|

INTERNATIONAL TELECOMMUNICATION UNION

CCITT .350

THE INTERNATIONAL (11/1988)
TELEGRAPH AND TELEPHONE
CONSULTATIVE COMMITTEE

SERIES I: INTEGRATED SERVICES DIGITAL
NETWORK (ISDN)

Overall network aspects and functions, ISDN user-
network interfaces

GENERAL ASPECTS OF QUALITY OF
SERVICE AND NETWORK PERFORMANCE
IN DIGITAL NETWORKS, INCLUDING ISDN

Reedition of CCITT Recommendation 1.350 published in
the Blue Book, Fascicle 111.8 (1988)




NOTES

1 CCITT Recommendation 1.350 was published in Fascicle |11.8 of the Blue Book. Thisfileis an extract from the
Blue Book. While the presentation and layout of the text might be dlightly different from the Blue Book version, the
contents of the file are identical to the Blue Book version and copyright conditions remain unchanged (see below).

2 In this Recommendation, the expression “Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

© ITU 1988, 2009

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior written
permission of ITU.



Recommendation 1.350
GENERAL ASPECTS OF QUALITY OF SERVICE AND NETWORK PERFORMANCE
IN DIGITAL NETWORKS, INCLUDING ISDN
(Melbourne, 1988)

1 General

11 Purpose of Recommendation
This Recommendation has been developed to:
—  provide descriptions of Quality of Service and Network Performance;

— illustrate how the Quality of Service and the Network Performance concepts are applied in digital
networks, including ISDNs;

— describe the features of, and the relationship between, these concepts,
— indicate and classify performance concerns for which parameters may be needed;
— identify generic performance parameters.

The generic term “performance” refers to Quality of Service and to Network Performance as they are defined
in§1.2

12 Descriptions of Quality of Service (QoS) and Network Performance (NP)

121 Description of Quality of Service

QoS is defined in Recommendation G.106 (Red Book) as follows: “Collective effect of service performances
which determine the degree of satisfaction of auser of the service’.

The note of Recommendation (Red Book) underlines that the QoS is characterized by the combined aspects of:
— service support and service operability performance, and
— servability and service integrity performance.

The definition of Quality of Service in Recommendation G.106 (Red Book) is a wide one encompassing many
areas of work, including subjective customer satisfaction. However, within this Recommendation the aspects of Quality
of Service that are covered are restricted to the identification of parameters that can be directly observed and measured at
the point at which the service is accessed by the user. Other types of QoS parameters which are subjective in nature,
i.e. depend upon user actions or subjective opinions, will not be specified in the |-Series Recommendations on QoS.

122 Description of Network Performance

Network Performance is a statement of the performance of the connection element or concatenation of
connection elements employed to provide a service. It is defined and measured in terms of parameters which are
meaningful to the network provider and are used for the purposes of system design, configuration, operation and
maintenance. NP is defined independently of terminal performance and user actions.

network performance (NP) is defined as the ability of a network or network portion to provide the functions
related to communications between users.

Note — The performance of a network and its component parts contributes to servability performance and
service integrity performance as defined in Recommendation G.106 (Red Book), and is characterized by a set of
measurable and cal culable parameters.

2 Purpose of QoS and NP

2.1 General

Bearer services and teleservices as described in the 1.200-Series Recommendations are the objects which
network and service providers offer to their customers. A major attribute of these services is the set of QoS parameters
which a particular service offers. These parameters are user oriented and take into account the elements involved in a
particular service asgiven in Figure 2/1.211.
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Bearer services and teleservices are supported by a range of connection types, each of which comprises several
connection elements. The performance of the connection types is characterized by a set of NP parameters. These

parameters are network oriented.

Figure 1/1.350 illustrates how the concepts of QoS and NP are applied in the ISDN environment.
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FIGURE 1/1.350

General scope of Quality of Service and network performance

2.2 Purpose of QoS

A typical user is not concerned with how a particular service is provided, or with any of the aspects of the
network’s internal design. However, he is interested in comparing one service with another in terms of certain
universal, user-oriented performance concerns which apply to any end-to-end service. Therefore from a user’'s
point of view, Quality of Service is best expressed by parameters which:

—  focus on user-perceivable effects, rather than their causes within the network;

—  do not depend, in their definition, on assumptions about the network internal design;

— takeinto account all aspects of the service from the user’s point of view which can be objectively
measured at the service access point;

— may be assured to a user at the service access point by the service provider(s);

— aredescribed in network independent terms and create a common language understandable by
both the user and the service provider.

