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FOREWORD

On July 21 and 22, 1982, more than 100 government and industry represent-
atives gathered in Boulder, Colorado, for an informal workshop on "Irter-
national Standards--Issues and Implications for the '80's." The workshop was
hosted by the Institute for Telecommunication Sciences (ITS), the research and
engineering arm of the National Telecommunications and Information Acministra-
tion in the U.S. Department of Commerce.

Thirty informal papers were presented at the workshop. Althougt no written
record of the workshop was originally planned, the information was of such
vatue that the organizers concluded that it should be made permanently avail-
able, both to the workshop attendees and to others with an interest in inter-
national telecommunication standards development. For brevity, it was decided
to summarize the presentations in report form rather than in a formal conference
proceedings. This approach also made it possible, in general, to incicate the
diversity of views expressed without attributing "positions" on specific issues
to individual participants.

Increasingly, the U.S. telecommunication industry is experiencirg substan-
tial impacts from decisions made in international standards committees. The
material presented at the workshop, representing views from many segments of
the telecommunication industry, should help readers understand those impacts
and plan for the standards of tomorrow.

The Institute for Telecommunication ScCiences, the workshop atterdees, and
the entire telecommunication community owe a debt of gratitude to the workshop
speakers and to their organizations. It was their generous investmert in

time, talent, and resources that ultimately made the rkshop a success.

"-méﬁii;ii}iﬁ/ae Haas, ITS
Workshop Director

Boulder, Colorado
March 1983
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INTERNATIONAL TELECOMMUNICATION STANDARDS:
ISSUES AND IMPLICATIONS FOR THE '80's
A Summary Record of a July 1982 Workshop

D. M. Cerni and E. M. Gray*

International telecommunication standards and their effects
on the U.S. telecommunication industry were considered at a 2-dzy
workshop entitled "International Standards--Issues and Implications
for the '80's." This report summarizes the 30 papers presented at
the conference. The speakers addressed the importance of standérds,
the international organizations responsible for their developmert
(including U.S. participation in that process), and the standards-
building process itself.

The report highlights two major efforts in international
standards development--the Integrated Services Digital Network
(ISDN) and the Open Systems Interconnection (0SI) Reference Model.
The status of other standards work, including videotex and Signal-
ling System No. 7, is also reviewed.

Key words: ANSI; CCITT; IEC; international telecommunication
standards; ISDN; ISO; ITU; 0SI; Signalling
System No. 7; telematic services; X.25

1. INTROCUCTION

The development of international telecommunication standards is increas-
ingly important to the U.S. telecommunicétion industry. Two reasons for this
importance are particularly addressed in this report: the rapid grow:h of
digital technology and the accompanying clevelopment of the two global standards
efforts called the Integrated Services Digital Network (ISDN) and th:2 Open
Systems Interconnection (0SI) Reference Model. Because of the mergiig of
telecommunication and computer technologies, the international organizations
responsible for the development of international standards are findiig it

imperative to cooperate to an extent unrealized in the past.

1.1 Scope and Purpose of Report
This report collects and summarizes information from 30 papers >resented
at the July 1982 workshop on "International Standards--Issues and Imdlications

for the '80's," sponsored by the Institute for Telecommunication Sciences and

*The authors are with the Institute for Telecommunication Sciences, Vational
Telecommunications and Information Administration, U.S. Department of
Commerce, Boulder, CO 80303.



held in Boulder, Colorado. The workshop, primarily intended for industry and
government standards representatives, focused on current and future interna-
tional standards activities and their impact on common carriers, telecommuni-
cation users, and equipment manufacturers. The workshop speakers addressed
the above issues by providing an overview of international telecommunication
standards activity from both the organizational and standards-development
points of view. A particular stress in the workshop was the importance of the
user's participation in the standards-building process.

The main purpose of this summary is to provide an avenue for understanding
international standards work, and to indicate ways in which interested persons
can become invelved. It is not the goal of this report to draw conclusions.

In summarizing the workshop material, the authors have attempted to be as
complete as possible. However, material that was not presented at the workshop
itself has not been added from the literature. Sources of further information
on the topics discussed are identified in the References.

Each speaker has cleared the summary o¢f his or her topic for publication.
A1l ilTustrations selected for inclusion in this report are derived from view-
graphs presented at the conference and are used with permission of the speakers.
I[Tlustrations are attributed to particular speakers where appropriate.

The views expressed are not necessarily those of the U.S. Department of
Commerce, the National Telecommunications and Infcrmation Administration, ar

any other Federal agency. A list of the speakers is provided in Section 1.2.

1.2 Report Structure
Introductory workshop comments by Dr. William Uttaut, Director of ITS in
Boulder, and by Ted de Haas of ITS, workshop director, have been incorporated
into this report where appropriate. The names of the other speakers are listed

in the relevant section summary below.

1.2.1 Working Methods of Standards Organizations

Section 2 addresses the history, structure, and working methods of the
international (and U.S.-related) telecommunication standards organizations.
The two international organizations stressed in this section are the CCITT
(International Telegraph and Telephone Consultative Committee) and the ISO
(International Organization for Standardization). Included in this discus-

sion is the effect of nonstandards groups on the standardization process.



Section 2 includes material from talks by Ted de Haas (ITS), Edward Lohse
(Burroughs), Richard Holleman (IBM), Paul 2olishuk (Information Gatekeepers),
Earl Barbely of the Federal Communications Commission (FCC), Roy Andres
(Western Unjon International), and Hank Marchese (AT&T).

1.2.2 Impact of International Standards

Section 3 analyzes the meaning and nature of standards, the advantages
and disadvantages of standards, and the implications of standards implementa-
tion. Recommendation X.25 of the CCITT is explored as a recent "successful"
standard. The speakers whose material is included are Joseph Hull (ITS), Hank
Marchese (AT&T), Robert Bledsce (Racal-Milgo, Inc.), Philip Black (Tekelec,

Inc.), and Paul Polishuk (Information Gatekeepers).

1.2.3 An International Systems-Architecture Standard: The Open Systems
Interconnection (0SI) Reference Model

Section 4 considers the Open Systems Interconnection (0SI) Reference
Model developed by the IS0. Each of the seven layers of the model i¢ described
and the related protocols and primitives are reviewed. A scenario ol 0SI use
is given, and effarts in the standardization of the model are discusted. The
0SI model is presented in relation to other standards, particulariy ihose of
the CCITT. Speakers whose material is included are Richard DesJardins (Computer
Technology Assoc.), Harold Folts (Omnicor), and Christine Ware of GTL-Business

Communication Systems (BCS).

1.2.4 An International Systems-Planning Standard: The Integrated Services
Digital Network (ISDN)

Section 5 of this report discusses the ISDN as it is being stud ed by the
CCITT. Included is an overview of the ISDN; a discussion of related issues
and problems in the United States and in the international arena (seen from
the speakers' points of view); a summary of three 1982 ISDN Draft Recommenda-
tions; a summary of worldwide views and plans for ISDN service; and [SDN impli-
cations as seen by the telephone carrier, the data carrier, the info-mation
systems planner, and the user. The roles of the FCC and of U.S5. car~iers, in
relation to the ISDN, are also discussed. The contributing speakers were:

Ted de Haas (ITS), Hank Marchese (AT&T), Demos Kostas (GTE Service Cyrp.),
Eric Scace (GTE-BCS), Richard Holleman (1BM), Mark Wall (Chase Manha:tan
Bank), and Earl Barbely (FCC).



1.2.5 New Services--Teletex, Videotex, and Facsimile

Section 6 of the report discusses teletex, videotex, and facsimile as
studied in the CCITT. Each service is described, and a summary of standardiza-
tion progress is provided. Material in this section is drawn from talks by
Roy Andres (Western Union International}, Joe Wetherington (AT&T), and Forrest
Smith (IBM).

1.2.6 The Message Handling Systems (MHS)

Section 7 descrihbes the efforts of the CCITT in preparing Recommendations
dealing with the MHS, a network suppert activity for the user's interaction
with the nonvoice services. The material in this section was presented by
Christine Ware (GTE-BCS).

1.2.7 CCITT Signalling Systems: A 50-vear Saga

Section 8 of the report is devoted to a discussion of CCITT signalling
systems, with an emphasis on Signalling System No. 7--its development, its
structure, and its relationship with Signalling System No. 6. The workshop
speakers for this topic were Robert Linfield (ITS), Gerhard Hoffman (ITT World
Headquarters), and Doug Donohoe (Bell lLaboratories).

2. WORKING METHODS OF STANDARDS ORGANIZATIONS

Ihternationai, regicnal, and national standards organizations are
numerous throughout the world. Of the many international organizations, only
one is dedicated exclusively to the development of telecommunication
standards: The International Telecommunication Union (ITU}. This report
stresses the work of the ITU, particularly that done in one of its principal
groups, the CCITT.

Two other major internaticnal organizations that deal with telecommunica-
tions in some capacity are the International Organization for Standardization

and the International Electrotechnical Commission (IEC).

2.1 Introduction
Section 2 includes a general discussion of these three organizatiocns.
The growing cooperation among all three of the above-named organizations is
highlighted in Sections 2.2.4 and 4.3.3.
Of particular interest to the U.S. reading audience is the nature of U.S.

participation in these international organizations. Section 2.3 outlines, in
4



some detail, the U.S. preparatory (or advisory) structures for the ITU, the
IS0, and the IEC.

Section 2 of the report concludes with a brief discussion of other groups
that are directly or indirectly involved in the standards-making process. The
major regional standards group considered in Section 2.4 is the European Con-
ference of Posts and Telecommunications (CEPT). Other types of groups mentioned

include user groups and international (noistandards) organizations.

2.2 International Standards Organizations
The three international standards orjanizations described in this report--
the ITU, the IS0, and the IEC--are depictad in Table 2.1. This table compares

selected pertinent features that are expanded below.

2.2.1 The International Telecommunication Union (ITU)

The ITU is a specialized agency of the United Nations (since 1948), and
is an international treaty organization. It traces its formal beginrings to
1865, and now consists of 157 member nations. Member nations sign tre ITU
Convention, which fs updated at each Plenipotentiary Conference (every 5 to
9 years). The most recent Plenipotentiary occurred in Nairabi, Kenyz, in late
1982.

The Seven ITU Organizations

There are seven main organs through which the ITU functions. These are
the Plenipotentiary Conference, the Administrative Council, the Administrative
Conferences, and the four permanent organs: the General Secretariat, the Inter-
national Frequency Registration Board (IFRB), the International Radic Consulta-
tive Committee (CCIR), and the CCITT.

As indicated above, the Plenipotentiary Conference determines the ITU
Charter, the Articles of the Convention, and the main objectives of fhe ITU.
The Articles of this large gathering are signed formally by all member nations.

The members of the Administrative Council are elected by the Plenipo-
tentiary Conference with due regard for representation from all parts of the
world. The Council meets annually to decide on financial, administrative and
organizational matters.

The ITU Administrative Conferences are either World (general or specific)
or Regional in nature. Administrative Ccnferences are held on the request of

the member countries for the purpose of revising Administrative Regu ations on



Table 2.1 Comparison of the ITU,

Year of Founding

Headquarters

Type of Administration

United Nations Status

Number of Member Nations

Main Unit of Working

U.S. Representative

Expertise

the IS0, and the IEC
ITU IS0 IEC
1865 1946 1906
Geneva Geneva Geneva
Central- Non- Largely
ized central- Centralized
ized
Treaty Non- Non-
treaty treaty
157 72 (+18 44
Associates)
Study Technical Technical
Group Committee Committee
Us ccIiTr/ ANSI/USNC ANSI
US CCIR
Telecom- Very broad, Electro-
munica- including technical
tions information
processing

ANSI: American National Standards Institute
USNC: U.S. National Committee




Telegraph, Telephone, or Radio. World Administrative Radic Conferences
(WARC's) decide on the allocation of the radio spectrum to different cervices.

The four permanent groups in the ITU comprise some 600 staff members. Of
these, the General Secretariat, headed by the Secretary General of the ITU,
fulfills a number of administrative functions, including technical he p to
developing nations.

The duties of the second permanent group, the IFRB, concern radio spectrum
allocation and organization.

The last two permanent organs, the ccnsultative committees, have respon-
sibility for most of the standards-relatec work done in the ITU. These two
committees are generally self-determining in their work methods. Although the
ITU is a single organization, the CCI's were originally independent orrganiza-
tions and have retained a large degree of that independence.. A brief presen-
tation of the two consultative committees--the CCIR and the CCITT--is given

be Tow.

The CCIR and the CCITT

Participation in the work of the CCI's is a responsibility of each of the
157 ITU member governments (or administrations). Consequently, in the United
States, the membership of individual U.S. telecommunication organizations in
the CCI's is handled through the Department of State, Office of Interiational
Communication Policy. 1In general, any U.S5. organization that has legitimate
interest in participating in the work of the CCI's can become a member of the
international group.

The standards work of both CCI's takes place in technical study jroups
(the CCITT has 15 and the CCIR has 11), and is performed during a 3-t>-4-year
study period. The plenary assembly held at the end of the study period reviews
work done, formally adopts Recommendations, sets the work schedule for the
next study period by adopting and assigning questions, discusses and proposes
organizational matters, and discusses and proposes administrative
arrangements. The proceedings of the plenary assembly are published in books,
which are an ongoing, updated record of the work accomplished. The principal
components of these books are the Recommendations. The CCIR books are always
green; the CCITT books rotate in color, with the most recent (1980) being
yellow.



Both of the CCI's conduct their work through formal study group meetings
(ideally only two per study group per study period) as well as working party
meetings and special rapporteur meetings. The study group topics for the
CCITT (the organization most relevant to this reading audience) are given in
Table 2.2. The largest of these groups at present are Study Groups VII, VIII,
XVII, and XVIII.

The meetings, themselves, make progress by means of contributions from
participating members. None of the technical work is actually done in the
CCIR or the CCITT. The contributions are considered by the meeting partici-
pants and may be combined, edited, or just noted. Eventually, this process of
analysis and development yields a Recommendation which is acceptable ta all.
The process by which contributions from the United States reach the study
groups is discussed below in Section 2.3.

The work program for each study group is determined by the questions that
are assigned to it by the plenary assembly. As the work progresses in the
CCIR, these guestions generate reports, and finally a Recommendation may be
developed. These reports tend to have a fairly long life, often giving the
history of the ongoing work on a Recommendation. In some cases, the Recommen-
dation is never formally adopted because either the subject changes too rapidly
or agreement is never reached; the report, then, is all that remains as partial
answer to the particular questions.

The CCITT work is similar, although it does not include reports, per se.
Relevant material can be annexed to the study group meeting summary, or to the
question if it continues from one study period to another. In addition, CCITT
books contain a small number of "supplements."

The official U.S. participation in the formal CCI study group meetings
differs somewhat in the CCIR and the CCITT. The CCIR has always had strong
J.S. Government involvement because the radio spectrum is considered public
property. Consequently, the U.S. participants in the CCIR meetings are, with
few exceptions, Timited to members of the U.S. delegation determined by the
Department of State.

The CCITT, on the other hand, has always had little government involve-
ment. The services discussed in CCITT deliberations are provided in the
United States by private common carriers, and the representatives of these
private organizations have assumed the bulk of the responsibility in repre-

senting the United States, both as members of the official delegation and as



Table 2.2.

Titles Designated to the 15 CCITT Study Groups for
the 1981-1984 Study Period

Designated Group No.

Title

Study Group

Study Group
Study Group

Study Group

Study Group
Study Group

Study Group

Study Group
(and XIV)

Study Group
(and X)

Study Group
Study Group

Study Group
Study Group
Study Group

Study Group

I

1T
I11

Iv

VI

VIT
VIII

IX

XI
XIT

XV
XVI
XVII

XVITT

Definition and operational aspects of
telegraph and telematic* services (fac-
simile, teletex, videotex, etc.)

Telephone operation and quality of service
General tariff principles

Transmission maintenance of international
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individuals. Present Government involvement centers on coordinating activities
of the many U.S. organizations that may have interests in a particular study
group. Frequently, this coordination is easier for a Government representative
than for a representative of industry. In regulatory issues, the U.S. Govern-

ment has been active through representatives from the FCC,

CCITT Membership

Membership in the CCITT is of four classes: administrations; common car-
riers, called Recognized Private Operating Agencies (RPOA's) in the CCITT;
scientific or industrial organizations (SI0's); and the international organi-
zations. The basic membership belongs to the administration, and if voting
occurs (a rare procedure because CCITT activities are largely consensus ori-
ented) there is but one vote per administration. The RPOA's, although they do
not have voting privileges, have full membership in the CCITT because the
CCITT is, in essence, an organization of telecommunication providers. Any
telecommunication SI0 that is approved by its respective government can parti-
cipate in the work of the CCITT. Although these organizations are not invited
to attend the plenary assemblies, they are looked upon as being a valuable
group of experts and in many cases they actually determine the Recommendations
to a substantial degree. Those in the final class of membership, the interna-
tional organizations, attend essentially to keep abreast of the activity.
These latter organizations--currently 32 in number--include standards organi-
zations (e.g., IS0), and organizations that do not develop standards (e.g.,

International Air Transport Association--IATA).

2.2.2 The Internaticnal Organization for Standardization (IS0)

The second international standards organization to be considered is ISO0.
The ISO traces its beginnings to World War II. The U.S. allies needed inter-
face characteristics among several aspects of information systems as well as
in certain other technical domains, and these characteristics were not covered
by existing IEC (Section 2.2.3) standards. As a result, an ad hoc standardi-
zation effort was begun, and this was upgraded in 1946 into the ISO0. The IS0

is a nontreaty agency of the United Nations.
Scope of Studies
The scope of studies in IS0 is broad and includes such topics as agricul-

ture, nuclear systems, fabrics, documents used in commerce, library science,
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computer systems, and computer communications. The latter two are of interest
in this report. The IS0 contains both fundamental and highly ccmplicated

topics in its collective programs, all of which are user oriented.

Organizational Structure

The IS0 has, at present 72 "member bodies," or member nations; the United
States, through the American National Standards Institute (ANSI), is one of
them. There are also about 18 developing nations that have an associate rela-
tionship in IS0. Upon request, each of these 18 developing nations receives
full documentation of the IS0 technical committee activity. Not all of these
developing countries are obliged to pay membership dues, nor are they obliged
to participate in IS0 activities. They do not enjoy veting privileges on
administrative or standards-related matters.

Each member country has a designated national agency which represents
that country to the IS0. These national agencies are of two types. In the
first case, the national agency (e.g., ANSI) is private, voluntary, &nd member
supported. Some members may be government representatives. In the cecond
case, the member b#dy is a government agency, and may have some privéte sector
participation.

The IS0 members meet in plenary session about every 3 years, usually in a
different host country. Interim management is held by the Central Secretariat,
which is located in Geneva. In addition, each ISO technical committee (7C),
as well as each subcommittee (SC) and each working group (WG), has its own
secretariat located in the country of the member body that has accepled respon-
sibility for that particular committee. For instance, the United States is
the secretariat for TC-97 and also for 8 of its 17 SC's (see Figure £.1). The
IS0, then, is a generally decentralized type of standardizing body, vhere the
Central Secretariat coordinates the work of the various technical secretariats
located around the world.

The majority of the work in IS0 is tandled in the TC's and in the various
subunits. The TC is primarily a management, policy, and review body and it
is assisted by a secretariat advisory grcup (SAG). Although each TC conducts
its business under the broad direction of IS0, it also has its awn more spe-
cific rules appropriate to its particular work. These rules affect *he degree
of substructure, the time between meeting¢gs, and the number of active projects.
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Figure 2.1.

International Organization for Standardization




The TC's of most active interest at present include TC-46 (Autonation and
Library Science), TC-68 (Banking), TC-154 (Documents Used in Commerce and
Industry), and TC-97 (Information Systems). Technical Committee 97 s dis-
cussed below, both for the relevancy of its studies and for its structure,

which is illustrative of the IS0 TC orgarization.

Technical Committee 97

Technical Committee 97 was born at & Paris roundtable in 1960 and even-
tually absorbed 7C-95 (Office Machines). The scope of TC-97 is the ustandardi-
zation (inciuding terminology) of informeétion processing systems fron the
standpoint of free-standing computer systems, office machinery, and iata com-
munication implementation. In June 1982, there were 44 countries involved in
TC-97 in some capacity, and more than 30 of these nations were actively in-
volved.

The structure of the SC's and the W(i's of TC-97 is shown in Tabie 2.3.
These SC's are responsible for the technical accuracy of the informaiion in-
dustry standards created by TC-97. From the present viewpoint, the wo most
relevant U.S. SC's of TC-97 are SC-6, Data Communication, and SC-16, Open
System Interconnection. It is expected that the recently formed SC-18, dealing
with text preparation, will also be relevant.

The SC members are of two types--voting, "P" (primary) members, and non-
voting, "0" (observing) members. Approx mately 10 to 20 member bodi2s have
active voting participants in any particular SC. About 25% additional numbers
of members send observer delegations to the SC (or lower level) meetings.
These "Q0" members may also make comments on ballots, and their contributions
are valued.

The SC's are divided, as needed, into working groups, expert graups,
ad hoc groups, and rapporteur groups. The latter groups generally work on
short-term assignments. In most cases, Lthe specific standards writing is
assigned to the working group. For the "C, SC, or WG meetings, each member
sends a delegation and a head of delegation, with appropriate instructions
from the member body, including the degree of freedom permitted to the delega-
tion. The positions and contributions are cleared through the member body,
flowing up (in the United States, for example) from the individual contributor
to the senior U.S. representative.

Most decisions are made through wri<ten ballot. This process takes be-
tween 4 and 5 months. In its ongoing process of updating, ISO requires a
5-year review of all ISO standards.
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Table 2.3, Titles and Secretariats of ISQO/TC-97 Subcommittees
SC WG TITLE SECRETARIAT
OR_CONVENGR
WG 1 Data Encryption UK
SC 1 WG 1 Maintenance France
WG 2 Editing France
WG 3 Methodology France
SC 2 WG 1 Code Extension Techniques UK
WG 4 Coded Character Set for Text Communication Netherlands
WG 5 Coding for MICR and OCR Germany
WG 6 Additional Control Functions USA
Registration Authority France
Registration Advisory Group France
WG 7 Revision of ISO 646 Canada
Registration Advisory Group Switzerland
s¢g 5| WG 1 Prog. Languages for the Control of Industrial Processes (PLIP) Germany
WG 2 Graphics Netherlands
WG 3 Data Base Management Systems (DBMS) USA
WG 4 PASCAL UK
WG 5 DBMS Coordination France
WG 6 APL France
EG €OBOL © USA
£EG FORTRAN USA
£G ALGOL Netherlands
£G PL/L USA
EG Computer Language for Processing of Text {CLPT) USA
EG BASIC ECMA
EG Ada ¢ USA
EG DBMS/ DDL __USA
SC 6 WG 1 Data Communications Control Procedures USA
WG 2 Public Data Networks UK
WG 3 Physical Interface Characteristics Germany
SC 7 WG 1 Symbols, Charts, and Diagrams LUK
WG 2 Items for Documentation UK
WG 3 Program Design . Canada
WG 4 Decision Tables | France
SC 9 We 1 Input Language LUK
WG 2 CLDATA " France
WG 3 Technological Description UK
WG 4 tanguage Subdivision . USA
SC 13 | WG 1 Process Interfaces for Computer Systems . Germany
WG 2 Interface Standards Administration . UK
WG 3 Lower level Interface Functional Requirements & L-L Interfaces ¢ Germany
SC 14 | WG 1 Standard’'n Guidelines for the Representation of Data Elements T UK
WG 2 Check Character Algorithms UK
SC 15 | WG T - Flexible Disks UK
WG 3 Interchangeable IRV-Coded Data Files USA
SC 16 | WG 1 OSI Reference Model France
WG 4 | QOST Application and System Management Japan
WG 5 | OSI Application and Presentation Layers UK
WG 6 i 0SI Session and Transport Layers USA
SC 17 | WG 1 | Physical Characteristics and Test Methods for ID Cards Germany
WG 3 | Passport Cards Sweden
WG 4 Integrated Circuit Cards France
WG 5  Registration Advisory Group USA
WG 6 | Magnetic Stripes on Savings Books USA
WG 7 | Data Content, Tracks 1 and 2 Sweden
SC 18 | W6 1 | User Requirements Ttaly
WG 2 | Symbols and Terminology Japan
WG 3 ' Text Structure UK
WG 4 Procedures for Text Interchange France
WG 5 Text Preparation and Presentation Canada
SC 19 | WG 1 Monochrome Test Chart for Document Copying Machines UK
WG 2 Dupticating and Document Copying Machines UK
WG 3 Keyboards for Office Machines and Data Processing Equipment Italy
WG 4 Mail Processing Machines Germany

14




The TC-97 plenary meeting occurs about every 2 to 2% years; the latest
was held in Paris in 1981. The subunits meet at the discretion of the chair-

man or secretariat, as the case may be.

2.2.3 The International Electrotechnical Commission (IEC)

The IEC was initiated in 1904-1906 to facilitate the coordination and
unification of various natjonal electrotechnical standards. It predates IS0,
to which it is historically related, by 40 years. Although affiliated, the
IEC and ISC operate as autonomous bodies.

The IEC's roots are operational and technical, as are those of the CCITT.
Besides components measurements, the IEC is concerned with information pro-
cessing systems and with the safety of data processing and office machine
devices, including the electrical connecto~ itself. These interests continue
to broaden.

Each of the 44 member nations of the [EC has a "natiornal committee" which
represents the full spectrum of IEC interests within the country. The American
National Standards Institute (ANSI) has ovarsight for the U.S. National Commit-
tee (USNC) for IEC in the United States (see Section 2.3.4). Although official
delegates to IEC meetings are approved by the USNC, other non-ANSI individuals
nay serve as expert members on working groups.

The IEC plenary occurs each year, and the General Secretariat (Geneva)
provides central management in the interim between plenaries.

The IEC work is divided into the following six divisions or groups:

Basic standards

Materials

Electrical equipment and installaZions
Industrial equipment

Power generation, transmission, and distribution
Electronic compecnents, devices, instruments, and systems

T WM

Although all six groups have some interest in information systems and telecom-
nunications, this interest is particularly centered in Division 6.

To support the work of the 6 groups, [EC has 82 technical committees and
5 subcommittees of the International Speciial Committee on Radio Interference
(CISPR). The TC's deal with fundamentals of electrical parameters, measure-

nents, components, and rules of practice, etc.
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The technical committees and their subcommittees related to telecommuni-
cations are listed in Table 2.4. The IEC TC-46 is of particular current

interest because it deals with cables, wires, and waveguides.

2.2.4 Cooperation Among the International Organizations

The three international standards organizations discussed here--ITU/CCITT,
150, and IEC--have developed different administrative and operating structures
in order to deal best with their particular areas of responsibility. However,
as telecommunication and information processing technologies have accelerated,
as the demand for the resultant services has increased, as certain of their
studies have overlapped, and as the monetary problems faced by each organiza-
tion have multipled, the need for coordination and cooperation among them has
been magnified.

Each organization has formulated--and is continuing to formulate through
dialo--policies of cooperation at the General Secretariat level. Each organi-
zation's policy endorses cooperation with the other two (and with other organi-
zations not considered in this report), while retaining commitments to its own
membership. Agreements stipulate that there should be no duplicaticn of effort
and that common programs should be mutually reviewed so as not to waste the
limited human resources available for standards development. Joint meetings
have achieved significant agreement on the technical content of standards as
well.

Liaison efforts among these organizations are extensive. The following

two examples indicate the kinds of cooperation that exist.

The IS0 and IEC

In addition to interaction and communication at the General Secretariat
and TC levels, specific work allocations have been made to avoid duplication.
Some examples are:

1. As early as 1968, the decision was made to fold IEC TC-53 into IS0

TC-97. This work included, particufarly, the data communication
studies of IEC SC-53B.

2. It was mutually agreed to conduct all product safety work on infor-
mation systems in IEC TC-74, and to disband work then underway in ISO
TC-97 and TC-95.

3. It was mutually agreed to put all the work on radio interference (of
importance to IS0) into IEC CISPR, rather than to start a competitive
project in IS0.
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Table 2.4. IEC Technical Committees and Subcommittees Related

to Telecommunications

“C/SC No. Committee Title
TC-1 Terminology
TC-12 Radiocommunications
SC-12A Radio Receiving Equipment
Sc-12C Radio Transmitting Equipment
SC-12D Aerials (Antennas)
SC-12E Microwave Systems
SC-12F Equipment Used in Mobile Services
SC-12G6 Cabled Distribution Systems
SC-12H Written Message & Graphic Systems Primarily Intended for llse on
Television Terminals
TC-13 Electrical Measuring Equipment
TC-18 Electrical Installations in Ships
SC-18A Cables and Cable Installations
TC-46 Cables, Wires, and Waveguides for Telecommunication Equiprient
SC-46A Radio Frequency Cables
SC-46B Waveguides and Their Accessories
SC-46C Low Fn;quency Cables and Wires
SC-46D Connectors for Radio Frequency Cables
TC-47 Semiconductor Devices and Integrated Circuits
TC-48 Electromechanical Components for Electronic Equipment
SC-488B Connectors
TC-57 Telecontrol, Teleprotection, and Associated Telecommunications for
Electrical Power Systems
TC-60 Recording
SC-60C Systems of Audio-visual and Electronic Technology (for In“ormation
and Communication)
TC-65 Industrial-Process Measurement and Control
SC-65A System Considerations
SC-65C Digital Data Communication for Industrial-Process Measurenent and
Control Systems
T(-66 Electronic Measuring Equipment
T(-74 Safety of Data Processing Equipment and Office Machines
TC-76 Laser Equipment
TC-77 Electromagnetic Compatibility between Electrical Equipmen: Including
Networks
CISPR International Special Committee on Radio Interference
ACET Advisory Committee on Electrorics and Telecommunications
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The IS0 and CCITT

These two organizations establish liaison wherever appropriate at all
levels of structure. These interactions are working very smoothly. Indica-
tive of this ongoing effort are the categories concerning the CCITT which are
to be found on every IS0 project. Three such categories are labelled "Require-
ments for Liaison/Cooperative Development," "Related CCITT Questions," and
"ISO/CCITT Category.'" There is much interaction at the naticnal levels (e.g.,
ANSI/U.S. CCITT) as the proper entities in each country prepare for their
international meetings.

When it became apparent in the 1970's that data processing equipment and
terminals (1S0) could be effectively connected by telecommunication facilities
(CCITT), it became obvious that the standardization of the boundary (interface)
was needed. By the use of common personnel, and by joint meetings and exchange
of draft documents, IS0 and CCITT have been able to achieve such standards.

The specific interrelationships of these two organizations in the work on the

0SI Reference Model is discussed in Sectiocn 4.3.3.

2.2.5 Some Problems Currently Experienced by International Standards
Organizations '

In addition to concerns abcut the growing cost of internaticnal standards
organizations, there are other cost-related probiems that demand resolution.
One such problem in the ITU is a growing conflict between the need to address
the telecommunication requirements of the developing countries (technology,
information, personnel assistance, etc.) and a need to continue the rapid
development of internaticnal standards required by the industrialized nations.
Ancther problem, shared by all these organizations, is the need to speed up
the standards-making process. More is said about this problem elsewhere in
this report. A closely associated problem is the need to speed up the publi-
cation of approved standards. A fourth problem is the relatively long time it
takes to reach standards decisions--whether by consensus or by vote. Some
questions being asked in this regard are "How much agreement assures support?"
and "How far do we push this agreement?"

In an attempt to resolve these problems, both the ITU and IS0 (TC-97) are
considering ways to "practice what they preach" by using telecommunications

and information processing to facilitate standards development. Some specific

proposals are:
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1. to automate the draft standard data bases,

2. to update them electronically via data communications to all member

bodies, and

3. to make maximum use of automated text preparation.

Unless these organizations are able to achieve more cost-effective opera-
tion, the expenses will increase faster than the technical results. Many
members of these organizations believe that if changes are not implenented
soon, a restructuring and rebuilding of these organizations is likely in the

near future.

2.3 U.S. Standards Organizations
Although there are many active U.S. standards organizations, this section
focuses on those that are most directly related to the three international
organizations already discussed. The U.S. CCIR and U.S. CCITT are tte U.S.
preparatory groups for ITU affairs, while ANSI functions as the U.S. member
body for both IS0 and IEC.

2.3.1 U.S. CCIR--Organization and Contribution Process

The U.S. CCIR (Figure 2.2) is headed by the National Committee, which is
directed by Gordon Huffcutt (Richard Schrum, 1983) of the State Department's
Office of International Communication Policy. The 11 U.S. CCIR study groups
operate on a one-to-one basis with the 11 international CCIR study groups.
Each U.S. study group conducts its own meetings, establishes ad hoc ¢roups as
needed, and develops U.S. contributions in preparation for CCIR meetings.

