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Abstract

This standard is made up of eight chapters. Chapter T1.111.1 provides the functional description of the Message
Transfer Part of Signalling System Number 7 (SS7). Chapter T1.111.2 describes signalling data link to be used for SS7
networks in the United States. Chapter T1.111.3 describes the functions and procedures for, and relating to, the
transfer of signalling messages over one signalling data link; in this section, "signal units" of variable lengths are
transferred, including control information for proper operation. Chapter T1.111.4 describes the functions and
procedures for, and relating to, the transfer of messages between signalling points; these signalling network
management functions ensure a reliable transfer of signalling messages, according to the requirements specified in
chapter T1.111.6. Chapter T1.111.5 describes aspects that are pertinent to, and should be considered in, the design of
national and international signalling networks. Chapter T1.111.6 describes the signalling performance requirements
of the Message Transfer Part; the signalling performance is the capability of the Message Transfer Part to transfer
messages of variable lengths for different users in a defined manner. Chapter T1.111.7 describes means and
procedures for the testing and maintenance of the signalling network in order to realize the performance
requirements for the Message Transfer Part, as identified in Chapter T1.111.6. Chapter T1.111.8 describes aspects that
are pertinent to the numbering scheme of signalling codes for SS7 networks in the United States.
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FOREWORD

The information contained in this Foreword is not part of this American National Standard (ANS) and has not been
processed in accordance with ANSI’s requirements for an ANS. As such, this Foreword may contain material that has
not been subjected to public review or a consensus process. In addition, it does not contain requirements necessary
for conformance to the standard.

This document is entitled Signalling System Number 7 (557) - Message Transfer Part (MTP). It is based on ANSI T1.111-
2001, and is intended to be compatible with ITU-T Recommendations Q.701 through Q.708, issued by the ITU-T
Study Group XI (Vol. VI Fascicle VL.8) for international use.

A change bar on the right margin indicates a change from the 2001 issue of this American National Standard. These
change bars are advisory only, and reflect the editors” views of which textual changes constitute significant technical
changes. Because of the differences in style and content between this standard and the ITU-T Recommendations, it is
not possible to indicate differences using margin marks.

This standard contains the following eight chapters:

¢ T1.111.1, Functional Description of the Message Transfer Part (MTP).
¢ T1.111.2, Signalling Data Link.

¢ T1.111.3, Signalling Link.

¢ T1.111.4, Signalling Network Functions and Messages.

¢ T1.111.5, Signalling Network Structure.

¢ T1.111.6, Message Transfer Part Signalling Performance.

¢ T1.111.7, Testing and Maintenance.

¢ T1.111.8, Numbering of Signalling Point Codes. (See below Note.)

This standard is intended for use in conjunction with T1.110-1999,Signalling system number 7 (SS7) - General
information, , which includes an overview of SS7, a glossary, and a chapter on abbreviations.

The following are the key differences between T1.111-2001 and T1.111-2005:

¢ Addition of an extension mechanism for the Service Indicator (SI) field; and

¢ Update to the signalling point code assignment guidelines to assign point codes for internal CCS
network/group use by any carrier.

Information contained in a normative annex in these specifications is considered part of this standard. Information
contained in an informative annex in these specifications is not considered part of this standard but is rather auxiliary
to the standard. Similarly, footnotes are not officially part of this standard.

Caution should be exercised in using the Specification and Description Language (SDL) diagrams to interpret the
standard since they may not fully align with the text. Please note that in case of any conflict between the text and the
SDL diagrams, the text always takes precedence.

NOTE - Chapter T1.111.8, Numbering of Signalling Points Codes: The document entitted Numbering of
Signalling Points Codes -- approved by the American National Standard Institute (ANSI) as T1.111a-2002 --
is superseded by this document, T1.111-2005, Signalling System Number 7 (SS7) — Message Transfer Part
(MTP). This standard is intended for use in conjunction with American National Standard for
Telecommunications — Signalling System Number 7 (SS7) — General information, T1.110-1999, which
includes an overview of SS7, a glossary, and a chapter on abbreviations.
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Future control of this document will reside with PTSC. This control of additions to the specification, such as protocol
evolution, new applications, and operational requirements, will permit compatibility among U.S. networks. Such
additions will be incorporated in an orderly manner with due consideration to the ITU-T layered model principles,
conventions, and functional boundaries.

Suggestions for improvement of this standard will be welcome. These should be sent to the Alliance for
Telecommunications Industry Solutions, PTSC Secretariat, 1200 G Street, NW, Suite 500, Washington DC 20005.

The Alliance for Telecommunication Industry Solutions (ATIS) serves the public through improved understanding
between carriers, customers, and manufacturers. The Packet Technologies and Systems Committee (PTSC) --
formerly T1S1 -- develops and recommends standards and technical reports related to services, architectures, and
signaling, in addition to related subjects under consideration in other North American and international standards
bodies. PTSC coordinates and develops standards and technical reports relevant to telecommunications networks in
the U.S,, reviews and prepares contributions on such matters for submission to U.S. ITU-T and U.S. ITU-R Study
Groups or other standards organizations, and reviews for acceptability or per contra the positions of other countries
in related standards development and takes or recommends appropriate actions.
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Signalling System Number 7 (S57) -
Functional Description of the Signalling System
Message Transfer Part (MTP)

1 SCOPE, PURPOSE, & APPLICATION

The overall objective of the SS7 Message Transfer Part (MTP) is to provide an internationally
standardized general purpose common channel signalling system that provides a reliable
means of transfer of information in correct sequence and without loss or duplication.

The signalling system is optimized for operation over 56 or 64 kbit/s digital channels. The
signalling system is also optimized for 1.536 Mbit/s data rate links to accommodate the growth
of SS7 traffic. For Asynchronous Transfer Mode (ATM) based transmission, the signalling
system is optimized for operation at 64 kilobits/s and higher. The system is suitable for use on
point-to-point terrestrial and satellite links.

It does not include the special features required for use in point-to-multipoint operation but can
, if required, be extended to cover such an application.

The signalling system uses signalling links for transfer of signalling messages between
exchanges or other nodes in the telecommunication network served by the system.
Arrangements are provided to ensure reliable transfer of signalling information in the presence
of transmission disturbances or network failures. These include error detection and correction
on each signalling link. The system is normally applied with redundancy of signalling links,
and it includes functions for automatic diversion of signalling traffic to alternative paths in case
of link failures. The capacity and reliability for signalling may thus be dimensioned by
provision of a multiplicity of signalling links according to the requirements of each application.

2 SIGNALLING SYSTEM STRUCTURE

2.1 Basic Functional Division

The fundamental principle of the signalling system structure is the division of functions into
separate modules or entities. These consist of a common Message Transfer Part (MTP) and users
of the MTP. This is illustrated in Figure 1/T1.111.1.

The overall function of the Message Transfer Part is to serve as a transport system providing
reliable transfer of signalling messages between the locations of communicating user or
application functions.

T1.111.1-1
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The term user in this context refers to any functional entity that utilizes the transport capability
provided by the Message Transfer Part.

The basic commonality in signalling for different services resulting from this concept is the use
of a common transport system -- i.e., the Message Transfer Part. Also, a degree of commonality
exists between certain users.

2.2 Functional Levels

221 General

As a further separation, the necessary elements of the signalling system are specified in
accordance with a level concept in which the functions of the Message Transfer Part are
separated into three functional levels, and users of the MTP exist at the higher functional levels.
For ATM-based transmission, the Signalling ATM Adaptation Layer (SAAL), the ATM layer,
and physical layer can alternatively be used instead of MTP levels 2 and 1 to provide link and
physical layer functions for SS7 signalling.

The level structure is illustrated in Figure 2/T1.111.1. The system structure shown in Figure
2/T1.111.1 is not a specification of an implementation of the system. The functional boundaries
B, C, and D may or may not exist as interfaces in an implementation. The interactions by means
of controls and indications may be direct or via other functions. However, the structure shown
in Figure 2/T1.111.1 may be regarded as a possible model of an implementation.

2.22 Signalling Data Link Functions (Level 1)

Level 1 defines the physical, electrical, and functional characteristics of a signalling data link
and the means to access it. The level 1 element provides a bearer for a signalling link.

In a digital environment, 56 or 64 kbit/s digital paths will normally be used for the signalling
data link. When higher speeds are needed, 1.536 Mbit/s digital paths can be used for the
signalling data link. The signalling data link may be accessed via a switching function,
providing a potential for automatic reconfiguration of signalling links. Other types of data links,
such as analog links with modems, can also be used.

The detailed requirements for signalling data links are specified in Chapter T1.111.2.

2.2.3 Signalling Link Functions (Level 2)

Level 2 defines the functions and procedures for, and relating to, the transfer of signalling
messages over one individual signalling data link. The level 2 functions, together with a level 1
signalling data link as a bearer, provide a signalling link for reliable transfer of signalling
messages between two points.

T1.111.1-2
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A signalling message delivered by the higher levels is transferred over the signalling link in

variable length signal units. For proper operation of the signalling link, the signal unit comprises
transfer control information in addition to the information content of the signalling message.

The signalling link functions include:

Delimitation of signal unit by means of flags;
Flag imitation prevention by bit stuffing;

Error detection by means of check bits included in each signal unit;

Ll

Error correction by retransmission and signal unit sequence control by means of explicit
sequence numbers in each signal unit and explicit continuous acknowledgments; and

5. Signalling link failure detection by means of signal unit error rate monitoring and
signalling link recovery by means of special procedures.

The detailed requirements for signalling link functions are given in Chapter T1.111.3.

2.2.3A Signalling ATM Adaptation Layer (SAAL) and ATM Protocol Architecture
2.2.3A.1 Physical Layer

The physical layer provides a means for ATM cells to be transmitted on a transport facility. At
this time, SONET, DS1, and DS3 have been specified as physical layer methods for transmitting
ATM cells. The physical transmission rates that have been specified are 51.840 Mbit/s, 155.520
Mbit/s, 622.080 Mbit/s, 2.48832 Gbit/s, 1.544 Mbit/s and 44.736 Mbit/s.

The interface specifications of the SONET layer and DS3 are provided in T1.640-2001 (R2006).
The interface specifications of the DS1 are provided in T1.646-2003.

2.2.3A.2 ATM Layer

ATM is the transfer mode solution for implementing a B-ISDN. ATM provides high efficiency
and flexibility because it provides “virtual channels” instead of dedicated physical channels,
allowing better use of the physical resources with high performance capabilities (low latency
and high capacity). For signalling, the virtual channel connection constitutes a signalling link
and can operate at a rate of 64 kbit/s or higher. ATM also allows sharing of Operations and
Maintenance (OAM) across multiple services, provides variable information transfer rates, and
can support versatile call and connection structures. The multiplexed information flow is
organized into fixed size cells.

The protocol specification of the ATM layer is provided in T1.627-1993 (R2004).

T1.111.1-3



ATIS-1000111.2005
Chapter71.111.1

2.2.3A.3 SAAL

The ATM Adaptation Layer (AAL) is defined to enhance the services provided by the ATM
layer to support the functions required by the next higher layer. One particular type of AAL
service is the Signalling AAL (SAAL), which comprises AAL functions necessary to support
signalling. The SAAL consists of the AAL Common Part (CP) type 5, the Service Specific
Connection Oriented Protocol (SSCOP), the Service Specific Coordination Function (SSCF), and
the SAAL Layer Management.

The SAAL at the Network Node Interface (NNI) provides signalling link functions for the
transfer of signalling messages over one individual signalling data link. The SAAL functions
provide a signalling link for reliable transfer of signalling messages between two signalling
points. A signalling message delivered by the higher levels is transferred over the signalling
link in variable length protocol data units (PDUs).

The overview to SAAL is provided in T1.636-1999 (R2005).

2.23A.3.1 Common Part (CP)

Several AAL CPs have been identified in T1.635.1999 (R2005); one is known as AAL type 5. The
purpose of the type 5 CP is to support those capabilities necessary to meet the upper layer data
transfer needs while using the service of the ATM layer. The protocol provides the transport of
variable length frames (1 to 656535 octets in length) with error detection. The frame is padded to
align the resulting protocol data unit to fill an integral number of ATM cells. A CRC-32 is used
to detect errors and the length field is used to extract the frame.

The protocol specification of the type 5 CP is provided in T1.636-1999 (R2005).

2.2.3A.3.2 Service Specific Connection Oriented Protocol (SSCOP)

SSCOP is a connection oriented protocol with error recovery providing a generic reliable data
transfer service for different AAL interfaces defined by the SSCF. Two SSCFs have been defined
for signalling: the signalling SSCF at the User Network Interface (UNI), and the signalling SSCF
at the Network Node Interface (NNI). SSCOP utilizes the service of the AAL Type 5 CP, which
provides an unassured information transfer and a mechanism for detecting corruption of
SSCOP PDUs.

The protocol specification of the SSCOP is provided in T1.637-1999 (R2005).

2.2.3A.3.3 Service Specific Coordination Function (SSCF) at the NNI

The function of the SSCF is to map the service of the SSCOP of the AAL to the requirements of
MTP Level 3. The SSCF at the NNI also provides communication with the SAAL Layer
Management for proper operation of signalling links.

The protocol specification of the SSCF is provided in T1.645-1995 (R2008).

T1.111.1-4
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2.2.3A.34 SAAL Layer Management

The layer management functions at the NNI perform a coordination function between the
system management function and the SAAL. The functions of the layer management at the NNI
include error processing, measurements and determination of link quality during proving and
normal operation.

The protocol specification of the SAAL Layer Management is provided in T1.652-1996(R2006).

2.2.4 Signalling Network Functions (Level 3)

Level 3, in principle, defines those transport functions and procedures that are common to, and
independent of, the operation of individual signalling links. As illustrated in Figure 2/T1.111.1,
these functions fall into two major categories:

1. Signalling Message Handling Functions. These are functions that, at the actual transfer of a
message, direct the message to the proper signalling link or higher level function.

2. Signalling Network Management Functions. These are functions that, on the basis of
predetermined data and information about the status of the signalling network, control
the current message routing and configuration of signalling network facilities. In the
event of changes in the status, they also control reconfigurations and other actions to
preserve or restore the normal message transfer capability.

The different level 3 functions interact with each other and with the functions of other levels by
means of indications and controls as illustrated in Figure 2/T1.111.1. This Figure also shows
that the signalling network management as well as the testing and maintenance actions may
include exchange of signalling messages with corresponding functions located at other
signalling points. Although not User or Application Part themselves, these parts of level 3 can
be seen as serving Users of the Message Transfer Part. As a convention in these specifications, for
each description, general references to Users as sources or sinks of signalling messages
implicitly include these parts of level 3, unless the opposite is evident from the context or
explicitly stated.

A description of the level 3 functions in the context of a signalling network is given in clause 3.
The detailed requirements for signalling network functions are given in Chapter T1.111.4. Some
means for testing and maintenance of the signalling network are provided, and the detailed
requirements are given in Chapter T1.111.7.

2.2.5 User Functions (Level 4 and Above)

Level 4 and above consist of the different users of the MTP. Each user defines the functions and
procedures of the signalling system that are needed by that user. (Additional information on
users can be found in clause 3.2.2 of Chapter T1.110.1.)
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2.3 Signalling Message

A signalling message is an assembly of information, defined at level 3 or higher, pertaining to a
call, management transaction, and the like, that is transferred as an entity by the message
transfer function.

Each message contains service information including a service indicator identifying the user of the
MTP, whether the message relates to international or national applications, and message
priority.

The signalling information of the message includes the actual user or application information,
such as one or more telephone or data call control signals, management and maintenance
information, and the like, and information identifying the type and format of the message. It
also includes a label that provides information enabling the message:

1. To be routed by the level 3 functions and through a signalling network to its destination;
and

2. To be directed at the destination to the particular user to which the message is related.

On a signalling link using the MTP level 2 protocol, each signalling message is packed into a
Message Signal Unit (MSU), which also includes transfer control information related to the level
2 functions of the link. On an ATM-based signalling link, each signalling message is packed into
a SSCOP Protocol Data Unit (PDU).

2.4 Functional Interface

The following functional interface between the Message Transfer Part and its users can be seen
as a model illustrating the division of functions between these parts. The interface (see Figure
3/T1.111.1) is purely functional and need not appear as such in an implementation of the
system.

The main interaction between the Message Transfer Part and the higher parts is the transfer of
signalling messages across the interface, each message consisting of service information and
signalling information as described above. Message delimitation information is also transferred
across the interface with the message.

In addition to the transfer of messages and associated information, the interaction may also
include flow control information -- e.g., an indication from the Message Transfer Part that it is
unable to serve a particular destination.

A description of the characteristics of the Message Transfer Part as seen from the functional
interface and the requirements to be met by potential users of the message transfer function is
given in clause 4.
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3 SIGNALLING NETWORK

3.1 Basic Concepts and Features

3.1.1 Signalling Network Components

A telecommunication network served by common channel signalling is composed of a number
of switching and processing nodes interconnected by transmission links. The nodes in the
telecommunication network that are provided with common channel signalling are, in the
context of signalling, referred to as signalling points. In specific cases, there may be a need to
partition the common channel signalling functions at such a (physical) node into logically
separate entities from a signalling network point of view -- i.e., a given (physical) node may be
defined as more than one signalling point. One example is an exchange at the boundary
between the international and a national signalling network. Another example is multiple point
codes in signalling network elements within a single network or at the interface of signalling
networks. Example of multiple point codes in a signalling element are illustrated in Figure
4/T1.111.1.

Any two signalling points, for which the possibility of communication between their
corresponding User or Application Part functions exist, are said to have a signalling relation.

The corresponding concept for a given User or Application Part is called user or application
signalling relation.

An example is when two telephone exchanges are directly connected by a bundle of speech
circuits. The exchange of telephone signalling relating to these circuits then constitutes a user
signalling relation between the telephone user functions in those exchanges in their roles as
signalling points.

Another example is when administration of customer and routing data in a signalling point is
remotely controlled from an operation and maintenance center by means of communication
through the common channel signalling system. This communication then constitutes an
application signalling relation between the applicable Operation and Maintenance Application
Part functions at the signalling point and the corresponding functions at the operation and
maintenance center.

The common channel signalling system uses signalling links to convey the signalling messages
between two signalling points. A number of signalling links that directly interconnect two
signalling points which are used as a module constitute a signalling link set. Although a link set
typically includes all parallel signalling links, it is possible to use more than one link set in
parallel between two signalling points. A group of links within a link set that have identical
characteristics (e.g., the same data link bearer rate) is called a link group.

Two signalling points that are directly interconnected by a signalling link set are, from a
signalling network structure point of view, referred to as adjacent signalling points.
Correspondingly, two signalling points that are not directly interconnected are non-adjacent
signalling points.
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3.1.2 Signalling Modes

The term signalling mode refers to the association between the path taken by a signalling
message and the signalling relation to which the message refers.

In the associated mode of signalling, the messages relating to a particular signalling relation
between two adjacent signalling points are conveyed over a link set, directly interconnecting
those signalling points.

In the non-associated mode of signalling, the messages relating to a particular signalling relation
are conveyed over two or more link sets in tandem passing through one or more signalling
points other than those which are the origin and the destination of the messages.

The quasi-associated mode of signalling is a limited case of the non-associated mode where the
path taken by a message through the signalling network is predetermined and, at a given point
in time, fixed.

SS7 is specified for use in the associated and quasi-associated modes. The Message Transfer Part
alone does not include features to avoid out-of-sequence arrival of messages or other problems
that would typically arise in a fully non-associated mode of signalling with dynamic message
routing; this would require additional services provided by the Signalling Connection Control
Part (SCCP).

Examples of signalling modes are illustrated in Figure 5/T1.111.1.

3.1.3 Signalling Point Modes

A signalling point at which a message is generated -- i.e., the location of the source User or
Application Part function, is the originating point of that message.

A signalling point to which a message is destined -- i.e., the location of the receiving User or
Application Part function, is the destination point of that message.

A signalling point at which a message received on a signalling link is transferred to another link
-- i.e., neither the location of the source nor the receiving User or Application Part function, is a
Signalling Transfer Point (STP).

For a particular signalling relation, the two signalling points thus function both as originating
and destination points for the messages exchanged in the two directions between them.

In the quasi-associated mode, the function of a signalling transfer point is typically located in a
few signalling points which may be dedicated to this function or may combine this function
with some other (e.g., switching) function. A signalling point serving as a signalling transfer
point functions as an originating and a destination point for the messages generated and
received by the level 3 function of the Message Transfer Part also in cases when no user
functions are present.
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3.14 Message Labeling

Each message contains a label. In the standard label, the portion that is used for routing is called
the routing label. This routing label includes:

1. Explicit indications of destination and originating points of the message -- i.e,
identification of the signalling relation concerned; and

2. A code used for load sharing.

The standard routing label assumes that each signalling point in a signalling network is
allocated a code according to a code plan, established for the purpose of labeling, that is
unambiguous within its domain. Messages labeled according to international and national code
plans are discriminated by means of an indication in the service information octet included in
each message.

