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WHAT IS THE RABC?

The Radio Advisory Board of Canada (RABC) is a non-profit
association of some two-dozen organizations which are
concerned with the use of the radio spectrum. These in turn
represent the users of radio communications and related service
providers, manufacturers, and professional societies.

There are neérly 2,000 organizations, 10,000 radio amateurs and
30,000 members of professional societies represented by the
member organizations of the RABC.

The Board's purpose is to consult and advise the Department of

Communications (DOC) on behalf of industry on the development, -

management, and regulation of radio services in Canada.

QU'EST-CE QUE LE CCCR ?

Le Conseil consultatif canadien de la radio (CCCR) est une
association a but non lucratif réunissant plus d'une vingtaine
d'organismes qui s'intéressent & l'utilisation du spectre des
fréquences radioélectriques. Ces organismes, pour leur part,
représentent les utilisateurs et les fournisseurs de services de
radiocommunications, des fabricants et des associations
professionnelles.

Les organismes membres du CCCR représentent, quant a eux,
prées de 2000 organismes, 10 000 radioamateurs et 30 000
membres d'assocations professionelles.

... Le. Conseil. représente I'ensemble de l'industrie auprés du
" ministére de's Communications et a pour mandat de consulter et

de conseiller ses representants sur le développement, la gestion
et la réglementation des services de radiocommunications au
Canada. -
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David L. Garforth
RABC President

As President of the Radio Advisory Board of Canada (RABC) |
welcome you to Spectrum 20/20 '89.

The first symposium of this kind was held in 1987. Since that time,
spectrum usage has become increasingly congested as a
multitude of diverse users clamor for their share; e.g. space
services, land-mobile, fixed, broadcasting, etc.

The challenge of fairly allocating these limited resources and at
the same time ensuring future needs are satisfied, will require
creative management and the need for open discussions among
users.

| sincerely hope you will find that this symposium provides you
with an international forum to share your ideas. The papers
presented under the theme "Innovations - Sharing the Challenge”
will be informative and provocative. | invite you to participate in
the discussions and help shape the plans for future spectrum use.

Signed,

PSS




The Honourable Marcel Masse
Minister of Communications

With its vast experience in radio communications, Canada has become
a world leader in spectrum management. We are pioneers in this field,
and we must now examine our strengths and needs in
telecommunications to develop an effective spectrum management
strategy to meet the challenges of the 215t century.

As members of the radio communications industry, you play a pivotal
role in this task. It is your ingenuity, innovation and entrepreneurial
spirit that will bring about the development of technologies and services
needed in Canada and around the world.

The spectrum serves as an "electronic highway," communicating
information by radio waves in our communities, coast to coast. It must
be carefully managed to meet the current and future needs of all
Canadians. Spectrum 20/20 is an appropriate forum to explore
spectrum management issues and to develop a strategy for the future.

As Minister responsible for Communications in Canada, | am
particularly pleased to welcome you to this symposium to share your
vision.

Signed,
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Edward Samuel Rogers
President and Chief
Executive Officer,

Rogers Communications Inc.

Luncheon Speaker
Wednesday, 29 November 1989



David L. Garforth
Président du CCCR

En qualité de président du Conseil consultatif canadien de la
Radio (CCCR), je suis heureux de vous souhaiter la bienvenue a
Spectre 20/20 '89.

C'est en 1987 qu'a eu lieu le premier colloque de cette nature et,
depuis lors, le spectre est devenu de plus en plus encombré, au
fur et 2 mesure que de nombreux utilisateurs provenant de tous
les horizons réclament leur part a cor et a cri - services spatiaux,
systéemes mobiles terrestres, services fixes, radiodiffusion, etc.

Le défi qui consiste a répartir de fagon équitable ces ressources
limitées, tout en s'assurant que les besoins futurs seront satisfaits,
nécessitera sans conteste une gestion créative et la nécessité
d'engager de franches discussions entre les utilisateurs.

J'espére sincérement que ce symposium sera pour vous le forum
international propice a I'échange de vos vues sur ces questions.
Les communications présentées sous le theme "Innovations - Le
défi commun” seront instructives et stimulantes. Je vous invite a
participer aux discussions et a contribuer a la formulation des
plans qui régiront I'utilisation future du spectre.

Signé,

pleerq




s Ay e N 2N o o o EE T W e U v U oS - B an

L'’honorable Marcel Masse
Ministre des Communications

C'est en raison de sa vaste expérience dans le domaine des
radiocommunications que le Canada est devenu un chef de file
mondial dans la gestion du spectre. Bien que nous soyons des
pionniers dans le domaine, il vous incombe d'évaluer nos forces
et nos besoins en matiére de télécommunications de maniére a
mettre au point une stratégie portant sur la gestion efficace du
spectre afin de relever les défis du 21¢€ siecle.

A titre de membres de l'industrie des radiocommunications, vous
jouez un réle essentiel dans cette mission. Grace a votre
ingéniosité, votre créativité et votre esprit d'entreprise, vous
contribuerez au développement de technologies et de services
nécessaires pour le Canada et le monde entier.

Le spectre est en quelque sorte une "route électronique” qui
achemine l'information par I'entremise des ondes dans vos
communautés d'un acéan a l'autre. Il est donc indispensable que
I'exploitation du spectre bénéficie d'une saine gestion afin que
nous puissions répondre aux besoins actuels et futurs de tous les
Canadiens et Canadiennes. Spectre 20/20 est I'occasion idéale
pour faire le point sur les questions touchant a la gestion du
spectre et pour concevoir une stratégie pour l'avenir.

Ministre responsable des Communications au Canada, je suis
particulierement heureux de vous accueillir a ce symposium pour
partager votre vision.

Signé,

(o



Conférencier-déjeuner
Mercredi, 29 novembre 1989

Edward Samuel
Président et directeur général
Rogers Communications Inc.
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MEMBERS

Canada Post Corporation

Canadian Amateur Radio Federation

Canadian Association of Broadcast Consultants

Canadian Association of Broadcasters

Canadian Broadcasting Corporation

Canadian Cable Television Association

Canadian Electrical Association

Canadian Radio Relay League Inc.

CellNet Canada

Central General Radio Service Assoc.

CNCP Telecommunications Services
Ministry of Government Services
Govemnment of Canada

Electrical & Electronic Manufacturers
Association of Canada

Engineering Institute of Canada/Canadian
Society for Electrical Engineering

Institute of Electrical & Electronic Engineers

Metropolitan Toronto Board of Commissioners
of Police

Ministry of the Solicitor General
O.P.P. Telecommunications Project

Municipal Electric Association

National Defence

Ontario DX Association

Ontario Policing Services

Radiocom Association of Canada

Raitway Association of Canada

Royal Canadian Mounted Police

Telecom Canada

Teleglobe Canada

Transport Canada

TVOntario (The Ontario Educational
Communications Authority)

Western Canada Telecommunications Council

COMMITTEES

EXECUTIVE COMMITTEE

Broadcasting Committee
Electromagnetic Compatibility Committee
Land Fixed & Mobile Committee

Marine Committee

Radio Relay Committee

MEMBRES

Associaton canadienne de I'électricité

Association canadienne de télévision par cable

Association des radiocommunicateurs du Canada

Association Radiocom du Canada

Canadian Association of Broadcast Consultants

CollNet Canada

Central General Radio Service Assoc.

Computer & Telecommunication Services
Ministry of Government Services
Government of Ontario

Commission de Police de la communauté
urbaine de Toronto

Défense nationale

Division des services internes de la Police
d'Ontario

Fédération des radioamateurs du Canada

Gendarmerie royale du Canhada

Institut canadien des ingénieurs/la société
canadienne de génie électrique

-Institute of Electrical & Electronic Engineers

L'Association canadienne des radiodiffuseurs

L'Association des chemins de fer du Canada

L'Association des manufacturiers d'équipement
électrique et électronique du Canada

La ligue canadienne de la radio amateur, Inc.

La société canadienne de génie

Ministére des Services gouvernementaux

Ministere du Solliciteur général
P.P.O. Projet de télécommunications

Municipal Electric Association

Ontario DX Association

Ontario Police Commission

Services de police de I'Ontario

Socété canadienne des postes

Société Radio-Canada

Télécommunications CNCP et compagnies

Telecom Canada

Téléglobe Canada

Transports Cahada

TVOntario (I'Office de la télécommunication
éducative de I'Ontario)

Western Canada Telecommunications Council

COMIITES

COMITE EXECUTIF
Comité sur la radiodiffusion
Comité sur le brouillage électromagnétique

.Comité sur les services radio terresires

fixes et mobiles
Comité sur.les réseaux de relais hertziens
Comité sur les services radio mobiles marine
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PROGRAM

Monday 27th November
18:30-21:00 REGISTRATION.
19:00-21:00 £ WELCOMING RECEPTION
Sponsored by Motorola

Tuesday 28th November
7:00 REGISTRATION-
8:30 OPENING ADDRESSES

David L. Garforth, President, Radio Advisory Board of Canada

Alain Gourd, Deputy Minister, Department of Communications
9:00 SESSION 1-CHALLENGES |
Sesslon Chalrman - Roger Poirier, Canadian Cable Television Association
Strategic Initiatives to Address Competition In Access

to the Radlo Spectrum '
Richard Stursberg, Assistant Deputy Minister, Department of Commumcatlons

- The Challenge of Enhanced Entertalnment

Kenneth P. Davies/John C. Lee/Frangois Conway, Canadian Broadcastlng Corporation

. The Military Spectrum Management Challenge

Marc Drolet, Department of National Defence

. Exploiting the Digital Radlo Wave of the 90's

Dr. Arunas G. Slekys, NovAtel Communications Ltd.

. The E.M. Environment, E.M. Compatibility and leltatlons

to the E.M. Spectrum Utilization }
Professor T.J.F. Pavlasek, McGill University

« Spectrum Congestion

Jean-Marc Pellerin, Department of Communications

12:00 | LUNCH

Guest Speaker - Marcel Masse, Miniéter of Communications, Government of Canada
With regard to SPECTRUM 20/20 '89, the Minister recently said:

"This will be a unique opportunity for industry and government to
collectively address issues relating to use of the spectrum in the 21st
century. Our evolving telecommunications technologies are vital to
everyday life, but few people realize that the increased variety of
broadcasting and new services such as cellular telephones, satellite
communications, and radio-controlled equipment are crowding the radio
spectrum, creating new challenges both for the managers and the users
of this finite natural resource.”




14:00 SESSION 2- INTERNATIONAL PERSPECTIVES

Sesslon Chalrman - Robert A. Gordon, Department of Communications

1. Spectrum Management in the United Kingdom

Michael Goddard, Department of Trade and Industry, London

2. "Challenge 21" _
Richard D. Parlow, National Telecommunications and Information Administration, United States
3. Coordination Challenges Facing INMARSAT

Jai P. Singh/Peter Poskett, INMARSAT, London

4. commission of the European Communities and Frequency Management

Jean-Louis Blanc, Commission of the European Communities

5. International Frequency Management Reguiations In a Changing Technical

and Operational Environment
G.C. Brooks/G. Kovacs, International Telecommunications Union, Geneva

18:30-19:30 RECEPTION
19:30 BANQUET

Jeff Lumby, Radio Personality - CJFM FM 95.9
Kevin Dean Trio - Jazz

Wednesday 29th November |
9:00 SESSION 3-SOLUTIONS

Session Chalrman - Lloyd Kubis, Motorola Canada Limited

1, The Future for Technical Standards

Dr. Normman Aspin, Electrical and Electronic Manufacturers Association of Canada

2. A Broadband Urban Fiber Telecommunications Network

Nick Hamilton-Piercy/George Hart, Rogers Engineering

3. Non-Spectrum Alternatives - Telecommunications

Robert J. White, Telecom Canada

4. Greater Spectrum Efficlency and Use of Higher Frequency Bands

Robert W. Breithaupt, Department of Communications

5. Advances In Modulation and Coding Technigues

Dr. Al Javed, Beli-Northern Research
12:00 LUNCH

Guest Speaker - Edward "Ted" Rogers, President, Rogers Communications Inc.

14:00 SESSION 3 (cont'd)

6. Advanced Antenna Technology

Craig M. Skarpiak/Dr. George Tong, Andrew Canada Inc.

7. New Satellite Opportunlties

Sheelagh Whittaker, Canadian Satellite Communications Inc.

8. New Spectrum Management Techniques

Douglas Sward, Department of Communications

9. Spectrum Policy Soiutions

Wayne Longman, Department of Communications
15:30 SYMPOSIUM CLOSING

Robert A. Gordon, Department of Communications
David L. Garforth, President, Radlo Advisory Board of Canada
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' PROGRAMME

Lundi 27 novembre
18 h30-21 h INSCRIPTION

19 h -21 h RECEPTION D'ACCUEIL

parrainée par Motorola

Mardi 28 novembre
7h  INSCRIPTION
8 h 30 DISCOURS D'OUVERTURE
. David L. Garforth, président, Conseil consultatif canadien de la radio
Alain Gourd, Sous-ministre, Ministére des Communications
9 h SEANCE 1 - LES DEFIS ’

Président de séance - Roger Poirier, ACTC

. lnltlatlvés stratégiques destinées a régler les problémes de concurrence

quant & l'accés au spectre des fréquences radioélectriques
Richard Stursberg, Sous-ministre adjoint, Ministére des Communications

- Le défi de I'amélloration des services de divertissement

Kenneth P. Davies/John C. Lee/F. Conway, Société Radio-Canada

- La gestion du spectre des fréquences mllitaires : Un défl

Marc Drolet, Ministére de la défense nationale

. Exploltatlon des ondes radio numériques dans les anndes . 90

Arunas G. Siekys, NovAtel Communications Ltd.

- Milleu électromagnétique, compatibilité électromagnéthue a l'utilisation

des fréquences électromagnétiques
Professeur T.J.F. Pavlasek, Université McGill

- La rareté des fréquences

Jean-Marc Pellerin, Ministére des Communications

12 h DEJEUNER

Conférencler - Marcel Masse, Ministre des Communications, Gouvernement du Canada

En ce qui concemne SPECTRE 20/20 '89, Ie Ministre déclarait derniérement :

"Ce rassemblement sera une occasion unique pour l'industrie et le
gouvernement d'aborder ensemble les questions qui se rattachent a
l'utilisation du spectre au cours du vingt-et-uniéme siécle. Dans le
domaine des télécommunications, nos technologies en plein essor
Jouent un réle essentiel dans notre vie quotidienne, mais peu de gens
réalisent que la diversité grandissante de la radiodiffusion et des
nouveaux services tels que le téléphone cellulaire, les communications
par satellite et les équipements radiocommandés encombrent le spectre
des fréquences, source de nouveaux défis que les cadres et les
. utilisateurs de cette ressource naturelle limitée se doivent de relever.”

-
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14 h SEANCE 2 - LES PERSPECTIVES INTERNATIONALES

Président de séance - Robert A. Gordon, Ministéere des Communications

..La gestion du spectre au Royaume-Unl

Michael Goddard, Département du commerce et de l'industrie, Londres
"Défi 21"

Richard D. Parlow, Département du Commerce des Etats-Unis

Défls de coordination pour INMARSAT

Jai P. Singh/Peter Poskett, INMARSAT, Londres

. La Commission des Communautés européennes et Ia gestlon

des fréquences
Jean-Louis Blanc, La Commission des Communautés Européennes

- La réglementatlon Internationale de la gestion des fréquences dans un

contexte technique et opérationnel en évolution
G.C. Brooks/G. Kovacs, Union internationale des télécommunications, Genéve

18 h 30 - 19 h 30 RECEPTION

19 h 30 BANQUET
Jeff Lumby, Personalité de la radio - CJFM FM 95.9
Kevin Dean Trio - Jazz

Mercredi 29 novembre

9 h SEANCE 3 - LES SOLUTIONS

Président de séance - Lioyd Kubis, Motorola Canada Limitée

- L'avenir des normes techniques

Norman Aspin, Association des manufacturiers d'équipement électrique
et électronique du Canada

+ Réseau urbain de télécommunications a large bande, & flbres optiques

Nick Hamilton-Piercy/George Hart, Rogers Engineering

Solutions autres que spectrales - Télécommunications

Robert J. White, Telecom Canada

Efficacité accrue du spectre et utiiisation des bandes de fréquences supérieures
Robert W. Breithaupt, Ministére des Communications

- Progrés réalisés dans le domaine des techniques de modulation et de codage

Al Javed, Les Recherches Bell-Northern

12 h DEJEUNER

Conférencler - Edward "Ted" Rogers, Président, Rogers Communications Inc.
14 h SEANCE 3 (suite)

Technologie des antennes perfectionnées

Craig M. Skarpiak/George Tong, Andrew Canada Inc.

Nouvelies possibllités en matlére de satellites
Sheelagh Whittaker, Canadian Satellite Communications Inc.

- Nouvelies techniques de gestion du spectre

Douglas Sward, Ministére des Communications
Des solutions globales pour le spectre
Wayne Longman, Ministére des Communications

15 h 30 CLOTURE DU COLLOQUE

Robert A. Gordon, Ministére des Communications
David L. Garforth, président, Conseil consultatif canadien de la radio
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ABSTRACT

STRATEGIC INITIATIVES TO ADDRESS
COMPETTTION IN ACCESS T0 THE RADIO SPECTRUM

BY
RICHARD STURSBERG
ASSISTANT DEPUTY MINISTER
TECHNOLOGY, RESEARCH AND TELECOMMUNICATIONS
FEDERAL DEPARTMENT OF COMMUNICATIONS

In Canada, most of our experience with competition has been

limited to competing users for the same spectrum - such as broadcasting

. land mobile and microwave (common carriers vs. utilities and VHCM
vs. satellite) - and competing suppliers for the same service -
cellular radio, trunked radio systems and nationwide paging. Although
competition p1ays a strong role in formulating spectrum policy,

~ approval of radio licences has largely been done on a "first-come;

first served" basis.

As the radio frequency spectrum is a limited and strategic
resource, supporting much of our social, economic and cul tural
infrastructure new approaches and innovations will be required with the
rapid advances in technology and increase in service demands. National
priorities also need to be balanced against international directions
and priorities.

This paper addresses several strategic initiatives to deal with
competition in the future. One is the development of a comprehensive
spectrum strategy to be the cornerstone of the entire radio spectrum
structure and planning for future telecommunications requirements. The
overall intent would be to use this strategy as a framework with
appropr1ate gu1de11nes to eventually meet Canadian 1ong-term obJect1ves

~and to maximize benefits to Canada.

The other initiative is the use of scenario modelling techniques
to better assess the social, economic, technical and cultural
trade-offs in Canada's best interest. One application of this model
will be development of a spectrum impact model to assess various
competitive de11very means for the 1mp1ementat1on of advanced
television services in Canada.