After a contribution (worked on in an ad hoc group) is approved by the
study group, it is distributed to all the members of the National Comrmittee (a
targe number). A specified deadline is sst for comments, and if no response
to this contribution is received by the desadline, consent is implied. Before
the contribution can be sent to Geneva, it must have the approval of the Na-
tional Committee (See Figure 2.3). Under urgent conditions, the contribution
may be approved by the study group and tha2 National Committee simultaneously,
rather than progressively, but still it must have the approval of both.

2.3.2 U.S. CCITT--Organization and Contribution Process
Figure 2.4 shows the U.S. CCITT organization. The National Committee is
headed by Wiltiam Lowell (Dexter Anderson, 1983) of the U.S. Department of
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State. Instead of having the one-to-one study-group relationship that exists

between the U.S. CCIR and the international CCIR, the U.S. CCITT has divided

the subject matter into groups as follows:

Study Group A: Regulatory Matters
Study Group B: Telegraph Operations
Study Group C: Telephone Operations
Study Group D: Data Transmission, and
The ISDN Working Party.

G Pw o=

Section 2.3.3 describes the purview of each of these five U.S. CCITT groups,
relative to the international CCITT.

There are two types of contributions that go to the CCITT from the United
States: U.S. contributions and individua’ member contributions. Figuires 2.5

and 2.6 illustrate the approval process for each type.

U.S. Contributions

The U.S. contributions (Figure 2.5) can be approved only througn the
appropriate U.S. CCITT study group. They are generated by either individual
members or by national groups (e.g., ANS], EIA [Electronics Industry Associa-
tion], government groups), or by ad hoc groups that are specially es:.ablished
as part of the U.S. CCITT study groups, (e.g., the Modem Working Par:y and the
Message Handling Systems Working Party of U.S. CCITT Study Group D).

Upon approval by the U.S., CCITT stucy group, these contributions are sent
to the appropriate CCITT study group in CGeneva. This process occurs via the
U.S. Department of State because that department is the official subnitter.
They are not, however, distributed for approval to the National Comm ttee.

Individual Contributions

Contributions from individual organizations (Figure 2.6) genera ly obtain
approval through the entire study group process outlined above, and =his is
the preferred method. However, in the exceptional case described be ow, the
chairman assumes the responsibility for approval.

There are circumstances that make it impossible for a contribut on to be
processed before the due date in Geneva. The contribution may simply fail to
be ready in time, or internal review by the individual organization nay cause
delays. In these cases, the contributor is requested to coordinate vwith the
chajrman of the particular U.S. CCITT study group before sending the document
to Geneva. The chairman reviews the document, and if he judges it to be poten-
tially controversial or objectionable to other U.S. CCITT organizaticns, either
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he will suggest sending it to members of the U.S. study group, or he will
personally make the necessary consultations. This process is intended--as are
all the processes mentioned here--to establish a unified U.S. position at the
international meetings.

More information on U.S. participation in CCITT matters and contributions
can be found in Cerni (1982a and 1982h).

2.3.3 U.S. CCITT Study Groups

The five U.S. CCITT study groups, or preparatory groups, (Figure 2.4) are
composed of individuals with or without formal affiliation with an official
CCITT member organization.

Broad-based participation in these study groups is encouraged by the
Department of State. Individuals represent user's groups and national stand-
ards groups as well as the technical telecommunication industry. The U.S.
CCITT meetings are generally cpen to the public. Telecommunication organiza-
tions can request to be put on the mailing 1ist for a specific study group by
writing to the chairman of that group on company letterhead stationery.

The sections below outline the specific CCITT issues that are dealt with
in each of the U.S. groups (see Table 2.5). The emphasis in this report is on
the 15 technical study groups of the CCITT (Table 2.2). In effect, this
portion of the report provides a detailed overview of the CCITT itself. The
general descriptive material on the technical issues dealt with by the CCITT
study groups is offered for the reader who is interested in CCITT involvement.
More detailed, and more complete information is to be found in CCITT

documentation.

Study Group A (Regulatory Issues)

Study Group A is essentially concerned with service issues in CCITT Study
Group I and tariff policy in Study Group III, from a regulatory point of view.
Study Greoup A is also concerned with studies relating to the International
Monetary Unit (UMI) in Study Group III, which involves, for example, the
international interexchange of money. The work of the CCITT/CCIR Joint
Working Party SMM (Mobile Maritime services) is also of interest to Study
Group A. These studies involve regutatory issues relating to radio services

to ships at sea, including satellite services.
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Table 2.5 U.S. CCITT Study Groups and their CCITT Reference Groups

J.S. CCITT
Study Group

CCITT Study Group #*

Study Group A

Study Group B

3tudy Group C

study Group D

ISDN Working Party

I, III, SMM

VITI, IX

1T, IV, V, VI, XI, XI, XII, XV, XVI, XVIII,
LTG, CMBD, GAS 3, 4, 5, 7, 8, 9

VII, XVII

XVIII (and III, VII, VIII, XI, XVII)

3pecial Groups Dealing with Specific Technical Issues:

Mobile Maritime Services

Use of telephone--type lines for purposes other
than telephony

Circuit Noise and Availability
Special Autonomous Groups that prepare (eneral

manuals and handbooks useful to develop:.ng
nations, for example.

*The words "Study Group" refer also to some of the other CCITT
groups besides the technical study groups that deal with special

issues.
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The developing interest in these issues can be measured by the statistics:
in 1974 there were about 12 persons (mostly from the common carriers) in Study
Group A; in 1982 there were about 40 to 60 persons, ranging from representa-
tives of academia to users. There are 6 to 7 Study Group A meetings per year.
The activities include tracking international meetings, providing the forum
for contribution preparation, sharing views, examining contributions from
other international organizations and other administrations, and deciding on
overall positions for CCITT meetings.

Study Group I: Study Group I defines the operational aspects of all tele-
matic (facsimile, teletex, videotex, etc.) and telegraph services. Study
Group I has five working parties. These are listed below, and some issues

relevant to Study Group A are indicated.

1. Telex and Related Services

One of the key concerns is store-and-forward telex, which will permit
a subscriber to reroute telex messages to one or several addresses.
Related issues such as privacy, message loss, etc., are critical.
Study Groups I and IX have formed a joint working party to study
store-and-forward telex.

2. Telegram and Message Switching Services

Study Group VII is also concerned with these topics. Record services
have been traditionally handled through pubTlic switched networks.
Many private companies (e.g., airlines) are now looking at the possi-
bility of their own switching systems. The effect of the ISDN on
these services is also of interest.

3. Teletex Service

Questions related to this topic inciude: "How will teletex be inter-
worked with telex?" What facilities will be used for overseas trans-
mission?" "How will the service be charged to the network?" Study
Group III is concerned with these questions as well.

4. Facsimile and Telewriting Services

One main issue concerns electronic mail services. Involved groups
include the Universal Postal Union, CEPT, and the FCC. The electronic
mail service appears to be replacing what some of the international
record carriers call a letter telegram or the international overnight
telegram.

5. Videotex Services
Study Group A's concern is the definition of the service from the
public's point of view.

Study Group III: Study Group III has four working parties. These are:

1. Private Leased International Circuits

0f concern to Study Group A is the "resale" issue, as well as the
possible elimination of subspeed circuits. Of the 3500 circuits in
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the United States, 1600 are subspeed (12% and 25 baud), involving
many small users. Europeans ar2 interested in eliminating these
circuits. Another issue, interruption provisions, is in process of
being resolved--from a 3~hour t> l-hour minimum outage for credit-
back. Other concerns are the M1020 conditioning charge, the pricing
of digital-circuit services, ani ISDN-related problems.

2. Tariff and Accounting Principles to be Applied in Public Interna-
tional Data Networks

The issues include reverse charjing facilities and charging for
public data networks (e.g., should there be an international multi-
tier pricing structure?)

3. Tariffs and Accounting in the International Telegram Services and in
New International Services

0f concern to this working party are such questions as, "Hcw should
teletex he charged, especially if a telex machine (and circuit) are
used?" "How are the networks interconnected?" "How is stcre-and-
forward telex charged?"

4, Tariffs and Accounting in the International Telephone Service and in
International Sound and Television Programme Transmissions

The interests of this working party can be summed up in the question,
"As international television establishes expensive, full-scale, full-
time leased channels, what kind of charging procedures shoivld be
established?"

The international issues involved in the purview of Study Group A, as can
be seen, are of high interest to user groups worldwide. Also, when issues of
rates and remuneration abound, so does national opinion. The members of this
study group are actively searching for the user's point of view 50 ttat the

U.S. public interest can be genuinely served in the CCITT.

Study Group B (Telegraph Operations)

Study Group B is concerned with two CCITT study groups--VIII anc IX.
Study Group VIII covers terminal equipment standards for all telematic
(telegraphy-related) services. Study Group IX covers switching, sigralling,
numbering plans, etc., for the telex and message services.

In 1980, the seventh Plenary Assembly of the CCITT reassigned certain
questions, and aspects of questions, causing U.S. Study Groups A and B to have
regions of overlap in their studies. A major example of this is the study of
"services'"--especially videotex. The definition of services, i.e., tow a
service will operate, is assigned to Study Group I (the domain of U.S. Study
Group A), but the technical, operational standards of the related eqtipment,
switching, network, etc., is studied in Study Group VIII (the domain of U.S.

29



Study Group B). Therefore, Study Groups A and B have been compelled to hold

joint meetings during the current study period when considering these topics.

Study Group C (Telephone Operations)

The U.5. CCITT Study Group C relates to the following CCITT groups in-
volved with telephone network subject: Study Groups II, IV, V, VI, XI, XII,
XV, XVI, and XVIII (excluding the ISON [moved to the ISDN Working Partyl),
LTG, CMBD, and the GAS groups (see Table 2.5). Although the related topics
have not created a great deal of conflict over the years, the character of the
industry is now changing. Therefore, there is much more interest on the part
of a variety of industry members and government, so that the character of the
effort in Study Group C will no doubt change with time.

Two of the most important tasks of the chairman are to act in a Secre-
tariat function for all the above-named groups and as liaison between U.S.
members and the State Department. The first role inveolves the distribution of
each U.S. CCITT contribution (from whatever source) to all members of Study
Group C. This requires very careful updating of the lists of members on a
per-CCITT-study-group basis.

In the second case (liaison) the chairman acts as a coordinator for spe-
cial balloting, whenever the State Department decides to develop a U.S. re-
sponse instead of allowing individual member responses to an opinion query.

The scope of Study Group C is extensive, and the following paragraphs
label the subject matter and some issues.

Study Group II: Study Group II covers a host of issues including network
management and numbering plans. The world routing plan is of major concern at
present. The CCITT members are interested in good service quality, efficient
use of transmission and switching facilities, and the avoidance of ¢ircular
routing. There is a conflict between the structured approach and flexibility.
Another major issue for the United States is the international telephcne credit
card validity check Tetter which is changed every year, and must have a world-
wide agreement. The expense incurred (about $11 M each year) would be reduced
if the validity period could be extended (say, to 5 years).

Study Group IV: Standards for maintenance on current and emerging inter-
naticnal systems, including circuits and devices, need toc be timely. Studies
are continuing at present on the maintenance of 56 kb/s services and the equiv-

alent mixed analog/digital systems and circuits.
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Some recent accomplishments in Study Group IV include maintenance arrange-
ments for both maritime satellite systems (COMSAT has done a great deal of the
ongoing work) and Signalling System No. 5; functional categorization of main-
tenance organizations, which permits eacn administration to identify persons
responsible for specific aspects of the system (e.g., switching, multi-
frequency tones related to signalling); leased circuit maintenance require-
ments; measuring standards for longitudiaal balance; and measuring-equipment
standards. This latter is a particular :hallenge, because the work cannot be
done isolated from the needs of "user" groups in other study groups. This
concept of "user" includes the designers in Study Groups XI and XV, and tech-
nical people in Study Groups XVII and XVIII. 1In all cases, the challenge is
in ascertaining that the requirement pernits everyone either to develop or to
purchase test equipment to the stated spscifications. In addition, the impair-
ments (e.g., gain and phase hits, dropouts) needing measurement stardards are
in process of definition, and it is difficult to get agreement. There has
been significant achievement in the development of measuring sets sitch as low
frequency phase jitter, primary multiplex, digital phase jitter, coce violation
monitoring, and digital error measuring.

Study Group XI: The six working parties of Study Group XI, and certain
key topics, are listed below. A1l these topics relate to telephone switching

and signalting.

1. Interworking, satellite, operating system specifications
2. Signalling System No. 7

Two major subjects dealt with are: a) architectural layerirg and, b)
the PBX user part. (See Section 8.2 for a discussion of Signalling
System No. 7.)

3. Programming languages for SPC (Stored Program Control)
Study Group XI has worked for years on three such languages:

a) SDL (Specification and Description Language) to allow & common
language in which administrations can specify functions, and
manufacturers can describe the process.

b} CHILL (CCITT High Level Language) for SPC systems and ¢ssociated
systems.

c) MML (Man-Machine Language) being developed to facilitate the
operation, maintenance, installation, and worldwide tecting of
switching machines. (National maintenance arrangements are often
complex. )

4. Digital Switching

Some of the active study items include switching aspects of the ISDN
at the local exchange; the definition of "exchange interface" for
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various operations in maintenance mechanisms; the definition of "over-
load standard"; the availability performance of the exchange and its
components; the definition of the exchange measurements; and the
definition and measurement of the "loss" at the interfaces.

National Switching

Digital Subscriber Line Signalling

This is the newest working party (1880) and it has technical respon-
sibility for signalling for digital access to digital local exchanges
(i.e., B and D channels). This working party interacts with Study
Groups VII, XVII, and XVIII. Although some Recommendations are ex-
pected in 1984, the next study period will require a great deal of
detailed work.

Study Group XV: Transmission systems issues, dealt with in Study Group XV,
are moving very fast, and it is difficult for the standards bodies to keep up
with them. One major accomplishment of Study Group XV has been the compendium
of available information on the developing optical fiber systems, presented in
the ITU publication, the Telecommunication Journal (1981, 1982). This material
will be the basis for a CCITT handbook on the subject. Another concern of
Study Group XV is the deployment of echo cancellers and compandors (in coopera-
tion with Study Groups IV, XII, and XVI).

Study Group XVIII: The work of this study group is of major concern to

Study Group C. The five working parties are:

ISDN

Speech Processing

Network Performance Objectives
Digital Equipment

Switching and Signalling

Gl o

Of the numerous important issues, two are of particular interest: encoding
methods other than 64 kb/s PCM (Pulse Code Modulation) and network performance
objectives.

In the first case, a singie Recommendation is hoped for by 1984 which
will cover 32 kb/s adaptive differential PCM methods for voice and voice-band
signals. This will require cooperation with Study Groups XII and XVI.

In the second case, the active study items include the definition of
error-free intervals (there may be a redefinition from 1 second to 1/10 second});
the allocation of end-to-end performance objectives, particularly a 2-level
provisional allocation based on the size of the country; the interworking
between 1.544 and 2.048 Mb/s systems at a hybrid multiplex level; and alternate

voice-data transparency without disabling mu/A eqUipment.
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Special Autonomous Groups (GAS): These six GAS groups prepare hindbooks
for use by developing nations, and there are several U.S. participants in
these efforts. The topics are:

GAS 3 Economic and Technical Aspects of the Choice of Transmiscion

Systems
GAS 4 Primary Sources of Energy

GAS 5 Economic and Social Problems Relating to Telecommunication
Development

GAS 7 Rural Telecommunications

GAS 8 Economic and Technical Impact of Implementing a Regional Satellite
Network

GAS 9 Economic and Technical Aspects of Transition From an Ana og to a
Digital Telecommunication Network.
The number of GAS groups doubled during the last plenary assemb y. The
work in these groups is done on a voluntary basis (with review) and as such is
not subject to approval by the plenary assembly. This escalating work of the

ITU was referred to in Section 2.2.5.

Study Group D (Data Transmission)

United States CCITT Study Group D ccvers essentially two CCITT tudy
Groups--VII, Data Communication Networks (X-series Recommendations), and XVII,
Data Transmission on the Public Analog Telephone Network (V-series Ricommenda-
tions).

Study Group VII has a broad purview, covering all aspects of the data
network except for tariffing principies. The uniqueness of Study Group VII,
in this respect, developed because of the original need to pull together the
expertise of all the different disciplines involved in data networks. The
VIIIth Plenary Assembly (1984) will likely reassign some of the work of Study
Group VII to other appropriate study groups.

Study Group XVII is much smaller than Study Group VII. It deals primarily
with modems, DTE (Data Terminal Equipment) interfaces, error control, and
transmission quality and maintenance.

Study Group VII: This study group is composed of five working parties:

1. Network Service Classes and Fac Tities

Working Party VII/1 specifies the kinds of signals (operating modes
and data signalling rates) and the facilities (essentiail ani added)
that should be availablie to users of data networks. These specifica-
tions are contained in Recommendations X.1 and X.2, and are being
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extended to adapt to a future ISDN. Some other concerns of WP 1 are
packet assembly/disassembly facility (X.3), and the interworking
requirements among public data networks, as well as those between
public data networks and other networks (telex, telephone, ISDN,
etc. ).

Network Access Interfaces

Working Party VII/2 deals largely with the physical characteristics
and call control procedures of the interface between the DTE and the
data network (X.21 and X.25). Of considerable importance is the
development of a multipurpose interface that can be used in the data
network and in the ISDN. These studies are made in conjunction with
Study Groups XI, XVII, and XVIII.

Network Interworking, Switching and Signalling for Data Networks

Working Party VII/3 is concerned with the data user part of Signalling
System No. 7, in addition to interworking between packet switched
networks (X.75) and the layered reference model for signalling
systems--all in conjunction with Study Group XI. Working Party 3

also studies the formal description technique and system description
lTanguage as it applies to signalling Recommendations.

Network Transmission and Maintenance of Service

Working Party VII/4 deals with test Toops for DTE's and DCE's (Data
Circuit Terminating Equipment) used in part to get fault isclation
(e.g., X.150). Working Party 4 also deals with quality of
performance parameters, including the effects of long delays (such as
those encountered with satellites) and error recovery. The quality
of performance is viewed from both the network's and the user's point
of view. The user's view is a relatively new study and is just being
introduced to the CCITT.

Network Aspects

Working Party VII/5 deals with some difficult and fundamental problems.
These include the numbering plan (X.121), subaddressing, routing
principles, Message Handling Systems {see Section 7), the 0SI Refer-
ence Model (see Section 4), and system description language for
X-series Recommendations.

Although Recommendation X.121 does define a numbering plan, the attend-
ant problems related to subaddressing and routing must be studied.

In the case of subaddressing {for any kind of private networks that
may be attached to the public network), twe-stage dialing is to be
aveided if possible. Similar problems emerge with routing principles
for calls to be routed over a network that interconnects at different
points.

Study Group XVII: One of the most important topics being studied in Study
Group XVII is the question of 2.4-kb/s duplex modems on the analog circuit.

These modems are intended to be used with some of the new services (e.g.,

videotex and teletex). Two new draft Recommendaticns deal with the two

competing techniques: FDM (frequency division multiplexing) and the echo

cancelling method.
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Studies are progressing in Study Group XVII (as they are in Studv
Group VII) on a universal physical interface. These studies and othe~ ISDN
considerations (e.g., ISDN compatible modems, and adaption of modems :to ISDN

transmission rates) are also of major importance to Study Group D.

The ISDN Working Party

The U.S. ISDN Working Party is concerned with the ISDN aspects within
Study Group XVIII. Study Group XVIII (Working Party 1) is responsiblz for
general ISDN aspects in the CCITT, and has been assigned the role of :oordi-
nation of ISDN studies in Study Groups IIT, VII, VIII, XI, and XVII.

To meet this responsibility, Working Party XVIII/1 set up a grou> of
experts on ISDN matters who have divided their work among the following six
ad hoc groups:

Customer access

Basic access, Level I characteristics
Services

Network

Signalling
Switching

OB W N

The work done so far has been limited to preliminary, basic discussions

of the principles involved, the scope of study, etc.

The work of most urgency has been in ad hoc 1, and three draft Recommenda-

tions have been developed (see Section 5.3). O0f greatest importance has been
the agreement reached so far on a standard customer interface (the electrical
and physical interface for access to the I[SDN) because it allows terminal

manufacturers to proceed with initial designs of ISDN terminals.

The topic next in priority is basic iccess as being considered in ad hoc 2.

Some "tentative" principles have been devatoped that
1. favor an interface with not morz than four wires (one path in each
direction);

2. favor coupling to the terminal z2quipment that allows power feed and
isolation (e.g., transformer); and

3. are concerned with contention resolution to resolve the prcblem of

simultaneous attempts to communicate by different terminals all having

the same customer number.

Ad hoc 3 has, so far, made two elementary services distinctions. O0One
digtinction is between transport services (e.g., a 64-kb/s circuit switched

transport available to the customer to be used as desired) and connection
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services (e.qg., voice, data, facsimile) in which the application needs to be
specified as well as the transport. The other elementary distinction is be-
tween services that are an entity in themselves (e.g., transport or connection
services) and services that are supplementary enhancements (e.g., call forward-
ing, closed user groups, etc.).

Little work has been done by ad hoc groups 4, 5, and 6 so far. There
have been initial discussions in each group, specifying certain problems.

Some items to be studied in each group are listed below.

Ad hoc 4: Network

numbering plan

terminal identification
subaddressing

hypothetical reference model
protocol reference model

O WM

Ad hoc 5: Signalling

end-to-end signalling over D channel

D channel contention resolution
signalling in hybrid access arrangements

PABX signalling
application of Signalling System No. 7

Ad hoc 6: Switching

1. integration of packet switched and circuit switched functions in the
same network

2. switching aspects of issues arising from the other ad hoc groups.

QY F o =

2.3.4 American National Standards Institute (ANSI)

The leaders in the development of U.S. standards in data communications
are primarily ANSI Committee X3 (Information Systems), IEEE-802 (Local Area
Networks), and EIA TR-30 (Modems). Although all three of these organizations,
as well as several others, contribute significantly to the national and inter-
national standardization efforts, only the first mentioned, ANSI, is discussed

in this report.

Overview
The American National Standards Institute, ANSI, administers and coordi-

nates those national organizations that develop U.S. standards. The ANSI,
itself, is not a standards-writing organization, but the manager of the
American National Standards (ANS) process. The ANSI's main role, which may be

considered an "umbrella service," is that of the accreditation and supervision
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of the U.S. standards groups in the prepa~ation, processing, approval, and

distribution of proposed American Naticonal Standards. These arganizations,

under the auspices of ANSI, use the procedures that ANSI has established to

ensure balanced representation in working committees, consensus in decision

making, and fair hearing for appeals of the approved standard in question.
The ANSI organization is depicted in Figure 2.7. The governing and

policy-making body, the Board of Directors, has 9 members. These directors,

under the leadership of an executive vice-president, administer the following

groups:

Technical Affairs

Government Liaison

Certification/Accreditation

Development

Standards Programs

Standards Audit, Accreditation, and Review

International Operations

Administrative Services
Communications

WO~ PN

The other ANSI organizational units are briefly discussed in Figure 2.7.

The ANSI oversees both national and international standards-making activi-
ties on the part of U.S. groups. The ANSI acts as the U.S. member bcdy for
IS0, IEC, and several other nontreaty organizations as well. Much of ANSI
activity deals with the international version of U.S. national progrems. Over
25% of the 1981 budget ($5.7 M) was used for international standards activities
while 14% of the budget was spent on national standards activities. The
international expenditure was almost evenly divided between the running of the
secretariats which the United States has assumed in IS0 and IEC, and the pay-
ing of dues to these two bodies on behalif of the United States. Most of the
national standards expenditure is spent on national standards coordiration.

The money is largely from two sources: sale of standards publications (50% of
1981 income), and member dues (37%).

Development of American National Standards (ANS)

There are three processes used by ANSI in the development of an American
National Standard, as depicted in Figure 2.8. Standards may be deve oped by:
1. an accredited organization, such as the TEEE, that has agreed to

follow the ANSI procedures;

2. an American National Standards Committee (ANSC), often erroneously
called an ANSI committee (e.g., ANSC X3, X9, and X12); and
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International Standards Council: Responsible for administrative policies for ANSI's international activities.
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Figure 2.7. Organization of ANSI.
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3. a general interest group. Examples of work achieved by general
interest groups include the high-level language, Ada, which was
developed by the U.S. Department of Defense, and the industry appli-
cation called MUMPS, which deals with hospital system data processing.

In the first case, the accredited organization follows its own procedures of
approval. In the second case, the draft standard, prepared in a subcommittee,
must first have review and approval by the parent committee (see below). The
third case, the '"canvass method,” involves almost total user participation and
self-organization. The interest group, not a formal organization, becomes
sufficiently involved to draft a standard and says, in effect, "We think that
we have a requirement for an ANS in this area that is not being addressed
through either the accredited organization method or the ANSC method, but we
think that there is a need in the United States for such a standard."

Upon receipt of the draft standard, the appropriate ANSI group distrib-
utes it in an extensive mailing (to over 20,000 persons) for a 4-month period
of review and comment. Return comments must be resolved in the originating
committee to ensure that the consensus process is as complete as possible.
After formal review and approval by the ANSI Board of Standards Review, the

standard is officially numbered.

American Naticnal Standards Committees (ANSC)

The basic structure of an American National Standards Committee includes
both standing administrative committees and technical committees and subcom-
mittees. The overall membership of the committee includes three kinds of
members--consumer, general interest, and producer. Although ANSI requires a
balance among these three types of members, it has been difficult to get user
involvement. Consequently, the user interests have frequently been inade-
quately and only indirectly represented. However, even at the expense of
balance, anyone with a substantial interest in the work of an ANSC must be
considered for participation.

These various committees meet from two to six times a year, depending
upon the nature and the urgency of their work. A meeting might be as short as
a day or as long as a week.

American National Standards Committee X3: This discussion of the structure
of ANSC X3 (Information Systems)--hereafter called X3--is presented as illus-
trative of basic ANSC operations. Figure 2.9 offers the schematic structure
of X3. At present, X3 has about 43 member organizations. The two main stand-

ing committees are the Standards Planning and Reguirements Committee (SPARC),
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which receives all proposals for new standards projects, and the International
Advisory Council (IAC). Of the X3 Technical Committees delineated in Figure
2.9, special note is made of two of them--X3S$3, Data Communications, and X375,
Open Systems Interconnection. The seven subcommittees of X353 are actively
involved with IS0 TC-97/5C-6 and CCITT Study Group VII. The three subcommit-
tees of X3T5 exactly paralilel IS0 TC-37/SC-16.

In addition to its work of studying and developing U.S. standards, X3
determines for ISO the U.S. position on certain topics of new work projects,
draft standards, and final approval. The X353 acts as the technical advisory
group {(TAG) to ISO TC-97. This means that contributions to IS0 from whatever
source (such as IEEE or EIA), must first flow through X3S3.

The members of X3 have identified certain problems that must be addressed
in the near future, and these same cancerns are voiced often by other standards
groups. These concerns include both organizatioral and participatory issues.

From the organizational point of view, X3 is concerned with general plan-
ning; restructuring (e.g., to improve coordination); timeliness and efficiency
of standards development; costs and funding; the nature of internaticnal repre-
sentation, including the development of positions, coordination and recogni-
tion, and leadership; and the relationship of ANSI with other standards devel-
oping groups (e.g., IEEE).

Regarding participation, X3 is greatly concerned with both the quantity
and quality of member activity. The user interest is of particular concern,
because active involvement includes much more than being a technical expert on
an issue. It requires an active tracking of developments, and a willingness
to devote time to actual writing. Although observers with a global point of
view are helpful, the active user is essential, so that standards can be timely,
useful, balanced, and acceptable. (More is said on user's participation in
Section 3.6).

2.4 0QOther Groups Affecting the Development of Standards
There are many groups that influence the standards-making of international
(and national) organizations. These groups include voting regional groups,
user groups and user sections, international organizations, political organi-
zations, professional organizations, individual carriers and manufacturers,
and individual administrations. These are collectively concerned with such
(often) nontechnical issues as the effects of standards on domestic and inter-

national markets and the related trade questions.
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Many persons believe that it is no longer possible to develop standards
considering only the technical dimensions. Increasingly, the standards organi-
zations are subject to complicated and interwoven political, trade, economic,
and social--as well as technical--environments. As the political and economic
questions are brought to bear on the groups and on the individuals making
standards, the most acceptable salutions might not be technically optimum, but
might be a balanced compromise among a number of these other factors as well.

A prerequisite for acting in the international arena is to know :he
players and the rules of the game. And these rules are not necessarily--or
even essentially--the same as those that apply in the United States. This is
true, in large part, because telecommunications, in most countries, is in the
hands of the government (often centered in the PTT--Administrations fair Postal,
Telegraph, and Telephone Services) whereas the United States has only private
telecommunication organizations with historically 1ittle government iavolve-
ment (see Sections 3.7 and 6.2).

Although a substantive analysis of the effects of these influences on
standards making is yet to surface in the public domain, Section 3.7 of this
report does present the effects of some nontechnical considerations on the
implementation of CCITT Recommendation X.25.

The following paragraphs outline the influences that the groups listed
above can exert on standards-making organizations. Of the nine types of groups
mentioned, only two are developed at some length--voting regional groups and

user groups. The other seven are discussad briefly.

2.4.1 Voting Regional Groups
A "voting regional group" refers to a community of administraticns that

bring a common viewpoint to an international (say) meeting, and may vote, as
individuals, in a "bloc." Regional groups who share problems and positions
may often move more quickly toward decision, and may then be ahead of other,

more isolated, participants.

CEPT

One example of such a regional community is CEPT, the European (onference
of Post and Telecommunications. Founded in Montreaux, France, in 19%S, CEPT
has a membership of 26 European administrations. Their combined geo¢raphical
area is approximately equivaient to that of the continental United States.

The Permanent Secretariat is located in Berne, Switzeriand.
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At the yearly plenary assembly, the participants discuss the activities
of the various working groups. These assemblies, as well as the committee and
working group meetings, are generally closed to all except CEPT members, al-
though expert witnesses and others are sometimes invited to contribute.

The official language of CEPT is French, and this is the language of the
formal CEPT standards and publications. These publications, as well as formal
proceedings, are generally not available to non-CEPT members.

The CEPT has two major groupings, one dealing with postal affairs, and
the other with telecommunications. The Telecommunication Committee structure
is depicted in Figure 2.10. This committee works not only through the Perma-
nent Secretariat, but also through a foundation in Holland called the Eurodata
Foundation. The established functions of FEurodata are the publication of CEPT
materials and consultation for member states. Two available Eurodata publica-
tions describe a) CEPT member networks including tariffs and regulations, and
b) data communications.

The CEPT telecommunication subcommittees cover the whole spectrum of
telecommunication activity, as can be seen in Figure 2.10. These subcommit-
tees develop recommendations for review at the yearly plenary meeting. Those
recommendations that are accepted by the Telecommunication Committee are then
offered to the member states. 1If a member state choases to put a certain
recommendation into effect, the individual state then develops its own legis-

lation for enforcement of the recommendation.

Other Regional Groups

Several other regional groups are listed below:

ATU: Arab Telecommunication Union.
2. ASEAN: Association of South East Asian Nations.

3. CITEL: Committee for the Inter-American Telecommunications--deals
with telecommunication issues in Scuth America.

4. COMTELCA: Technical Commission for Telecommunications in Central
America.

5.  EBU: European Broadcasting Union--is presently concerned about such

issues as direct broadcasting satellites, teletext, and videotex.

6. ECOWAS: Economic Community of West African States--has a telecommuni-
cation subcommittee looking at the development of the telecommunica-
tion network across West Africa.

7. PATU: Pan-African Telecommunication Union--is a broader umbrella-type
organization than ECOWAS. 1Its deliberations consider the entire
African continent.
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CEPT TELECOMMUNICATIONS COMMITTEE

Organization Chart

Coordinating Committee for
Telecommunications by

Satellite
Transmission and INTELSAT Operational
Processing Techniques Matters
Services and Facilities INTELSAT Financial
Matters
European Teleprocessing Organization of a Possible
Policy European Telecommunications
Satellite System
General Principles of European Telecommunircations
Rates Satellites
Telecommuni- TV Picture and Sound Permanent Nucleus
cations Transmission
Committee
Radiocommunications
Telephone
Telegraph
]
Long-Term Studies

Coordinating Committee of
Chairmen and Vice Chairmen

Figure 2.10. Organization chart for CEPT Telecommunications Committee.
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8. PBDC: The Pacific Basin Development Council, centered in Honolulu,

Hawaii, is concerned with the telecommunication needs of that area.