2.3 Purpose of NP

A network provider is concerned with the efficiency and effectiveness of the network, in providing services to
customers. Therefore from a network provider’s point of view, NP is best expressed by parameters which provide
information for:

—  system development;
— network planning, both nationally and internationally;
—  operation and maintenance.
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3 Principlesfor the development of QoS and NP parametersand values

3.1 General principles

311 Distinction between QoS and NP

The user oriented QoS parameters provide a valuable framework for network design, but they are not
necessarily usable in specifying performance requirements for particular connections. Similarly, the NP parameters
ultimately determine the (user observed) QoS, but they do not necessarily describe that quality in a way that is
meaningful to users. Both types of parameters are needed, and their values must be quantitatively related if a network is
to be effective in serving its users. The definition of QoS and NP parameters should make mapping of values clear in
cases where there is not a simple one-to-one relationship between them.

Table 1/1.350 shows some of the characteristics which distinguish QoS and NP.

312 Measurability of QoS and NP parameter values

Due to separating QoS and NP, a number of general points should be noted when considering the development
of parameters:

— the definition of QoS parameters should be clearly based on events and states observable at service
access points and independent of the network processes and events which support the service;

— the definition of NP parameters should be clearly based on events and states observable at connection
element boundaries, e.g. protocol specific interface signals;

— the use of events and states in the definition of parameters should provide for measurements at the
boundaries identified above. Such measurements should be verifiable in accordance with generally
accepted statistical techniques.

TABLE 1/1.350

Distinction between quality of service and network performance

Quality of service Network performance
User oriented Provider oriented
Service attribute Connection element attribute
Focus on user-observable Focus on planning, development (design),
effects operations and maintenance
Between (at) service access End-to-end or network connection elements
points capabilities

3.1.3 Multiple network provider environments

It should be recognized in the development of parameter values that services may be provided by multiple
providers. In such an environment different levels of QoS may be supported. Therefore, in practice, users may
experience a variety of ranges of QoS. It is thus important to establish minimum performance levels for each service and
for connection elements providing international connections.

32 QoSprinciples

For the definition of parameters for QoS in the ISDN, the concept of bearer services and teleservices needs to
be borne in mind. In particular, there is a difference between the kinds of parameters which would describe the QoS of a
bearer service and that of a teleservice, since the point of observation of, or access to, the service is different in each
case. Figure 1/1.350 illustrates this point.

Fascicle11.8 —Rec. 1.350 3



In the case of teleservices the interface between the user and the service provider may be a man-machine
interface. In the case of bearer services this interface corresponds to the S/'T reference points. As a result, some of the
parameters for describing the QoS of a teleservice will be different from those which describe the QoS of a bearer
service.

In describing the QoS of teleservices, the performance of the terminal equipment (TE) has to be taken into
account. For a teleservice, there should be a mapping between the QoS of the teleservice and the performance of the
customer equipment including the terminal and the overal (end-to-end) NP of the connection elements supporting this
service.

For bearer service there should be mapping between the QoS of the bearer service and the overall (end-to-end)
NP of connection elements supporting this service.

33 NP principles
When devel oping NP parameters the following points should be borne in mind:

— NP parameters must be measurable at the boundary of the network connection element(s) to which
they are applied. The definitions should not be based on assumptions about either the internal
characteristics of a network (or portions thereof), or the internal causes of impairments observed at
the boundaries;

— thedivision of a network portion into sub-components should only be done if they must be specified
separately in order to ensure satisfactory end-to-end performance or, where appropriate, to derive fair
and reasonabl e allocations among providers. No network provider should bear a disproportionate cost
in establishing and operating a service.

3.4 Primary and derived performance parameters

341 Description
primary performance parameter

A parameter or a measure of a parameter determined on the basis of direct observations of events at services
access points or connection element boundaries.

derived performance parameter

A parameter or a measure of a parameter determined on the basis of observed values of one or more relevant
primary performance parameters and decision thresholds for each relevant primary performance parameter.

3.4.2 Relationship between primary and derived performance parameters

A number of event types can be directly observed at service access points or connection element boundaries.
Examples of such events are:

— the layer 3 protocol state transition associated with the transfer of a SETUP message or a
DISCONNECT message across a connection element boundary;

— the correct receipt of an information bit (or a specified number of information bits) at an interface.