Both of these initiatives as well as others wi]] be out11ned as a
means to address future competitive forces as they arise.



Résumé

Initiatives stratégiques destinées a régler
‘les problémes de concurrence quant & l’acceés au
- spectre des fréquences radloélectrlques
par
Richard Stursberg
, Sous-ministre adjoint :
Technologie, recherche et télécommunications -
' Ministére fédéralAdes communications

Au Canada, ce que nous savons de la ‘concurrence se borne essentielle-
ment & la lutte que se font les utilisateurs pour obtenir les mémes fréquences -
concurrence entre les radiodiffuseurs, les utilisateurs du service mobile

terrestre et les utilisateurs de systémes & micro-ondes (affrontement

télécommunicateurs et services publics d’une part, et utilisateurs de systémes
a micro~ondes de trés grande capacité et services par satellite d’ autre part) -
.et & -la concurrence entre les fournisseurs pour obtenir le méme service -
radio cellulaire, systémes & partage de plusieurs canaux et téléappel
* national. L’adoption de politiques -en matiére de spectre fait l’objet d’une
vive concurrence, mais 1l/approbation des licences radio se fait en grande
partie suivant 1la formule du premier arrivé, premier servi

Comme le spectre des fréquences est une ressource limitée et stratéglque~

qui soutient une partie importante de notre infrastructure. sociale, économique

et culturelle, ‘11 faudra observer des idées et des approches nouvelles com~ ..
pte tenu des progrés rapldes de la technologie et de 1’augmentation de 1la.
demande de services. De plus, il sera nécessaire d'’adapter les prlorltés na--

tlonales aux orientat;ons et aux priorltés internationales..

Le présent document expose plusieurs lnltlatlves stratéglques qui per-'

mettront & l/avenir de régler les problémes de concurrence Une de ces in-
rltlatlves congiste & élaborer, 2 l’égard_duyspectre, une stratégie globale
sur laquelle reposera toute la structure du gpectre radioélectrique et la

.planification des besoins de télécommunicatlons futurgs. Il s’agirait sur--

tout d'utiliser cette stratégie comme cadre, assorti de lignes directrices
. appropriées, en vue d’atteindre les objectifs canadiens a long terme et max-
im;ser les avantages’ pour le Canada. »

L’autre,initiative consiste 3 se servir des techniques d'élaboration

de scénarios pour mieux évaluer les options sociales, économiques, techni-

ques et culturelles dans 1’intérét du Canada. Une des applications de ces
scénarios pourrait consister & concevoir un modéle d’impact spectral pour
évaluer différents moyens concurrentiels de mise en oeuvre de gervices de

. télévision perfectlonnée au Canada.,'

Ces deux 1n1t1at1ves, a;nsr que d/autres, seront présentées comme un.

./moyen de composer avec les forces de la concurrence au moment ol elles se
manifesteront.
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Introduction

The radio frequency spectrum is a limited natural resource, and
1ike many other natural resources it is exploited to provide a wide
range of radiocommunications services to the general public, industry
and government. As it is not contained by regional or national
boundaries, it is contingent on an efficient and effective base of
policies, regulations and management procedures which are designed to
accommodate as many users as possible, and to facilitate equitable
sharing among the users and different types of services in an
environment as free as possible from harmful interference.

When the spectrum available is insufficient to meet all the
demands being placed upon it, then a type of “resource allocation”
methodology is required. The methodology may be similar to that used
for the allocation of contracts, the letting of oil leases, the
development of priorities or the allocation of financial resources to

- projects, but some type of decision-making model is necessary.

As the radio frequency spectrum is a limited and strategic
resource, supporting much of our social, economic and cultural
infrastructure, new approaches and innovations will be required with
the rapid advances in technology and increase in service demands.
National priorities also need to be balanced aga1nst international
directions and priorities.

In Canada, most of our experience with competition has been
limited to date. This paper addresses several initiatives to deal with
the anticipated increase in competition for the radio spectrum in the
future.

Initially, a brief overview of our traditional approaches is
presented, some commentary on our experiences with competing
applications is outlined, further details on initiatives in the past
few years are presented, an overview of -choices and challenges in the
future are described and some potential new initiatives are presented.

The Traditional Approach

: The traditional means of radiocommunications development has been
to allocate bands of spectrum to particular radio services and then to
subsequently licence applicants within each service. This processing
and assigning of frequencies for radio applications is accomplished
according to existing spectrum policy, licensing policy, general radio
regulations, and radio system standards and is normally on a
"first-come, first-served" basis, providing that the licensing will not
gotally pre-empt the licensing of other similar applications at a later
ate.




In areas where there has been excess demand, preference has been
given to those applications providing greater public benefits, better
spectrum utilization and overall efficiency, irrespective of the
receipt dates of the applications. - .

Until recently, there has not been a need to diverge significantly

from this method of system licensing. There has been an increase in
user demand and no concomitant increase in spectrum supply or rapid
“adoption in improvements in usage technology. There is now more than
ever a requirement to review the traditional radio systems licensing
policies in such a manner to ensure that applications for spectrum are
dealt with in a just and equitable manner.

Experiences with Competitive Licensing

In Canada, our experience with competitive licensing for spectrum
has been rather 1imited. s '

One example is the Microwave Licensing Policy. The initial
microwave system 1icensing policy dates back to the announcement by the
Minister in the House of Commons on February 12, 1970 to ensure the
consolidation of network facilities in Canada. This policy required
the applicants for new microwave systems to demonstrate some public
interest and need to be created by the new facility, and that existing
facilities could not satisfy this interest and need. It allowed the -
Minister, in the granting of microwave 1icences, to determine that new
facilities would provide significant advantages over existing
facilities in terms of cost, convenience, quality and flexibility.
Applicants for licences were required to obtain a quotation from a
telecommunications common carrier in addition to their own proposal to
assist in the determination of the public interest.

In 1981, this policy was reviewed against the objectives and
obligations of broadcasters under the Broadcasting Act due to the rapid
expansion of broadcasting programming and the increased activities of
cable television program distribution. It resulted in establishing

that equal importance would be given to the broadcasting objectives as

‘to the telecommunications objectives. Hence, a licensing policy was
announced in 1983 to allow the licensing of systems for private
microwave broadcasting and cable television undertakings to deliver
their program signals. This may have relieved some of the competitive
aspects of systems Ticensing but on the other hand the result was a
significant increase in private microwave applications which had to be
coordinated. Fortunately, the rate of growth of microwave systems as a
whole has tended to be static over the past few years. , '

With microwave systems and fixed systems'in general, the
allocation of spectrum, radio system licensing, availability of
Ticensing policy and the filing and assessment of applications is more

‘
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disciplined. Each application is considered on its own merit against
criteria and principles based on the public interest. However, any
liberalization of licensing policy to permit private systems and new
types of commercial systems would place more demand on the spectrum.

On the other hand, with mobile and broadcasting systems the
compet1t1on for radio Spectrum is more intense. Often the application
process is simpler and they are treated on a "first-come, first-served"
basis. For mobile services, in those areas where the spectrum is
limited, the Department routinely assigns radio channels on a shared
basis to non-competitive users.

Where there have been no policy and/or regulatory guidelines
and/or where licensing of an application on a "first-come, °
first-served" basis could have pre-empted licensing of other similar
services, due to spectrum 1imitations or other considerations, a call
for applications procedure has been employed on a selective basis.

This has been done through a notice in the Canada Gazette with a
specified cut-off date and an outline of the terms and conditions for
the application process as a whole. Due to the expenditure of time and.
manpower resources which implementation of this process requires, it
has been used only on a selective basis and only where in the
Department s assessment the public interest would have been best served
in such an undertaking.

The Department has made a call for application process in three
instances where licensing decisions were required. The first was the
October 1982 call for cellular radio telephone applications; the second
was the January 1983 call for trunked mobile radio applications; the
third was the May 1989 call for nation-wide paging at 900 MHz.

(a) Cellular Mobile Radio

During the period from 1980 to 1982, a public consultation process
was carried out to determine the cellular frequency bands and the type
of cellular systems which would meet the needs of Canadian users.

In October 1982 a call for applications was announced for the
operation of cellular mobile radio in the 23 Metropolitan Areas of
Canada. Applicants were given until February, 1983 to submit 12
separate items of information (called exhibits) which were evaluated
in-house in a closed process by Departmental personnel. Following the
review of this material, further written submissions were requested
from the applicants and evaluated internally.

(b) Mobile Radio Trunked Systems

On June 5, 1982, the Department published a notice in the Canada
Gazette on the "Proposed Policy for the Licensing of Mobile Radio
Trunked Systems". Based on the public consultation, policy guidelines
and criteria were released on January 1, 1983. A call for applications



by April 1, 1983 was made forlmajor urban areas to be followed by
"first-come, first-served" licensing after the closing date for
applications. ' _

- Written applications were evaluated on the basis of the fo]]owjhg
criteria: need for proposed system, technical considerations, service,
system inauguration and expansion, experience and competition. '

Both of these calls (a) and (b) have resulted in licensing
decisions to the various successful applicants. ‘ o

(c) Nation-Wide Paging

The latest call for applications was the May 1989 public notice
for nation-wide paging in the 900 MHz band. This notice requested an
expression of interest and established ownership eligibility
requirements. ' : ' : o

Recent other initiatives

As a general principle, the Department formally consults with the
public before undertaking new policy or regulatory initiatives. After
analyzing the public comments, the Department will announce policy
guidelines or request further public consultation on proposed policy
guidelines. It is our intent to continue with this approach to public
consul tation. ,

Taking into account our past experiences with competitive
licensing, the growing demand for radio spectrum and advances in radio
technology, a number of initiatives were undertaken in a public
consultation context. These included:

(a) Radio Licensing in Limited Spectrum Environments

In March, 1987, the Department published a notice in the Canada
Gazette to solicit comments on the policy and procedures which should
be taken into account in dealing with those situations where the number
of applicants exceeds the supply of frequencies for a particular ,
service. Comments were requested on basic qualifying requirements for
licensing, the procedure to be used for the provision of input to the
department, the criteria to be used to evaluate applications, the
procedure to select the successful applicant (Comparative hearings,
auctions, lotteries, etc.) and post-licensing requirements.

The submissions expressed a preference for comparative hearings in
evaluating the relative merits of one applicant versus another. It was
clear from the submissions that a process which employed either
~Totteries or auctions would encounter opposition from prospective
applicants and would not enjoy the confidence of those it seeks to
serve, - : ' B : :
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(b) Implementation Strategies for the Introduction
of Advanced Television Services in Canada

In July, 1987, a gazette notice was released for public comment to
assist the Department in future decisions and strategies for the
eventual implementation of advanced television services. These new
services require substantial further consideration in the areas of
standards, spectrum requirements, compatibility with conventional
television and means of distribution. ,

As a means to address most of the areas of concern, the Canadian
Advanced Broadcast1ng Systems Committee (CABSC) was formed to deal with
the technical issues involved.

(c) Spectrum Utilization in the 30 to 960 MHz Range

A discussion paper was released in September 1987 to elicit
comments on a number of theme issues and to determine the environmental
framework for spectrum development in this range for the next 15 years.
This range encompasses some of the most heavily used spectrum and
encompasses most of the vital app11cat1ons of ‘radio systems today in
the mobile, broadcasting and other services.

Further coordination and policy proposals will continue to be
released and discussed through public consultation.

(d) Spectrum Utilization Policy for

In April 1989, through the Canada Gazette, changes to these bands
were proposed to support MSAT feeder links. These bands are now used
by telephone and cable television companies and the proposal would
determine the method of sharing of the bands.

(e) Radio Policy Guidelines Respecting
Datacasting Services

In June 1989, comments were requested on guidelines for
datacasting services concerning areas such as access to transmission
channels, consistency of regulatory treatment between broadcasting and
non-broadcasting services and licensing requirements.

(f) Local Microwave Systems

In November 1988, comments were requested on radio 1icensing
policy for local private microwave due to the increased demand, the
range of low-cost microwave systems, applications and services, the
Tevel of private network interconnections to public networks and
greater flexibility demanded by business users. The first phase of



public consultation was completed with a range of submissions received.
In mid-October 1989, the Department initiated a radio 1icensing policy
review for a restricted type of local public commercial service to
provide specialized Tocal radiocommunication services or innovative
transmission distribution facilities.

(g) Transborder Satellite Services

_ A Canada Gazette notice in September 1989 requested comments on

domestic arrangements for transborder telecommunications via satellite
related to access to satellite facilities and earth station licensing.
Comments were requested on use, markets and growth for services,
applications of two-way micro term1na1s, mob11e services and video and
data receive-only earth stat1ons

These initiatives prOV1de a good indication of the increasing
complexity of the issues requiring decisions, the increasing time
period before specific initiatives and policies are implemented and the
increasing competition for access to the radio frequency spectrum.

"Our approach has always been to ensure the orderly development of
radio communications and it is 1ikely to continue in this direction.
However, over the next ten years and into the 21st Century there will
be some hard decisions which will have to be taken. Some of these
decisions will require new decision-making tools and new approaches.

Choices and Challenges 1nvthe Future

If we look forward to the future of the radio frequency spectrum,
there are a number of major trends that will have to considered:

- Increasing compet1t1on for new: rad1ocommun1cat1ons services by
more players.

- Increasing need for nationa1 service systems.
.- 'G]oba11zat1on of users, services and compan1es

- Spectrum 1ncreas1ng1y becom1ng an 1nd1spensab1e and h1gh1y used
resource. .

- D1gitization of radio systems.-
- Deve1opment of mul ti-service systems. '

, - Serv1ces becom1ng 1nd1st1ngu1shab1e one from the other
- Increasing numbers of mutti-service providers. |

- Increasing instances of spectrum shortages.
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expected to take into account the market demands, the distribution
technologies available for the delivery of services, the impacts of
various strategies pursued by government in terms of social, economic,
cultural and other predetermined objectives.

Thirdly, the Department is considering seriously initiating a full
review of our spectrum allocation framework and bringing an appropriate
policy strategy to be responsive to the development of
radiocommunications to the 21st century and beyond.

These initiatives indicate a new emphasis by government to focus
on. this valuable resource, the radio frequency spectrum.

Conclusion

The radio frequency spectrum is being increasingly recognized as
an indispensable resource for the distribution of a wide variety of
services to industry and the general public. It is a cornerstone to
support the efficient development of radiocommunications services, and
an integral part of the Canadian telecommunications systems and the
broadcasting system. It is also indispensable for the security, safety
and sovereighty of this country. ‘

New demands, particularly in areas where the spectrum is scarce,
are placing new challenges and hard choices before the Department. In
this paper, I have attempted to provide a general overview of our
experiences with competition for access to the spectrum and some trends
as well as new initiatives under taken by the Department.

As has always been the case, we intend to continue to consult
with industry on a coordinating and partnership basis to ensure
Canadian needs and objectives can be met. This is becoming more
important and more critical with the rapid advances in technology and
users insatiable requirement for services and information.

1.1.11
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These trends translate in many instances to more demands and more
competition in access to the spectrum. This will undoubtedly mean that
hard choices will have to be made and new approaches will be required

-to deal with spectrum allocation and management in an environment of

increasing spectrum scarcity.

For example, some of the challenges and choices include the
following:

(a) Should part of the fixed terrestrial spectrum at the Tow end
of the microwave bands be allocated to relieve spectrum
congestion caused by mobile and broadcasting services?

For example, fibre optic systems are be1ng deployed in the
Canadian telecommunications system to provide an 1ncreas1ng1y
significant percentage of the intercity circuit requirements
of the telephone and public data networks. Less pressure is
being placed on many of the various microwave bands that
provided the backbone networking of the telecommunications
system.

(b) Is spectrum better directed from broadcasting to other
services in urban areas, in an era of large capacity cable TV
distribution and the prospect of alternative broadband
service distribution to the home based on fibre?

For example, should fibre to the home become a reality, would
it be feasible to directly distribute broadcasting signals-
through the fibre network and use the broadcast spectrum for
new and innovative services.

(c) Should broadcast spectrum (VHF/UHF) be used for other
services through a process of gradual termination?

As an example, in 1985 in the UK, VHF off-air television
broadcasting was terminated and the spectrum was reassigned
to mobile services.

As well, in Australia recently, AM radio stations were
converted to FM stations, and the vacated AM frequencies were
made available for Radio for the Print Handicapped services
and a permanent Federal Parliamentary broadcast station.

(d) How will we meet the increasing demands for new services?

Service demands are growing at an incredible pace.

Naturally, from a cost and product availability standpoint,
many radio applicants for spectrum want to be in the VHF/UHF
bands. However, the compet1t1on for Spectrum that has taken
place in the 30-960 MHz range is now moving into the 1-10 GHz
range and eventually will occur above 20 GHz.



(e)  How w111 ‘advanced te1ev1s1on services (HDTV) be de11vered and
o what spectrum w11] be required?

o As these de11berat1ons are cont1nu1ng, it is not 11ke1y that
- an answer can be found 1n the next year or $0.

- (f)  Should Spectrum be auct1oned in compet1t1ve s1tuations?'-

'Th1s is an appea11ng opt1on for government due to ‘the revenue
potent1a1

During the 1990 budget deliberations in the U.S. for the
F.C.C., it was estimated that 6 MHz of spectrum cou1d y1e1d
$2.3 b1111on in 1990 ’ ,

Ce]]ular Ticenses in the United States are. va1ued in the
range of $89 141 per capita in the service area.

'In Austra11a recent]y, tenders for s1x frequenc1es 1n the FM'.'

~band realized $105 miilion.

" These provide a number of examp]es of challenges that w111 have to
be faced in the future. " As any rea]]ocat1on of spectrum is made, there

‘ w111 1ncreas1ng1y be compet1t1on for the use of that spectrum.

Instead of sitting 1d1y by as dec1s1ons on spectrum are being
“made, the Department has decided to put greater emphasis on longer. term
~deve1opments and attempt to more thorough]y ana]yze some: of the options
ava11ab1e , , ,

New In1t1at1ves

, In order to attempt to meet the new cha]]enges assoc1ated with
spectrum access and- compet1t1on for: spectrum a number of 1n1t1at1ves
have been undertaken., o

First, in order to more. prec1se1y determ1ne the future demands for
services, a series of contracts have been let to assess mobile and
satellite services requirements, to determine the timing of these
- demands and to outline the changes in technology which could occur.
These should provide us with a more precise overview of where the
~ demands are coming from and how these could be addressed from a
spectrum standpo1nt

Second]y, a spectrum.decisionemaking mOde] wi]} be developed to
enable the Department to be in a better position to assess the
implications of various demands on the spectrum and to develop

-strategies and scenarios to meet specific objectives. Th1s mode1 is

1.1.10
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THE CHALLENGE OF ENHANCED ENTERTAINMENT

Kenneth P. Davies, Eng., John C. Lee, Eng.,
Fran¢ois Conway, Eng.