3.2 Signalling Message Handling Functions
Figure 6/T1.111.1 illustrates the signalling message handling functions.

3.21 Message Routing

Message routing is the process of selecting, for each signalling message to be sent, the signalling
link to be used. In general, message routing is based on analysis of the routing label of the
message in combination with predetermined routing data at the signalling point concerned.

Message routing is destination code dependent with typically an additional load-sharing
element allowing different portions of the signalling traffic to a particular destination to be
distributed over two or more signalling links. This traffic distribution may be limited to
different links within a link set or applied to links in different link sets.

Each succession of signalling links that may be used to convey a message from the originating
point to the destination point constitutes a message route. A signalling route is the corresponding
concept for a possible path, referring to a succession of link sets and signalling transfer points,
between a given signalling point and the destination point.

In SS7, message routing is made in a manner by which the message route taken by a message
with a particular routing label is predetermined and, at a given point in time, fixed. Typically,
however, in the event of failures in the signalling network, the routing of messages -- previously
using the failed message route -- is modified in a predetermined manner under control of the
signalling traffic management function at level 3.

Although there are, in general, advantages in using a uniform routing of messages belonging to
different User Parts, the service indicator included in each message provides a potential for
using different routing plans for different User Parts.
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3.2.2 Message Distribution

Message distribution is the process that, upon receipt of a message at its destination point,
determines to which user of the Message Transfer Part the message is to be delivered. This
choice is made on analysis of the service information octet.

3.2.3 Message Discrimination

Message discrimination is the process that, upon receipt of a message at a signalling point,
determines whether or not the point is the destination point of that message. This decision is
based on analysis of the destination code in the routing label in the message. If the signalling
point is the destination point, the message is delivered to the message distribution function. If it
is not the destination point -- i.e., when it serves as a signalling transfer point for that message --
the message is delivered to the message routing function for further transfer to a signalling link.
Message discrimination thus is a function required only at a signalling point that acts as a
signalling transfer point.

3.3 Signalling Network Management Functions

Figure 6/T1.111.1 illustrates the signalling network management functions.

3.3.1 Signalling Traffic Management

The tasks of the signalling traffic management function are:

1. To control message routing; this includes modification of message routing to preserve,
when required, accessibility of all destination points concerned or to restore normal
routing;

2. In conjunction with modification of message routing, to control the resulting transfer of
signalling traffic in a manner that avoids irregularities in message flow; and

3. Flow control.

Control of message routing is based on analysis of predetermined information about all allowed
potential routing possibilities in combination with information, supplied by the signalling link
management and signalling route management functions, about the status of the signalling network
(i.e., current availability of signalling links and routes).

Changes in the status of the signalling network typically result in modification of current
message routing, and thus in transfer of certain portions of the signalling traffic from one
signalling link to another. The transfer of signalling traffic is performed in accordance with
specific procedures. These procedures -- changeover, changeback, forced rerouting, and controlled
rerouting -- are designed to avoid, as far as the circumstances permit, such irregularities in
message transfer as loss, mis-sequencing or multiple delivery of messages.
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The changeover and changeback procedures involve communication with other signalling
point(s). For example, in the case of changeover from a failing signalling link, the two ends of
the failing link exchange information (via an alternative path) that normally enables retrieval of
messages that otherwise would have been lost on the failing link. However, as further
explained later, these procedures cannot guarantee regular message transfer in all
circumstances.

A signalling network has to have a signalling traffic capacity that is higher than the normal
traffic offered. However, in overload conditions (e.g., due to network failures or extremely high
traffic peaks), the signalling traffic management function takes flow control actions to minimize
the problem. An example is provision of an indication to the local higher level functions
concerned that the Message Transfer Part is unable to transport messages to a particular
destination in the case of total breakdown of all signalling routes to that destination point. If
such a situation occurs at a signalling transfer point, a corresponding indication is given to the
signalling route management function for further dissemination to other signalling points in the
signalling network.

3.3.2 Signalling Link Management

The task of the signalling link management function is to control the locally connected link sets.
In the event of changes in the availability of a local link set, it initiates and controls actions
aimed at restoring the normal availability of that link set.

The signalling link management function also supplies information about the availability of
local links and link sets to the signalling traffic management function.

The signalling link management function interacts with the signalling link function at level 2 or
SAAL by receipt of indications of the status of signalling links. It also initiates actions at level 2
or SAAL such as initial alignment of an out-of-service link.

The signalling system can be applied with different degrees of flexibility in the method of
provision of signalling links. A signalling link may, for example, consist of a permanent
combination of a signalling terminal device and a signalling data link. It is also possible to
employ an arrangement in which any switched connection to the remote end may be used in
combination with any local signalling terminal device. It is the task of the signalling link
management function in such arrangements to initiate and control reconfigurations of terminal
devices and signalling data links to the extent such that reconfigurations are automatic. In
particular, this involves interaction -- not necessarily direct -- with a switching function at level
1.

3.3.3 Signalling Route Management

Signalling route management is a function that relates to the quasi-associated mode of
signalling only. Its task is to transfer information about changes in the availability or congestion
status of signalling routes in the signalling network to enable remote signalling points to take
appropriate signalling traffic management actions. Thus, a signalling transfer point may, for
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example, send messages indicating inaccessibility of a particular signalling point via that
signalling transfer point, thus enabling other signalling points to stop routing messages into an
incomplete route.

3.4 Testing and Maintenance Functions

Figure 6/T1.111.1 illustrates that the signalling system includes some standard testing and
maintenance procedures that use level 3 messages. Furthermore, any implementation of the
system typically includes various implementation-dependent means for testing and
maintenance of equipment concerned with the other levels.

3.5 Use of the Signalling Network

3.5.1 Signalling Network Structure

The signalling system may be used with different types of signalling structures. The choice
between different types of signalling network structures may be influenced by factors such as
the structure of the telecommunication network to be served by the signalling system and
administrative aspects.

In the case when the provision of the signalling system is planned purely on a per-signalling
relation basis, the likely result is a signalling network largely based on associated signalling,
typically supplemented by a limited degree of quasi-associated signalling for low-volume
signalling relations. The structure of such signalling network is mainly determined by the
patterns of the signalling relations. International signalling is an example of an application for
which this approach is suitable.

Another approach is to consider the signalling network as a common resource that should be
planned according to the total needs for common channel signalling. The high capacity of
digital signalling links in combination with the needs for redundancy for reliability then
typically leads to a signalling network based on a high degree of quasi-associated signalling
with some provision for associated signalling for high-volume signalling relations. The latter
approach to signalling network planning is more likely to allow exploitation of the potential of
common channel signalling to support network features that require communication for
purposes other than the switching of connections.

Further considerations about the use of a signalling network are given in Chapter T1.111.5.

3.5.2 Provision of Signalling Facilities

In general, the most important factor for the dimensioning of the signalling network is the need
for reliability by means of redundancy. Depending on the signalling network structure and the
potential for reconfiguration of signalling equipment, the required redundancy may be
provided by different combinations of:
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1. Redundancy in signalling data links (e.g., nominated reserves or switched connections);

Redundancy in signalling terminal devices (e.g., common pool of terminals for the
whole signalling point);

3. Redundancy of signalling links within a link set (typically operating with load sharing);
or

4. Redundancy in signalling routes for each destination (possibly operating with load
sharing).

3.5.3 Application of Signalling Network Functions

The signalling network functions provided by the signalling system are designed to
accommodate a range of signalling network configurations. It is not necessary that all of those
functions be present at all signalling points.

The necessary functional content at level 3 at a particular signalling point depends, for example,
on what signalling mode(s) are used, whether or not it is a signalling transfer point, what type
of signalling equipment redundancy is employed, and so on. It is thus feasible to implement
level 3 functions with modularity for different capabilities corresponding to different signalling
network configurations. As a special case, it is even possible to apply the signalling system
without using the level 3 element at all -- e.g., in a small exchange or private automatic branch
exchange which can only be reached via one primary pulse code modulation system.

4 MESSAGE TRANSFER CAPABILITY

4.1 General

The Message Transfer Part recommendations specify methods by which different forms of
signalling networks can be established. The requirements for the Message Transfer Part have
primarily been determined by the requirements of call control signalling for the telephone and
circuit-switched data transmission services. However, the Message Transfer Part is also
intended to have the ability to serve as a transport system for other types of information
transfer. The following subclauses summarize the typical characteristics of the transport service
that may be offered by the Message Transfer Part to a potential user of this ability.

All information to be transferred by the Message Transfer Part must be assembled into
messages. The linking of the source and sink of a message is inherent in the label in combination
with the signalling routes existing between the two locations. From a transportation point of
view, each message is self-contained and handled individually. The nature of the transport
service offered by the Message Transfer Part is therefore similar to that offered by a packet
switched network. In addition, all messages containing the same label constitute a set of
messages that is handled in a uniform manner by the Message Transfer Part, thus ensuring -- in
normal circumstances -- regular delivery in the correct sequence.
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4.2 User Location in System Structure

A potential user of the transport service is typically included in the system structure by
provision of a separate User or Application Part. This may require allocation of a service
indicator code, the specification of which is part of both the Message Transfer Part and user
concerned.

4.3 Message Content

43.1 Code Transparency

Information with any code combination generated by a user of the MTP can be transferred by
the MTP, provided that the message respects the requirements described in the following
subclause.

4.3.2 Service Information

Each message must contain service information coded in accordance with the rules specified in
clause 14 of Chapter T1.111.4.

4.3.3 Message Label

Each message must contain a label consistent with the routing label of the signalling network
concerned. See also clause 2 of Chapter T1.111.4.

434 Message Length

The information content of a message should be an integral number of octets.

The total amount of signalling information transferable in one message is limited by some
parameters of the signalling system; SS7 can accept transfer of user information blocks in the
order of 256 octets in single messages (see clause 2.3.8 of Chapter T1.111.3). For ATM-based
transmission, the maximum length of a message is 4096 octets as specified in T1.645-1995
(R2008). If ATM-based signalling links are used in a network that also has MTP level 2-based
signalling links, precautions must be taken to allow interworking between different signalling
links using the two protocols.

Depending on the signalling traffic characteristics of users or applications sharing the same
signalling facilities, there may be a need to limit message lengths below the system limit based
on queuing delay considerations.

When information blocks generated exceed the allowed message length, it is necessary to
implement means for segmentation and blocking of such user information blocks.
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4.4 User Accessibility

The accessibility of user functions through a signalling network depends on the signalling
models and routing plan employed in that network.

When only the associated mode of signalling is employed, only user functions located at
adjacent signalling points may be accessed.

When quasi-associated signalling is employed, functions located at any signalling point may be
accessed, provided that the corresponding message routing data is present.

4.5 Transport Service Performance
Further detailed information is provided in Chapter T1.111.6.

4.5.1 Message Transfer Delay

The normal delay for transfer of messages between user locations depends on factors such as
distance, signalling network structure, signalling data link type and bit rate, and processing
delays.

A small proportion of messages will be subject to additional delay because of transmission
disturbances, network failures, and the like.

452 Message Transfer Failures

The Message Transfer Part has been designed to enable it to transfer messages in a reliable and
regular manner even in the presence of network failures. However, inevitably some failure will
occur, the consequences of which cannot be avoided with economic measures. The types of
failures that may occur, and some typical probabilities of their occurrence are described below.
Chapter T1.111.6 provides further detailed information that can be used to estimate failure rates
for particular cases.

In the case when a potential user of the Message Transfer Part requires a reliability of the
transport service that cannot be guaranteed by the Message Transfer Part, the reliability for that
user or application may be enhanced by adoption of appropriate higher level procedures,
possibly including some means of supplementary end-to-end error control.

The following types of message transfer failures are possible, and expected probabilities for
such failures in typical applications are indicated (see also Chapter T1.111.6):

1. Unavailability of the Transport Service to One or More Locations. The availability of the
message transfer capability depends on the redundancy provided in the signalling
network; the availability can therefore be dimensioned.

2. Loss of Messages. The probability of loss of messages mainly depends on the reliability of
signalling equipment; typically, it is expected to be lower than 10-.
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3. Mis-sequencing of Messages. This failure may, in certain configurations of quasi-associated
signalling, occur with rare combinations of independent failures and disturbances. The
probability, in such configurations, of a message being delivered out-of-sequence
depends on many factors, but is expected to be lower than 10-10.

4. Delivery of False Information. Undetected errors may lead to delivery of false information;
the possibility of an error in a message delivered is expected to be lower than 10-.

5 PRIMITIVES AND PARAMETERS OF THE MESSAGE TRANSFER PART

Refer to Table 1/T1.111.1 at the end of this clause for a summary of the Message Transfer Part
Service Primitives.

5.1 Transfer

The primitive "MTP-TRANSFER" is used between level 4 and level 3 (SMH) to provide the MTP
message transfer service.

5.2 Pause

The primitive "MTP-PAUSE" indicates to the "Users" the total inability of providing the MTP
service to the specified destination. The signalling point is inaccessible via the MTP. The MTP
will determine when the signalling point is again accessible and send MTP-RESUME indication.
The user should wait for such an indication and, meanwhile should not send normal signalling
messages to that signalling point. If the remote peer user is thought to be unavailable, that
condition may be maintained or canceled at the local user's discretion.

5.3 Resume

The primitive "MTP-RESUME" indicates to the "User" the total ability of providing the MTP
service to the specified destination. This primitive corresponds to the destination accessible
state as defined in T1.111.4. When the MTP-RESUME indication is given to each user, the MTP
does not know whether the remote peer user is available. This is the responsibility of each user.

5.4 Status

The primitive "MTP-STATUS" indicates to the "Users" the partial inability of providing the MTP
service to the specified destination. In the case of signalling link congestion with multiple
priorities, the MTP-STATUS is used to indicate a change of congestion level. In the case of
remote user unavailable, the user is responsible for determining the availability of this peer
user. The user is cautioned to not send normal messages to the peer user because, while such
peer user is unavailable, each message will not be delivered but will result in a repeated MTP-
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STATUS indication. The MTP will not send any further indications about the unavailability or

availability of this peer user, unless interrupted by an MTP-PAUSE indication, or unless the
local user continues to send messages to the peer user.

Table 1/T1.111. Message Transfer Part Service Primitives

Primitives Parameters
Generic Name Specific Name
MTP-TRANSFER Request OPC (see T1.111.4, clause 2.2)
Indication DPC (see T1.111.4, clause 2.2)

SLS (see T1.111.4, clause 2.3) (Note 1)
SIO (see T1.111.4, clause 14.2)
User Data (see T1.111.3, clause 2.3.8)

MTP-PAUSE (Stop) | Indication Affected DPC

MTP-RESUME Indication Affected DPC

(Start)

MTP-STATUS Indication Affected DPC, Cause (Note 2)

NOTE 1 - The MTP users should take into account that this parameter is used for load sharing by the MTP;
therefore, the SLS values should be distributed as equally as possible. The MTP guarantees (to a high
degree of probability) an in-sequence delivery of messages that contain the same SLS code.

NOTE 2 - The Cause parameter has, at present, four values:
Signalling network congested (plus congestion level),

User Part Unavailability: unknown,
User Part Unavailability: unequipped remote user, or

A w DR

User Part Unavailability: inaccessible remote user.
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NOTE - the signalling link control functions are provided by the MTP level 2 protocol and the SAAL protocol.
The signalling data link functions are provided by the MTP level 1 protocol or by the ATM and physical layer.

Figure 1/T1.111.1 - Functional Diagram for the Common Channel Signalling System
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NOTE - The signalling link control functions are provided by the MTP level 2 protocol and the SAAL protocol.
The signalling data link functions are provided by the MTP level 1 protocol or by the ATM and physical layer.

Figure 2/T1.111.1 - General Structure of Signalling System Functions
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Figure 4/T1.111.1 - Examples of Multiple Point Codes in a Signalling Point
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whether or not the STP-function is present is irrelevant in the context of the graph.

Signalling point with at least the STP function:
whether or not user-function is present is irrelevant in the context of the graph.

Signalling point with user-function and the STP-function.

Signalling point: irrelevant whether user-function and/or the STP-function is present.

> 000

Figure 5/T1.111.1 - Examples of Associated and Quasi-Associated Signalling Modes and
Definition of Signalling Network Graph Symbols
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Figure 6/T1.111.1 - Detailed Structure of Signalling System Functions
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Signalling System Number 7 (S57) -
Signalling Data Link

1 SCOPE, PURPOSE, & APPLICATION1

This chapter may contain requirements that reference other American National Standards. If so,
when the American National Standards referenced in the requirements are superseded by
revisions approved by the American National Standards Institute, Inc., the revisions shall

apply.
This chapter does not apply to ATM/SAAL-based MTP.

1.1 Signalling Data Link

A signalling data link is a bidirectional transmission path for signalling, comprising two data
channels operating together in opposite directions at the same data rate. It constitutes the lowest
functional level (level 1) in the Signalling System No. 7 functional hierarchy.

1.2  Functional Configuration

Functional configuration of a signalling data link is shown in Figure 1/T1.111.2.

1.3 Digital Transmission Channels

A digital signalling data link is made up of digital transmission channels and digital switches or
their terminating equipment providing an interface to signalling terminals. The digital
transmission channels may be derived from a digital stream having a frame structure as
specified for digital exchanges and for pulse code modulation multiplex equipment as
described in the first nine (9) references in clause 7.

1 A"|"indicates a change from T1.111-2001.
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1.4  Analog Signalling Link

An analog signalling data link is made up of voice-frequency analog transmission channels,
either 4kHz or 3kHz spaced, and modems.

1.5 Signalling System No. 7 (S57)

SS7 is capable of operating over both terrestrial and satellite transmission links.

1.6 Operational Signalling Data Link

The operational signalling data link shall be exclusively dedicated to the use of an SS7
signalling link between two signalling points in SS7. No other information should be carried by
the same channel together with the signalling information.

NOTE - The term "signalling information" in this context refers to all information transferred over SS7 using its
protocol.

1.7 Duplex Operation and Bit Integrity

Equipment such as echo suppressors, digital pads, or A/p law convertors attached to the
transmission link must be disabled to assure full duplex operationand bit integrity of the
transmitted data stream.

1.8 Digital Signalling Channel

Digital signalling channels that are 56 kbit/s, evolving to 64 kbit/s, entering a digital exchange
via a multiplex structure shall be switchable as semipermanent channels in the exchange.

2 SIGNALLING BIT RATE

2.1 General

2.1.1 Standard Bit Rate

The standard bit rate on a digital bearer will be 56 kbit/s. The standard bit rate will evolve to 64
kbit/s when 64 kbit/s links are available.
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2.1.2 Lower Bit Rates

Lower bit rates? may be adopted for each application, taking into account the User Part
requirements in ATIS-1000112.2005 through T1.114-2004 and the capability of available
transmission links.

21.3 The Minimum Signalling Bit Rate

The minimum signalling bit rate for telephone call control applications will be 4.8 kbit/s.

214 Higher Bit Rates

As an option, a DS1 signal that provides a bit rate of 1.544 Mbit/s may be used for the
signalling data link. At this rate, 1.536 Mbit/s is used to transport signalling messages and 8
kbit/s is used for framing and maintenance.

2.2 Use of Bit Rates Lower than 56/64 kbit/s
2.21 National Telephone Call Control

For national telephone call control applications, use of SS7 at bit rates lower than 56/64 kbit/s
shall take account of the requirement to minimize the answer signal delay when in-band line
signalling systems are involved (see ITU-T Rec. Q.27).

2.2.2 International Non-In-Band Line Signalling Systems

(Deleted, not applicable to U.S. Networks)

2.2.3 International In-Band Line Signalling System
(Deleted, not applicable to U.S. Networks)

2 The performance requirements of Chapter T1.111.6 assume the use of 56/64 kbit/s signalling links. The use of
lower bit rate links is not preferred.
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3 ERROR CHARACTERISTICS AND AVAILABILITY

Error characteristics and availability requirements will conform to relevant ITU-T
Recommendations, for example, ITU-T Rec. G.821 on digital circuits. No additional
characteristics or requirements will be specified in this standard.

4 INTERFACE SPECIFICATION POINTS

4.1 Interface Requirements

Interface requirements may be specified at one of three points -- A, B, or C in Figure 2/T1.111.2.
The appropriate point depends on the nature of transmission links used and the approach
toward the implementation of interface equipment adopted by each Administration.

4.2 National/International Application

For the national/international application, interface requirements at either Point B or Point C
(Figure 2/T1.111.2) will apply.

4.3 Interface Requirements - Digital

Interface requirements for the digital signalling data link will be specified at Point C (Figure
2/T1.111.2) in accordance with the specific multiplex structure used (see clause 5).

4.4 Interface Requirements - Analog

Interface requirements for an analog signalling data link will be specified at Point B (Figure
2/T1.111.2) on a single channel basis, and thus are independent of multiplex equipment used
(see clause 6).

