TEL ASSIGN ESTABLISH TEY AWAITING AWAITING

UNASS IGNED AWAITING AWAITING ASSIGNED ESTABLISHMENT RELEASE
TEIL TEI

TRANSMITTER OONDITION Establish Re-establish | Pending releane

RECEIVER CONDITION -

STATE NUMBER 1 2 3 4 5.0 5.9 5.2 6

I command P=1 N

N{S) = V(R) / / / - - - - -

N{R) = V(S)

1 command P=0 *

N(S) = V(R) / / / - - - - -

N(R) = V(S)

1 comsand P=1

R(S) ¢ V(R) / / / - - - - -

N{R) = V(S)

I command P=0

H(5) ¢ V{R) / / / - - - - -

N{R)} = V(S)

1 command P=i

N{S) = V(R) / / / - - - - -

VIAYN(RICV(S)

1 coamand P=0

N(S)} = V(R) / / / - - - - -

v(A}N(R)Lv(S)

I command Pt

N(S) # V(R) / / / - - - - -

VIAKNIRICY(S)

1 command g

it{s) # V(R) / / / - - - - -

VIAIKN(RILV(S)

3~Eh ¥-IX WOD
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TABLE D-1/Q.921 (8 of 10)

State transition table: receiving I command frame with correct format containing an N(R)

which satisfies V(A) = N(R) < V(8), or an N(R) error

N(R) error

BASIC STATE Tl ASSIGN ESTABLISH ™I AWALTING AWAITING

UNASSIGNED AWAITING AWAITING ASSIGNED ESTABLISHMENT RELEASE
TEL TEL

TRANSHMITTER CONDITION Establieh Re-establish | Pending release

RECEIVER CONDITION

STATE NUMBER 1 2 3 4 5.0 S.1 5.2 6

1 ocommand P=1

N(S) = V(R) / / / - - - - -

V(R)=N(R}4V(5)

I command P=0

N(S) = V{(R) / / / - - - - -

VA =N(R)Kv(5)

I command P=1

N(S) ¥ V(R} / / / - - - - -

vin)=N{R)Ev(SE)

I command P=0

N(S) ¥ V(R) / / / - - - - -

via)=N{R)dv(s)

I cosmand Pt

N(S) = V(R) / / / - - - - -

N{R) error

I cosmand P=0

N(S} = V(R} / / / - - - - -

N{R) error

1 cosmand P=)

N(S) 7 V(R) / / / - - - - -

N{R} error

I comaand P=0 .

N(S) 4k V(R) / / / - - - - -

q-En 4-IX WOD
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TABLE D-1/Q.921 (9 of 10)

State transition table: Internal events (expiry of timers, receiver busy condition)

BASIC STATR %I ASSIGN ESTABLISH T®I AWALTING AWAITING
UNASSIGNED AWAITING AWAITING ASBIGNED RSTABLISHMENT RELEASE
TEL TEX
TRANSMITTER CONDITION Establish Re-establish | Pending release
RECEIVER CONDITION
STATE NUMBER 1 2 3 ] 5.0 5.1 5.2 6
I t
|
! I
RC=RC+ | 1 . RC=RC+1
] T200 TIME-OUT / / / 4 TX SABME P=1 | TX DLSC P=1
L rC <N200 START 7200 ' | START T200
3 |
|
! I
)
|
. pISC I QUEUE DISC I QUEUE
S T200 TIME-OUT / / / / DOL—REL~IND DL~REL~ IND DL~REL~CONF OL~REL-CONP
,/_/ RC = N200 MDL-ERR-IND{G) | MDL~-ERR-IND(G) | MDL-ERR-IND{G) | MDL-ERR-IND{H)
4 ] ] [}
J/
\
T203 TIME~OUT / / / / / / / /
SET / / -/ / / / / /
OWN RECEIVER BUSY (Note)
CLEAR / / / / / / / /
OWN RECEIVER BUSY (Note)

Note -- These signals are generated outside the procedures specified in this state transition table,
and may be generated by the connection management entity.

d-Eh ¥-IX WOD
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TABLE D-1/Q.921 (10 of 10)

State transition table: Receiving frame with incorrect format or frame not implemented -
Wi iC SUATE TEL ASSIGN ESTABLISH TEIL AWAITING AWALTING
UNASSIGHED AWAITING AWAITING ASSIGNED ESTABLISHMENT RELEASE
TEL TEI
PHAUSIUPTER CONDITION Establish Re-estahlish Pending release
KL E1VER CONDITION
SiAlL NUMBER 1 2 i ] 4 5.0 5.1 5.2 6
| | I l
SALHE incorrect length / / / MDL-ERR~IND(N) | | |
| { | |
__._.._._L_____:..___.__*.._.___.;____._
| l |
D15C incorrect length / / / I |
| l S |
—_—— - — - — e e e e . — = — - — — o
| 1 | %
UA  incorrect length / / / ! | | | ve |
A —_— | e = — — — [OUe—" — e e— = —
- T T + -1 1 [JEVN
' ! | | N\
DM incorrect length / / / | ! = |
_._._.___l_......__...|.______.L____.._l_._.-—__q U;)
| I | ] 52
FRUR incorrect length / / / | I | |
R S S N S
Supurvisory frame I I I l
Hit, REJ, RNR / / / I
rncorrect length N | L |
1
| ' ! !
| |
| |
WTAAMNY s canamna . . O 1 1
Neoul cllos / / / MDL-ERR-IND{O) | ' l i
| | {
L ! ' !
. | | I }
Undefined i
/ / / MDL~ERR-IND(L) | | |
command | |
?
and response frames ) 1 1
- | | | i
T ) | I
I field not - p , , . ml | | |
. : MDL-ERR-IND
permtted ™ ' | !
L i | I
. 1 | ]
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TABLE D-2/Q.921 (1 of 10)

State transition table: receiving primitive

BASIC STATE

MULTIPLE PRAME ESTABLISHED

Bazszamsmma

MDL-ERROR-RESPONSE

PERSISTENT DEACTIVATION

TRANSMITTER CONDITION NORMAL NORMAL NORMAL NOAMAL PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY PLLKR REC. BUSY
- DRSNS IR SO SO S SRR SRR SRR e .
RECEIVER CONDITION NORMAL REJ RECOVERY | OWN REC. BUSY | REJandown REC busy NORMAL REJ RECOVERY BUSY | REJ and own REC bury
STATE NUMDER 1.0 7.1 1.2 7.3 7.4 1.5 2.7
pisc 1 queve | | \ | . ) |
RC=0 1 '
DL~ESTABLISH-REQUEST T SABME Pe1 | t [ | I
STOP T203 | i | ' \
RESTART T200 | | i ) { | ]
5.0
BISC 1 QUEUE | 1 — i 1 T
RC=0 | l . | |
DL-RELEASE~REQUEST TX DISC Pw=1 ) { \ | 1
STOP T20) i i | | I
RESTART 1200 | |
6 | | | ! .
' g
DL-DATA—HEQUEST ?gmme i | | . | |
TX I P=0 ] T Al LEAVE I FRAME : ]
I FRAME IN QUEUE V(S)=V({S)+} | | | IN QUEUE . 1
vis){via)rk STOP T203 i
TIMER T200 4 | ) 4 i
I FRAME IN QUEUE LEAVE I FRAME ! ) I [ i ; |
V(5)=V(A)+k IN QUEUE 1 1
v | ] f ] [ |
DL-UNIT DATA~REQUEST UNIT DATA i ) X
INTO UI QUEUX | | 1 '
| 1 + 4 |
Ul FRAME IN (UEUE T UT 2=0 N | | ; l
| |
T
| I | | ! '
MDL-ASSIGN-REQUEST b i I :
I | I ! | X |
.
DL-REL- IND ) | 1 \ l |
DISC 1 and UL )
MDL~REMOVE-REQUEST QUEUES | 1 | ! |
STOP T200 | l i
STOP T203 i | | | |
\ | } —
T i t d
1 | f
ol 1
¥ T
{ \ I
! {
| i
1 1

i
)|
DL~REL- IND M
DISC 1 and w1 |
QUEUES '
STOP ‘T200
STOP T20) |
1

L e — ] - —
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TABLE D-2/Q.921 (2 of 10)

State transition table: receiving unnumbered frame with correct format

BASIC STATE

MULTIPLE FRAME ESTABLISHED

TRANSHITTER CONDITION NORMA.. NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. BUSY PEER REC, BUSY PEEK wC. BUSY
RECEIVER CONDITION NORMAL REJ RECQVERY OWN REC. BUSY REJ snd own REC busy NORMAL REJ RECOVERY OWN REC. BUSY | REJand own REC busy
STATE NUMBER 7.0 11 7.2 7.3 7.4 7.5 7.6 1.2

MDL-ERR-IND(F)

MDL-ERR-IND(?) |

SADBME p=1 v(sS,R,A}=0 V(8,R,A)=0 | |
V(S) = V(A) TX UA Pwt ™ UA P=) | ! | | |
STOP T200 8TOP T200 | | | |
START 1203 START T203 | | |
7.0 i i |
DL-EST-IND DL-EST-IND ¥ T 1
MDL-ERR-IND(P) | MDL-ERR-IND(F) | i ! | |
DISC 1 QUEUE DISC I QUEUE | | |
SABME P V(S,R,A)=0 V{8,R,A)=0 I ! !
V{S) * V(A) ™ UA P=1 ™ WA P=1 | i | | |
STOP 7200 STOP 1200 |
START T203 START T203 | | [ f | {
7.0 . s
HOL-ERR-IND(F) | WDL-ERR-IND(F) | T ) ' I T
SABME P=0 V{S,R,A)=0 V{S,R,A}=0 | |
V(5) = V(A) TX UA Pm0 TX UA PO | | | : 1 |
STOP T200 STOP T200 i | | |
START T203 START T203 i | ]
) 7.0 1 + 4
DL-EST-IND DL~EST-IND ! ¥ LI 1 v ¥
MDL~ERR-IND(¥) | MDL~ERR-IND(F) | | | 1 |
DISC I QUEVE | DISC. 1 QUEUE |
SABME P=0 V(S,R,A)=0 V{8,R,A)=0 ! | { (. i
Vi{S) ¢ V{A) ™ UL P=0 X UA P=0 | 0
STOP T200 STOP T200 i | | ] |
START T203 START 7203 ! !
7.0} \ | 1 |
DL~ REL-IND 1 N i i !
OISC I QUEVE | | | | 1
pisc p=1 TX UA P=1 i I | { ,
STOP T200, T203 | {
4 N i 1 | +
DL~REL- IND \ A | ) |
DISC I QUEVE | J i {
LISC p=0 TX UA P=0 \ | | | I
STOP T200, T203, t 1 I ' I
i i 1 L 1 1 1

q-Ef ¥-TX WOD
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TABLE D-2/Q.921 (2 of 10 cont'd)

State transition table: receiving unnumbered frame with correct format

MULTIPLE FRAME KSTABLISHED

TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY| PEER BEC. BUSY | PEER REC. BUSY
RET and own REJ and own ™~
NOI REJ RECOVERY | OWN REC. BUSY NORMAL RLJ RECOVERY | owM mEC.
RECEIVER CONDITION RMAL REC busy nec. wosy | pros _
STATE NUMBER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7
! I
|
uA o roL-eRR-1ND{C) | I ! | { {
[ . I , I { !
o =0 HOL-ERR-IND(D) | Al | ) 1 ] M
om Pt MDL~-ERR-IND(B) | | i
| i | | | I
L .
MDL~ERR-IND(E) | i ] WOL-ERR-IWD(E) | i t
RC = 0 | RC =0 I
oH F=0 TX SABME P=1 | ) | T SABME Pe1 | !
STOP T203 | | RESTART T200 | |
RESTART T200 | |
5.1 | ) 5.1 \ \
UL cossand DL-UNIT | I . I I T~ - I
DATA-IND 1 1 ] 1 { 1 -t

d-E4 ¥-IX WOD
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TABLE D-2/Q.921 (3 of 10)