CBCAEngineering
Montreal, Quebec, Canada

ABSTRACT

This paper outlines the current use of the spectrum for
the provision of broadcast entertainment, information, and
educational services, via AM Radio, FM Radio, terrestrial
television, and satellite delivery mechanisms.

An overview of enhanced radio and television broadcasting
services is provided. Included is an evaluation of the broad
categories under which proposed advanced television services
can be grouped, as well as a description of current efforts in

. digital and audio broadcasting. The spectrum issues

associated with these various enhanced services is assessed.

This paper’s conclusions address the delivery of enhanced
services to the Canadian public, with emphasis on access,
spectrum requirements, and efficiency.



Résumé

Le défi de l’amélioration des services de divertissement
Kenneth P. Davies, ing., John C. Lee, ing.
- Francois Conway, ing.
Services d’ingénierie de la SRC
Montréal (Québec) Canada

Ce document décrit l’utilisation qui est faite & 1’heure actuelle du
spectre des fréquences radioélectriques en vue de la prestation de services
de divertissement d’information et de services éducatifs par 1’intermédiaire
de la radiodiffusion AM, de la radiodiffusion FM, de la télévision de Terre
et de moyens de distribution par satellite,

On y donne un apercu des services améliorés de radiodiffusion et de
télévision. On y fait également une évaluation des grandes catégories dans
lesquelles pourront &tre groupés les services projetés de télévision de pointe
et l’on y présente une description des efforts actuellement déployés en
radiodiffusion numérique et en radiodiffusion sonore. Les auteurs évaluent
les questions relatives au spectre, associées a ces divers services améliorés.

Les conclusions de ce document sont axées sur la distribution des ser-
vices améliorés & la population canadienne, en particulier sur la facilité
d’accés a ces services, les besoins en fréquences et l'efficacité de
1’utilisation du spectre.




1. INTRODUCTION

At the conclusion of the twentieth century, the world of
audio-visual entertainment is experiencing both an evolution
and revolution. Since their beginning, radio and television
broadcasting have demonstrated, through their popularity, the
need and the demand for home- and individually-oriented
entertainment. While entertainment industries such as cinema,
have responded to the competltlon by offering services of
hlgher quality, the trend in the home environment was to
increase the number of services. The emergence of cable-
television, satellite television, VCR's, videodisc, audiodisc,
and more radio and television channels is evidence of this
trend and of the public demand for diversity and quantity of
sexrvices.

Numerous new technologies designed to increase the
realism of the viewing and listening experience by improv1ng
the quality of sound and picture are coming forth. Such
factors as higher resolution, greater luminance range, better
colorimetry, and wider aspect-ratio, increase the clarity,
depth, and the overall realism of the images. The same is
true in sound with wider frequency response and dynamic range,
multichannel effects (i.e., stereo, surround-sound) and higher
signal-to-noise ratios obtained with noise reduction systems
or digital technology.

With the application of these new technologies in the
home entertainment environment, it is now possible to produce
and deliver to the individual improved sound and images of
quality comparable to those in the world. of outside
entertainment. Broadcasters, cable and satellite television
distribution companies, and the consumer electronic industry
are planning to meet the demand and competition that will be
created by this technological revolution.

The public has been exposed to such enhancements through
70 millimetre film, cinemascope, surround sound, "THX" sound
system, high-definition television, digital sound, and this
has considerably increased their expectations in terms of
image and sound quality. It is likely that they will demand
such high quality in their homes and cars. Recently, the
rapid penetration of the compact disc in the homes has
confirmed this.



.. Because of the geographical and socio-ecomomical
situation in Canada (i.e., large territory with dispersed
pockets of population, cultural/language diversity, and the
wide range in the "niveau de vie" of the Canadians) over-the-
air bhroadcasting plays a key role in the provision of audio
and video entertainment to viewing and listening audiences as
it enables each Canadian to access to the system at minimum
costs. In addition, broadcasting has other social purposes
(i.e., education, enlightenment, information, and cultural -
enrichment). In the interest of the Canadian public, it is
therefore essential that broadcasters be able to offer and
deliver new and enhanced services at the highest possible
quallty level afforded by technology

As most are aware, broadcasting is allocated valuable
portions of the radiofrequency spectrum bhelow 1 GHz, provmdlng
radio, television, and data services to virtually all
Canadians. 1In addition, broadcasters also employ spectrum
above 1 GHz for private communication links and are allocated
. bands in the 12, 18, and 23 GHz range for satellite
broadcasting and around 2.5 GHz for multichannel distribution.
It is noteworthy that the development and regulation of
broadcasting in Canada has already made good use of a balanced
mix of terrestrial over-the-air, cable, and satellite delivery
of services that is both cost and spectrum-efficient.

In many parts of the country, particularly in the
densely-populated areas along the U.S. border, most of the
spectrum currently allocated to broadcasting below 1 GHz is
already assigned and used, resPecting current service and
system design criteria

Because of the technological revolution, the demand for
‘new and enhanced services is growing rapidly, expressed as
both an increased number of services, frequently of a
specialized nature, and by the introduction of enhanced
services. Digital sound broadcasting, enhanced and advanced
television services, HDTV broadcasting and data broadcasting
are some of the elements in the action plan of the
broadcaster. These new services require signals and coding.
formats which can transport more information and in more
sophisticated formats than current systems, leading to a need
for additional spectrum capacity, both in the form of more
‘channels and of channels of improved performance (i. e.,
increased bandwidth, better carrier-to-noise ratio, lower
1nterference, etc. ), at a time when other non-broadcast
services, some publlc, many private, are also seeking
additional spectrum space. The result is a foreseeable
squeeze on spectrum leading to a seemingly insoluble crlsis in
the years ahead.
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While the responses to some of these needs might be found
that do not demand further spectrum, all alternatives must be

«.examined in an .effort- to determlne the overall scenario that
‘will benefit~all Canadians.

This presentation first analyses the current situation
and examines the proposed new and enhanced services,
overlaying them on the present to develop an integrated view
of the public’s need for spectrum for the delivery of enhanced
services to each Canadian.

2. CURRENT USE OF SPECTRUM FOR BROADCAST ENTERTAINMENT,
INFORMATION, EDUCATION

As we are all aware, current broadcasting services in

-+ .Canada..are :well .developed. ~..Seventy~-one :percent (71%) of all

‘'Canadians~over the*age of -two*listen to either English or
French AM radio services at least once.a.week;-.sixty.percent .-
(60%) either English or French FM radio service; and ninety- -
eight percent (98%) either English or French television
services. The availability of such services to Canadians
on a national basis is higher.

There are estimated-to:be 714,989,000 television :receivers
in Canada including colour- or black.and white sets, and
24,506,000 radio receivers, many of them in automobiles and
other vehicles. 2, -3 The development and introduction of

~enhanced services in this environment requires careful

planning to avoid-major disruptions to the public.

2.1 AM Radio

AM radio services currently use the band 540-1605 kHz
(one hundred and seven 10 kHz channels) with an expansion to
1705 kXHz (ten additional channels) now in .process. ' There are
over 800 transmitting stations .in Canada. It is now very .

> difficult-to find a frequency for a. medlum or high-power

station in Canada.

AM radio in most populated areas has 'a difficult time
competing in the marketplace, resulting in a trend towards
specialized audiences such as in automobiles. The
introduction of stereo has had only a minor effect in
improving the audience share. The recent -introduction of

-~ controlled pre-emphasis.and.better filtering via the NRSC

characteristic to the-extensive audio processing widely used
in this service, will improve coverage due to-the reduction in

1.2.5



noise and interference, thereby making more efflcient use of
the spectrum aSSLgned :

Due to propagation effects and electromagnetic noise
levels in this band, coupled with unsophisticated receiver
designs, the quality of the service is inadequate for enhanced
entertainment. Accordingly, AM radio through the years has
become more news and information-oriented with a migration of
entertainment to FM radio. The technical quality of AM radio
is unlikely to achieve that of FM radio or compact disc.

2.2 EM_&aﬂ_i_Q

FM radlo currently occuples the 88-108 MHz portion of the
. spectrum and most stations offer stereo services with some
~including auxiliary sound or data services through the use of
subcarriers.

There .are over 750 FM stations in Canada. The FM radio
spectrum has become essentially fully utilized in most
metropolitan areas, notably the Quebec City to Windsor
corridor and the Vancouver/Victoria area.

- Recent developments in FM radio include: FM-X, a
compatible modulation process that extends the area of
acceptable stereo service to be equivalent to that of _
- monophonic services, and; Radio Data Service, a subcarrier-

based data broadcast service developed in Europe to enhance
current transmissions with related information. However, as
-all radio broadcasters are now aware, the quality-level of FM
stereo broadcasting has been surpassed substantially by other
consumer equipment, such as the Compact Disc and R-DAT. '

2.3 Terregtrial Television

Currently the bands ranging from 54-72 MHz, 76 88 MHz,
174-216 MHz, and 470-806 MHz (excluding 608-614 MHz) are used
for the broadcasting of television, totalling 72 MHz of the
VHF band (12 channels) and 330 MHz of the UHF band (55
channels). There are currently approximately 1480 VHF-TV
stations and 400 UHF-TV stations in Canada.

The status of receiver technology limlts the possible
selection of channels in any given geographlc area to second-
adjacent in the VHF area and fifth-adjacent in the UHF band,
with other limitations based on 1mage and cross-modulation
products. Therefore, at any point, no more than approximately
15 channels can be assigned. However, these limitations are
offset somewhat by the allotment and assignment of the locally
unusable channels in nearby adjacent television markets,
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thereby,leading to a much denser allotment .and assignment plan
than is apparent at first glance. In fact, in several cases,
it is the short distances between metropolitan areas which
limit the use of channels in a given location.

The distribution of television by cable, an area where
Canada has been both a pioneer and a leader of this
technology, has enabled viewers to exceed this limit in about
68 percent of households, but the remaining 32 percent of
households must accept far less. In most of the heavily
populated areas of Canada, especially those within 100 miles
of the U.S. border, all currently possible VHF allotments are
already assigned and in use. 1In regards to available UHF
allotments, studies have shown that, considering only normal
growth of traditional broadcast services, all allotments in
ten of the largest metropolitan areas will be fully assigned
by the year 2007.

The quality of the NTSC signal delivered by terrestrial
broadcasting and cable is becoming non-competitive with that
deliverable by pre-recorded media (e.g., S-VHS). Providers of
entertainment services, concerned with the potential loss of
market share, are actively seeking delivery mechanisms to
reverse this trend and to render their programs competitive
and attractive from a quality viewpoint. In this quest they
are joined by consumer equipment manufacturers who identify
this as a major potential market.

2.4 Satellite Delivery

The delivery of television to viewers by satellite has
developed in a perverse, though an eminently pragmatic fashion
in Canada. A de-facto satellite broadcast service has
developed in the FSS sections of C-band and Ku-band, using
transmissions directed principally at broadcasters and cable
system head-ends. 1In addition, some 250,000 homes are
serviced in this way in rural and remote areas. However, the
operating parameters and satellite designs in these FSS bands
are not optimized for direct delivery to the homes.

Due mainly to the gurrent difficulties related to the
launching of a Direct Broadcasting Service (DBS), Ku-band
allotments for high-powered broadcasting satellites remain
unused. On the other hand, proposals to use the 2.5 GHz
allocations for multipoint distribution systems (MDS) are now
on the increase. Satellite delivery, while a cost-effective
way to deliver services to certain viewers, is not competitive
generally in urban areas, remaining a small, but nevertheless
important portion of the delivery system. The
interconnectability of satellite delivery with other delivery
mechanisms is an important consideration for the future.
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, Broadcasters have important needs for spectrum in closed-
circuit applications for such things as studio-to-transmitter
links, ENG links, entrance links/satellite backhauls, cue and
communications, and wireless microphones. Assignments in the
VHF, UHF mobile bands and in the 6.930-7.125 GHz, 13.15-13.25
GHz, 15.075-15.175 GHz, and 20.2-23.6 GHz bands are employed.

. Co-ordination of these frequencies continues to be a
difficult problem at major public sports, news, or
entertainment events when a large number of broadcasters are
present, requiring flex1bility in spectrum availability and
co- ordination

3. ENHANCED ENTERTAINMENT SERVICES

} Current audio-visual entertainment/education/informationﬂ
services to the public are based on system standards developed'

some time ago, i.e., AM radio before 1920, FM radio the mid-
1940's, and the current color-TV standard was added in 1951 to
a monochrome TV system already 12 years old. Modern
technology - transistors, integrated circuits, lasers, digital
processing, etc., have served to improve the performance of
these systems far beyond the best expectations of their
creators but has also enabled the creation of new systems
offering greatly improved results, many of which compete
directly with the somewhat dated offerings of broadcasters.

Similar considerations have led to the availability of
large numbers of new production tools and delivery mediums and
'to the development of consumer electronics equipment based on
guite complex proce551ng at remarkably low levels of cost.

Together, these form the basis of the enhanced
entertainment revolution currently becoming visible. 1Its
elements include: . '
- Digital sound broadcasting, both terrestrially and

-satellite-delivered;

- Enhanced'television services;

- ‘HDTV broadcasting, bringing theatre quallty sound and
images to the home;

- Data broadcasting services, both associated with
- programming and as independent services.




. Existing frequency allocations and broadcast systems do
not readily lend themselves to the introduction of these new
technologies. As mentioned in the introduction, with the
expected public demands, this will create additional spectrum
requirements. Allocations for such services within the next
few years will have to be carefully congidered. Due to the
public nature of these developments, considerable pressure
from both broadcasters and the public audience will be

" focussed on the regulators of spectrum to meet their needs.

3.1 Enhanced Radio Servicesg

Radio broadcasters, in response to digitally-based media,
such as the CD, are starting to convert their studio to
digital. From this benchmark emerges the interest to deliver
digital sound quality to consumers. The development of sound
broadcasting services based on digital modulation is at an
advanced state in Europe, lead by the efforts of European
administrations, the EBU and, more recently, European
industry, all in an effort to be able to offer new services
and products in the middle 1990‘’s. A combined source and
channel digital coding system was demonstrated in Geneva last
year. The system was developed for both satellite and
terrestrial applications taking into account the
characteristics of mobile reception.

The proposed transmission scheme is based on multiple
narrowband subcarriers in a bandwidth of about 4 MHz, each
modulated with a part of the data redundantly and using an
advanced convolution coding process. 5, . By the use of
multiple carriers, the effects of Rayleigh fading on portable
and mobile reception can be minimized and significant
advantages accrue in the case of interference and multipath
effects, which become a thing of the past. Sixteen .
stereophonic channels plus additional data can be transmitted
in 4 MHz. The quality of the received sound signal is
comparable to compact disc. '

The impressive claims made for this new approach merit
serious consideration since it permits a reduction in
bandwidth, energy density, terrestrial transmitter and
satellite power requirements.  This results in very efficient
spectrum utilization. It also increases the viability of a
satellite and terrestrial digital sound broadcasting service
and makes it appear highly attractive. Other systems to
reduce the bit-rate of the digital audio baseband signal have
been proposed and they form part of this new approach to sound
delivery. ' ‘




Under the auspices of the Canadian Advanced Broadcast
Systems Commlttee,'or CABSC, the prototype equipment will be
demonstrated in Canada in the spring-summer of 1990 in a =
series of field tests to fixed and mobile receivers under a
variety of rece1v1ng conditions.

\ The precise parameters required for the planning of this
service are currently under study. The new service will
require spectrum in the region of 1 GHz ideally, the subject
of discussion at WARC-ORB-88 and at the upcoming WARC-92. The
proposed service would offer local service in a terrestrial
implementation and regional service with relatively low-power
spot-beams in a satellite implementation. Common receivers
‘could be developed for both applications, opening the door to
a new service in the late 1990’'s, if the spectrum can be
allocated and planned in time. , :

: There is therefore an urgent need to consider digital-
sound broadcasting from both a spectrum and system perspective
in North America, due to the noncompetitive position current.
radio broadcasters may find themselves in, coupled with the
exhaustion of spectrum capacity in the major radio markets.

3.2 Ephanced Television Services

Several technologies designed to improve the quality of
television images and sound have been proposed, ranging from
compatible NTSC improvements to full HDTV. High-definition
television (HDTV) is defined as at least twice the vertical .
and horizontal spatial resolution; separate color-difference
and luminance signals; improved colorimetry; .wider aspect v
ratio; and multi-channel high- fldellty sound. The bandwidth
of the HDTV baseband 51gnal in comparison to NTSC is increased
by a factor at least five. It, therefore, is difficult to
transmit HDTV directly in that form on conventional television
delivery mechanisms because of current channel bandwidths.
Signal compression techniques, however, permit the
transmission of HDTV in significantly less bandwidth with only
small impairments to moving elements of the picture.

A Current receiver standards and product base, spectrum
availability, channelling plans, and regulatory issues make
the question of compatibility with existing systems an.
important one for broadcasters.

The subject of HDTV and enhanced TV services hasg taken on
major political and economic significance in the last few
years, as broadcasters, consumer equipment makers, and
administrations have come {0 realize the 1mp11catlons of such
services in their respectlve areas.
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‘While the television pfbduction sector, is directly
addressing HDTV, broadcasters are somewhat less focussed in
their objectives, stating a need for systems that provide

.service that are "significantly better than NTSC, and without
cross-effects, CD-quality sound, maintaining NTSC service®.

The CABSC has further stated the need for an enhanced
broadcast system to operate optimally over terrestrial, cable,
and satellite delivery media with receiving equipment of
maximum commonality, thereby reflecting the reality of the
Canadian environment. Several proposals, under the name of
Advanced Television Systems (ATV), have emerged to meet these
stated objectives and can be summarized in the following broad
categories:

(i) ~ Enhancements to NTSC at the studio, in the receiver
or both, that are fully compatible, leaving aspect-
ratio and fundamental structures unchanged. As
examples, complementary fore/post multi-dimensional
filtering, line rate up-conversion at the display,
non-linear pre-emphasis have all been proposed and
demonstrated. These enhancements do not require
extra spectrum and have no effect on coverage or
planning criteria. They are hence likely to be
incorporated at an early date.