4.5 Point A Interface

Interface at Point A (Figure 2/T1.111.2) may or may not appear in particular implementations,
as each Administration may adopt different approaches towards the implementation of
interface equipment. If it does appear in implementations, then the interface requirements
specified in ITU-T Rec. G.703 (for 56 kbit/s interface) should be followed as appropriate.
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4.6 Interface Requirements - Testing and Maintenance

Implementations that do not follow all the requirements in the relevant recommendations cited
in 4.1 to 4.5 should nevertheless take into account those requirements that are specified for
testing and maintenance actions, which require communication between the two ends of a data
link. Interface requirements for testing and maintenance are specified in Chapter T1.111.7.

5 DIGITAL SIGNALLING DATA LINK

5.1 Signalling Data Link Derived from the 2048 kbit/s Digital Path
(Not specified for U.S. Networks)

5.2 Signalling Data Link Derived from the 8448 kbit/s Digital Path
(Not specified for U.S. Networks)

5.3 Signalling Data Link Derived from the 1544 kbit/s Digital Path
When a signalling data link is to be derived from the 1544 kbit/s digital path, the following
shall apply:

1. The interface requirements specified at Point C in Figure 2/T1.111.2 should conform to
ITU-T Rec. G.703 for electrical characteristics, and ITU-T Recommendations G.733 and
G.736 for other aspects, (e.g., for the frame structure).

The signalling bit rate shall be 56 kbit/s evolving to 64 kbit/s at points A and B.

Any regular timeslot available for 56 kbit/s evolving to 64 kbit/s user transmission may
be used for the signalling data link. (This is subject to further study).

4. No bit inversion is performed.

When a signalling data link directly uses the full 1.544 Mbit/s digital path, the interface
requirements specified in T1.403.01-1999 (R2005) shall apply.

54 Different Law Converters

This subsection concerns a signalling data link established over a digital path made up of digital
sections based on different A/p law converter encoding laws. (Not specified for U.S. Networks.)
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5.5 Signalling Data Link Established Over Data Circuits

A signalling data link established over data circuits derived from a 1544 kbit/s digital stream
has a frame structure as specified in ITU-T Rec. G.736.

6 ANALOG SIGNALLING DATA LINK

6.1 Signalling Bit Rate
6.1.1 Delay Requirements

Applications of the analog signalling data link must take account of the delay requirements
described in 2.2.

6.1.2 Telephone Call Control Applications

For telephone call control applications, the signalling bit rate over an analog signalling data link
shall be higher or equal to 4.8 kbit/s.

6.2 Interface Requirements

As an example, in a 4.8 kbit/s operation, interface requirements? specified at the interface point
B in Figure 2/T1.111.2 shall conform to relevant requirements specified for 4.8 kbit/s modems
in ITU-T Recommendations V.27 and V.27 bis. In addition the following should apply:

1. Application of either ITU-T Rec. V.27 or V.27 bis depends on the quality of the analog
transmission channels used. ITU-T Rec. V.27 shall apply only to transmission channels
conforming to ITU-T Rec. M.1020, while ITU-T Rec. V.27 bis shall apply to transmission
channels conforming to ITU-T Rec. M.1020 or of lower quality.

Full duplex operation over a 4-wire transmission link should be adopted.

If a separate modem is to be used, the interface requirements specified in ITU-T
Recommendations V.10 , V.11 , V.24, and V.28 -- applicable at Point A in Figure
2/T1.111.2 -- should be followed as much as possible.

7 REFERENCED PUBLICATIONS
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4 This document is available from the International Telecommunications Union. < http:/ /www.itu.int/ITU-T/ >.
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Signalling System Number 7 (S57) -
Signalling Link

1 SCOPE, PURPOSE, &APPLICATIONL

This standard is intended for use with other American National Standards. When the standards
referenced in the requirements are superseded by revisions approved by the American National
Standards Institute, Inc. the revisions shall apply.

1.1  General Characteristics of the Signalling Link

1.1.1 This chapter describes the functions and procedures for, and relating to, the transfer of
signalling messages over one signalling data link. The signalling link functions, together with a
signalling data link as bearer, provide a signalling link for reliable transfer of signalling
messages between two directly connected "signalling points." This chapter does not apply to
ATM/SAAL-based MTP.

Signalling messages delivered by superior hierarchical levels are transferred over the signalling
link in variable-length "signal units." There are three types of signal unit defined: 1) Message
Signal Unit (MSU); 2) Link Status Signal Unit (LSSU); and Fill-in Signal Unit (FISU). The signal
units include transfer control information for proper operation of the signalling link in addition
to the signalling information.

1.1.2 The signalling link functions comprise:

Signal unit delimitation,

Signal unit alignment,

Signal unit error detection,

Signal unit error correction,
Signalling link initial alignment,
Signalling link error monitoring, and

NSO ®PN e

Flow control.

All of these functions are coordinated by the "link state control" (see Figure 1/T1.111.3).

1T A"|"indicates a change from T1.111-2001.
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1.2 Signal Unit Delimitation and Alignment

The beginning and end of a signal unit are indicated (delimited) by a unique 8-bit pattern,
called the flag. Measures are taken to ensure that the flag pattern cannot be imitated elsewhere
in the signal unit.

Loss of signal unit alignment occurs when a bit pattern disallowed by the delimitation
procedure (more than six consecutive 1s) is received, or when a certain maximum length of
signal unit is exceeded.

Loss of signal unit alignment will cause a change in the mode of operation of the signal unit error
rate monitor.

1.3 Signal Unit Error Detection

The signal unit error detection function is performed by means of 16 check bits provided at the
end of each signal unit. The check bits are generated by the transmitting signalling link terminal?
by operating on the preceding bits of the signal unit (excluding the opening flag) following a
specified algorithm. At the receiving signalling link terminal, the received check bits are
operated on using specified rules, which correspond to that algorithm.

If the received check bits and the preceding bits of the signal unit are inconsistent, according to
the algorithm, the presence of errors is indicated and the signal unit is discarded.

1.4  Signal Unit Error Correction

141 Two forms of signal unit error correction are provided: the basic method and the
preventive cyclic retransmission method. The following criteria should be used to determine which
method applies:

1. The basic method applies to signalling links employing terrestrial transmission means.

2. The preventive cyclic retransmission method applies to all signalling links established via
satellite.

When one signalling link within a link set is established via satellite, the preventive cyclic
retransmission method should be used on all signalling links of that link set.

1.4.2 The basic method is a noncompelled, positive/negative acknowledgment,
retransmission error-correction system. A transmitted message signal unit is retained at the
transmitting signalling link terminal until a positive acknowledgment for that message signal
unit is received. If a negative acknowledgment is received, the transmission of new (i.e., not yet
transmitted) message signal units is interrupted; those message signal units that have been

2 A "signalling link terminal" is the means to perform all of the functions defined at level 2, regardless of their
implementation.
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transmitted but not yet positively acknowledged, starting with that message signal unit
indicated by the negative acknowledgment, will be retransmitted once in the order in which
they were first transmitted.

143 The preventive cyclic retransmission method is a noncompelled, positive
acknowledgment, cyclic retransmission, forward error-correction system. A transmitted
message signal unit is retained at the transmitting signalling link terminal until a positive
acknowledgment for that message signal unit is received. During the period in which there are
no new (i.e., not yet transmitted) message signal units to be transmitted, all the message signal
units that have not been positively acknowledged are cyclically retransmitted.

The forced retransmission procedure is defined to ensure that forward error correction occurs in
adverse conditions (e.g., high error rate, high traffic loading, or both).

When a predetermined number of retained, unacknowledged message signal units exist, the
transmission of new message signal units is interrupted and the retained message signal units
are cyclically retransmitted until the number of unacknowledged message signal units is
reduced.

1.5 Signalling Link Initial Alignment

The signalling link initial alignment procedure is appropriate to both first time signalling link
initialization (e.g., after switch on) and signalling link alignment in association with restoration
after a link failure. The procedure is based on the compelled exchange of status information
between the two signalling link terminals concerned and the provision of a proving period. No
other signalling link is involved in the initial alignment of any particular link; the exchange
occurs only on the link to be aligned.

1.6  Signalling Link Error Monitoring

Two types of signalling link error rate monitor functions are provided: one is employed while a
link is in the proving state of the initial alignment procedure; the other is employed while a
signalling link is in service and provides one of the criteria for taking the link out of service. The
first monitor is call the alignment error rate monitor, and is used for all link speeds. The second is
called the signal unit error rate monitor for 56 kbit/s, 64 kbit/s, and lower link rates, and the
errored interval monitor for 1.536 Mbit/s rate links. The alignment error rate monitor is a linear
count of signal unit errors. The characteristics of the signal unit error rate monitor are based on
a signal unit error count, incremented and decremented using the "leaky bucket"s principle.
During loss of alignment, the signal unit error rate monitor error count is incremented in
proportion to the period of the loss of alignment. The errored interval monitor also uses the
leaky bucket principle, but is incremented and decremented based on whether an error occurs
within a certain time interval.

3 See 10.2.2 for explanation of the "leaky bucket" principle.
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1.7 Link State Control Functions

Link state control is a function of the signalling link which provides directions to the other
signalling link functions. The interfaces with link state control are shown in Figure 1/T1.111.3
and, with more detail, Figure 7/T1.111.3. The split into functional blocks shown in the Figures is
made to facilitate description of the signalling link procedures and should not be taken to imply
any particular implementation.

The link state control function is represented in the overview diagram, Figure 2/T1.111.3, and
the detailed state transition diagram, Figure 8/T1.111.3.

1.8 Flow Control

Flow control is initiated when congestion is detected at the receiving end of the signalling link.
The congested receiving end of the link notifies the remote transmitting end of the condition by
means of an appropriate link status signal unit, and the receiving end withholds
acknowledgment of all incoming message signal units. When congestion abates,
acknowledgment of all incoming message signal units is resumed. While congestion exists, the
remote transmitting end is periodically notified of this condition. The remote transmitting end
should indicate the link as failed if this congestion continues for too long.

2. BAsIC SIGNAL UNIT FORMAT

2.1 General

Signalling and other information originating from a User Part is transferred over the signalling
link by means of message signal units.

A message signal unit consists of a variable-length signalling information field that carries the
information generated by a User Part, and a number of fixed-length fields, including the service
information octet, that carry information required for message transfer control. Fill-in signal units
carry neither the signalling information field nor the service information octet; in link status
signal units, the signalling information field and the service information octet are replaced by a
"status field," which is generated by the signalling link terminal.

2.2 Signal Unit Format

Message signal units, link status signal units, and fill-in signal units are differentiated by means
of the length indicator contained in all signal units. Message signal units are retransmitted in case
of error; link status signal units and fill-in signal units are not. The basic signal unit formats are
shown in Figures 3A/T1.111.3 and 3B/T1.111.3.
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2.3  Functions and Codes of the Signal Unit Fields

2.3.1 General

The message transfer control information, which encompasses eight fixed length fields in the
signal unit, contains information required for signal unit error control and alignment.

2.3.2 Flag

The opening flag indicates the start of a signal unit. The opening flag of one signal unit is
normally the closing flag of the preceding signal unit. The closing flag indicates the end of a
signal unit. The bit pattern for the flag is 01111110.

2.3.3 Length Indicator

The length indicator field is used to indicate the number of octets that will be following it and
preceding the check bits, and is a number in binary code in the range 0-63. The value of the
length indicator defines the type of signal unit, as follows:

Length Indicator = 0: fill in signal unit
Length Indicator =1 or2:  link status signal unit
Length Indicator > 2: message signal unit

When a signalling information field spanning 62 octets or more is included in a message signal
unit, the length indicator is set to 63.

The level 2 format that is extended for use with 1.536 Mbit/s link speeds has a length indicator
field of 9 bits so that it can provide for the accounting of octets in message signal units with
signalling information fields of 63 or more octets. When 1.536 Mbit/s links are used, the value
of the length indicator field will indicate the number of octets in the signalling information field.

2.34 Service Information Octet

The service information octet is divided into the service indicator and the subservice field. The service
indicator is used at level 3 to associate signalling information with a particular user part, and is
present only in message signal units. The content of the subservice field is described in clause
14.2.2 of Chapter T1.111.4.

23,5 Sequence Numbering
The forward sequence number is the sequence number of the signal unit in which it is carried.

The backward sequence number is the sequence number of a signal unit being acknowledged.

The forward sequence number and the backward sequence number are numbers in binary code
from a cyclic sequence ranging from 0 to 127 for 56 kbit/s, 64 kbit/s, and lower bit rate
signalling links, and 0 to 4095 for 1.536 Mbit/s signalling links (see 5.2 and clause 6).
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2.3.6 Indicator Bits

The forward indicator bit and backward indicator bit, together with the forward sequence number
and the backward sequence number, are used in the basic error control method to perform the
signal unit sequence control and acknowledgment functions (see 5.2 and clause 6).

2.3.7 Check Bits

Every signal unit has 16 check bits for error detection (see clause 4).

2.3.8 Signalling Information Field

The signalling information field (used only in message signal units) consists of an integral number
of octets, greater than or equal to 2, and less than or equal to 272.4

The format and codes of the signalling information field are defined for each User.

2.3.9 Status Field

The formats and codes of the status field (used only in link status signal units) are described in
clause 11.

2.3.10 Spare Fields
Spare fields are coded 0, unless otherwise indicated (see Figures 3/T1.111.3 and 6/T1.111.3).

2.4 Order of Bit Transmission

Each of the fields mentioned in 2.3 shall be transmitted in the order indicated in Figure
3/T1.111.3.

Within each field or subfield, the bits are transmitted with the least significant bit first. The 16
check bits are transmitted in the order generated (see clause 4).

3. SIGNAL UNIT DELIMITATION

3.1 Flags

A signal unit includes an opening flag (see 2.2). The opening flag of a signal unit is normally
considered to be the closing flag of the preceding signal unit. In certain conditions (e.g.,

4 This value of 272 octets is for U.S. networks. The value allows a single message signal unit to accommodate
information blocks of up to 256 octets in length accompanied by a label and possible additional housekeeping
information which may, for example, be used by level 4 to link such information blocks together.
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signalling link overload), a limited number5 of flags may be generated between two consecutive
signal units. However, a signalling terminal should always be able to receive consecutive signal
units with either single or multiple flags between them.

3.2 Zero Insertion and Deletion

To ensure that the flag code is not imitated by any other part of the signal unit, the transmitting
signalling link terminal inserts a 0 after every sequence of five consecutive 1s before the flags
are attached and the signal unit is transmitted. At the receiving signalling link terminal, after
flag detection and removal, each 0 that directly follows a sequence of five consecutive 1s is
deleted.

4 SIGNAL UNIT ACCEPTANCE PROCEDURE

4.1  Acceptance of Signal Unit Alignment

411 A flag that is not immediately followed by another flag is considered to be an opening
flag. Whenever an opening flag is received, the beginning of a signal unit is assumed. When the
next flag (a closing flag) is received, it is assumed to be the end of the signal unit. The opening
flag of one signal unit is normally the closing flag of the preceding signal unit.

41.2 If seven or more consecutive 1s are received, the signal unit error rate monitor or
alignment error rate monitor enters the octet counting mode (see 4.1.4). The errored interval
monitor, however, does not use octet counting mode. In all cases, a search is made for the next
valid flag.

4.1.3 After deletion of the Os inserted for transparency, the received signal unit length is
checked for being a multiple of eight bits and at least six octets, including the opening flag. If it
is not, the signal unit is discarded and the signal unit error rate monitor or alignment error rate
monitor is incremented. If more than N octets are received before a closing flag, the octet
counting mode is entered (see Figure 11/T1.111.3) and the signal unit is discarded. The
maximum length of the signalling information field allowed on a particular signalling link is
272 octets. Message signal units whose 9-bit length indicator field (for 1.536 Mbit/s signalling
links) does not match the actual octet count of the message are discarded, and the errored
interval monitor is incremented. In the case of the basic error control method, a negative
acknowledgment will be sent, if required, according to the rules set out in 5.2.

5 If the number of consecutive flags exceeds six, the signalling link error control characteristics may be adversely
affected. This does not apply to the errored interval monitor.
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41.4 When the octet counting mode is entered, all the bits received after the last flag and
before the next flag are discarded. The octet counting mode is left when the next correctly-
checking signal unit is received, and this signal unit is accepted.

4.2 Error Detection

The error detection function is performed by means of 16 check bits provided at the end of each
signal unit.

The check bits are generated by the transmitting signalling link terminal. They are the ones
complement of the sum (modulo 2) of:

1. The remainder of xk(x15 + x4 + x13 + x12 +... + x2 + x + 1) divided (modulo 2) by the
generator polynomial x1¢ + x12 + x5 + 1, where k is the number of bits in the signal unit
existing between, but not including, the final bit of the opening flag and the first bit of
the check bits, excluding bits inserted for transparency; and

2. The remainder after multiplication by x¢ and then division (modulo 2) by the generator
polynomial x16 + x12 + x5 + 1 of the content of the signal unit existing between, but not
including, the final bit of the opening flag and the first bit of the check bits, excluding
bits inserted for transparency.

As a typical implementation, at the transmitting signalling link terminal, the initial remainder of
the division is preset to all 1s, and is then modified by division by the generator polynomial (as
described above) on all the fields of the signal unit; the 1s complement of the resulting
remainder is transmitted as the 16 check bits.

At the receiving signalling link terminal, the correspondence between the check bits and the
remaining part of the signal unit is checked; if a complete correspondence is not found, the
signal unit is discarded.

As a typical implementation at the receiving signalling link terminal, the initial remainder is
preset to all 1s, and the serial incoming protected bits, including the check bits (after the bits
inserted for transparency are removed) when divided by the generator polynomial, will result
in a remainder of 0001110100001111 (x5 through x?, respectively) in the absence of transmission
erTors.

5. BAsIC ERROR CORRECTION METHOD

51 General

The basic error correction method is a noncompelled method in which signal unit error
correction is effected by retransmission. In normal operation, the method ensures correct
transfer of message signal units over the signalling link, in sequence and with no double
delivery. As a consequence, no resequencing or eliminating of the received information is
required within the User Parts.
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Positive acknowledgments are used to indicate correct transfer of message signal units and negative
acknowledgments are used as explicit requests for retransmission of message signal units received
in a corrupt form.

To minimize the number of retransmissions and the resulting message signal unit delay, a
request for retransmission is made only when a message signal unit (not fill-in signal unit or
link status signal unit) has been lost because of, for example, transmission errors or
disturbances.

The method requires that transmitted, but not yet positively acknowledged, message signal
units remain available for retransmission. To maintain the correct message signal unit sequence
when a retransmission is made, the negatively acknowledged message signal unit and any
subsequently transmitted message signal units are retransmitted in the order in which they
were originally transmitted.

As part of the signal unit basic error correction method, each signal unit carries a forward
sequence number, a forward indicator bit, a backward sequence number, and a backward
indicator bit. The basic error-correction procedure operates independently in the two
transmission directions. The forward sequence number and the forward indicator bit in one
direction, together with the backward sequence number and the backward indicator bit in the
other direction, are associated with the message signal unit flow in the first direction. They
function independently of the message signal unit flow in the other direction and its associated
forward sequence number, forward indicator bit, backward sequence number, and backward
indicator bit.

New MSUs received from Level 3 for transmission are stored in the transmission buffer. Buffer
sizes are considered to be implementation dependent. Handling of messages under congestion
conditions is specified in T1.111.4, clause 3.8.2, Congestion Status of Signalling Links.

The transmission of new (i.e., not yet transmitted) signal units is temporarily stopped under
various conditions (see 5.2.2).

Under normal conditions, when no message signal units are to be transmitted or retransmitted,
fill-in signal units are sent continuously. In some particular cases, link status signal units,
continuous fill-in signal units or flags may be sent as described in clauses 7, 8, and 11.

5.2 Positive Acknowledgments and Negative Acknowledgments

521 Sequence Numbering

For the purposes of acknowledgment and signal unit sequence control, each signal unit carries
two sequence numbers. The signal unit sequence control is performed by means of the forward
sequence number. The acknowledgment function is performed by means of the backward
sequence number.

The value of the forward sequence number of a message signal unit is obtained by incrementing
(modulo 128 for 56 kbit/s, 64 kbit/s, and lower bit rate signalling links, and modulo 4096 for
1.536 Mbit/s signalling links; see 2.3.5) the last assigned value by 1. This forward sequence
number value uniquely identifies the message signal unit until its delivery is accepted without
errors and in correct sequence, by the receiving terminal. The forward sequence number of a
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signal unit other than a message signal unit assumes the value of the forward sequence number
of the last transmitted message signal unit.

5.2.2 Signal Unit Sequence Control

Information regarding the service information octet, signalling information field, forward
sequence number, and the length of each message signal unit is retained at the transmitting
signalling link terminal until a positive acknowledgment for that signal unit is received (see
5.2.3). In the meantime, the same forward sequence number cannot be used for another message
signal unit (see 5.2.3).

A forward sequence number value can be assigned to a new message signal unit when a
positive acknowledgment concerning that value incremented by at least 1 (modulo 128 for 56
kbit/s, 64 kbit/s, and lower bit rate signalling links, and modulo 4096 for 1.536 Mbit/s
signalling links) is received (see 5.2.3).