State transition table: receiving FRMR unnumbered frame with correct format

BASIC STATE

MULTIPLE FRAME ESTABLISHED

TRANSMI'TTER CONUITION NORMAL NORMAL NORMAL NORMAL PEER REC BUSY | PEER REC BUSY| PEER REC BUSY| PEER REC BUSY
J OISR JORPRUI OIS SR, IS TS EEUIOUI NS SN SIS NS, 4
RECEIVER CONDITION NORMAL REJ RECOVERY OWN REC BUSY REJ and own NORMAL REJ RECOVERY WN REC  BUSY REJ and own

REC busy REC busy = _J
STATE NUMBER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7
FRHR response / / / / / / / /
rejecting SABME
FRMR response / / / / / / / /
rejecting DISC
MDL~ERR-IND(X) | ' MDL~ERR-IND(K) { i \
. RC = 0 } | RC = 0 |
FRMR response TX SABME P=1 § | TX SABME P=1 | |
rejecting UA STOP T203 ! \ | RESTART T200 ! i
RESTART T200
5.1 | i ] 5.1 | | ]
FRMR response 7 / l 7/ 7 [ Vi l / l /
rejecting DM -
HDL~ERR~IND(K) I . 1 MDL-ERR-IND{X) ) )
FRMR response RC = 0 RC =0 I
rejecting I comhand TX SABME Pm1 | { i TX SABME P=1 | |
STOP T203 | i i RESTART 1200 | |
RESTART T200 | §
. | .
S S AU N NS U
t " r 1 1 '
PRMR rsaponse H | | 4 H i
rejecting 8 frame | | 1 !
| '
I | 1 | t |
| ' | | i {
FRMR response / / / / / / / /

rejecting FRMR

q-£4 ¥Y-IX WOD
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TABLE D-2/Q.921 (4 of 10)

State transition table: receiving RR supervisory frame with cortect format

pr=3 amas

BASIC STATE

MULTIPLE FRAME

ESTABLISHED

RR response

Fu=i

v(a) € w(r) € v(s)

.-——-__.'.—__

|

e

—_— e

——— e
TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC BUSY PEER REC BUSY PEER REC BUSY PEER REC BUSY
““““ REJ and own “REVand
RECEIVER CONDITION NORMAL REJ RECOVERY | OWN REC BUSY NORMAL REJ RECOVERY | OWN REC. BUSY and own
REC busy . REC busy N
STATE NUMBER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7
TX RR P=i ' ™ RIR Pl TX RR P=1 ™ RR Pei TX RNR P=1 TX RNR F=1
RR command P=1 STOP T200 | sTOP T200 | STOP T200 STOP T200 STOP T200 STOP T200
N(R)=V(S) RESTART T203 RESTART 1203 | START T20) START T203 START T203 START T203
V(A)=N(R) t V(A)=N{R) V(A)=N(R) V(A)=N(R) V(A)=N(R) V(A}=N(R)
L { 7.0 7.1 7.2 2.3
STOP T200 ' STOP T200 STOP 1200 STOP T200 STOP T200
RR command  P=0 RESTART 1203 | | | START T20) START T203 START T203 START 1203
N{R)=V(S) V(A)=N(R) V(A)=N(R) V(A)=N(R) V(A)=N(R) V{A)=N(R)
' SR R OO P A JO g U S = O P 5
|
RR response ¥=0 i :
N(R)=V(S) { |
T MDL-ERR-IRD(A) | 1 T MOL-ERR-IND(A) | MDL-ERR-IND(A) | MDL-ERR-IND(A)} | MDL-ERR-IND{A)
RR response P=1 STOP T200 i STOP T200 STOP T200 STOP T200 STOP T200
R(R)=V(S) ResTART 1203 | i START 1203 START 1203 START T203 START T203
ViA)=H(R) | | | V(R)=N(R) V(A)=N(R) V(A)=N(R) V(A)=N(R)
7.0 7.1 7.2 7.3
RR cosmand  Pe1 TTX KR P=1 | TX MR Pl I TX RR P=1 TX KR P=1 TX MR Pl TX RNR P=1
v(a) € ner) € vs) RESTART T200 RESTART 7200 RESTART 7200 RESTART T200 RESTART 7200 RESTART T200
V(A)=N(R) X V(A)=N(R) | V(A)=N(R) V(A)=M(R) V(A)=N(R) V(A)=N(R)
N 7.0 7.1 7.2 7.3
RR command  P=0 RESTART T200 | ' RESTART T200 RESTART T200 RESTART 7200 RESTART T200
via) € wRr) € v(s) V{A)=N(R) 1 i v(u-u(ll; o vu)-u(n_)’ , vun-u(n; , V(M-N(n; ,

I
i
]
| { )
MDL-ERR-IND(A) l 4 MDL-ERR-IND(A) MDL~ERR-IND{A) MDL-ERR-IND(A) MDL~ERR-~-IND{A)
RR response P=1 RESTART 1T200 | ] KESTART T200 RESTART T200 RESTART T200 RESTART T200
via) € ner) € vis) V(A)=N(R) | J i V(A)=H(R) V{(A)=N(R) V{A)=N{R) V(A)=N(R)
- ] [}
A 1 | 7.0 7.1 7.2 7.3

3-Eh ¥-TIX WOD
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TABLE D-2/Q.921 (4 of 10 cont’d)

State transition table: receiving RR supervisory frame with correct format

BASIC STATE

MULTIPLE PRAME ESTABLISHED

TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC BUSY| PEER REC. BUSY | PEER REC BUSY| PEER REC BUSY
RECEIVER CONDITION NORMAL REJ Recovery | own sec. susy | REJ and own NORMAL ReJ mecovery | own rec susy | REJ and own
REC busy REC busy .
STATE NUMBER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7
! I
RR command  P=i TX RR Pe1 | X MR Pe1 T RR P=1 ™ RR P=1 ™ MR P=1 TX RNR P=1
v (A) = N(R) € v(s) ! !
' | N 7.0 7.1 7.2 7.3
RR command P=0
v (A) = N(R) € v(s) - - - -
___ _1.0 70 | 7.2 1.3 _
RR response P=0 - B - - - == - -
v {A) = N(R) € v(S) - - - -
RR responge ¥wi i | |
vV (A) = N(R} € (5} MOL~ERR-IND(A) , | ! WOL-ERR-IND(A) | MOL-zRR-IND(A) | rOL-ERR-IND(A) | MOL-ERR-IND(A)
! ! 1 7.0 7o 7.2 7.3
RR command  P=1 TX RR Pt T TX ANR P=1 T™ RR P=1 W RBR =1
N(R} error MOL~ERR~IND(J) | roL-grr-1N0(J) | WOL-ERR-IND(J) | L~ ERR-IND(J) |
RC = 0 RC =0 BC -0 i =0
TX SABME P=1 ) TX SABME P=1 TX SABME P=1 | ™ aang Pt |
STOP T203 STOP T203 l RESTART T200 | , RESTART T200 |
RESTART T200 | RESTART T200 |
5.1 5.1 | 5.1 ! 5.1
RR command  P=0 MDL-ERR-IND{J} 4 ! MDL-ERR-IND(J)} T 1 1
N(R)} error =0 ] RC = 0 i
TK SABME Pe1 | TX SABME P=1 | |
STOP T203 | RESTART 7200 | {
RESTART T200 | ! | | | i
—_—— A —_—— e e — = —_-—— i
RR res; mse F=0 [ 1 - N
N({R) error | ' | : | (
| l i | l i
] ! I i ’ {
RR response F=1 MDL~ERR-IND(A) | ! ( MDL-ERR-IND{A) | | ]
N(R} error MDL~ERR-IND{J) 1 MDL-ERR-IND(J) 1 |
RC =~ 0 i . ! K =0 ! ,
TX SABME P=1 | TX SABME P=1 | !
STOP 1203 ! ) RESTART T200 | ) !
RESTART T200 | i | . | ]
5.1 1 1 1 S.1 L 1 1

9-E H-TIX WOD
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A .as-iBasARITSBIAIAS samum

BASIC STATE

TABLE D-2/Q.921 (5 of 10)

State transition table: receiving REJ supervisory frame with correct format

MULTIPLE FRAME ESTABLISHED

NORMAL NORMAL NORMAL PEER REC BUSY | PEER REC. BUsy | PEER mEC BUSY| PpEER REC BUSY
RECEIVER CONDITION REJ RECOVERY OWN REC BUSY REJ and own NORMAL REJ RECOVERY OWN REC BUSY REJ and own
REC busy REC busy —
STATE WUMBER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7
TX RR F=1 I TX RIR F=1 | TX RR F=1 TX RR P=1 TX RNR P=t TX RNR £=1
REJ command P=1 V{A)=N(R) V{A}=N(R) ' | V{AR)=N(R} V{A)=R(R) V(A)=N(R) V(A)=N(R)
N(R)=V{S} STOP T200 1 STOP T200 STOP T200 STOP T200 STOP T200 STOP T200
(Note) RESTART T20) RESTART T203 | START T201 START T203 START T203 START T203
1 N 7.0 7.1 7.2 7,3
REJ command  P=0 V{A)=N[R) I N V{A)=*R[R) V{A}=N{R) V{A)=N{R) VIA}=R{R)
N{R)=V(S) STOP T200 | | STOP T200 STOP T200 STOP T200 STOP T200
(Note) RESTART T203 | | START T203 START T203 START T203 START T203
7.0 7.1 7.2 7.3
— - - —— T— — - — T —_—— m— e — — — f— e —— [ T — - —_—— - e
REJ response F=0 i I
N(R)=V(S) | i
{Note) ]
MDL-ERR-IND(A} I T MDL-ERR-IND(A) | MDL~ERR-IND{A)] MDL-ERR-IND{A) | MDL-ERR-IND(A)
REJ response F=) V{A)=N{R} i V{A)=N{R) V{A)=R(R) VIA)=N(R)} VEA)=N{R)
H{R)=V{S) STOP T200 | ! | STOP T200 S$TOP T200 STOP 1200 STOP T200
{Note} KESTART T203 . | START T203 START 1203 START T201 START T203
7.0 7.1 7.2 7.3
TX RR Pl | TX RNR P=1 i TX RR P=1 TX RR P=1 TX RNR P=1 TX RNR F=1
REJ comnand  P=1 V{S)=V(A)=N(R) V(S)=V(A)=N(R) V(S)=V(A)=N(R) | VI(S)=V(A)=R(R) | V(S)=V(A)=N(R)| V(S)=V(A)=N(R)
via) € ner) € vis) STOP T200 | STOP T200 STOP T200 STOP T200 STOP T200 STOP 1200
- START T203 0 START T203 BTART T203 START T203 START T203 START T203
1:0 1.1 7.2 7.3
V(S)=V{A}=R(R} | L V(S)=V(A}=N{R} | V{SI=V(A)=N(R]| V(SI=V(A)1=N(R) | V{SI~V(A)=N{R)
REJ command  P=0 STOP 7200 [ | STOP T200 STOP T200 STOP T200 STOP T200
via) € nery € ves) START T203 ' | | START T203 START T203 START 1203 START T203
- 7.0 7.1 1.2 7.3
_._,_______——_———r——--——j -9 — L - L2 __ 1 L 73
REJ response F=0 ! ! l
via) € n(r) € v(s) I |
3 Y
MOL~ERR-IND(A) | I T MDL-ERR-IND(A) | MDL-ERR-IND{A) | MOL-ERR-IND{A)} | MDL-CRR-IND{A)
RLJ response F=1 V(S)=V(A}=N(R) | t | V(S)=V(A)=N(R) | V(S)=V(A)=N(R} | V(S)=V(A)=N(R) | V(S)=V(A)=N(R}
via) € NERr)y € v(s) STOP T200 ! STOP T200 sTOP T200 STOP T200 STOP T200
- START T203 | ! l START T20) START T203} START T203 START T20)3
L 1 1 1 7.0 7.1 7.2 7.3

Note - This event is impossible by the definition of the peer-to-peer data link procedures. However, it would not harm

the information transfer, if actions according to this table are taken.
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TABLE D-2/Q.921 (5 of 10 cont'd)

State transition table: receiving REJ supervisory frame with correct format

BASIC STATE

MULTIPLE FRAME ESTABLISHED

2sm s smen

______________________ e ]
THANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY | PEER REC. BUSY | PEER REC. BUSY | PEER REC. BUSY
RECE ) VER CONDITION NORMAL REJ RECOVERY | OWM REC. BUSY REJ and own NORMAL REJ RECOVERY | own mec. susy | REJ and own