(ii) - Channel and receiver compatible HDTV transmission
schemes, in which an appropriate HDTV receiver will
receive a wide-aspect ratio, enhanced resolution
pilcture with high-quality sound, while a
conventional NTSC receiver taking the same service
would receive a normal picture in 4:3 aspect ratio,
though perhaps with some new artifacts added.
Proposals such as this employ typically additional
subcarriers, carrying side-panel data during
vertical blanking, and use temporal sub-sampling to
achieve the results. Systems proposed by the David .
Sarnoff Research Laboratory (ACTV-1) and NHK
(Narrow-MUSE) are typical examples. While not
requiring additional spectrum space directly, such
systems, of necessity, are potentially more |
sensitive to noise, interference, and multipath
distortions that results in: a potential loss of
service area; a need for improved protection ratios;
and higher levels of interference to NTSC channels.

(iii) - An improved level of performance can be expected if
the need for receiver compatibility is removed and
the capacity of the 6 MHz channel is used to its
fullest. Proposals, such as those published by
Zenith and NHK (MUSE-6), fall into this category and
certainly show promising improvements in
performance. By the use of improved modulation
techniques, a far higher level of spectrum
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(iV)‘

(v)

3.3

utilization is achieved, while the channel can be
made robust against interference and noise. It also

" lends itself to generating less interference into

NTSC channels due to the absence of carrlers and:
subcarrlers

A number of proposals to improve the performance of.
systems of type (ii) and (iii) have been made which
would require extra spectrum, in the form of a full
6 MHz channel or 3 MHz half-channel, assuming that
this extra spectrum is non-contiguous. While in
principle this seems an attractive concept, its

- practical application under “"real-world" conditions

of noise, interference, propagation differences, and
ghosting has yet to be proven. The performance of
this approach compared to a case (iii) approach
coupled with a case (i) approach on two channels is
questionable. This latter "simulcasting" approach
would result in spectrum recovery, if and when the
NTSC transmission became redundant. - -

The transmission:of HDTV in its full form at the =
production level of quality is idealistic and a
matter for the future. At WARC ORB-88, the
frequency range 12.7-23 GHz has been identified for
the selection of an appropriate band on a world-wide
basis for the broadcasting of wide RF-band HDTV by

- satellite and this subject will be discussed at WARC

92. Both digital and analog modulation schemes have
been discussed, but it is unlikely to be directly
compatible with current services. While the
spectrum requirements of about 50-120 MHz per
channel might be accommodated under certain

- conditions in some countries of Region 2 (lncludlng

Canada), this is not the case in the rest of the
world. Therefore, if world-wide agreement is
reached on an allocation above 12.7 GHz for wide-
band HDTV, it could be expected that systems and
equipment development would be concentrated on that
band. For Region 2 countries, this could be simply
an exchange of the existing allocation at 22.5-

" 23 GHz with the new one, if agreement can be

reached

Br in

Current proposals for data brcadcasting are based on

being auxiliary to other radio or TV services. There are thus
no smgniflcant spectrum aspects to be conszdered in the short

term
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4. DISCUSSION

4.1 er n in

Broadcasting is a service different from others using the
spectrum, as it involves a very large public receiver base
over which the broadcaster exerts little control. When
implementing a service based on a new technology, broadcasters
must always be cognizant of the fact that the public will not
immediately change receivers for the new system.

Therefore, the implementation of any new broadcasting
services, such as the BSS, where new receivers are required,
and a large initial capital cost in involved, will take a very
long start-up time. Consequently, to enable the emergence of
such a service, to initiate development, and inspire
confidence in investors, receiver manufacturers, and the
public, the frequency allocation and planning must therefore
be done a long period of time before the service is used.

4.2 Radio

For radio, where mobile and vehicular reception is a key
factor, over-the-air broadcasting is the most suitable
delivery medium. For nation-wide radio coverage direct
broadcast satellite may be the best alternative. ‘

At WARC ORB-88, a number of countries expressed a need in
the future for a DBS for Radio service (this new service has
been under consideration for the past 25 years), and the
frequency range 0.5-3 GHz was identified for consideration,
although the 2-3 GHz portion has not been studied yet for this
application. This frequency range is extensively used by
other radio services and sharing will be very difficult.
Recently, with the advent of digital modulation, it seems that
the interest will move towards a combined -
terrestrial/satellite radio service. The UHF-TV band and
other bands in this range are is being examined for this new
service.

Digital radio broadcasting is still in its infancy, with
the first Canadian demonstrations scheduled in Montreal early
in 1990, through the CABSC. 1In consequence, there is little
public awareness of the potential for such a service or direct
activity on the part of broadcasters, other than recent CABSC
undertakings, to develop plans for its introduction, though
all those included in its study recognize the significant
potential for improving radio broadcasting. .

—
\8]
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It is seen by experts as the next generation of radio
‘service and as the best answer to maintain radio’s competitive
position in quality terms in an era of R-DAT and CD. The
~allocation of spectrum for such a service is a crucial step.
and the Canadian preparation for WARC-92 will have to take
this into consideration. The service bandwidth and number of
channels required is currently a question, however, all

current radio assignments and allotments must be‘accommodated,'

capacity must be provided for narrowcasted services,
regional/national services, and potentially specialty

channels. The same prudence and foresight must be applied in

this exercise as was applied in the development of, for
example, the Canadian FM Allotment Plan.

_ There is little doubt that digital radio can develop
rapidly and that the years 1995-2000 will see its beginning,.
Public and private radio broadcasters must do all they can to
ensure that such a service as this is established.

4.3 Television

Enhancements to current television services can best be
considered in the three respective categories:

A) Enhancements to the number of services offered to the
viewer. ' ,

Current spectrum use and the lack of available channels
in the VHF and UHF bands makes it unlikely that a large’
increase in over-the-air television services will occur,
unless major improvements are made in receiver technology
to permit the replanning of the UHF ‘bands.

Even in this event, major policy issues would arise, such
as, should any such "new" channels be assigned to "more"

- conventional television or to "new" television? The
answer is unclear from a policy or technical viewpoint.

The most likely scenario is that new channels, often of a
specialized nature, will be carried only on cable and
satellite and hence have little spectrum- -impact. The
fact that a significant portion of the viewing audience
will then not receive these channels (as is currently the
case with CBC’s Newsworld, for example) may cause some
concern. '
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B)

C)

Enhancements to cﬁrrent NTSC broadcasting.

A number of compatible enhancements to NTSC have been
proposed and are likely to be adopted fairly rapidly,
though only maintaining the status quo from a performance
perspective.

Already IDTV (improved definition television) receivers
are on the market offering digital processing and a high
resolution 1050-line display with a minimum of cross-
colour/luminance. Improvements on the broadcaster side
such as prefiltering, non-linear pre-emphasis and ghost-
elimination signals will be introduced slowly and will
bring more improvement to all receivers but will demand a
significant improvement in the source signal. '

These enhancements will serve to delay the introduction
of HDTV broadcasting by a few years, allowing a little
time for the spectrum planning required and for ‘
broadcasters to upgrade production plants in the
anticipation of HDTV transmission.

HDTV Broadcasting.

In the introduction of HDTV, the broadcaster is faced
with dilemmas, especially from a business viewpoint, and
also in the selection of an appropriate standard. It is
desired that programming quality be competitive to the
greatest extent possible with those of other delivery
media, yet there is a recognition that the highest
quality cannot be achieved with strict compatibility of
HDTV/ATV services. Without it there could be a serious
loss of audience share or large capital costs to
implement "ancillary" or simulcast channels. There is
thus a major dilemma for the broadcaster, aggravated by
the uncertainty over the spectrum space needed for the
alternative approaches.

A number of possible scenarios thus can be identified:

1. INGLE-CHANNETL, M IBLE
'From a spectrum management viewpoint this will not
demand additional channel capacity but the HDTV
modulation format and accompanying digital sound
will raise the in-channel spectrum occupancy. This
will lead to a push for improved protection ratios,
a potential reduction in effective service area and
increased interference to adjacent- and co-channel
assignments. The possibilities for sharing with
other services will be severely reduced.
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‘2-CHANNEL COMPATIBLE : :
There are some who believe that a single, compatible
-channel will be insufficient to deliver an adequate
level of quality and propose the use of a second
augmentation channel of 3 or 6 MHz bandwidth. A
number of proposals have been made for such a _
solution. 1In some, the basic compatible channel is
untouched (or possibly enhanced) and all
augmentation signals for side-panels, resolution
enhancements and additional audio are carried in the
extra full-width channel. 1In this case, ,
considerable bandwidth is required. 1In others, the
single channel carries a significant augmentation
load and the augmentation channel carries only video
resolution and audio enhancements, in a limited
bandwidth e.g., 3 MHz. This scenario is thus a
simple extension of that described previously.
Proposals of this nature could cause great
difficulties for spectrum managers and large costs
for broadcasters, cable operators, and viewers.

Current studies have shown that a 3 MHz augmentation
channel could be theoretically accommodated, but its
practicability is questionable when one con51ders
the high price to be paid of using practically all
of the currently unused allotments, thereby plac1ng
a severe limit on future service growth. 1In
addition, there remain the problems of a rat10na1
allocation plan, service area matching, and
‘additional interference with other channels or
services, doubly difficult to predict until
agreement is reached on the coding and modulation
standard for the augmentatlon channel. This
scenario does little to improve spectrum- efficiency
and continues the current 81tuation forward
indefinitely. :

SINGLE-CHANNEL INCOMPATIBLE

In this proposal, the 6 MHz television channel
bandwidth would be retained but the coding and

" modulation would be incompatible with NTSC receivers
or cable head-end processors. Current services

- would be maintained on a second simulcast channel,
using the normal NTSC format, until there isg a
sufficient penetration of the new receivers for
HDTV. This approach offers the highest spectrum
efficiency over the long term and could be arranged
to work with relatively low protection ratios,
leadlng to further spectrum efficiencies. Current
receivers would require a "black-box" converter to
receive this service.
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This proposal has much attraction for the spectrum
manager, offering efficiency, flexibility, and the
possibility to recover and re-use NTSC assignments
in the future. 1In the present situation, the
channels required would be somewhat simpler to
allocate than those for the two-channel compatible

scenario, due to the lower protection ratios. It is

likely that much of the spectrum required for this
proposal could come from the UHF taboo channels. ’

This approach has also some cost implications for
the broadcasters (additional transmitter), cable
operators, and viewers.

4. IWO-CHANNEL INCOMPATIBLE
Demonstrations have been performed of bandwidth
compressed real HDTV systems in 12 MHz channels,
adapting hardware developed for satellite use to the
AM-VSB modulation of terrestrial broadcasting. It
is unlikely that such systems will be practicable or
desirable, offering no gain in spectrum efficiency
and losing the benefit of compatibility.

Of the four scenarios, only the single-channel compatible
and single-channel incompatible approaches appear to have
long-term viability, with the technical advantage with the
latter system. From a policy and business viewpoint, the
creation of a new television broadcasting system in
competition with current services could be questioned,
particularly as the transitional period could be lengthy and
costly. From a spectrum viewpoint, however, a system that
offers a better service through improved interference immunity
must be seriously investigated, opening the way to more and
improved services in existing spectrum. The use of a black-
box to grandfather existing receivers would appear then to be
a small price to pay.

In summary, it may be possible to implement an HDTV/ATV
terrestrial broadcast service within the existing VHF and UHF
TV broadcast bands under current or modified technical
criteria. Additional spectrum capacity in these bands could
be obtained by modifying the current interference and
protection standards and/or by reconfiguring the VHF and UHF
channelling plans to provide additional channels. However,
final spectrum requirements will only be known after careful
objective testing and evaluation of the various ATV scenarios
are completed and the options for implementation are
determined.

There is also the question of Wide-Band HDTV delivery to
the consumer, a new service which is expected in 15 to 20
years due to availability of technology and public demand. Up
to now, satellite broadcasting has been considered. At WARC
ORB-88, administrations agreed to look for an appropriate band
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for BSS-HDTV in the frequency range 12.7-23 GHz, while also

continuing to study the long-range suitability of the present
12 GHz BSS bands for this new application. WARC 92 will

.address this question. It is noteworthy to mention that the

CCIR has concluded that except for certain countries in Region
2, the 12 GHz BSS bands, as planned, will not accommodate '
single~wide RF channel HDTV. 9 A new frequency allocation
will be required, preferably on a world-wide basis, to '
fa01litate international standardlzatlon as mentioned earlier.

5. . | CONCLUSIONS

The public in Canada is well served by the current
broadcast entertainment services and any erosion of this
position or falling behind in the delivery of new or enhanced
services will be met with much opposition. Canada must move
ahead and this will demand careful planning of the spectrunm,
the potential allocation of new spectrum, and a continued
concern for wide access to services by the integration of |

" delivery methods. This will demand interconnectability of

delivery mechanisms.
A'number of key points can be identified.

-  .Enhanced NTSC/IDTV is already here in the receiver and
will soon be in the transmitter. While not demanding new
- spectrum directly, noise, interference, and multlpath
problems will aggravate the need for planning.

- . Pressure will continue for new channels as well as

channels to ‘enhance services to ATV: The provision of
these channels may well need new technology and the
acceptance of increased interference to terrestrial
dellvery in metropolitan areas.

- The ATV approaches of single- channel compatlble and
single-channel incompatible must be carefully examined.
While the long-term solution may well be single-channel
incompatible, the short-term effects of that decision

" could well be unacceptable " In either .case, a large
- . increase in spectrum is needed either on an interim basis
or permanently. At present, the only alternative for
broadcasters to f£ind this additional spectrum capacity is
" to use the available UHF spectrum currently allocated to
terrestrlal broadcast television service.

- A continuation of the current "dellvery-neutral" approach
to planning and regulation seems justified with an
emphasis on interconnectability and rationalization of
'dellvery methods.
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- Spectrum for digital radio broadcasting by terrestrial
and satellite transmitters will be required in 6-8 years.
Canadian activity at WARC-92 for this purpose and for
obtaining BSS spectrum for wide-band HDTV delivery is of
great importance to the Canadian broadcaster.

- Technical, marketing, and spectrum studies should be
continued, supplemented with testing of the several new
systems proposed for the new and enhanced entertainment
services.

The challenge of enhanced entertainment will be to enable
the universal over-the-air delivery of audio, video, and data
services of improved quality with maximum spectrum efficiency,
at minimal cost and minimum disruption to the public, since
they are unlikely to accept radical solutions that could be
costly or deprive them of access to enhanced services.
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THE MILITARY SPECTRUM MANAGEMENT CHALLENGE
MARC DROLET
DEPARTMENT OF NATIONAL DEFENCE PAPER
ABSTRACT
The success of Command and Control in the Canadian Forces in
peace, periods of tension and war depends, in large measure, upon

the judicious use of the frequency spectrum.

The present and near future spectrum requirements are
presented along with examples of the special needs which would

arise in a crisis.

The Canadian Forces have interests in spectrum management on
a world wide basis. Canadian military units are based in Europe,
the Middle East and the Mediterranean. Canadian units may be
required to deploy anywhere in the world on short notice. An
overview of the situations in Europe and the Middle East will
illustrate aspects of spectrum management in periods of tension
and war.

In order to understand future spectrum requirements it is
necessary to analyse world wide Intelligence gathering and
Electronic Warfare techniques. This will, of necessity, be a
very general overview.

Based on these analyses it is possible to present a general
view of the Department of National Defence's longer term spectrum
requirements. ' :

Finally, the Canadian Forces can and will make a two pronged
attack on spectrum optimization: through the development and
deployment of radio apparatus utilizing new, improved
transmission techniques and by implementing procedures to share
more information with civil users and developers in a timely
manner.




Résumé

La gestion du spectre des fréquences militaires
' Un défi -
: Marc Drolet A
Document présenté par le ministére de
La défense nationale

" Le succés des opérations de commande et de contrSle menées par les For-
ces canadiennes en temps de paix, pendant les périodes de tension et en temps
de guerre dépend dans une large mesure de 1’utllisat10n judicieuse du spectre
des fréquences radloélectrlques

Ce document fait état des besoins actuels et futurs en matiére de-
fréquences., Il donne des exemples des besoins spéciaux qui surgiraient lors.
d’une crise.

La gestion du spectre & l’échelle mondiale est une question importante
pour les Forces canadiennes. Le Canada posseéde des bases militaires en Europe,
au Moyen-Orient et en Méditerranée. Ces bases peuvent avolr a.déployer leurs
forces n’/importe ol dans le monde, sans préavis. Un survol de la situation
en Europe et au Moyen-Orient va illustrer les aspects de la gestion du spectre
pendant les périodes de tension et en temps de guerre. :

" Afin de comprendre les besoins futurs en matidre de fréquences, il est
nécessaire d’analyser les techniques de collecte des renseignements et de la
guerre électronique qui sont utilisées un peu partout dans le monde. Cette
analyse sera nécessairement un survol trés rapide de la question. .

A partir de ces analyseé, 11 est possible d’avoir une idée générale des
besoins de. fréquences a long terme du ministére de la Défense nationale.

Enfin, les Forces canadiennes peuvent et vont faire une attaque sur
deux.fronts avec 1l’optimisation du spectre comme objectif. A cette fin, elles
vont élaborer et déployer des appareils de radiocommunications utilisant des
techniques de transmission nouvelles et améliorées et mettre en oeuvre. des
procédures pour permettre un plus grand partage de 1’1nformat10n avec les
: c1vils et 1es promoteurs en temps opportun. A




NATTONAL DEFENCE SPECTRUM REQUIREMENTS

Introduction

In 1987 the Canadian Government published a white paper
[1] which stlpulates that the Canadian Defence pollcy s
objective is to deter the use of force or coercion against
Canada and Canadian interests and to be able to respond
adequately should deterrence fail. Such deterrence requires
standing and reserve forces equipped, trained and positioned to
meet any likely threat. [1]

The requirement to maintain a military force ready for
combat represents a difficult challenge especially when
considering the international trend to reduce Defence
funding. It is therefore vital to improve efficiency
byexercising better Command and Control over the resources
available. The way to ensure a high level of Command and
Control is to provide reliable and efficient communications to
the commanders; this through a judicious use of the frequency
spectrunm.

The frequency spectrum is therefore considered in the
Canadian Forces, as an important resource which plays a key role
in the optimization of our present capabilities and which will
be a very important factor in the outcome of a crisis. Looking
back in history, we note that the frequency spectrum is one of
the first resources utilized to downgrade the enemies’
capabilities, in times of conflict, whether they be military or
civilian. This is referred to as Radlo Electronic Warfare which
took birth in August 1914 in the Battle of Tannenberg [2] and
ever so present even in built up situation like the recent -
United States/Panama incident where frequency jamming took
place.

Every international crisis has the potential to escalate
into a general war. Canada and Allied Nations must be prepared
to respond if a crisis which threatens their vital interests
worsens. Canadian sea, land and air forces are required to
deploy anywhere on the globe on very short notice, either with a
UN peace keeping force or under other committments. When
Military Forces are deployed, it is vital to maintain reliable
communication links between Headquarters and Commanders in order
to ensure that Canada’s national policies are respected and
goals achieved. This can only be accomplished through a
coherent management of the frequency spectrum, extensive
planning and serious efforts to develop techniques to optimize
the present frequency usage.