9. PTC: The Pacific Telecommunication Council is also centered in

Honolulu. A regional conference is held each January.

Regional groups such as the above often have to deal with specific re-
gional problems with regard to their own needs for standards. Two examples of
these specific needs are 1) the Arab countries have developed telex standards
for the transmission of Arabic characters and 2) the African nations must deal
with unique problems of temperature and humidity conditions which affect tele-
communication service and equipment.

Each of these regional groups may or may not, in fact, be involved in the
standards-making process. However, one major importance of these regional
groups is that their member states tend to vote the same way in international
groups, such as the ITU, which operate under the one-nation, one-vote rule.
Consequently the U.S. position on an issue, if disagreed with by one (or more)

regional groups, can be easily outvoted by a "bloc" vote.

2.4.2 User Groups

O0f increasing importance and significance to standards development are the
the user groups. These groups--national, regional, and international--have
emerged particularly in the United States, Europe, and Japan. Many of these
users, members of multinational corporations, are very international in their
approach, and wield economic and political influence. In many cases technology
is not their prime consideration, but rather the cost and guality of the service.

One large international user's group is INTUG, the International Telecom-
municatien User's Group, which was founded in 1974 and has its headquarters in
London. Within the past few years, INTUG has become actively involved in
ITU/CCITT matters. Two of INTUG's objectives are:

1. to foster the development of telecommunication policies, services,

and equipment, as well as standards and regulations, all of which are
best suited to user needs at prices attractive to the user; and

2. to organize and develop dialog between users and other national and
international standards-making bodies, such as ITU, CCITT, CEPT, and
the PTT's.

2.4.3 International {Nonstandards) Organizations
The significant international (nonstandards) organizations include such
groups as INTELSAT (International Sateliite Organization), IMCO (Internaticnal
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Maritime Organization), UNESCO (United Nations Economic and Social
Commission), IPTC (International Press and Telecommunications Council), and
the GATT's (General Agreements on Tariffs and Trade).

These international organizations play an important role in the overall
standards process. Many participate directly in ITU and ISO affairs, largely

in an advisory capacity. In addition, their importance stems from two other

factors:
1. They wield economic power. This stems not only from large revenues
that they have at their disposal, but atso from funds contributed to
R&D, and the development, in many cases, of their own specialized
equipment.
2. They wield political power. This strength accrues from the large

economic base.

2.4.4 Other Groups

Other groups which influence the standard-making process include political
organizations {national and international), individual carriers and/or manu-
facturers, and administrations.

Examples of political organizations influencing standards development are
EEC (European Economic Community) and OECD (Organization for Economic Coopera-
tive Development). The EEC, for example, is interested in homogenizing stand-
ardization in Europe to develop a large market for European manufacturers (see
Section 3.8). The OECD, composed mainly of the developed nations, has a work-
ing party on information, computers, and communications policy. the QECD
members are concerned about transhorder da-a flow issues and the resolution of
tensions between privacy and free information flow. Since reguliations of data
flow have the intrinsic possibility of being used as nontariff trade barriers
ii.e., to protect infant computer industries in a particular nation), interest
in this topic is high.

Individual carriers and manufacturers, wanting to protect their own new
technology and products, are as active as possible in the standards process.
The alternative is de facto standards.

Individual administrations, in addition to the above concerns, have na-
ticnal interests, which include national political strategies and national
technical needs. They also may have new markets or industries that thay wish
2ither to protect or to develop. Therefore, they are interested and iivolved

in the standards-making process.
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3. IMPACT OF INTERNATIONAL STANDARDS

This section of the report addresses some of the benefits and risks of
implementing international standards. Some advantages of participating in the
process of developing these standards are presented from the perspectives of
carriers, manufacturers, and users. A study of the implementation of a recent
internaticnal standard (CCITT data-network Recommendation X.25) is described,

and the effects of standards on international trade is indicated.

3.1 Introduction

The U.S. telecommunication market currently represents about 50% of the
total world market. The world markets outside the United States are growing
much faster than the U.S. market. United States telecommunication exports,
however, represent only about 5% of U.S. production. In telecommunication
transmission and switching equipment, Bell System practices dominate the U.S.
standards. When interpational standards do not agree with these practices, a
double standard is created that forces U.S. manufacturers to produce two pro-
duct Tines--one for U.S. consumption, and another for CCITT-related systems--
if they wish to export. In some cases the CCITT adopts twoc or more standards
to allow for the differences recommended by the participating administrations.
Multinational corporations now exist in part to respond to the different na-
tional standards.

Developing countries often use CCITT Recommendations as procurement spec-
ifications when buying equipment. European countries do not allow other than
CCITT line signals on their networks. This requires appropriate conversions
at gateways to bring about the necessary compatibilities. Thus, U.S. manu-
facturers are faced with the problem of considering other than U.S. standards
of practice in order to compete in export markets where only a small percentage
of their production may be shipped. Because of the large size of the U.S.
market, foreign suppliers find it profitable to produce equipment conforming
to a U.S. (non~CCITT) standard, and thus target sales to the United States.
(See Section 3.8.)

The major consideration of any U.5. company in deciding whether to parti-
cipate in the international standards-making organizations (committees), such
as those discussed in Section 2, is the cost in man-hours and travel necessary

to support their technical interests. The number of committees, frequency of
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meetings, and locations of meetings effectively preclude participation by any

one company in all organizations and committees relevant to its interest.

3.2 Reasons for U.S. Involvement in International
Telecommunicaticn Standards

The impact of international standards on the U.S. telecommunication in-
dustry, and the resultant need for broader U.S. involvement in the process of
standards-building, can be traced to several issues. Specific issues affect-
ing U.S. involvement in international stardards development are a) a (rowing
international market and a changing domestic market; b) the increasing trend
toward "proactive” (rather than "reactive") international standards; and c)

the internal changes occurring within the international organizations.

3.2.1 Telecommunication Markets

The impact of standards on both the cperational capacity of telecommuni-
cations and the potential marketing of services and equipment is beconing
widely recognized in the United States. About 50% of the world market is in
the United States, and that market is increasingly being challenged by foreign
suppliers who have developed distribution and maintenance capabilitie« in this
country.

The U.S. represents a large, uniform, relatively open telecommun cation
market. Even if the relevant U.S. standard is not an international one, it is
often profitable for foreign suppliers to build for this market. By contrast,
foreign markets are typically smaller, more fragmented, and less accessible to
outside competition. Properly structured international standards may serve to
minimize these barriers.

3.2.2 Proactive Standards

The history of U.S. involvement in irternational telecommunication stand-
ards work has been targely in terms of "reactive" standards. Such standards
evolve when, after an extensive system is already in place, the need arises to
communicate outside of the national syster. The tendency has been in those
cases to negotiate whatever interfaces would be required to assure conpatibil-
ity and interconnection.

However, several factors are encouraging involvement in the deve opment
of "proactive" standards. This type of standard is developed along w'th new

products, systems, and services. This process involves tremendous plianning
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with regard to systems that do not as yet exist and may not exist for some
time. The Europeans have generally favored this approach to standards devel-
opment. The proactive type of standard, with the potential for providing
optimum results, also carries definite, recognizable risks {see 3.5 below).
One major factor (among many others) that is influencing the attitude of
the telecommunication community toward proactive standards development is the
accelerated pace of telecommunication technology development. This is espe-
cially true in consideration of the implications of such ambitious, worldwide
standards development projects as ISDN and the 0SI Reference Model. There is
an increasing reluctance on the part of the U.S. industry (and users) to in-
vest heavily in the development of expensive new products and systems (to
replace functional existing plant) if there is the likelihood that forthcoming
international standards will exclude these new products (and resulting serv-
ices) from international connections. This latter consideration also helps to

account for the growing interest in the U.S. participation in standards work.

3.2.3 Changes Within the International Organizations

Membership in international standards organizations is expanding each
year. Interest is particularly strong among the developing countries, who
look to organizations like the ITU for assistance in building their national
telecommunication networks. The ITU is spending increasing amounts of time
and money 1in providing such assistance, and in consequence, there is a growing
tendency within developing countries to use CCITT Recommendations as both
design and procurement specifications. The effect has been to expand the
impact of CCITT Recommendations to include some potentially large new markets,
and this has made U.S. participation in the development of such Recommenda-

tions much more important.

3.3 The Nature of Standards

A telecommunication standard provides, fundamentally, compatibility and
interoperability. Building equipment to widely accepted standards eliminates
costly incompatibilities that may show up later, and ensures interoperability
with a large set of similar equipment. The retrofitting required for the
interworking of noncompatible systems is always costly and generally nonpro-
ductive.

The kind of standard being considered in this report is basically the

voluntary agreement that benefits most--and in some cases, all--of the
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concerned parties. The following are examples of types of telecommunication

standards (some worldwide and some not).

1. Numbering Plans: these agreements, at present, provide a unique
identification of every telephone in the world. Present work is
aimed at providing similar international identification for every
data termipal.

2. Maritime Satellite: there is a unique identification of the vehicles.

Interface Protocols and Characteristics: these include such widely
accepted standards as X.25 (CCITT) and RS-232C (EIA).

4. Signalling Systems: there are numerous international signalling
systems in operation to ensure compatibility among the different
signalling arrangements in various parts of the world. (For example,
calls are set up differently in the United States and in Europe).

5. Circuit Noise Limits: it is essential to establish worldwice stand-
ards to avoid chaos in the allocation of degradation.

6. Voice Coding: this is an example of an effort that did not achieve
worldwide unanimity.

7. Commercial AC Power: the standards in the United States differ from

those in Europe and those in Japan.

The very nature of standards, as depicted above, is tc have botl advan-
tages and disadvantages; this concept is developed below. Particularly in a
multipte-supplier environment like the one in the United States, the business
of making standards is an imperfect art and a complicated process. Many of
these camplications are tied to the timing of the standard. It is inperative
for the standards makers to be sensitive to several things including: the
user's point of view; the advantages and disadvantages of standards; and the
life expectancy of a given standard, including the possible inadvisatility of
offering a given standard, if its predicted 1ife expectancy is too staort.

In broad perspective, the abundance of voluntary telecommunication stand-
ards, both national and international, is a tribute to the work that has al-

ready been accomplished in reaching such agreements.

3.4 Some Advantages of Standards
There are general advantages of standards for all groups within the tele-
communication community, including manufacturers, users, and providers. This

section considers some of these advantages.
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3.4.1 To the Manufacturer

One main advantage to the manufacturer, of having clearly defined stand-
ards, is that building to a broadly accepted standard can provide a larger (if
more competitive) market for a given product. This is especially true if the
specified framework of a standard is flexible, providing the possibility of
optimizing the options within it. For this reason, standards should not be--
or attempt to be--design specifications, but rather should be function or
performance oriented.

The manufacturer reduces the proprietary nature of specific equipment and
services when building to standards. This tradeoff between the larger market
and presentation of proprietary rights must be seen as advantageous, and these

advantages are ultimately user related.

3.4.2 To the User

The benefits to the user are not limited to those of a competitive telecom-
munication market. The user of telecommunications at all levels is becoming
more sophisticated and knowledgeable. This growth is largely the result of
wide availability of numerous kinds of data equipment and the resultant inter-
face and communications problems that have emerged. The user does not choose
to be either locked into one kind of generally incompatible proprietary
equipment--whether leased or purchased--or forced to change equipment within
short periods of time.

The advantages for the user of standards that will permit new equipment
to offer broad interconnection of existing noncompatible systems are almost
self-evident. With the interconnection of different kinds of materials and
equipment assured--whether tapes for a tape recorder, RS-232 interfaces on
data terminals, or X.25 networking--the user is freer to choose the machines,
systems, and networks exactly suited to the need of the moment.

Intrinsic to the use of equipment is the use of services. It is not
advantageous to subscribe to expensive new services that might or might not
become widely available. Service-related standards however, help to ensure
and to encourage such wide use. Once the user can be certain that a given
service will be widely implemented (and therefore less costly), then everyone

benefits--the manufacturer, the user, and the provider.
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3.4.3 To the Provider

Service providers have been subjected to the "chicken and egg" syndrome
for the past decade. The services that tie carriers wanted to provide were
real enough, but often there were not enough subscribers to make it profit-
able. For a brief time, in the recent past, there was but one choice for the
sending of data--the telephone line. The established standards of the tele-
phone carriers were widely known. Using these lines for data affected the
carrier systems minimally, because the voice-grade service provided was ade-
quate for carrying data. Today, however, the network providers (telephone and
data) must make a significant investment o provide, for example, an X.25
network. A major investment in hardware and software is necessary. Aithout
the assurance of a "guaranteed" user market, the provider will be reluctant to
make this investment. However, with the advent of standards- that are amenable
to both users and manufacturers, the providers are willing to develop the

required network(s).

3.5 Some Disadvantages of Standards

There are distinct possible disadvan.ages of standards. Some of these
disadvantages are listed here. Section 5 on the ISDN includes further reflec-
tions.

In the general case, once a standard is set and widely implementad,
freedom of choice is necessarily restricted. The acceptance of a staixdard may
also inhibit other (perhaps superior) solutions and may stifle innovation.
And, depending on the type and scope of the standard, existing equipmznt may

become prematurely obsoclete.

Proactive standards bear an added risk. The standards may be apyroved
before extensive experience develops, as was true with X.25. Consequantly,
there have been numerous revisions to X.25, and in some cases (e.q., Zanada
and France) the early installation of the standard has prohibited revision,
and so these countries have two versions of X.25 protocols running
concurrently--at a major expense.

Another problem relates to the different interpretations of a standard's
specifications. For example, among the numerous operative X.25 netwo~ks world-
wide, no two have implemented the CCITT specifications in exactly the same
way. FEach country interprets the specifications differently, and mos. adminis-

trations rewrite them to suit their own needs. The CCITT options onlv partly
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absorb the differences, and the resultant CCITT revisions of Recommendations
X.25 have attempted to deal with the ambiguities.

For all of the above reasons, there is a real need to keep the standards
directed toward functional (not design) specifications and definitions. This

approach allows the maximum freedom for implementation.

3.6 Participation in Standards Work
The advantages to the participant in the process of standards development
are numercus--to the manufacturer, to the provider, and increasingly to the
user. The nature of participation is broadly the same for all. The first
step in this process is focusing one's interest and selecting the appropriate
standards committee. Although the tendency is to branch cut from this area,
it is productive to keep one's focus centered, not spreading one's involvement

into related standards work elsewhere,

3.6.1 Nature of Participation

Although the number and variety of standards organizations cause inevi-
table topic overiap and some competition, the variety does guarantee a freedom
to pursue self interests. This freedom is precious to Americans and should be
encouraged. The idea of a single, worldwide standards organization, where
each voice is subject to the approval or disapproval of the particular head of
the organization, is not attractive here.

The cost of participation is high in terms of effort, time, and money.
Most estimates indicate that it takes about a year for a new member to become
fully aware and participative in a standards organization. The effort neces-
sary for active involvement reguires genuine dedication. The kind of serious
participation really needed by standards groups is time intensive. Standards
committees need strong, dedicated committee members willing to abstract them-
selves from personal interests. Since the number of persons whe hack out the
details of standards are few, a preoductive individual's burden can be great.
(See, particularly, Section 4.3.3).

Involvement can be less intense and still valuable. Some groups, such as
ANST, permit both active and observer members. Observer status permits partic-
ipants to watch the process, track it, and keep abreast of trends. The ITU
does not have this distinction in its membership. 1In all cases, the only sure
way to receive the contributions distributed at working meetings is to attend

the meetings.
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Typically, the standards working committees and groups meet about four
times a year. The period of work can extend from 1 day to a week. the larger
groups, such as the CCITT study groups or the IS0 technical committees, meet
about-once a year for as long as 3 weeks. The amount of time spent cleveloping
and/or studying contributions for these meetings can be substantial.

The financial cost of membership in a standards organization is sizeable.
The CCITT, for example, requires an $8,000 annual fee from any U.S. scientific
or industrial organization that becomes an official member {there is no fee

for individuals who join the U.S. CCITT groups, however).

3.6.2 Advantages of Participation

Active participation in the standards-building process minimizes the
risks associated with the individual interpretation of any standard. It is
inevitable, especially in the initial writing of a standard, that certain
points will be misinterpreted by the reader. Developers of standards have
found it impossible completely to overcome this aspect of standards writing,
even with the improvements of Tater refinements and amendments.

This can be illustrated by an incident (albeit an extreme and urusual
exampie) concerning CCITT Signalling System No. 5bis. Shortly after the CCITT
approved No. 5bis, one PTT developed a new signalling system followirg the new
Recommendation, according to their understanding of it. However, the finished
product was unsatisfactory. The problem in this particular case was that this
PTT had not participated in the CCITT meetings in which the No. 5bis Recommenda-
tion was developed, and therefore was unaware of subtleties in the interpreta-
tion of the new Recommendation which were apparent to the participants. Al-
though standards developers always seek to prevent such misunderstancings,
development of complietely unambiguous standards is regrettably often an iter-
ative process. (See Sections 5.3, 5.4, and Appendices A-F for specific ef-
forts in this regard on the ISDN Recommendations.)

Telecommunication users have a golden opportunity at present. The users
are not only welcome at standards meetings, they are essential for the stand-
ards community to do what must be done. The users must voice their needs and
their opinions, so that the suppliers know what is wanted and needed (see
Section 3.2). If the users do not enter the standards developing process
early, it can be a very long time before they are able to get what they really
want. User interest that is too 1ittle, and/or too late, can and has both

delayed the good aspects of standards and permitted inadequate {from the user
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point of view) standards to be developed. User involvement permits timely and
efficient standards development. Intrinsic to the involvement is balance. If
the user requirements are too high, too costly, or unrealistic, the imple-
mentors on the committee will be there to modify the request.

The manufacturer's involvement in the standards process is geared to
concerns about the cost of equipment and the timing of production. Manufac-
turers need to influence relevant standards development to ensure that the
standard is actually tenable, yielding equipment that customers can afford.
Their participaticn in the actual process also gives them first-hand knowledge
of the timeliness of standards implementation as well as a basic insight inte
the potential permanence of the standard. The manufacturers basically have
two choices: they can hurry into production to be ready as soon as possible,
chancing the need for early changes, or they can delay production, waiting
until the market is mature. The maximum risk involved in the first case is
somewhat reduced when they have participated in the standards process, have
knowledge of the user's needs, and are somewhat certain of customers.

Users and manufacturers must get together with network suppliers early in
the process to agree on what is needed, what can be done, and what is econom-
ical. Once this is all defined, it becomes possible to justify the develop-
ment cost, which gives the low price that everyone wants. One sees, then,
that a better definition means fewer false starts. Fewer false starts mean

lTower risk.

3.7 An Example of a Recent International Standard: Recommendation X.25

The United States has an unusual position in its stance on telecommunica-
tion standards. It has neither government control of its telecommunications,
nor formal {nor informal) national strategies (see Section 6.2). As a result,
those countries with a strong, central PTT often approach the development and
implementation of standards with a different perspective from that of the
United States, whose history includes competition and lack of government in-
volvement. It is necessary for those participating in international organiza-
tions to understand these differences, in both approach and point of view, in
order to function well in the international arena.

The history and implementation of X.25 is presented as an exampie of the
development and the consequences of a recent international standard. In this
discussion, the measure of the "success" of a standard refers more to the user

dollars spent on the standard's implementation than to acceptance by nations
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and organizations. The concept of "user'" has been stretched to incluile inter-
mediate users {as well as end users) and so0 includes common carrier natworks

and value-added networks.

3.7.1 Overview of X.25

The CCITT Recommendation X.25 (Geneva, 1976; amended, 1980) is eatitled
"Interface Between Data Terminal Equipment (DTE) and Data Circuit Terninating
Equipment (DCE) for Terminals Operating in the Packet Mode on Public Jata
Networks." Often, this standard interface between the user equipment and the
packet switched network is misconstrued to mean a medium for transmitting
data. Figure 3.1 indicates a typical packet switched network and illustrates

some X.25 T1inks.

Benefits of X.25
The DTE's that can be connected to the network include computers and

other intelligent devices. Basically, by accessing the network, they are
interconnected and thus can talk to each other. The X.25 network pernits such
value-added services as call setup, error recovery, flow control, network
maintenance, and message accounting.

Other benefits that are now perceived in an X.25 network include: a) an
international service through gateways between X.25 networks; b) cost-
effective technology for low to intermediate traffic volume; and c) tre sup-

port of many logical connections by a single physical 1ink.

The History of X.25
Recommendation X.25 had its beginning in 1962 when the packet switching

concepts emerged. The ARPANET (U.S. Department of Defense) in 1969, ind the
work of the United Kingdom's National Physical Laboratories were predzcessors
to X.25. Between 1970 and 1975 major packet switched networks were dzveloped
in Canada (DATAPAC), France (TRANSPAC), Japan (NTT), Spain, the United Kingdom
(PSS), and the United States.

During its 1972-1976 Study Period, the CCITT studied questions o1 packet
switched data networks, and in 1976 Recommendation X.25 was published in the
Orange Book. 1In a very real sense, this was an extraordinary event. For
several defined (and other as yet undefined) reasons, tremendous inte-est and
activity developed worldwide in this work of Study Group VII. The Spacial
Rapporteur meetings held on this topic were both better attended and 1eld more
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often than the study group meetings themselves. Tremendous pressure was
exerted on the CCITT to produce its Recommendations. (The CCITT is faced with
almost the same situation today concerning the ISDN. This is discussed in
Section 5.) A revision of X.25 appeared in the 1980 Yellow Book. Atout 18
countries have public packet switched networks today.

The implementation of X.25 in the United States is growing. Putlic packet
switched X.25 networks, in addition to the ARPANET, include Telenet (GTE),
Tymnet (Tymeshare), Graphnet, Uninet (United Telephone), Cylix, and KFCS 80
(Federal Reserve Bank).l The AT&T has recently announced specifications for
interfaces to a new Bell packet switched network, which is planned fcr a 1983~
1985 phase-in. This proposed network is called BPSS (Bell Packet Switched
Service). In addition to these public networks, there are many privete U.S.

networks that have implemented X.25.

3.7.2 Implementation of X.25

The acceptance and consequences of the implementation of a stancard are
not based uniquely on its technology, as was discussed in Section 2.4.1.
Although the technology is certainly a major factor, the commercial, political,
and "fashionable" aspects, as well as the publicity surrounding the standard,
are also important. (However, the broad publicity received by X.25 tas made
it so widely known that one is surprised to find how 1ittle money has actually

been invested in this by the end user, worldwide.)

National Strategy and Implementation

The following discussion on the differences in the implementaticn of X.25
in France and in Germany (Federal Republic) illustrates the importance of a
nontechnological factor--government strategy--in a nation's implementation of
a standard.

France's network, TRANSPAC, has a capacity of 11,100 ports, and by mid-
1982 already had 6,500 X.25 subscribers. This system is a success because

1Certain commercial services and equipment are identified in this report to
clarify or illustrate technical conclusions. In no case does such identifi-
cation imply recommendation or endorsement by the National Telecomminications
and Information Administration, nor does it imply that the service c¢r equip-
ment identified is necessarily the best available for the purpose.
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people have been persuaded to put money into X.25 and into compatible and
end-user equipment.

Germany, on the other hand, has had a very different set of results with
hasically the same standard. DATEX-P, which was started in 1980, had only 140
subscribers by mid-1982.

The key reason for the differences in these statistics may be the reduc-
tion of risk-taking perceived by the industrialists in France. France has a
strong, unified national peclicy that promotes the implementation of data com-
munications. The national data communication strategy, coupled with the French
industry's confidence in their government strategy, has encouraged industry to
put money into a network envisioned to have permanence. Germany, however,
does not have a government strategy in this regard, although it does have a
powerful standards organization (DIN), and is accustomed to having definite
telecommunication strategies. Germany has two other older national networks--
DATEX-D (circuit switched, based on X.21), and DATEX-L (leased 1ine). With no
government strategy to encourage industry to select X.25 rather than the other
networks, industry is hardly willing to risk choosing. Basically, there are
too many options.

In response to this uncertainty, the German Bundespost is applying the
use of X.22 to the problem. Recommendation X.22 offers a multiplexed arrange-
ment by which any of the three above-mentioned networks can be accessed by the
same on-site plant.

Essentially, France represents the position that chooses to risk imple-
menting only one kind of standard (or, in this case, network) thereby reducing
the diTution of R&D funds in parallel studies, and offering to its budding
engineers a clear direction for study. In addition, a strong, unified national
strategy assures independence, reducing the possibility of becoming totally
dependent upon a single manufacturer.

Germany is representative of those nations that do not have, or have
decided not to have, a national strategy (in this case relative to a national
data network). Instead, Germany has implemented more than one standard (and,
so, more than one network).

There are issues unrelated to profit and loss that must be addressed by
those who implement a given standard. The question needs to be asked, 'What
are the defined goals for the implementation of this particular standard?”

Such assessment of X.25, for example, indicates that a network is being built
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that will effectively be, in about 15 years, one giant computer with one giant
data base.

It is essential to understand what the goals are. Standards meetings are
not the places for this discussion. In effect, those countries that promul-
gate a national strategy are saying, "Here are our goals and these standards
are the means to implement them." A1l nations who implement far-reaching
standards, with or without a national strategy, need to ask, "What is the goal

of this standard, in a gobal sense?"

Consequences of Implementation

Some consequences of the implementation of X.25 concern the balarce of
pressures between the PTT's (and/or the common carriers) and the comptter
industry. Recommendation X.25 has helped create the interest in computers
within the telephone companies. There are the de facto standards of the manu-
facturers, and universal standards such as X.25; who will win in the long
term? The only realistic answer will come from the money being spent by the
end users--not the publicity given to the standard, or even the number of
people who attend standards organization meetings.

Another consequence of standards implementation is the accumulation of
statistics. As data on use and on outage/performance of X.25 networks become
available, the tariffs can be tuned for efficiency and profitability.

3.7.3 Alternatives to X.25

This issue involves technical alternatives less than the fact that the
word "alternative" has different meanings for different people, depending
largely upon one's position--in the data industry, or in standards develop-
ment. Is it an alternative solution to a particular need, or is it an al-
ternative protocol? These questions assume significance depending upon
whether one is an end user or a standards developer.

The person in the computer industry might consider an alternative to X.25
to be a de facto standard which was develcped by the computer manufac:urer,
permitting computer/computer communication. This de facto standard is really
a product offering, not necessarily another standard. It is accepted for
nontechnical, practical reasons even though it is not the standard accepted by
standards organizations around the world.

Another shape that an alternative can take is the acceptance of a dif-

ferent standard, not necessarily similar, but capable of getting the job done.
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An example of this is the use of X.21 (CCITT Circuit Switched Network Inter-

face in place of X.25.

3.8 Standards and International Trade
Two examples are offered here to illustrate the role that standards may

play in international trade.

3.8.1 Homogenization of Standards

The first example deals directly with international trade from the per-
spective of Anton Philips, a director of Philips' Telecommunicatie Industrie
in Holland. At Communications '82, he issued a plea to the EEC and PTT's
tetecommunication industry to "face reality."” The following paragraph is a
summary of his perspective:

The U.S.A. and Canada have a population roughly equivalent to that of the
EEC (280 million) with just short of 200 million telephones (120 million in
Europe). There are five manufacturers to serve this market. In Europe, there
are 12 manufacturers and the EEC is not a uniform market: there are eight
different sets of standards and requirements. Thus, because the home market
cannot meet development costs, the manufacturer finds himself in a weak competi-
tive position in the export market.

Thus, according to Mr. Philips, the EEC needs to become a homogeneous
market, and the governments and PTT's should aim at this end. His further
comments called for standardizing specifications, and harmonizing certifi-
cation requirements for terminal equipment. He also called for the removal of
barriers to trade across national borders (within the EEC) for all telecommuni-

cation equipment.

3.8.2 Optical Fiber Standards

The second example is drawn from the rapid advances in fiber optics tech-
nology. New fiber optics technology can be considered to have a half-Tife of
about 6 months! How can a standards group keep up with this kind ¢f motion?
At present, each administration that is desircus of using fiber optics for
transmission is developing its ocwn ad hoc standards (e.g., AT&T, Nippon Tele-
graph and Telephone, the PTT's). Concurrently, the military is alsoc develop-
ing its own standards.

However, the other industries, such as those in computer process control,

are moving more slowly, perhaps because of the lack of any standards. This
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may be where the international groups can be of assistance. And even so, the
questions is left: How do all these standards, then, become homogeniz:d, and
who does 1it?

The situation in the United Kingdom may be considered a particular case
in point. Since the British Post Office ‘s now allowing a separate 1>ng-haul
network (Mercury), the three major European suppliers--GEC (General Electric
Co.), Plessey, and STC (Standard Telephones and Cables)--are thrashinjy out, in
their respective technical committees, a series of fiber optic standards that
will allow their equipment to be connected to Britain's telephone system
(British Telecom).

The specifications would ensure, for instance, that fiber made by GEC
could receive telecommunication signals from STC's solid state lasers. The
completed standard will enable British Telecom to order equipment fron all
three suppliers knowing that equipment from each will fit into the network.

As can be readily deduced, the use of large quantities of optical fibar equip-
ment purchased from these three companies may effectively preempt comaetition

from privately owned telecommunication networks.

4. AN INTERNATIONAL SYSTEMS-ARCHITECTURE STANDARD: THE OPEN
SYSTEMS INTERCONNECTION (OSI) REFERENCE MODEL

Data communications standards, which started in the early 60's with the
physical interfaces (such as RS-232}, had developed by 1976 into those stand-
ards (such as X.25) permitting public packet switched networks. However, none
of these standards ensured complete communications between the ever-growing
numbers of heterogeneous end-user systems.

Tetecommunication transmission media provide the electrical means for
interconnecting end-user systems. If the user's equipment and interconnecting
systems are all of the same manufacture o~ design, such communication is easily
realized. In today's competitive world, however, these end-user systems often
consist of basically incompatible operating equipment of a wide range of designs
and implementations.

By the mid 70's, it had become vividly apparent, especially to the users,
that their "closed" homogeneous system environments, well able to communicate
internally, would have to become "opened," able to communicate externally with
other closed, but different, homogeneous environments. A structure was envi-
sioned upon which to base future standardization efforts for the next genera-

tion of information systems.
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The ISO was first to set work on establishing some standards that would
provide this open systems environment. In 1977, TC-387 established SC-16,
which is called "Open Systems Interconnection.” The goal of SC-16 was to
define an architectural model that would tie together, in an organized way,
the multitude of terminals, systems, computers, etc., capable of performing
information transfer. The structure had to be universally logical, capable of
relating to all applications, and as general as possible.

The Open Systems Interconnection (0SI) Reference Model, a draft interna-
tional standard, was formally accepted by IS0 TC-97/SC-16 in March 1982. The
0SI Reference Model, as defined in ISO Document DP 7498, represents the first
time that a broad systems view of information processing standards has appeared
in the international arena. This reference model provides a framework, or an
architecture, for the standardization of the rules governing the interactions
between interconnected heterogeneous systems.

Since 1978, work on the 0SI has taken place both in IS0 TC-97/5C-16 and
in CCITT Study Group VII, which works in cooperation with SC-16. This coopera-
tive venture is detailed in Section 4.3.3 of this report.

4.1 The 0SI Reference Model--Overview

The developing 0SI environment being planned by IS0 (and by CCITT) employs
a standard architecture with associated interfaces and protocols, to provide
the widest possible range of applications with the flexibility required for
communication in an effective and economical manner.

Throughout this discussion, the term "user" refers to an Application
Process (AP). An AP task can vary from a simple keyboard program to a complex
data base operation.

The functicns required for communicaticn between data systems can be
organized into a continuum, one function depending on the next. The decision
to divide this continuum of functions into seven layers (or sets) evolved from
considerations that a) each layer should not be so big that any individual
tayer would become too complicated; b) there should not be so many layers that
the structure itself would become a complex entity; and c) the agreed upon
structure would need international approval. These layers group those func-
tions that are most logically related to each other, providing efficient and

effective handling.
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According to the IS0 standard, the 0SI Basic Reference Model wil :

1. provide a universally applicable structure;

serve as a reference to positior existing standards and compare re-
quirements;

3. facilitate compatible interconnections for communicating AP s; and

4. enable an evolution of advancing technolegy into the future

4.1.1 The Seven 0SI Layers

The seven layers are depicted in Figure 4.1. The first four layars,
which provide the transport service, deal with the movement of the data between
end-user systems. The three upper layers are concerned with the users of the
transport service. Therefore, these upper layers deal with the processes that
ensure the cooperation of the systems and of the activities that suppart the

cooperating AP's. Each of these seven lavers is described briefly below.