REC busy REC busy ]
STATE NUMBER 7.0 7. 7.2 7.3 7.4 7.5 7.6 7.7
] ]
|
REJ command  P=1 TX RR P=1 | TX RNR P=1 \ TX RR P=1 TX RNR P=1 |
N(R) error MDL~-ERR-IND(J) MDL-ERR~IND(J) MOL-ERR-IND(J) | MOL-ERR-IND(J)
RC = 0 I A =0 | RC = 0 =0 i
. TX SABME P=1 TX SABME P=1 . TX SABME P=1 | TX SABME P=1
STOP T203 | STOP T203 I RESTART T200 RESTART T200 |
RESTART T200 RESTART T200 I
5.1 | 5.1 5.1 s.1 |
REJ command  P=0 MDL-ERR-IND(J) ! ( i YOL-ERR-IND(J) | |
N{R) error RC = 0 l l RC = ¢ |
TX SABME P=1 | TX SABME P=1 | | |
STOP T203 | | RESTART T200
RESTART T200 i I | 1
5.1 5.1
REJ response F=0 | ~— — T — ' ————— | ————— ' - T T~ 77 - - ‘ - - = l _1 T
N{R) error ' | | !
i I i |
{
[ | | | :
s } . '
REJ response Pel MOL-ERR-IND(A) | T MDL-ERR~IND(A) | '
N(R) error MDL~ERR-IND(J) | | MDL~ERR-IND(J) i |
RC = 0 | | | R =0 | i
TX SABME P=1 TX SABME P=1 I
STOP 1203 1 i i RESTART 1200 | 1
RESTART T200 | | i i
5.1 ! 5.1 !
1 1 1 i 1 1
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TABLE D-2/Q.921 (6 of 10)

State transition table: receiving RNR supervisory frame with correct format

BASIC STATE

MULTIPLE FPRAME ESTABLISHED

T h
TRANSNITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY
RECEIVER CONDITION NORMAL REJ RECOVERY OWN REC. BUSY REJ and own NORMAL REJ RECOVERY OWN REC. BUSY ‘REJ and own
REC busy REC busy ==
STATE NUMBER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7
TX SR Pai TX RR F=1 TX RNR =i TX RNR P=1
RNR command  Pe1 STOP T203 STOP T203 STOP 1203 STOP 1203 TX RR P=t ! X RNR P |
R{R)=V(5) RESTART T200 RESTART T200 RESTART T200 RESTART T200 RESTART T200 | RESTART T200 |
V(A)=N(R) V{A)=N(R) V{A)=N(R) V(A)=N(R) V{A)=N(R) V{A)=N(R)
7.4 7.5 . 7.7 | '
STOP T20) BTOP T203 .| STOP T203 STOP T203 0
RNR command  P=0 RESTART T200 RESTART T200 RESTART T200 RESTART 7200 RESTART T200 ! I
N{R)=V({S) VIA)=R{R} V{A)=N{R) VIA)=N{R) V{A)=N{R} V{A)=N(R) { | i
7.4 _ 1.5 e _ | _ _ 17_ —
- == - - = - - - - 7T - -7 =- - =
RNR responses PFs0 I ] ]
N{R)=V(3) L
WOL~ERR-TWD(A) | MDL~ERR-INDIA) | MOL-ERR-THD(A) | HDL-ERR-IND{A) 1 —
RNR response P=1 STOP T20) STOP T203 STOP T203 BTOP T203 MDL-ERR-IND(A) | i |
N(R)=V(S) RESTART T200 RESTART T200 RESTART T200 RESTART 1200 RESTART T200 :
V{A)=N(R) V(A}=N(R) V(A)=N(R) V(A)=H(R) V(A)=N(R) | !
7.4 3.5 1.6 1.7 ! 1
TX RR P={ TX RR P=1 TX RNR P=1 TX R Pt X RR =1 ¥ TTX RNR Pl -
RNR command  P=1 RESTART T200 RESTART T200 RESTART T200 RESTART T200 RESTART T200 RESTART T200 |
via) € nry € v(s) V(A)=N(R) V{A)=N(R) V(A)=N(R) V(A)=N{R) V(A)=N(R) V{A)=N(R) i
1.4 7.5 7.6 7.7 ] .
ANR command  P=0 RESTART T200 RESTART T200 RESTART T200 RESTART T200 RESTART 1200 . t
via) & wr) € v(s) V(A)=N(R) V(A)=N{R) V(A)=N(R) V{A)=N(R) V(A)=N(R) | t \
— L . 3 R 7O T S ¥ $
-— —_— -~ i e _—-__{—-—_-—I_____

RNR rasponse F=0
vin) € wery € vis)

MDL-ERR-IND(A)

MDL-ERR-IND(A)

MDL-ERR-IND(A}

MDL~ERR-IND{A)

MDL~ERR-IND(A) |

— e

.

v

RNR response F=1 RESTART T200 RESTART T200 RESTART T200 RESTART T200 RESTART T200 I - |
via) € ner £ v(s) V(A)=N(R) V(A)=N(R) V(A)=H(R) V(A)=N{R) viry=N(R) | 1 |
7.4 7.5 7.6 7.7 L 1 1
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TABLE D-2/Q.921 (6 of 10 cont'd)

State transition table: receiving RNR supervisory frame with correct format

BASIC STATE

MULYIPLE FRAME ESTABLISHED

TRANSHITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY | PEER REC. BUSY| PEER REC. BUSY
. -
RECEIVER CONDITION NORMAL REJ RECOVERY | OWN REC. BUSY Egé‘ghds;w" HORMAL REJ RECOVERY | OWM REC. BUSY %EJC‘L:S;W“
—
STATE NUMBER 7.0 7.1 1.2 7.3 7.4 7.5 7.6 7.7
RNR command  P=1 ™ RR Pet | ™ IR Pt ' X RR P | ™ MR P=1t
N{R) error MOL~ERR-IND(J) MOL-ERR-TID(3) | MOL-ERR-IND(J) MOL-ERR-IND(J)
RC =0 | ceo ) | K- [
TX SABME Pe1 T ANE 1 TX SABME P=1 T SABME P=t |
STOP 1203 | sTOP 120) \ RRSTART T200 | sesTART T200
RESTART T200 | RESTART T200 |
5.1 s.1_ | 5.1 s.1 |
RNR command  P=0 MDL~-ERR-IND(J} | i MDL~ERR-TND{J) ' | |
N(R) error RC =0 ) =0
™ samee 1 | i TX SAMME =1 ) f
STOP T203 | RESTART T200
RESTART T200 | | | | |
5.1 5.1 e - e — — -
_—— B T _—— o — oS
RNR raesponse P=0 l ' T 1
N{R} error | i ) I B [}
' | ' | | t
| | i ! |
1
L]
RNR response P=1 MDL-ERR-IND(A) ¥ | \ MOL-ERR-IND(A) | |
N(R) error MoL-gRR-IND(J) | YDL~ERR-IND(J) | 1 |
RC = 0 i | | 5C = 0 | (
TX SABME P=1 | i ™ samME p=1 |
STOP T203 I i RESTART 7200 | | |
RESTART T200 ! 1 ! i ' ' !
S.1 ] L i 5.7 ¢ I i
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TABLE D-2/Q.921 (7 of 10)

State transition table: receiving I command frame with correct format acknowledging all outstanding

| frames or containing an N{R) which satisfies V(A) < N(R) < V(8)

—S A saamzacadasIsaa3

BASLIC STATE

s imamgs

MULTIPLE FRAME ESTABLISHED

-------------------------- B e Al Tt bl ettt bde bttt dateeaindetedindud indeieietndedatndet —m———— ——— _————— ————
CIGNSHITIER CONDITION HOKMAL NORMAL NORMAL NORMAL PEER KEC. BUSY] PEER REC. BUSY] PEER REC. BUSY
---------------------------------------------- - Al ainiu Sl - ~— -4
RLCEIVER CONDITION 1 NOKMAL REJ RECOVERY OWN REC. BUSY REJ and own NORMAL REJ RECOVERY OWN REC. BUSY REJ and own
ASeio.mismAsssAsaszosEea REC busy REC busy ———y
STATE HUMNER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 3.7
VR)=V(R}+1 VIR)=V(R)+1 “DISCARD®
OL-OATA~IND DL-DATA-IND TX RNR b=l l V(R)=V(R}+1 V(R)=V{R}e¢1 “DISCARD® |
1 command P=1 TX KR F=1 X RR F=1 STOP T200 DL-~DATA-IND DL~DATA-IND TX RNR F=1
H(S) = VIR) STOP T200 sTOP T200 RESTART 1203 | TX RR F=1 TX RR P=1 V{A)=N(R) |
NER) = V(S) HES'TART T203 RESTART T203 V(A}=N{R) I V(A)=N(R) V(A)=N(R} |
V{A}=N(R) V{A)}=N{R} 7.4
7.0 1 {
V{R)=V(R)+1 VIR)=V{R}+1 “DISCARD"™ M
DL-DATA-IND DL~DATA-IND STOP T200 | V(R}=V(R)+1 V(R)=V(R)+1 "DISCARD* !
1 command pag TX ACK TX ACK RESTART T203 DL~DATA-INO DL-OATA-IND V(A)=R(R) ]
H{5) = VIR) STOP T200 STOP T200 V(A)=N(R} | TX RR P=0 TX RR P=0
NIR) = V{S5) RESTART T203 RESTART T2013 V{A)=N(R} V(A)=N(R} |
V(RI=H(R) VIA)=N(R]) | 7.4
7.0 |
—_— “DISCARD* SDISCARD" *DISCARD™ I *DI1SCARD® “DISCARD"® "DISCARD® ]
1 command =1 TX REJ F=1 TX RR Fw=1 ~X RNR P=) TX REJ F=1 TX RR F=1 TX RNR =1
His) # V(R) STOP T200 STOP T200 SJOP T200 | V(A)=N(R) V(A)=N{R) V(A)=N{R} '
HER) = V(S) RESTART T203 RESTAKT T203 RESTART 7203
V(A)=N(R) V{A)=N(R) V(R)=N{R) i 7.5 |
7.1
*DISCARD" “DISCARD” ) { “DISCARD® “DISCARD"™ '
I command  P=0 TX REJ Fe0 STOP T200 | TX REJ F=0 V(A)=N(R) | T
N{S) # VIR) STOP T200 RESTART T203 | VI{A)=N(R) ]
NH{R) = V(S}) RESTAKT T203 V{A)=N(R) | | ) f
V(A)=N(R) 7.5
7.1 ! N . I
VIR)=V(R)}+1 V(R)=V(R)}+1 *DISCARD®™ T V(R)=V(R)+1 V(R)=V(R)+1 "DISCARD" -
I comaand P=1 DL~DATA~-IND DL-DATA-1IND TX FNR =1 i DL~DATA~IND OL~DATA~IND TX RNR P=1 |
N(S) = VIR) TX RR Fei TX AR P=1 RESTART T200 T™X RR Pwi TX RR Pt V(A}=N(R} |
vin & rILvis) RESTART T200 RESTART T200 VI{A)=N(R) | V(A)=N(R) VIN)=N(R)
V(A)=N{R) V(A)=N(R) 7.4 ]
7.0 L
3.
V(R)=V{R)+1 V(R}aV(R)+1 *DISCARD® V(R)=V(R}+1 V(R)=V{R)+1 *DISCARD* N
I command P=0 DL~DATA=-IND DL~DATA-IND RESTART T200 | DL-DATA-IND DL~-DATA-1IRD VIA)=R(R) |
H{S) = V(R TX ACK TX ACK V(A)=N{R) | TX RR F=0 TX RR F=0 |
via€urI€vis) KESTPART T200 RESTAKT T200 V{A)=N(R) V(A)=N{R)
V{A)=HLR) V{R)=i{K) | 1.4 t
7.0
“O15CARD® *DISCARD® “DISCARD" T *DISCARD™ “DISCARD" “DISCARD" T
I command P TR ORED F=1 TX R Pt TX FR Pet { TX REJ p=1 TX KR P=1 TX RNR b=1 |
ws) # VIR) RESTART T200 RESTART T200 RESTART T200 V{A)=N(R) V(A)=N(R) V{A)=N(R)
NTSLOTTIR Y V(A)=N{R) V(A)=N{R) V(A)=N(R) ) 7.5 !
7.1 . {
"OIOCARD” »O1SCARD® { T “DISCARD™ *DISCARD* . o
I connand P9 TX REJ £=0 WS PART 1200 | TX KREJ b=d V{A)=NER) i
iy # VIRY RESTART TL00 V{AI=HLR) | V(A)=H(R) !
viar€s(rdves) VEAY-H(R) | _— | \
- 7.1 { 1 i 1 -
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TABLE D-2/Q.921 (8 of 10)