This means that not more than 127 message signal units may be available for retransmission on
56 kbit/s, 64 kbit/s, and lower bit rate signalling links, and not more than 4095 message signal
units on 1.536 Mbit/s signalling links.

The transmission of new (i.e., not yet transmitted) signal units is temporarily stopped during
retransmission and when no forward sequence number values are available to be assigned to
new message signal units or when there is no available space in the retransmission buffer (due
to a high momentary load or corruption of positive acknowledgments). Under these conditions,
FISUs are transmitted with the forward sequence number assigned the sequence number of the
last MSU transmitted.

The action to be taken at the receiving signalling link terminal upon receipt of a correctly-
checking signal unit is determined by comparison of the received forward sequence number
with the forward sequence number of the last previously accepted signal unit, and on
comparison of the received forward indicator bit with the latest-sent backward indicator bit.

In addition, as the appropriate action for a message signal unit is different than for other types
of signal units, the length indicator of the received signal unit must be examined to determine
the type of signal unit received.

1) If the signal unit is a fill-in signal unit, then:

a) If the forward sequence number value equals the forward sequence number value of the
last accepted message signal unit, the signal unit is processed within the Message
Transfer Part.

b) If the forward sequence number value is different from the forward sequence number
value of the last accepted message signal unit, the signal unit is processed within the
Message Transfer Part. If the received forward indicator bit is in the same state as the
last sent backward indicator bit, a negative acknowledgment is sent.

2) If the signal unit is a link status signal unit, then it is processed within the Message Transfer

Part.

3) If the signal unit is a message signal unit, then:
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a) If the forward sequence number value is the same as that of the last accepted signal unit,
the signal unit is discarded, regardless of the state of the indicator bits.

b) If the forward sequence number value is one more (modulo 128 for 56 kbit/s, 64 kbit/s,
and lower bit rate signalling links, and modulo 4096 for 1.536 Mbit/s signalling links;
see 2.3.5) than that of the last accepted signal unit, and if the received forward indicator
bit is in the same state as the last sent backward indicator bit, the signal unit is accepted
and delivered to level 3.

Explicit positive acknowledgments to the accepted signal units are sent as specified in
5.23.

If the forward sequence number is one more than that of the last accepted signal unit,
and if the received forward indicator bit is not in the same state as the last sent
backward indicator bit, the signal unit is discarded.

c) If the forward sequence number value is different from those values mentioned in (a)
and (b) above, the signal unit is discarded. If the received forward indicator bit is in the
same state as the last backward indicator bit that was sent, a negative acknowledgment
is sent.

Processing of the backward sequence number value and backward indicator bit value as
described in 5.3 is performed for message signal units and fill-in signal units except when an
unreasonable backward sequence number value or unreasonable forward indicator bit value is
received. Discarding a signal unit means that if it is a message signal unit, it is not delivered to
level 3.

5.2.3 Positive Acknowledgment

The receiving signalling link terminal acknowledges the acceptance of one or more message
signal units by assigning the forward sequence number value of the latest accepted message
signal unit to the backward sequence number of the next signal unit sent in the opposite
direction. The backward sequence numbers of subsequent signal units retain this value until a
further message signal unit is acknowledged, which will cause a change of the backward
sequence number sent. The acknowledgment to an accepted message signal unit also represents
an acknowledgment to all, if any, previously accepted, though not yet acknowledged, message
signal units.

524 Negative Acknowledgment

If a negative acknowledgment is to be sent (see 5.2.2), then the backward indicator bit value of
the signal units transmitted is inverted. The new backward indicator bit value is maintained in
subsequently sent signal units until a new negative acknowledgment is to be sent. The
backward sequence numbers assume the value of the forward sequence number of the last
accepted message signal unit.
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53 Retransmission

5.3.1 Response to a Positive Acknowledgment

The transmitting signalling link terminal examines the backward sequence number value of the
received message signal unit or fill-in signal unit that has satisfied the polynomial error check.
The previously sent message signal unit that has a forward sequence number value identical to
the received backward sequence number value will no longer be available for retransmission.

When an acknowledgment of a message signal unit having a given forward sequence number
value is received, all other message signal units that preceded that message signal unit are
considered to be acknowledged, even though the corresponding backward sequence numbers
have not been received.

When the same positive acknowledgment is consecutively received a number of times, no
further action is taken.

When a message signal unit or fill-in signal unit is received having a backward sequence
number value that is not the same as the previous one or one of the forward sequence number
values of the signal units available for retransmission, the signal unit is discarded.

If any two backward sequence number values in three consecutively received message signal
units or fill-in signal units are not the same as the previous one or any of the forward sequence
number values of the signal units in the retransmission buffer at the time they are received, then
level 3 is informed that the link is faulty. Management is notified.

A timing mechanism, timer 77,6 shall be provided that generates an indication of excessive
delay of acknowledgment if, assuming that there is at least one outstanding message signal unit
in the retransmission buffer, no new acknowledgment has been received within T7 seconds. In
the case of excessive delay of acknowledgment, a link failure indication is given to level 3.
Management is notified.

5.3.2 Response to a Negative Acknowledgment.”

When the received backward indicator bit is not in the same state as the last sent forward
indicator bit, all the message signal units available for retransmission are transmitted in correct
sequence, starting with the signal unit that has a forward sequence number value of one
(modulo 128 for 56 kbit/s, 64 kbit/s, and lower bit rate signalling links, and modulo 4096 for
1.536 Mbit/s signalling links; see 2.3.5) more than the backward sequence number associated
with the received backward indicator bit.

6 Timers in Chapter T1.111.3 are defined as either a range of values or as a fixed value; this means that due to the
possibility to insert multiple flags between signal units (see 3.1) there may be no fixed relation between the time-out
values and the number of signal units transmitted/received during the time-out periods.

7 The signal unit sequence control makes it possible to repeat a message signal unit that has not yet been
acknowledged, without affecting the basic error correction procedure. Thus, a form of forward error correction by
means of repetition of message signal units is possible in applications to lower transmission rates, thereby reducing
the effective signalling link speed and reducing the average message delay. Each signal unit should be defined by its
own opening and closing flags to ensure that the repeated signal unit is not lost by the corruption of only a single
flag. This is an option that is not fully specified and requires careful consideration for application.
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New message signal units can only be sent when the last message signal unit available for
retransmission has been transmitted.

At the start of a retransmission, the forward indicator bit is inverted; it thus becomes equal to
the backward indicator bit value of the received signal units. The new forward indicator bit
value is maintained in subsequently transmitted signal units until a new retransmission is
started. Thus, under normal conditions, the forward indicator bit included in the transmitted
signal units is equal to the backward indicator bit value of the received signal units. If a
retransmitted message signal unit is lost, then this is detected by a check on the forward
sequence number and forward indicator bit (see 5.2.2), and a new retransmission request is
made.

When a message signal unit or fill-in signal unit is received having a forward indicator bit value
indicating the start of a retransmission when no negative acknowledgment has been sent, that
signal unit is discarded. The following message signal unit or fill-in signal unit is discarded.

If any two forward indicator bit values in three consecutively received message signal units or
fill-in signal units indicate the start of a retransmission when no negative acknowledgment has
been sent at the time they are received, level 3 is informed that the link is faulty. Management is
notified.

5A  Transmission and Retransmission Buffers Guidelines (For 56/64 Kbps Links)

From a protocol perspective, the transmission and retransmission buffers are functionally
separate. The MTP protocol does not specify the size or how these buffers are to be
implemented (i.e., the size and whether the buffers are separate or combined are
implementation dependent).

The retransmission buffer size is limited by the Level-2 sequence numbers (see clause 5.2.2). The
available Level-2 sequence number allows a maximum of 127 MSUs to be stored for
retransmission. Since MSUs are of variable length, the size of the retransmission buffer may be
based on number of octets. Therefore, a retransmission buffer full condition may occur due to
exhaust of sequence numbers or due to a limitation on the number of octets that can be stored in
the retransmission buffer. The main consideration for determining an appropriate
retransmission buffer size should be based on outstanding MSUs during a loop delay (time
between transmitting a MSU and receiving an acknowledgment from the remote end) and
MSUs length distribution.

The following are some factors that should be considered to determine appropriate Level-2
transmission and retransmission buffers sizes:

1. MSU length distribution

MTP Level-2 Timer Values (e.g., T7 and T6)
Link transmission rate

Queueing delays (see T1.111.6)

MTP performance requirements (see T1.111.6)
Load in link failure situations

N oGP

Level-3 congestion control mechanism (see T1.111.4)
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8. Node type (e.g., STP or SEP)

Factors other than those listed above may also be used to determine appropriate buffer sizes,
such as diversity of network architectures (e.g., length of links).
NOTE - Although the transmission and retransmission buffers and their sizes are implementation dependent, care
should taken if the buffers are implemented as a combined buffer and the total size is less than 127 MSUs. In this

case, a retransmission buffer full condition may imply a combined transmission and retransmission buffer full
condition.

6. PREVENTIVE CYCLIC RETRANSMISSION ERROR CORRECTION METHOD

6.1 General

The preventive cyclic retransmission method is a noncompelled forward error correction
method, whereby positive acknowledgments are needed to support the forward error
correction.

Each message signal unit must be retained at the transmitting signalling link terminal until a
positive acknowledgment arrives from the receiving signalling link terminal.

Error correction is effected by preventive cyclic retransmission of the message signal units
already sent, though not yet acknowledged. Preventive cyclic retransmission takes place
whenever there are no new (i.e., not yet transmitted) message signal units or link status signal
units available to be sent.

To complement preventive cyclic retransmission, the message signal units available for
retransmission are retransmitted with priority when a limit of the number of message signal
units, or a limit of the number of message signal unit octets available for retransmission, has
been reached.

Under normal conditions, when no message signal units are to be transmitted or cyclically
retransmitted, fill-in signal units are sent. In some particular cases, link status signal units,
continuous fill-in signal units or flags may be sent as described in clauses 7, 8, and 11.

6.2 Acknowledgments

6.2.1 Sequence Numbering

For the purpose of acknowledgment and signal unit sequence control, each signal unit carries
two sequence numbers. The signal unit sequence control is performed by means of the forward
sequence number. The acknowledgment function is performed by means of the backward
sequence number.

The value of the forward sequence number of a message signal unit is obtained by incrementing
(modulo 128 for 56 kbit/s, 64 kbit/s, and lower bit rate signalling links, and modulo 4096 for
1.536 Mbit/s signalling links; see 2.3.5) the last assigned value by 1. This forward sequence
number value uniquely identifies the message signal unit until its delivery is accepted without
errors and in correct sequence, by the receiving signalling link terminal. The forward sequence
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number of a signal unit other than a message signal unit assumes the value of the forward
sequence number of the last transmitted message signal unit.

6.2.2 Signal Unit Sequence Control

Information regarding the service information octet, signalling information field, forward
sequence number, and the length of each message signal unit is retained at the transmitting
signalling link terminal until the related acknowledgment for that signal unit is received (see
6.2.3). In the meantime, the same forward sequence number value cannot be used for another
message signal unit (see 6.2.3).

A forward sequence number value can be assigned to a new message signal unit when a
positive acknowledgment concerning that value incremented by at least 1 (modulo 128 for 56
kbit/s, 64 kbit/s, and lower bit rate signalling links, and modulo 4096 for 1.536 Mbit/s
signalling links) is received (see 6.2.3).

The action to be taken at the receiving signalling link terminal upon receipt of a correctly-
checking signal unit is determined by comparison of the received forward sequence number
with the forward sequence number of the last previously accepted signal unit.

In addition, as the appropriate action for a message signal unit is different than for other types
of signal units, the length indicator of the received signal unit shall be examined to determine
the type of signal unit received. The forward indicator bit and the backward indicator bit are
not used and are set to 1.

(1) If the signal unit is not a message signal unit, then the signal unit is processed within the
Message Transfer Part.
(2) If the signal unit is a message signal unit, then:

(a) If the forward sequence number value is the same as that of the last accepted signal
unit, the signal unit is discarded;

(b) If the forward sequence number value is one more (modulo 128 for 56 kbit/s, 64
kbit/s, and lower bit rate signalling links, and modulo 4096 for 1.536 Mbit/s
signalling links; see 2.3.5) than that of the last accepted signal unit, the signal unit is
accepted and delivered to level 3. Explicit positive acknowledgments for the
accepted signal units are sent as specified in 6.2.3;

(c) If the forward sequence number value is different from the values mentioned in (a)
and (b), the signal unit is discarded.

Processing of the backward sequence number value as described in 6.3 is performed for
message signal units and fill-in signal units except when an unreasonable backward sequence
number value is received. Discarding a signal unit means that if it is a message signal unit, it is
not delivered to level 3.

6.2.3 Positive Acknowledgment

The receiving signalling link terminal acknowledges the acceptance of one or more message
signal units by assigning the forward sequence number value of the latest accepted message
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signal unit to the backward sequence number of the next signal unit sent in the opposite
direction. The backward sequence numbers of subsequent signal units retain this value until a
further signal unit is acknowledged, which will cause a change of the backward sequence
number sent. The acknowledgment of an accepted message signal unit also represents an
acknowledgment of all, if any, previously accepted though not yet acknowledged signal units.

6.3 Preventive Cyclic Retransmission

6.3.1 Response to a Positive Acknowledgment

All message signal units sent for the first time are retained until they have been positively
acknowledged.

The transmitting signalling link terminal examines the backward sequence number value of the
received message signal unit or fill-in signal unit that has satisfied the polynomial error check.
The previously sent message signal unit that has a forward sequence number value identical to
the received backward sequence number value will no longer be available for retransmission.

When an acknowledgment for a message signal unit having a given forward sequence number
value is received, all other message signal units, if any, having forward sequence number values
preceding that value (modulo 128 for 56 kbit/s, 64 kbit/s, and lower bit rate signalling links,
and modulo 4096 for 1.536 Mbit/s signalling links) are considered to be acknowledged, even
though the corresponding backward sequence number has not been received.

When the same positive acknowledgment is consecutively received a number of times, no
further action is taken.

When a message signal unit or fill-in signal unit is received having a backward sequence
number value that is not the same as the previous one or one of the forward sequence number
values of the signal units available for retransmission, the signal unit is discarded. The
following message signal unit or fill-in signal unit is discarded.

If any two backward sequence number values in three consecutively received message signal
units or fill-in signal units are not the same as the previous one or any of the forward sequence
number values of the signal units in the retransmission buffer at the time that they are received,
then level 3 is informed that the link is faulty. Management is notified.

A timing mechanism, timer T7¢, shall be provided that generates an indication of excessive
delay of acknowledgment if, assuming that there is at least one outstanding message signal unit
in the retransmission buffer, no new acknowledgment has been received within T7¢ seconds. In
the case of excessive delay of acknowledgment, a link failure indication is given to level 3.
Management is notified.

6.3.2 Preventive Cyclic Retransmission Procedure

1. If no new signal units are available to be sent, the message signal units available for
retransmission are retransmitted cyclically;

2. If new signal units are available, the retransmission cycle, if any, must be interrupted
and the new signal units be sent with priority; and
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3. Under normal conditions, when no message signal units are to be transmitted or
cyclically retransmitted, fill-in signal units are sent continuously. In some particular
cases, link status signal units, continuous fill-in signal units or flags may be sent as
described in clauses 7, 8, and 11.

6.4 Forced Retransmission

To maintain the efficiency of error correction in those cases in which automatic error correction
by preventive cyclic retransmission alone is made impossible (by, for example, high signalling
load), the preventive cyclic retransmission procedures must be complemented by the forced
retransmission procedure.

6.4.1 Forced Retransmission Procedure

Both the number of message signal units available for retransmission (N1) and the number of
message signal unit octets available for retransmission (N2) are monitored continuously.

If one of them reaches its set limit, no new message signal units or fill-in signal units are sent
and the retransmission cycle is continued up to the last message signal unit entered into the
retransmission buffer with priority, in the order in which they were originally transmitted. If all
those message signal units have been sent once and neither N1 nor N2 is at its limit value, the
normal preventive cyclic retransmission procedure can be resumed. If not, all the message
signal units available for retransmission are sent again with priority.

6.4.2 Limitation of the Values N1 and N2

N1 is limited by the maximum numbering capacity of the forward sequence number range that
dictates that not more than 127 message signal units can be available for retransmission on 56
kbit/s, 64 kbit/s, or lower bit rate signalling links, and not more than 4095 message signal units
on 1.536 Mbit/s signalling links.

In the absence of errors, N2 is limited by the signalling link loop delay TT. It must be ensured
that not more than T, / Tep +1 message signal unit octets are available for retransmission,
where:

1T, is the signalling link loop delay, i.e., the time between the sending of a message signal

unit and the reception of the acknowledgment for this message signal unit in
undisturbed operation; and

Teb is the emission time of one octet.

When some signalling data links of different loop delays are alternated for application to that
signalling link, the longest possible signalling link delay may be used to calculate the value of
TT.
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7. SIGNALLING LINK INITIAL ALIGNMENT PROCEDURE

7.1 General

The signalling link initial alignment procedure is applicable to the activation and restoration of
the link. The procedure provides a "normal" proving period for "normal" initial alignment, and
an "emergency" proving period for "emergency" initial alignment. The decision whether to
apply the "normal" or the "emergency" procedure is made unilaterally at level 3 (see Chapter
T1.111.4). Only the signalling link to be aligned is involved in the initial alighment procedure
(i.e., no transfer of alignment information over other signalling links is required).

7.2 Initial Alignment Status Indications

The signalling link initial alignment procedure employs four different alignment status
indications:

1. Status indication "O": Out of alignment;
2. Status indication "N": "Normal" alighment status;
3. Status indication "E": "Emergency" alignment status; or

4. Status indication "OS": Out of service.

These indications are carried in the status field of link status signal units (see 2.2).

A link status signal unit with status indication "O" is transmitted by the local signalling link
terminal when initial alignment has been started and none of the status indications "O", "N" or
"E" are received on the link from the remote signalling link terminal.

A link status signal unit with status indication "N" is transmitted by the local signalling link
terminal when, after it has started initial alignment, status indication "O", "N", or "E" is received
on the link from the remote signalling link terminal and the local terminal is in the "normal"
alignment status.

A link status signal unit with status indication "E" is transmitted by the local signalling link
terminal when, after it has started initial alignment, status indication "O", "N", or "E" is received
on the link from the remote signalling link terminal and the local terminal is in the "emergency"
alignment status, i.e., it has to employ the short "emergency" proving period.

A status indication of "N" or "E" indicates the status of the signalling link terminal that
transmitted it; this status is not changed at the local signalling link terminal by reception of
status indications indicating a different status at the remote signalling link terminal. Hence, if a
signalling link terminal with a "normal" alignment status receives a status indication "E," it
continues to send indication "N," but initiates the short "emergency" proving period.

A link status signal unit with status indication "OS" informs the remote signalling link terminal
that, for reasons other than processor outage (e.g., link failure), the local signalling link terminal
can neither receive nor transmit message signal units. Status indication "OS" is also sent on
completion of power up (see Figures 2/T1.111.3 and 8/T1.111.3) until initial alignment is
started.
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7.3 Initial Aignment Procedure

The signalling link initial alignment procedure passes through a number of states during the
initial alignment (the following states are shown in Figure 9/T1.111.3):

1. State 00, idle: the procedure is suspended.

2. State 01, not aligned: the signalling link is not aligned and the local terminal is sending
status indication "O." Time-out T2¢ is started on entry to State 01 and stopped when
leaving State 01.

NOTE -It must be ensured that the value of this time-out is different at each end of the signalling
link for automatic allocation of signalling data links (see clause 12 of Chapter T1.111.4).

3. State 02, aligned: the signalling link is aligned and the local terminal is sending status
indication "N" or "E"; status indication "N," "E," or "OS" are not received on the link from
the remote terminal. Time-out T3¢ is started on entry to State 02 and stopped when
leaving State 02.

4. State 03, proving: the local signalling link terminal is sending status indication "N" or "E";
status indication "O" or "OS" are not received; proving has been started.

Proving is the means by which the signalling link terminal validates the link's ability to carry
signal units correctly by inspecting the signal units. Proving must last for a period T4 before the
link can enter the "aligned/ready" link state (the aligned/ready state is shown on Figure
8/T1.111.3 and is not one of the numbered states given above). Expiration of timer T4 (see 12.3)
indicates a successful proving period unless the proving period has been previously aborted up
to four times.

Following successful alignment proving procedure, the signalling terminal enters
aligned/ready state and the aligned/ready time-out T1¢ is started. Time-out T1 is stopped on
entry in the in-service state (see Figure 8/T1.111.3), and the duration of time-out T1 should be
chosen such that the remote end can perform four additional proving attempts.

The procedure itself is described in the overview diagram, Figure 4/T1.111.3, and in state
transition diagram, Figure 9/T1.111.3.