Canadian Military Spectrum Management

Considering the increasing demand for frequencies and a
fixed supply, the necessity for an efficient regulatory system
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is ‘obvious. :Since- electromagnetlc waves are not-limited by
geopolitical boundaries, international undertaklng and
cooperation on the use of the spectrum is essential.

‘ Once international’ agreement has been established and
the national organization determined, the National Defence usage
can be structured. In Canada, settlng the rules and priorities
to govern the use of the radio frequency spectrum is the: '
responsibility of the Federal Department of Communications
(DOC) . - The jurisdiction and responsibility for radio frequency

management within the Department of National Defence (DND) rests

with the Director of Frequency Spectrum Management (DFSM). By
joint agreement with DOC, DFSM has been delegated Canadian
authority to manage the 225 400 MHz band and’ the aeronautlcal
mobile (off route) bands.

In all other bands, DFSM retains responsibility for

military frequency usage in Canada for all Canadian based CF
" elements and for CF units operating outside Canada. However,
when such units are operating under United Nation (UN), the
North Atlantic Treaty Organization (NATO) or other allied
‘control, the responsibility for radio frequency management. rests
with NATO or the command concerned. In order to respond to these
situations DFSM is member of the Allied Radio Frequency Agency
(ARFA) in NATO and the Canadlian representative on the Australia-
Canada-New Zealand-United Kingdom-United States (AUS-CAN-NZ-UK-
US) Frequency Planning Committee where agreements are developed
to coordinate and manage military frequency requlrements during,
~or in prevision of, jOlnt operatlons.

The Canadian military is presently one of the main
users of the spectrum. Figure 1. shows the number of
assignments in the spectrum. We note the importance
of HF communications when analyzing the numbers presented
and one will also notice the important usage of the
‘military band of 225 to 400 MHz.

. In addition to assuming the responsibility of the
" military frequency management in Canada through the commands and
units and internationally through the above mentioned '
organizations, DFSM is also responsible for the electromagnetic
compatibility of all military systems. This implies that every
piece of emitting equipment must be compatible with the
environment it is intended to operate in, whether it be within
or outside the country. This task is an extremely complex one
when con51der1ng that the Canadian Forces are asked to operate

anywhere in the world along side many allied countrles operating

different types of emlttlng dev1ces. Planning in such cases
becomes crucial. '

Canadian Military Spectrum in Europe

. The current Canadian Military commitments in Europe are
spread over two widely separated regions; southern Germany and
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Norway. The Canadian Forces must therefore -coordinate their
frequency spectrum requirements with our European Allies in
order to ensure command and control and operation both in peace
and war time. This is accomplished through the North Atlantic
Treaty Organization (NATO).

Responsibility for spectrum management matters within
NATO is assigned to the Allied Radio Frequency Agency as
indicated in Figure 2. ARFA’s functions cover the formulation
of policies and procedures, the preparation of frequency plans
for NATO military requirements and the establishment of a
suitable electromagnetic compatibility program.

While allocation and assignment of radio frequencies
remains a national responsiblity, within NATO Europe,
coordination for radio frequency assignments is conducted by
ARFA with the NATO national authorities concerned and Major NATO
Commands. The use of frequencies in the European Theater in.
Wartime is under the overall control of the Supreme Allied
Commander of the NATO forces in Europe where provisions exist to
acquire the use of the spectrum as needed.

A major exception to the above is the 225-400 MHz band
which by agreement of all NATO nations, is a military band and
managed within the NATO European area by ARFA in peacetime and
wartime.

Presently, Canada assumes its commitments by maintaining
two major bases in southern Germany [1]. Operating two
airfields from there location results in a reasonable heavy
requirement in the frequency spectrum. Our peacetime needs in
frequencies amount to over 300 different channels which range
from communications, microwave links, navigational aids, radars
to complex Defence systems. These frequencies must be
coordinated with numerous countries mainly through the German’s
national organization and NATO.

The Frequency Spectrum in Time of Conflict

It is hard enough to avoid frequency conflicts between
friends, when nations are at war there is a nearly
insurmountable problem for those involved and the warring
factions as, of course, for neutrals. Interested in maximizing
their own benefit from the spectrum and will gleefully encroach
upon the enemies allocations and take little notice of the

- protests when they infringe upon neutrals.

Electronic Warfare has been ‘a key element of utmost
importance since the WW1l. Many are unacquainted with such a
concept since the science of electronic warfare, in all
countries in which it is practlced numbers amongst their best-

kept secrets.




Electronic warfare is a major weapon for sophisticated
military forces - electronic warfare has two aspects: passive
listening and direction finding called Electronic Support
Measures and the active jamming called Electronic Counter
Measures. Both require the closest possible liaison between the
electronic warfare and frequency management communities. In
case of passive electronic warfare it is necessary, in peace and
war, to protect the frequencies which the EW people wish to
exploit from unintentional interference from friendly sources.
'In the case of jamming it is necessary to protect friendly
command and control systems from the effects of friendly jamming
or harmful 1nterference. This is avoided through close
coordination. ,

Peacetlme coordlnatlon and control of electronic warfare
procedures are required to obtain and manage spectrum resources;
these procedures are due to the high risk of adverse impact on
civilian uses of the spectrum. Limitations and restrictions are
imposed on certain types of active EW operations in a peacetime
environment; this is done even at the expense of limiting
realistic training. At the start of hostilities, most of these
~limitations and prohibitions are removed, however, the need for
coordination and control does not cease. Wartime coordination
channels, procedures and techniques are a logical extension of
peacetime training aimed at minimizing mutual interference.

In order to provide flexible, reliable and robust
command and control systems, military forces are obliged to ,
consider electronic warfare as the normal operating environment.

The Battlefleld

Plannlng the battlefield frequency spectrum operations
represents a challenging task when cons1der1ng that thousands.
upon thousands of emitting equipments covering DC to light may
be located w1th1n one hundred kilometers of one another.

One must also cons1der the enemies EW elements which
“will make every effort to deny the use of the spectrum and
interference from uncoordinated enemy. communlcatlons.

Due to this EW threat, the conventional mllltary
communications and electronic systems are being replaced by
those with passive Electronic Counter-counter Measures (ECCM),
such as steerable null antennae power amp11f1ers and/or spread
spectrum modulation [3]

The frequency supportability of spread spectrum
technology challenges the frequency managers to develop
strategies to optimize the compatibility of systems and provide
the thousands of dlfferent combat- nets w1th their hopsets for
operations. : :




: ~ Since the peacetime frequency administration is not
military. It is prudent to be extremely careful with civil
systems. Due to the lack of large scale exercises and
deployment, it is difficult to predict. The interference level
which would certainly occur. However, the external military
user communities which do not utilize spread spectrum technigques

- will be encouraged to-accept a high level of interference [3].

The second element of EW which will be exploited by the
enemy is the passive listening. This leads to the extensive use
of encrypted system to foil enemy intercept and intrusion
efforts in addition to innovative transmission techniques.

The need to secure and protect military communications
using encryption devices poses problems in spectrum management.
As a general rule, secure systems require more bandwidth than
non secure systems. RSS 119, .for instance, specifies 20 kHz
channel spacing for the low VHF band used by the army’s primary
combat net radio. NATO standards require 25 KHz of bandwidth in
order to accomodate an encrypted 16 kilobit data stream. This
results in great difficulties to accomodate military and c1v11
users in the same sub bands.

The battlefield communication frequency management
remains a challenge requlrlng constant planning. The speed at
which the technology is changing and new equipment introduced,
force those managing the battlefield spectrum to develop new
concepts and interoperability standards in order to ensure the
success of a joint/combined multinational force.

One of these new concepts is the development of the
Joint Tactical Information Distribution System (JTIDS). This is
a cryptographically secure, ECM-resistant, high capacity
integrated communication system, providing technical data,
digitised voice communications, relative nhavigation and
identification features which can be extended to all aspects of
modern warfare. Pseudo-random frequency hopping and spread-
spectrum techniques are employed to ensure the survivability of
communications; 51 discrete frequencies are used and Time
Division Multiple Access (TDMA) utilized as the means of
ordering the transmission and reception of messages.

: As one may see, projects like JTIDS become motivators
for battlefield communications planners to invest sound EMC
effort to ensure systems’ survivability.

The Spectrum and its Military Future

It is interesting to note that spread spectrum
techniques developed for battlefield communications offer a
jamming advantage equal to the ratio by which the transmitted
spectrum is expanded. [4]. This confirms that there is a
spectrum cost to any new system being developed, and must



‘.prov1de ‘specific: objectlves to the Research and DeVelopment
world which will mlnlmlze the spectrum congestlon and maximize
. the EMC potential.

There are many aspecis which must be taken into account
in planning and development of future electronic counter measure
(ECM) resistant systems and networks. Technical measures
presently exist which improve military communications, there are
for example error-correction coding, spectrum spreading,
adaptive nulling antennas and adaptive filtering.

The military community in NATO is encouraged to initiate

and support research oriented towards a better spectrum usage
and survivability of the communications on the battlefield. The
~latest Canadian defence contribution has been the initiation of
a narrowband tactical communication system for the VHF and

UHF mobile Radio Bands, conducted at the Communications Research

Centre (CRC) in Ottawa. [5]. The objectlve of this research
effort is to achieve good quality voice communications within a
channel spacing of about 3 kHz.. This aim, which is a success,
thus far, will increase the number of usable channel -
assignments, reducing the channel spacing . in.a.spectrally

efficient way. The new technology developed under this research

effort will be available to 1ndustry in the near future.

Development of Technology relating to fiber optics (as
well as more conventional cables) provides a potential method
for reducing reliance on the radiation of electromagnetic
energy. Optical fiber is mainly used in "trailing wire"
guidance systems as well as for communications and data

transmlsslon_whlle cables are mainly utilized for point- to-p01nt

operation.

One other aspect of modern technology provides the
capability to transmit and receive electromagnetic energy from
the so-called millimetre range through the infra-red and visible
lights and beyond. Numerous piece of equipment operate in this
frequency range and due to the extensive capabilities available,
the number of systems using these frequencies will inevitably
grow in magnitude. Operating in the millimetre range does not
conserve spectrum space, but does provide and inherent
improvement in EMC potential; the physics of propagation and
antenna characteristics are such that the probability of
unintentional interference being caused at frequencles above 30
GHz is extremely small.

One may assume that successful research accompllshed to
increase use of higher frequencies will have for effect to
lessen the demand for low frequencies with resultant reduction
in congestion. However it should be noted that the use of

frequencies above 30 GHz is limited in appllcablllty. Effective.

transmission distances on earth are quite short; in space they
. could be much longer.

. . i
‘




The CF efforts in the research for better communicatibhs
and more efficient use of the spectrum also include work in the

. satellites and space craft fields, multiple access technlques

and, message coding. However there are many other potential
areas which may be investigated to reduce the need for wide
bandwidth requirements; development of small, sophisticated data
processors, adaptlve antennas, and the use of radiometry
involving passive detection for various military functions.

Conclusion

Prediction is perilous, but based on past experience, it
seems likely that advanced technology will place even greater
demands on the spectrum in the future.

One can reta1n two major p01nts to contemplate from the
frequency manager’s viewpoint; the first one being sharlng and
the second being the equipment EMC "goodness".

The most desirable solution to spectrum management is
sharing. This approach may be difficult to implement in all
situations, but it is obvious that if frequency bands are only
needed in a few geographic areas, then these same frequencies
can safely be used for other purposes in different areas.

The multinational military task force must coordinate
sharing when planning operations. Both, sharlng'the spectrum in
space and in time, are extensively explolted in the military
community.

Technological advances, rapidly growing satellite
communications, space techniques, and severe congestion of the
electromagnetic spectrum now leave little room for unilateral
frequency planning and management within any one of the Military
Departments. Where once a capability existed to develop
communications-electronics systems in~house with formal
recognition, coordination and assignment of frequencies being an
almost automatic follow-on, just the opposite is now true.
Intensive research, engineering and coordination by, with, and
between the Military Departments, other government agencies, and
non-government interests are now prerequisites to the planning
stages in the development of any new electromagnetic equipments.
This change has resulted in a reorientation of effort within the
frequency management community, where now more emphasis is
placed on allocation, engineering and electromagnetic
compatibility aspects prior to the initiation of radio frequency
clearance actions.

Finally a much closer link is required between the
mllltary frequency management staff and the interested civilian
agencies. Only through a full comprehension of one another
expectations will we have a successful and efficient utilization
of the spectrum. Organizations like the Radlo Advisory Board of



Canada (RABC) are absolutely necessary to ensure'that every user
of the spectrum is served in an adequate manner and that the
ultimate objectives of our country are met.

[1]

(2]

[31]
[4]

[5]
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ABSTRACT

Since the introduction of commercial service a mere six years
ago, cellular radio has far outstripped the growth predictions of
even the most aggressive forecasters. With more than 5 million
subscribers in over 30 countries, cellular already represents an
installed equipment base exceeding $10B, and at 40% annually, is
the fastest growing sector of the world's telecom industry.
Cutthroat competition among all the major electronics
multinationals, including several new manufacturers spawned by
this emerging business has stimulated rapid product evolution
cycles and severe price erosion, positioning the industry at the
brink of a mass consumer opportunity. But affordability without
capacity cannot deliver the dream. Capacity limits of analog
transmission represent a fundamental barrier, which will be broken
in several stages during the early to mid 90's. Supply of radio
channels per system will be increased five times in 1991 and ten
fold by 1995, without additional spectrum, or disruption to analog
system users. Exciting new technology developments in RF
components, digital signal processing, artificial intelligence,
and batteries, will complement the transition to digital
transmission, creating a plethora of radio-based voice and data
communications products. If free market forces are allowed to
prevail, and with the right system and component building block
architecture, then by the late 90's cellular, dispatch, paging,
navigation and in-building cordless products will naturally
converge, thereby unlocking the full potential of universal,
affordable personal communications.



Résumé

Exp101tatlon des ondes radio numériques
Dans les années 90
Arunas G. Slekys, ing. p.
Vice- président principal, Recherche et Développement
Novatel Communications Ltd.
Calgary (Alb.)

Depuis son introduction comme service commercial il y a six ans & peine,
la radio cellulaire a progressé beaucoup plus rapidement que ne l’avaient
prévu méme les plus enthousiastes. Ce service, avec plus de cing millions
d’abonnés dans plus de trente pays, compte déjd un parc d’installations dont
la valeur dépasse les dix milliazds de dollars; en outre, avec un taux de

crolssance annuelle de 40 %, ce secteur affiche la croissance la plus marquée - -

dans 1’ industrie des télécommunications mondiales. Une concurrence sans merci
entre les grandes multinationales de 1l’électronique, combinée & 1l’arrivée de
plusieurs nouveaux fabricants sur ce nouveau marché, a favorisé une évolution
rapide des produits et une importante érosion des prix de sorte que 1’industrie
devrait bientét faire face & un marché de consommation de masse. Mais la
capacité de se procurer un bien sans la capacité de lfutiliser ne fait pas
du réve une réalité. Les limites de capacité des transmissions analogiques
représentent une barriére fondamentale, qui sera peu & peu abolie entre le
début et le milieu des années 90. On comptera cing fois plus de voies
radioélectricques par systéme en 1991 et dix fois plus en 1995, sans que cela
nécessite pour autant une augmentation du nombre d’assignations ou perturbe
la clientéle qui utilise des systémes analogiques., Des perfectionnements
technologiques fascinants dans les domaines des composants RF, du traitement
numérique des signaux, de 1l’intelligence artificielle et des piles vont as-
surer le passage & la transmission numérique en donnant lieu & toute une
variété de dispositifs radioélectriques de transmission de la voix et des
données. Si l’on donne libre cours au jeu de la concurrence et si 1/on utilise
l’architecture voulue pour organiser composants et systémes de facon
modulaire, alors, d’ici la fin des années 90, il y aura naturellement con-
vergence des produits intégrés sans fil dans les secteurs de la radio cel-
lulaire, de la répartition, du téléappel et de la navigation, ouvrant toute

grande la porte aux communications personnelles et universelles, d coQt abor-
dable. ,
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1. WHY DIGITAL?

1.2 Analoa's Success

In less than six years since introduction, analog cellular
has met with enormous success worldwide. As illustrated in Table
1.1, over 5M subscribers are currently estimated to be using
cellular phones, operating on various 400/450/800/900 MHz systems
in more than 30 countries. Summarized in Reference (1), the
dominant systems are based on the North American 800 MHz (EIA IS-
3) and the U.K. 900 MHz (ETACS) standards, together accounting for
over 80% of all users.

Besldes having more spectrum allocated than for 400 MHz
systems (50 MHz for EIA and 66 MHz for ETACS), these markets are
flourishing because of competitive dual carrier service
environments. Throughout major metropolitan service areas the
intense competition to sign up customers has completely distorted
cellular phone prices. Carriers routinely subsidize dealers with
"activation bonuses" ranging anywhere from U.S. $100 to U.S. $600
or more, fuelling demand by even the most conservative customers.
There are cases on record where buyers can actually receive money
when purchasing a phone and committing to six months of connect
time! :

Feeding on this chaos and the resulting high volume
opportunity are over 20 of the world's largest multi-national
electronics firms, along with one successful cellular-only start-
up. They are all investing heavily to drive technology size and
cost curves towards improved performance and -affordability,
obsoleting products annually. Today cellular portables with 0.6
watts of RF power typically range from around 300 to 450 cc in
volume, weigh from 350 to 550 grams, provide 0.5 to 1.5 hours
airtime, 10 to 15 hours standby, offer a multitude of features
that are rarely used or even understood by most users and sell
from U.S. $600 to U.S. $2,000. Five years ago they were three’
times the size and price. Size reductions through advanced
component and packaging developments could lead to 200 cc or
smaller units within three years, selling at well below $500,
considered the mass consumer price point by many forecasters. By
the year 2000 the smallest phones will be 1like Dick Tracy's
wristwatch. And if the annual rate of growth were only maintained

"at the current 40% estimate, then there would be 150M users

worldwide!
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 TABLE 1.1 - Approximate Cellular Subscribers Worldwide
1.2 Capacity Limitg

Unfortunately analog systems have insufficient capacity to
"realize this dream. Most major metropolitan areas have already
exceeded practical RF capacity limits. In the U.S. for example,
Los Angeles, Chicago and New York each have over 300,000
subscribers operating on congested systems. The same is true in
London, where 66 MHz 1s inadequate to consistently deliver a
desirable grade of service (less than 1% call blocking during the
maximum busy hour) to an estimated 500,000 subscribers. And this
has occurred in spite of operators' attempts to increase
efficiency of spectrum utilization, using techniques such as cell
splitting, sectorization, overlaying cells, and channel borrowing.