State transition table: receiving | command frame with correct format containing an N(R) which satisfies V(A) = N(R) < V(8), or an N(R) error

[ eastc srate
HAS STAT
MULTIPLE FRAME ESTABLISHED
TRANSMITTER CONDITION NORMAL HORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY] PEER REC. BUSY| PEER REC. BUSY
RECEIVER CONDITION NORMAL RE) RECOVERY | OWN REC. BuSY ské“l)“u‘js;“’“ NORMAL REJ RECOVERY | OWN REC. BUSY -glélcfg‘:”?“’“
STATE NUMBER 7.0 7. 7.2 7.3 7.4 7.5 7.6 7.7
I command  P=1 V(R)=V(R)+1 VIR)=V(R)+1 *D1SCARD" ' VIR)=V(R)+1 V(R}=V(R)+1 *DISCARD® 0
N(S) = V(R) DL-DATA-IND DL~DATA-IND TX RNR =1 | DL-DATA-IND DL~DATA~IND TX RNR Pe1
VA =n{ RICV(S) T RR P=1 TX RR P=1 ( TX RR P=1 T RR r-_ll- |
7.0 .4
T command  P=0 VIRI=V(R}+1 VIRI=V(R)I+1 i VIR)=V(RI+1 VIR)=V{R)+1 |
N(S) = V(R) DL~DATA-IND DL~DATA-IND DL-DATA-IND DL-DATA-IND
VA =R{R)V(S) TX ACK ™ ACK *DISCARD® | TX RR P=0 TX RR PwO *DISCARD® i
7.0 7.4
T comsand Pt *DISCARD® *DISCARD® *D1SCARD® | *DISCARD* *DISCARD® *DISCARD" I
N(S) * V(R) TX REJ Pe1 TX RR P=1 TX R P=1 TX REJ P=1 TX RR P=1 TX RNR F=1 |
viar=nirI€v(s) 7.1 | 7.5
1 command P=0 *DISCARD" ' i *DISCARD" ' |
N{S) # V(R) TX REJ P=0 *DISCARD® 1 i TX REJ P=0 *DISCARD® 1 |
via)=n(r){v(S) 7.1 ' 7.5 '
CIRI=VIRI+1 “DIBCARD™ T VIR=VIRe | “DISCARD® |
1 command  P=} DL-DATA-IND | TX RIR Pe1 DL~DATA-IND TX RIR P=1
N(S) = V(R) TX RR P=1 | MDL-ERR-IND(J) | TX RR P=1 l MDL-ERR=IND(J) |
N{H) error MOL-KRR-IND(J) R =0 FOL-ERR-IND(J) | =0
RC = 0 f TX SABME P=1 | RC = 0 TX SABME P=1 |
TX SABME Pel STOP T203 ! TX SABME P=1 | RESTART T200
STOP T203 ! RRSTART T200 RESTART T200 | {
RESTART 7200 | | | |
5.1 5.1 5.1, 5.1
V(R)=V(R)+1 _ | *DISCARD™ | V(R)=V{(R)+1 : “DISCARD" |
1 command  P=0 DL~DATA-IND MOL~ERR~IND(J) DL-DATA-IND MOL-ERR-IND(J)
N(S) = V(R) MOL-ERR-IND(J) } =0 I MOL~-ERR-IND(J) | =0 |
N{R) error RC = 0 i TX SABME P=1 RC = 0 , | :ﬂmr;; |
TX SABME Pei STOP 1203 TX SABME P=1 | ART
STOP T203 ! RESTART T200 | RESTART T200 |
RESTART T200 | t .\
5.9 ! 5.1 5.1 ! . \
- “DISCARD~ “DISCARD~ FDIBCARD- i *DiSCARG" ~GIGCARD" SDISCARD®
1 command  P=1 TX REJ P=1 TX RR P=1 TX RNR P=1 TX REJ P=1 TX RR P=1 TX RNR Pw=i
N(S) # V(R) MDL-ERR-IND(J) | MDL-ERR-IND(J) | mOL~ERR-IND(J) | MDL-ERR-IND{(J) | MDL-ERR-IND{J) | MDL-ERR-IND(J)
N{R) error RC =« @ RC = 0 RC =0 ' RC = 0 RC = D RC =0
TX SABME P=1 TX SABME P=1 TX SABME P=1 TX SASME P=1 TX SABME P=1 TX SABME Pl
STOP T203 STOP T203 STOP T203 1 RESTART T200 RESTART T200 RESTART T200 |
RESTART T200 RESTART T200 RESTART T200 | |
5.1 5.1 5.1 5.1 5.1 5.1
“DISCARD™ “DISCARD® | “DISCARD" ~DISCARD" ) |
I ocomsand =g TX KEJ =0 MDL-ERR-IND(J) ‘ TX REJ F=0 MDL-ERR-IND{J)} ]
N(S) # V(R) MOL-ERR-IND(J) | RC = 0 | MDL-ERR-IND(J) | ®kC = 0 {
N(R) error K =0 TX SAHME P=1 | | RC = 0 TX SASME p=1 |
TX SABME P=1 STOP 7203 TX SABME P=1 RESTART T200 | |
STOP T203 RESTART T200 ! 1 RESTART T200 |
RESTART T200 | ) |
5.1 5.1 L | 5. S0 [ ]
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TABLE D-2/Q.921 (9 of 10)

State transition table: internal events (expiry of timers, receiver busy condition)

BASJC STATE

MULTIPLE FRAME ESTABLISHED

TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY | PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY
RECEIVER CONDITION NORMAL Res secovery | ow mec. msy | REJ and own NORMAL REJ WECOVERY | owx mec. musy | REJ and own
REC busy REC busy e
STATE NUMBER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7
RC=0 RC=0 RC=0 RC=0 RC=0 RCw0 RC=0 RC=0
elther sithexr either either TX RR P=tl TX RR P=1 TX RNR Pt TX RNR P=1
v(S)=v(S)-1 V(S)=v(S)-1 v(8)=Vv(8)~1 V(5)=v(6)-1 RC=RC+1 RC=RC+1 RC=RC+1 RC=RC+1
™ I P ™ I P ™ I Py ™ 1 pP=t START T200 START T200 START T200 START T200
V(S)=v(8)+1 V(8)=v(S)+1 V{S)=V(5)+1 V(5)=V(S)+1 8.4 8.5 8.6 8.7
T200 TIME-OUT or or or or
rc dn200 T RR P=1 TX RR P=1 ™ MR Pt TX RNR P=1
then then then then
RC=RC+1 RC=RC+1 RCWRC+1 RC=RCH1
START 1200 START T200 START T200 START T200
8.0 8.1 8.2 8.3
T200 TIME-OUT / / / / / / / /
RC = N200
RC=0 RC=0 RC=0 RC=0
TX RR Pwi TX RR Pt X RIR P=1 X RR Pwt
T203 TIME-OUT START T200 START T200 START T200 START T200 / / / Y,
8.0 8.1 9.3 4.1
SET TX RNR F=0 T™X RNR £=0 = - TX RNR P=0 TX MR P=0 - z
OWN RECEIVER BUSY (Note) 2.2 7.3 7.6 7.7
CLEAR - - TX RR F=0 TX RR P=0 - - © TX -RR P=0 TX RR F=0
OWN RECEIVER BUSY (Note) 7.0 7.1 7.4 7.5

Note — These signals are generated outside the procedures specified in this state transition table,
and may be generated by the connection management entity,

q-Etr H-TX WOD
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TABLE D-2/Q.921 (10 of 10)

State transition table: receiving frame with incorrect format or frame not implemented

BASIC STATE
MULTIPLE FRAME ESTABLISHED
TRANSMITTER CONDITION NORMAL NORMAL NORMAL | HORMAL PEER REC. BUSY{ PEER REC. BUSY | PEER REC. BUSY | PEER REC. BUSY
RECEIVER CONDITION NORMAL REJ RECOVERY Owi REC. BUSY gEJC al;ld own NORMAL REJ RECOVERY OWN REC. BUSY EE]C a.;\d own
- - usy usy——T
STATE NUMBER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7
. !
HMDL~ERR-IND(N) | | I i 1 I
RC = 0 | ( |
SABME incorrect length TX SABME P=1 | | i i
STOP T203 l | I | |
RESTART T200 | l | |
S M L S
| ! ! : | |
DISC incorrect length ] I | i . |
i
e T B f— = mmm - - — = = = = — e - - — - - - -
{ i | | i
UA _incorrect length | |
| | I i .L.
e e e - — ___._..._.1________..__‘__-___..___._ _ — = -
| | ' | |
DM incorxrect length I ' | { t
] i ! | I I
T e eI R T
' l l ! |
FRMR incorrect length ( [} \ { l |
——___'——_—"L"—_—'—l—_*_—‘—-‘—l-—_—'T—_—_—'—__-
Supervisory frame ' | I 1 |
KRR, REJ, RHR - i ( | |
incorrect length | | | ( .
t 1
| | i ]
MDL~ERR-IND(O) | t | i |
s RC = 0 { = s [ R
N201 error TX SABME Pei | X l i |
'STOP T203 [ i
RESTART T200 L | l ( ]
) 5.1 1 N 1
MDL-ERR-IND(L) | I | 1 T | !
Undefined RC = 0 ] I 1 | {
TX SABME P=1 | i |
command STOP T203 | | | i | |
and response frames | RESTART T200 | 1 i | i | i
5.1 | .
. 1 | i 1 ] 1
MDL-ERR-IND(M) | ) | ) ‘
RC = 0 ! l { I
T )
1 field nof pecmibted | mx samwe by ) ; I | | | |
sTor 1203 i | i
RESTART 1200 | : | i ] | |
5.1, . L ] i i {

4-C H-IX WOD

- €6l -



(8861)

TABLE D-3/Q.921 (1 of 10)

State transition table: receiving primitive

BASIC STATE

TIMER RECOVERY

TRANSHITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY
RECEIVER CONDITION NORMAL REJ RECOVERY OWN REC. BUSY REJ and own NORMAL REJ RECOVERY | OWN REC. BUSY REJ and own

REC busy REC busy o
STATE NUMBER 8.0 8.1 8.2 8.3 0.4 8.5 8.6 8.7

DISC. I QUEUVE

RC=0 | | ) |
DL~ESTABLISH-REQUEST TX SABME P=1 1 { |
RESTART T200 | | i )
5.0 | ! + I
+ +
DISC. I QUEUE | ' T | T
RC=0 ) { i
DL~RELEASE-REQUEST ™ oisc m=1 | | | | \ '
RESTART T200 | ' ] | ! \
6 ’ I
DL-DATA-REQUEST DATA INTO | | ' | ' l
1 QUEUE [}
1 FRAME IN QUEUE TLEAVE 1 FRAME | 1 1 T : ; —
v(S)CV(A)rk IN QUEUE | ; | | \ | |
T FRAME IN QUEUE - | ! | : A ' |
V(S)=V{AI4K : N : . ' .
|
DL-UNIT DATA-REQUEST NIT DATA ! . , \
mro ur gueve | i X | | |
N | i \
UI FRAME IN QUEUE TX UL P=0 i ; | 7 l ' +
1 T T 0 1
] ! . ! |
MDL~ASSIGN-REQUEST 1 | | .
1 1 X .
DL-REL~IND ) | T ; —+
DISC. I and url . | | | |
MDL~- REMUVE~REQUEST QUEUES I I
STOP T200 i 0 i I
i 1
[}
! + [N ] [ l l
. ! 1 i i | |
MDL~ERROR-RESPONSE 1 [ \ ' |
t . ,
DL-RCL-TND T ; ; +
PLRSISTENT DEACTIVATION DISC. 1 and ul | I | ' ) | !
QULUES | \
sTUP 1200 | ! t \ 1 | {
[ 1 I 1 I
4 L L i L t 1 1

q-th H-IX WOD
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BALIC STATE

RECEIVER QORDITION

AR aS A E_AESISje SR SARSSAXESmuSHIsaasSaaxsas

TABLE D-3/Q.921 (2 of 10)

State transition table: receiving unnumbered frame with correct format

NORMAL

OWN REC. BUSY ‘# REJ and own

TIME

NORMAL

R RECOVERY

-4

PEER REC. ll)SY1

REC busy

.......