7.4  Proving Periods
The values of proving periods are

Py, = 214 octet transmission time

Pe = 212 octet transmission time
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for a 56 kbit/s rate or 64 kbit/s rate, or lower bit rate.8 These values correspond to times of 2.3
seconds and 0.6 second, respectively, at 56 kbit/s and to times of 2.0 seconds and 0.5 second,
respectively at 64 kbit/s.

When 1.536 Mbit/ s rate is used, the values of the proving periods are:

Py =30 seconds

Pp =5 seconds

7.4.A Initial Alignment Timers
The values of the "initial alignment timers" for 56 kbit/s and 64 kbit/s rates are as follows:

1. T1 =5 x Py + ERROR = 13.0 seconds, accuracy range [12.9 to 16 sec.] (where ERROR is
the safety margin)

2. T2 =11.5 seconds or 23.0 seconds (see 7.3), range [5 to 14 seconds] or [16 to 30 seconds],
respectively?®

3. T3 =11.5seconds, range [5 to 14 seconds]
4, {T4: Po<T4 < Py, for Pp = 0.6 seconds, Py; = 2.3 seconds } where P, and Pj; are within an
accuracy range of £10%

The values of the "initial alignment timers" for the 1.536 Mbit/s rate are as follows:

T1 =5 x Py, =170 seconds, accuracy range [165 to 200 seconds]

T2 = 11.5 seconds or 23.0 seconds (see 7.3), range [5 to 14 seconds] or [16 to 30 seconds],
respectively

3. T3 =11.5seconds, range [5 to 14 seconds]
4. T4 =30 seconds for Py and 5 seconds for Pg, accuracy range [+ 10%]

8. PROCESSOR OUTAGE

A processor outage situation occurs when, due to factors at a functional level higher than level
2, use of the link is precluded -- for example, it may be impossible to transfer signalling
messages to functional levels 3 or 4. Though a possible cause for the processor outage condition
is central processor failure, a processor outage condition may not necessarily affect all signalling
links in a signalling point, nor does it exclude the possibility that level 3 is able to control the
operation of the signalling link.

8 The values of proving periods in conjunction with lower bit rates are not specified.

9 If automatic allocation of signalling terminals or signalling data links is applied at both ends of a signalling link, it
must be ensured that the values of this time-out are different at each end of a signalling link (see T1.111.4-2001, clause
12). In this case, T2 low (see clause 12.3) is allocated to the signalling point with the lower point code and T2 high to
the signalling point with the higher point code. In all other cases, the value to time-out T2 can be the same at both
ends of the link.
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Detection of a local processor outage condition is implementation dependent. Provided that the
link is aligned when the local processor outage condition is detected, level 2 transmits link
status signal units indicating processor outage and discards message signal units received.
Upon receiving link status signal units indicating processor outage, the level 2 function at the
far end of the signalling link notifies level 3 of the remote processor outage and, provided it is in
its normal operating state (i.e., transmitting message signal units or fill-in signal units) begins to
continuously transmit fill-in signal units.

It then uses these fill-in signal units to acknowledge all message signal units that have been
accepted from the point experiencing local processor outage, including any message signal
units for which acknowledgments were previously withheld because of level 2 congestion (see
clause 9).

During a local or remote processor outage condition, level 2 timers 15, T6 and T7 are stopped.

A local processor outage condition concludes when level 3 indicates its recovery by requesting
level 2 to resume normal operation or by requesting level 2 to clear its buffers of message signal
units (see Chapter T1.111.4, clause 5.6.2 for time controlled changeover procedures). If level 3
requests level 2 to resume normal operation, level 2 resumes acceptance of message signal units
from remote level 2 and normal transmission of message signal units and fill-in signal units.
The first message signal unit or fill-in signal unit transmitted acknowledges all message signal
units that have been accepted from remote level 2, including any message signal units for which
acknowledgments were previously withheld because of level 2 congestion (see clause 9). If level
3 requests level 2 to clear its buffers of message signal units, level 2 begins to continuously
transmit fill-in signal units and discards all message signal units that it has received from
remote level 2 but not yet delivered to local level 3 and all message signal units that it has
received from local level 3 but not yet transmitted on the link. The first fill-in signal unit
transmitted acknowledges all message signal units that have been accepted from remote level 2
including any message signal units for which acknowledgments were previously withheld
because of level 2 congestion (see clause 9). Level 2 then begins accepting message signal units
from remote level 2. When the next fill-in or message signal unit is received that passes the
acceptance procedures of clause 4 and clauses 5 or 6:

1. all message signal units that are available for retransmission are discarded;

2. the forward sequence number and forward indicator bit of the transmitted fill-in signal
units are set equal to the backward sequence number and backward indicator bit of the
received signal unit;

3. normal transmission of message signal units and fill-in signal units is resumed; and

4. level 3 is notified that the buffer clearing has been completed and that normal operation
has been resumed.

NOTE - In some implementation scenarios (e.g., if a remote processor outage condition has arisen) level 3
may terminate a local processor outage condition by requesting level 2 to transmit fill-in signal units only
while level 3 determines whether to subsequently request a clearing of buffers or a return to normal
operation. This case is not covered in the state transition diagram.

During a remote processor outage condition, level 3 may request level 2 to clear message signal
units from the retransmission buffer. When the next fill-in or message signal unit is received
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that passes the acceptance procedures of clause 4 and clauses 5 or 6, actions (1) through (4) of
the previous paragraph are performed. If no such request has been received from level 3 when a
message signal unit or fill-in signal unit is correctly received from remote level 2, then level 2
notifies level 3 of the termination of remote processor outage and awaits a request from level 3
either to resume normal operation or to clear message signal units from the retransmission
buffer and then resume normal operation.

Format and code of link status signal units indicating processor outage (status indicator "PO")
appear in clause 11 of this chapter.

9. LeVEL 2 FLow CONTROL

9.1 General

The procedure is used to handle a level 2 congestion situation. After the congestion is detected
at the receiving end of the signalling link, both positive and negative acknowledgments to
message signal units are withheld and a status indication "B" (BUSY) is sent from the receiving
end of the link to the remote end in order to enable the remote transmitting end to distinguish
between congestion and failure situations.

This indication is carried in the status field of a link status signal unit.

NOTE - The receiving end continues to process backward sequence number and backward indicator bit carried in
signal units received in order to, as far as possible, avoid disturbance of the message flow in the opposite direction
and in addition may continue to accept message signal units.

9.2 Detection of Congestion

The mechanism for detecting congestion at the receiving end of a signalling link is
implementation dependent and not to be specified.

9.3 Procedure in the Congestion Situation

The receiving end of a signalling link that detected a congestion situation periodically returns a
link status signal unit containing a status indication "B" to the remote transmitting end of the
link at interval T5¢.The receiving level 2 also withholds acknowledgment of the message signal
unit, which triggered off the congestion detection, and of message signal units received during
the congestion situation; that is, fill-in signal units or message signal units are sent as usual, but
with the backward sequence number and backward indicator bit assigned the values that are
contained in the last transmitted signal unit before the congestion is recognized.

At the remote end of the signalling link, every reception of a link status signal unit containing
indication "B" causes the excessive delay of acknowledgment timer T7¢ to be restarted if the
timer is already running. In addition, first reception of the link status signal unit containing a
status indication "B" starts a long supervision timer T6¢, only if there are messages signal units
in the retransmission buffer and the timer T6 is not running. As an option, transmission of new
message signal units may be stopped (this option is not reflected in the SDLs). Should the timer
T6 expire, link failure indication is generated. Management is notified.
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9.4 Congestion Abatement Procedure

When congestion abates at the receiving end of the signalling link, transmission of link status
signal units containing status indication "B" is stopped and normal operation is resumed.

At the remote end, the supervision timer T6° is stopped when a negative or positive
acknowledgment, whose backward sequence number acknowledges a message signal unit in
the retransmission buffer, is received in the case of the basic error correction method, or a
positive acknowledgment is received in case of the preventive cyclic retransmission method. If
transmission of new message signal units had stopped, it is resumed when timer T6 is stopped.
NOTE - Congestion onset and abatement detection is an implementation dependent function. Sufficient hysteresis

should be provided in the implementation to prevent excessive oscillation between congested and noncongested
states.

10. SIGNALLING LINK ERROR MONITORING

10.1 General

Two types of link error rate monitor functions are provided: one is employed while a link is in
the proving state of the initial alignment procedure (see 7.3); the other is employed while a
signalling link is in service and provides one of the criteria for taking the link out of service. The
first monitor is called the "alignment error rate monitor," and is used for all link speeds. The
second is called the "signal unit error rate monitor" for 56 kbit/s, 64 kbit/s, and lower link rates,
and the "errored interval monitor" for 1.536 Mbit/s rate links.

10.2 Signal Unit Error Rate Monitor for 56 kbit/s and 64 kbit/s and Lower Bit Rate
Links

10.2.1 The signal unit error rate monitor has as its function the estimation of the signal unit
error rate in order to decide about the signalling link fault condition. The signal units in error
are those rejected by the acceptance procedure (see clause 4). The three parameters that
determine the signal unit error rate monitor are: the number of consecutive signal units received
in error that will cause an error rate high indication to level 3, T (signal units); the lowest signal
unit error rate that will ultimately cause an error high indication to level 3, 1/D (signal units
errors/signal unit); and the number of octets that causes an increment of the counter while in
the octet counting mode, N (octets).

10.2.2 The signal unit error rate monitor may be implemented in the form of an up/down
counter decremented at a fixed rate (for every D received signal units or signal unit errors
indicated by the acceptance procedure), but not below zero, and incremented every time a
signal unit error is detected by the signal unit acceptance procedure (see clause 4), but not above
the threshold [T (signal units)]. An excessive error rate shall be indicated whenever the
threshold T is reached.
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10.2.3 In the octet counting mode (see 4.1), the counter is incremented for every N octets
received until a correctly-checking signal unit is detected (causing the octet counting mode to be
left).

10.2.4 When the link is brought into service the monitor count should start from zero.
10.2.5 The values of the three parameters are!?:

1. T = 64 signal units

2. D =256 signal units/signal unit error for 56 kbit/s or 64 kbit/s

3. N =16 octets

In case of loss of alignment, these Figures shall give a time of approximately 146 ms to initiate
changeover for 56 kbit/s operation, or approximately 128 ms for 64 kbit/s.

10.2.6  When only random signal unit errors occur over the signalling link, the relationship
between the expected number of signal units until the threshold of T (signal units) is reached
and the signal unit error rate (signal unit errors/signal units) can be established. This
relationship may be expressed by an orthogonal hyperbola that has parameters (T, 1/D) (see
Figure 5/T1.111.3).

10.2A Errored Interval Monitor for 1.536 Mbit/s Links

10.2A.1  The errored interval monitor has as its function the estimation of signalling link fault
condition by monitoring errors over a prescribed interval to model the queue build up on the
transmitting end. An interval is errored if one or more signal units are rejected by the
acceptance procedure (see clause 4) or a flag is lost. The four parameters that determine the
errored interval monitor are: the number of intervals where signal units have been received in
error that will cause an error rate high indication to level 3, Tt (intervals); the constant Ur for
incrementing the counter; the constant Dr for decrementing the counter; and the interval for
monitoring errors 18.

10.2A.2  The errored interval monitor is implemented in the form of an up/down counter
decremented at a fixed rate (D for every interval where no signal unit is errored and at least
one flag is received), but not below zero, and incremented at a fixed rate (Ug for every interval
where one or more signal unit error is detected by the signal unit acceptance procedure (see
clause 4) or where no flag is received) but not above the threshold (T). An excessive error rate
shall be indicated whenever the threshold Tt is reached.

10 The text that relates to the use of lower bit rates is not specified. The text from the CCITT Blue Book which related
to the use of lower bit rates was deleted from this clause.
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10.2A.3  The octet counting mode, which provides an estimate of a signal unit, is not used for
the errored interval monitor because this procedure is not based on an accounting of individual
erTors.

NOTE - Since the errored interval monitor is not dependent on message unit counts, it is possible to lower
the rate of FISUs transmitted on the link to reduce unnecessary processing burden on the link nodes. A
range of 1,000 to 2,000 FISUs/second is recommended.

10.2A.4  When the link is brought into service, the monitor count should start from zero.

10.2A.5  The ranges for the four parameters are given in the table below.

Table 1/T1.111.3 - Values for the Errored Interval Parameters

PARAMETER DEFINITION Value
Tk Threshold count 577,169
Ug Constant for upcount 144,292
Dg Constant for downcount 9,308
T8 Monitoring interval (msec.) 100

10.3 Alignment Error Rate Monitor

10.3.1 The alignment error rate monitor is a linear counter that is operated during normal and
emergency proving periods.

10.3.2 The counter is started from zero whenever the proving state (State 03 of Figure
9/T1.111.3) of the alignment procedure is entered and is then incremented for every signal unit
error detected if it is not in the octet counting mode. It is also incremented for every N octets
received while in the octet counting mode, as described in 10.2.3.

10.3.3 When the counter reaches a threshold Tj, that particular proving period is aborted; on
receipt of a correct signal unit or the expiry of the aborted proving period, the proving state is
reentered. If proving is aborted M times, the link is returned to the out-of-service state. A
threshold is defined for each of the two types of proving period (normal and emergency, see
clause 7). These are Ti, and T, and apply to the normal proving period and the emergency
proving period respectively.

Proving is successfully completed when a proving period expires without an excessive error
rate being detected and without the receipt of status indication "O" or "OS."

10.3.4 The values of the four parameters for the 56 kbit/s or 64 kbit/s, 1.536 Mbit/s, and lower
bit-rates are:
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Tin = 4 signal units

Ti = 1 signal unit

M =5 proving periods
N =16 octets

NOTE - The emergency proving period may, with some probability, be successfully completed with a

marginal and degraded bit error rate (i.e., around one error in 104 bits for 56 kbit/s and 64 kbit/s signalling
links). Subsequently, the signal unit error rate monitor will quickly indicate an excessive error rate. However,
short term operation on a degraded link may be acceptable (e.g., to send management messages).

11. LeveL 2 CODES AND PRIORITIES

111
11.1.1

Link Status Signal Unit

The link status signal unit is identified by a length indicator value equal to 1 or 2. If the
length indicator has a value of 1, the status field consists of one octet; if the length indicator has
a value of 2, the status field consists of two octets. The first octet contains the status indications,
and the second octet, if present, is ignored. However, it is required that a link status signal unit

of 1 or 2 octets is receivable.

11.1.2

11.1.3

The format of a one octet status field is shown in Figure 6/T1.111.3.

The use of the link status indications is described in clauses 7-9; they are coded as

follows:

CBA

000 - Status indication "O"
001 - Status indication "N"
010 - Status indication "E"
011 - Status indication "OS"
100 - Status indication "PO"
101 - Status indication "B"

The spare bits should be ignored at the receiving side.

11.2
11.2.1

= » N =

Transmission Priorities within Level 2

Five different items can be transmitted:

New message signal units;
Message signal units that have not yet been acknowledged;
Link status signal units;

Fill-in signal units; or
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5. Flags.

In certain failure conditions it may only be possible to send flags or nothing at all.

11.2.2 For the basic error control method, the priorities are:

Highest (1) Link status signal units

(2) Message signal units that have not yet been acknowledged and
for which a negative acknowledgment has been received

(3) New message signal units
(4) Fill-in signal units
Lowest (5) Flags

11.2.3 For the preventive cyclic retransmission method, the priorities are!!:

Highest (1) Link status signal units

(2) Message signal units that have not yet been acknowledged and
that are stored in a retransmission buffer whose contents
exceeds one of the parameters Nlor N2

(3) New message signal units
(4)

()

(6) Flags

Message signal units that have not yet been acknowledged
Fill-in signal units

Lowest

12. STATE TRANSITION DIAGRAMS

12.1 Diagram Summary

This clause contains the description of the signalling link control functions, described in this
chapter, in the form of state transition diagrams according to the ITU-T Specification and
Description Language (SDL). The following list summarizes these diagrams:

11 Repetition of signal units for lower bit rates should have a priority immediately below that of link status signal
units.

T1.111.3 - 27



10.
11.
12.
13.

14.

The detailed functional breakdown shown in the following diagrams is intended to illustrate a
reference model, and to assist interpretation of the text in the earlier clauses. The state transition
diagrams are intended to show precisely the behavior of the signalling system under normal
and abnormal conditions as viewed from a remote location. It must be emphasized that the
functional partitioning shown in the following diagrams is used only to facilitate understanding
of the system behavior, and is not intended to specify the functional partitioning to be adopted
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Level 2-Functional Block Diagram:
Link State Control:

Initial Alignment Control:
Processor Outage Control:

Delimitation, Alignment and Error Detection (Receiving):

Delimitation, Alignment and Error Detection (Transmitting):

Basic Transmission Control:

Basic Reception Control:

Preventive Cyclic Retransmission (Transmission Control):
Preventive Cyclic Retransmission (Reception Control):
Alignment Error Rate Monitor:

Signal Unit Error Rate Monitor:

Congestion Control:

Errored Interval Monitor

in a practical implementation of the signalling system.

In the following Figures, the term signal unit refers to units that do not contain all error control

information.

12.2 Abbreviations

AERM
BIB
BIBR
BIBT
BIBX
BSN
BSNR

Alignment error rate monitor

Backward indicator bit

Backward indicator bit received
Backward indicator bit to be transmitted
Backward indicator bit expected
Backward sequence number

Backward sequence number received
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BSNT Backward sequence number to be transmitted

Cy Alignment error rate monitor counter

Cm Count of MSUs in transmission buffer

Gy Count of aborted proving attempts

Cs Signal unit error rate monitor counter

CEg Errored interval monitor counter

CcC Congestion control

CK Check bits

Dg Constant for errored interval monitor downcount

DAEDR Signal unit delimitation, alignment and error detection (receiving)
DAEDT Signal unit delimitation, alignment and error detection (transmitting)
EIM Errored interval monitor

F Flag

FIB Forward indicator bit

FIBR Forward indicator bit received

FIBT Forward indicator bit to be transmitted

FIBX Forward indicator bit expected

FISU Fill-in signal unit

FSN Forward sequence number

FSNC FSN of the last message signal unit accepted by remote level 2
FSNF FSN of the oldest message signal unit in the retransmission buffer
FSNL FSN of the last MSU entered into the retransmission buffer

FSNR Forward sequence number received

FSNT FSN of the last message signal unit transmitted

FSNX Forward sequence number expected

IAC Initial alignment control

L1 Signalling System No. 7 level 1 functions

L2 Signalling System No. 7 level 2 functions

L3 Signalling System No. 7 level 3 functions

LI Length indicator bits

LSC Link state control

LSSU Link status signal unit

max Window size (127 for 56 kbit/s, 64 kbit/s, and lower rates; 4095 for 1.536 Mbit/s rate)
MGMT Unspecified implementation-dependent management function
MSU Message signal unit
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N Number of octets between flags

Nmax Maximum number of octets between flags for an SU

Nmin Minumum number of octets between flags for an SU

N1 Maximum number of sequence number values that are available for retransmission (fixed by the

numbering capacity of the FSN)

N2 Maximum number of MSU octets that are available for retransmission (fixed by the common channel
loop delay time)

Ng Count of correct signal units

NACK Negative acknowledgment

PE Emergency proving period

PN Normal proving period

POC Processor outage control

RB Receive buffer

RC Reception control

RTB Retransmission buffer

RTR Retransmission indicator (if RTR=1, retransmission is expected)
SI Service information octet

SIB Status indication "B" (busy)

SIE Status indication "E" (emergency alignment)

SIF Signalling information field

SIN Status indication "N" (normal alignment)

SIO Status indication "O" (out of alignment)

SIOS Status indication "out of service"

SIPO Status indication "processor outage"

SF Status field

suU Signal unit

SUERM Signal unit error rate monitor

TE Threshold count for errored interval monitor

T; Alignment error rate monitor threshold

Tie Emergency alignment error rate monitor threshold
Tin Normal alignment error rate monitor threshold

TB Transmission buffer

TXC Transmission control

Ug Constant for errored interval monitor upcount
UNB Counter of unreasonable backward sequence numbers received
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UNF Counter of unreasonable forward sequence numbers received
V4 Pointer to sequence number of next MSU to be retransmitted in transmission cycle
12.3 Timers

(These timer values apply for all link speeds unless otherwise noted.)