1. The Physical Layer

This Tayer constitutes the boundary between the physical communica-
tion medium (such as a telephone line) that is outside the JSI environ-
ment, and the data 1ink layer. This layer, concerned with the movement
of bits over the physical media, provides the functional and procedural
characteristics for it.

2. The Data Link Layer

This Tayer provides essentially error-free movement of the informa-
tion, Tink-by-link, between the communicating end systems.

3. The Network fayer

This Jayer is involved with the switching, routing, and relaying
functions of the particular network used for communication between
the end systems.

4. The Transport Layer

This layer ensures end-to-end iategrity of the information that qs
being passed between heterogeneous end-user systems through the tele-
communication network. Communizating AP's must have a certain qual-
ity of service, which is dependent upon the task being acccmplished.
This layer attempts to provide the necessary quality by making up for
any deficiencies that might exist.

5. The Sessicn Layer

This layer sets up and terminates the Togical relationship--called a
session--between the two AP's (from the two end users). Tris layer
also manages any dialog involved.

b. The Presentation Layer

This layer selects the correct data information format, or provides
the necessary conversions, to ensure that both end-user sy:stems are
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Figure 4.1. Layers of the 0SI Reference Model.
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"speaking the same language." If both are speaking the same
language--and using the same format--the presentation layer becomes
essentially inactive. (Just how inactive is under debate.)

7. The Application Layer

This layer offers the access between the AP and 0SI environment. It
provides the management and control of the resources and of the commun-
ication. Since this is the only layer that provides services directly
to the AP, all of the 0SI servicas are also channeled through this
Tayer.

4.1.2 Protocols and Primitives Connecting These Layers

There are two main points to be made about relations of the layers to
each other. In the first place, the functional entities within the respective
layer in each end system need to communicate. Each layer actually spens the
full interconnection between end systems. The rules, or necessary prccedures
for the exchange of information between the equivalent layers, are called peer
protocols. Figure 4.2, which depicts the interconnection of two local-system
environments (end users) through an 0SI environment, indicates these peer
protocols. The concept of a layer is illustrated in Figure 4.3.

End-user X in system A, switching to communicate with end-user Y in system
B, must first "knock on the door" of its application layer to establith communi-
cations. The peer protocols established tetween the same functional "ayers
communicate between the two end systems (e.g., AA to AB’ PA to PB’ etc.) This
way, layer by layer, communications between X and Y are assured. These peer
protocols between the similar layers in tle communicating systems are the main
areas of standardization in the 0SI Reference Model.

The second point invelves the need for the seven adjacent layers within
each end-user system to communicate with each other. Essentially, each layer
is connected to the layers below and above. The rules that have been estab-
1ished for these interactions are called primitives. These are the connec-
tions over which the communication logically flows between the AP's.

Under development, as a follow-on effort to the 051 Reference Moiel, are
the Layer Service Definitions. There will be one for each layer (call it N)
that details the services that are provided to the next upper layer (the N+1
layer) together with the associated interaction primitives and parameters.

The draft that is currently most advanced is for the Network Layer Service

Definition.
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4.2 Scenario of 0SI Use

The following scenario, based on Figure 4.4, gives an idea of how an 0SI
communication might work. Ordinarily, there would be several end-user systems
involved in the interconnection, with several intermediate nodes along the way
for network switching and relay. (Relay functions are identified for each of
the lower three layers at the present time, but upper layers could also be
useful for specific applications.) Figure 4.4 indicates onty two end users
and does not include any nodes.

As illustrated in Figure 4.4, X wishes to originate communication with Y;
X asks the application Tayer to set up the connection. The application layer
checks to see that the 0SI resources are available, and then proceeds.

The overall process can be described as follows. The information flow
will occur vertically downward from X, through the layers, to the physical
transmission media. After switching, modem conversion, relay, etc., the in-
formation is transmitted vertically upward to Y, which completes the end-to-
end transmission.

A detailed view indicates the activation of the Tayers, one by one. As
the data units are passed through each layer, starting with the originating
application layer, the peer protocols of layer operation (12 separate opera-
tions) are processed. The diagram iliustrates each protocol header that is
appended to the data by a given layer before passing the data and attached
header (the combination now called a data unit) down to the next layer. These
headers convey the peer-to-peer control information within a Tayer to facili-
tate the communication itself.

As the data unit flows from the transmission medium to the receiver Y,
the functional unit of each Tayer removes the header--its peer control infor-
maticon--processes it, and passes the information up to the next layer where
similar operation occurs. Eventually the information is received by Y.

The 0SI designers intend that only the functions required for a specific
information transfer from one AP to another need to be used. The total amount
of functionality is offered to provide communications where there are large

differences between the systems that are trying to communicate.

4,3 Efforts in the Standardization of the 0SI Reference Model
It took 4 years, from March 1978 to March 1982, to achieve an agreed-upon
draft international standard for the reference model. The schedules for 0SI

standardization work develop with an awareness of the relative importance of
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the various aspects of the model. Everything is not of equal significance.
The major effort, to date, has been on the user's need to have a single world-
wide transport-layer standard. Attention has now turned to the session layer.
the following illustration is offered to indicate the importance of the
transport-layer protocol.

The O0SI architecture can be likened to a wine glass. The brcad base is
composed of the many different technologies for implementing connections in
physical arrangements, such as LAN's {local area networks), metro networks,
cellular radio, etc. The top of the glass is constituted of many different
appiication protocols appropriate for moving different kinds of data and
presenting them in different ways. The stem of the glass represents the
middle of the 0SI Reference Model architecture hy which reliable, bottom-to-
top (end-tc-end) transfer of bits can be achieved. There must be only one

world standard for this transport, applicable to any network used.

£.3.1 Overview

The aim, at present, is to achieve a complete set of 0SI protocols by
1984. Definite and encouraging progress in the transport studies has been
made. On June 1, 1982, in Tekyo, SC-16 voted to accept the transport layer
service and protocol standards as Draft Proposals (DPs). This was an ex-
tremely significant step because it is the first time--since agreeing on the
reference model principles themselves--that both ISC and CCITT reached con-
sensus on an 0SI standard. The 2-year effort to reach this goal and the suc-
cess of the challenging cooperative venture has provided momentum to apply the
newly developed mechanisms and procedures to continuing work.

The present plans of SC-16 aim at achieving a single world session stand-
ard by early spring of 1983. This standard will cffer the definition and
control of the "pipes" transporting the bits. The application of both stand-
ards, transport and session, provides the desired variety of uses of these
pipes across all the different networks. When this is achieved, 0SI will
oecome really useful in the sense that equipment can be plugged in anywhere to
achieve end-to-end connections for any purpose.

There is a similarity between these goals of the 0SI and the goals of the
[SDN. The designers of ISDN standards are also aiming at one, universal inter-
face. There can be many ISDN's, many services, etc., but the fundamental
objective is to take any piece of equipment, "plug it into a socket," and

achieve services across that interface.
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4,3.2 Proposed Schedule for 0SI Studies in TC-97/5C-16
Figure 4.5 is the SC-16 schedule adopted in Tokyo in June 1982. Although
this 4-year plan has not yet been fully integrated with the schedules of other

groups working on 0SI, it does represent :he first extended schedule of SC-16,

based on the work already accomplished. Figure 4.5 represents the following

project goals:

1.

Reference Model (Project No. 1 in the figure): The draft interna-
tional standard (DIS in the figuire) was achieved in March 1982, and
the international standard (IS) is expected to be accepted in early
1983.

The basic reference model is connection oriented and, as such, it
fits the X.25 virtual circuit nicely. But there has been some dis-
agreement concerning its adaptation to the connecticnless (no return
from the recipients) mode of interconnection. This has been studied
for a year and a half under the instigation of the United States, and
SC~16 added it as a new work item (NWI) in June 1982. The goal is to
add a connectionless addendum to the reference model indicating that
the connectionless mode does fit the 0SI. A draft international
standard is hoped for by 1984.

Transport Layer (Project No. 2): The accepted draft proposécl (DP) of
the transport layer is the second landmark so far achieved in SC-16.
An interim terminal standard is expected in 1984. In keeping with
the new work item (NWI) in the connectionless mode, studies in a
connectionless transport addendum could be added by late 1¢83. (See
Figure 4.6 for a pictorial, somewhat tongue-in-cheek history of the
transport protocol agreement).

Session Layer (Project No. 3): IS0, as well as CCITT, is working
diligently to have a draft proposal ready for 1983, and a [IIS by late
1983. As the session-protocol work is progressing, stable service
definitions are being developed for two important upper layer
protocols--presentation and application.

Project Nos. 4 to 8: Work on tre presentation layer (in the Tokyo
meeting) forged agreement that all of the different applications
(e.g., virtual terminal [VT], virtual files and messages) required a
common representation of the synrtax transformation. This common
representation would assimilate the many different representations,
the number dependent upon the "n" different applications used. This
NWI, generated in Tokyo in 198%z, is a formalization of agriements
already reached on the presentation service, and so a stable service
definition should be reached by early 1983.

Achieving a stable service definition for the file transfe-~ access
maniputation (FTAM) should be reached at the same time (February
1983). October 1983 should see presentation and FTAM draf. pro-
posals. This same meeting is expected to achieve stable sarvice
definitions for the other principal application services, 1iamely, the
virtual terminal services (Pro ect No. 4), the job transfe~ manipula-
tion (JTM) service (Project No. 6), and the management service (Pro-
ject No. 7).
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5. Common Application lLayer (Project No. 9): In addition to this work,
there is still some definition to be achieved in the application
Tayer. This is the other major topic being studied before the Feb-
ruary 1983 meeting. The achievement of a common application layer
definition and its actual partitions is expected. The CCITT 0SI
model differs from that of the IS0 in that the CCITT has identified
three types of applications entities--the common entity, the user
entity, and the application specific entity. The SC-16 will be look-
ing at that particular type of partitioning for the application Tlayer
within IS0. If this architecture is decided upon, then the other
application services will have a stable common application base upon
which to build.

4.3.3 CCITT/0SI Liaison in 0SI Development
The 0SI Reference Model is truly an international standard in that both
CCITT and IS0 have been, and are, deeply involved in its development, even

though it is usually referred to as an ISC standard.

Different Perspectives

These organization approach the work from different and changing perspec-
tives. The historical orientation of the CCITT is toward the lower (network-
oriented) layers of the model, while the orientation of IS0 SC-16 is toward
the upper (systems-oriented) layers. In addition, the CCITT has generally had
a public focus in the development of its Recommendations which apply to serv-
ices provided for wide-scale, general use. The standards makers in IS0
(largely equipment manufacturers), on the other hand, bring to the standards
forum more experience in private user environments, which tend to be more
deterministic and driven by a more specific scope of requirements. Both orga-
nizations are now moving into each other's historical territory, so to speak:
the carriers (in CCITT) are now very interested in supplying services, which
are really systems applications, and as such, require user input, and the
manufacturers (in ISO) are now very interested in manufacturing and supplying
networks.

The difficulty of bringing together these different, and dynamic, perspec-
tives to a point of agreement on a common set of standards to allow every
system in the world to communicate is easily seen. One factor contributing to
the difficulty of this cooperative venture between the CCITT and the ISC is
the already existing structural complexity in both organizations. Fortunately,
both organizations have committed themselves to the goal of developing a single
set of 0SI standards.
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Organization of Work

Figure 4.7 illustrates the organization of 0SI work in boeth IS0 (and
ANSI), and the CCITT. The work in ISO is conducted in SC-6 and SC-1t. For
each WG in IS0, there is the corresponding ANSI TAG in the United States.
Corresponding to this structure is CCITT Study Group VII. From an 041 per-
spective, the most important question in this study group is 27/VII (Q.27 in
Figure 4.7), although, as can be seen, at least seven other Study Group VII
questions are also relevant. The CCITT Study Group VIII, which studies the
technical aspects of the telematic services (see Section 2), is also involved.
The CCITT Question 27/VII has been divided into two sections: issues on refer-
ence model architecture in general (and the top three layers in part:cular),
and the issues of the transport layer and network services.

In addition to the work of 5C-16, indicated in Figure 4.7, TC-97/SC-13
and TC-97/5C-18 are also working on the reference model and 0SI protocols.

The SC-13 is active in the interior interconnection of the parts of & data
processing system. The SC-18, the newly formed group on text procescing, is
working on such issues as message format and message handling protoccls, which
will be compatible with the 0SI Reference Model. In the future, any kind of
information object that could be defined by one of the powerful new languages,
for instance, that allow abstract data packing to be represented in the syntax
of the language itself, could be transmitted across the 0SI envircnment. This
leaves the door open to the applications in the late 80's and 90's of a distrib-
uted processing of true remote automation control and interprocesses communi-
cation, and synchronization. The 0SI will open up the world of the information
society in many ways.

The CCITT grapples with several issues related to the 0SI, such as the
abundant questions on existing public data network technologies, and the effect
of newly developing (as well as.already developed) CCITT Recommendat’ons on
the lower layers of the 0SI architecture.

A major point for both ISQ and CCITT members is the difficulty of partici-
pating in all the groups indicated in Figure 4.7. As an example, to partici-
pate in the work of only two 0SI layers--transport and network--invo vement in
the work of atleast 11 groups is required: five ANSI groups, three S(-16 groups,
and three CCITT groups. This is an enormous investment in energy, t*me, and
money, and yet the work demands this kind of liaison. The cooperaticon is at
many levels--among manufacturers, among carriers, and among international
organizations themselves. This extensive cooperation required in stindards

work on the 0SI spotlights the need for active participants.
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4.4 The Relation of 0SI to Other Technology
The following discussion indicates the relationship of 0SI to Recommenda-

tion X.25, manufacturers' standards, and =o Local Area Networks.

4.4.1 0QSI/CCITT Recommendation X.25

The CCITT defined the three levels o Recommendation X.25 in 1975, preced-
ing the draft 0SI Reference Model by 6 years. The three X.25 levels--the
physical, link, and packet levels--do correspond with the first three layers
of the 0SI Reference Model. Because of this, Recommendation X.25 is often

considered an early 0SI protecol.

4.4.2 0SI/Manufacturers' Standards

A11 operating system development of a distributed nature has intarnal
layering, and the issue becomes, "How does this layering map into 0SI?" The
IS0 has picked the model of the OSI which best matches the needs of tie people
who participated in its development.

Every major manufacturer of computers in the United States is rejresented
on 5C-16. Many of the manufacturers are multinational companies with inter-
national operations. Each of these companies is participating in 0SI studies
precisely so that the 0SI model can represent the best possible compromise
between the layering inherent in their particular architecture and that of the
0SI.

For example, while 0SI is being developed to provide an international
standard architecture and set of protocols, IBM's Systems Network Architecture
(SNA), which is widely implemented, provicles somewhat of a de facto industry
standard. A migration from SNA to 0SI is possible because both have layered
architectures. Some of the functionality can be tracked layer by layer.

There are differences, also. Some layers of SNA are minimally functional
compared to 0SI, and some layers of SNA are more finely subdivided than they

are in 0SI. The general correspondence is shown in Figure 4.8.

4.4.3 (0SI/Local Area Networks

The relationship of the 0SI to LAN's has been considered in great detail
by TC-97/5C-16. This subcommittee has asserted that the fundamentals of the
reference model do apply to LAN's, with possibly some extensiaons to be devel-
oped. In fact, both the LAN standardization in IEEE, and the hyperchéennel
standardization in ANSI provide the dividing of the standards into physical
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and data link layers that are compatible with the reference model. .n the
layers above the data link layer, the complicated problem exists of "ntercon-
necting all networks--LAN's--with each other and these with long-distance and
metropolitan area networks. This interwcrking problem (a current project of
TC-97/5C-16) applies to the network layer of the 0SI and is fully recognized.
Beyond that, the problems asscciated witht the upper layers peer-ito-peer con-
nections between the end systems apply, regardless of the networking when

heterogeneous data systems attempt to communicate with each other.

4.5 When to Implement 0SI
Since the principles are establishec for 0SI, the time to start using it
is now. The OSI, which is basically a framework for the standardization of
the rules governing the interactions between interconnected systems, will
never be "finished." It will be an on-gcing subject, evolving over fhe years.
By starting to apply OSI now, the system will grow into an OSI systen as the
standards evolve. Early implementation zppears to be the only pract cal way

to gain the benefits that are aiready offered by this structure.

5. AN INTERNATIONAL SYSTEMS-PLANNING STANDARD: THE
INTEGRATED SERVICES DIGITAL NETWORK (ISDN)

The unprecedented interest that was generated worldwide in the (CITT
studies on packet data networks in the 7C's, as indicated in Section 3.7
(Recommendation X.25), is evident again in the CCITT studies on the SDN in
the 80's. Even though the real implementation of the ISDN is years away, the
worldwide interest is resulting in pressire to get the standards now.

This section of the report does four things:

1. It presents an overview of the ISDN. This is complementary to the

discussion of the work of CCITT Study Group XVIII in Section 2.

Specific issues and problems associated with ISDN concepts "n the
United States are included.

2. It reviews a preliminary survey (CCITT Study Group III) tha: attempted
to gather views, worldwide, on the ISDN.

3. It presents a summary of the three ISDN draft Recommendations from
Study Group XVIII.

4. It offers a perspective on the ISDN from several quarters o’ the
telecommunication community--that of telephone carriers, data car-
riers, information system planners, and users.
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5.1 An Overview of the ISDN

The overall concept upon which the ISDN is based is a simple one, and two
technology trends have promoted its development. First, more and more of the
telephone network is becoming digital in switching and in transmission. This
trend is expected to continue and even to accelerate. Second, the providers
of many other services that were originally analog (e.g., facsimile) have
found it economically advantageous to go digital, exploiting the rapid advances
in integrated circuit technology.

These two trends taken together make it seem very logical to progress by
relatively small steps toward a totally digital, end-to-end network that could
support almost any kind of communication service, analog or digital. However,
it must be recognized that the phasing out of the present telephony analog
network will take a long time.

The ISDN concept is defined in very general terms, and is open to differ-
ent opinions and interpretations. For example, the telephone network is
rather central to the concept, although the CCITT definition of the ISDN in
Recommendation G.702 (vocabulary} refers to any network that provides more
than one service using shared facilities. Thus, a network providing data and
facsimile over common digital switches and paths would qualify as an ISDN.
However, since the telephone network is the only one that reaches almost
everyone and so can provide total connectivity, current concepts in the CCITT
(G.705) view the ISDN as "based on and evolving from the telephone network."
Our discussions here are based on this approach.

The ISDN seems to mean different things to different people and also
stirs varying--and often contradictory--reactions. Some concepts of the ISDN
are: the ISDN will be a single, worldwide ISDN; each country will have an ISDN
with a high degree of connectivity with other ISDN's; there will be several
ISDN's possible in one country, with varying degrees of connectability; the
capability of the ISDN to provide all kinds of services will eliminate other
telecommunication providers and may actually severely restrict customer-service
choices; and the ISDN will enable many new services. Clearly, the beauty (or
lack thereof) of the ISDN lies in the eye of the beholder, 1.e., in his or her
expectations or fears, as the case may be. It is equally clear that, at this
time, it is impossible to arrive at a common understanding and agreement on
the exact scope and nature of the ISDN.

Objectively, the present telephone network is, to a significant extent,

an integrated services network. Via the local loop, one can access such non-
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voice services as facsimile, data (via mcdems), message handling services,
data bases, etc. The "U.S. telephone network," which provides acces:; to these
services, is one network, although it consists of 1600 telephone companies
(including some long-haul competition).

Similarly, it is possible that the United States will one day have a
"U.S. ISDN." This ISDN will be made up of many constituent parts and will
include competition in different segments of the network. All will be compat-
ible and integrated so that, from the user's side, it will appear to be one
network.

From all indications, the continuing and ever expanding use of digital
techniques in transmission and switching for economic reasons means ‘hat the
public telephene network will inexorably evolve into an integrated services
digital network. Therefore, it is not the evolution in itself that has made
the ISDN a major subject of international importance, but rather the philoso-
phy in the planning and design of the future network and of the subscriber
access to that network, including the interconnection of constituent (telephone
and nontelephone) networks, and of peripheral networks (e.g., private networks).

5.2 Issues and Problems in the United States

There are many factors in the U.S. environment that must be resolved
prior to the implementation of an ISDN. There is a multiplicity of common
carriers and a multiplicity of private networks to be connected to the public
telephone network, or public ISDN. (There are countries in Europe with this
latter problem as well, but not on the seme scale as that of the Uni.ed
States.)

The multiplicity of international ccmmon carriers presents yet another
problem, as does the separation between voice and record carriers. [mplement-
ing the ISDN in this environment raises cuestions, some of which are internal
to the U.S. scene.

One of the goals that is unique to the United States is the prometion of
competition in telecommunications. This concept of competition exis.s to some
degree in some other countries (e.g:, Carada and the United Kingdom) Imple-
menting the ISDN in a competitive envirorment will result, it is believed, in
the best possible service at the lowest possible cost.

In solving these problems, the United States should be aware of the inter-

nationatl climate. The United States alsc should not block efforts toward an

83



international ISDN just because some of those efforts do not fit the U.S.
environment.

Two things are certain. The user in the United States is increasingly
communicating with countries overseas, and the U.5. user should not be denied
the advantages that might accrue from the ISDN. Cooperation in developing

standards is therefore essential.

5.2.1 Technical/Economic Issues

One example of a problem that is unique to the U.S. environment concerns
64-kb/s digitized voice. In the United States, the 64-kb/s digitized voice is
not economical over the length of trunk circuits used on long-haul communica-
tions. It is economical for short-haul circuits as long as perhaps 200 miles
(320 km), tike the ones found more typically in Europe.

This situation has resuited in a major effort toward using lower bit rate
digitized voice. At the moment, 32-kb/s digitized voice is being strongly
considered; chances are very good that in the CCITT there will be a
Recommendation for 32 kb/s within this study period. In principle, it may be
established by next June (1983) when Study Group XVIII meets again (see
Section 2.3.3).

What effect will this have eventually on the ISDN? The ISDN is presently
based on 64 kb/s. This is not likely to change because most of the established
short-haul digital trunks will continue to operate at this rate. The real
problem, however, is not transmission but switching. Switching for ISDN is,
at present, presumed to be at 64 kb/s, and sub-rate switching is not generally
accepted. Another problem is that a long-haul ISDN connection set up for
voice might contain 32-kb/s trunk sections and thus not be a "transparent
64-kb/s pipe" (as ISDN connections were originally thought of).

An appreciable part of the local loop plant may nct be able to support
the full ISDN interface capabilities. Is replacement of that part of the Toop
plant (or the entire loop plant) justified? These, too, are real guestions.

One advantage of a standard interface such as that dealt with in Recom-
mendations I.xxx and I.xxy is that terminal portability will be available.
This means, for example, that the terminal used at the office could be taken
home and plugged in for operation. This feature will obviously have some
effect. Having the interface standard, alone, does not guarantee the porta-
bility feature, however. The data rate at home must be the same as that avail-

able at the office, or the terminal must be capable of operating at several
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data rates. It is necessary to examine the related costs, as well as the
terminal equipment costs, in this situation.

Hybrid schemes are being discussed which would allow a portion of the
present network, during a transition period, to be used in conjunction with
the all-digital portion. This feature has some limitations and some conse-
quences for terminal manufacturers. Not all customers will have requ:rements
for all of the services to be available from the ISDN; the ISDN's full capabil-
ity will not be needed by everyone. Furthermore, for many decades the bulk of
transmissions, and the bulk of the revenue, will still be just ordinary voice
communications--digitized or analog.

The requirements that are imposed on the network by the different serv-
ices--by voice communications, by data communications, by high-speed facsimile
communications--may be different. Costs must be examined here, and the gques-
tion must be asked: will all classes of users pay their fair share? {are must
be taken to avoid cross subsidizatien (even unintentional) resulting from
building a network to the highest requirement when 80% or 90% of the time that

network would be used only for a lower requirement.

5.2.2 Role of the FCC in the ISDN

The FCC has established an intra-agency task force on the ISDN. It is
made up, primarily, of persons who were somewhat involved in helping to write
Computer II and/or the recent competitive carrier rulings. Obviously, they
will try to maximize the understanding of what Computer II means both domesti-
cally and internationally.

This task force monitors the domestic activities of the ISDN and evalu-
ates their relationship to the efforts of the CCITT. Anyone--carrier, manu-
facturer, user--who would care to give input to the work of the task force is
encouraged to contact the FCC in this regard. (The chairman of U.S. CCITT
Study Group A has volunteered to be the 1iaison for this information.)

5.3 The International Scene from the U.S. Perspective
How does the international scene look? Is the United States being forced
by the Europeans into standards that are mainly responsive tc the Eurgpean
view of the ISDN and the PTT environment?
The Europeans are very serious about igetting ISDN standards soon--with or
without the United States. In other words, if not in CCITT, they will estab-
lish standards in CEPT (or otherwise), and they will set European rather than

world standards. Europeans do want standa“ds, soon on the whole, because
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early standards would permit them to put their ISDN-development efforts and
money in the direction of least risk.

However, the Europeans have a vivid memory of the multiplex hierarchy
standoff of some years ago that resulted in two PCM standards--the North Ameri-
can and the European. Although there were many reasons for the dual standards,
no one really enjoyed the process.

And just as the Europeans are willing to work very hard to avoid a similar
occurrence, so is the United States, who also learned a lesson. Everyone is
now more receptive and sensitive to the importance and benefits of common
standards.

So far, the visible results in ISDN standards work have heen modest, with
most of the effort centering on mutual understanding, and building mutual
trust. A severe test of this mutual trust was made during the Study Group
XVIII meeting in June 1982. The United States delegation did not favor using
the accelerated procedures for early approval of the three ISDN draft Recommen-
dations, although the European administrations wanted this. The U.S. delega-
tion successfully conveyed to the study group members that the reasons for its
objections were not the principles of the Recommendations, but the ambiguity
of the terminology that could result in serious misinterpretation. At present,
the three Recommendations are being refined and clarified (see Section 5.4).

The ISDN concept presents opportunities as well as challenges and prob-
lems. But the moment is here to move forward and to work at agreement on
common standards before individual investments in different countries or dif-

ferent groups have grown so large that agreement would be totally impossible.

5.4 Three ISDN Draft Recommendations (1982)

The three draft Recommendations of CCITT Study Group XVIII, referred to
in Section 5.1, are labelled I.xxw, I.xxx, and I.xxy. The following discussion
is based on the February 1982 version of these three documents (Appendices A
through C). Before this report was printed, a Study Group XVIII drafting
group (Geneva, November 1982) editorially refined these drafts for presentation
at the June 1983 meeting of ISDN experts (see Section 5.3). These drafts are
also included in this report in Appendices D through F. However, in keeping
with the report policy detaiied in the report Introduction (page 2), the
changes have not been incorporated into the following discussion or figures.
It is instructive, however, to read Section 5.4 with the revised version in
hand.
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5.4.1 Draft Recommendation I.xxw

Draft Recommendation I.xxw is entitled, "General Aspects and Principles
Relating to Recommendations on ISDN User/Network Interfaces." This prelimi-
nary draft Recommendation defines the main feature of an ISDN as the support
of a wide range of services, including voice and nonvoice services in the same
network by offering end-to-end digital connectivity. The goal is a limited
set of standard, multipurpose user/network interfaces for the ISDN. Therefore,
an ISDN will provide a basic network transport capability for a variety of
services, and will be recognized by service characteristics available through
user/network interfaces, rather than by its internal architecture. This would
permit user evaluation that says, "Yes, this dces/does not meet the ISDN Recom-
mendations." Recommendation I.xxw permits the incorporation of information
storage and processing, depending on national regulations.

Figure 5.1 is a graphical representation from I.xxw demonstrating that
the ISDN should serve at least all of the indicated purposes. The ISDN should
relate to a single terminal, a multiple terminal, a more complex terminal
arrangement (e.g., a PBX, a LAN), and be able to interconnect and intercperate
with private networks and with other networks.

The approach one takes in analyzing these ISDN concepts allows either of
the following points of view: an ISDN is one internetwork with many constituent
parts, or an ISDN is a multiplicity of ISDN networks that interoperate.

5.4.2 Draft Recommendation I.xxx

Draft Recommendation I.xxx is entitled "ISDN User/Network Interfaces--
Reference Configurations.” Conceptual configurations are useful in identi-
fying a variety of access arrangements, and they relate to two rather impor-
tant concepts--the concept of referance points, and the idea that these con-
ceptual reference points divide functional groupings. These reference points
and these functional groupings may or may not correspond to physical inter-
faces, but they are used as a basis for agreement. (The reader interested in
the relationship of these functional groupings to the 0SI Reference Model is
referred to 1.xxx, Appendices A and D of this report.)

Figure 5.2 illustrates three basic reference configurations for user/net-
work interfaces to be found in I.xxx. The square boxes represent functional
groupings and the intersections marked by one uppercase letter (from the end
of the alphabet), indicate the reference points. The letters and the numbers

have the following (simplified) significance.
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Functional Groupings (sets of functions that may be needed in ISDN user access

arrangements):

T1l: terminal equipment that is ISDN compatible {(capable of a direct con-
nection to an ISDN user/network interface channel structure as speci-
fied in draft I.xxy)

T2: terminal equipment that is not ISDN compatible

NT1: basic network termination group (e.g., transmission line)
NT2: more complex network termination group (e.g., PABX)

TA: terminal adaptor (for T2's)

Reference Points (conceptual points dividing functional groupings--may also

represent a corresponding physical interface):

R: a reference point that is not ISDN compatible (e.g., interfaces com-
plying with other CLCITT Recommendations such as X.21, X.25; or other
existing interfaces)

S: a reference point that is ISDN compatible (enhanced services)

T: a reference point that is ISDN compatible (nonenhanced services)

Figure 5.2a illustrates the general ISON configurations. Figure 5.2b
shows the connection of a non-ISDN compatible terminal T2. If TA were to be
included in T2 (e.g., as a plug-in module), then there might be no physical
interface corresponding to R, and T2 + TA would in fact become T2.

Figure 5.2c illustrates a possible configuration for a variety of hybrid
access arrangements. This configuration represents a transitional approach,
one that involves an analog circuit (i.e., analog telephone) and a low-speed
digital circuit.

Figure 5.3, found in I.xxx, offers some examples of user/network arrange-
ments to show the correspondence between ISDN reference pcints and physical
interfaces. In these diagrams, of varying complexity, there are S and T phys-
ical interfaces (—> >—) indicated at the reference points (-—f*é—— ); see
particularly Figure 5.2. They do, in fact, still divide functional groupings

and actual physical equipment.

5.4.3 Draft Recommendation I.xxy
The third Draft Recommendation is entitled "ISDN User/Network Interfaces--

Channel Structures and Access Capabilities.'" To minimize the variety of physi-

cal interfaces, I.xxy defines a 1limited set of both channel types and channel
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structures for such interfaces. Draft Recommendation I.xxy offers the follow-
ing definitions of these terms.

A channel represents a porticn of the information-carrying capacity of
the interfaces through which it is carried. Channel types are combined into
channel structures. A channel structure defines the total, potential digital
information-carrying capacity across a physical interface. Access capability
refers only to that portion of the digital capacity of the interface actually
supported by the equipment behind it.

Channel Types

Draft Recommendation I.xxy has, so far, defined three channel types: B, D
and C channels.

The B channel is a 64-kb/s channel. It should embrace traditional PCM
voice at 64 kb/s; data--either at bit rates of 64 kb/s, or rate adapted to
64 kb/s; digital voice encoded at less than 64 kb/s and combined with data,
carried at 64 kb/s to the same destination; and high-quality voice encoded at
64 kh/s.

The D channel, operating at 16 kb/s in some structures and at 64 kb/s in
others, will carry primarily signaliling information for controiling B channels,
but may carry packetized data and telemetry as well.

The C channel, operating at either 8 or 16 kb/s, would embrace packetized
data, telemetry, and signalling information, and is associated with an analog
channel. It allows for the possible use of analog terminals (analog tele-
phones) together with some digital services. {Signalling to control the analog
channels may or may not be carried over the C channetl.)

Other channels under study include broadband channels and higher rate
channels and signalling channels for PABX access arrangements using Signalling

System No. 7.

Channel Structures
Three channel access structures are defined in I.xxy: basic access, hybrid

access, and primary rate access.

Basic Access: The basic channel access involves two B channels and one D
channel {2B+D), and thus operates at 144 kb/s plus the necessary
framing and overhead. With the basic access channel structure, two B
channels and one D channel are always present at the ISDN user/network
physical interface. One or both B channels, however, may not be
supported beyond the interface. Therefore, the following three access
capabilities are possible: 2B+D, B+D, or D.
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Hybrid Access: This refers to the conbination of an analog chann21 and a
C-channel.