REJ RECOVERY

REJ and own
REC busy —ead

Rmzadiscax

STATE NUMBER

=a==2a3-_aazsas

a.1

8.2

8.3

8.5

8.7

SAUME P
V(S} = V(A)

MDL-ERR-~INU(F)
V(S,R,A)=0 |
T UA P=1
STOP T200 |
START T203

7.0

SABME P=1
V(S) ¢ V{A)

N

DL-EST~IND 1

MDL-ERR-IND{F)

DISC. I QUEUE

V(S,R,A)=0

TX UA P=1 |

STOP T200

START T203 |
1.0 __,

-

SABME P=0
V(S) = V(A)

MDL-ERR-IND(F) |

VIS,R,A)=0

TX UA P=0 }

STOP T200

START T203 |
2.0

SABME P=0
V(S) # V(A)

DL-EST-IND
MDL-ERR-IND(F)
DISC. I QUEUE |
V(S,R,A)=0

TX UA P=0 |
STOP T200

START T203

T.0
7.%

- o | —

pISC P=1

DL~REL-IND
DISC. I QUEUE |
TX UA F=1
STOP T200

4

DIsSC P=0

DL~REL~-IND
DISC. I QUEUE
TX UA F=0
S5TOP T200

b - e e —

- — == -

R S

J-tf ¥-IX WOD
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TABLE D-3/Q.921 (2 of 10 cont'd)

State transition table: receiving unnumbered frame with correct format

frao axmaa

BASIC STATE

TIMER RECOVERY

............... J
TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY | PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY
RECEIVER CONDITION NORMAL REJ RECOVERY | OWN REC. BUSY ﬁféé ab"uds ;’W" NORMAL REJ RECOVERY | OWN REC. BUSY légé i;)n‘:is ;wn
STATE NUMBER 8.0 8.1 8.2 N 8.3 8.4 8.5 6.6 8.7

! ! ¢ |
ua =1 MOL-ERR-IND(C) | | ! | | |
! ] | 4 .
UA F=0 MDL-ERR-IND(D} } 1 A 1
NDL-ERR-IND{B) ' | T I i |
ARC = 0 I | !
oM =1 TX SABME Pt | } ]
RESTART T200 | | i
5.1 i 1
t T T
MOL-ERR-IND(E) | v |
RC=0 I | I i |
DM F=0 TX SABME P=1 | |
RESTART T200 | | | |
5:1 1 T + { " T t
UI command DL-UNIT | |
DATA~IND 1 1 i |

3-Eh ¥-IX WOD
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TABLE D-3/Q.921 (3 of 10)

State transition table: receiving FRMR unnumbered frame with correct format

BASIC STATE

TIMER RECOVERY

TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY | PEER REC. BUSY
RECEIVER CONDITION NORMAL REJ RECOVERY | owm mec. susy | REJ and own NORMAL Res wecovery | owm rec. susy | (REJand own
REC busy REC busy aamu
STATE NUMBER 8.0 8.1 8.2 8.3 8.4 8.5 0.6 8.7
FRMR response /7 / / / / / /
1ejecting SABME
FRMR response 7/ / / / / / /
rejecting DISC
FRMR response / / / / / / / /
rejecting UA
FRMR reaponse / / / / / / / /
rejecting DM
MOL-ERR-IND(K) | 1 . 1
FRMR response RC =0 | ¢ ] ! - |
rejeacting I ocommand TX SABME P=1Y I ! |
RESTART T200 | | l
s | | | | | I ‘
|
- - _|_____1____r__.___4___..__.1__.___.1_._..____.L____._
PRMR responss | | | | | |
rejecting S frame |
! | I I ! | I
| i ) | ! 1 |
| ) [ 1 | | 1
FRMR response / / / / / / / /

rejecting FRMR

q-Efr H-TX WOD
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TABLE D-3/Q.921 (4 of 10)

State transition table: receiving RR supervisory frame with correct format, clearance of timer recovery if there is F = 1 only

BASIC SIATE

TIMER RECOVERY

--------------------------------------------------------------------- e o]
TIANSATTYER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY{ PEER REC. BUSY| FEEN REC. BUSY
-------------------------- b afniaiaiebeiie b datatebebaints inbabuindeindeinieteitéi b Infutaiuinintuied " - -———
RLCEIVER CONDITION NORMAL REJ RECOVERY | OWN REC. BUSY g%é‘abn\?s)?wn NORMAL REJ RECOVERY | OWN REC. BUSY ggg}?uds)?wn

zsazaa = L
STATE NUMBER 8.0 8.1 8.2 8.3 8.4 8.5 a.6 8.7
= 1
! | TX RR P=1 TX RR P=1 TX RNR Pwi TX RNR F=1
RR command P=1 TX RR P=1) TX RNR F=1
via) & nery € vis) VIAJ=N(R) ) V{A)=N{R) | V{A)=N(R) via)=N(R) V{A)=N{R} V{A)=N(R)
b b | 8.0 8.1 8.2 6.3
— |
| ) N
RR command  P=0 VIA)=N(R) ! ‘ vnm Vi v v
vin) € ner) € visy [ | [ . . . .
_—— = = = ] e — - — I_ ————— l— - e e - r— — e e e ] e e e e em] e e E— o - —_ — e — —
RR response F=0 ! | ]
via) € ner) € v(s) ) '
V(S)=N(R) V{S)=N(R) V(S)=N(R) V(S)=N(R} V{S)=N(R) v(S)-:;:‘), Vlsl),-:;:z V(S)-N;:)
RK response F=1 STOP T200 STOP T200 STOP T200 STOP T200 STOP T200 stoP S10 STOP T200
via) € n(r) € vis) START T203 START T203 START T203 START T20) START T203 START T201 START T203 START T203
- - V(A)=N{R) V{A)=N(R) V(A)}=N(R)} V(A)=N(R) V(A)=N(R) VIA)=N(R} V{A)=N(R) V(A)=N(R)
7.0 7.1 7.2 7.3 7.0 7.1 7.2 7.3
TX RR P=1 TX RNR Pu=i
RR command  P=1 TX RR F=i | TX RNR P=1 - R ¥ |
N(R) error MDL-ERR~IND(J) | MDL~ERR-IND(J) | ::u.-z:n IND(J) | :L-I:R IND(J)
RC = 0 RC = 0 -
TX SABME P=1 | ™ samue per | TX BABME P=1 | TX SABME Pt |
RESTART T200 RESTART T200 | RESTART 7200 | RESTART T200
5.1 ' 5.1 5.1 5.1 .
RR command  P=0 MDL-ERR-IND{J) ' \ 1 | ] i
N(R) error RC = 0 | | 1
TX SABME P=1 i | | I
restarr 7200 | 1 |
S T--=--- R | —— - — -
RR response F=0 . ' ' | ‘
H{R} error l ] ( :
l | ! ‘ ' |
R g S L
RR response F=1 } { | { { ! \
RIS
i({R) error | i 0 l | . \
| | | { | [} [}
. 1 1 I 1 1 i |

J-£h ¥~-IX WOD
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TABLE D-3/Q.921 (5 ot 10)

State transition table: receiving REJ supetvisory frame with cortect tormat, clearance of timer recovery if there is F = 1 only

Bl =
BASIC STATE
TIMER RECOVERY
TRANSHMITIER CONUITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY
HECEIVER CONDITION NORMAL REJ RECOVERY OWN REC. BUSY &Eéabnd own NORMAL REJ RECOVERY | OWN REC. BUSY '&Eéind own
mmm== : usy USY o
STATE WUMBER 8.0 8.1 8.2 8.3 8.4 8.5 8.6 8.7
] !
REJ command  P=1 TX RR P=1 TX RNR Pel | TX RR P=1 TX RR P=1 TX RNR =1 TX RNR P=1
v(A) € n(r) € vis) V(A)=N(R} I V(A)=N(R} ) V(A)=N(R) V(R)=N(R) V(A)=N(R) V(A}=N{R}
8.0 8.1 8.2 6.3
| !
' 1]
REJ command  Pw0 V{A)=N(R) | V(A}=N(R) V(A)=N(R) V(A)=N(R) V(A)=N(R)
viA) € N(R) € v(s) [ | i 8.0 8.1 8.2 8.3
et e el Sl o il S el Gl
REJ response F=0 i 0 ]
via) £ nry) € v(s) ) . |
viSymv(A)=N(R) | v(S)=v(a)=N(R) | v(S)=v(a)=N(R) | v(S)av(A)=N(R) | V(8)av(A)=N(R) | V(8)=V(A}=N{R)| V(S)=V(A)=N(R} | V(S)=V(A)=N(R)
REJ response Fw=1 STOP T200 STOP T200 STOP T200 8STOP T200 STOP T200 STOP T200 STOP T200 STOP T200
via) € n(R) € vis) START T203 START T203 START T203 START T203 START T203 START T203 START T20) START T203
7.0 7.1 7.2 7.3 7.0 7.1 7.2 7.3
REJ comsmand  P=1 TX RR F=1 ' TX RIR P=1 TX RR P=1 TX RNR P=1
N(R) error MDL-ERR-IND(J) | MOL~ERR-IND(J) MDL~-ERR-IND(J) MDL-ERR-IND(J}
RC = 0 =0 | =0 ) |
Tx SABME P=1 ! TX SABME Pel | T saswe p=1 | TX SABME P=1
RESTART T200 RESTART T200 RESTART 7200 | RESTART T200
5-1 5.1 | 5.1 5.1 |
REJ command  Pw=0 MDL-ERR-IND(J) | ' ' i v ( 0
N{R) error RC = 0 | ! | |
TX SABME Pat I 1 .
RESTART T200 | i | | | | !
5.1 _
REJ tesponse F=0 - T Tl T T i e e r - - - === \ J
N{R) error i i t ' : |
i ' ! '
| | 1 |
_._._..-___..1_____.1_.____..__..-I..._..-—|———-—-——|——--——-
REJ rusponse F=1 t 1 ] | { | .
(R} crror i | ) | : . ]
i ' ] { i | !
1 1 i i 1 1 L

I-€h ¥-IX WOD
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TABLE D-3/Q.921 (6 of 10)