T1 Timer "aligned/ready"
=13.0 seconds for 56 kbit/s and 64 kbit/s links; accuracy range [12.9 to 16 seconds]
=170 seconds for 1.536 Mbit/s links; accuracy range [165 to 200]
T2 Timer "not aligned"
T2(low) = 11.5 seconds; range [5 to 14 seconds]
T2(high) = 23.0 seconds; range [16 to 30 seconds]
T3 Timer "aligned"
= 11.5 seconds; range [5 to 14 seconds]
T4 Proving period timer = 214 or 212 octets for 56 kbit/s and 64 kbit/s links
= 2.3 seconds for Py, for 56 kbit/s and 64 kbit/s links; accuracy range +10%
= 0.6 second for P, for 56 kbit/s and 64 kbit/s links; accuracy range + 10%
= 30 seconds for Py, for 1.536 Mbit/s links; accuracy range = 10%
=5 seconds for P, for 1.536 Mbit/s links; accuracy range +10%
T5 Timer "sending SIB"
=80 -120 ms
T6 Timer "remote congestion"
=1 - 6 seconds for 56 kbit/s, 64 kbit/s, and 1.536 Mbit/s links
= §8 - 12 seconds for 4.8 kbit/s links
17 Timer "excessive delay of acknowledgment"
= 0.5 - 2 seconds for 56 kbit/s, 64 kbit/s, and 1.536 Mbit/s links
For PCR method, values less than 0.8 seconds should not be used
=4 - 6 seconds for 4.8 kbit/s links

T8 Interval timer for errored interval monitor
=100 ms for 1.536 Mbit/s links
Pe Emergency proving period

= 212 octets for 56 kbit/s and 64 kbit/s links
= 5 seconds for 1.536 Mbit/s links

Py Normal proving period
= 214 octets for 56 kbit/s and 64 kbit/s links
= 30 seconds for 1.536 Mbit/s links
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Figure 2/T1.111.3
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The functions that were shown in Figure 10/T1.111.3 in a previous issue of this document have been
included in Figure 8/T1.111.3.

Figure 10/T1.111.3  Processor Outage Control
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Figure 14/T1.111.3  Basic Reception Control (Sheet 1 of 4)
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Figure 15/T1.111.3  Preventive Cyclic Retransmission - Transmission Control (Sheet 1 of 3)
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Figure 16/T1.111.3  Preventive Cyclic Retransmission - Reception Control (Sheet 2 of 3)
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Figure 17/T1.111.3  Alignment Error Rate Monitor
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Figure 18/T1.111.3  Signal Unit Error Rate Monitor (for 56 kbit/s and 64 kbit/s Links)
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Figure 19/T1.111.3  Congestion Control
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Figure 20/T1.111.3  Errorred Interval Monitor (for 1.536 Mbit/s Links)
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Signalling System Number 7 (S57) -
Signalling Network Functions and Messages

1 SCOPE, PURPOSE, & APPLICATION!?

This chapter may contain requirements that reference other American National Standards. If so, when
the American National Standards referenced in the requirements are superseded by revisions approved
by the American National Standards Institute, Inc., the revisions shall apply.

1.1  General Characteristics of the Signalling Network Functions

1.1.1 Chapter T1.111.4 describes the functions and procedures for, and relating to, the transfer of
messages between the signalling points, which are the nodes of the signalling network. Such functions
and procedures are performed by the Message Transfer Part at level 3, and therefore they assume that
the signalling points are connected by signalling links incorporating the MTP Level 1 and MTP Level 2
protocols described in Chapters T1.111.2 and T1.111.3, respectively (called MTP Level 2 links), or the
Signalling Asynchronous Transfer Mode (ATM) Adaptation Layer (SAAL), ATM Layer, and the
physical layer, described in T1.636-1999 (R2005), T1.627-1993 (R2004), and T1.640-2001 (R2006) and
T1.646-2003, respectively (called SAAL links). The signalling network functions must ensure a reliable
transfer of the signalling messages, according to the requirements specified in Chapter T1.111.6, even in
the case of the failure of signalling links and signalling transfer points; therefore, they include the
appropriate functions and procedures necessary both to inform the remote parts of the signalling
network of the consequences of a fault, and to appropriately reconfigure the routing of messages
through the signalling network.

1.1.2  According to these principles, the signalling network functions can be divided into two basic
categories, namely 1) signalling message handling; and 2) signalling network management.

The signalling message handling functions are briefly summarized in 1.2; the signalling network
management functions in 1.3. The functional interrelations between these functions are indicated in
Figure 1/T1.111.4.

1.1.2A The procedures specified in this chapter are the set of procedures with national options to be
used in U. S. networks. International procedures that will only be used for signalling on international
routes are so indicated.

LA "|"indicates a change from T1.111.
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1.2 Signalling Message Handling

1.21 The purpose of the signalling message handling functions is to ensure that the signalling
messages originated by a particular User Part at a signalling point (originating point) are delivered to
the same User Part at the destination point indicated by the sending User Part.

Depending on the particular circumstances, this delivery may be made through a signalling link
directly interconnecting the originating and destination points, or via one or more intermediate
signalling transfer points.

1.2.2 The signalling message handling functions are based on the label contained in the messages,
which explicitly identifies the destination and originating points.

The label part used for signalling message handling by the Message Transfer Part is called the "routing
label"; its characteristics are described in clause 2.

1.2.3 Asillustrated in Figure 1/T1.111.4, the signalling message handling functions are divided into:

1. The message routing function, used at each signalling point to determine the outgoing
signalling link on which a message has to be sent towards its destination point.

2. The message discrimination function, used at a signalling point to determine whether or not a
received message is destined to the point itself. When the signalling point has the transfer
capability and a message is not destined to it, that message has to be transferred to the message
routing function.

3. The message distribution function, used at each signalling point to deliver the received
messages (destined to the point itself) to the appropriate User Part.

The characteristics of the message routing, discrimination, and distribution functions are described in
clause 2.

1.3  Signalling Network Management

1.3.1 The purpose of the signalling network management functions is to provide reconfiguration of
the signalling network in the case of failures and to control the traffic in case of congestion. Such a
reconfiguration is effected by use of appropriate procedures to change the routing of signalling traffic
in order to bypass the faulty links or signalling points; this requires communication between signalling
points (and, in particular, the signalling transfer points) concerning the occurrence of the failures.
Moreover, in some circumstances it is necessary to activate and align new signalling links, in order to
restore the required signalling traffic capacity between two signalling points. When the faulty link or
signalling point is restored, the opposite actions and procedures take place, in order to reestablish the
normal configuration of the signalling network.
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1.3.2 As illustrated in Figure 1/T1.111.4, the signalling network management functions are divided
into:

Signalling traffic management;
Signalling link management; and

Signalling route management.

These functions are used whenever an event (such as the failure or restoration of a signalling link)
occurs in the signalling network; the list of the possible events and the general criteria used in relation
to each signalling network management function are specified in clause 3.

1.3.3 Clauses 4 to 11 specify the procedures pertaining to signalling traffic management. In particular,
the rules to be followed for the modification of signalling routing appear in clause 4. The diversion of
traffic according to these rules is made, depending on the particular circumstances, by means of one of
the following procedures: "changeover", "changeback", "forced rerouting", "controlled rerouting" and
"MTP restart". They are specified in clauses 5 through 9, respectively. A signalling link may be made
unavailable to User-Part-generated traffic by means of the "management inhibiting" procedures
described in clause 10. Moreover, in the case of congestion at signalling points, the signalling traffic
management may need to slow down signalling traffic on certain routes by using the "signalling traffic

flow control" procedure specified in clause 11.

134 The different procedures pertaining to signalling link mangement are: 'restoration",
"activation", and "deactivation" of a signalling link; "link set activation"; and "automatic allocation" of
signalling terminals and signalling data links. These procedures are specified in clause 12.

1.3.5 The different procedures pertaining to signalling route management are: the "transfer-
prohibited", "transfer-allowed", "transfer-restricted",? "transfer-controlled", "signalling-route-set-test",
and "signalling-route-set-congestion-test" procedures specified in clause 13.

1.3.6 The format characteristics common to all MTP Level 3 messages are specified in clause 14.

1.3.7 Labeling, formatting, and coding of the signalling network management messages are specified
in clause 15.

2 The transfer restricted procedure is a national option within the ITU-T specification; it is a standard procedure for U.S.
networks.
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1.3.8 The description of signalling network functions in the form of state transition diagrams
according to the CCITT Specification and Description Language (SDL) is given in clause 16.

2 SIGNALLING MESSAGE HANDLING

2.1 General

21.1 Signalling message handling comprises message routing, discrimination, and distribution
functions, which are performed at each signalling point in the signalling network.

Message routing is a function concerning the message to be sent, whereas message distribution and
discrimination are functions concerning the received messages. The functional relations among
message routing, distribution, and discrimination appear in Figure 2/T1.111.4.

21.2 When a message comes from level 4 (or is originated at level 3, in the case of Message Transfer
Part Level 3 messages), the choice of the particular signalling link on which it has to be sent is made by
the message routing function. When two or more links are used at the same time to carry traffic having
a given destination, this traffic is distributed among them by the load sharing function, which is a part
of the message routing function.

21.3 When a message comes from level 2, the discrimination function is activated, in order to
determine whether it is destined to another signalling point. When the signalling point has the transfer
capability and the received message is not destined to it, the message has to be transmitted on an
outgoing link according to the routing function.

214 In the case that the message is destined to the receiving signalling point, the message
distribution function is activated, in order to deliver it to the appropriate User Part (or to the local
Message Transfer Part Level 3 functions).

215 Message routing, discrimination, and distribution are based on the part of the label called the
routing label, on the service indicator and -- in national networks -- also on the network indicator. They
can also be influenced by different factors, such as a request (automatic or manual) obtained from a
management system.

21.6 The position and coding of the service indicator and of the network indicator are described in
14.2. The characteristics of the label of the messages pertaining to the various User Parts are described
in the specification of each separate User Part and in clause 15 for the signalling network management
messages. The label used for signalling network management messages is also used for testing and
maintenance messages (see Chapter T1.111.7). Moreover, the general characteristics of the routing label
are described in 2.2.
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A description of the detailed characteristics of the message routing function, including load sharing,
appears in 2.3; principles concerning the number of load-shared links appear in Chapter T1.111.5.

A description of the detailed characteristics of the message discrimination and distribution functions
appears in 2.4.

21.7 In addition to the normal signalling message handling procedures it may, as an option, be
possible to prevent the unauthorized use of the message transfer capability of a node. The procedures
to be used are implementation-dependent and further information is given in clause 8 of Chapter
T1.111.5.

2.2  Routing Label

221 The label contained in a signalling message, and used by the relevant User Part to identify the
particular task to which the message refers (e.g., a telephone circuit), is also used by the Message
Transfer Part to route the message towards its destination point.?

The part of the message label that is used for routing is called the routing label, and it contains the
information necessary to deliver the message to its destination point.

The U. S. national label contained in a signalling message only contains information necessary to
deliver the message to its destination point.

Normally, the routing label is common to all the services and applications in a given signalling network
(national or international); however, if this is not the case, the particular routing label of a message is
determined by means of the service indicator.

The standard routing labels for use in U. S. networks are specified in the following subclauses.

2.2.2 The standard international routing label has a length of 32 bits and is placed at the beginning of
the Signalling Information Field. Its structure appears in Figure 3/T1.111.4.

2.2.2A The U. S. national routing label has a length of 56 bits and is placed at the beginning of the
signalling information field. Its structure appears in Figure 3A/T1.111.4.

223 The Destination Point Code (DPC) indicates the destination point of the message. The
Originating Point Code (OPC) indicates the originating point of the message. In the international
routing label the coding of these codes is pure binary. In the U. S. routing label each point code has the

3 Text from the CCITT Blue Book Vol. VI related to a modified label structure was deleted from this clause.
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structure described in 2.2.3A. Within each field, the least significant bit occupies the first position and is
transmitted first.

A unique numbering scheme for the coding of the fields will be used for the signalling points of any
network, irrespective of the User Parts connected to each signalling point.

2.2.3A In the U. S. national routing label both the originating point code and the destination point code
are constructed of fields as shown in Figure 3B/T1.111.4.

2.2.3B In many cases the value in the Network Identifier Field directly identifies the network to which
a point code belongs; however, as specified in detail in Chapter T1.111.8, a number of values of that
field have been reserved as escape codes so that more than 256 networks can be addressed. The
appearance of one of these reserved values in the network identifier field of a point code indicates that
the network cluster field should be used to identify the network to which the point code belongs.

2.2.3C Other values of the network identifier field are reserved to indicate that the point code identifies
a signalling point belonging to a group of commonly administered signalling points that does not
qualify for network status. Blocks of contiguous point codes are assigned to these groups of signalling
points as specified in Chapter T1.111.8.

2.2.3D The cluster member code 00000000 is reserved for addressing points with signalling transfer
point functionality and is not assigned to signalling points without the transfer function; however, a
signalling transfer point is not required to have an address with a cluster member code of 00000000.

224 The Signalling Link Selection (SLS) Field is used, where appropriate, in performing load
sharing, see 2.3. This field exists in all types of messages and always in the same position.*

In the case of circuit related messages of the Telephone User Part for international signalling only, the
field contains the least significant bits of the circuit identification code, and these bits are not repeated
elsewhere. In the case of all other users, SLS is an independent field in accordance with the criteria
stated in 2.2.5.

225 From the rule stated in 2.2.4 above, it follows that the signalling link selection field of messages
generated by any User Part will be used in the load sharing mechanism. As a consequence, in the case
of User Parts which are not specified (e.g., transfer of charging information) but for which there is the

4 Some CCITT Blue Book text was deleted from this clause; it referred to the placement of the SLC in the SLS field in some
MTP level 3 messages.
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requirement to maintain the order of transmission of the messages, the field should be coded with the
same value for all messages belonging to the same transaction, sent in a given direction.

2.2.6 The above principles should also... (This clause has been deleted as it is not applicable to U.S.
networks).

2.3 Message Routing Function

2.3.1 The message routing function determines the signalling link over which each outgoing message
is sent. For most messages an outgoing link set (or combined link set: see 2.3.2) is determined on the
basis of the destination point code in the message's routing label,5 and a particular link within that link
set is selected on the basis of the signalling link selection field. The load sharing of traffic over the links
of a link set is described more fully in 2.3.2. Sometimes information beyond the routing label may be
needed to route a message:®

1. Special link selection rules apply to some network management messages; see 2.3.4.

2. The network indicator may have to be examined to determine what label structure is used in a
message; see 2.4.3.

3. The possibility of basing routing on the service indicator in addition to the routing label has
been left open. For example, messages may be defined for signalling route test procedures (see
Chapter T1.111.7) that require routing based on service indicator. The use of the service
indicator for routing should be kept to a minimum in order to apply the same routing criteria to
as many users as possible.

2.3.2 The purpose of load sharing is to distribute traffic evenly over the links of a link set (combined
link set). Two basic cases of load sharing are defined, namely:
1. Load sharing between links belonging to the same link set; and

2. Load sharing between links not belonging to the same link set.

A load sharing collection of one or more link sets is called a combined link set.

The capability to operate in load sharing according to both these cases is mandatory for any signalling
point.

In case (1), the traffic flow carried by a link set is shared (on the basis of the signalling link selection
field) among different signalling links belonging to the link set. An example of such a case is given by a
link set directly interconnecting the originating and destination points in the associated mode of
operation, such as represented in Figure 4/T1.111.4.

5 The link set (combined link set) may be determined on the basis of the whole DPC or part of the DPC; see examples in Annex
Cof T1.111.5.
6 In this clause the text of the CCITT Blue Book has been extensively revised for clarity.
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NOTE - Figures 4/T1.111.4 and 5/T1.111.4 show the SLS values that are used to select a link. If SLS rotation is
used, these values are rotated before the message is actually transmitted on the link; see clause 7 of Chapter
T1.111.5.

In case (2), traffic relating to a given destination is shared (on the basis of the signalling link selection
field) among different signalling links not belonging to the same link set, such as represented in Figure
5/T1.111.4. The load sharing rule used for a particular signalling relation may or may not apply to all
the signalling relations that use one of the signalling links involved (in the example, traffic destined to
B is shared among signalling links DE and DF with a given signalling link selection field assignment,
whereas that destined to C is sent only on link DF, due to the failure of link EC). Another example is
illustrated in Figure 5A/T1.111.4. In this example, traffic destined to B is shared among signalling links
CD and CE, where as that destined to D is sent only on link CD, due to the use of direct routing
between the adjacent STP (C) and the MTP user part (i.e., switching) of the combined node (D).

As a result of the message routing function, in normal conditions all the messages having the same
routing label (e.g., call set-up messages related to a given circuit) are routed via the same signalling
links and signalling transfer points.

Principles relating to the number of load-shared links and examples of the use of the SLS field in load
sharing appear in Chapter T1.111.5.

2.3.3 Routing information should be appropriately updated when some event happens in the
signalling network, which is relevant to the concerned signalling point (e.g., failure of a signalling link
or unavailability of a signalling route). The updating of the routing information is made according to
the particular event (see clause 3) and to the signalling routing modification rules specified in clause 4.

When a signalling transfer point detects that a received message cannot be delivered to its destination
point, or the message should not be delivered because the route might be circular [see 13.2.2(1)(c) or
13.2.2A(1)(c); see also clause 2.4 of T1.111.7], it sends in response a transfer-prohibited or transfer-
cluster-prohibited message as specified in 13.2. The received message is discarded. In addition, if the
destination point code does not exist according to the routing information, an indication is given to a
management system.

NOTE - A signalling point "exists" according to the routing information if links over which to route messages to the
signalling point can be determined, even though network failures may temporarily preclude the use of those links. The
routing information may consist of a common routing for messages to some or all of the signalling points within the
cluster or network to which the concerned signalling point belongs (see Annex B of Chapter T1.111.5).

2.3.4 Handling of Level 3 Messages

2.3.4.1 Messages not related to a signalling link may be assigned any SLS code where load sharing of
the message is necessary, or a default code such as 00000000. They are handled in accordance with the
normal routing function, using the SLS for load sharing.
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2.3.4.2 Some messages relating to a signalling link require special routing. For example, a signalling
link test message (Chapter T1.111.7) must be routed over the link to which it refers, and a changeover
message (Chapter T1.111.4) must not be routed over the link to which it refers. Precise descriptions of
special routing requirements are included in the descriptions of the procedures that use messages that
require special routing. See also Figure 26/T1.111.4.

2.3.,5 Handling of Messages under Signalling Link Congestion

2.3.5.1 In the international signalling network, congestion priorities of messages are only assigned and
the decision to discard under congestion is only made within each User Part. Message discard will only
occur in the MTP should there be an extreme resource limitation (for the MTP there is no congestion
priority).”

2.3.5.2 In U. S. signalling networks, each message is assigned by its generating User Part a congestion
priority. This is used by the MTP to determine whether or not a message should be discarded under
signalling link congestion. Four levels-of-congestion priority levels are accommodated in the signalling
network, with 0 being the lowest and 3 the highest. The highest priority is assigned to MTP and SCCP
messages that are critical to the performance of the signalling network. See Annex A of Chapter
T1.111.5 for message priority assignments.

When a signalling link has been selected for transmitting a message, comparisons of the congestion
priority of the message are made with the congestion status of the selected signalling link (see 3.8). If
the congestion priority is not less than the signalling link congestion status, that message is transmitted
using the selected signalling link.

Otherwise, a transfer-controlled message is sent in response as specified in 13.7. In this case, the
disposition of the concerned message is determined according to the following criteria:

1. If the congestion priority of the message is greater than or equal to the signalling link discard
status, the message is transmitted.

2. If the congestion priority of the message is less than the signalling link discard status, the
message is discarded.

2.3A Handling of Messages under Signalling Point or Signalling Transfer Point
Congestion

If signalling message handling congestion is possible, the following procedures should be used to
control the congestion. Clause 11.2.6 provides an overview to the signalling message handling
congestion control procedures.

When a message is received at a signalling point or signalling transfer point, the congestion priority of
the received message is compared to the internal signalling message handling congestion status of the
signalling point/signalling transfer point.

7 Some text from the CCITT Blue Book dealing with multiple congestion priority levels has been moved from 2.3.5.1 to 2.3.5.2.
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If the internal signalling message handling congestion status is equal to 0 (i.e., no congestion), then the
message is handled normally.

If, in a signalling transfer point a message is received for destination X (or cluster CX) and sufficient
internal resources have failed resulting in a capacity reduction such that signalling message handling
congestion is possible® the procedures in clause 13.4.2(2) are performed. The destination X is
considered restricted until sufficient signalling message handling resources become available (an
implementation-specific determination) (see clause 3.3.2.3). The message is transmitted to the
destination.

After the procedures in clause 13.4.2(2) are invoked (if applicable), the following procedures are
performed if internal signalling message handling congestion is present. If the priority of the message
is less than the internal signalling message handling congestion status n (n=1, 2, 3), a transfer-controlled
message is sent by a signalling transfer point in response as specified in 13.7.2(ii) (the sending of a
transfer-controlled message by a signalling point is optional). In this case the disposition of the
concerned message is determined according to the following criteria:

1. If the congestion priority of the message is greater than or equal to the internal signalling
message handling discard status, the received message is handled normally; or

2. If the congestion priority of the message is less than the internal signalling message handling
discard status, the message is discarded. As specified in clause 13.7.2(ii), when a signalling
transfer point discards a priority 3 message it does not send a transfer-controlled message to the
originator of the discarded message.

2.4  Message Discrimination and Distribution Functions

24.1 The routing criteria and load sharing method described in 2.3 imply that a signalling point
sending messages pertaining to a given signalling transaction on a given link should be able to receive
and process messages pertaining to that transaction -- e.g., in response to the sent ones, coming from
any (but only one) link.