Primary Rate Access: These structures correspond to the primary nultiplex-
ing rates of 1.544 Mb/s (North American) and 2.048 Mb/s (European),
consisting respectively of 23B+D and 30B+D channel structuras.

Other channel structures under study include:

1. an intermediate access between the basic and primary access (possibly
between 500 and 800 kb/s), and
2. a broadband access, which might embrace services that the basic

144+ kb/s cannot handle (e.g., 1.544 Mb/s access capable of handling
1.472 Mb/s + D).

5.5 Worldwide Views/Plans for ISDN Services

Study Group III's working group on Question 21/III1 (Working Party 1) is
interested in the tariff, accounting, and marketing of services within the
ISDN. These issues include such policy-related topics as resale, and the
interconnection of these channels to telephone networks.

In late 1981, CCITT Study Group III's Working Party 1 distributed a "pre-
liminary survey guestionnaire on the plans for developing an ISDN." At the
time, many members thought that concern with these issues might be premature;
by June 1982 (when the three draft Recommendations were developed) the same
members viewed the process as more timely.

The survey polled opinions on issues such as rate structures, the merits
of the ISDN, which services might be included in the ISDN, specific tariff and
policy problems that might arise when the ISDN is introduced, and the status
of ISDN development for each country.

Based on the respenses obtained from 14 administrations, the Special
Rapporteur of Question 21/II1 prepared a tentative summary. The major points
are presented below.

1. The transition to the ISDN will be lengthy. Also, the process toward

implementation of the ISDN will vary among countries.

2. In several countries, the ISDN will be introduced to a limited number
of exchanges or routes by 1985.

3. At the initial stage of the ISDN, it is most likely that the packet
switched network and wideband transmission network will not be
integrated. However, it would 2ventually be possible to integrate
almost all services conceivable in the ISDN.

4. With the advent of the ISDN, maintaining a reasonable balance between
the tariffs of diverse services will likely become a major problem.
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This will necessitate the gradual modification of the existing tar-
iffs, paying due consideration to a reasonable balance between the
charges of different services. Also, rates for new services should
be established, taking the advent of the ISDN into account.

5. O0On the international level, further study is required on accounting
rates, differences in charges of international routings, and interna-
tional coordination of telecommunication facilities and services.

Further information concerning this survey may be found in CCITT Study

Group III Temporary Documents, Nos. 501, 502, and 504, all dated June 9, 1982.

5.6 Progress Toward ISON Implementation
An early pilot ISDN will be Japan's integrated system, to be called INS

(Information Network System), and scheduled to be operational in 1984. Nippon
Telegraph and Telephone Public Corperation (NTT) plans to construct "a nation-
wide integrated system combining digital communication networks and computers,
to provide diversified communications and information services to the public.”
For a description of this national ISDN, as well as those being planned in six
other countries (Canada, France, Germany, Italy, Sweden, and the United
Kingdom), the reader is referred to the work of Glen (1982).

5.7 A U.S. Telephone Carrier's View of the ISDN2
The ISDN trend indicates that today's public telecommunication network
will evolve into an ISDN to satisfy and stimulate the telecommunication needs
of our evolving information society. Telephone carriers see the ISDN evolving
from today's network penetration of the IDN (Integrated Digital Network).
This existing plant is an asset that is driving the ISDN.

21t became obvious early in the workshop, summarized in this report, that the
speakers and the participants represented a broad cross section of attitudes,
philosophies, fears, and hopes concerning the ISDN. With this in mind, the
following four sections (Sections 5.7 through 5.10) attempt to capture faith-
fully each individual speaker's contribution on his view of the ISDN. These
speakers (see also Section 1) were: Dr. D.J. Kostas, GTE Service Corp. (Sec-
tion 5.7); Eric Scace, GTE-BCS (Section 5.8); Richard Holleman, IBM (Section
5.9); and Mark Wall, Chase Manhattan Bank (Section 5.10). No effort has been
made to synthesize the convergent points of view (necessitating some repeti-
tion), nor to compare the divergent points of view. Above all, nothing has
been done to evaluate any point of view. It is left to the reader to recog-
nize points of agreement and/or disagreement with the views expressed, and
thus to sharpen his/her own focus.
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One way to perceive the ISDN is as a shopping center of tomorrow. The
success of shopping centers in our society is based on two primary coisidera-
tions: economies of scale, and the desires of people to have a sale supplier

for their services.

5.7.1 Advantages of the ISDN
The ISDN advantages for telephone carriers involve integration and stand-
ardization. These advantages are seen as ultimately benefitting not only the

carriers, but society as a whole.

Integration Advantage

There are four kinds of integration nere: facility, service, operations,
and demand.

Facility integration refers to the economical advantages accruirg from
the minimal facilities that will be needed when all services, reducec to the
primitive "1" or "0" content, employ digital transmission.

Services integration describes the "single supplier" shopping center
approach to telecommunications. This not only leads to higher efficiency
through multiplexing, but will offer synergies among services by supflying
them "under one roof." Also as the services grow the "partitions of the shop-
ping center can be moved." This provides timely operation as well as flexibil-
ity at low cost.

Operation integraticon, which makes it easier to use one network. refers
to the fact that everything is reduced to a common denominator in terms of
operations. The same person can handle voice or data, or maintain and operate
the system.

Demand integration gives ready access for new services over the one net-
work. By "moving the partition” the timely introduction of new services may
be effected with minimum risk. If it is unsuccessful, the new service will
leave the market! Therefore, the introdiction of new services will be spurred
by that capability. Also, the capabilities of filing for an experimental
tariff and turning on the service at low tariff cost will be advantajeous.

To summarize, the benefits of the ISDN in terms of integration include:
reduction of capital expenses of new plant, reduction of operational expenses,
and the spurring of new service offerings through Tow starting costs/low-risk

implementation.
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Standardization Advantage

The early identification of basic [SON features will permit more effective
planning for the telephone carrier. This will lead to compatibility and uni-
formity of services, minimizing of waste associated with unproductive develop-
ments, economies of scale resulting from the minimizing of interfaces, and
better choices of equipment for the carrier because many manufacturers will be

making a more uniform product.

5.7.2 ISDN Specifications

The ISDN specifications are a necessary constraint in today's
telecommunication-industry revolution. Although specifications can have a
constraint on innovation, innovation and change must sometimes be constrained
in order to secure a definitive, new product. But specifications and con-
straints are directly proportional: the more detailed the specifications, the
more confining the constraints.

Specifications for the ISDN need not be--should not be--design instruc-
tions. Rather, a balance must be found between giving directions for the ISDN
based on the most advanced of today's technology and allowing the inclusion of
tomorrow's. Three aspects of ISDN specifications will illustrate this point:
standardization, pianning, and allocation.

Standardization is an exercise in deliberate constraint of the variations
and permutaticns in which a product or a service may be offered. Such standard-
ization refers to the compatibility and interworking of aspects of the ISDN.

Planning is the constraining of available options suggested to decision
makers to attain certain results in the future. The ISDN draft Recommendations
(I.xxw, I.xxx, and I.xxy discussed in Section 5.2) are valuable to telephone
carriers as planning documents. They are not design specifications, but they
are a rough sketch of the ballpark. Although clearer definition of some as-
pects is still needed, they are valuable because they enable some planning at
this time.

Allocation of resources is the consequence of the constraint imposed by
the fact that all resources are finite. The ISON Recommendations permit plan-
ning, and the planning is dependent upon allocation of resources.

Specifications on the ISDN are needed more now than specifications were
generally needed in the past. The reason lies partly in the new technology

that has altered the telecommunicatien environment.
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In the past, the telephone carriers had a well-defined, low-volatility
environment. In this country there was a leading standards maker, ATXT, who
gave long-lasting specifications that were fipe tuned by ail the carriers to
permit a uniformity of one U.S. telephone network. Standardization of these
specifications assured this uniformity.

The future promises a very volatile, uncertain environment for the tele-
phone carrier. There is no longer a leading standards maker, per se. No one
knows who the players will be in the new environment. General, functional
specifications like the ISDN (and the QSI) are developed with the awareness
that tomorrow's services--which will be built on today's standards--are as yet
unknown. So, standardization is preceding the implementation instead of vice-
versa (see Section 3.2.2). The telephone carrier needs flexibility to adapt
in a cost-effective manner. In particular, the ISDN is demanding frcm the

carrier a stored-program controlled network, and digital capability.

5.7.3 Some Objectives of the ISDN
There are three kinds of objectives associated with the implemertaticn
of, or conversion to, an ISDN on the part of the telephone carrier. These are

planning objectives, access objectives, and design ohjectives.

Planning Objectives

The ISDN should be planned in such a way that it provides an orderly,
economical evolution and growth of the present telephone network. This im-
plies that the process satisfies a mulitiplicity of demands, including compati-
bility with existing (and still improving) analog facilities. Every step of
the way, the process must optimize the use of the tools at hand and also ex-
ploit the new technologies. It is important not to overburden the user in
this process; the transition to an ISDN should be smooth, and the hijghest

standards of the telephone network should be maintained in all aspects.

Access Objectives

The ISDN access should enable terminals, subscriber line transmission,
and central offices to incorporate technological processes independently, and
should facilitate the introduction of new services. An approach to oe aveided
is, "We'll give everybody cake whether they Tike it or not." The apiroach

used should not place a heavy burden on .elephone services.
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Design Objectives

Some major considerations on the design of the ISDN are that it should be
an open-ended architecture with a Timited set of standard, multipurpose user
interfaces. The user flexibility should be maximized. The costs should be
kept low through economies of scale. The objective is to prevent undue pro-

liferation of equipment interfaces.

5.8 A. U.S. Data Carrier's View of the ISDN

A data carrier's point of view on the ISDN is partly that of a carrier,
and partly that of a user of transmission services. The CCITT guesticnnaire
on the ISDN, discussed in Section 5.5, indicates that the sheer economics of
the situation is the most powerful motivating force for the ISDN. This survey
also suggests that the possibiiity of integrating services in the manner de-
scribed below is probably the second strongest motivating factor. How will
this affect the dedicated data network of today and tomorrow?

5.8.1 The Data Environment

Unlike the telephone environment, the data environment has always been a

volatile one. There has never been one clear standards maker; there has always
been a crying need for standards before implementation; and users have always
had to piece together different components to produce "one network."
Figure 5.4 illustrates today's world for data users. The muitiple interface
choices do not exactly encourage direct terminal-to-terminal connections be-
tween data terminals. The constant digital-to-analog-to-digital conversions
are not very efficient uses of communication resources.

Further, while work is progressing on defining a new interface for the
ISDN, questions have yet to be fully studied relating to interworking between
those who use the new interfaces and those who, for good, powerful, economic
reasons, choose not to throw out all their old equipment. For example, it
would be very desirable in areas where ISDN is not immediately available, to
take an ISDN terminal, T1, and by some means, be able to carry its signals
through the analog network to reach the ISDN-capable network, so that it can
communicate with other ISDN terminals.

Similarly, provision is needed for interworking between existing termin-
als and new terminals, both in the ISDN environment, and in the environment

where the ISDN is not available locally. That same kind of interworking is
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needed between ISDN terminals supported by an ISDN network and non-ISDN term-
inals supported by today's conventional network. A1l of these interworking

issues are just beginning to be studied. And there is much to be dane.

5.8.2 CCITT Work on adaptation to ISDN
The questions are often asked, "What is the fate of X.25, given ISDN? Is

X.25 doomed to an early death?"

Switching Adaptation

Study Group VII is currently studying a rough draft Recommendation con-
cerning the adaptation of existing X.25 terminai equipment to the ISDN world
where packet switching will be available through the S interface. Figure 5.5
illustrates one such terminal adaptor. What has not been widely recognized is
that to describe such a terminal adaptor, one needs to make some supposition
as to how packet switching services will be available through the S interface.
And once one accepts that, it is a very short step to replacing this combina-
tion of equipment with an ISDN terminal that operates in the packet mode over
the S interface. Hence, there would be a new packet switching interface
standard.

Study Group VII has begun work on two other draft Recommendations. One
applies to packet switching, and the other applies to circuit switching tech-
nology, represented by X.21.

A related adaptation issue is the transition from current data terminal
speeds (found in Recommendation X.1, for example) to what seems to be the core
capability represented by ISDN: the availability of transparent 64-kb/s
switched paths through the ISDN.

Rate Adaptation

The CCITT has agreed in two study groups (VII and XVIII) that rate adap-
tation will be done on the current X.1 user rate to the 64-kb/s speed, and
that it will be done by a two-stage process illustrated in Figure 5.6. The
current existing data rates will be adapted to the nearest higher speed that
is part of the family (2n times 8 kb/s), and then in a second stage, will be
changed to 64 kb/s.

The standard that has been proposed--the draft Recommendation dealing
with X 21 terminal adaptation--is one that is self-recognizable; at Teast one

can scan the 8- or 16-kb/s stream and determine whether or not rate adaptation
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has occurred, and, if so, what the original speed was and so be able to ex-
tract the information from it.

What has not yet received wide support in the ISDN community is the possi-
bility of providing, at the T interface, channels whose actual speed is less
than 64 kb/s. And whether that condition ~ill continue to stand, given the
forces that work on 32-kb/s voice, is unclear.

An alternative method for rate adaptation for packet switching services
is shown in Figure 5.7. There is no padding of the bit stream from tfe X.1
user rate to the 64-kb/s rate. Rather, one takes advantage of the interent
frame-oriented structure of packet-switching protocols and uses the HILC flag
filling mechanism to fil1 idle time in the 64-kb/s bit stream so that the
buffering capabilities of the terminal adaptor are not overrun. Also under
discussion, although not universally agreed to, is the possibility for the
terminal adaptors to interleave within this channel, at the frame level, other
frames from other terminal equipment.

Another question concerns data speeds faster than 64 kb/s. These speeds
are not too common within the present network. Some of the satellite carriers
provide higher digital circuit speeds, which people have assembled in.o their
own private data networks. Many questions remain to be studied regarding
higher speed channel capacities at the user interfaces to the ISDN and for the
service provider interface to the ISDN.

The concept that has received the most attention is the provision of
channel capacities at speeds greater than 64 kb/s simply by providing many
64-kb/s channels (Figure 5.8),.

The difficulty with this arrangement is that so far the ISDN network
planners have not shown much enthusiasm for bit sequence integrily across such
wide bandwidth. This means that the term nal might be responsible for the
time synchronization of the order of bits across these 64-kb/s channels. Is
this a satisfactory arrangement for the user?

Terminal portability has been mentioned for the ISDN, and now much dis-
cussion is held on whether or not it will be possible to take the user/network
interface being defined for ISDN and applv it as a common physical interface
for many environments as seen in Figure 5.9. To do this, one may need to
adapt the X.1 data rate simply for transmission over the S interface. In
addition, local control of the modem will need to be carried as well through

(perhaps) another portion of this interface.
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Direct DTE-DTE operation seems to be a technical possibiltity, and it
seems also to be possible to use an interface like the S interface to get inte
a local area network, providing one draws the boundaries cleverly or correct-
ly--a subjective evaluation, to be sure.

The IEEE 802 work on local area networks has been focusing on standards
for operation over the transmission system that comprises the LAN for getting
into and off that transmission system, and for data terminal equipmen: specifi-
cally built to operate with LAN's. Not a 1 data terminal equipment i1 the
world will be specifically built to operate on LAN's.

Local area networks will also need to provide for interfaces mat:hing
data terminal equipment that will not alwiys be used in the LAN envirinment.
If a good job is done here, one candidate interface would be the S interface
for ISDN.

5.8.3 Concluding Comments

Will ISDN swallow up the dedicated netwerks? From the user's view, the
ISDN interface has the potential to provide access either to fully integrated
networks, or to separate, dedicated service networks through a common inter-
face. The actual data networks will probably not be, at least for the remain-
der of this century, universally absorbed into a ubiquitous, single, ISDN
within this country.

One positive step is the consideration of one common, worldwide interface
for all of the dedicated service networks, therefore providing termiral porta-
bility. However, it is important that a measure of choice for the user be
preserved. When the user accesses either the local network (e.g., PEX) or the
local operating company through such an interface, the freedom must exist to
choose the next step. Examples would be for the user to a) continue using the
local network for transmission, b) access a dedicated network of his,/her
choice, or c) access private networking facilities.

In terms of this latter, private networking facilities in the IYDN environ-
ment can be constructed to and from semipermanent ISDN circuits. These cir-
cuits can then be accessed readily during times of private circuit overload.
The CCITT is now considering user-to-user signalling in this respect. Although
the concept is not yet clarified and agreed upon, the implications o allowing
user-to-user signaliing over public netwcrk facilities to support, perhaps,

the internal signalling for management of private network control are exciting.
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A hoped-for outcome of ISDN studies is the rationalization of charging
structures among the networks so that they may evolve into a more uniform
arrangement for the common interface.

The ISDN may be expressed as that once-in-a-century opportunity to aiter
today's telecommunication infrastructure. One key aspect in the transitioen
from today's world to the ISDN world i< the study of the interworking. Both
the technical details of the international system, and the economics of pro-
viding telecommunication transport services will be changed.

As a result, the future offers the user greater flexibility in the design,
access, and operation of both public and private networks. Since the user is
the ultimate voter, the one who will either buy or not buy ISDN-provided serv-
ices, it is essential that the user community participate in the development
of ISDN standards.

5.9 A U.S. Information System Planner's View of the ISDN

The information system planner's perspective on the ISDN approaches the
concept of integration primarily as one of transport integration. Several
aspects from this perspective are listed here and discussed further below:

1. the concerns over the development of ISDN standards, including their

relationship to 0SI;
some reasons why the data user finds the idea of an ISDN attractive;
major ISDN considerations related to U.5. regulatory policy; and
concerns over the evolving ISDN trends, which are deviating from the
original concepts.

5.9.1 ISDN Standards

It is generally agreed that a single, worldwide ISDN standard (or set of
standards) will promote compatibiiity and will minimize product development
and eventually user cost. However, the possibility of these standards’ acting
as a constraining force on the information system industry is not resolved by
merely making the specifications general enough to permit flexibility. As in
all standards development work, the standards should also be performance
oriented, outlining the desired results, but not detailing the design, thereby
minimizing inhibitions to technological innovation.

While the ISDN standards should be forward locking (with regard to tech-
nology), they should be forward looking in a way that recognizes existing
investments in private networks, data bases, and application systems that
cannot be scrapped and that must be accommodated in the development of inter-
faces for the ISDN.
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The ISDN Recommendations must also ersure the transparency of the data
streams from the point of view of code anc protocol independence. The user
should not be burdened with changes to his/her data stream or interfaces be-
cause of ISDN standards regquirements.

A key issue for the information system planner is the functional compati-
bility of the ISDN with the 0SI Reference Model, especially layers 1 ihrough 3
(see Section 4). The ISDN must maintain functional compatibility with these
layers. One issue at the ISDN standards table is contention resclution {when
more than one terminal wishes to communicate in the same time frame). At what
0SI layer does it take place and where does it fit in the ISDN model? From an
0SI point of view, contention resclution is a Tower layer function, layer 1,
and not a layer 3, or higher layer, function, nor should it be an NT1 function.
These aspects will continue to be discussed in CCITT work, and need to be
considered in terms of the impact that ISON has on other standards acl.ivities.
To be avoided is the development of a set of ISDN standards that will cause
existing standards to be redone or reshaped.

Standardized subscriber services should be avajlable with ISDN, as well
as with other networks. This point deals, in effect, with the upper ‘“evels of
0SI. There are questions to be considered: Will the dedicated service networks
be able to provide subscriber services, as they do today, in an ISDN environ-
ment? Or, will all of these dedicated networks disappear, so that the only

access for subscriber services will be through the ISDN?

5.9.2 User Expectations

The user, in order to benefit from the ISDN, must have a common zccess
arrangement to all services with minimum effect because of the system. The
ability to access multiple services through the same port is a very s‘gnificant
economic advantage of the ISDN, but the information transmission must be trans-
parent to the user. The full advantage of the 64-kb/s capacity (and beyond)
should be available to the user and not just lower rates (such as 32 kb/s).
The importance to the user of end-to-end connectivity with bit-sequencing
integrity cannot be minimized. It is still unclear to what extent the ISDN
can provide the compatibility to integrate voice and data. Finally, the user
is very interested in arrangements for the attachment of devices with existing
X.21, X.21bis, and X.25 interfaces. An adaptor for such attachments can become
the interface, replacing the CCITT standards for interconnection, thereby
simplifying attachment of existing terminals.
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5.9.3 U.S. Regulatory and Competitive Environment

The U.S5. information systems industry supports and is part of the U.S.
participation in the CCITT. A1l interested parties in the U.S. must consider
the ultimate effect of CCITT Recommendations on the U.S5. competitive environ-
ment. Compromises in the CCITT arena are always being reached with PTT's who,
although they represent a variety of approaches, normally cluster toward provi-
sion of services on a monopoly basis. The CCITT documents must be reviewed
with a concern for regulatory aspects as well as technical aspects. The FCC
is, at present, the U.S. voice (and conscience) on regulatory issues, and is
playing a key role in U.S. ISDN policy (see Section 5.2).

In the United States, for example, certain physical terminations for
basic digital services may be classified as customer premises equipment and
are provided con an unregulated, competitive basis. This is just not true in
most other countries. Although the basic transmission service interface on
customer premises should conform to international standards where appropriate,
it should also contain only the minimum function necessary to terminate the
service and should be nondiscriminatory.

Two other concerns from a regulatory perspective involve separation of
services and competition within basic services. The ISDN services should
allow basic and enhanced service separation, two underpinnings of the current
U.S. environment. There is the possibility that ISDN Recommendations could be
defined in such a way as to prevent this separation. Competition within basic
services should not be precluded, but should be provided for. This competi-
tion is in the interest of the United States as a whole.

In general, if specifications are written and defined in CCITT Recommenda-
tions that affect these regulatory policies outlined above, then the telecom-
munication industry in the United States will find itself in the chicken-and-
egg syndrome, saying, "l would like to do that, but I cannot because the ISDN

Recommendation in the LCITT does not allow it."

5.9.4 Concern Over Evolving ISDN Trends

There are several concerns relating to the changes that are "eroding" the
original ISDN concept. These changes, both quantitative and qualitative, are
leading to varying perceptions of the ISDN. Some of the observed trends in
these perceptions are summarized betlow.

First, there are uncertainties that flow from the very name of the net-

work that juxtaposes four specific concepts, in four words: integration,
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services, digital, and network. This allows considerations on "integrated
services" and "integrated network," as well as the meaning of integralion in
either case. Generally, the U.S. telecomrunication community does nol view
the ISDN as an integration of service providers in any way. The U.S. services
stem from many sources, and will continue to do so, as opposed to the situa-
tion in most European countries.

To say that the underlying transport mechanism in the ISDN is the digital
network does not mean that there is only one network available in the United
States on a national basis. This has never been the concept in the United
States. Rather, it is the integration of transport services which becomes the
ISDN.

In addition to the qualitative trends related to concepts and detinitions
of the ISON, there are measurable changes evident. One of these trends is
evident in the fate of the "interface points" that initially were to he part
of the ISDN model. These interface points have been replaced by "reference
points" where interfaces may (or may not be) located and defined. Line termin-
ation is now considered internal to the network and the T reference point be-
comes the user interface. In some PTT's there will not be a T interfiace avail-
able, but only an S (for enhanced services) interface.

Originally there was even a U interface designated in the model. This
interface has disappeared completely. The original intent of the U interface
was to tie together the customer access interface and the transmission media.
There is still interest in the United States for defining a U interface.

Another concern about the changes in the ISDN concept is the emphasis
being placed on packet switched services and on hybrid interfaces. These
emphases speak of rapidly evolving new technology and the transition problems
of the period.

The first case refers to such questions already discussed as, "W 11 the
ISDN be the only digital network available?” A few years ago, some presenta-
tions showed the ISDN as a digital pipe. At the end of that digital pipe are
the packet switched service, the circuit switched private network, teased
lines, etc. Some CCITT work, at present, seems to imply that, in effect, the
ISDN will be the only digital network facility available and that only a packet

switched interface will be offered to the user and to information sysiems

operations.
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The second case--the hybrid concept--is a newcomer to the ISDN scene. As
a transitional interface for analog equipment, it does not fit the ISDN defini-
tion, vet it is to be found in the draft Recommendations. Confusion resulting
from this paradoxical situation can be troublesome. The hybrid interface is
unique and is not a step forward in the defining of ISDN interfaces.

Finally, there is concern over the apparent urgency (rush, even}, on the
part of some nations, to achieve early ISDN recommendation approval (as ex-
ptained in Section 5.3). This urgency could become a serious problem if it
were to affect negatively the CCITT consensus process. Paradoxically, in
contrast to the expressed urgency, there is the need to take more time {than
has been usual in the past for such issues) for widespread discussion on the
ISDN. Burgeoning interest abounds worldwide. In the United States, this
interest is being indicated by persons who are critically concerned with the
underlying networks and services that will he provided. 50 far, these concerns

have not been adequately presented or resolved.

5.10 A U.S. User’s View of the ISDN
The user is ultimately the key to the ISDN implementation. The user
either will buy or will not buy the provided services. This section outlines
some of the user's concerns about the ISDN, and offers a discussion on bankers

as users.

5.10.1 Bankers as Telecommunication Users

Banks constitute a segment of moderately heavy users of telecommunication
services and facilities. Until recently, banks generally used only standard
services~-voice, data, record--but this is changing to include many new serv-
ices,

Bankers are becoming sophisticated telecommunication users. The banking
business is in the process of migration to a transaction-processing business.
Although the transition is slow now, over the next few years banks will Tikely
be deriving direct revenue from transaction processing. As new services are
multiplying, based on the new ways of doing business, banks are also changing.

The new telecommunication/computer banking activities evolve from the
economical necessity to reach the broad base of user terminals already in
place, or soon to be in place. Banks will have an important role to play as

the clearing house of transactions that will actually occur over these links.
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Currently, many banks are in the prozess of implementing X.25 packet
switched networks of their own, in additian to using some of the public data
networks. These private networks for large banks will first evolve into na-
tional data networks, and then international data networks.

Other services that banks are looking at, in common with other users, are

video teleconferencing and information services.

5.10.2 Concerns of Users in General

There are many users and groups of users, in addition to bankers, who are
becoming increasingly more sophisticated in their use of telecommunications.
At the basic level, the user is concerned with what the network can co, how
well it can do it, and how much the user ~ill be charged. Even so, it is
doubtful if any of the users yet has the vision to realize fully the revolu-
tionary implications of a truly functional ISDN. Some of these functiens,

relative to the user's perspective, are explored below.

Services

The range of services, old and new, is of interest to the user. Obvious-
ly, the current services are expected to be supported. These include full
period switched voice, voice-derived data, switched low-speed data (e.g., TLX,
TWX), switched medium-speed data (packet), full-peried, high-speed data
(generally available now at the right price with specially constructed
facilities), and certain specialized services (e.g., program channels, video).

The ISDN is expected to have all of these services available. The ISDN
studies, so far, have not included much study on specialized services, al-
though there are some new references to providing the required higher rates.
Two other basic services envisioned to be available are high-speed, circuit-
switched data/voice (to 64 kb/s), and the ability to provide security to the

user drop at a very reasonable cost, which cannot be done readily now.

Access and Control

Users are interested in both access and controls. Basically, will users
in the ISDN environment have control over their own destinies? Some recent
examples will highlight this concern.

The recent European strictures on private data networks are attempting to
force users into use of public packet networks. The packet network civorces
the users from direct access to the actual transport mechanism, and thereby

inhibits them from setting their own priorities.
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Similarly, there has been recent controversy over the potential elimina-
tion of private wire service altogether. If this were to occur, it would
essentially 1imit the user's control cver his/her own destiny as to when and
how quickly he/she can talk--whatever the price.

The ISDN, of course, does not preclude dedicated circuits, but it is not
clear that such circuits are being fully considered. There are certain func-
tions for which the user must have an absolute control over communication
facilities in order to operate. When the user sets the priorities, of course,
the user pays the premium--but it is worth it. One example from banking, with
respect to dedicated lines, is the necessity of providing immediately acces-
sible circuits for broker trade. What happens when a broker circuit goes
down? It can be disastrous to a user if the decision to withdraw these serv-
ices i1s made--willy-nilly--by a PTT or a carrier.

Another aspect of control is the user's ability to monitor the network's
performance. Whether by design or not, the current analog plant permits users
to implement rather extensive data networks, and at the same time (e.qg.,
through sidetones) to be able not only to monitor the performance but to iso-
late faults. The notion of end-to-end user signalling in ISDN discussions is

encouraging in this respect, but more must be done.

Quality

The concerns a user has about the quatity of service in the ISDN are the
ordinary concerns about the present system. They include questicns about the
grade of service, analog performance over the digital network, the digital
error rate performance, how much monitoring to assure quality, and how much
quality at what price?

Relative to the last gquestion ("Quality at what price?"), the last few
years have indicated that users have been willing to sacrifice a good deal of
quality in exchange for a cheaper service. A concern expressed in Section 5.1
of this report (that the ISDN should not be overdesigned for data when it will
be used 90% for voice) is valid. However, the reverse of that should not be
true. The fact that the service is usable for voice should nol preclude the
user from choosing to use it for data, even if the quality is not there. The
notion of a 32-kb/s voice circuit could present problems if the only user

access 1s analog.
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Transparency
The user is interested in a transparent network. The ISDN offers hope of
improving the protocol independence that can be achieved with X.25 networks,

for example.

Physical Attributes

The physical characteristics at the user's interface are important. The
view at the back of the racks in a computer center is a very frightening
scene. The user community, in general, would like to put away its RS5-232
interfaces for good. The ISDN discussions on a 2- or even 4-wire interface
are very encouraging. The user is interested in full-duplex connectivity for
the circuits.

Although users--hy and lTarge--do not expect guarantees on minimal trans-
mission delays (having used satellites and packet switched networks) they
would like to have an understanding of the transmission delay characteristics
of the network so they can plan for them.

The capability of the ISDN to support multipoint communication is uncer-
tain. However, this type of network will be around for a long time, even
though some are being superceded by data etworks. Some technique must be

found to support them.

Efficiency

Will the ISDN make efficient use of the bandwidth available? If the
price is low enough, of course, the user will not be really exposed toc the
waste that could be occurring. It appears that for a tTong time the ISDN might
provide very capable circuits that indeed do very littie. In addition to
efficient use of bandwidth, it is hoped that the ISDN will be able to avoid

sudden mismatches that can cause a networ< not to function.

Cost

The ultimate bottom line for the user is cost. Obviously, extensive
capital is/will be put into the ISDN by common carriers (or PTT's). Much of
today's analog equipment will be deleted from the network; eventually there
will be less equipment providing more services.

These changes will take time, and it will possibly be an excruciating
process. The possibility exists that, in the United States, the benefits of

an ISDN will have to await fiber optical long-haul transmission coast-to-
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coast. Until then, analog channels for long-haul will continue to be cheaper
than digital. Also, although 32-kb/s voice is an improvement in efficiency
over 64 kb/s, this solution to the problem requires more study, especially in
view of the inability te afford sufficient quality for analog transport of
9.6-kb/s data.

5.10.3 Operational Ground Rules

The telecommunication user is expecting certain advantages from the ISDN.
Certainly, the telecommunication user community should be better off in an
ISDN environment, or at least as well off as now. To achieve this basic objec-
tive, the options for services should expand with no radical changes in serv-
ice options already existing. Expected advantages include facilitation of
voice encryption (for privacy), and service guality improvement as the digital
interface is brought right to the user.

Above all, market forces should prevail in the introduction of the ISDN
to assure that offered services are truly advantageous to the user as well as
to the common carrier.

6. THE NEW SERVICES: TELETEX, VIDEQTEX, AND FACSIMILE

The traditional CCITT-defined services are telegraphy (including telex),
telephony, and data. The "new" CCITT services are the nonvoice, telegraphy-
related "telematic" services. In this provisional term, "telematic," the
CCITT includes such services as teletex, videatex, and facsimile (aithough
facsimile is a very old service). There is general, worldwide interest in
these services--and associated supplementary services—-particularly as they
relate to the ISON.

The responsibility for the international standardization of these serv-
ices belongs to the CCITT. Recommendation A.21 defines the CCITT's views on
collaboration with other international organizations on issues relating to the
CCITT-defined nonspeech services. (For a discussion of the meaning of a
"CCITT-defined service," see Cerni, 1982a.) This Recommendation asserts that
the CCITT has sole responsibility for operational, technical, and tariff prin-
ciples of the CCITT-standardized services. It states further that other inter-
national organizations are invited to give specialist advice on matters of
mutual interest when made on a timely basis.