State transition table: receiving RNR supervisory frame with correct format, clearance of timer recovery if there is F = 1 only

r BASIC STATE

TIMER RECOVERY

TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY
RECEIVER CONDITION NORMAL REJ RECOVERY | OWN REC. BUSY ﬁgéﬁiﬁw" NORMAL REJ RECOVERY | OWN REC. BUSY gfé-‘cig\d own
usy
STATE NUMBER 8.0 8.1 8.2 8.3 8.4 8.5 8.6 8.7
|
RNR command P=1 TX RR Pei TX RR F=i TX RRR Pel TX RNR Pwt X RR Pe1 | TX MR P=1
via) € n(r) € vis) V(A)=N(R) V(R)=N{R) V(A)=N(R) V{A)=N(R) V{A)=N(R) | V(A}=N{R) |
- - 8.4 8.5 8.6 8.7 |
. " . i
RNR command  Pw0 VIA)=N(R) VIA)=N{R) VIA)=N{R) VI{A)=N(R} VIA)=N{R) i | I
vin) € nery € vis) 8.4 8.5 8.6 8.7 |
B o e i [
-
RNR response F=0 | ‘ i
via) € nery € vis) ! l |
V{S)=N(R) V(S)=N(R)} V(S)=N(R)} V(S}=N(R) V{S)=N(R} V(S)=N(R) V(S)=N(R) V(S)=N(R)
RNR response Fui RESTART T200 RESTART T200 RESTART T200 RESTART T200 RESTART T200 RESTART T200 RESTART T200 RESTART T200
via) € nemy € vis) V(A)=N(R)} vu)-mn)7 . vn)-u(n)’ . v(A)-N(R)_, , V(A)-N(l)7 . v(u)-u(n)_, s vu\)-u(n)7 . V(A)-N(R)7
- 7.4 - . N . . . .7
RNR command Pl TX RR =1 TX RNR P=1 TX RR r=i i TX RNR F=1 .
N(R) error MDL-ERR-IND(J) | MDL~ERR-IND(J) | mb-z:nfxno(a) i mz.—::n~mo(a) i
RC = 0 RC =0 RC - RC =
TX SABME Pt | ox samme p=1 | TE SABME P=1 | TX SABME P=1 |
RESTART T200 | RESTART T200 RESTART T200 RESTART T200
5.1 sy | s.1 | s |
.
RNR command  P=0 MDL-ERR~IND{J} | | | i ) | !
N(R) error RC = 0 l
TX SABME P=1 | [ I | i
RESTART T200 | | |
I i-‘-l____'__.._.. _____ S RN D —_ — .
RNR response F=0 ' ! |
N(R) error l I l |
| | ! [ | ! [
RNR response F=1 - r— = 1- -I '—
N{R) error | l | { | l |
i | ! i ] ! i
| 1 | ! | { i

J-Eh H-IX WOD
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TABLE D-3/Q.921 (7 of 10)

State transition table: receiving 1 command frame with correct format acknowledging all outstanding I frames or containing
an N(R) which satisfies V(A) < N(R) < V(8); no clearance of timer recovery

BASIC STATE

TIMER RECOVERY

= axmasann

----------- 4
TRANSM ITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY ] PEER HLC. bUSY
RECEIVER CONDITION NORMAL REJ RECOVERY OWN REC. BUSY ﬁEJCabnd own NORMAL REJ RECOVERY OWN REC. BUSY *ﬁ}zé‘g‘él‘:wn

. :C busy. O
STATE UUMBER 8.0 8.1 8.2 8.3 8.4 8.5 8.6 8.7

| |
V(R)=aV(R)+1 V(R)=V(R}+1 *DISCARD® V(R)=V(R}+1 V(R)aV(R}+1 "DISCARD®
1 command P=1 DL-DATA~IND DL-DATA-IND TX RNR P=1 [ DL-DATA~IND DL-DATA-IND TX RNR P=1 |
HES) = V(R) TX RR P=1 TX RR F=1 V(A)=N{R) TX RR F=1 TX RR =1 V(A)=N{R) |
H(R) = V(5) V(A)=N(R) V(A)=N(R} | V(A)=N(R) V(A)=N(R)
8.0 6.4 !
t I
V{R)=V(R)+1 V(R)=V{R)+1 “DISCARD" | V(R)=V(R)+1 V(R)=V{R)+1 *DISCARD"™
1 copmarck Peo DL~DATA-IND DL-DATA-IND V(A)=N(R) DL~DATA-IND DL~DATA-IND V(A)=N(R) |
H(&) = V(R) T ACK ™ ACK TX RR F=0 TX RR Pw0
N(R) = V(5] V{A)=N(R) V(A)=N{R) ! V(A)=N(R) V(A)=N({R) |
8.0 | 0.4 1
i
v I
I command P=1 “DISCARD® *DISCARD" “DISCARD" ! *DISCARD™ *DISCARD" "DISCARD"™ |
L{S) # V(R) TX REJ P=t TX RR F=) TX RNR F=1 TX REJ F=1 TX RR F=1 TX RNR P=1
H(R} = V(S) V(A)=N(R) V(A)=N(R) V(A)=N(R) | V{A)=N(R) V(A)=N(R) V(A)=H(R) |
8.1 8.5
i |
1 comaand P=0 “DISCARD" “DISCARD" | | *DISCARD® “DISCARD® | {
N{S) ¢ V(R) TX REJ FmQ V(A)=N(R) \ TX REJ P=0 V(A)=N(R) | i
N(R) = V(S) V(A)=N(R) | V(R)=N(R}
8.1 : 8.5 | |
[ '
N TS T T
V(R)=V(R)+1 V(R)=V(R)+1 *DISCARD® VIR)=V(R)+1 V(R}=V{R)+1 DISCARD T
1 command Pt DL~DATA~IND DL~DATA-IND TX RNR P=1 | DL~DATA-IND TX RNR P=1 (
K{S) = V(R) ™ P=1 TX RR P=1 V(A}=N(R) TX RR P=9 V(A)=N(R)
viaiduiridviss ViA}=N{R) V{R}=N(R) ! viay=p({n} !
8.0 | |
V(R)=V(R)+1 V{R)=V(R)+1 *DISCARD" I V(R)=V(R)+1 V(R)=V(R)+1 *DISCARD" |
1 coomand Pe0 DL~DATA~IND DL~DATA-IND V{A)=N(R) DL-DATA-IND DL-DATA~IND V{A)=N(R) |
R(S) = V(R) TX ACK TX ACK | TX RR Fe0 ™ RR F=0
v(AYEN(RICV(S) V(A}=N(R) V(A)=N(R) V(A)=N(R) V(A)=N(R) \
8.0 | 8.
|
“DISCARD"® *"DISCARD” *DISCARD™ | "DISCARD" *DISCARD* 'DISC:RDP:‘ ‘
1 comsand pe1 TX KEJ Fe1 TX RR =1 TX RNR P=1 TX REJ P=} TX RR F=1 T RN
N(S) # V(R) V(A)=N(R) V(A)=N(R) V(A)=N(R) | V(A)=N(R) V(A)}=N(R) V{A)=N(R) i
viarlnery€v(s) 8.1 | 8.5
4= - ———
M *DISCARD" “DISCARL" ' I "DISCARD" “DISCARD" 1 !
I command =0 TX REJ #=0 V(A)=N(R) i | TX REJ F=0 V(A)=N(R) i |
N(S) # V(R) V{A)=N(R) i i V(A)=N(R) . |
v . a.s
v (AN (RIKV(S) 8.1 { h . L |

9~ ¥-IX WOD
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TABLE D-3/Q.921 (8 of 10)

State transition table: receiving | command frame with correct format containing an N(R) which satisfies V(A) = N(R) < V(8), or an N(R) error

Az adSAITIAAIRAIISEE AT

BASIUC STATE

TIMER RECOVERY

-——— - e e I
NORMAL F PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY | PLER REC. BUSY
KLCEIVER CONDITION NORMAL REJ RECOVERY OWN REC. BUSY REJ and own NORMAL REJ RECOVERY | OWN REC. BU .REJ and own
emmimakann REC busy sy |
‘ REC busy
STATE NUMBER 8.0 8.1 8.2 8.3 9.4 8.5 8.6 8.7
1 command pai V(R)=V(R)+1 V(R)=V(R)+1 =0ISCARD" ! V(R)=V(R)+1 VIR)aV(R)+1 "DISCARD* '
H(S) = V(R) DL-DATA-IND OL-OATA-IND TX RNR P 1 DL-DATA-IND DL~DATA~IND TX RNR P=1
viay=N(R)€V(S) TX KR F=i TX RR P !
| TX RR P=1 TX RR Pwi
8.0 8.4
1 command P=0 VI{R)=V{R)+1 V(R)=V(R}+1 | V(R)=V({R)+1 V{R)=V{R}+1 1
H(S) = V(R) DL~DATA-IND DL-DATA-IND DL~DATA-IND DL~DATA-IND |
V(A)=H(RIEV(S) ™ MoK ™ MK *DISCARD® L TX KR P=0 TX RR Pu0 *DISCARD®
8.0 | 8.4 !
T command =X “DISCARD® *DISCARD® *DISCARD" v “DISCARD*" 'oxscum'. *DISCARD"
W{s) # VI(R) TX REJ P=1 TX RR P=1 TX RNR P=1 \ TX REJ P=1 TX RR Pt TX RNR F=1 !
vir)=n(R)EV(S) 8.1 8.5 |
T comnand P=0 “DISCARD™ ] ! "DISCARD"® i
(s) # VirR) TX REJ F=0 *DISCARD" ' | TX REJ P=0 “DISCARD” '
viar=r()4v(s) 8.1 ¢ . 8.5 ' |
VIR)=V(R}+1 “DISCARD* | V(R)=V(R}+1 | “DISCARDY I
1 command p=1 DL-DATA-IND | TX RNR Fel DL-DATA-IND TX RNR Pwi
H{S) = V(R) TX RR F=) HMDL-ERR-IND(J) | TX RR P=) | MOL-ERR-IND() |
N(R) error MOL~ERR-IND(J) | RC = 0 MOL-ERR-IND(J) RC = 0
RC = 0 | TX SABME P=1 | RC = 0 I TX SABME P=1 '
TX SABME P=1 RESTART T200 [ TX SABME P=1 RESTART T200 |
RESTART T200 | RESTART T200
5.1 5.1 s.1 | 5.1
V(R)=V(R)}+1 I *DISCARD® T V(R)=V(R)+1 I *DISCARD™
1 command P=0 DL-DATA~IND | MDL-ERR-IND(J) | DL-DATA-IND MDL~ERR-IND(J) !
N(S)} = V(R) MDL-ERR-1IND{J) HC = 0 nm.-nn-xub(s)' RC = 0
H{R) errour RC = 0 - TX SABME P=1 ] RC =0 TX SABME P=1
TX SABHE P=} RESTART T200 TX SABME w1 RESTART T200 |
. RESTART T200 i RESTART T200
5.1 | 5.1 5.1 | C 5.y |
*DISCARD" “DISCARD® “DISCARD* T “DISCARD" =DISCARD™ “DISCARD"
1 command P TX REJ F=} TX RR F=1 TX KNR =l I TX REJ Fwi TX RR P=i TX RNR F=1 !
KUS) # VIR) MDL-ERR-IND(J) | MOL-ERR-IND(J) | MOL-ERR-IND{(J) MDL-ERR-IND(J) { MDL-ERR-IND(J) | MOL-ERR-INO(J) ,
N{R) error RC = 0 RC = 0 RC =0 | RC = 0 RC =0 RC =0
TX SABME Pw=1 TX SABME P=1 TX SABME P=1 | TX SABME P=1 TX SABME Pe1 TX SABME P=1 |
RESTART T200 RESTART 1200 RESTART T200 RESTART T200 RESTART T200 RESTART T200
5.1 5.1 5.1 1 5.1 5.1 5.1 |
“DISCAKD™® "DISCARD™ I “DISCARD®™ *DISCARD"
1 command P=0 TX HLJ P=0 MDL~ERR-IND(J) | TX REJ F=0 MDL-ERR-IND(J) !
N(S) # VIR) MDL-ERR=INIH{J) RC = 0 | ] MDL-ERR-IND(J) RC = 0 | I}
N(K) errot KC = 0 T e =1 | RC = 0 TX SABME P=1
‘X Saunk p-1 RESTHRKT T200 TX SABME P=1 RESTART T200 ' !
KLGTARY T200 | | RESTAKT T200 | t
L 5oy 5.1 1 1 5.1 S \
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TABLE D-3/Q.921 (9 of 10)

State transition table: internal events (expiry of timers, receiver busy condition); initiation of a re-establishment procedure
if the value of the retransmission count variable is equal to N200

BASIC STATE

TIMER RECOVERY

TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEEZR REC. BUSY| PEER Rec. susy| Ppeem mec. wqu
D W
RECEIVER CONDITION NORMAL REJ RECOVERY | own Rec. susy | REJ and own NORMAL REJ RECOVERY | OWN REC. BUSY ‘ﬁglcabnd own
REC busy [T Tg—
STATE NUMBER 8.0 8.1 8.2 8.3 8.4 8.5 8.6 8.7
[ " |
either | either | TX RR P=1 TX RNR P=1
v{S)=v(8)-1 v{5)=v(S)-1 RC=RC+1 1 RC=RCH1 [
T I Pl | ™ I P | START T200 START. T200
visievisiey | v(S)=v(5)+1 ! |
T200 TIME-OUT or or | |
e 4n200 TX RR Pet ) TX RNR P=1 |
via) vis) then | then | | |
RC=RC+1 RC=RC+1
START T200 | searr 7200 | | |
| i S
T200 TIME-OUT T RR Pe1 TX RNR P=1 | | I
rC €N200 RC = RC+1 ! RC = RC+1
V{A) = v(5} START T200 i STAR? 7200 | ( {
i i i
L T L]
1 ! 1
] i ] !
MOL-ERR~INDI L} 4 j | |
T200 TIME-OUT RCw0 , | | |
RC = N200 TX SABME P=1 | i ) | | |
start 1200 ! i . |
S.1 ) ! ¥ !
I 1 | | | I
T203 TIME-OUT / / / / / / / /
SET X RVNR PO TX RNR F=0 - - TX RNR P=0 ™ RNR F=0 - -
OWN RECEIVER BUSY (Note) 8.2 8.3 a.6 8.7
CLEAR - - TX RR F=D TX RR Fw0 - - TX RR Pw0 TX RR r~-oS
OWN RECEIVER BUSY (Note) 8.0 8.1 . 8.4 8.