A node performing the transfer function shall inspect the Originating Point Code (OPC) field of all
received messages. For messages received over any link other than its C links, it should reject (at Level
3) any messages whose OPC is equal to the point code of its mate.

In instances where the STP receives a message with an Origination Point Code (OPC) equal to its own
point code, the message should be discarded unless all the following criteria are met:
¢ The STP which has received the message has Circular Route Detection Test capability.

¢ The received message is a signaling route set congestion test message -- i.e., a Service Indicator
value of 0000, a Heading Code (HO) value of 0011, and a Heading Code (H1) value of 0001.

¢ The received message has a priority level 3.

8 That is, signalling message handling congestion that is due to an internal failure, not due to received traffic volumes, and is
unlikely to exist at the mate signalling transfer point.
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In the event all of the preceding criteria are met, Circular Route Detection Test procedures outlined in
T1.111.7, clause 2.4, should be followed.?

The destination point code field of the received messages is examined by the discrimination function in
order to determine whether or not they are destined to the receiving signalling point. When the
receiving signalling point has the transfer capability and the message is not destined to it, that message
has to be directed to the routing function, as described in the previous clauses, in order to be sent on
the appropriate outgoing link towards the message destination point.

2.4.2 If the destination point code of the message identifies the receiving signalling point, the service
indicator is examined by the message distribution function and the message is delivered to the
corresponding User Part (or to the Message Transfer Part Level 3).

Should a User become unavailable (User unavailability is an implementation dependent notion), this is
detected by the MTP. Whether the distribution function is marked accordingly is implementation
dependent.

When the distribution function detects that a received message cannot be delivered to the required
User (implementation dependent criteria), a user part unavailable message is returned to the
originating signalling point on a response basis as specified in 11.2.7 and the message is discarded. In
the originating signalling point, the relevant User is informed via an MTP-STATUS primitive. A
mandatory parameter Cause is included in the MTP-STATUS indication with four possible values:

1. Signalling Network Congested (plus congestion status).
2. User Part Unavailability: unequipped remote User.

3. User Part Unavailability: inaccessible remote User.
4

User Part Unavailability: unknown.

The MTP User should reduce its traffic in an appropriate manner and take specific actions; see 5.2.2 and
5.2.4 of T1.112.4 and 2.11 of T1.113.4.

24.3 In the case of a signalling point handling both international and national signalling traffic (e.g.,
an international gateway exchange), the network indicator is also examined, in order to determine the
relevant numbering scheme (international or national) and possibly the label structure. Moreover,
within a national network, the network indicator may be examined to discriminate between different
label structures, or between different signalling point numbering if dependent on the network levels
(see 14.2).

9 Messages discarded by this procedure may be evidence of an MTP circular route which otherwise might have triggered the
Circular Route Detection Test (see T1.111.7, clause 2.4).
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2.4.3A In the case of signalling network testing and maintenance messages there are two types of
messages:

1. Regular messages that use all the normal message handling procedures; and

2. Special messages that use special message handling procedures which are invoked within
message discrimination by inspection of the service indicator (see 14.2.1).

2.4.4 If the destination point code of the message contains an alias point code (see T1.111.5, clause
7.2.3) that identifies the receiving signalling point, then:

1. If the local SCCP Global Title Translation function is available, the message is directed to the
message distribution function.

2. If the local SCCP Global Title Translation function is unavailable, the message is directed to the
message routing function - a user part unavailable message is not returned to the originating
signalling point.

3 SIGNALLING NETWORK MANAGEMENT

3.1 General

3.1.1 The signalling network management functions provide the actions and procedures required to
maintain signalling service, and to restore normal signalling conditions in the event of disruption in the
signalling links or at signalling points. The disruption may be in the form of complete loss of a
signalling link or signalling point, or in reduced accessibility due to congestion. For example, in the
case of a link failure, the traffic conveyed over the faulty link should be diverted to one or more
alternative links. The link failure may also result in unavailable signalling routes and this, in turn, may
cause diversion of traffic at other signalling points in the signalling network (i.e., signalling points to
which no faulty links are connected).

3.1.2 The occurrence of, or recovery from, failures or congestion generally results in a change of the
status of the affected signalling link(s) and route(s). A signalling link may be considered by level 3,
either as "available" or "unavailable" to carry signalling traffic; in particular, an available signalling link
becomes unavailable if it is recognized as failed, deactivated, blocked,'® or inhibited, and it becomes once
again available if it is recognized as "restored", "activated", "unblocked" or "uninhibited", respectively.
A signalling route may be considered by level 3 as "available", "restricted", or "unavailable", too. A
signalling point may be "available" or "unavailable". A signalling route set may be "congested" or
"uncongested". The detailed criteria for the determination of the changes in the status of signalling

links, routes, and points are described in 3.2, 3.4, and 3.6, respectively.

10 The blocked condition arises when the unavailability of a signalling link does not depend on a failure in the link itself, but on
other causes, such as a "processor outage" condition in a signalling point.
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3.1.3 Whenever a change in the status of a signalling link or route occurs, the three different
signalling network management functions (i.e., signalling traffic management, link management, and
route management) are activated, when appropriate, as follows:

1. The signalling traffic management function is used to divert signalling traffic from a link or
route to one or more different links or routes or to temporarily slow down signalling traffic in
the case of congestion at a signalling point; it comprises the following procedures:

a.

i~

Q@ ™ 0o a0

Changeover (see clause 5);

Changeback (see clause 6);

Forced rerouting (see clause 7);

Controlled rerouting (see clause 8);

MTP restart (see clause 9);

Management inhibiting (see clause 10); and

Signalling traffic flow control (see clause 11).

2. The signalling link management function is used to restore failed signalling links, to activate
idle (not yet aligned) links and to deactivate aligned signalling links it comprises the following
procedures (see clause 12):

a.
b.

C.

Signalling link activation, restoration, and deactivation;
Link set activation; and

Automatic allocation of signalling terminals and signalling data links.

3. The signalling route management function is used to distribute information about the signalling
network status, in order to block or unblock signalling routes it comprises the following
procedures:

a.

i~

s o a0

Transfer-prohibited procedure (see 13.2);

Transfer-allowed procedure (see 13.3);

Transfer-restricted procedure (see 13.4);
Signalling-route-set-test procedure (see 13.5);
Transfer-controlled procedure (see 13.6, 13.7, and 13.8); and

Signalling-route-set-congestion-test procedure (see 13.9).

314 An overview of the use of the procedures relating to the different management functions on
occurrence of the link, route, and point status changes is given in 3.3, 3.5, and 3.7, respectively.

3.2  Status of Signalling Links

3.21 A signalling link is always considered by level 3 in one of two possible major states: available
and unavailable. Depending on the cause of unavailability, the unavailable state can be subdivided into
seven possible cases as follows (see also Figure 6/T1.111.4):
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Unavailable, failed or inactive;

Unavailable, blocked;

Unavailable, (failed or inactive) and blocked;
Unavailable, inhibited;

Unavailable, inhibited and (failed or inactive);
Unavailable, inhibited and blocked; or

Unavailable, (failed or inactive), blocked, and inhibited.

The concerned link can be used to carry signalling traffic only if it is available except test and
management messages (e.g., SLT, TFx, TRA and TRW). Eight possible events can change the status of a
link: signalling link failure, restoration, deactivation, activation, blocking, unblocking, inhibiting, and
uninhibiting: they are described in 3.2.2 through 3.2.9.

3.2.2 Signalling Link Failure

A signalling link (in-service or blocked, see 3.2.6) is recognized by level 3 as failed when:

1. A link failure indication is obtained from level 2. For MTP Level 2 links, the indication may be

caused by:
a. Intolerably high signal unit error rate (see clause 10 of Chapter T1.111.3).
b. Excessive length of the realignment period (see 4.1 and clause 7 of Chapter T1.111.3).
c. Excessive delay of acknowledgments (see 5.3 and 6.3 of Chapter T1.111.3).
d. Excessive period of level 2 congestion (see clause 9 of Chapter T1.111.3).
e. Failure of signalling terminal equipment.
f. Two out of three unreasonable backward sequence numbers or forward indicator bits
(see 5.3 and 6.3 of Chapter T1.111.3).
g. Reception of consecutive link status signal units indicating out-of-alignment, out-of-

service, normal or emergency terminal status (see 1.7 of Chapter T1.111.3).

The first two conditions are detected by the signal unit error rate monitor (see clause 10 of
Chapter T1.111.3).

For SAAL links, failure indications include:

a.
b.

C.

d.

e.

Intolerably high protocol data unit error rate -- see clause 8.1.1 of T1.652-1996 (R2006).
Excessive length of the realignment period-- see clause 6.2.2 of T1.645-1995 (R2008).

No receipt of a status (STAT) protocol data unit - timer No_Response expiration -- see
clause 7.6 of T1.637-1999 (R2005).

Excessive period of no credit -- see clause 8.1.2 of T1.652-1996 (R2006).
Local or remote processor outage condition -- see clause 6.2.1 of T1.645-1995 (R2008).

2. Arequest (automatic or manual) is obtained from a management or maintenance system.
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3. The signalling link test fails (see clause 2.2 of Chapter T1.111.7).
4. False link congestion is detected (see 3.8.2.2).

Moreover, a signalling link that is available (not blocked) is recognized by level 3 as failed when a
changeover order is received.

3.2.3 Signalling Link Restoration

A previously failed signalling link is restored when both ends of the signalling link have successfully
completed an initial alignment procedure (see clause 7 of Chapter T1.111.3 or clause 6.2.2 of T1.645-
1995 (R2008).

3.24 Signalling Link Deactivation

A signalling link (in-service, failed, or blocked) is recognized by level 3 as deactivated (i.e., removed
from operation) when:

1. A request is obtained from the signalling link management function (see clause 12).

2. A request (automatic or manual) is obtained from an external management or maintenance
system.

3.2.5 Signalling Link Activation

A previously inactive signalling link is recognized by level 3 as activated when both ends of the
signalling link have successfully completed an initial alignment procedure (see clause 7 of Chapter
T1.111.3 or clause 6.2.2 of T1.645-1995 (R2008).

3.2.6 Signalling Link Blocking

A signalling link (in service, failed, or inactive) is recognized as blocked when an indication is obtained
from the signalling terminal that a processor outage condition exists at the remote terminal (i.e., link
status signal units with processor outage indication are received; see clause 8 of Chapter T1.111.3).

NOTE 1 -- A link becomes unavailable when it is failed or deactivated or ((failed or deactivated) and blocked) (see
Figure 6/T1.111.4).

NOTE 2 -- For SAAL links, a processor outage condition causes the link to fail.
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3.2.7 Signalling Link Unblocking

A signalling link previously blocked is unblocked when an indication is obtained from the signalling
terminal that the processor outage condition has ceased at the remote terminal. (Applies in the case
when the processor outage condition was initiated by the remote terminal.).

NOTE - A link becomes available when it is restored, or activated, or unblocked, or [(restored or activated) and
unblocked] -- see Figure 6/T1.111.4.

3.2.8 Signalling Link Inhibiting

In U. S. networks the standard for management control of signalling links is the management inhibit
procedure. A signalling link is recognized as inhibited when:

1. An acknowledgment is received from a remote signalling point in response to an inhibit
request sent to the remote end by the local signalling link management. Level 3 has marked
the link locally inhibited.

2. Upon receipt of a request from a remote signalling point to inhibit a link and successful
determination that no destination will become inaccessible by inhibiting the link, the link
has been marked remotely inhibited by Level 3.

3.2.9 Signalling Link Uninhibiting

A signalling link previously inhibited is uninhibited when:
1. A request is received to uninhibit the link from a remote end or from a local routing
function.

2. An acknowledgment is received from a remote signalling point in response to an uninhibit
request sent to the remote end by the local signalling link management.

3.3 Procedures Used in Connection with Link Status Changes

In 3.3, the procedures relating to each signalling management function, which are applied in
connection with link status changes, are listed. (See also Figures 6-8/T1.111.4.) Typical examples of the
application of the procedures to the particular network cases appear in Chapter T1.111.5.

3.3.1 Signalling Link Failed
3.3.1.1 Signalling Traffic Management

The changeover procedure (see clause 5) is applied, if required, to divert signalling traffic from the
unavailable link to one or more alternative links with the objective of avoiding message loss, repetition
or mis-sequencing; it includes determination of the alternative link or links to which the affected traffic
can be transferred, and procedures to retrieve messages sent over the failed link but not received by the
far end.
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3.3.1.2 Signalling Link Management

The procedures described in clause 12 are used to restore a signalling link and to make it available for
signalling. Moreover, depending on the link set status, the procedures can also be used to activate
another signalling link in the same link set to which the unavailable link belongs, and to make it
available for signalling.

3.3.1.3 Signalling Route Management

In the case when the failure of a signalling link causes a signalling route set to become unavailable or
restricted, the signalling transfer point that can no longer route the concerned signalling traffic applies
the transfer-prohibited or transfer-restricted procedures described in clause 13.

3.3.2 Signalling Link Restored
3.3.2.1 Signalling Traffic Management

The changeback procedure (see clause 6) is applied, if required, to divert signalling traffic from one or
more links to a link which has become available; it includes determination of the traffic to be diverted
and procedures for maintaining the correct message sequence.

3.3.2.2 Signalling Link Management

The signalling link deactivation procedure (see clause 12) is used if, during the signalling link failure,
another signalling link of the same link set was activated; it is used to assure that the link set status is
returned to the same state as before the failure. This requires that the active link activated during the
link failure be deactivated and considered no longer available for signalling.

3.3.2.3 Signalling Route Management

In the case when the restoration of a signalling link causes a signalling route set to become available,
the signalling transfer point which can once again route the concerned signalling traffic applies the
transfer-allowed or transfer-restricted procedures described in clause 13 as appropriate. When a
"danger of congestion" situation subsides, which had restricted a normal route to a destination, the
status of the route is changed to available, but the transfer-allowed procedure (broadcast method) is
not invoked (transfer-allowed messages are sent according to clause 13.5.4).

3.3.3 Signalling Link Deactivated
3.3.3.1 Signalling Traffic Management
As specified in 3.3.1.1.

NOTE - The signalling traffic has normally already been removed when signalling link deactivation is initiated.
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3.3.3.2 Signalling Link Management

If the number of active signalling links in the link set to which the deactivated signalling link belongs
has become less than the normal number of active signalling links in that link set, the procedures
described in clause 12 may be used to activate another signalling link in the link set.

3.3.3.3 Signalling Route Management
As specified in 3.3.1.3.

3.3.4 Signalling Link Activated
3.3.4.1 Signalling Traffic Management
As specified in 3.3.2.1.

3.3.4.2 Signalling Link Management

If the number of active signalling links in the link set to which the activated signalling link belongs has
become greater than the normal number of active signalling links in that link set, the procedures
described in clause 12 may be used to deactivate another signalling link in the link set.

3.3.4.3 Signalling Route Management
As specified in 3.3.2.3.

3.3.5 Signalling Link Blocked
3.3.5.1 Signalling Traffic Management!!
As specified in 3.3.1.1.

3.3.5.2 Signalling Route Management

If the blocking of the link causes a signalling route set to become unavailable or restricted, the
signalling transfer point which can no longer route the concerned signalling traffic applies the transfer-
prohibited or transfer-restricted procedures described in clause 13.

11 CCITT Blue Book text specifying an option to use local processor outage to stabilize the link state during traffic management
actions has been deleted from this clause.

T1.111.4-18



ATIS-1000111.2005
ChapterT71.111.4

3.3.6 Signalling Link Unblocked
3.3.6.1 Signalling Traffic Management
As specified in 3.3.2.1.

3.3.6.2 Signalling Route Management

If the link unblocked causes a signalling route set to become available, the signalling transfer point
which can once again route the signalling traffic in that route set applies the transfer-allowed or
transfer-restricted procedures described in clause 13, as appropriate.

3.3.7 Signalling Link Inhibited
3.3.7.1 Signalling Traffic Management
As specified in 3.3.1.1.

3.3.7.2 Signalling Link Management
As specified in 3.3.3.2.

3.3.8 Signalling Link Uninhibited
3.3.8.1 Signalling Traffic Management
As specified in 3.3.2.1.

3.3.8.2 Signalling Link Management
As specified in 3.3.4.2.

3.3.8.3 Signalling Route Management

If the link uninhibited causes a signalling route set to become available, the Signalling Transfer Point,
which can once again route the signalling traffic in that route set, applies the transfer-allowed or
transfer-restricted procedures described in clause 13, as appropriate.
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3.4  Status of Signalling Routes

A signalling route can be in three states for signalling traffic having the concerned destination; these
are available, restricted, and unavailable. A route may become available or unavailable because of
changes in the availability of the local links in that route; however, the procedures already given in 3.3
handle such cases. Subclauses 3.4 and 3.5 deal with route status changes caused by receipt of signalling
route management messages.

3.4.1 Signalling Route Unavailability

A signalling route becomes unavailable when a transfer-prohibited message, indicating that signalling
traffic towards a particular destination or cluster of destinations cannot be transferred via the signalling
transfer point sending the concerned message, is received (see clause 13).

3.4.2 Signalling Route Availability

A signalling route becomes available when a transfer-allowed message, indicating that signalling traffic
towards a particular destination or cluster of destinations can be transferred via the signalling transfer
point sending the concerned message, is received (see clause 13).

3.4.3 Signalling Route Restricted

A signalling route becomes restricted when a transfer-restricted message, indicating that signalling
traffic towards a particular destination or cluster of destinations is being transferred with some
difficulty via the signalling transfer point sending the concerned message, is received (see clause 13).

3.5 Procedures Used in Connection with Route Status Changes

In 3.5, the procedures relating to each signalling management function, which in general are applied in
connection with route status changes caused by receipt of signalling route management messages, are
listed. (See also Figures 6/ and 8/T1.111.4.) Typical examples of the application of the procedures to
particular network cases appear in Chapter T1.111.5.

3.5.1 Signalling Route Unavailable
3.5.1.1 Signalling Traffic Management

The forced rerouting procedure (see clause 7) is applied; it is used to transfer signalling traffic to the
concerned destination from the link set belonging to the unavailable route to an alternative link set,
which terminates in another signalling transfer point. It includes actions to determine the alternative
route.
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3.5.1.2 Signalling Route Management

Because of the unavailability of the signalling route, the network is reconfigured; in the case that a
signalling transfer point can no longer route the concerned signalling traffic, it applies the procedures
described in clause 13.

3.5.2 Signalling Route Available
3.5.2.1 Signalling Traffic Management

The controlled rerouting procedure (see clause 8) is applied; it is used to transfer signalling traffic to the
newly available route. It includes the determination of which traffic should be diverted, and
procedures for maintaining the correct message sequence.

3.5.2.2 Signalling Route Management

Because of the restored availability of the signalling route, the network is reconfigured; in the case that
a signalling transfer point can once again route the concerned signalling traffic, it applies the
procedures described in clause 13.

3.5.3 Signalling Route Restricted
3.5.3.1 Signalling Traffic Management

The controlled rerouting procedures (see clause 8) is applied; it is used to transfer signalling traffic to
the concerned destination from the link set belonging to the restricted route, to an alternative link set if
one is available to give more, if possible, efficient routing. It includes actions to determine the
alternative route.

3.5.3.2 Signalling Route Management

Because of the restricted availability of the signalling route, the network routing is, if possible,
reconfigured; procedures described in clause 13 are used to advise adjacent signalling points.

3.6  Status of Signalling Points

A signalling point can be in one of two states: available or unavailable (see Figure 6/T1.111.4).
However, implementation dependent congestion states may exist.
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3.6.1 Signalling Point Unavailability
3.6.1.1 Unavailability of a Signalling Point Itself

A signalling point becomes unavailable when all connected signalling links are unavailable.

3.6.1.2 Unavailability of an Adjacent Signalling Point

A signalling point considers that an adjacent signalling point becomes unavailable when the adjacent
point is inaccessible.

3.6.2 Signalling Point Availability
3.6.2.1 Availability of a Signalling Point Itself

A signalling point becomes available when at least one link connected to the signalling point becomes
available.

3.6.2.2 Availability of an Adjacent Signalling Point

A signalling point considers that an adjacent signalling point becomes available when at least one
signalling link connected to the adjacent signalling point becomes available and the signalling point has
restarted, or when the adjacent signalling point becomes accessible on the reception of a transfer
allowed message or a transfer restricted message (see 13.4).

3.7 Procedures Used in Connection with Point Status Changes
3.71 Signalling Point Unavailable

There is no specific procedure used when a signalling point becomes unavailable. The transfer
prohibited and transfer restricted procedures are used to update the status of the affected routes in all
nodes of the signalling network (see 13.2).

3.7.2 Signalling Point Available
3.7.2.1 Signalling Traffic Management

the MTP restart procedure (see clause 9) is applied; it is used to restart the traffic between the signalling
network and the signalling point which becomes available. This restart is based on the following
criteria:

1. Avoid loss of messages.

2. Limit the level 3 load due to the restart of the signalling point.

3. Restart, as much as possible, simultaneously in both directions of the signalling relations.
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3.7.2.2 Signalling Link Management

The first step of the MTP restart procedure attempts to restore the signalling links of the point which
becomes available; the signalling link restoration procedure is used (see clause 12).