Additional spectrum to break congestion barriers is not
likely in the near future. The only viable strategy is to
increase spectrum efficiency by using digital radio transmission
- schemes, whereby more digital voice channels can be packed into
the same frequency allocations than by employing analog/FM
modulation schemes. Furthermore, beyond capacity, the potential
- of enhanced data services, improved privacy/security and lower
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operating costs are driving both North America and Europe towards
digital. .

A "'3—'- "I E I . L i i L )

If designed with the right architecture and core components,
digital cellular products could converge with digital radio
versions of dispatch, paging, navigation and in-building cordless
products, thereby unlocking the full potential of universal,
affordable personal communications. The dream of one person, one
phone, anywhere on the face of the earth is irresistable. The
major standards and technology challenges to achieve such a
universal product strategy are reviewed in this paper.

2. TRANSITION TO DIGITAL

Before exploring a universal radio strategy, the unfortunate
reality is that there will not be a single world standard for

digital cellular. In North America, the overwhelming objective of -

the CTIA (Cellular Telephone Industry Association) including both
operators and manufacturers is to increase capacity. On the other
side of the Atlantic, the primary challenge in setting the GSM
(Groupe Speciale Mobile) standard has been to achieve Pan European
harmony. (No less than 13 countries signed the Memorandum of
Understanding in September 1987!) Perhaps most importantly, GSM
products are intended to obsolete existing analog products
operating in the same frequency bands, whereas the CTIA has
insisted on a seamless transition from analog to digital, without
service disruption to analog users.

2,1 Digital Cellular: North America versus Europe

Table 2.1 summarizes the key functional objectives of the
next generation North American EIA and European GSM digital

-cellular systems. As shown, the primary differences are capacity

and orderly co-existence.
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EIA/CTIA : ' ' : GSM

W
» CAPACITY: 10x .inc':rea,ése' over current analog 2Xincrease over current analog -
« QUALITY: Similar audio quality to analog . User confidentiality and open
: ' network architecture
« DATA: In voice band; multiples of 9.6 kbps lSDN'compatibIe
"« EMISSIONS: Compatibility with . New standard: CEPT-GSM 05

existing emission standards

. COEXISTENCE Coexistence with analog

" Replacement
systems and orderly transmon
« LIFETIME: 10 year minimum Not specified
technology lifetime
« COSTS :"Commensmate with value-added Uniformity above all

"TABLE 2.1 - VObj'ectives of Di‘gital Cellular: EIA/CTIA vs GSM

-In North America, ten times capécity over a ten year lifetime
is an absolute requirement. In Europe, initial GSM products will
still effectively require 25 kHz per user, and hence provide

limited capacity relief over current analog systems. Improved‘

noise immunity of digital radio modulation schemes will result in

perhaps a twofold capacity improvement through reduced carrier to

interference (C/I) requirements, and hence a higher frequency
reuse factor. . / ' o

2.1.2 GSM: ~ Security and Ooen Neﬁwork.Atchitecturgl

The major cbjectives for GSM are compatibility with the
evolving ISDN (Integrated Services Digital Network) network,
improved user privacy and a well-defined open network architecture
(Reference 2). CTIA does not require ISDN compatlblllty, only
that data rate requirements be compatible with the existing data
communlcatlons world (up to 9.6 kbps per user channel).

!- — _ - — — .
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Concerning the issue of open architecture, GSM has specified
virtually all radio, switch and control interfaces, whereas the
EIA system allows for proprietary base stations, handoff
algorithms, control protocols and operational features. For
inter-system signaling, the EIA/TIA 45.2 committee has already
established the IS-41 standard. It currently defines how to hand-
off calls between foreign systems, with inter-system call delivery
targeted for completion by the end of 1989. The first commercial
field trial of IS-41 was successfully demonstrated in mid-October
of this year, between a NovAtel 800CM system operated by Alberta
Government Telephones (AGT) and a Northern Telecom DMS switch
operated by Edmonton Telephones. Digital cellular systems in
North America will continue to adhere to IS-41, effectively
allowing for contiguous system networking across. the entire
continent. Hence customers will enjoy continuous coverage on both
sides of the Atlantic, although GSM will result in greater system
operatlonal unlformlty for the carriers.

From an administrative and security perspective, roamers are
already accommodated in the EIA system. Users can operate their
phones on any foreign system and are identified as either "pre-
authorized" or "spontaneous" roamers. To screen out fraudulent
users, there are two clearinghouses in service (Appex and GTEDS)
which positively verify roamer credit status,. In the GSM
specification, each country's system maintains all users as if
they are "home" subscribers and will accommodate roamers from
other countries in a similar manner as the EIA system. In both
markets, fraudulent use is therefore inhibited, although it will
continue to be prevalent as bandits find ever more devious ways to

break the system. This is a large topic in itself and a sub-
committee of the EIA/TIA 45.3 has now been established to address
this issue specifically. For user authentication, the GSM

specification is highly secure, incorporating what amounts to a
key encryption system. Some degree of privacy coding is also now
under deliberation by the TIA 45.3 committee for the radio
channel. Furthermore, more secure access and channel encryption
schemes will likely be introduced in future on a proprietary basis
by different manufacturers in North America. The degree to which
they close the security "gap" is still unclear.

Table 2.2 summarizes the key specification parameters of EIA
and ETACS, the two most dominant analog cellular systems, and
EIA/digital and GSM, the next generation digital systems.




-_SYSTEM ANALOG CELLULAR DIGITAL CELLULAR
SPEC EIA-1S3 ETACS | EIA/DIGITAL |  GSM
Frequency to system | 824 - 849 872 - 905 824 - 849 890 - 915
(MHz? " to mobile 869 - 894 917 - 950 869 - 894 9;35 -4960 g
Access Method - | roma FOMA |  FOMATDMA  FDMA/TDMA
Modulation NBFM NBFM x/4 DQPSK" GMSK
' - 13.2 kbps | Phase2| 13 kbps ~ Speech
Voice/Channel Coding N/A N/A . CEP 8 kbps | 9.6 kbps  Data
‘ - | Convolutionall TBD RPE-LTP/Convoiutional
Subscriber Unit , ' 6 1.2 3 . a
. _ 6, 1.2, 3 8, 1.2, 6,1.2,3 - [2 5 (HH); 8, 20 (MOB)
Power Level (Watts) Class C Class C Class AB Class C
& PA Class - .
"Carriers 1 s32 1320 832 . 128
Channels/Carrier - 1 : 1 3 6 : 'v 8
Carrier Separation (kHz) 30 25 30 ' | 200 °
Year of First introduction 1983 1984 ’ 1991 1991

TABLE 2.2 - Major Cellular System Standards

In today's analog world, a transceiver product can be
designed that. is identical for both EIA and ETACS applications,
apart from a handful of components and signaling software.
Differences in frequency band (900 MHz vs. 800 MHz), channel
bandwidth (25 kHz wvs. 30 -kHz), signaling and control protocols
(software) have marginal cost impact if a common product is
‘designed at the outset, although the ETACS version 1is
approximately 8 to 10% higher in material cost due to the greater
bandwidth and tighter audio specifications.

When comparing EIA/digital and GSM howevef, the differences
in certain critical specifications are so extreme as. to prevent

the design of a common product architecture. To name a few,
carrier separation, voice and channel'»codecs, power amps,
signaling and control protocols are incompatible.. As already

mentioned, GSM is intended to obsolete ETACS and hence a common
product architecture is not possible.

Flnally, comparing EIA and - EIA/dlgltal, it is evident that
the specifications are readily amenable to design a dual mode
product architecture, one that can fulfill CTIA's two primary
goals of 1ncrea31ng capacity yet maintaining orderly co-existence.

1.4.8
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2.3 __Dual Mode Product Architecture

A summary follows of the key transceiver and system product
bulldlng blocks required to deliver dual mode Serv1ce

Figure 2.1 illustrates the major building blocks in a dual
mode EIA transceiver.
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FIGURE 2.1 - DUAL MODE TRANSCEIVER BUILDING BLOCKS

R iver

The receiver front end converter and IF stages operate
identically whether the source channel information is narrowband
analog/FM or the EIA specified ®/4DQPSK (Differential Quadrature
Phase Shift Keyed) scheme. Filter stability, group delay and
oscillator stability specifications are more strict for the
digital system, and the material cost increase is estimated to be
20 to 30% over an analog version,



A linear class AB or linearized class C power amp 1is requlred
for digital operation, due to the chosen linear modulation scheme.

Such a linear design will likely cost 20% more than the existing .
class C analog designs, however volume cost reductions will reduce .

the net impact on total product cost to a small percentage
increase. Furthermore, this same PA can operate as a hlgher
efficiency class C circuit when in the analog/FM mode.

Mod/Demod/DSP.

In the baseband modulation and demodulation stages, the
source analog or digital information can be handled as balanced
In-Phase (I) and Quadrature (Q) signals, a detailed explanation
for which is given in Reference (3). This is the realm of so-
called DSP or Digital Signal Processing, where high powered
software algorithms can be invoked to process either an analog or

digital information stream. Processing overheads for these
- functions increase material cost by perhaps 20% beyond analog.

Voice/Channel Coder

The voice and channel coder stages including controi, framing

and equalization logic are also represented by DSP-based software
algorithms. The combined CPU and software requirements for these
features represent a direct processing overhead in either a

digital or dual mode product,‘and as in the case of mod/demod °

logic are estimated to 1ncrease materlal cost by around 20% beyond
analog.

Power

- Neither a digital nor dual mode handheld will be likely in-:

the first generation of digital cellular products due to the large
power consumption required in the DSP stages. Today's 0.6 watt
analog handhelds operate at typically 3 watts d.c. in full power

mode and .3 watts in standby. Power budgets .for equivalent
digital or dual mode handheld units are estimated initially to be
3 times their analog counterparts. This gap is not expected to

close until the second or third rev of products in the '92/'93
timeframe, and will occur as a result of reduction in complexity

of DSP algorithms and lower power consumption of associated
integrated circuits.

1.4.10
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> 3.2 ; Building Blocl

A detailed discussion of how existing analog cellular
switching systems could evolve to support digital cellular
operation would require an analysis of each manufacturer's product
strategy, which is beyond the scope of this paper. However, a
strategy based on the NovAtel 800CM system product architecture
illustrates that a graceful transition is possible (See Reference
4.) A ‘

ANALOG CELLULAR
DATA
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. ’ BSTRX - Transceiver :
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FIGURE 2.2 - Analog and Dual Mode System Building Blocks
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 Figure 2.2 shows the key system building blocks. At a,celi
site, current analog transceivers (BSTRX) and PA's (NPA) are
replaced or augmented by dual mode versions. As in the mobile

transceiver, the same philosophy of dual mode operation follows, -
meaning that the base station transceiver can operate in analog or.

digital mode depending on which type of mobile is being serviced.

The EIA/digital spec calls for an extended IS-3 setup protocol,

whereby a digital mobile will identify itself as such, from which

point the base station will operate in digital mode and control-

_ information will be managed within each user time slot. Handoffs
can be effected between single and dual mode base stations,

although the degree of RF coverage overlap required for such

"mixed mode™ networks_remains to be fully resolved.

Other common equipment in the cell site such as -the alarm
unit, local oscillator, multiplexer and locate transceiver
requires upgrades to support the higher volume of digital traffic.
Combiners and multicouplers remain unchanged, which is a mdjor
advantage. If a new frequency plan is introduced to accommodate
higher volume traffic (for example' N = 4 plan from N=7 plan where
N is the number of cells in each repeated cluster) then this of
course will necessitate more channels and corresponding
allocations of different combiner and multicoupler channel groups.

If properly planned, such a dual mode transition strategy can
limit the changeout to cell site equipment only. Furthermore, if
transceivers, PA's, and other common equipment are packaged to be
mechanically and electrically plug-compatible with analog units,
- then the system can support combined dual mode and analog hardware

within a common set of equipment frames. This allows the operator
to grow into digital as the market demands, while maximizing

investment 1in existing analog cell site equipment -and
.infrastructure. '

2 4 EIA/Digital: G . 1 c ad ,

Before understanding capacity limits, some understanding is
required of the behaviour of the mobile radio channel. A detailed
treatise of capacity in a mobile radio environment 'is beyond the

scope' of this paper. Reference (5) 1is just one of many that deal-

with this fascinating topic.
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SYSTEM CAPACITY LIMITATIONS

TECHNOLOGY AREA COF IMPROVEMENT
CODING ALL
DIVERSITY | FLAT FADING
EQUALIZATION DISPERSIVE FADING

‘ TECHNIQUES FOR IMPROVING MODULATION PERFORMANCE)

CODING

DIVERSITY

DISPERSIVE
FADING

T = - - -~ EQUALIZATION
FLAT

FADING

BIT ERROR RATE

STATIC

| | ] | - 1 i !
{ i I 1 |

ENERGY - TO - NOISE RATIO
ENERGY - TO - INTERFERENCE RATIO

FIGURE 2.3 - The Mobile Fading Channel
2.4.7 The Mobile Radio CI ]

As 1llustrated in Figure 2.3, fading and multipath
propagation are the two primary effects on the radio channel that
deteriorate performance and therefore impact capacity. In the
static case, representative of a point-to-point/microwave setup
for example, the Bit Error Rate (BER) drops exponentially as the
signal energy to noise (or energy to interference) ratio is
increased. Flat fading, as encountered in mobile channels causes
this profile to deteriorate. Fades of 40 to 50 dB reduction in
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signal strength can regularly occur within fractions of- a second
in a fast moving mobile environment. -Delay spread and random
phase and frequency shift caused by multipath propagation can
further degrade digital signals in particular, manifested as
inter-symbol interference or "smearing". Delay spread effectively

sets a limit on the dlgltal transm1881on rate p0551b1e over a

fadlng radio channel.

Diversity refers. to one of mény methods to improve the

received signal strength at a receiver by combining or selecting.

reasonably uncorrelated samples of the signal. Two -antennas
separated by half a wavelength is an example of space diversity;
‘polarization diversity involves reéceiving both horizontally and
vertically polarized signals. In either case,  diversity can
reduce fades by typically 5 to 10 dB. '

Digital countermeasures include robust wvoice coding, channel
coding, and adaptive equalization, all based on the principle of
improving resistance to errors by helping to recover either
physical or logical levels of coded information. Adaptive
equalization in particular is a critical issue. The basic idea is
to establish prior information of distortion and attenuation
effects of the channel, which can then be employed to correct the
received signal by reshaping incoming pulses. The degree of delay
equalization required for acceptable system performance has been a
hotly debated issue in the EIA Standards bodies. Whereas GSM has
defined a minimum 10 psec delay compensation, the EIA committee

appears to be converging to a 40 Usec figure. Studies have shown -

that delays beyond 20 [sec appear to be statistically of very low
probability. The more CPU processing allocated for equalization,
the greater the overall power required in a transceiver, thereby
inhibiting introduction of digital portables.

A desirable system performance figure of merit is a BER of
10~% or lower, for which it has been estimated that from 9 to 14

dB- of desired signal to co-channel interferor signal (C/I) is

required. This C/I parameter is therefore at least 4 4B lower
than for analog cellular, which is expected intuitively since
digital signals can be encoded to be more immune to channel noise.

The relationship between C/I and the cell distance to reuse
ratio, or D/R, is described by Lee (Reference 6), namely:

D/R = 4V(N-1) (5/1)

where N = cell reuse plan‘
(8/I) = absolute values of (C/I) dB.

'1.4.14_
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FIGURE 2.4 - Trafffic Density vs Cell Size
(Analog vs Digital)

As described in Reference (6) and illustrated in Figure 2.4,
there is an exponential relationship between smaller cells (and
hence smaller D/R) and increased traffic density. The net effect
of a 4 dB reduction in (C/I) translates into about 40% greater
system capacity. Hence, for the EIA/digital system, which
specifies 3 digital voice channels per existing analog channel
initizlly, then the overall system capacity increase 1is
extrapolated to be 4 to 5 times. With 6 digital channels per
analog channel, the overall capacity is then expected to be 8 to
10 times greatexr than analog, thereby meeting CTIA's objective.

2.4.3 User Channel Capacity

As shown in Table 2.2, each user is assigned one of 3 equally
spaced TDMA time slots. The details of this structure remain to
be fully defined by the TIA 45.3 standards committee. The gross
data rate is 48 kbps, derived from the fact that the ®/4DQPSK
modulation scheme results in 1.6 bits per second per hertz, and
each analog channel is 30 KHz. Hence, each user's time slot is
assigned a 16 kbps gross data rate, of which 13.2 kbps represents
the coded voice and channel error correction information, and the
balance of 2.8 kbps is system control information.
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The spec1f1catlon assumes that a 6 slot TDMA scheme will
eventually be adopted, -without a specific ‘timeframe. It is
expected that within 5 years voice and channel coder rates can be
compressed by 50% and still deliver equivalent quality, resulting
in a gross data rate requirement of only. 8 kbps per user time

slot.  Hence with 6 time slots per analog channel and assuming the
. same 4 dB lower (C/I) requirement, EIA digital cellular will

deliver 8 to 10 times capacity over EIA/IS-3 analog. " This will
occur in effect with two seamless transitions, namely, from analog
to 3 slot digital and then to 6 slot digital.

2.4.4 Cost Advantages

It is estimated that a digital cell site will cost froml.5
‘to 2 times that of a current analog wversion. 'However, since
subscriber capacity is tripled on a per channel basis in the first
transition, the net cost per subscriber will correspondlngly drop
by 30 to 50%. Hence even in smaller markets where capacity is not
an issue, digital cellular will present an opportunity to lower
costs and provide value-added services, assuming there is a
sufficient critical mass of dual mode or digital mobiles in
operation. By the second transition to 6 slot digital, system
costs per subscriber could be further reduced, although it is too
‘early to speculate on the net savings. '

o o
The Pan-European GSM system, due to be introduced in 1991,

will provide higher quality digital radio services, but will not
be compatible or significantly improve on capacity limits of

existing ETACS analog systems, or be compatible with EIA/digital -

in North America. System costs per subscriber are not ‘yet
determined. : '

. North America's EIA/digital system, due for commercial
service in early 1991, is designed to co-exist with its analog
predecessor and will increase capacity initially by at least 4 and
then 8 to 10 times in two Seamless transitions, while also
lowering system costs per subscriber by 40% or more. Dual mode
subscriber products will initially cost perhaps 30% more than

analog units, but volume and system cost advantages will llkely
mask this difference through creatlve pricing.

Assuming universality and affordability are goals, then the
opportunity. still exists in North America to define a compatible
in-building digital radio system standard that can capitalize on
EIA/digital cellular core technologies.