Note — These signals are generated outside the procedures specified in this state transition table, and may be generated by
the conneciton management entity.
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TABLE D-3/Q.921 (10 of 10)

State transition table: receiving frame with incorrect format or frame not implemented

A B EYmOMIIExITIcrasammsIzzzs,

TIMER RECOVERY
------------------------ s N bbbt aletediuiainbet -~ e e e e e o ]
TRANSUITTER CONDITION NORMAL NORMAL NORMAL NORHMAL PEER REC. BUSY| PEER REC. BUSY| PEER Rec. Busy | PeLn Rec. Busy
—————————————— hadnieks Inderiadatedatnblintiatnhad - - e e
RECEIVER CONDITION NORMAL REJ RECOVERY OWH REC. BUSY ﬁg-‘cabnd;wn NORMAL REJ RECOVERY | OWM REC. BUSY ﬁgéabnd own
—— = us; Azza. 1)/ —
STATE NUMBER 8.0 8.1 8.2 8.3 8.4 8.5 8.6 8.7
I S Lean T - & = EX LY ¥ 3 =z
MDL~ERR~IND(}) ! ' [ ! . {
RC = 0 ! | { |
SABME incorrect length TX SABME p=1 | . { | |
RESTART T200 { i i | |
N |
S.1 1 | I
T S N S
T i -
[ | ( I |
D1SC incorrect length | \ | :
i |
_— e — - L-- -_— = — = e e - - e e — — e e g - - = - — == =
! ! 1 I ! ‘
UA  incorrect length I |
| l | | | }
""'""“—l‘—-"—r—___T_—_'—_l'——_--—"——-—_'_—"l"""_—""'
| I
oM incorrect length | I ] i | |
|
M e it
I | i I !
i
FRMR incorrect length i ! \ 1 |
i
___——+————'—-——-———I——————-T—c—-—-—-—-—o—-—--——-—l—--————_—-l—————__
Supervisory frame | | l { 1 \
RR, REJ, RNR | i | )
incocrrect length 1 | | '
T 1 ' ' %
| | | [
MDL-ERR-IND(O) ) { | !
RC = 0 ] | | |
N20l1 error TX SABME P=1 | | i | i
RESTART T200 | | : .
5.1 | | | | ]
| . — 1 1
HDL-ERR-IND(L) | i 1 ' L I i
. RC = 0 I
Undefined Tx SABME Pei | | | l ) [
command RESTART T200 | | | ! } i
and response frames 5.1 { 1 1 [ ! [
) T 1 1 1 | I 1
MDL-ERR-INDIH) | { 1 ] | § |
. RC = 0 1 | t ! I | l
I field not D A ra00 | | | i | |
permitted RESTART | | l , \ '
[ -
-~ )
5.1 N 1 L i I | !

J-En ¥-IX WOD
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APPENDIX I

(to Recommendation Q.921)
Retransmission of REJ response frames

I Introduction

This appendix describes an optional procedure which may be used to
provide a reject retransmission procedure. .

I.2 Procedure

This optional reject retransmission procedure can supplement the
Q.921 LAPD protocol by defining a new variable for multiple frame operation
(8 3.5.2), and by modifying the N(S) sequence error exception condition
S reporting and recovery (8§ 5.8.1).

I.2.1 Recovery state variable V(M)

Each point-to-point data link entity may have an associated V(M)
when using I frame commands and supervisory frame commands/responses. V(M)
denotes the sequence number of the last frame received which caused an N(S3)
sequence error condition. V(M) can take on the v:zlue 0 to 127 and may be
used to determine if another REJ response frame should be sent on receipt of an
N(S) sequence error while in the REJ exception condition.

1.2.2 N(S) sequence error supplementary procedure

The first three paragraphs of 8 5.8.1, N(S) sequence error,
apply. The remainder of the section if as follows:

The REJ frame is used by a receiving data link layer entity to
initiate an exception recovery (retransmission) following the detection of an
N(S) sequence error. The receiving data link entity shall set V(M) to the N(S)
sequence number which caused the N(S) sequence error condition.

Only one REJ exception condition for a given direction of information
transfer shall be established at a time [that is, all REJ frames must have the
same N(R) value until the REJ reception is cleared].

A data link layer entity receiving an REJ command or response shall
initiate sequential transmission (retransmission) of I frames starting with the
I frame indicated by the N(R) contained in the REJ frame.

A REJ exception is cleared when the requested I frame is received or
when SABME, or DISC is received.

If an N(S) sequence error exception occurs when tne receiving data
link layer entity is in the REJ exception condition, then zheck the N(S) of the
received frame to see if the data link layer entity which received the REJ
frame has retransmitted in response to the REJ frame {i.e. is N(S) within
the range [V(R)+1sN(S)sV(M)]}. If the N(S) of the received frame is within

(1588)
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the above range, then send another REJ response frame, issue an
MDL-ERRQR-INDICATION primitive to the connection management entity, and set
V(M) equal to N(S). The transmitting side will not need to wait for timer T200
to expire before it can retransmit the lost frame.

If an N(S) sequence error occurs when the receiving data link layer
entity is in the REJ exception condition, and it cannot be determined if the
data link layer entity which received the REJ frame has retransmitted in
response to that frame [i.e. if N(S) > V(M)], then set V(M) equal to the N(S)
of the received frame.

(1588)
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APPENDIX II
(to Recommendation Q.921)

Occurrence of MDL-ERROR-INDICATION
within the basic states and actions
to be taken by the management entity

I Introduction

Table II-1/Q.921 gives the error situations in which the
MDL-ERROR-INDICATION primitive will be generated. This primitive notifies the
data link layer's connection management entity of the occurred error situation.
The associated error parameter contains the error code that describes the
unique error conditions. Table II-1/Q.921 also identifies the assocliated
connection management actions to be taken from the network and the user side,
based on the types of error conditions reported.

This appendix does not incorporate the retransmission of REJ response
frames described in Appendix I.

II.2 Layout of Table II-1/Q.921

The "Error code" column gives the identification value of each
error situation to be included as a parameter wi-n the MDL-~-ERROR-INDICATION
primitive.

The column entitled "Error condition" together with the "Affected
states" describes unique protocol error events and the basic state of the data
link layer entity at the point that the MDL-ERROR-INDICATION primitive is
generated.

For a given error condition, the column entitled "Network management
action" describes the preferred action to be taken by the network management
entity.

The column entitled "User management action" describes the preferred
action to be taken by the user side management entity on a given error
condition.

IT1.3 Preferred management actions

The various preferred layer management actions on an error
situation may be described as one of the following:

a) Error log

This suggests that the network side connection management entity

has the preferred action of logging the event into an error counter.
The length and the operation of the counter mechanisms for the error
situations is implementation dependent.

b) TEI check

This means that the network side layer management entity invokes
the TEI check procedure.

("1588)
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c) TEI verify

This means that the user side layer management entity may
optionally invoke a TEI verify request procedure that asks the
network side layer management entity to issue a TEI check procedure.

d) TEI remove

This means that the user side layer management entity may directly
remove its TEI value from service.

In most of the described error situations, there is either no .
action to be taken on the user side layer management or the action to be taken
is implementation dependent, as Table II-1/Q.921 shows. "Implementation
dependent” means that it is optional whether the user side layer management has
incorporated any form of error counter to log (store) the reported event. If
action is taken, the layer management has to take into account that the data
link layer will have initiated a recovery procedure.

(1588)
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TABLE II-1/Q.921

Management Entity Actions for MDL Error Indications

. i Affected User
E"O" E"Qr P N“..'k L
Tipe Code Ervor Condition (Se:t;t;;e 17 Menegement Action Msnegement Action
A Supervisory (F = 1) 7 Error log implementation dependent
3 B - DM (F = 1) 78 Error log implementation dependent
K] . ;g n;,lmoi:al pro‘ciedure or
-g E ' Cc UA (F - ﬁ 478 then,cife %Eﬁroce e TEI identity verify procedure
-4 - free, remove TEI
E 2 — single, no action *
.% D UA (F = 0) 45678 | multiple, TEI removal remove TEI
é procedure
= E Receipt of DM 78 Error log implementation dependent
response (F = 0)
Peer ) -
:‘;;:.:m F . 78 Error Jog implementation dependent
SABME
'I;IEI ctlltsa%lill)rocedure; -
then, : . Lo
E§ 3 . _ free, remove TEI TEI identity verify pro,cedure
! 2 .:.E_ G 5 — single, error log or
ua § — multiple, TEI removal remove TEI
g § procedure
S2€| B DISC s
1 Status Enquiry 8 Error log implementation dq;endent.
J N(R) Error 7.8 Ecror log implementation dependent
Receiptof - ion des
K FRMR nse 7.8 Error log | implementation de?endent
& Receipt of non- .
g L implemented frame 450,78 Error log im)pleme_nmxon dependent
)
o M .
Receipt of I field 45878 Error log implementation dependent
(See. 2 mot permitted e pen
N 5‘.’::"‘ d"?i:' 4,5,8,78 Error log implementation dependent
(o] N201 Error 438,78 Etror log implementation dependent

Note 1 — For the description of the affected states, see Annex B.

Note 2 — According to § 5.8.5, this error code will never be generated.
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APPENDIX III

(to Recommendation Q.921)

Optional basic access deactivation procedures

III1 .1 Introduction

This appendix provides one example of a deactivation procedure
which can be used by the network side system management to control deactivation
of the access. Figure III-1/Q.921 provides a conceptual model of the
interactions which are required for this deactivation procedure.

SYSTEM HIGHER LAYERS

MANAGEMENT
A A

MONITOR

DEACTIVATION
PROCEDURE

LAYER 1

T1101560-86

FIGURE III-1/Q.921

Ceonceptual hodel of the interactions for an
Example Deactivation Procedure

(1588)



- 171 =
COM XI-R 43-E

I11.2 Description of the Conceptual Model

The monitor function uses layer 2 activity as the basis for .
establishing whether deactivation of the access can take place. The signal
INFORMATION is used to report the layer 2 activity in the following

manner:

- INFORMATION (FREE) indicates that there is no data link
connection in the multiple-frame mode of operation;

- INFORMATION (IN USE) indicates that there is at least one
data link connection in the mode-setting or multiple-frame mode

of operation; and

- INFORMATION (UNIT DATA) indicates that a Ul frame is about
to be transmitted, or has just been received.

Within the data link layer entity the
DL-ESTABLISH-REQUEST/INDICATION primitives and DL-RELEASE-INDICATION/CONFIRM
mark the duration of the multiple-frame mode of operation, and the MDL/DL/UNIT
DATA-REQUEST/INDICATION primitives mark the transmission and reception of
Ul frames.

A signal Status is used to represent the ability of higher layers to
enable or disable the deactivation procedures:

- STATUS (ENABLE) deactivation procedures enabled; and
- STATUS (DISABLE) deactivation procedures disabled.