3.7.2.3 Signalling Route Management

The second step of the MTP restart procedure consists of updating the signalling route states before
carrying traffic to the point which becomes available and in all adjacent points; the transfer prohibited
and transfer restricted procedures are used (see clause 13).

3.7.3 Signalling Point Congested

Procedures are implementation dependent (see 11.2.6).

3.8 Signalling Network Congestion
3.8.1 General

In 3.8, criteria for the determination of signalling link congestion status and signalling route set
congestion status are specified. The procedures relating to each signalling network management
function, which in general are applied in connection with congestion status changes, are listed.

3.8.2 Congestion Status of Signalling Links

3.8.2.1 When predetermined levels of MTP Level 3 messages fill in the transmission or retransmission
buffer are crossed, an indication is given to level 3 advising of congestion/congestion abatement. The
location and setting of the congestion thresholds are considered to be implementation dependent.

NOTE - The criterion for setting the congestion thresholds is based on: (1) the proportion of the total transmit and
retransmit buffer capacity that is occupied and/or (2) the total number of messages in the transmit and retransmit buffers.
(The buffer capacity below the threshold should be sufficient to overcome load peaks due to signalling network
management functions and the remaining buffer capacity should allow User Parts time to react to congestion indications
before message discard occurs.) The monitoring may be performed in different ways depending on the relative sizes of
the transmit and retransmit buffers. In the case of a relatively small retransmit buffer, monitoring of the transmit buffer may
be sufficient. In the case of a relatively large retransmit buffer, both the transmit buffer and retransmit buffer occupancies
may need to be monitored.

1. In the international signalling network, one congestion onset and one congestion abatement
threshold are provided. The congestion abatement threshold should be placed lower than the
congestion onset threshold in order to provide hysteresis during the process of recovering from
congestion.
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2. In U. S. networks three separate thresholds are provided for detecting the onset of congestion.
They are called congestion onset thresholds and are numbered 1, 2, and 3, respectively. Three
separate thresholds are provided for monitoring the abatement of congestion. They are called
congestion abatement thresholds and are numbered 1, 2, and 3, respectively.

Each congestion abatement threshold should be placed lower than the corresponding congestion onset
threshold in order to provide hysteresis during the process of recovering from congestion.

Congestion abatement threshold n (n=2 or 3) should be placed higher than congestion onset threshold
n-1 so as to allow for a precise determination of signalling link congestion status.

Congestion abatement threshold 1 should be placed higher than the normally engineered buffer
occupancy of a signalling link.

Under normal operation, when the signalling link is uncongested, the signalling link congestion status
is assigned the zero value.

At the onset of congestion, when the buffer occupancy is increasing, the signalling link congestion
status is determined by the highest congestion onset threshold exceeded by the buffer occupancy. That
is, if congestion onset threshold n (n =1, 2, or 3) is the highest congestion onset threshold exceeded by
the current buffer occupancy, the current signalling link congestion status is assigned the value n (see
Figure 8A/T1.111.4).

At the abatement of congestion, when the buffer occupancy is decreasing, the signalling link congestion
status is determined by the lowest congestion abatement threshold below which the buffer occupancy
has dropped. That is, if congestion abatement threshold n (n=1, 2, or 3) is the lowest congestion
abatement threshold below which the current buffer occupancy has dropped, the current signalling
link congestion status is assigned the value n-1 (see Figure 8B/T1.111.4).

The use of the signalling link congestion status is specified in 2.3.5.2.

3.8.2.2 In U. S. networks three separate thresholds are provided for determining whether, under
congestion conditions a message should be discarded or transmitted using the signalling link. They are
called congestion discard thresholds and are numbered 1, 2, and 3, respectively.

Congestion discard threshold n (n=1, 2, or 3) is placed higher than congestion onset threshold » in
order to minimize message loss under congestion conditions.

Congestion discard threshold n (n = 1 or 2) should be placed at or lower than congestion onset
threshold n+1 in order to make congestion control effective.

When the current buffer occupancy does not exceed congestion discard threshold 1, the current
signalling link discard status is assigned the zero value.

When the current buffer occupancy exceeds congestion discard threshold n (n = 1 or 2), but does not
exceed congestion discard threshold n+1, the current signalling link discard status is assigned the value
n (see Figure 8C/T1.111.4).
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When the current buffer occupancy exceeds congestion discard threshold 3, the current signalling link
discard status is assigned the value 3.

The use of the signalling link discard status shall be as specified in 2.3.5.2.

If the link remains at a congestion level, as defined below, for greater than T3110 (a false link congestion
condition), and it also remains in service, an audit should trigger the link to be restarted. T31 is started
when buffer occupancy increases through onset level 1. Any change of congestion level [defined as a
change of signalling link congestion status (see clause 3.8.2.1) and optionally including the first time the
discard status is increased to n after signalling link congestion status is increased to n (n=1, 2, 3)]
restarts the timer. T31 is stopped when the signalling link congestion status is zero. The management
should be notified if the link is restarted due to false link congestion.

When the transmit buffer is full, all messages destined for the link should be discarded. Transfer-
controlled messages indicating level 3 congestion should be sent to the originators of messages
destined for the congested link when the messages are received, if the received messages are not
priority 3. When priority 3 messages destined for a congested link are received and the transmit buffer
is full, transfer-controlled messages are not sent to the originators of the received priority 3 messages.

3.8.2.3 In national signalling networks using... (This clause has been deleted as it is not applicable to
U. S. networks.)

3.8.3 Procedures Used in Connection with Link Congestion Status Changes

In 3.8.3, the procedures relating to each signalling network management function, which in general are
applied in connection with link congestion status changes, are listed.

Signalling Route Management: When the congestion of a signalling link causes a signalling route set to
become congested, the transfer-controlled procedure (see 13.6 and 13.7) is used, if required, to notify
originating signalling points that they should reduce the concerned signalling traffic towards the
affected destination.

3.8.4 Congestion Status of Signalling Route Sets

At each originating signalling point, there is associated with each signalling route set a congestion
status, which indicates the degree of congestion in the signalling route set.

1. In the international signalling network two states are provided, congested and uncongested.

If a link in a signalling route towards a given destination becomes congested, the congestion
status of the signalling route set towards the affected destination is changed to congested.

When a transfer controlled message relating to a given destination is received, the congestion
status of the signalling route set towards the affected destination is indicated to the level 4 User
Parts in accordance with the transfer controlled procedure specified in clause 13. The congestion
status is not retained by level 3 at the receiving signalling point.
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2. InU.S. signalling networks, corresponding to the four levels of signalling link congestion, there
are four values of signalling route set congestion status, with 0 being the lowest and 3 the
highest. Normally the congestion status of a signalling route set is assigned the zero value,
indicating that the signalling route set is uncongested. If a signalling link in the signalling route
set to a given destination becomes congested, the congestion status of the signalling route set is
assigned the value of the signalling link congestion status, if it is higher than the current
signalling route set congestion status. When a transfer-controlled message relating to a given
destination is received, the congestion status of the signalling route set towards that destination
shall be updated in accordance with the transfer-controlled procedures as specified in 13.7. The
congestion status of the signalling route set towards that destination may be decremented in
accordance with the signalling-route-set-congestion-test procedure as specified in 13.9.

3. In national signalling networks using...(This clause has been deleted as not applicable to U. S.
Networks.)

3.8.5 Procedures Used in Connection with Route Set Congestion Status Changes

In 3.8.5, the procedures relating to each signalling network management function, which in general are
applied in connection with route set congestion status changes, are listed.

3.8.5.1 Signalling Traffic Management

The signalling traffic flow control procedure (see clause 11) is applied, it is used to regulate the input of
signalling traffic from User parts to the concerned signalling route set.

3.8.5.2 Signalling Route Management

As a national option, the signalling-route-set-congestion-test procedure (see 13.9) is applied; it is used
to update the congestion status of the concerned signalling route set until the congestion status is
reduced to the zero value.

3.8.6 Signalling Point/Signalling Transfer Point Message Handling Congestion

3.8.6.1 Internal signalling message handling congestion occurs in a signalling point or signalling
transfer point when the offered load exceeds the capacity or ability of the signalling message handling
function of the signalling point or signalling transfer point.12 Though implementation dependent, it is
strongly recommended that signalling message handling congestion controls use multiple congestion
thresholds if possible.’? These signalling message handling congestion thresholds are predetermined
levels of signalling message handling capacity-and identify when the ability of the signalling message

12 Determination of internal signalling message handling congestion is implementation dependent.
13 Signalling message handling thresholds may, for example, be based on internal bus occupancy, processor utilization, or any
other implementation dependent means deemed to be suitable for measuring internal signalling message handling capacity.
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handling function has been exceeded. The location, setting, and determination of the signalling
message handling congestion thresholds are implementation dependent.

Three separate thresholds are provided if possible for detecting the onset of internal signalling message
handling congestion. They are called signalling message handling congestion onset thresholds and are
numbered 1, 2, and 3, respectively. Three separate thresholds are provided for monitoring the
abatement of internal signalling message handling congestion. They are called signalling message
handling congestion abatement thresholds and are numbered 1, 2, and 3, respectively. If three separate sets
of onset and abatement thresholds are not used, a single set is provided.

Each signalling message handling congestion abatement threshold should be placed lower than the
corresponding signalling message handling congestion onset threshold in order to provide hysteresis
during the process of recovering from signalling message handling congestion.

Signalling message handling congestion abatement threshold n (n = 2 or 3) should be placed higher
than signalling message handling congestion onset threshold n-1.

Under normal operation, when there is no internal signalling message handling congestion, the internal
signalling message handling congestion status is assigned the zero value.

At the onset of congestion, the internal signalling message handling congestion status is determined by
the highest signalling message handling congestion onset threshold exceeded. That is, if onset
threshold n (n = 1, 2, or 3) is the highest onset threshold exceeded, the current signalling message
handling congestion status is assigned the value n. If one onset threshold is used, the presence of
internal signalling message handling congestion corresponds to a congestion status of 3.

At the abatement of internal signalling message handling congestion, the internal signalling message
handling congestion status is determined by the lowest congestion abatement threshold below which
the internal signalling message handling congestion has dropped. That is, if congestion abatement
threshold n (n = 1, 2, or 3) is the lowest congestion abatement threshold below which the internal
signalling message handling congestion has dropped, the current signalling message handling
congestion status is assigned the value n-1. If one abatement threshold is used, the abatement of
internal signalling message handling congestion corresponds to a congestion status of 0.

3.8.6.2 Four separate thresholds are provided if possible for determining whether, under internal
signalling message handling congestion conditions a message should be discarded or transmitted using
the signalling link. They are called signalling message handling congestion discard thresholds and are
numbered 1, 2, 3, and 4, respectively. If four separate discard thresholds are not used, two discard
thresholds are provided.

Signalling message handling congestion discard threshold n (n =1, 2, or 3) is placed at the same point
as the signalling message handling congestion onset threshold 7. If it can be ensured that multiple
transfer-controlled messages will not be sent from the congested signalling transfer point/signalling
point for the same message as a result of routing the message, and that the signalling transfer
point/signalling point will not be adversely affected by routing the message, the discard threshold n
may be placed higher than the onset threshold in order to minimize message loss during internal
signalling message handling congestion conditions. Discard threshold 4 is placed higher than discard
threshold 3.
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Signalling message handling congestion discard threshold n (n =1 or 2) should be placed at or lower
than signalling message handling congestion onset threshold n+1.

When the current internal signalling message handling congestion does not exceed signalling message
handling congestion discard threshold 1, the current signalling link discard status is assigned the zero
value.

When the internal signalling message handling congestion exceeds congestion discard threshold n (n =
1, 2, or 3), but does not exceed signalling message handling congestion discard threshold n+1, the
current signalling message handling discard status is assigned the value n. If two discard thresholds
are used, exceeding the first threshold corresponds to a discard status of 3.

When the internal signalling message handling congestion exceeds congestion discard threshold 4, the
internal signalling message handling discard status is assigned the value 4.

When the internal signalling message handling congestion exceeds discard threshold 4, the internal
signalling message handling discard status is assigned the value 4.

Clause 2.3.A specifies the message handling procedures during internal signalling message handling
congestion.

3.9 Status of Local SCCP for Alias Point Code Routing

At a signalling transfer point identified by an alias point code, the status of the local SCCP determines
signalling network management actions. The status of the local SCCP can be available or unavailable.
The determination of these states is implementation-dependent.

3.A Procedures Used in Connection with Local SCCP Status Changes
3.A.1 Local SCCP Unavailable
3.A.1.1 Signalling Traffic Management

Forced rerouting as specified in clause 7 or controlled rerouting as specified in clause 8 is used to
reroute traffic to alternate routes specified for the alias point code.

3.A.1.2 Signalling Route Management

Procedures for transfer-prohibited and transfer-restricted are applied as indicated in clauses 13.2 and
13.4.
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3.A.2 Local SCCP Available

3.A.2.1 Signalling Traffic Management

Controlled rerouting as specified in clause 8 is used to reroute traffic to the local SCCP.

3.A.2.2 Signalling Route Management

Procedures for transfer-allowed and transfer-restriced are applied as indicated in clauses 13.3 and 13.4.

4 SIGNALLING TRAFFIC MANAGEMENT
41 General
41.1 The signalling traffic management function is used, as indicated in clause 3, to divert signalling

traffic from signalling links or routes, or to temporarily reduce it in quantity in the case of congestion.

4.1.2

The diversion of traffic in the cases of unavailability, availability or restriction of signalling links

and routes is typically made by means of the following basic procedures included in the signalling
traffic management function:

1.

Signalling Link Unavailability (Failure, Deactivation, Blocking, or Inhibiting). The changeover
procedure (see clause 5) is used to divert signalling traffic to one or more alternative links (if
any).

Signalling Link Availability (Restoration, Activation, Unblocking, or Uninhibiting). The changeback
procedure (see clause 6) is used to divert signalling traffic to the link made available.

Signalling Route Unavailability. The forced rerouting procedure (see clause 7) is used to divert
signalling traffic to an alternative route (if any).

Signalling Route Availability. The controlled rerouting procedure (see clause 8) is used to divert
signalling traffic to the route made available.

Signalling Route Restricted. The controlled rerouting procedure (see clause 8) is used to divert
signalling traffic to an alternative route (if any).

Signalling Point Availability. The MTP restart procedure (see clause 9) is used to divert traffic to
or via the point made available.

Each procedure includes different elements of procedure, the application of one or more of which
depends on the particular circumstances, as indicated in the relevant clauses. Moreover, these
procedures include a modification of the signalling routing, which is made in a systematic way, as
described in 4.2 to 4.8.

T1.111.4-29



ATIS-1000111.2005
ChapterT71.111.4

4.1.3 The signalling traffic flow control procedures are used in the case of congestion in order to limit
signalling traffic at its source. The procedures are specified in clause 11.

4.2  Normal Routing Situation

421 Signalling traffic to be sent to a particular signalling point in the network, is normally routed to
one or more link sets. A load sharing collection of one or more link sets is called a combined link set.
Within a link set (combined link set), a further routing may be performed in order to load share the
traffic over the available signalling links (see clause 2).

To accommodate the situations when signalling links or routes become unavailable, alternative routing
data are defined.

For each destination that may be reached from a signalling point, one or more alternative link sets
(combined link sets) are allocated. An alternative combined link set may consist of one or more (or all)
of the remaining available link sets that may carry signalling traffic towards the concerned destination.
The possible link sets (combined link sets) appear in a certain priority order. The link set (combined
link set) having the highest priority is used whenever it is available. It is defined as the normal link set
(combined link set) for traffic to the concerned destination. The link set (combined link set) which is in
use at a given time is called the current link set (combined link set). The current link set (combined link
set) consists either of the normal link set (combined link set) or an alternative link set (combined link
set). In case of load sharing between link sets, a normal link set (combined link set) exists for each
portion of the divided signalling traffic.

For each signalling link, the remaining signalling links in the link set (combined link set) are alternative
links. The signalling links of a link set (combined link set) are arranged in a certain priority order.
Under normal conditions, the signalling link (or links) having the highest priority is used to carry the
signalling traffic.

These signalling links are defined as normal signalling links, and each portion of load shared traffic has
its own normal signalling link. Signalling links other than normal may be active signalling links (but
not carrying any signalling traffic at the time) or inactive signalling links, see clause 12.

4.2.2 Message routing (normal as well as alternative) is, in principle, independently defined at each
signalling point. Thus, signalling traffic between two signalling points may be routed over different
signalling links or paths in the two directions.

4.3  Signalling Link Unavailability

4.3.1 When a signalling link becomes unavailable (see 3.2), signalling traffic carried by the link is
transferred to one or more alternative links by means of a changeover procedure. The alternative link
or links are determined in accordance with the following criteria.
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4.3.2 In the case when there is one or more alternative signalling links available in the link set
(combined link set) to which the unavailable link belongs, the signalling traffic is transferred within the
link set (combined link set). If there is one or more active and unblocked signalling links currently not
carrying any traffic, the signalling traffic is transferred to the one having the highest priority. If no such
signalling link exists, the signalling traffic is transferred to one or more signalling links currently
carrying traffic. The traffic may be transferred to more than one link to load share the traffic as evenly
as possible or to one link for simplicity.

4.3.3 In the case when there is no alternative signalling link within the link set (combined link set) to
which the unavailable signalling link belongs, the signalling traffic is transferred to one or more
alternative link sets (combined link sets) in accordance with the alternative routing defined for each
destination. For a particular destination, the alternative link set (combined link set) is the link set
(combined link set) in service having the highest priority.

Within a new link set, signalling traffic is distributed over the signalling links in accordance with the
routing currently applicable for that link set -- i.e., the transferred traffic is routed in the same way as
the traffic already using the link set.

4.4  Signalling Link Availability

441 When a previously unavailable signalling link becomes available again (see 3.2), signalling
traffic may be transferred to the available signalling link by means of the changeback procedure. The
traffic to be transferred is determined in accordance with the following criteria.

4.4.2 In the case when the link set to which the available signalling link belongs already carries
signalling traffic on other signalling links in the link set, the traffic to be transferred is the traffic for
which the available signalling link is the normal one.

The traffic is transferred from one or more signalling links, depending on the criteria applied when the
signalling link became unavailable (see 4.3.2).

In the case that multiple links in the link set are unavailable, traffic in addition to that for which the
newly available link is the normal one may be transferred to the newly available link in order to
distribute traffic among available links as evenly as possible. If this option is implemented,
implementation-dependent safeguards must be employed to prevent missequencing or excessive delay
of messages when additional links within the link set become available while changeback is still in
progress.

4.4.3 In the case when the link set (combined link set) to which the available signalling links belongs
does not carry any signalling traffic (i.e., a link set [combined link set] has become available), the traffic
to be transferred is the traffic for which the available link set (combined link set) has higher priority
than the link set (combined link set) currently used. The traffic is transferred from one or more links
sets (combined link set) and from one or more signalling links within each link set.
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4.5 Signalling Route Unavailability

When a signalling route becomes unavailable (see 3.4), signalling traffic carried by the unavailable
route is transferred to an alternative route by means of forced rerouting procedure. The alternative
route (i.e., the alternative link set or link sets) is determined in accordance with the alternative routing
defined for the concerned destination (see 4.3.2).

4.6 Signalling Route Availability

When a previously unavailable signalling route becomes available again (see 3.4), signalling traffic may
be transferred to the available route by means of a controlled rerouting procedure. This is applicable in
the case when the available route (link set) has equal or higher priority than the route (link set)
currently used for traffic to the concerned destination (see 4.4.2).

The transferred traffic is distributed over the links of the new link set in accordance with the routing
currently applicable for that link set.

4.7  Signalling Route Restriction

When a previously unavailable signalling route becomes restricted, signalling traffic may be
transferred to the newly restricted route by means of a controlled rerouting procedure if the the newly
restricted route has a higher priority than the currently used route.

When a previously available signalling route becomes restricted (see 3.4), signalling traffic carried by
the restricted route is, if possible, transferred to an alternative route by means of the controlled
rerouting procedure, if an equal priority alternative is available and not restricted. If an equal priority
route is available and restricted and is not currently carrying traffic, controlled rerouting is performed
to resume loadsharing (i.e., traffic will be carried by both link sets). The alternative route is determined
in accordance with the alternate routing defined for the concerned destination (see 4.3).

4.8 Signalling Point Availability

When a previously unavailable signalling point becomes available (see 3.6), signalling traffic may be
transferred to the available point by means of a MTP restart procedure (see clause 9).

5 CHANGEOVER

51 General

5.1.1 The objective of the changeover procedure is to ensure that signalling traffic carried by the
unavailable signalling link is diverted to the alternative signalling link(s) as quickly as possible while
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avoiding message loss, duplication, or mis-sequencing. For this purpose, in the normal case the
cha