116



The international standardization of these services is being affacted,
inevitably, by the national condition of the various countries involvad in the
process. The historical national situatinns are also affecting, and w~ill
continue to affect, the eventual implementation of these services.

6.1 Introduction

This section of the report, which is a generalized discussion of the new
services, presents an overview of the curcent situation in regard to new serv-
ices and international standardization. [t offers a) a comparison between the
telecommunication envircnment in the United States and that of most European
nations; b) a summary of recent attempts o develop a unified U.S. position on
videotex standards for presentation to the CCITT; c) a discussion of the tele-
matic services; and d) a review of the historical development of facsimite,
tracing its evolution as one of the oldes: (1840) telegraphy services into a

new digital service.

6.2 Overview of the U.S. and PTT Telecommunication Environments
The U.S. telecommunication environment, built on competition and free
enterprise, affords both strengths and limitations to U.S. carriers, as does
the quasi-monopolistic PTT. environment to European carriers. The following
discussion compares the U.S. common record carrier environment to that of the

European PTT's.

6.2.1 Historical/Traditional Background

In the U.S. environment, each new service contemplated by a carrier must
be analyzed carefully as to its potential effects both on the viability of the
company and on the plant in place. During the past two decades, the record
carriers have increasingly offered such services as message, telex, private
teased channels, terminals, and switching equipment. The stockholders to whom
the carrier is responsible are not eager o witness premature retiremznt and/or
forced obsolescence of existing plant by -he forced introduction of additional
services; the carrier, of course, must continuously deal with the amortization
of existing plant.

The PTT's, in general, do not have to struggle with these problens to the
same extent as does a competitive carrier  Since the PTT has a (quasi) monop-

oly on all telecommunications, it is possible for it to subsidize the new
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record services (for example) with telephone service revenue. The PTT is not
as constrained by equipment in place because the PTT does not have stock-
holders.

In addition, the regulated U.S. carrier, who is responsible to the FCC
for tariffs, classification of services, approval of certain new services,
etc., cannot function in the same autonomous style as does the PTT. The PTT
functions as a total entity--the postal, telephone, telegraph services, and
FCC all rolled into one.

These differences help to account for the fact that certain PTT's have
been able to move ahead in a more progressive, experimental fashion in the
past several years than has the U.S. carrier, who is more bound by extensive

plant, financial accountability, and regulation.

6.2.2 Videotex: A Case in Point

ITlustrative of the possible consequences of these different environments
is the way videotex standards have been developed in the European CEPT organi-
zations and in North America. The following discussion records a unique ap-
proach taken in the United States as a response to the need for a unified U.S.

position.

CEPT Position (May 1981)

Within the CEPT community, several experimental videotex systems (espe-
cially in the United Kingdom and in France) were implemented (before those 1in
the United States or in Canada) to test the market and to assess the utility
of videotex systems. Consequently, agreement was reached in CEPT (May 1981)
on certain videotex standards (a combination of two experimental systems) for
presentation to CCITT Study Group VIII. At this time, the United States had
not yet made any formal position on the protocol at the presentation Tevel.
Without a position, the United States would have been at a disadvantage at the
CCITT, not being able to present, in a unified form, its own interests.

U.S. Action (January 1982)

The preparation of the CEPT document revealed the urgent need for the
United States to examine the proposed CEPT standards and to determine what was
in the best U.S. interests. Consequently, a Videotex Technical Experts Panel
{directed by U.S. CCITT Study Group B) was formed in January 1982. The 12
members represented a broad spectrum of U.S. industry and government interests,
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as well as standards organizations. The panel members represented U.S. Study
Group B, banking/financial industry, newsaapers, FCC, Department of Commerce,
U.S. common carriers, cable television, U.S. National Communication System
(NCS), the computer and semiconductor industries, ANSI, and EIA.

The work of the panel was to compare the existing experimental systems
with the proposed enhanced, and more flexible, systems in the light of U.S.
market trial results and the needs of the U.S. marketplace. The hoped-for
consequences of these studies was a recommnended U.S. position concerning the
final resolution of CCITT Recommendations F.100 and S$.100 to assist the study
groups and working parties to which these questions had been entrusted. There-
fore, the specific tasks assigned to the J.S. panel were to:

1. review the U.S. market requirement for videotex service with emphasis

on the diversity of present and future applications;

2. vreview the videotex technical standards alternatives available to
satisfy the requirements; these included:
~ CEPT (May 1981)
- Bell System Presentation Level Protocol (May 1981)
- Provisional Session Level Protocol (November 1981);
- Draft North American Presentation Level Protocel (May 1982);

3. recommend to U.S. Study Group B 3 U.S. position on videotex standards
that best met the present and future needs of the U.S. market;

4. coordinate resulting Recommendations with U.S. Study Group A for
submittal at international CCITT meetings; and

5. prepare a technical contribution addressing Question 24, Study Group
VIII, to represent the U.S. Recommendations for videotex standards
for submittal by U.S. Study Grou> B to CCITT Study Groups VIII and I.

The foundation of the panel's work was task number 2 above. The North
American Presentation Level Protocol had jeen under development by ANSI and
the Canadian Standards Organization following a ls-year effort on the part of
AT&T and others. In addition, a provisional session layer protocol had been
proposed.

On the international level, there were existing (November 1980) stand-
ards, definitions, and Recommendations which the panel reviewed. In general,
these international standards, definitions, and Recommendations (F.300, $.100)
were (are) not complete and are intended 3as guidelines for further study.
These references are:
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1. videotex service: The CCITT study of videotex during the 1977-1980
Study Period resulted in Recommendation F.300, Study Group I, which
provided a broad working base.

2. videotex terminals: a) During this same period, CCITT Study Group
VIII developed $.100, a technical Recommendation; b) there was an
established international information exchange for interactive video-
tex; ¢) CCITT Recommendation V.3 established international alphabet
No. 5; d) IS0 Standard 6937 presented a coded character set for text
communication; and e) there were code extension techniques for use
with the IS0 7-bit coded character set, IS0 standard 2022-1973.
In addition to the work indicated above, the CCIR is studying the re-
guired standards for broadcast taletext services for general reception by
standard TV sets of various systems (525 1ine/30 frame, versus 625 line/25

frame).

U.S. Position Defined (August 1982)

The panel successfully completed its task after ceven meetings, and in
August 1982, three U.S. contributions were presented to CCITT Study Group
VIII. This work is detailed in 6.3.2 below.

6.3 The Telematic Services
The following discussion on the CCITT-defined telematic services includes
mention of several Recommendations. The complete titles of these Recommenda-
tions, and of all Recommendations referred to in this report, can be found in

Appendix G.

6.3.1 Teletex

Teletex is a new, fast, telegraphy service which offers many sophisti-
cated features combining certain office typewriter facilities (including edit-
ing functions) with transmission functions. Teletex employs a character set
which is a large superset of ASCII (American Standard Code for Information
Interchange). Teletex terminals are designed to communicate via public
switched networks. Since it is aimed at facilitating and accelerating the
exchange of ordinary correspondence, teletex can be made interoperable with
telex, even for internaticnal transmission via international carrier. Figure

6.1 illustrates a typical teletex configuration.
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In 1980, the CCITT plenary assembly approved Recommendation F.200 which
serves as an essential working base for present and future teletex studies and
offers the necessary information for the instailation of this new service.
Some technical aspects of teletex can be found in CCITT Recommendations S.60,
5.61, and S.62.

6.3.2 Videotex (and Teletext)

Videotex can be broadly defined as the two-way, interactive service that
transmits text and graphics to the user's TV from some remote computerized
data base, and also permits the user to have some control over the data
viewed. Teletext is a one-way broadcast mechanism that employs the NTSC
(National Television System Committee) TV signal to transmit text and graphics
to the user's TV but offers no interactive capability. Although teletext is
under the purview of CCIR in general, it is discussed here because both
videotex and teletext will be employing the same presentation level protocol,
i.e., the same alphabet, character coded set, etc.

The following discussion has two separate parts. The first is an over-
view of both videotex and teletext, and the second is a summary of the develop-
ment events (particularly in relation to international standards) of videotex
since 1978. Since no attempt is made in these pages to discuss technical
details, the interested reader is referred to the CCITT documents.

Typical Videotex and Teletext Services

Figure 6.2 offers a schematic of a "typical" videotex/teletext configura-
tion. The house on the left (A), represents the user (although the use, cer-
tainly, is not limited to home use), and the terminal equipment indicated
includes the decoder-controller, keyboard keypad, and display screen (TV). On
the right, (B) is the schematic teletext capability. The lower right (C)
represents the information source, the data base(s). This data base could be
replaced by a host computer, or whatever equipment contains the communications
and application software necessary to perform the functions of videotex and
teletext. Below the data base is the information provider(s) (D), who supplies
a wide range of information input to the data base, for teletext or videotex
services. The transaction service(s) (E) is indicated as having interactive
capability (with the decoder/controller at the user's terminal) for the videc-

tex service only.
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The section representing the network(s) (F) indicates four things: a)
broadcast teletext may use an existing network (such as cable TV) instead of
the antenna; b) the videotex service is not obliged to use the same transmis-
sion network in both directions; c) there is no intent, internationally, to
1imit videotex or teletext to a particular transport mechanism; and d) the
diagram implies the possibility of hybrid configurations, using teletext
through the broadcast mechanism in the information input directions, and cable,
or another network, for the response. The concept of the 0SI model (Section
4) is to make the data flow that is conveyed between peer protocols at the
presentation layer transparent from its transport mechanism. Therefore video-
tex applies equally well to the appropriate use of the existing telephone
circuit switched network, existing packet networks, and two-way cable systems.

In the teletext operation, the informaticn is transmitted from the infor-
mation provider via the computer and data base (a) to the "combiner” (b},
where it is combined with a TV program (c¢). This is then broadcast in any
typical NTSC television mode (x), including satellite. As mentioned, this TV
signal could also be handled by cable (y). The reception of the signal in the
house can be by direct antenna coupling {x') or by cable (y').

For videotex, the input message generated by the transaction service (E)
and/or the information provider (D) can be transmitted by the same mode dis-
cussed above, or by another network (z). The response can come back through

(z') or on another network.

Predominant Development Activity of Videotex Technical Standards

Figure 6.3 illustrates the basic videotex activity since 1978. As can be
seen by (A), the United Kingdom's Prestel, France's Antiope, and Canada's
Telidon coding schemes were introduced into the standards discussions by 1978.
These three systems exerted the predominant influence at this time in the
international arena, although there was a significant level of activity by
both Germany and the United States. Japan (as indicated by the dotted Tine)
was also becoming involved, with preliminary work on their CAPTAIN system.

In 1980, at the VIIth Plenary Assembly, the CCITT adopted Study Group
VIIT's Recommendation S.100, which contains elements of the coding schemes
{basically incompatible) of each of the three above-named systems: Prestel,
Antiope, and Telidon. Because of time constraints, Study Group VIII was un-
able to resolve the incompatibilities but promulgated S.100 anyway, as a basis
for further work needed to reach a complete definition of the specifications
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required to produce a videotex service. Both Europe and North America have
consequently based their studies on S5.100, considering only the upper layers
of interconnection.

The European community, through CEPT (B in Figure 6.3), after an evalua-
tion of their market tests and their service introductions of Prestel, Tele-
letel (France) and Bildshermtext (Germany F.R.), has combined the additional
functionality needed with the 5.100 functionality. These requirements, plus
the vast majority of $.100's coding for the two mosaic systems, constitute the
presentation protocol (E) that has been presented to the CCITT by the European
administrations. Some European members of CEPT have also proposed a way of
reaching international interworking (F).

Meanwhile, as indicated by (H) on the diagram, the United States and
Canada, in a successful joint effort, have proposed the North American Video-
tex/Tetetext Presentation Level Protocol Syntax (N.A.-PLPS). This document
combines all of the functionality and the majority of the coding found in
S.100 with AT&T's Presentation Level Protocol. The groups involved were/are
U.S. CCITT Study Groups A and B, ANSI, CVCC {Canadian Videotex Consultative
Committee), and CSA (Canadian Standards Association}.

The N.A.-PLPS proposal made to CCITT wili be processed through ANSI as
well as through CSA (K}. It will be dealt with in the United States in the
manner indicated in Section 2.3 of this report. The possibilities of accep-
tance of this proposal by 1984 look excellent at the present time (M).

A third presentation protocol from Japan (I), based on their CAPTAIN
system is also being presented to and considered by CCITT.

The CEPT International Interworking Proposal (F), also referred to in
Section 6.2, is not totally acceptable to the U.S5. consensus group from Study
Groups A and B. The work of the experts panel resulted in the U.S. "win-win"
proposal (indicated by G), which proposes another framework for the interna-
tional videotex Recommendation. This proposal appears to accemmodate the
diverse market requirements as expressed in the Recommendations that have been
developed in the various countries, including the broader capability that
seems to meet the needs of North America. Efforts are being made to coordin-
ate the time scale for these proposals.

The U.S. CCITT group believes that the "win-win" proposal offers an inter-
national recommendation which permits all three proposed protocols (E, H, 1),

as well as any national data syntaxes, to be fully integrated. The U.5. goal
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at this time is to formalize this proposal as a joint Study Group 1 and VIII
videotex Recommendation within the 1982-83 time frame (J) for approval as the
1984 Plenary Assembly (L).

[Study Group VIII's meeting in November 1982 was not balanced by a formal
Study Group I meeting, as one is not planied until 1984, However, since the
July workshop, the Videotex Working Party of SG I did meet for 3 days, and
jointly with the Videotex Working Part of SG VIII for 1 day, the week prior to
the SG VIII meetings. This joint meeting produced an excellent proposal that
essentially approved the approach of the J.S. "win-win" proposal. ]

6.3.3 Facsimile

After 140 years of history, facsimile appears to be coming into its own
in the 1980's, especially as a general business communication service. There
has been extremely rapid development in advanced facsimile techniques in the
past few years.

The following discussion on facsimile not only presents a history of
facsimile, but also illustrates and ties together some key points mace in this
report. These points include:

1. the role of the CCITT in ensuring international telecommunication

compatibility;

2. the importance of CCITT Recommendations in both domestic anc interna-
tional telecommunication markets;

3. one way in which modern digital (especially) technology is affecting
the structure of international organizations such as the CCITT;

4. the working and interworking of standards groups, internationally and
in the United States; and

5. the rapid growth of digital telematic services and the rapid movement
toward their convergence and integration.
What is Facsimile?

Although facsimile is a widespread, worldwide service, most peoplie are
unfamiliar with it, or have but a hazy icea of what it is.

In general, facsimile is a means of scanning and reproducing anv type of
graphic information--black and white text, handwritten information, pictures
(black and white and in color)--from one facsimile machine to anothe* over
normal telecommunication channels. Since the ability to reproduce detail is
limited only by the scanning and printing process and the connecting transmis-

sion system, facsimile is the most versatile graphic communication mecans known.
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The advantages of facsimile's versatility, however, have not outshone
four of its intrinsic disadvantages which have traditionally resulted in the
use of facsimile only when there was no other usable alternative. These tra-
ditional disadvantages are: slowness of transmission, poor quality of the re-
ceived document, lack of quick recovery from errors, and inefficjency of bit
use (one page uses 5 X 105 bits, even with compression). Improvements are now

being made in all these respects.

Brief History of Facsimile

Facsimile first appeared in the 1840's at the same time as telegraphy and
Morse code. The earliest synchronized pendulum arrangements were followed in
1850 by the cylinder and screw arrangement. By 1865 (founding year of the
ITU) the facsimite service was born when a commercial document facsimile sys-
tem was introduced in France. Worldwide facsimile service continues to this
day.

The potential use of facsimile for commercial picture transmission was
clearly evident by the 1920's. In 1922, a picture was transmitted by radioc
from Rome to the United States, and by 1926, a transatlantic facsimile service
for news photo transmission was firmly established.

There are now four classes or groups of facsimile terminals defined by
the CCITT. Group 4 includes the newest, digital facsimile.

Facsimile Standardization

CCITT: As stated in the introduction to Section 6, facsimile standardiza-
tion is centered in the CCITT. Until 1980, facsimile studies were entrusted
to Study Group XIV, "Facsimile Telegraph Transmission and Equipment." Study
Group XIV was responsible for the promulgation of the facsimile-related
T-series Recommendations.

At the 1980 Plenary Assembly, Study Group XIV was discontinued, and fac-
simile studies were combined with those of teletex and videotex in Study Group
VIII. The reasons for this include several developments. Study Group VIII
had redefined "Text" to mean anything intended for human comprehension that
was presentable on a two-dimensional medium, including the CRT screen as well
as a piece of paper. Since facsimile is included in that definition, facsimile
was "absorbed by definition." In addition, there is the increasing tendency

to put the various types of coded information that can be put on a piece of
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paper (pictures, electronics drawings, diagrams, pure text, etc.) intc one
document distribution system or service. This mixed mode operation will re-
gquire common control procedures for the telematic services.

The facsimile Recommendations, dealirg with apparatus and contro” proce-
dures, include 7.0 (1956) to T.4 (1980), 211 of which deal with apparatus, and
T.30, which deals with the control procedires of facsimile transmission over
the telephone network.

The related F-series service {Study Group I) Recommendations inc ude F.80
(since 1958) and the new (1980) F.160, F.170, and F.180 Recommendations; F.170
and F.180 describe, respectively, bureaufax and telefax. Bureaufax riofers to
the service offered by PTT's in Europe. The message received by the PTT (from
another PTT) is picked up from the PTT bureau by the addressee, or transmitted
from the PTT office to the addressee (if Lhe addressee is a subscribe~ to the
national telefax service), or it is mailed to the recipient. In telefax, the
message is sent from subscriber to subscriber through office machines.

Current CCITT activity centers on facsimile digital apparatus, Group 4.
Issues of concern include resoluticen, mixed-mode architecture and control
procedures, digital phototelegraphy, and facsimile transmission over the pub-
1ic data networks including transmission in common with teletex and videotex.

[SO: The IS0 has not been active in facsimile in the past, and there are
no IS0 facsimile standards. Interest was beginning te develop (1979) in these
issues in TC-95/SC-15, but TC-95 was mergad with TC-97. The present TC-97/SC-
18 group, dealing with text preparation and presentation, may do something
with facsimile via common control procedures and mixed mode. In addition, if
TC-97/5C-19 becomes established to study office machine characteristics, it
may include facsimile in its studies.

ECMA: The European Computer Manufacturer's Association {ECMA), which
contributes to IS0 and to CCITT, has an active technical group workirg on the
same subject as ISO's TC-97/5C-18. In addition, ECMA has a group on coded
character sets that is considering whether or not to study facsimile (image)
coding and compression.

United States: The principal (and perhaps only) facsimile standardization
activity in the United States has been in the EIA's (Electronic Industries
Association) TR-29 committee on facsimile systems and equipment. Th s commit-
tee, which includes representatives of U.S. manufacturers, common carriers,
government agencies, and U.S. affiliates of foreign manufacturers, acts as a
facsimile "subset" of U.S. CCITT Study Group B. Members of TR-29 are the only
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facsimile experts in the U.S. CCITT Study Group B, and they prepare the U.S.
contributions for the CCITT.

The EIA committee TR-29 alsc generates its own facsimile industry stand-
ards, which are compatible with those of the CCITT. The committee also influ-
ences government standards on facsimile since there is government agency mem-
bership in TR-29. This kind of coordination has resulted in recent NCS stand-
ards which are compietely compatible with ETA and CCITT standards.

There has been little ANSI activity on facsimile to the present. The
ANSI X3VI group has the same scope as IS0 TC-97/5C-18 and has established
liaison with EIA TR-29, which will serve as facsimile adviser to ANSI through
X3V1.

Importance of CCITT Facsimile Recommendations to the United States

The CCITT facsimile Recommendations are critically important to the U.S.
manufacturer, carrier, and user in the international arena.

The U.S. manufacturer must build to standards accepted by the European
PTT (for example) if export trade is to be expected. Customarily, the PTT's
demand that any equipment connected to their networks (including facsimile
terminals) be based on CCITT Recommendations. However, following CCITT Recom-
mendations is a necessary, but not always sufficient, condition. Individual
countries also have their own unique requirements.

The U.S. common carrier, who may also be a manufacturer, cannot provide
international service if the U.S. end of the circuit is not compatible. Nei-
ther can the facsimile user communicate internationally if the equipment does

not meet international Recommendations.

The Future of Facsimile

A1l indications at present point to increased use of facsimile since
improvements are being made on all fronts. Faster transmission and better
printing techniques and contrast assure that there will always be applications
for which facsimile is the best answer. This is especially true for subject
matter that cannot be character coded or coded in some fairly efficient
graphic scheme. Extensions, additions, and successors to facsimile apparatus,
techniques, and technology will live on because they are capable of handling

any kind of graphics.
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This expanding future for facsimile appears inevitable, even if the pro-
cess is no longer called facsimile. The techniques and processes outlined in
facsimile standardization, coupled with the newest concept of "text" indicate
that the future, all-purpose "text" machine may have more characteristics that
are associated with today's facsimile machines than with today's text machines.

7. MESSAGE HANDLING SYSTEMS (MHS)

The ongoing development of both telematic services and the comptter-based
store-and-forward services requires more and more ability of the public data
network (PDN) to "handle" the information passing through it. The term "Mes-
sage Handling Systems" (MHS) refers to these abilities or resources provided
by the PDN.

Question 5 of CCITT Study Group VII is a new (1980) question tiiled,

"Message Handling Facilities." Attempts are being made to replace "“acilities"
by "systems" because of the confusion in the CCITT over the exact meaning of
facilities.

This section of the report offers a description of MHS, which is seen as
a network support activity for the user':s interaction with the nonvoice

services.

7.1 General Goals of CCITT Question 5/VII

In recognition of the immensity of their task, the CCITT Rapporteur Group
for 5/VII has specified a working plan that will cover two study periods, at
least. The expectation for the 1981-1984 Study Period is the develosment of a
general Recommendation(s) that will set =he stage by defining an MHS model.
Such a model will act as a tool to permi: the identification of user require-
ments and the specification of the areas that need standardization to facili-
tate international exchange.

The main objectives of this work on MHS may be summarized as:

1. specification of the requirements for MHS so that it can support

message preparation, transport, storage, conversion, varied terminal

access, telematics and other high-level applications, and interwork-
ing among the various services to be provided by MHS;

2. determination of those facilities and services that are suitahie for
provision over a PDN;

3. wuse of the 0SI Reference Model as the basis for the work;
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4. development of the required Recommendations for international MHS;
and

5. determination of the impact of MHS on existing Recommendations as
well as the relationship of MHS with other CCITT-defined services.

7.2 1he Meaning of Message Handling Systems
The "handling" of information in MHS refers only to the store-and-forward
relay of messages from user to user; MHS does not include interactive services.
The "messages" in the PDN with which MHS is concerned include all types
of text (e.g., office documents, personal correspondence, commercial text),
facsimile, "raw" data, vectorgraphics, "voice mail," video, etc. Messages may

consist of anything that can be put inte discrete units.

7.2.1 The Functional MHS Model: User and Message-Transfer Services

Figure 7.1 illustrates the most general concept of the system. The end
users are referred to as "originators" and recipients,” or originating users
and receiving users, and may be people or computer processes. The message
service comprises the functions that work together to provide the accurate
relay of the message from the originator to the recipient.

The functions contained in the message service have been partitioned into
two main subsets, the message transfer service (MTS) and the user agent com-
ponent (UA). Figure 7.2 illustrates this functional model.

The MTS, essentially the store-and-forward relay component of the system,
provides the means for the cooperating UA's to manage their exchange of mes-
sages. These user-oriented services include the message transfer itself, the
capability to send one message to several recipients, time stamping, priority
levels, delivery and nondelivery notifications, and content conversion.

The UA function within the message service is the component that inter-
acts directly with the user. The cooperating UA services would include mes-
sage circulating and obsoleting, notification of user receipt, and advice on
recipient capabilities.

Two different types of UA functions can be considered. In the first
type, the simpler case, a single UA interacts with one user, either an origi-
nator or a recipient, providing the service directly. Study Group VII is not
concerned with standards for this kind of interaction because this kind of
service is provided across a single computer-based mail service, for example,

or within a single provider.
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It is the second type of UA function that is a subject for international
standardization. In this case, the functions will involve two cooperating
UA's, one for the originator and one for tie recipient. The message transfer
system is necessary for a connectionless, message-switched service over the
PDN. Therefore, since the real possibility emerges that the two UA's will
belong to different administrations, CCITT standardization is required so that
users can "talk" across the boundaries. The proposed protocols are discussed

below.

7.2.2 The Layered MHS Model: Representation and Protocols

The techniques used within the 0SI representation of functions ard lay-
ered modelling are being applied to the MHS. This has resulted in a frelimi-
nary 0SI-complementary MHS model. Figure 7.3 represents the simplest two-

layered form of the MHS model. An overview of this model is presented below.

Representation

When the UA's employ the MTS as their medium of cooperation, dif-erent
types of discrete functions are definable, and different types of ent ties can
represent these functions. Figure 7.4 indicates the MTS entities within the
two-Tayered representation; MTSA refers to the message transfer agent, and
MTSA refers to the message transfer service access, making the MTS available
through the message-transfer-layer/user-agent-layer boundary.

The physical mapping of these entities permits the identificatioy of the
necessary communication protocols. The three systems of particular iiterest
are shown in Figure 7.5. System S3 represents a single physical systam employ-
ing all the types of functions being performed in both the MTS and ths UA. 1t
could be possible, for example, to implement only the relay entity within the
MTS. These functions (store-and-forward processes) are within the stand-alone
system, S2. It would also be possible to access the store-and-forward relay
functions through an intelligent terminal as diagrammed in System S1.

Figures 7.6 through 7.8 show various configurations in which these physi-
cal systems provide the basis for possiblz2 message handling systems. Fig-
ure 7.6 represents a stand-alone mail system to which various nonintelligent
1/0 (input/output) devices are attached for access. Figure 7.7 indicates that
certain UA functions (editing, mail storage, etc.), selected out of the pro-

cessing system into an intelligent terminal, can still permit entry tack into
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the mail system. Figure 7.8 represents various mail systems, all intercon-
nected and talking to one another, some ¢f which are back ending intelligent
terminals and some of which are not. Basically, this permits the capability

of the total message transfer.

Required Protocols

The CCITT Rapporteur Group, in isolating the above configuratiois, has
identified three protocols (P1l, P2, and P3) for inclusion in the (honed for)
1984 Recommendation(s). These protocols are indicated in Figure 7.9. Proto-
col P1, the backbone of the MTS, allows fhe store-and-forward relay 2ntities
to transport the messages; P2 operates between cooperating user agents; and P3
is the message transfer service access protocol (encompassing the telematic
services also.)

Figure 7.10 illustrates the location of the MHS in the 0SI model. As
such, MHS is an application of OSI. The MTSA and MTA entities are application-
layer types of entities residing on the top of all the other 0SI layers; P1
and P3 are application-layer protocols.

Protocol P2, however, since it actuially uses the capabilities provided to
it within the MTS, is even an application protocol of an application protocol.
It is depicted at the very top of Figure 7.10.

7.2.3 MHS Naming and Addressing

Naming and addressing are important aspects of MHS, being intrinsic to
message relay of any kind. Ideally, the user of the message handlirg service
(even in the initial stages) should be able to address the message to anyone,
worldwide, who has a user agent. However, the required directory service is
extremely difficult to achieve. Such an internaticnal global directory serv-
ice is a long-term goal to be undertaken in the 1985-1988 Study Period.

Meanwhile, a first approach to a solution of this problem cutlines a
subset of this task. Work has been done to identify two basic naming and
addressing structures for implementation in the initial service.

The two forms of naming encompass a) the architectural attribute set, and
b) the terminal-oriented attribute set. In each case the user agenf. is iden-
tified by a specific 0/R (originator/recipient) name.

In a) above, the O/R name includes three identifiers: the counfry name, a
management domain name (unique to each country), and a user-attribule set
(unique to each domain). This will permit users in the different administra-

tive message handling systems to communicate with each other.
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The second case, b) above, permits the incorporation of the telematic
services within the MHS model {(and within the initial Recommendation). This
altows users to generate and transport messages to a specific telematic ter-
minal simply by specifying the X.121 address of that terminal. (Recommenda-
tion X.121 is "The International Numbering Plan for Public Data Networks.")

Clearly, these 0/R names, specified by the user, are at the very top of
the message handling model, and therefore, at the top of the 0SI model. The
names must be mapped throughout the layers of all the intervening protocols to
the network layer for translation into the suitable form required by whatever

network is being employed in any particular case.

7.2.4 Applications of MHS

The future applications of the MHS are anticipated to be extensive.
Possibly the first applications of the Recommendations will be interconnection
of computer-based mail systems and the enhancement of certain telematic serv-
ices. The Recommendations are being developed with sufficient flexibility to
accommodate such prospective appliications as data base retrieval and inquiry
services, electronic distribution and publishing, file transfer, and "office
of the future" applications (such as invoicing, tax reporting, and requisi-

tioning).

8. CCITT SIGNALLING SYSTEMS: A 50-YEAR SAGA

The previous sections of this report have offered summary discussions of
beth standards work and standardized services. This section is presented to
show half a century's work in the ITU/CCITT on Recommendations for interna-
tional signailing systems. (Instead cf signalling systems, this chronology
could have been developed, as well, for transmission or switching systems. )
After tracing the development of signalling systems from 1930 to 1980, and
after observing the Tifetime of Recommendations as they relate to signalling
systems, the reader will be in a better position to evaluate the work of the
ITU.

8.1 A History of CCITT Signalling Systems
For the context of this presentation, a signalling system is defined as a
structured mechanism for communication between distant points for the informa-

tion transfer regarding connection control. Signalling systems, required for
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communication between humans and machines, and machines and machines, provide
the facilities to support their respective telecommuncation service require-
ments.

The three CCITT telecommunication services considered here are telex,
telephony, and data. Telex and data signalling systems are considerec briefly.
The telephone signalling systems are considered in more depth, and Section 8.2
deals with the details of Signalling System No. 7. Table 8.1 lists tre 18
CCITT signalling systems.

Table 8.1 The 18 CCITT Signalling Systems

Service System Designation

Telex A, B. C. &D

Telephony 1, 2, 3, 4, 5, 5bis, R1, R2, 6, & 7
Data X.70, X.71, X.60, X.75

8.1.1 Telex Signalling Systems

In the early 1930's, national telex networks were being installec, mainly
in Europe, and so CCITT (CCIF, in those days) developed two internaticnal
telex signalling systems, labelled A and B. The national networks al<o made
extensive use of these "internpational" systems for national applicaticns.
Then as requirements developed, Signalling System C was developed in the 1960's
for intercontinental traffic, and Signalling System D was developed ir the
1970's to incorporate the new technology of stored program control. F11 four
telex signalling systems are still in operation, and will not disappeer in the

near future.

8.1.2 Telephone Signalling Systems--A Chronology

The first telephone signalling system was developed in the early 1930's,
when the national networks became partially automated. International Signal-
Ting System No. 1 (SS No. 1) was operated manually, operator to operator, was
extremely simple, had one voice frequency, and supplied only what was abso-
Tutely required. Even so, SS No. 1 was not taken out of service comp etely
until 1980.

Later in the 1930's, as the requirements for international traffic in-
creased and manual service was no longer sufficient, a semi-automatic system
was developed, ready for specification in 1939. Signalling System So. 2 had
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five functions in the signal repertoire: seize, answer, pulsing, clear for-

ward, and ciear back. However, because of World War II, SS No. 2 was never

implemented for international traffic. A SS No. 2-type system is still used
extensively in Europe.

Following World War II, the gquestion arose again: "How are we to handle
international traffic?" The national networks had become automated, and there
were new requirements for the signalling system. Two proposals were made (one
voice frequency and two voice frequencies) and in lieu of settling for one or
the other, two new signalling systems were standardized in 1954, SS No. 3 and
S$S No. 4.

Signalling System No. 3 was designed for terminal and transit operation,
but has been used only for terminal operation. The last No. 3 circuits were
taken out of service in Lurope in the Tate 1970's.

Signalling System No. 4, the two voice-frequency system, was similar to
No. 3 in line signalling, but had a more extensive address signalling format.
Number 4 is still in widespread use in Europe.

In the mid-to-late 1950's, intercontinental traffic expanded (undersea
cables played a part) and the interworking required added capabilities, es-
pecially in the backward direction for failed calls. The resultant SS No. 5,
standardized in 1964, was widely implemented immediately.

At about this same time, an enhanced version of SS No. 5 was being devel-
oped, and in 1968 SS No. 5bis was standardized. However, because No. 5 was
already in place, No. bbis has never actually been used.

In 1968, the CCITT formally recognized the existence of two international
non-CCITT signalling systems in operation in two regions, one in North America
and the other mainly in Europe. So, the CCITT gave these systems a "stamp of
approval," and called them Regional Signalling Systems R1 (North America) and
R2 (Europe).