Parameters related to the time interval between specific events and the frequency of events can be measured.
These directly measurable parameters or primary performance parameters describe the QoS (at service access points) or
the NP (at connection element boundaries) during periods when the service or connection is available.

Derived performance parameters describe performance based on events which are defined as occurring when
the value of a function of a primary performance parameter(s) crosses a particular threshold. These derived threshold
events identify the transitions between the available and the unavailable states. Parameters related to the time interval
between these derived threshold events and their frequency can be identified. These derived performance parameters
describe the QoS and the NP for all time intervals; i.e. during periods when the service or connection is available or
unavailable.

Note — Primary performance parameters are measured for all time intervals, since the transitions between
available and unavailable states depend upon the value of these parameters. However, the values of primary performance
parameters would not be specified for a service or connection in the unavailable state.
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4 Generic performance parameters

Nine generic primary performance parameters are listed below. These have been developed as a result of the
matrix approach described in Annex A. These parameters may be used in devel oping specific QoS and NP parameters:

—  access speed;

—  access accuracy;

—  access dependability;

— information transfer speed;

— information transfer accuracy;

— information transfer dependability;
— disengagement speed;

— disengagement accuracy;

— disengagement dependability.

Section 3.4 defines derived performance parameters in addition to primary parameters. Derived performance
parameters are determined utilizing a function of the primary performance parameter values. Recommendation G.821
defines one such function, which identifies transitions between available and unavailable states based on a threshold for
severely errored seconds. The generic derived performance parameter associated with such afunction is availability.

Examples of specific primary and derived performance parameters for bearer service QoS and those for circuit-
switched and packet-switched NP are provided in Annex B.

ANNEX A

(to Recommendation 1.350)

Method of identifying parameters

Al The matrix approach

The matrix provides a systematic method of identifying and organizing candidate network performance
parameters with the objective of defining a concise set of parameters and, where appropriate, their QoS counterparts.
This tool should be used as the basis for collection and evaluation of network performance parameters for digital
networks, including ISDNs.

A2 3 x 3 matrix approach for network performance

The 3 x 3 matrix approach for network performance isillustrated in Figure A-1/1.350. The main features are as
follows:

1) Each row represents one of the three basic and distinct communication functions.

Note — The access function represents the connectionless as well as connection oriented services
which are possible with ISDNs.

2) Each column represents one of the three mutually exclusive outcomes possible when a function is
attempted.

3) The 3 x 3 matrix parameters are defined on the basis of events at connection element boundaries and
are termed “primary performance parameters’. “Derived performance parameters’ are defined on the
basis of a functional relationship of primary performance parameters, outage thresholds and an
observation interval.

4) NP primary performance parameters should be defined so as to be measurable at the boundaries of
the connection element(s) to which they apply. NP parameter definitions should not depend upon
assumptions about impairment causes that are not detectable at the boundaries.

5) Availability is a derived performance parameter. Decisions on the appropriate primary performance
parameters, outage threshold and algorithms for its definition require further detailed study.
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Note — The following terminology problems are pointed out. Appropriate terms should be selected after further

study:

a) theterm “access’ is used. However, the term “selection (of the connection type, the destination and
facility)” has been proposed as an alternative.

b) Theterm “dependability” is used. However, the definition of dependability as used here is somewhat
different from that in Recommendation G.106 (Red Book). Alternative terms, “inservability” and

“refusal” are proposed.

c) Theterm “availability” is provisionally used. An alternative term “acceptability” has been proposed.
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3x 3 matrix approach and deter mination of availability states

A.3 3 x 3 matrix approach for QoS

The same 3 x 3 matrix approach as that described for network performance may be used for the related Quality

of Service parameters.

QoS parameters should be defined so as to be measurable at service access points. QoS parameter definitions
should not depend upon assumptions of impairment causes that are not detectable at the service access points.

Loss of service parameters are considered to be derived QoS parameters. An alternative matrix has been

proposed and is still under consideration.
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A4 Description of the basic communication functions

A4l Access

The access function begins upon issuance of an access request signal or its implied equivalent at the interface
between a user and the communication network. It ends when either:

— aready for data or equivalent signal is issued to the calling users, or

— at least one bit of user information is input to the network (after connection establishment in
connection-oriented services).

It includes all activities traditionally associated with physical circuit establishment (e.g. dialing, switching, and
ringing) aswell as any activities performed at higher protocol layers.