1.4.16
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3. TOWARDS UNIVERSAL DIGITAL RADIOQ

In spite of the incompatibility between Europe's GSM and
North America's EIA digital cellular systems, the joint capacity
goal of 150M users by the year 2000 can likely be realized and
perhaps exceeded. The greater goal of achieving a universal
personal communications system compatible with digital cellular is
explored in this section.

3.1  In-Building Dicital Radi

The whole premise of cellular is to reuse subsets of RF
channels within a two dimensional cellular pattern in order to
increase capacity. Beyond mobile applications, service can also
be provided to some limited percentage of in-building users.
However, illuminating buildings from outside creates spotty RF
coverage (Reference 7), and even digital cellular systems are just
not designed to handle the significant extra traffic that would
result.

On the other hand, illuminating buildings with low-power RF
coverage from inside can realize the necessary capacity to

"~ succeed, as described in several articles (References 7, 8, 9).

But none of these are based on the strategy of utilizing digital
cellular core technologies. To date, there have been no specific
proposals to exploit digital cellular systems for in-building
applications.

1.1 Europea andar

On the c¢contrary, the European CCIR (International
Consultative Committee on Radio), IWP8/13-3 (Interim Working
Party) decided in 1988 that in-building and mobile usage within
the same radio system should not be mixed. As a result, standards
for in-building radio systems in Europe are evolving along 4
initiatives, namely the CTl1 (Cordless Telephone 1) (CEPT -
Conference of European Postal and Telecommunications
Administrations) and CT2 (Cordless Telephone 2) (UK) cordless
specifications, the future DECT (Digital European Cordless
Telephone) "Pan-European" (CEPT) digital cordless system, and the
UK's recently announced Personal Communications Network (PCN).




oo ~STEM| cm (cepn) | cr2 uk) | DECT (cEPT) | PON (UK
FREQUENCY %00 MHzband |  864-868. MHz | 1-88-1.9 GHz 1.7 Ghz Area
ACCESSMETHOD Channelized FOMA, TOD | TDMA, TDD TED
MODULATION | Analog FM MSK GMSK T8D
VOICE CODNG A, 32kbps ADPCM | 32 kops ADPCM Tab_
POWER 10mw Up to 10mW 300mW max. peak |  GSM&DECT.
CARRIERS 40 40 T8 GSM & DECT
| CHANNELS/CARRIER 1 1 12 TBD
 ¢ARmERsEPARAnoN 50 kHz 100 Kz 1.3 MHz 18D
INTAL MARKET Residential ,'g‘:it;'ifa::'zﬁf;"" Business Al
HANDOFF No N Yes - Yes

TABLE 3.1 - European In-Building Cordless Systems

Table 3.1 outlines the key specifications for these systems.
Other than the PCN initiative which is largely undefined and may
' yet be compatible with DECT or GSM, they are lncompatlble among
themselves and GSM. CT2 is an improved digital version of CT1,
"however both are only de51gned to offer "telepoint" or single line

cordless services, rather than becoming full blown RF alternatives

to wired PBX's or Local Area Networks (LAN's). DECT, which is not
due for introduction until the mid-1990's is designed to operate
in the 1.8 to 1.9 GHz band, whereas PCN is in the 1.7 GHz band.
As a result, both are incompatible with cellular, CT2, and may
conflict with other radio services in North America currently

authorized to operate in these bands. The degree to which PCN and
DECT co-ex15t remains to be seen.

Pendlng the PCN deflnltlon, greater exploitation of dlgltal

cellular technologles ‘for in-building applicatlons will not . occur
1n Europe. : _
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There ' are no standards in North America for in-building
digital radio systems. However, several initiatives have
surfaced, including the Wireless Communications Working Group at
Brown University and the Radio Advisory Board of Canada, initiated
by Canada's Department of Communications. It seems likely that an
EIA Committee will be established in the near future to wrestle
with this issue.

nv n Digi
3.2.1 . £ p bilj

The current cost of a wired PBX connection is in the range of

$500 per subscriber. Cost of adds, moves or changes can easily

exceed -that same figure and in many major corporations will occur
typically at least every 1.5 years. As digital cellular systems
come on line in the 90's, the per subscriber port cost will drop
below that of current PBX's, while cost of moves or changes will
continue to increase at least at the annual inflation rate.
Figure 3.1 illustrates the RFPBX concept, which could readily be
extended to an RFLAN. ’
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" FIGURE 3.1 - Digitali RF PBX (or RFLAN)
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In establlshlng the 1n—bu11d1ng standard in North Amerlca,
the opportunlty should not be lost to capitalize on the fdture
decreasing price spiral offered by digital cellular technology A
pocket sized digital cordless flip-phone could be sold for under

U.S. $100 and systems competitive with wired RBX's and LAN's could‘

be developed by 1993, within two years after 1ntroductlon of
digital cellular. : . ,

Interference between low power in—bnilding and external
systems can be avoided by implementing a modulation scheme that

has high noise immunity, such as spread spectrum, and also
limiting handheld RF power to milliwatts. With as little as 10

MHz of spectrum, traffic densities within a given floor could

easily reach 10,000 E/system (See Figure 2.4) resulting in perhaps
100,000 E/system over ~an entire building. Indeed, in-building
‘ spectrum efficiency, expressed as (E/MHz/sqg. km.) is at least.ten
times greater than in the mobile environment for a given C/I
because of the small cell sizes. Frequencies could be reused,
perhaps every 3 floors, like a layer cake. (See Reference 7)

In-building RF power levels will be from 1 to 2 otrders of
magnitude less than cellular, which precludes sharing of common
spectrum, Ideally in-building spectrum should be dedicated and
reasonably. adjacent to existing 800/900 MHz cellular bands, in
order to maximize RF component commonality. Higher capacity

modulation schemes could be realized, likely 5 or 6 bits per .

second per hertz. Assuming an equivalent 30 KHz channel ads in the
EIA system, each full user channel could deliver the basic ISDN
2B+D rate, making the radio link compatible with other ISDN
delivery media.

Relay and booster systems between the micro cordless and the
digital cellular system could readily be developed, creating a
transparent cordless service for mobile customers roaming up to
several hundreds of meters from their vehicles. They wouldn't
need to be aware of the frequency and power conversion taking
place in these boosters, as depicted in Figure 3.2.
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FIGURE 3.2 - Cordless Bdoster Concept

At home, one or more flip-phones could be used with one or
more cordless base stations to access either two wire telephone
loops, "fixed" digital cellular links or BETRS (Basic Exchange
Telephone Radio Service) loops.

The Dream of Personal mmuni i

Figure 3.3 illustrates the full scope of the universal

personal communications opportunity. As already described, in-
building cordless RFPBX and RFLAN systems could evolve from a
common digital cellular technology base. ' In addition, existing

SMR (Specialized Mobile Radio) systems, operating in the 806 - 821
MHz and 851 - 866 MHz bands could readily be upgraded to provide
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. THE CONVERGENCE OF DIGITAL CELLULAR AND DIGITAL .

CORDLESS TECHNOLOGIES

Digital
Cordless
Flip-phone

10 m Watt
{up to 100m)

Common
Technology

: s
Specialized “/
1'3;2'?’% @ 1 to 10m Watt
* (e.g. Inventory) [ ) —
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Digital .
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RF o 2 Wire
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FIGURE 3.3 - Universal 'Personal_ Communications
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higher quality, lower <cost data and dispatch services

"incorporating digital cellular signaling and control structures.

Paging receivers in the 800/900 MHz bands could also be added
to this vision of a universal radio- transceiver, as could
navigating systems such as the GPS (Global Positioning Navigation
System), which operates in the 1.5GHz area.

Hence a convergence of digital cellular, in-building dlgltal
cordless and RFLAN, digital BETRS and digital SMR services 1is
feasible. Technologically such a strategy can be conceived to
realize the greatest degree of universality at the lowest possible
cost to users. But to realize such an ambitious goal will call
for commitment and compromise on the part of operators,
manufacturers and regulatory bodies.

4. Conclusions

. Analog cellular radio systems are choking on their own
success;

. . The next generation EIA digital cellular system in North

America will expand in two seamless transitions from analog,
1ncrea51ng capacity in North America tenfold, and providing

service to possibly 100 million subscribers by the end of the

century;

. The Pan European digital system, GSM, will be limited to two
times capacity and obsolete the current ETACS system;

. Europe is moving towards at least two different standards for
in-building digital radio applications, namely DECT and PCN,
and the degree of compatibility with GSM is not yet clear;

. North America has only just . launched initiatives for defining
in-building digital radio standards, and therefore could
realize the highest degrees of product and service
universality and affordability by explomtlng the core
technologies of digital cellular.
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THE E.M. ENVIRONMENT, E.M. COMPATIBILITY AND LIMITATIONS TO
THE E.M. SPECTRUH UTILIZATION

Professor T.J.F.Pavlasek
Electrlcal Engineering Department, McGill University,
Montréal, Québec, Canada

ABSTRACT
The historical and current growth is described of the
electromagnetic environment (E.M.E.) due to "electrical

apparatus" of all types. The characterization of the E.M.E. in
spatial, spectral and temporal terms is considered. Particular

“attention is given to field levels that may exist. In considering

the E.M.E. due to all sources as a potential Threat, it is noted
that the recent and current evolution of electrical devices and

systems renders them inherently less rugged electromagnetically

thus making them potential Victims.

The systematic Threat - Victim relationship is defined, in
analogy to communications or power systems, emphasizing the
unintentional aspect of the relationship and the essential
‘'scientific and engineering challenges involved in minimizing
Threat - Victim Systems, especially in view of their random, non-
deterministic and unpredictable nature.

Methods are described of assessing some features of the E.M.E. on
regional, micro-regional, local and interior bases and some
results of such assessments are presented. Measurement survey and
monitoring techniques are described, statistical processing
procedures. of . measured data are -discussed and results of sample

‘measurements for high density urban locations, both outside and

inside buildings, are presented.

The traditional and current roles of regulatory and standaxrds
bodies on the international (e.g. ITU, IEC, CISPR), national
(e.g. DOC, CSC, CSA) and scientific society levels will be
considered. The activities of the CSA Advisory Committee on
E.M.E. will be described.

In conclusion, 'it is noted that the current evolution of various
E.M. Threat - Victim Systems poses a potentially serious
limitation on the planning and implementation of not only
intentional communications systems, but of all 'electrical'

"devices and systems and that the challenge of the

E.M.E./Compatibility problem requires a broad-based holistic
approach on the part.of designers, manufacturers and operators of
all 'electrical' devices and systems.



Ré&sumé

Milieu électromagnétique, compatibilitéA
électromagnétique a 1’utilisation
des fréquences élect;omagnétiques

Professeur T.J.F. Pavlasek, Ph. D, ing.
~ Faculté de génie électrique’
Université McGill, Montréal, Canada

Ce document décrit 1févolution passée et présente du milieu’

électromagnétique en égard aux "appareils électriques" de toute nature,
L’auteur y caractérise le milieu électromagnétique du point de vue spatial,
spectral et temporel. Une attention particuliére est accordée aux niveaux
d’intensité de champ éventuels. Dans ce document, ol l’on présente les
_rayonnements électromagnétiques de toutes sources comme une menace éventuelle,
~1l’auteur fait observer que lfévolution récente et actuelle des dispositifs
et des systémes électriques a rendu ceux~-ci moins résistants du point de vue
-électromagnétique et qu’ils sont donc des victimes éventuelles de ce type de
brouillage :

L’auteur définit la relation menace systématique-victime par analogie
avec les systémes de communications ou d’alimentation ‘en- faisant ressortir
1’aspect non intentionnel de la relation et les défis scientifiques et
techniques essentiels que  pose la réduction au minimum de la dualité

menace-systémes victimes, particulidrement du point de vue de la nature.

aléAatorire, imprévisible-et non déterministe de la question.

Dans le document en question,  on décrit des méthodes pour évaluer
quelques-unes des caractéristiques du milieu &lectromagnétique a4 1/échelle
régionale, micro-régionale, locale et intérieure et on présente un certain
nombre de résultats de ces évaluations. On y décrit les techniques de mesure,
de relevé et de contrbdle utilisées, on y examine les méthodes de traitement
statistique des données mesurées et on y présente les résultats des mesures
d’échantillonnage pour les emplacements urbains & forte densité, tant &
l’intérieur qu’d 1l'extérieur des immeubles. '

L'auteur examine le r6le traditiomnel et actuel d’organismes de

réglementation et de normalisation internationaux (UIT, CEI, CISPR), nationaux
(MDC, CCN, ACNOR) et de soclétés scientifiques. Il y décrit en outre les
travaux du Comité consultatif de 1’ACNOR sur le milieu électromagnétique.

En conclus:.on, l’auteur indique que le brouillage électromagnétique qui
guette dorénavant les divers systémes de radiocommunications peut limiter
gravement la planification et la mise en oeuvre des systémes de communications
intentionnelles comme des autres dispositifs et systémes "électriques”. Qui
plus est, le défi que pose le probléme du milieu et de la compatibilité
électromagnétique nécessite une approche "holistique" générale de la part des
concepteurs, des fabricants et des exploitants de dispositifs et de systémes
: électrlques de tout genre. :
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SOME BASIC PRINCIPLES

' Electromagnetic Energy

In contemplating the electromagnetlc environment and the problems
being encountered in increasing measure in relation to the manner
in which 'electrical' systems and devices affect each other, it

" is important to re-iterate that we are dealing with one of the

fundamental forms of energy, namely electromagnetic energy. The
immutable characteristics of this energy are that it is dynamic,
moves in the form of waves (in vacuum with the invariant speed of
"1ight") and that any physical condition involving time-varying
charges will result in e.m. waves. These in turn propagate,
either in unbounded regions (e.g. "radiate"), or are guided by
physical boundaries (e.g. "conducted"). The e.m. energy thus
transported in turn causes charge motion in materials and
becomes converted into a variety of energetic responses in the
material.

In simple terms therefore, any physical arrangement with time

varying charges is a source of e.m. waves (acts as a
transmitting antenna), these waves propagate into the surrounding
regions (the environment) and in turn affect other physical
objects (which act as the receiving antennas and energy
receptors).

Natural Occurence

In nature, such conditions occur at all times and in a very large
variety of forms. The environment is permeated by e.m energy,
albeit at relatively low power levels except for the obviously
higher levels from the sun, or such natural high energy
occurences as lightning.

The naturally occuring e.m. waves are thus generally
characterized by their low powexr levels and by their random
behaviour. They are said to be incoherent, have a broad spectral
distribution or are aperiodically impulsive and are randomly
polarized. In time-harmonic terms, they range from extremely low
frequency, as in the case of earth currents, to the very high
frequency (short wavelengths) of light. The effect of this
natural e.m. energy on equlpment and devices is variously
referred to as 'noise', 'static' and interference.

Practical Use of E.M. Energv

The utilization of electromagnetic energy to useful purposes has
generally taken two forms. The first form is that in which the
energy is utilized in its own right, as energy, as a means of
performing useful work. The second form is that of using the e.m




energy as a transporter of signals for the transmission and
processing of information. The notions of 'power systems and
'communications' systems are clearly recognizable. More complex,
hybrid forms however, are also formed from the two basic ones,-
as for example in the case of instrumentation, control, computer
‘and robotic systems.

The useful, humanly devised and structured systems are thus
generally characterized by higher power levels of operation, by
the specific frequency or range of frequencies of their operation
and above all by their deliberate intended purpose and structure.

HISTORICAL EVOLUTION

The E;M. Environment Problem

The practical exploitation of e.m. energy has from the earliest
period of development been accompanied by problems of
coordination and avoidance of interference among adjacent .
systems. Thus even in the era of simple power and wire
communications, a major problem, known then as "inductive
coordination" needed very careful attention. The problems of
"cross-talk" between telephone lines, or the "hum" on a telephone
~line due to a nearby power line, are classical examples of the
technical problems which required solution. Both represent cases
of one system producing an e. .m. environment whlch affects
another.

In addition to being a technical problem, it was soon recognized
to be a legal and regulatory one as well. International agencies
such as the ITU and analogous state administrative bodies were
established precisely for the purpose of avoiding chaos and
anarchy which would result from uncontrolled and uncoordinated
exploitation of e.m. energy. Thus, for example, was conceived the
concept of E.M. Spectrum Management.

The Growing Problem

While the basic nature of the e.m. environment problem has always
been present, and has been dealt with through considerations of
e.m.c {(e.m. compatibility), e.m.g. (e.m. susceptibility), e.m.i.
(e.m. interference) and other members of this family of ideas for
managing the problem, it is now evident that the general
situation has in recent years begun to reach proportions serious
enough to merit more fundamental and global re-examination. Such
a re-examination may be essential to ensure further development
in the practical exploitation of e.m. energy. :
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The factors which are contributing to the presently evolving e.m
environment problem are increasingly complex. Two major factors
are at work: _ :

1. the sources which create the environment and

2. the devices which are subjected to it.

Ib.e.' Evolving Environment

The electromagnetic environment (i.e. ambient field levels) has
been steadily growing in magnitude and complexity since 1850.
This environment is due to "electrical apparatus" of all tyres,
which, in the developed countries has penetrated intensively into
all areas of activity : industrial, commercial, administrative,
government, education, health services, public and private
institutions and into the home. Such "apparatus", initially
involving power and communications systems only, has in recent
decades expanded into innumerable other applications as the
exploitation of control and system concepts have combined with
the so-called computer and digital 'high technology' to produce a
host of new contributors to the e.m. environment.

To illustrate the growth of the e.m. environment a graphical
representation, indicating its various features is shown in
Figure 1. This is only a gqualitative sketch, intended to
indicate the manner in which the e.m. environmment is evolving.
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Figure 1. A Qualitative representation of E.M.E trends.
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The second factor of the e.m. environment problem as noted above
is that of the effect of the environment on the electrlcal :
devices and systems themselves. ~

wWith the onset solid state devices, of microcircuits and VLSI's,
the devices of which systems are constructed, have themselves
become inherently less rugged and 1ncrea51ngly less immune to
the growing environment. This is due to their decreasing size and
because of their basic form, design and construction. In
particular, the present day microminiaturized, solid state
devices operate at inherently low energy 1evels, are inherently
more sensitive and are internally fragile electrically, thermally
and mechanically. They and the systems constructed from them are
thus susceptible to intrusive energy which may cause physical
damage or even their destruction. More importantly, they are
sensitive to extraneous signals which may result in faulty
behaviour or in malfunction. Such possibility of malfunction is
particularly of concern in systems which may affect human safety.