Signalling System R1 is similar in many respects to S5 No. 5 ; R1, how-
ever, has a digital version. Signalling System R2 is the deluxe version of
per-circuit signalling systems. Basically, when a signal is wanted, it is
received. It has a rich repertoire of functions and can double the capacity.
It is partly out of band and so its register signalling is continuous and
compelled.

The year of 1968 was a busy one for signalling systems. A fourth signal-

1ing system was standardized (R1 and RZ2 were only approved, however), and
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SS No. 6 opened the world to common channel signalling in telephony. Actual-
ly, the idea was not new since it had been used in the early 1950's in tele-
graphy circuits.

The technique, feasible with the advent of computer-controlled switching
equipment, provides an expanded service and facility range and a substantial
increase in the signalling repertoire for the telephone signals and for net-
work management signals. Common channel signalling offers a reducticn in both
answer-signal and post-dialing delays. Above all, signalling is remcved from
the speech path, offering a transparent speech path.

Interest was high in 5SS No. 6, worldwide, and many nations hopec to be
able to implement it right away, since it can be operated via analog and digi-
tal transmission facilities. However, because of the difficulties irvolved in
this system, it was subject to extensive field trials involving several admin-
istrations, including the United States. This produced upgrading, ard $S No.6
now provides excellent service. It is used in North America and in the Pacific
region, and its use is growing. It has not been widely implemented in Europe.

With rapid advance of technolegy and with the ISDN in mind, CCITT is in
the process of developing SS No. 7, which is optimized for the digitel environ-
ment. The ISDN signalling activities include: subscriber-1ine local exchange,
PABX-Tocal exchange, SS No. 7-ISDN user part, end-to-end signalling
capability, and interworking between ISDN and other CCITT signalling systems.

The initial standardization of SS No. 7 was approved in 1980. Signalling
System No. 7 supports telephone and nonvoice services and is optimized for
operation over 64-kb/s digital channels. Being built into the system is the
flexibility to evolve with future enhanced service requirements. Section 8.2
expands the discussion of SS No. 7.

8.1.3 Data Signalling Systems

Table 8.2 provides a tabular overview of the four (to date) date signal-
ling systems (those rows in brackets) and their relation to the data standards
for interfaces. Although the telephone signalling between the subscriber and
the exchange has never been a matter of study for the CCITT, data sy:<tems have

required that the CCITT specify more detail within the national system itself.
8.2 Signalling System No. 7

Section 8.1 has presented a general summary of CTITT signalling systems.

This section considers SS No. 7 in greater detail by presenting a) the overall
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Table 8.2. Overview of the Four Data Signalling Systems
Recommen-
dation Type of Standard Field of Application Remarks
X.20 Interface Between DTE & DCE for start- Defines physical characteristics and
stop services on PDRN's call control procedures
U.C. 1 and 2
Duplex Operation
X.20bis Interface Use on PDN's of DTE designed Interim measure until X.20 is provided
for interfacing to asynchronous U.Cc. 1 & 2
duplex V-series modems
X.70 Signalling Terminal & transit control sig- U.C. 1 & 2; Decentralized;
nalling for start-stop service in-band
on international circuits be- link-by-link; en-bloc and overlap
tween asynchronous data networks for transit
X.21 Interface Between DTE &DCE for synchro- Defines physical characteristics &
nous operation on PDN's call control procedures
U.C. 3 to 7
Duplex operation
X.21lbis Interface Use on PDN's if DTE designed Interim measure until X.21 is provided
for interfacing to synchronous U.C. 3 to 7
V-series modems
x.71 Signalling Technical & transit control Decentralized; in-band
signalling system or. inter- link-by-link
national circuits between en-bloc
synchronous data networks
X.60 Signalling Common channel signalling for International and national SS No. 7
circuit switched data applica- for single & multi~services digital
tions networks; data user part in Rec. X.61
X.25 Interface Between DTE & DCE for Terminals U.C. 8 to 11
operating in packet modec on Structured in accordance with OSI
PDN's layered model :
Physical level ({(X.21, X.2lbis)
Link level
Packet level
®.75 Signalliing Terminal & Transit control pro- U.C. 8 to 11
cedures & data transfer system Structured in accordance with 08I
on international circuits be- layered model (see abave)
tween packet switched data
networks
*UC: User Class
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structure of SS No. /, b) a comparison of 35 No. 6 and SS No. 7, and ¢) the
current work of CCITT Study Group XI on SS No. 7.

8.2.1 Background

Signalling System No. 7, the latest common channel signalling protocol
SPC (stored-program control) switching system, is the first CCITT signalling
system that has been specified with national--rather than international--use
as the intent. Although the other international systems have always had na-
tional variations, this had not been the iatent of the specification activity
of the CCITT in the past. The 1980 specifications of SS No. 7 were largely
the work of Study Group XI (and Study Grous VII) and followed two study periods
of work (8 years). These studies were the direct outgrowth of questions posed
in 1973 by Special Group D (later Study Group XVIII) concerning the basic
requirements for switching and signalling in the integrated digital network
(IDN). Signalling System No. 7 is considered to be the preferred system for
the IDN for both telephony and data, and is being planned as the preferred
system for interexchange signalling in the future ISDN.

The 1980 Recommendations specifying S5 No. 7 are Q.701 to Q.741, which
can be found in the CCITT Yellow Book, Vol. VI, fascicle VI.6. Appendix G

includes the titles of these Recommendations.

8.2.2 A Comparison of Signalling System Nos. 6 and 7

Because some of the work on SS No. 7 has been done in parallel with that
of the digital version of SS No. 6, the quastions are often asked, "What is
the advantage of SS No. 77 Couldn't No. 6 do the job?

Although SS No. 6 is a flexible common channel system, able to werk with
any SPC system regardless of facilities, the original specifications (1968 and
1972) were done when all data were transmitted on analog facilities. Because
the relatively low bit rate (2.4 kb/s) forced the minimizing of transrission
delay, messages had to be resequenced; retransmission occurred, at tines,
whether or not the message received was known to be correct. This recuired
some complications in the telephone procedures and in the messages furnished
for resequencing.

The resultant processes involved in the resequencing checks in S$¢ No. 6
were viewed by some future-Tlooking administrations as too complex and possibly
too difficult for implementation in the anticipated digital networks. (They

have not been as difficult as envisioned in 1972.) Therefore, the designers
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of the resultant new system, SS No. 7, have taken great pains to ensure se-
quence control of the messages all the way up through the network layer of the
system.

As one major reason for the development of SS No. 7, this discussion,
above, reflects the rapid development of advanced digital techniques in the
past decade, and the fear that S5 No. 6 would prove inadeguate for responding
to the needs of the 80's. As a consequence of the rapid development of
SS No. 7, the digital version of SS No. 6 might never be implemented (similar
to the fate of SS No. 5bis).

Certain parameters of SS No. 6 and S5 No. 7 are compared in Table 8.3.
The following paragraphs give an overview of these features.

Table 8.3 A Comparison of Signalling Systems Nos. 6 and 7

Parameter No. & No. 7

bit rate 2.4 (4 & 56) kb/s 64 (4.8) kb/s
T1ink capacity 2000 ckts 40,000 ckts
message capacity 8 bytes 58 (256) bytes

(level 4)
signal unit

length fixed variable
routing code bands destination
protocol structure integrated layered
seguence under repeated & out-of- maintained

error & failure sequence messages

conditions

Signalling System No. 6 was originally specified for 2.4 kb/s; in 1976,
4 kb/s and 56 kb/s were specified for the digital version. Although SS No. 7
is specified primarily for 64 kb/s, it is usable at any bit rate. In particu-
lar, 4.8 kb/s is mentioned in the specifications because some administrations
are planning to put in digital exchanges long before they have much penetration
of digital transmission.

Because of the differences in bit rates, and in the protocol, there is a
very large increase in the number of circuits that can be signalled for in
SS No. 7 (40,000), as compared to the 2,000 circuits in SS No. 6.
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The message capacity of SS No. 6 is small--8 bytes--and reflects the
effort to save bits in the specifications. Signalling System No. 7 can handle
58+ bytes (according to the interpretation of the specifications) and for
national usage SS No. 7 can handle 256 bytes. Although even these messages
are shart compared to some packet protocals, they are more than sufficient for
signalling uses.

The signal unit length is fixed in 55 No. 6, reflecting, again, the de-
sire for efficiency by the designers. Signalling System No. 7 has a variable
unit signal Tength.

To route a message in 5SS No. 6, two things must be known: the link the
message is associated with, and the band number of the message. The band
number tells basically, what group of circuits the message is for, up to 16
circuits. 1In SS No. 7, however, the circuits are grouped by a node designa-
tion, and up to 4000 entities--circuits, etc.--can be handled between two
destinations for any given user,

The totally integrated protocol structure of SS No. 6 (designed prior to
the layered structures of today) has limited flexibility and requires changes
in order to add new features. Signallinj System No. 7, however, has a layered
protocol which minimizes the interactions of the different proteocol functions.

The last parameter listed in Table 3.3, the sequence under error and
failure conditions, has already been touzhed upon above.

8.2.3 The Structure of Signalling System No. 7

Signalling System No. 7 is a layered protocol (the layers are called
"levels"), and there is a relationship batween the 4 levels of SS No. 7 and
the Tayers of the 0SI Reference Model (and with X.25 as well). The overall
structure of SS No. 7 has two main parts: the message transfer part (levels
1 to 3) and the user part (level 4).

The Message Transfer Part (MTP)

The Three MTP levels closely track the first three layers of the 0SI
Reference Model. These MTP Tevels are raferred to, respectively, as the sig-
nalling data link, the signalling link functions, and the signalling network
functions.

Level 1: Level 1 accommodates a variety of data transmission facilities.
It also allows data rates that are in tha G, X, and V series of Recommenda-

tions.
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Level 2: Level 2, which looks very much 1ike level 2 of X.25, can be
summed up as containing functions for delimiting, error and sequence control,
failure detection, and Tink recovery. The delimiting in SS No. 7 is exactly
the same as that for X.25. The error and sequence control is different. It
is a positive-negative acknowledgement system that assures that error-free
messages are received in the same order as they were transmitted. As soon as
an error is detected, or suspected, all the messages are retransmitted from
that point on.

Level 3: Level 3 of §5 No. 7 is different from level 3 of X.25 because
55 No. 7 is a network protocol and X.25 is an access protocol. Signalling
System No. 7, level 3, deals with the functions related to message handiting,
network management, routing, and failure recovery.

As a network protocol, 5SS No. 7 routes messages to a destination node.
The international version specifies 14 bits for this function; the North Amer-
ican version is planning 20 bits (an allowed option).

Signalling System No. 7 is a connectionless protocol and has no means, at
the network Tevel, of setting up connections. Signalling System No. 7 re-
sembles a permanent virtual circuit, established by administrations from the
originating node to the destination node, with whatever circuit identity code
is there. A 40-bit field specifies a unique relationship which is called a
signalling relation.

Level 3 is, nonetheless, defined as a network protocol, and therefore
signalling network management is also defined. The signalling network status
is able to be determined at any time, thereby permitting routing control.

Although SS No. 7 permits both associated and nonassociated modes of
operation, the truly associated mode (working between a pair of nodes) would
not require the originating and destination point codes. The designers of
5SS No. 7 intended to have a full, nonassociated or quasi-associated network
operation.

Great pains were taken to make sure that any message for a given signal-
ling relation--a 40-bit field--would follow exactly the same path under normal
conditions. The "same path" may be a different path in each direction, ac-
cording to the routing structure, but the messages in the forward direction
will go by the same path, and the messages in the backward direction will go

by another path {maybe). This path will always be the same.
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Under failure conditions, no messages are lost nor will messages ever be
repeated. Signatling System No. 7 has a changeover and changeback procedure

which ensures an extremely reliable network.

User Part (Level 4)

Level 4 in SS No. 7 goes up through 0SI layers 4-7. Layer 4 is really a
null function, because some layer 4 functions are included in SS No. 7 Level
3. Two kinds of users are allowed in SS No. 7--the telephone user and the
data user.

Telephone User Part (TUP): Most of the work for the TUP is based on SS
No. 6, because of the improved reliability in S5 No. 6. The TUP is c«ften
referred to as "the user part for telecommunication circuits.” This reflects
the VIIth Plenary Assembly statement that the ISDN will evolve from the tele-
phone network. As such, the work on the telephone network should be used as a
basis for Recommendations for ISDN signalling.

Cata User Part (DUP): The DUP was specified for public circuit c<witched
data. This was based on Recommendation X.87 which defines functions used for
data services, and spells out the capabilities needed for data services.

Recommendation X.61 specifies these.

8.2.4 Study Group XI and Signalling System No. 7
Working Party 2 of Study Group XI is entitled “Signalling System No. 7,"

and is responsible for five questions. Brief titles of these guesticns are:

1 Signalling Network Structure (1/XI)

2. Message Transfer Part Extensions (2/XI)

3. Telephone User Part (3/XI)

4. New User Parts (4/XI)

5. O0AM (Operations and Maintenance)} Measurements (14/XI)

Key issues in each of these questions are discussed below.

Question 1/XI

Signalling network structure has had 1ittle momentum in the pas! because
SS No. 6 was specified for many years before international application (1978).
Consequently, the SS No. 6 network (particularly in the Pacific area)--which
grew rapidly--has little structure.

Study Group XI is still not making much progress on structure, but has
made great progress in defining some standard routing labels, such as a point

code allocation scheme. Using the X.121 numbering plan as the start’ng point,
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each internaticnal signalling point will have point code allocations tc he
administered by the CCITT. The United States, for example, will have avail-
able about 320 of these codes--with great room for expansion.

Another issue that has emerged is the possibility of using SS No. 7 as a
bearer of S$S No. 6, to accommodate those administrations who have already
invested money into programming their switching machines to work with S5
No. 6. At present this has net stimulated much interest because the SS No. 7

development in the international environment has not yet made much progress.

Question 2/XI

The administrations who have started implementing the MTP of SS No. 7, as
specified in 1980, are concerned that future changes might be required, and
see that they might be penalized, in effect, by their early standardization
(see Section 3.5). Other administrations look forward to implementing SS
No. 7 in the late 80's, hoping to have all needed enhancements for such devel-
opments as the ISDN.

Because SS No. 7 is a connectionless protocol, there is a flow-control
problem with it. One specific concern is the clear distinction between net-
work failure and network congestion. Agreement has been reached that there
will be flow control at levels 2 and 3 (level 1 has no flow control, because
it is not a connection, per se). Flow control for level 2 has already been
defined, and that for level 3 is under study.

Question 3/XI

The group studying the TUP has been very active, mainly because studies
on the ISDN user parts are included. Other considerations are 1) the messages
not related to the telecommunication circuit (similar to "direct signalling"
in the Bell System), by which, for example, in a data base search, a prelim=-
inary inquiry can be made as to the busyness (busy status) of the circuit;
2) end-to-end messages, such as the so-called user-to-user ISDN messages that
will pass transparently through the netwerk; and 3) PABX applications; these
applications for the ISDN are also considered in Working Party 6 of Study
Group XI.

Question 4/XI

"New user parts' include extensions to SS No. 7, especially in relation-

ship to the 0SI layering. Problems have emerged in the relationship between
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the 4-Tevel protocol of SS No. 7 and the 7-Tayer 0SI user-related protocols.
Another problem relates to the PABX S5 No. 7 network access. Assurance must
be made that the customer's signalling accass does not interfere with the
network itself. The issues related to maiatenance involve status information,
the updating (maybe remotely) of generics (system programs), and the estab-
lishment of new routing. A final issue involves the interface of SS No. 7
with other protocols such as those connectad with X.25 access into network
operation centers with resultant transmission of the obtained information

across the network (strictly invelving telephone signalling and switching).

Question 14/XI

Although there has not been much activity yet on OAM issues, the meas-
urements needed for $S No. 7 are being defined. There are two basic ap-
proaches to this: bottom-up--the definition of primitives, or basic measure-
ment, that can be made on the system, followed by an analysis of the uses that
can be made of those primitives to furnish certain functions; and top-down--

starting with the users and determining the primitives,

8.2.5 Summary

There is a great effort going on in SS No. 7 development in the CCITT,
reflected by the numbers of participants in the working group. The lerge
number of contributions to every meeting is also indicative of the brcad inter-
est. The diversity of opinion is extensive and issue resolution--especially
in the difficult problem of layering--will be a monumental task. However,
unless this resolution occurs, so that the SS No. 7 can be viable and can

grow, the world community may find itself working on SS No. 8.
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APPENDIX A: DRAFT RECOMMENDATION I.XXW

Annex 3

(to Part II)

LRAFT RECOMMENDATICN I.xxw : General aspects and principleg relating to
Recommendations on ISDN user/network lnterfaces

1. Recommendation G.705 gives the conceptual principles on which the ISDN should
te based. The main feature of the ISDN is the support of a wide range of services,
including voice and non-voice services, in the same network by offering enid-to-end
digital ccnnectivity.

A key element of service integration for the ISDN is the provision of a
limited set of standard multipurpcse user/netvork interfaces. These inter‘Taces
represent a focal point both for the developmant of ISDN network components and
configurations and for the development of ISDY terminal equipment and applications.

An ISDN is recognized by the service characteristies available tirough
user/network interfaces, rather than by its internal architecture, ccnfigucation or
technology. This concept plays a key role in permitting user applications and network
t.echnologies to evolve separately.

The ISDN will provide a basic network transport capability for a variety of
services (ranging from alarms and telemetry through voice, interactive data and bulk
data, to broadband video applications) using a variety of telecommunication modes
from leased and semipermanent connections tc circult and packet-switched ~onnections).

In addition to the basic transport capability, depending on the national
regulatory arrangements, the ISDN could also incorporate information storage and
srocessing facilities, e.g., in case of CCITT standardized communication services, such

as Teletex, Videotex and others.

2. Figure 1 shows some significant exemples of ISDN user/network interfaces.
The following cases are identified corresponéing to

1) access of a single ISDN terminal;
2) access of a multiple ISDN terminal installation;

3) access of multiservice PBXs, or local area network, or, more gererally,
of private networks.

In addition, depending on the particular national regulatory arrangements, ISDN
user/netwerk interfaces may include access of

4) specialized services networks;
5} specialized storage and information processing centres;

6) other single or multiple services carrier networks.
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3. User/network interfaces standardization is required to allow :
1) @ifferent types of terminals and applications to use the same interface;

2) portability of terminals from one location to another (office, home,
public access points) within one country and from one country to ancther
country,;

3) efficlient connection with private networks, specialized service vendors
and other carrier networks.

. User/network interfaces should be specified by a comprehensive set of
characteristies, including :

1) physical and electrical characteristics;

2) performance characteristics;

3) maintenance and operation characteristics;

4} %Tit-stream format, Iin terms of channel aggregation;

5) service and feature selection procedures, signalling procedures and protocol
procedures for the informaticn transfer.

5. In addition to the multiservice capability the ISDN user/network interfaces
should allow for additional capabilities (as compared with the existing X series
interfaces) such as the following

1) a multidrop connection, possibly with socketized simple interface, to
which a variety of different terminals can be connected;

2} choice of bit rate, switching mode, ccding method, etec., on a call-by-call
basis, over the same interface, according to the user's need on a particular
call,

3) capability for compatibility checking in order to check whether calling and
called terminals can communicate with each other.

6. For defining the interface characteristics a layered functional specification
me-hod should be applied, using an 03I-type of reference model, suitably adapted to
allow for the specifics and requirements of the TSDN.

7. The reference configuration for ISDN user/network interfaces define the
terminology for various reference points and the types of functions than can be
provided between reference points. Recommendatbion I.xxx contains the reference
configurations and shows significant applications.

8. As an cbjective the number of different interfaces should be kept to a minimum.
In order to meet this objective, a distinction 1s necessary between the channel
structures supported by the interfaces, and the access capabilitics reflecting the

digital channels actually available and supported by the particular networks accesses.

Recommendation I.xxy covers these aspects.
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g. In order to prevent an unnecessary diversification of interface characteris-
tics, and yet to retain sufficient flexibility to meet the users and network and
services providers needs, a modular approach should be applied in defining each type
¢f interface. This 1s achieved by reflecting the layered functional specif'ication
method also in the structure of these Recommendations. Therefore, the Level 1 type
characteristics applicable to one or various types of interfaces are given in
Fecommendations the I-... series; the Level 2 characteristics in the I-... series,
end the Level 3 characteristics in the I-... series.

A particular type of physical interface appearing at a location corresponding
to a specific reference point can then be fully specified by selecting the appropriate
Recommendations applicable to the relevant fuactional levels (for example, for the
basic user/network interface of Recommendatioa I.010, Level 1 of 1.101, Lerel 2 of
1.201 and Level 3 of I.301 apply jointly).

1.0. The principles outlined above should be applied when other ISDN-iccess
interfaces are to be developed in the future.

~ 2_‘ {D

Single
ISDN
terminal

Multiple PBX,
ISDN LAN,
terminal private
installation networks

CCITH-$4200

*
Depending on national regulation, this may include :

1) specialized services networks;
2) other carrier networks;

3) specialized information processing centres.

Figure 1 - ISDN user/network interface examples
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APPENDIX B: DRAFT RECOMMENDATION I.xxx
COM XVIII-No. R 8-E

I7.h Draft Recommendation I.xxx : ISDN user/network interfaces -
Reference configurations

I7.4.1 General

IZ.%.1.1 This Recommendation provides the reference configurations for the ISDN
user/network interfaces.

The reference configurations are conceptual configurations useful in
identifying variocus possible physical user access arrangements to the ISDN. Two
elements are used in the reference configurations : the reference points and the
functional groupings. The reference points are conceptual points useful in separating
functional groupings, each of which may correspond in certain arrangements t0 physical
equipment or combination of equipment. Physical user/network interfaces may or
mey not appear at the location of reference points according to the specific user
access arrangements. The ISDN user/network interface Recommendations apply to physical
interfaces that occur at a specific ISDN reference point location. Layout and
application examples of the reference configurations are given in section 2.

II1.4.1.2 From the user's perspective, the ISDN is completely described by the
characteristics which can be observed at the ISDN user/network interface, including
physical, electrical, protocol, service, and performance characteristics. The key to
defining, and even recognizing, ISDN i1s the specification of these characteristics.
These specifications will form the basis for work on user applications and terminal
equipnment, as well as ISDN capabilities, services, and the many other aspects of

the ISDN.

I1.4.1.3 An objective of ISDN is that a limited set of compatible user/metwork
interfaces can economically support a wide range of user applications, equipment

and configurations. The number of different user/network interfaces should be
minimized to maximize user flexibility through termirnal compatibility (from one
applicaticn to another, one location to another, and one service to another), and to
reduce costs through econcomies in production of equipment and operation of both the
ISDN and user eqguipment.

However, some different interfaces are required for applications with widely
different information rates, complexity or other characteristics so that many simple
applications are not burdened with the cost of providing complex applications.

IT.4.1.4% An objective is to have the same interfaces used even though there are
different configuraticns (e.g., single terminal versus multiterminal comnections to a
PLBX versus direct connections into fthe network etec.) or different national conditions
(e¢.g., on the boundary of the ISDN).

I7.4.1.5 The implications of these objectives on the specific user/network requirements

must be examined to determine whether excessive costs or other penalties are involved
ir. meeting themn.
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I1.4.2 Reference configurations

TI.4.2.1 The reference configurations for ISDI user/network interfaces define the
terminclogy for various reference points and the types of functions that car. be
orovided between reference points. Figure 1 shows the reference configurations, while
Fligure 2 shows significant applications of such configurations.

I1.4.2.2 The reference points are conceptual points useful in separating functional
groupings, represented in Figure 1 as square blocks. In certaln physical configurations,
tre reference polnts may correspond to physical interfaces. The I-Series Interface
Recommendations apply to physical interfaces ajpearing at given reference points.
Reference points 8§ and T in Figure 1 are i1dentified as ISDN reference points. Only the
bit rates which relate to recommend channel st-uctures according to draft

Recommendation I.xxy apply to physical interfaces appearing at 5 and T reference

points. R is not an ISDN reference point and may be subject to other Interrace
Recommendations, e.g. the X-Series Recommendations.

Note : There are no reference points assigned tc the transmission line, since an
ISDN user/network interface is not envisaged at this. location.

I1.4.2.3 Figure la gives the main reference configuration comprising funetional
groupings NT1, NT2 and Tl. Figure 1lb illustrates that Tl may be replaced by
T2 and TA.

IJ.4.2.4 The functions which compose the functional groupings NT1, NT2, Ti, T2 and

T4 can vary with the physical implementation methed used for the access. 13 is possible
for a function to be null or to be located in different functional groupings depending
upon the arrangement selected. The descriptions below are given for significant
examples for functional groupings. The given function lists are neither exiaustive

nor mandatory.

Note : The functional groupings are described in relation to the layers of the

51 Reference Model being developed under Question 27/VII. TFurther study is reguired
to assess the suitability of applying the 08I model to the ISDN (see Question 1/XVIII,

point B).

I7.4.2.4.1 NT1 - Network Termination 1. This includes functions that may be regarded
as broadly belonging to Layer 1 (Physical) of the 0SI Reference Model. These functions
are intended to be associated with the proper physical and electrical termination of the
network. NT 1 functions may include :

— line transmission termination;

-~ Layer 1, line maintenance functions, such as test loops and perfcrmance
monitoring;

- timing;
- power feeding,
- Layer 1, upward multiplexing;

- interface termination, including multidrop termination employing Layer 1
contention resoluticn.
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IT.4.2.4,2 NT2 - Network Termination 2. This may include functions broadly belonging
to Layer 1 and to higher layers of the 0SI model, such as Layer 2 (Data Link)} and
Layer 3 (Network}. PABXs, Local Area Networks and Terminal Controllers are significant
examples of equlipment or combination of equipment which provide NT2 functicns.

These functions may include :

- protecol handling at Layers 2 and 3;
- Layers 2 and 3, upward multiplexing;
- switching;

- concentration;

- Layers 2 and 3, maintenance functions.

In certain physical configurations, NT2 functions at Layers 3 and above may
be null. A network termination acting as a simple terminal controller is an example of
such configurations.

In certain other physical configurations NT2 functions at Layers 2 and 3 may
be null, as described 1n section 2.5.1.

II.4.2.4.3 T1 - Terminal Type 1. This includes functions associated with ISDN
Perminal Equipment complying with ISDN Interface Recommendations, such as digital
telephones, data terminal equipment and integrated services terminal equipment.
Tl may also provide connection to other terminal equipment.

II.h.2.5.4 T2 - Terminal Type 2. This does not include all the functions required for
terminal equipment complying with ISDN Interface Recommendations, but it includes
functions associated with terminal equipment complying with other Interface Recommen-
dations, such as the X~Series Interface Reccmmendations.

II.4.2.4.5 TA - Terminal Adapter. This includes interface and protocol adapting
functions to allow a T2 terminal to connect at the ISDN user/network interfaces.

I1.4.2.5 Figure 2 shows some significant applications of the reference configurations
to certain physical implementations. The examples given in Figure 2 are not intended
to be either exhaustive or mandatory. Square blocks in Figure 2 represent physical
entities (equipment or combination of equipment).

IT.L4.2.5.1 Figures 2a and 2b show two applications of the reference configurations,

in the cases where NTZ2 functions are null at Layer 2 and above. In particular,

Figure 2a shows the direct connection between T1 (or T2 + TA) and NT1l. Figure 2b
describes the direct connection of multiple Tl's (or T2's + TA's) to NT1 using a
multidrop arrangement (e.g. a bus with Layer 1 contention resolution). This means that
when physical interfaces are applied at S and T, on these cases, all of their
characteristics must be identical.

Note : Feasibility and characteristics of the multidrop arrangement are under study
in conjunction with the Level 1 (Physical) specification of the I-Series Recommendations.
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I1.4.2.5.2 Figure 2c shows the provision of multiple connections between K72 and Tl's
(cr T2's + TA's). NT2 may include various types of distritution arrangements, such

as star, bus or ring configuration included within the equipment. Figure 2¢. shows a
case where & bus distribution is used between terminals and the NTZ2 equipmert.

II1.4.2.5.3 Figures 2e and 2f show arrangements where multiple connections tre used
hetween T2 and NT1 equipment. In particular Figure 2e 1llustrates the case of
multiple HT1 equipment, while Figure Zf refers to the case where NT1 provides Layer 1
upward multiplexing of the multiple connections.

1I.4.2.5.4 Figure 2g shows the case where NTi and NT2 functions are merged in the
same equipment, the corresponding merging of NU'1 and NT2 functions for other
configurations in Figure 2 may also occur.

II.4.2.5.5 Figure 2h 1llustrates the casc where TA and NT2 functions are merged in
~he same equipment; the corresponding merging of TA and NT? functions for cther
configurations in Figure 2 may also occur.

[I.4.2.6 Figure 3 further illustrates examples of the correspondence between ISDN
reference points and physical user/network interfaces according to possible alternative
user and network arrangements.

Z1.4.2.7 The reference configurations given in Figure 1 apply for the specification
of the channel structures and access arrangements given in Recommendation I.xxy, with
the exception of channel structures for the hybrid access arrangement. For this
arrangement the reference configuration given in Figure L applies. This reference
confilguration includes the analogue connection to an analogue terminal, suck as an
analogue telephone. T1 may be replaced by T2 and TA as 1llustrated in Figure 1b.

S T

NT2 NTL Transmission
° H _+__ ° _—+—— ’ line

o) T2 ' TA ___+__

CLITT-54230

-—+— Reference polnt

Figure 1 - Reference configurations for the ISDN
user/network interfaces
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e.g.,
Single ISDN terminal,
multiple ISDN terminal
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Figure 3 - Some examples of the correspondence
between ISDN reference points and physical
interfaces in alternative ISDN user/network

arrangements
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I1.5 Draft Recommendation I.xxy : ISDN user/network interfaces -
Channel structures and access capabilities

II.5.1 General

In order to minimize the variety ol standard ISDN user/network thysical
interfaces this Recommendation defines limited sets of both channel types and channel
structures for such interfaces.

A channel represents a portion of the information-carrying capacity of the
interfaces through which it is carried.

Channels are classified by channel types, which have common characteristics.

The channel types, defined in sect:on II1.5.2, are combined into channel
structures, defined in section II.5.3. As used in this Recommendation a channel
structure defines the total digital information carrying capacity across ¢ physical
interface.

In an actual access arrangement sorie of the channels available tcross an
ISDN user/network physical interface, as defined by the applicable channel structure,
may not be supported beyond the interface. In this Recommendation the capability
provided by those channels appearing across the interface that are actually available
for communication purposes, is referred to as the access capablility proviied through
the interface.

I1.5.2 Channel types and their use

17.5.2.1 B-channel
I1.5.2.1.1 A B-channel is a 64 kbit/s channel.

II.5.2.1.2 A B-channel may be used to carry a variety of digital information streams,
on a dedicated, alternate (within one call o1 as separate calls), or simultaneous
basis, consistent with its capacity and the applicable service capabilities. The
following are examples of these digital information streams

i) digital voice at 64 kbit/s according to Recommendation G.T711;

ii) digital information streams, such as data, corresponding to circuilt or
packet switching user classes of service at bit rates less than or equal
to 64 kbit/s, including those given by Recommendation X.1;

iii) digital voice at bit rates lower than {4 kbit/s combined with olher digital
information streams {see ii) above) at compatible bit rates, carried towards
the same destination; and,

iv) wideband digital voice encoded at 64 kbit/s.
II.5.2.1.3 Information streams at bit rates less than 64 kbit/s need to te rate

adapted to be carried on the B-channel. Rate adaption uses a two stage approach,
as follows
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i) adaption to/from 64 kbit/s from/to 8, 16 or 32 kbit/s;
ii) adaption of Recommendation X.l user rates as follows
- bit rates of 4.8 kbit/s and below to/from 8 kbit/s;
- 9.6 kbit/s to/from 16 kbit/s;
- L8 kbit/s to/from 6h kbit/s.
ITI.5.2.1.4 Two technical approaches to handle multiple lower bit rate information
streams, as specified in section 1I.5.2.1.3, should be further considered. One is based
on the use of time division multiplexing techniques. The other 1s based on the use of
statistical multiplexing techniques; application of the D-channel protocol should be
taken 1nto account. Further study should be directed towards evaluation of both
approaches.

I1.5.2.2 D-channel

I1.5.2.2.1 A D-channel carries digital information streams using a frame-oriented
link access procedure (LAP) in asccordance with Recommendation I.... (specifying the
LAP D protocol).