A4.2 User information transfer

The user information transfer begins on completion of the access function, and ends when the “disengagement
request” terminating a communication session is issued. It includes all formatting, transmission, storage, error control
and media conversion operations performed on the user information during this period, including necessary
retransmission within the network.

A.4.3  Disengagement

There is a disengagement function associated with each participant in a communication session: each
disengagement function begins on issuance of a disengagement request signal. The disengagement function ends, for
each user, when the network resources dedicated to that user’s participation in the communication session have been
released. Disengagement includes both physical circuit disconnection (when required) and higher-level protocol
termination activities.

A5 Description of the performance

A51  Speed

Speed is the performance criterion that describes the time interval that is used to perform the function or the
rate at which the function is performed. (The function may or may not be performed with the desired accuracy.)

A.5.2  Accuracy

Accuracy is the performance criterion that describes the degree of correctness with which the function is
performed. (The function may or may not be performed with the desired speed.)

A.5.3  Dependability

Dependability is the performance criterion that describes the degree of certainty (or surety) with which the
function is performed regardless of speed or accuracy, but within a given observation interval.

ANNEX B

(to Recommendation 1.350)

Relationship between generic and possible specific QoS and NP parameters

This Annex illustrates the qualitative relationship between the generic parameters defined in this Recom-
mendation and a candidate set of specific QoS and NP parameters. Tables B-1/1.350, B-2/1.350 and B-3/1.350 illustrate
the relationship between the generic parameters and specific bearer service QoS, circuit-switched NP, and packet-
switched NP parameters, respectively.
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TABLE B-1/1.350

Qualitativerelationship between generic performance parametersand candidate bearer service QoS parameters

Bearer service

Primary performance parameters

Derived performance

QoS parameters parameters
User User User Extra .User User . _User
. . . user infor- . . Incorrect | Disen- infor- .
Incorrect | Access infor- infor- infor- . : infor- Disen- : . - Service
AcCess | cess denial mation | mation | mation Infor- mation | etion gagement disen- | gagement | Service | mation outage
delay o C mation misde- gagement | denial |availability| transfer :
probability |probability| transfer | transfer error . . loss delay - - ; duration
delay rate probability delivery livery probability probability | probability denial
Generic parameters probability | probability probability
Access speed X
Access accuracy X
Access dependability X
Information transfer speed X X
Iarg;cl)Jrrr;Catlon transfer X X X
Primary 4
Information transfer X
dependability
Disengagement speed X
Disengagement accuracy X
Disengagement X
dependability
Derived | Availability X X X
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TABLE B-2/1.350

Qualitativerelationship between generic performance parameter s and candidate cir cuit-switched NP parameters

Circuit-switched . Derived
NP parameters Primary performance parameters performance
parameters
. Connection | Connection . Connection| Network
Coger:i:tlon Alerting set-up Set-up Propaga- | Degraded %eer\r/ce;:zldy Errored 2'(;((;3_ Release gggg:g; clearing | capability | Network
P delay error denial tiondelay | minutes seconds delay - denial outage | availability
delay probability | probability seconds delay probability | o ety | duration
Generic parameters
Access speed X X
Access accuracy X
Access dependability X
Information transfer speed X
) Information transfer accuracy X X X
Primary
Information transfer
dependability
Disengagement speed X X
Disengagement accuracy X
Disengagement dependability X
Derived Availability X X
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TABLE B-3/1.350

Qualitative relationship between generic performance parameters and candidate packet-switched NP parameters

Packet-switched o . N Dfe”"ed
NP parameters imary performance parameters performance
parameters
. . . . Virtual
Virtual V.' rtual V.' rtu_al Date Virtual V.' rtu_al V.' rtu_al circuit Network
Lo circuit circuit Through- . Reset Lo circuit circuit .
circuit packet Residual Reset - circuit - premature | capability | Network
Sset-up Set-up put e stimulus - clearing | premature | S
set-up h transfer . error rate | probability " clearing h ’ disconnect | outage |availability
del error denial el capacity probability del denial disconnect stimulus | duration
| probability | probability &y | probability | probability u
probability
Generic parameters
Access speed X
Access accuracy X
Access dependability X
Information transfer speed X X
Primary Information transfer accuracy X X X
Information transfer X X X
dependability
Disengagement speed X
Disengagement accuracy
Disengagement dependability X X X
Derived | Availability X X
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