The MPH-DEACTIVATE-REQ, MPH-DEACTIVATE-IND and MPH-ACTIVATE-IND
primitives are used as described in 8 4. The definition and usage of these
primitives are also described in Recommendation I.430 [4] which specifies
layer 1. .

Since, in Recommendation I.430, the usage of the MPH-DEACTIVATE-IND
primitive is an implementation option, two cases of deactivation are described
below.

8 II1.3 provides a description of the deactivation procedure when
the MPH-DEACTIVATE-IND primitive is delivered to the system management entity.

8 I11.Y4 provides a description of the deactivation procedure when
the MPH-DEACTIVATE-IND primitive is not delivered to the system management
entity.

Note — These procedures require that all layer 3 entities making use
of the acknowledged information transfer service, must release the data link
connection at an appropriate point after the completion of the information
transfer.

ITI.3 Deactivation procedure with MPH-DEACTIVATE-IND

This deactivation procedure makes use of the MPH-DEACTIVATE-IND
primitive to provide an option of layer 1 implementation.

(1588)
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Figure III-2/Q.921 provides a state transition diagram of the
deactivation procedure with the MPH-DEACTIVATE-IND primitive.

This deactivation procedure can be represented by six

State

State

State

State

State

State

These

1 Information transfer not available and free;
{No info xfer and free)

2 Information transfer available and free;
(Info xfer and free)

3 Information transfer available and in use;
(Info xfer and in use)

4 Information transfer not avallable and in use;
{(No info transfer and in use)

5 Information transfer interrupted and free,
(Info interrupted and free)

6 Information transfer interrupted and in use;
(Info interrupted and in use)

six states are described as follows:

State 1 represents the state where the access is assumed to be
deactivated and no data link connections are in a mode setting or
multiple-frame mode of operation.

State 2 represents the state where the access is activated and no

data link connection is in a mode setting or multiple-frame mode of
operation. Timer TMO1 is running, and upon its expiry, if deactivation
is enabled, then an MPH-DEACTIVATE-REQ primitive may be issued to
layer 1. The access is then assumed to be deactivated.

State 3 represénts the state where the access is activated and at
least one data link connection is in a mode setting or multiple-frame
mode of operation.

State 4 represents the state where the access is regarded as being in
an transient state (neither deactivated nor activated) and at least
one data link connection is in a mode setting or multiple-frame mode
of operation. [This state can be entered, for example, due to the
arrival of an INFORMATION (IN USE) signal before an MPH-ACTIVATE-IND
primitive.]

State 5 represents the state where the access is regarded as being

in a transient state (neither deactivated nor activated) and no data
link connection is in a mode setting or multiple~frame mode of
operation. Timer TMO1 is running and upon its expiry, if deactivation
is enabled, then an MPH-DEACTIVATE-REQ primitive will be issued to
layer 1. The access is assumed to be deactivated.
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State 6 represents the state where the access is regaﬁded as being in
the transient state (neither deactivated nor activated) and at least

one data link connection is in a mode setting or multiple frame mode

of operation.

TMO1 is started whenever state 2 is entered:

on receipt of an MPH-ACTIVATE-IND primitive in state 1; and

on receipt of an INFORMATION (FREE) signal in state 3.

TMO1 is started whenever state 5 is entered:

on receipt of an INFORMATION (FREE) signal in state 6.

TMO01 is restarted in states 2 and 3 when:

TMO1 expires while deactivation is disabled by the receipt of a STATUS
(DISABLE) signal; and

an INFORMATION (UNIT DATA) signal is received in order to allow
sufficient time for current and further unacknowledged information
transfer.

TMO1 has a value of ten seconds at the network side.
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’ STATUS (ENABLE) STATUS (DISABLE)
[Set Deactivation Enabled) [Set Deactivation Disabled]
TMOl,"Expiry
DEACTIVATHON DISABLED
[Start|TM01]

INFORMATION
(UNIT DATA)
[Restart TMO1]

Info TMO1 Expiry
interrupted DEACTIVATE ENABLED
and free [MPH-DEACTIVATE-REQ]
J 1 [\ INFORMATION
y No (IN USE)
! info xfer
N MPH-ACTIVATE-IND and free
F \
_ INFORMATION
N MPH- EMO1 Expiry (FREE)
F M DEACTIVATE DEACTIVATION ENABLED
o A -IND [MPH-DEACTIVATE-REQ]
R
M T
A 1
T (o}
i N y 3
N I
N N 2 Info xfer 4 No
and free info xfer
F U and in use
RS TMOL EXPIRY
g | DFORMATION DEACTIVATION DISABLED
E (UNIT DATA) [St t TMOl]
E [Restart TMO1] ar
[Stop
[Stmmox]
™O1]
INFORMATION
(IN USE)
6 . [Stop T™O1 ] 3
) nfo Info xfer MPH-ACTIVATE-IND
interrupted and in use
and in use
INFORMATION (FREE)
[Start TMO1]

MPH-ACTIVATE-IND
MPH-ACTIVATE-IND

MPH-DEACTIVATE-IND

T1104200-36

FIGURE I1I-2/Q.921
State transition diagram of a deactivation procedure with MPH-DEACTIVATE-IND
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III. 4 Deactivation procedure without MPH-DEACTIVATE-IND

This deactivation procedure does not make use of the
MPH-DEACTIVATE~IND primitive to provide an option of layer 1 implementation.
Thus this procedure can be represented by only four states, i.e. state 1,
rtate 2, state 3, and state 4, States 5 and 6 have disappeared.

Figure 1I11-3/Q.921 provides a state transition diagram of this
deactivation procedure without the MPH-DEACTIVATE-IND primitive.

STATUS (DISABLE)
[Set Deactivation Disabled ]

STATUS ENABLE
[Set Deactivation Enabled]

MPH-ACTIVATE-IND INFORMATION
[Start TMO1] 1 (IN USE)
No

info xfer
and free
INFORMATION
TMO1 Expiry (FREE)
DEACTIVATION ENABLED
[MPH-DEACTIVATE-REQ]
MPH-ACTIVATE-IND
4
Info xfer N No
and free qu xfer
and in use
TMO1 Expiry
INFORMATION DEACTIVATION DISABLED
(UNIT DATA) [Start TMO1]
[Restart TMO1]
INFORMATION
(IN USE)
[Stop T™MO1] MPE
Info xfer H-ACTIVATE-IND
and in use

INFORMATION (FREE)
[Start TMO1]

T1104210-36
MPH-ACTIVATE-IND

FIGURE 111-3/Q.921

State transition diagram of a deactivation procedure without MPH-DEACTIVATE-IND
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APPENDIX IV
(to Recommendation Q.921)

Automatic negotiation of data link layer parameters

Iv.1 General

Each data link layer entity has an associated data link connection
management entity. The data link connection management entity has the
responsibility for initializing the link parameters necessary for correct
peer—-to-peer information transport.

The method of initialization of the parameters follows one of the
two methods below:

- initialization to the default values as specified in § 5.9;
or

- initialization based on the values supplied by its peer
entity.

The latter method utilizes the parameter negotiation
procedure described in this appendix. Typically, after the assignment of a
TEL value to the management entity, the data link connection management entity
is notified by its layer management entity that param-ter initialization is
required.

The data link connection management entity will invoke the
peer—-to-peer notification procedure. After parameter initialization,
the data link connection management entity will notify the layer management
entity that parameter initialization has occurred, and the layer management
entity will issue the MDL~ASSIGN-REQUEST.

Iv.2 Parameter initialization

The parameter initialization procedure may invoke either the
internal initialization procedure or the automatic notification of data link
parameter procedure.

Iv.3 Internal parameter initialization

When the layer management entity notifies the connection management
entity of TEI assignment, the connection management entity shall initialize the
link parameters to the default values and notify the layer management of task
completion.
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iv.4 Automatic notification of data link layer parameter values

For each data link layer an exchange of certain data link layer
parameters may take place between the peer data link connection managefent
entities before entering the TEl-assigned state. This exchange may be
initiated after acquiring a TEL, that is, after:

- receipt of a DL-ESTABLISH-REQUEST or a DL~UNIT DATA-REQUEST
primitive following a power-up condition associated with
non-automatic TEL user equipment.

- receipt of the Identity assigned response for automatic TEI
assignment user equipment. This message contains the TEI
received by the layer management entity.

The data link connection management entity, following assignment _
of a TEL from the layer management entity, shall issue an XID command with the
P bit set to O and containing the parameter message shown in
Figure IV-1/Q.921, and start the connection management timer TM20.

The I field of the XID command frame shall reflect the parameters
desired for future communications across this data link layer connection.

The peer data link connection management entity, upon receipt of
this XID command frame, shall transmit an XID response with the F bit set to
0 containing the list of parameter values that the peer can support.

If the data link connection management entity receives the above XID
response prior to expiry of timer TM20, it shall stop the timer, and shall
notify the layer management entity of a successful parameter exchange. However,
if timer TM20 expires before receiving the XID response, the data link
connection management entity shall retransmit the XID command, increment the
retransmission counter and restart timer TM20. This retransmission process is
repeated if timer TM20 expires again. Should the retransmission counter equal
NM20, or an XID response frame with a zero length I field be received, the data
link connection management entity shall issue an indication to the layer
management entity and initialize the parameters to the default values. The
layer management entity may log this condition and then issue the
MDL~-ASSIGN-REQUEST primitive to the data link layer.

The timer TM20 is set to 2.5 seconds and NM20 is set to 3.
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8§ 7 6 5 4 3 2 1
1t 00 00 0 1 0
1 00 00 000
0 00 0 0 O0C 00O
000011 1 1 0
0 6 0 0 0 1 01
0 0 0 00 0 1O
15 8
2 2
7 0
2 2
¢ 0000611 1O
0 00 00 0 1t 0
15 8
2 2
7 Q
2 2
c 00 001t ¢ 1
0 0 000 01
6 0
o 2 z
c 000 T 0 Q
¢ 00 0 00 01
7 o
2 2

* Increments

Format Identifier (FI)

Group ldeatifier (GI)

:}— Group Length (GL)

P! = Frame Size (Transmit)

PL = 2

PY = N201 Value
of Transmitter
PI = Frame Size (Receive)

PL =~ 2
PY = N201 Value of Receiver

PI = Window Size {Transmit)
PL = 1

PY = K Value

PI = Retransmission Timer (7200)
PL =~ 1
PY = T200 Value*

of 0.1 seconds; maximum range 25.5 seconds

FIGURE IV-1/Q.921

Parazmeter messaze encoding
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ABBREVIATIONS AND ACRONYMS USED IN RECOMMENDATION Q. 921

Abbreviation

of acronym Meaning

aai Action indicator)

@ASP Assignment source point\

@CEI Connection endpoint identifier\

@CES Connection endpoint suffix\

@C/R Command/response field bit\

epIsc Disconnect\

enpL— Communication between Layer 3 and data link layer\
@DLCI Data link connection identifier\

@DM Disconnected mode\

fEA Extended address field bit\

@ET Exchange termination\

@rcs Frame check sequence\

@FRMR Frame reject\

@1 Information\

Q1D Identity\

@ISDN Integrated Services Digital Network\

@L3 Layer 3\

L2 Layer 2\

eL1 Layer 1\

@LAPB Link access procedure — Balanced\

@LAPD Link a&cess procedure on the D-channei\

&M Modifier function bit\

@MDL—- Communication between management entity and data link layer\
@MPH— Communication between system management and physical layer\
@N(R) Receive sequence number\
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eN(s) Send sequence number\

@P/F Poll/Final bit\

@PH— Communication between data link layer and physical layer\
@RC Retransmission counter\ |
@REC Receiver\

@REJ Reject\

@R1i Reference number\

@RNR Receive not ready\

@RR : Receivé ready\

@s Supervisory\

@s Supervisory function bit\

@SABME Set asynchronous balancéd mode extended\
@SAP Service access point\

@SAPI Service access point identifier\

@TE Terminal equipment\

@TEL Terminal endpoint identifier\

aTX Transmit\

au Unnumbered\

auUA Unnumbered acknowledgement\

@ul Unnumbered information\

ev(A) Acknowledge state variable\

ev(M) Recovery state variable\

8V(R) Receive state variable\

av(s) Send state variable\

@xip Exchange identification\
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