11.5.2.2.2 The bit rates of a D-channel are specified in section 3.

11.5.2.2.3 A D-channel is used to carry signalling information and may be used to
carry telemetry and packet-switched data.

I11.5.2.3 C-channel

I1.5.2.3.1 A C-channel carries digital information streams using a frame-oriented
link access procedure (LAP) in accordance with Recommendation I....

I1.5.2.3.2 The bit rates of a C-channel are specified in section II.5.3.2.
II.5.2.3.3 A C-channel may carry telemetry, packet-switched data, and signalling
information (which may include some or all of the signalling information for the

associated analogue channel).

1I.5.2.4 Broadband channel

For further study.

I1.5.2.5 Other channels

For further study (e.g. channels carrying information according to
Signalling System Fo. T).

11.5.3 Channel structures

ISDN user/network physical interfaces at ISDN reference points shall comply
with one of the channel structures defined below. .
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1I1.5.3.1 Basic channel structure

I1.5.3.1.1 The basic channel structure is composed of two B-channels and one
D~channel, 2B + D. The bit rate of the D-channel is 16 kbit/s.

II.5.3.1.2 The B-channels may be used independently; 1.e. in different :onnections at
the same time.

II.5.3.1.3 With the basic channel structure, two B-channels and one D-channel are
always present at the ISDN user/metwork physical interface. One or both 3-channels,
however, may not be supported beyond the interface. Therefore, when usinz the basic
channel structure, the following basic access capabilities are possible,

- 2B + Dy

- B+ D; and

- D.

Note : The basic channel structure may also be used in association with a conventional
analogue channel in a hybrid access arrangement; see section II.5.4.2,

I71.5.3.2 C-channel structure

The C-channel structure consists of one C-channel. The C=channzl is
assoclated with a conventional analogue channel in a hybrid access arrangsment; see
section II.5.L.2.

The bit rate of the C-channel is 8 kbit/s in some cases and 16 «bit/s in
other cases, depending on the type of hybrid access arrangement.

II.5.3.3 Intermediate channel structure

For further study.

II.5.3.4%4 Primary rate channel structures

These structures correspond to the primary multiplexing rates of 1544 and
2048 kbit/s.

I1.5.3.4.1 Multiplexed channel structures

11.5.3.4.1.1 The primary rate of multiplexed channel structures below are ccmposed
of some number of B-channels and one D-channel, nB + D. At the primary multiplex
rate, the use of Signalling System No. 7 signalling channel instead of a D-channel,
is for further study. )

II.5.3.4.1.2 At 2048 xbit/s, this channel structure is 30B + D. The rate of the
D-channel is 64 kbit/s.

I1r.5.3.4.1.3 At 15kl kbit/s, the two following channel structures have been
proposed for further study :
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i)

ii)

2LB + D, where the bit rate of the D-channel is U kbit/s; or

23B + D, where the bit rate of the D-channel is 6L kbit/s.

II.5.3.4.1.4 The need for providing a multiple D-channel capability is for further

study.

II1.5.3.4.1.5 With the primary rate multiplexed channel structure, the designated
number of B-channels are always present at the ISDN user/network physical interface.
One or more of the B-channels may not be supported beyond the interface.

I1.5.3.4.2 Broadband channel structure

I1.5.3.5

II.5.3.6

I1.5.4

II.5.4k.1

The PABX,
reference

For further study.

Higher rate channel structure(s)

For further study.

Other channel structure(s)

For further study.

Examples of application of channel structures

Access arrangement for PABX, terminal controller, local area network, etc.

Figure 1/I.xxy illustrates a typical PABRY, etc., access arrangements.
etc. may use a basic channel structure for interfaces located at ISDN
point S. The basic or primary rate multiplexed channel structure may be

used at one or more interfaces located at ISDN reference point T.

at at T

S
ey >— >
= NT?
- ISDN user/network physical
at S at T — >— interface at ISDN
T p—>— —> > de;?ignated reference
t
CGITT-54170 poin

Figure 1 - T.xxy
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II.5.4.2 Hybrid access arrangement

Figure 2/1.xxy illustrates a possible configuration for a variety
of hybrid access arrangements. A hybrid access arrangement consists of a
digital channel structure used in conjunction with an analogue channel. A
physical interface i1s shown at ISDN reference points S and T, where th:=
C-Channel structure or the basic channel structure may be used. In adiition
to the analogue channel, the hybrid access arrangement includes one of the
following digital access capabllity

i) C;
ii) D;

iii) B + D, and,

iv) 2B + D.
at S at T Transmission
T1 35 N2 ey y— TR
| Line
|
|
|
somtoge | _ _ Analague chamnel = _
Terninal
CCITT-54180

ISDN user/network
physical interface at

> > designated ISDN

reference point

Figure 2 - I.xxy
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11.6 Open issues for further study

II.€.1 Some sentiment was expressed for a more appropriate method to specify
channel types. Is a channel defined by a transport capacity (e.g. 64 kbit/s), or

is 1t defined by the link access procedure ? Should other characteristics be included
such as bit seguence integrity, directionality, and inequality of bit rate in two
directions 7 The notation of channels could be dependent on the above characteristics.
QOne such approach is proposed in Delayed Contribution DF {GTE International).

I11.6.2 An appropriate notaticn for the signalling channel or channels on the
multiplexed channel structure, e.g. for PABX, must be established if Signalling
System No. 7 1s to be used.

11.6.3 Further study has been prcposed on the use of a circuit switched digital
channel or channel structure on the hybrid access arrangement. This is in addition
to the agreed upon channel structure indicated in the draft Recommendation I.xxy.

II.6.4 The number and specification of channel structures with bit rates above the
basic will be studied. Four types ¢f channel structures above the basic are proposed

for further study.

a) Intermediate channel structure

Delayed Contribution CG (France) proposes to define such a structure at a
bit rate between 400 kbit/s and 800 kbit/s, primarily for covering the needs of medium
sized PABXs. A 608 kbit/s channel structure was also proposed as an example for
further consideration (see Annex 1}. 512 and 70L kbit/s channel structures have
also been proposed. However, there was no agreement on the needs to define an
intermediate channel structure for an ISDN user/network interface.

t) Broadband channel structure

This structure is intended to support broadband information. This structure
could be composed of :

i) an aggregation of B-Channels;
ii) a broadband (unstructured) channel. This structure may or may not include
a D-Channel and is descritbed in Delayed Contribution CY (British Telecom,

see Annex 2).

c) Higher rate channel structure(s) at bit rate(s) above the primary rate
channel structure.

II.6.5 The issue of multiple D-Channels in a single multiplexed channel structure and
the D-Channel notation invelved also requires further study.

II1.6.6 Further study is required to determine the appropriate multiplexed channel
structure at the 154k Xbit/s primary multiplexed rate. Possibilities include

a) 24 B+ D (4 kvit/s);
b} 23 B + D {64 kbit/s).
The associated D-Channel rnotation must alsc be confirmed.
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11.6.7 Additional examples of reference ronfigurations for ISDN
user/network interfaces have been propesed as shown below. This should He
studied further together with any others proposed for addition to Figure 2
of draft Recommendation I.xxx.

T1 | NT2 | NT1
|
»— ] 3|>- -
i | l
L | I
““““““ ?) |
>> >> —>—|
I | |
|
| e mm e
I ] CCITT-S4190
S T
11.6.8 Advice is sought from Study Group VII in order to determine the
details of the two stage rate adaption approach as specified in
Recommendation I.xXy.
11.6.9 The possible need and specification of other channel types requires

further study.

I1.6.10 Further study should be directed toward the evaluation of the two
alternative approaches to handling of multiple lower bit rate informaticn
streams in a single B-Channel :

a) time division multiplexing;

b) statistical multiplexing.
II.6.11 Preliminary draft Recommendation I.xxw - (General Aspects and
Principles) was prepared as an example of vhat may be included in a draflt
Recommendation and is Annex 3 of this report. Further study is requirec. to

determine the appropriate scope of the I. series of Recommendations. Orly then
then can this preliminary draft Recommendation can be advanced.
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APPENDIX D: DRAFT RECOMMENDATION I.xxw *
Proposed Revision to Draft Recommendation I.XXW:

General Aspects and Principles Relating to Recommendations on
ISDN User/Network Interfaces

1.0 General

1.1 Recommendation G.705 gives the conceptual principles on which an ISDN
should be used. The main feature of an ISDN is the support of a wide range of
service capabilities, including veice and nonvoice applications, in the same net-
work by offering end-to-end digital connectivity.

1.2 A key element of service integration for an ISDN is the provision of a
limited set of standard multipurpose user/network interfaces. These interfaces
represent a focal point both for the development of ISDN network components and
configurations and for the development of ISDN terminal equipment and applications.

1.3 An ISDN is recognized by the service characteristics available through
user/network interfaces, rather than by its internal architecture, configuration

or technology. This concept plays a key role in permitting user and network
technologies and configurations to evolve separately.

1.4 An ISDN provides a basic network transport capability for a variety of
applications (ranging from alarms and telemetry through voice, interactive data
and bulk data, to broadband video applications) using a variety of telecommuni-
cation modes (including semipermanent, as well as circuit switched and packet-
switched connections).

1.5 In addition to the basic transport capability, depending on the national
requlatory arrangements, an ISDN could also incorporate information storage and
processing facilities, e.g., as could be provided for CCITT recommended services
such as Teletex, Telefax and Videotex, or for other services.

2.0 Interface Applications

Figure 1 shows some examples of ISDN user/network interfaces. The following
cases are identified corresponding to:

1. access of a single ISDN terminal;
2. access of a multiple ISDN terminal installation;

3. access or multiservice PBXs, or local area network, or, more generally,
of private networks;

4. access of specialized storage and information processing centres.

In addition, depending on the particular national regulatory arrangements, either
ISDN user/network interfaces or internetwork interfaces may be used for access of:

*
Typed at ITS from CCITT Temporary Document 2, Meeting of Experts on Q.1C/SVIIT,

Florence, Nov. 8-12, 1982: Report on the meeting held in Geneva Oct. 18-20, 1982.
See also, SG XVIII, Contribution 132.
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INSTALLATION

—>)>—— ISDN user/network interface

*
Alternatively internetwork interfaces may apply.

Figure D-1. ISDN user/network interface examples.
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5. dedicated service networks;
6. other multiple services networks, including ISDNs.

3.0 Interface Recommendation Objectives

User/network interface Recommendations should allow:

1. different types of terminals and applications to use the same interface;

2. prot@bi]ity of terminals from one location to another (office, home,
public access points) within one country and from one country to
another country;

3. separate evolution of both terminal and network equipment, technologies,
and configurations;

4, efficient connection with specialized storage and information pro-
cessing centres and other networks;

User/network interfaces should be designed te provide an appropriate balance
between service capabilities and cost/tariffs, in order to meet service demand
easily.

4.0 Interface Characteristics

User/network interfaces are specified by a comprehensive set of characteristics,
including:

1.  physical and electromagnetic characteristics;

2. channel structures and access capabilities;

3. user/network protocols;

4, maintenance and operation characteristics;

5. performance characteristics;

6. service characteristics.

In the definition of the interface protocols, a layered functional specifi-
cation method is applied, using an 0SI-type of reference model, suitably adapted

to allow for the specifics requirements of an ISDN.

5.0 Interface Capabilities

In addition to the multiservice capability, an ISDN user/entwork interface
may allow for capabilities such as the following:
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1. multidrop and other multiple terminal arrangements;

2. choice of information bit rate, switching mode, coding method, etc.,
on a call-by-call or other (e.g., semipermanent or subscription time
option) basis, over the same interface according to the user's need;

3. capability for compatibility checking in order to check whether calling
and called terminals can communicate with each other.

6.0 Other I-series Recommendations

6.1 The reference configurations for ISDN user/network interfaces define
tne terminology for various reference points and the types of functions that can
b2 provided between reference points. Reconmendation I.XXX contains th: reference
configurations and shows significant applications.

6.2 The number of different interfaces is kept to a minimum. Recymmendation
I.xxy defines a limited set of channels, channel structures, and possible access
capabilities for the ISDN user/network interfaces. A distinction is ne:cessary
batween the channel structure supported by the interface and the access capability
supported by the particular network access arrangement.

175



October 1982

APPENDIX E: DRAFT RECOMMENDATION I.xxx

Proposed Revision to Draft Recommendation I.xxx:
[SDN User/Network Interfaces - Reference Configurations

1.0 General

1.1 This recommendation provides the reference configurations for ISDN user/
network interfaces.

1.2 From the user's perspective, an ISDN is completely described by the
attributes that can be observed at an ISDN user/network interface, including
physical, electromagnetic, protocol, service, capability, maintenance, operation
and performance characteristics. The key to defining, and even recognizing,
an ISDN is the specification of these characteristics.

1.3 An objective of ISDN is that a small set of compatible user/network
interfaces can economically support a wide range of user applications, equipment
and configurations. The number of different user/network interfaces is minimized
to maximize user flexibility through terminal compatibility (from one application
to ancother, one location to another, and one service to another), and to reduce

costs through economies in production of equipment and operation of both ISDN
and user equipment. However, different interfaces are reguired for applications

with widely different information rates, complexity, or other characteristics,

as well as for applieations in the evolutionary stages. In this way simple
applications need not be burdened with the cost of accommodating features employed
by complex applications.

1.4 Another objective is to have the same interfaces used even though there
are different configurations {(e.g., single terminal versus multiple terminal
connections, connections to a PABX versus direct connections into the network, etc.)

or different naticnal regqulations.

2.0 Definitions

2.1 Reference configurations are conceptual configurations useful in
identifying various possible physical user access arrandgements to an ISDN. Two
concepts are used in defining reference configurations: reference points and
functional groupings. Layout and application examples of reference configurations
are given in Section 3.

2.2 Functional groupings are sets of functions which may be needed in ISDN
user access arrangements. In a particular access arrangement, specific functions
in a functional grouping may be performed in one or more pieces of equipment, or
they may not be present at all.

2.3 Reference points are the conceptual points dividing functional groupings.
Irn a specific access arrangement, a reference point may correspond to a physical
interface between pieces of equipment, or there may not be any physical interface
corresponding to the reference poirt. Physical interfaces that do not correspond
to a reference point (e.g., transmission line interfaces) will not be the subject
of ISDN user/network interface Recommendations.
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3.0 Reference Configurations

3.1 The reference configurations for [SDN user/network interfaces define
reference points and types of functions that can be provided between reference
points. Figure 1 shows the reference configurations, while Figures 2, 3 and 4
show examples of applications of such confiqurations.

3.2 The ISDN user/network interface Recommendations in the I-series apply
to physical interfaces at reference points 5 and T, using the recommended channel
structures according to Recommendation I.xxy. At reference point R physical
interfaces in accordance with other CCITT Recommendations (e.g., the X-series
interface Recommendations) may be used. Also physical interfaces not recommended
by CCITT may appear at reference point R. Note: There is no reference point
assigned to the transmission line, since an ISDN user/network interface is not
envisaged at this location.

3.3 Figure la defines the reference configuration of functional croupings
NT1, NT2, and TE1l. Figure 1b illustrates tnat TE1 may be replaced by the
combination of TEZ and TA.

3.4 Lists of functions for each functional group are given below. The given
function 1ists may not be exhaustive. For a particular access arrangenent, specific
functions in a functional group are either present or absent. Note: The func-
tional groupings are described in relation to a layered protocol structure similar
to the 0SI Reference Model being developed under Question 27/VII. Further study
is required to assess the suitability of applying the OSI Reference Mocel to an
ISDN (see Question 1/XVIII, point B).

3.4.1 NT1, Network Termination 1, includes functions broadly equivalent to
Layer 1 (Physical) of the OSI Reference Model. These functions are associated
with the proper physical and electromagnetic termination of the network. NTI

functions are:

- line transmission termination;

- Layer 1 line maintenance functions, such as test loops and
performance monitoring;

- timing;
- power feeding;
- Layer 1 multiplexing; and

- interface termination, including multidrop termination employiig Layer 1
contention resolution.

3.4.2 NT2, Network Termination 2, includes functions broadly equivalent to
l.ayer 1 and higher layers of the 0SI Reference Model. PABXs, local arz2a networks
and terminal controliers are examples of equipment or combinations of zcuipment
that provide NT2 functions. NT2 functions are:
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- Layers 2 and 3 protocol handling;
- Layers 2 and 3 multiplexing;

- switching;

- concentration;

- maintenance functions; and

interface termination and other Layer 1 functions.

For example, a simple PABX can provide NT2 functions at Layers 1, 2 and 3. A
simple terminal controller can provide NT2 functions at only Layers 1 and 2. A
simple time division multiplexer can provide NT2 functions at only Layer 1. 1In
a specific access arrangement, the NT2 functional grouping may consist of only
physical connections.

3.4.3 TE, Terminal Equipment, includes functions broadly belonging to Layer 1
and higher layers of the 0SI Reference Model. Digital telephones, data terminal
equipment, and integrated work stations are examples of equipment or combinations
of equipment that provide TE functions. TE functions are:

- protocol handling;

- maintenance functions;

- interface functions; and

- connection functions to other terminal equipments.

3.4.3.1 TE1, Terminal Equipment Type 1, includes functions belonging to the

functional grouping TE and with an interface that complies with the ISDN inter-
face Recommendations.

3.4.3.2 TEZ2, Terminal Equipment Type 2, includes functions belonging to the
functional group TE but with an interface that complies with interface Recommenda-
tions other than the ISDN interface Recommendations (e.g., the X-series inter-
face Recommendations) or interfaces not recommended by CCITT.

3.4.4 TA, Terminal Adaptor, includes functions broadly belonging to Layer 1
and higher layers of the OSI Reference Model that allows a TE2 terminal to connect
at an ISDN user/network interface. Adaptors between physical interfaces at
reference points R and S or R and T are examples of equipment or combinations of
equipment that provide TA functions.

4,0 Physical Realizations of Reference Configurations

4,1 Figure 2 gives examples of configurations illustrating combinations of
physical interfaces at reference points R, S, and T: separately at S and T,
at S only, at T only, and where S and T coincide; each of these is shown with and
without a reference point R in the configuration.
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. 4:2 figures 3 and 4 show examples of physical implementations. The examples
¢civen in Figure 3 show physical realizations of functional groupings TE, NT1, and
NT2, based on physical interfaces occurring at reference points R, S, and T. The
examples given in Figure 4 show applications of the reference configurations to
Fhysical configurations when multiple physical interfaces occur at a reference
Foint. The examples given in Figure 4 are not intended to be either exhaustive
cy mandatory. Square blocks in Figures 3 and 4 represent equipment implementing
:unctiona1 groupings. Note that TE1 or TE2 + TA may be used interchanceably in
igure 4.

4.2.1 Figures 4a and 4b show applications of the reference conficurations
in the cases where NT2 functions consist of only physical connections. Figure 4a
describes the direct physical connection of multiple TE's (TE1l's or TEZ's + TA's)
to NT1 using a multidrop arrangement (i.e., a bus). Figure 4b describes the
separate connection of a number of TE's to NTT1.

In these cases, all of the characteristics of the physical interfaces applied
at reference points S and T must be identical. Note: Feasibility and character-
“stics of the multidrop arrangement, illustrated in Figures 4a and 4d, are under
study in conjunction with the Level 1 (Physical) specification of the . -Series
Recommendations,

4,2.2 Figure 4¢ shows the provision of multiple connections between NTZ and
TE's. NTZ2 may include various types of distribution arrangements, such as star,
hbus or ring configuration included within the equipment. Figure 4d shows a case
where a bus distribution is used between TIL's and the NTZ2 equipment.

4.2.3 Figures 4e and 4f show arrangernents where multiple connections are
Jsed between NT2 and NT1 equipment. In particular, Figure 4e illustrates the
case of multiple NT1 equipment, while 4f refers to the case where NT1 arovides
Layer 1 upward multipiexing of the multiple connections.

4,2.4 Figure 4g illustrates the case where NT1 and NT2 functions are merged
in the same equipment: the corresponding merging of NT1 and NT2 functions for
other configurations in Figure 4 may also occur.

4.2.5 Figure h illustrates the case where TA and NT2 functions are merged in
the same equipment; the corresponding merging of TA and NT2 functions for other
configurations in Figure 4 may also occur.

4,3 The reference configurations given in Figure 1 apply for the specification

of the channel structures and access arrangements given in Recommendations [.xxy,
with the exception of channel structures for the hybrid access arrangement.
For this arrangement the reference configuration given in Figure 5 applies. This
reference configuration includes the analogue connection to an analogie terminal,
such as an analogue telephone. TE1 may be replaced by TEZ and TA as ‘1lustrated
in Figure 1b.
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APPENDIX F: DRAFT RECOMMENDATION I.XXY

Proposed Revision to Draft Recommendation I1.XXY:
ISDN User/Network Interfaces - Channel Structures and Access Capabilities

1.0 General

This Recommendation defines limited sets of both channel types and channel
structures for ISDN user/network physical interfaces.

2.0 Definitions

2.1 A channel represents a specified portion of the information-carrying
capacity of the interfaces.

2.2 Channels are classified by channel types, which have common characteristics.
Channel types are defined in Section 3.

2.3 The channels are combined into channel structures, defined in Section 4.
A channel structure defines the maximum digital information-carrying capacity
across a physical interface.

2.4 In an actual access arrangement scme of the channels available across
an ISDN user/network physical interface as cefined by the applicable channel
structure, may not be supported by the netwcrk. The capability provided by those
channels that are actually available for communication purposes, is referred to
as the access capability provided through the interface.

3.0 Channel Types and Their Use

3.1 B channel. 3.1.1 A B channel is a 64 kbit/s channel. A B channel is
intended to carry a wide variety of user information streams. A distinquishing
characteristic is that a B channel does not carry signalling information for circuit
switching by ISDN. Signaliling information used for circuit switching by the ISDN
is carried over other types of channels, e.g., a D channel.

3.1.2 User information streams may be carried on a B channel on a dedicated,
alternate {within one call or as separate calls), or simultaneous basis. consistent
with the B channel bit rate. The following are examples of user information streams:

i) voice encoded at 64 kbit/s according to Recommendation G.711

i1) data information corresponding to circuit or packet-switching user
classes of service at bit rates less than or egual to 64 kbit,s,
according to Recommendation X.1

ii1) wideband voice encoded at 64 kbit/s* and

iv) voice encoded at bit rates lower than 64 kbit/s alone, or combined
with other digital information streams carried toward the same
destination*.

*These applications are currently under consideration by CCITT.
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It is recognized that a B channel may also be used to carry user information
streams not covered by CCITT Recommendations.

3.1.3 B channels may be used to provide access to a variety of communication
modes within the ISDN. Examples of these modes are:

i) circuit switching
1) packet switching and
iii) semi-permanent connections.

_In case i, the ISDN can provide either a transparent end-to-end 64 kbit/s con-
nection or a connection specifically suited to a particular service, such as
telephony, in which case a transparent 64 kbit/s connection may not be provided.

In case ii, the B channel will carry protocols at Layers 2 and 3 according to
Recommendation X.25 which have to be handled by the network. The application of
D channel protocols for this case is for further study.

In case iii, the semi-permanent connection can be provided, for example by
using circuit or packet switching modes.

3.1.4 Information streams at bit rates less than 64 kbit/s need to be rate
adapted to be carried on the B channel. Rate adaption uses a two-stage approach,
as follows:

i) adaption to/from 64 kbit/s from/to 8, 16 or 32 kbit/s and
ii) adaption of Recommendation X.1 user rates as follows:

- bit rates of 4.8 kbit/s and below to/from 8 kbit/s
- 9.6 kbit/s to/from 16 kbit/s :
- 48 kbit/s to/from 64 kbit/s.

Padding bits used for rate adaption need not always be conveyed by the network.

3.1.5 Two technical approaches to handle multiple Tower bit rate information
streams within a B channel are for further consideration. One is based on the use
of time division multiplexing techniques. The other is based on the use of
statistical multipiexing techniques, see Section 3.1.3, case i1i. Further study
should be directed towards evaluation of both approaches.

3.2 D channel. 3.2.1 A D channel may have different bit rates as specified
in Section 4.

A D channel is primarily intended to carry signalling information for circuit
switching by the ISDN.

A D channel uses a layered protocol according to Recommendations I.... In
particular the 1ink access procedure is frame oriented (LAP D) and is based on
LAP B of Recommendation X.25.

3.2.2 In addition to signalling information for circuit switching a D channel
may also be used to carry telemetry and packet-switched information.
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| 3.§ C channel. 3.3.1 A C channel may have different bit rates as specified
in Section 4. A € channel is primarily intended to carry telemetry and jacket-
switched data.

‘ -A C channel is interded to be used with an associated analogue chaniel (see
Section 4.2) and may carry none, some or all of the signalling information for
th2 analogue channel.

The C channel uses a layered protocol that is a compatible subset of the D
channel protocol.

3.4 Broadband channels. For further study.

3.5 Other channels. For further study {e.g., channels carrying information
¢ccording to Signalling System No. 7).

L,3 Channel Structures

ISDN user/network physical interfaces af. ISDN reference points shall comply
with one of the channel structures defined below.

4.1 Basic channel structure. 4.1.1 The basic channel structure is composed
of two B channels and one D channel, 2B + D. The bit rate of the D chaniel in this
¢channel structure is 16 kbit/s.

4.1.2 The B channels may be used independently; i.e., in different connections
at the same time.

4.1.3 With the basic channel structure, two B channels and one D channel are
always present at the ISDN user/network physical interface. One or both B channels,
however, may not be supported by the network.

The following basic access capabilities are therefore possible:

- 2B + D
- B + D; or
- D.

Note: The basic channel structure may alsc be used in association with a conventional
analogue channel in a hybrid access arrangement; see Section 5.2.

4.2 C channel structure. The C channel structure consists of one C channel.
"he C channel is associated with a conventional analogue channel in a hybrid access
arrangement; see Sectijon 5.2. Depending on the type of hybrid access arrangement
the bit rate of the C channel is 8 kbit/s or 16 kbit/s.

4.3 Intermediate channel structure. For further study.

4.4 Primary rate channel structures. These structures correspond to the
primary rates of 1544 kbit/s and 2048 kbit/s.
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4.4.1 Multiplex channel structures. 4.4.1.1 The primary rate multiplex
channel structures below are composed of some number (n) of B channels and one D
ckannel, nB + D.

4.4.1.2 At the 2048 kbit/s primary rate, this channel structure is 30B + D.
The rate of the D channel is 64 kbit/s.

4.4.1.3 At the 1544 kbit/s primary rate, the two following channel structures
have been proposed for further study:

i) 248 + D, where the bit rate of the D channel is 4 kbit/s, or
ii) 23B + D, where the bit rate of the D channel is 64 kbit/s.

4.4.1.4 The need for providing a multiple D charnel capability is for further
study.

4.4.1.5 At the primary multiplex rate, the use of a Signalling System No. 7
signalling channel instead of a D channel, is for further study.

4.4.1.6 With the primary rate multiplex channel structure, the designated
number of B channels are always present at the ISDN user/network physical inter-
face. One or more of the B channels may not be supported by the network.

4.4.2 Broadband channel structures. For further study.

4.5 Higher rate channel structure(s). For further study.

4.6 Other channel structure(s). For further study.

5.0 Examples of Application of Channel Structures

5.1 Access arrangement for PABX, terminal controller, local area network, etc.
Figure 1 illustrates a typical PABX, or LAN access arrangement. For this particular
configuration it is not necessary to apply the same channel structure at both S
and T reference points. For example, basic channel structures may be used for inter-
faces located at reference point S. Either basic or primary rate multiplex or
other channel structures may be used at interfaces located at reference point T.

5.2 Hybrid access arrangement. Figure 2 illustrates a possible configuration
for a variety of hybrid access arrangements. A hybrid access arrangement consists
of a digital channel structure used in conjunction with an analogue channel. A
physical interface is shown at reference points S and T, where the C channel struc-
ture or the basic channel structure may be used. 1In addition to the analogue
channel, the hybrid access arrangement includes one of the following digital access
capabilities:

188



AT S AT T

l ]

| ]

= w2 ] —3 > PHYSICAL INTERFACE AT

1 l DESIGNATED ISDN FEFERENCE

| POINT
TE1 .—~—ﬁ>P—n——- ___ﬁ;')__m_
| |

Tigure F-1. Example of the reference configurations for ISDN
user/network interfaces applied to a physical
configuration employing multiple connections.
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Figure F-2. Reference configuration for hybrid access arrangements
for ISDN user/network interfaces.
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APPENDIX G: CCITT RECOMMENDATIONS CITED
[Source: CCITT Yellow Book, 1980]

Recomm.

Number Title

A Series Organization of the work of the CCITT.

A.21 Collaboration with other international organizations on
CCITT defined telematic services.

F Series Telegraph and "telematic services" operations and tariffs.

F.80 Provisions about phototelegrams.

F.100 Scheduled radiocommunication service.

F.160 General operational provisions for the international
public facsimile services.

F.170 Operational provisions for the international public
facsimile service between public bureaux (bureaufax).

F.180 Operational provisions for the international public
facsimile service between subscribers' stations.

F.200 Teletex service.

G Series General characteristics of international telephone
connections and circuits.

G.702 Vocabulary of pulse code modulation (PCM) and digital
transmission terms.

G.705 Integrated services digital network (ISDN).

IT.xxx [Draft] ISDN user/network interfaces--Reference configu-
rations.

I.xxy [Draft] ISDN user/network interfaces—--Channel structures
and access capabilities.

I.xxwW [Draft] General aspects and principles relating to Recom-
mendations on ISDN user/network interfaces.

Q Series General Recommendations relating to Signalling and
switching in the automatic and semi-automatic services.

Q.701 Functional description of the Signalling System (Message
transfer part).

Q.702 Signalling data link.

Q.703 Signalling link.

Q.704 Signalling network functions and messages.

Q.705 Signalling network structure.

Q.706 Message transfer part signalling performance.

Q.707 Testing and maintenance.

Q.721 Functional description of the Signalling System,
telephone user part (TUP).

Q.722 General function of telephone messages and signals.

Q.723 Formats and codes.

0.724 Signalling procedures.

Q.725 Signalling performance in the telephone application.

Q.741 Signalling System No. 7--Data user part. (See also X.61.)

(Continued, next page.)
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CCITT RECOMMENDATIONS CITED--Continued:

Recomm.
Number Title

S Series Alphabetical telegraph and telematic (except facsimile)
services terminal equipment.

S5.6C Terminal equipment for use in the telex service.

S.61 Character repertoire and coded character sets for the
international teletex service.

5.62 Control procedures for the telex service.

S.1.CO International information exchange for interactive
videotex.

T Series Terminal equipment and transmission for facsimile s=arvices.

T, ( Classification of facsimile apparatus for document trans-
mission over the public networks.

T.1 Standardization of phototelegraph apparatus.

T, 2 Standardization of Group 1 facsimile apparatus for idocu-
ment transmission.

T.3 Standardization of Group 2 facsimile apparatus for docu-
ment transmission.

T. 4 Standardization of Group 3 facsimile apparatus for iocu-
ment transmission.

T.30 Procedures for document facsimile transmission in tae

general switched telephone network.

V Series Data communication over the telephone network.
V.3 International alphabet No. 5

X Series Data communication networks, services and facilities,
terminal equipment and interfaces.

X. 1 International user classes of service in public data
networks.

X.2 International user services and facilities in publi:z
data networks.

X.3 Packet assembly/disassembly facility (PAD) in public
data networks.

X.20 Interface between data terminal equipment (DTE) and data

circuit-terminating equipment (DCE) for start-up trans-
mission services on public data networks.

X.20bis Use on public data networks of data terminal equipmant
(DTE) which is designed for interfacing to asynchroaous
duplex V-Series modems.

X.21 Interface between data terminal equipment (DTE) and data
circuit-terminating equipment (DCE) for synchronous
operation on public data networks.

X.21lbis Use on public data networks of data terminal equipmant
(DTE) which is designed for interfacing to synchronbus
V-series modems.

(Continued, next page.)
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CCITT RECOMMENDATIONS CITED--Continued:

Recomm.

Number Title

X.25 Interface between data terminal equipment (DTE) and data
circuit terminating equipment (DCE) for terminals
operating in the packet mode on public data networks.

X.60 Common channel signalling for circuit switched data
applications.

X.61 Signalling System No. 7--Data user parxt. (See also Q.741.)
X.70 Terminal and transit control signalling system for start-
stop services on international circuits between

anisochronous data networks.

X.71 Decentralized terminal and transit control signalling
system on international circuits between synchronous
data networks.

X.75 Terminal and transit call control procedures and data
transfer system on internaitonal circuits between
packet-switched data networks.

X.87 Principles and procedures for realization of international
user facilities and network utilities in public data
networks.

X.121 The international numbering plan for public data networks.

X.150 DTE and DCE test loops for public data networks.
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