If the inherent ability of devices and systems to withstand unwanted
effects of intrusive e.m. energy is described as their Immunity
Threshold, then another illustrative sketch may be made to
represent the abovementioned trend, as shown in Figure 2.
Comparing this now with Figure 1, makes it evident that as the
e.m. environment grows, its potentlal victims also prollferate :
and are increasingly more susceptible to it. '
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Figure 2. The General Trend of Immunity Thresholds
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THE E.M.E. PROBLEM AS A "SYSTEM"

In considering the causal relationships between e.m. energy
sources, the environment they produce and -the devices or systems
which succumb to it, a system approach may be suggested as a
useful tool to investigate the problem.

An analogy can be drawn betweenp the interference process and a
communications or a power system. There is, however a basic
difference in objectives. Communications, power and other planned
systems are intentional, whereas 'interference' systems is are
unintentional (and unwanted).

Intentional Systems

In an intentional system a known, deliberate source (a
transmitter, generator) is linked through a planned transmission
medium (radiated e.m. waves, transmission line) to a deliberate
receptor (receiver, power load). Such systems are characterized
by the fact that they are intended to produce defined,
1ntentlonal results.

Such intentional systems, as in the case of power and
communications are represented in their fundamental canonic

~ forms, by the diagrams in Figure 3. (other 'systems' have similar

basic forms):

Energy System

. Transmission Line
Senerator Load

Signal System

Transmission Medium

Receiver

Figure 3. Canonic Forms of Intentional Systems



It is evident that the above systems are shown in their most
primitive, simplest forms. Real systems are multiple, complex
combinations of these. Furthermore, other systems, such as those
"encountered in process control, automatic manufacturing systems,
in robotics, in computer and digital systems, especially when
interfaced to mechanical devices, are complex, hybrid
combinations of the above. :

. The. Unintentional E.M.E. System

In the interference process,- the same system structure occurs

with the vital difference that:

-the source is unwanted and much of the time is unknown and
unforseen -

-the medium of trasmission is complex and often unpredictable
-the receptor is unintentional and its response unexpected

The_following cahonic system diagram applies:

The ‘Unintentional System

E.M. Environment

AN : - —7

Threat Vietim

Figure a{ The E.M.Environment Threat/Victim'System

A comparison of Figure 4. with the diagrams of Figure 3. clearly
highlights the structural similarities while allowing
‘consideration of the basic differences bewteen the intentional
and unintentional systems.

In the intentional communications/power transmission cases, the
system efficacy is deliberately optimized and the three system
components are deliberately harmonized. Thus the three basic
components, the source, tranmission medium and receptor, are
planned to operate at particular frequencies, at specified
voltage , current and power levels, with specified forms of
signals ( sinusoidal a.c., d.c., a. m., f.m., pulsed etc.
modulatlon)

On the other hand, in the interference process (the unintentional
system) the ultimate aim is to eliminate or at least minimize its
effects. To do so, however the sources (the threats), the
transmission medium and the receptors (victims) have to be
identified and the total process understood. To compound the
problem, very often some Victims may themselves constitute
Threats to others while the Threats in turn may be Vlctlms of
others
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A more difficult aspect is that while an intentional system is &
priori well defined, the unintentional one is not, except on the
basis of prior experience. Furthermore, 1ntent10nal systems are
hopefully deterministic whereas the unintentional ones behave
‘largely in a random, unpredictable manner.. In addition, in the
unintentional system, it must not be presumed that the interfering
source and its victim need necessarily to be harmonized to each
other. Thus impulsive sources affect single frequency systems,
high frequency sources affect audio and t.v. baseband sytems, r.f
sources will influence process controllers. The problem is
further compounded by the inconstant, temporal behaviour (e.g.

hit and run) nature of many of the threats.

Management of the E.M.E. Problem

In view of the above, it is evident that the elimination or
minimization of an unintentional system poses a novel and -
challenging engineering, technological task. In attempting to
"minimize" an unintentional system a number of dlfflcult and
tedious processes have to be undertaken.

1. It would be comfortlng to say that the 'unintentional'" system
can always be predicted in a deterministic fashion. The reality
is that the mulfunctioning of equipment due to emi, is discovered
by experience in most cases and that it first has to be noticed
and identified. It is for this reason that a phenomenological
study and ongoing observation is essential. ThlS Process serves
only to 'identify' the victims. .

2. The identification of the ‘'threats' and the 'transmission
medium' is then undertaken. This requires correlating potential
threat sources and the transmission mechanism. Since the threats
and the victims are not necessarily harmonized in a known
fashion, then this must be done by extensive systematic searches,
and frequently depends on intuitive, heuristic good fortune.

3. Once the unintentional system is identified,the process of
minimization can proceed. Some threats may be removed or
controlled. Others, being deliberate parts of an intentional
system themselves, cannot be removed. The transmission mechanism
minimization and the immunization of the victim form two separate
essential activities, starting with the design of the equipment
and an analysis of the environment and the manner in which it is
used.




' ASSESSMENT OF THE CONDITION OF THE E.M.ENVIRONMENT

The geheral trends 1h the evolution of the E.M.E. need to be
evaluated more specifically then by the qualitative graphs shown
above. Two approaches are taken to quantlfy the problem.

1. By computed predlctlons ‘0of field strengths in terms of
known intentional sources
2. By measurement of the env1ronment itself

Both approaches have severe llmltatlons, but - they represent ,
what it feasible in terms of present knowledge and in terms of
currently available instrumentation and field metrology '
techniques. An important point is that in general very little

- effort has been invested into the assessment of the E.M.E., in
comparison to the massive investments being in the development of
- the intentional systems. Some selected examples of calculated
field strength predictions and of actual measured outdoor and
‘indoor conditions are shown below.

In both cases, the principal limitations are that attention is .
given, for reasons of practicality, to those sources which are
known and which are continuously active. The problem of
predicting or measuring occasional or impulsive sources is
clearly more difficult and becomes impossible until they are
known and identified.

Predictiog of Maximum Peak or Average Field Strengths

‘The technique for predicting the p0551ble peak or average field
strength due to known sources results in graphs known as Envelope
Graphs, which show the possible field levels as a function of
frequency. The production of such graphs requires extensive

-data banks giving the geographic and technical data of the known
sources. Computational propagation models are then assumed and
the resulting field levels determined, from which the graphs are
then plotted. A historically ground- breaklng graph of this type
was published by Communications Canada in 1978 (DOC EMCAB I),
describing the maximum expected environment in Canadian populated
areas. This graph is reproduced below as Figure 5.a. The field
levels indicated may be termed to be "interesting". It should be
noted that this graph was structured to represent conditions over
a substantial region, such as a major c1ty.

It is evident that spec1al condltlons may prevail in particular -
localltles and that it is important to corsider these as
"microregions". A further problem is to study the conditions
inside buildings, not only at a single p01nt but throughout the
floor plan and at all floors. .

1.5.10

-

-~ ) N
4 aOw




In the case of a microregion, such localities as airports assume
particular significance. Figure 5.b. has been selected as an
example from an extensive set of envelope graphs calculated for
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major world civilian airports.
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Fig. 5.a. Maximum expected radio environmment in populated areas

(DOC EMCAB 1 1978)
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Flgure 5.b. is taken from from A. Gross, "Guidelines for
Developing Maximum Peak and Average Field Strength Envelope

- Graphs for Aircraft", D.0.D. Electromagnetic Compatibility
Analysis Center, Washington, Presented at the International
Meeting on Susceptibility of Avionic Systems in High Energy Radio
Frequency Fields, March 1988, Brighton, U.K. It is a rather
-startling illustration of the E.M.E. problem which may be -
encountered by "high technology systems" (in this case alrcraft),
under some. c1rcumstances.-‘
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The problem of measuring the e.m. environment starts with the
process of identifying the potential "threats". This implies the
accumulation of large quantltles of data and tracking down the

','threat source.

Once the above task is accomplished, the straightforward
measurement of the fields is within the reach of current
technology. Even then, most measurement techniques anticipate
repeatable, usually narrow band or known waveform conditions.. The
challenge is to look for means of sensing, in a monltorlng
fashlon, aperlodlc, s;ngle event phenomena.

Even in the so-called stralghtforward problems, such as the
measurement of the field due to a t.v. transmitter as it

penetrates into a building, into a vehicle, into an aircraft,; the
measurement technology and the analysis of the results, is only

now becoming practicable. It must also be noted that it nevertheless
very costly and time consuming and still poses very challenging
technical problems. In order to achieve a meaningful measured
assessment, large amounts of data need to be accumulated and then
suitably processed, usually by statistical techniques.

The following figures are samples of the results of such
measurements in a microregion (a university campus) both outside
and inside buildings. The measurements and the analysis were
carried out as a joint research program of DOC and McGill
University. The downtown campus is effectively at the center of a
ring of approximately fourteen relatively high power transmitters
for FM and TV broadcasting, at a mean distance of approximately
one kilometre. Although most of the transmitters are collocated
on a single tower on Mount Royal, a significant number are
located on a circular arc, surroundlng the Campus. Flgure 6
1llustrates the geographlc configuration.

The equlpment for such measurements, especially inside the
bulldings poses a number of challenging technical problems and,
in fact, requires to be spec1ally designed for the purpose. The
'-statlstlcal analysis also requires to be specially structured in
- order to characterize the results into a meaningful form.
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Figure 6. The geography of a metropolitan microregion
(The McGill University Campus)

Typical measurements involve recording the field strengths due to
a single source, along a chosen trajectory. In order to obtain

meaningful results, measurements need to be taken at intervals of
a fraction of a wavelength. Such basic data is shown in Figure 7.
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Figure 7. A typical signal strength profile measurement along a
city street, at a single frequency (96.9 MHz)
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The "raw" measured data requires statistical processing to yield
interpretable results. Thus, digital filtering yields spatial
long term fading information which may indicate the basic
propagation geometry of the environment (Figure 8), while the
remaining short term fading component (Figure 8), may be
structured into a probability density function as in Figure 9,
which provides. 1nformatlon about the propagation stat;stlcs of
the environment. :
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Figure 8. Spatial long term fading of signal in Fig. 7.
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Figure 10. Probability density function of short term fading
component of Fig. 9 and best f£fit Rician PDF. ,

In some cases, such as indoor field measurements, it is useful to
measure and plot the two dimensional distribution of the field at
a given height above the floor. The resulting maps provide useful
information about the ambient field structure, as shown in '
Figure 11, for a particular frequency and polarization.
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Figure 11. Field strength surface in a lobby of a University
building for a 205,25 MHz source
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The basic data of field measurements for a large number of
sources, in a variety of locations, may be combined into plots
which show the cummulative effect of sources operating in.a
particular service band of the spectrum. It has been found that

the so. called Q-Q {quantile- quantlle) plots are useful for this =

purpose. These allow a ready comparison of the e.m.e. levels
under different conditions and may also be useful for some
predictive purposes. Figure 12 shows such a plot for the.
cummulative effective field strength resulting from fourteen
transmitters in the FM and TV service band. The plots are for
different street locations outside a building and for several
floor levels inside the building. (The McConnell Engineering
Building at McGill University). The plot has been used also to
estimate the field strength on the roof of the building.

Subsequent measurements have corroborated that the estimate is of

the correct order. Perhaps more importantly, the measured field

levels on one of the adjacent streets, are of the order predicted
in the DOC EMCAB 1 graph shown in Figure 5.a., thus corroborating.

_ the ‘usefulness of the calculated Profile Graphs as a predlctlve
tool for known sources.
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REGULATORY BODIES, STANDARDS, ETC.

As is evident from the foregoing discussion that a%though_i? is
an old one, there is indeed evolving a major, possibly eritical,

"condition of the electromagnetic environment. This condition

cannot but affect and limit unhampered growth in the )
multifacetted applications of devices and systems whose operation
depends on the use of electromagnetic energy.

A number of topics have deliberately not been detailed here, such:
as the problem of determining, by measurement or otherwise, the
immunity of equipment from the surrounding e.m.e.

Another discussion which has been omitted has been a narration of
an almost endless number of incidents, ranging from amusing to
tragically fatal, which document the fact that a serious
condition indeed exists. In this respect, sufficient proof
exists in the fact that a large number of agencies at the
international and national levels, governmental, industrial and
scientific, are seized by the problem. B listing of such
organizations, a description of their efforts and a catalogue of
existing or proposed rules, regulations and standards, would form
a substantial library. ‘

It is of course important to note here the intensive work of
international bodies working in this area, such as the ITU and
its two committes, CCITT and CCIR, of the IEC and CIGRE and of -
CISPER, along with their local national committees.

In Canada, in addition to the National Committees of the above
bodies and of Canadian government bodies, there is now at work a
Canadian Standards Association Advisory Committee on the
Electromagnetic Environment, whose mandate is to advise the CSA
on the preparation of Standards on Electromagnetic Compatibility.

Many standards and regulations already exist, and it would be
comforting to believe that compliance to them would readily
resolve all problems. Such a belief, unfortunately would be a
dangerous illusion. The specification of standards and rules

and blind compliance to them would imply that the problems are
well and thoroughly understood. Unfortunately that is not so, for
the following reasons:

Firstly, as indicated above, the problem of the unintentional
systems is not a deterministic one and is only partially
predictable and then only in the light of bitter previous
experience.

Secondly the state and level of knowledge and understanding of
the physical phenomena involved is by rio means complete. In
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differenf sectors of the "electridal,game“ conceptual' :
simplifications leave the designers, builders and users only
partly equipped to deal with the e.m. €. problem.

Thus it will be noted that dlfferent ‘approximation technlques are
used in different technologies for problem modelling. In the
power and low frequency areas, lumped parameter, voltage/current
models are traditional and the question needs to be raised

whether such modelling continues to be appropriate, especially in

approaching time-space domain problems. At the other end of the
frequency spectrum scale, high-frequency asymptotic, (quasi-
optical) models are used and material properties tend to be
represented in very simplified idealized forms. /

An interesting example of dangerously primitive and misleading
concepts is that of the idea of a "ground". What is it 7?7 Where
did the idea originate ? Is it meaningful ? What is the meaning
" of a ground in a high rise building when considering nano-second
pulse systems? What does "ground" mean in an aircraft or a ship?

Above all, the present state of e.m. theory as it has developed
in the past 150 years, is almost entirely in terms of the steady-
state frequency domain, linearity is usually assumed thus _
allowing the application of Fourier techniques. Although time-
domain ‘analysis is now receiving intensive attention it is still
in its infancy and the number of useful solved problems is still
‘minimal, and yet, a vast number of interference problems fall
precisely into the category of time domain, transitory impulsive
phenomena. .

The conclusion to be drawn fxrom this is that whatever standards
and regulations are evolved at this stage, must be clearly
considered tentative. Unfortunately, designers, manufacturers and
operators, in the process of complying with standards and
regulatlons, acquire a vested interest in them and later changes
even in the light of better understanding and new techniques
become extremely difficult. ( In Law an interesting example of
this human trait is in Maritime Law. Despite the centuries of
development in geographic discovery, ship construction &
propulsion, navigation techniques, etc. present day maritime law
doctrine is still based on that of the Phoenicians and their oar
driven vessels ! ) .
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CONCLUDING OBSERVATIONS
In summary, the following points are evident:

1. There exists indeed an increasingly serious problem involving
the Electromagnetic Environment and .its consequent effect on the
ability to ensure the electromagnetic compatibility of all
systems. _

2. In general the E.M.E. pfoblem cannot but help to influence
further growth in the development of "electrical" equipment and
systems of all types.

3. The proliferation of applications, beyond the "merely" power
and communications systems ideas, means that it is no longer

appropriate to compartmentalize according to specific industries
and applications, but that a more holistic approach is required.

L. It is evident that the E.M.E. problem probably cannot be
adequately resolved using the currently evolved knowledge and
understanding of electromagnetic theory and that considerable
effort of solving difficult problems in the time domain, in the
presence of complex materials and structures, has yet to be
carried out. This represents a major basic research effort.

- 5. While the technology is well advanced to provide useful

instrumentation and metrology techniques for the measurement of
the e.m. environment, and allied problems, insufficient effort

has been made so far in this area. Furthermore, very difficult

measurement problems still remain unsolved and these also will

require considerable further research.
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LA RARETE DES FREQUENCES

Jean—-Marc Pellerin
Directeur général, région du Québec

Ministére des Communications
Montréal, Québec

SOMMAIRE

Les facteurs contribuant & la rareté des fréquences sont
nombreux, complexes et souvent étranges ou imprévisibles.

. Malgré l'exigence d'une ingénierie des systémes conforme
aux régles de l'art, de protocoles et méthodes d'exploitation
efficaces, et le developpement des banques de données et des
logiciels nécessaires & une ass1gnat10n satisfaisante des
fréquences, notre ‘travail nous a permis d'identifier les
situations suivantes comme agents principaux concourant a créer
la rareté des fréquences:

- une population dense et. nombreuse (les grandes zones
métropolitaines);

- la topographie locale, régionale ou nationale;
- la nature et la quantité de services radio;:

- le nombre de fréquences ou de bandes de fréquences
disponibles pour une service donné;

- la pertinence des communications;
- l'utilisation simultanée d'une fréquence (partage);
- 1l'état de la technologie employée;

- le dynamisme de l'activité é&conomique.



SPECTRUM CONGESTION

Jean—Marc-Pelierin
Director General, Quebec Region
Department of Communications

Montreal, Quebec
 ABSTRACT

The factors contributing to spectrum congestlon are many,
complex and often strange or unforseeable.

Despite state-of-the-art systems engineering, effective
operating methods and procedures, and development of the data
banks and software required for satisfactory assignment of
frequencies, spectrum congestion exists, and our work has enabled

us to identify the f0110w1ng as the main factors contributing to

this situation:

- dense and'labge population (major metropolitan areas)
- local, regional or national topography
- - nature and quan%ity of radioc services

- number of frequencies or frequency bands eva1lab1e for a
glven serv1ce : .

- ‘importance of communications
‘= simulteneous use of a frequency
- technology used

- high level of economic activity
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Introduction

Le spectre représente une ressource limitée, dont 1la
disponibilité peut étre optimalisée par une saine gestion. Afin
de bien remplir son r8le de gestionnaire dans ce domaine, le
ministére des Communications doit évaluer les besoins, promou-
voir 1l'utilisation de technologle efficace et ajuster les
allocations des bandes de fréquences pour faire face a cette
évolution changeante.

L'utilisation croissante de moyens de communications de
plus en plus complexes survenue depuis les années 1950 oblige
le gestionnaire du spectre & suivre de fagon particuliérement
attentive la situation. Les changements technologiques et la
réduction des colts de production de 1l'équipement ont amené
l'introduction de nouveaux services & un rythme ou la déli-
vrance des licences radio double & tout les 5 ou 10 dix ans
selon les services.

Pour leur part, les compagnies spécialisées en communi-
cation se doivent de s'assurer que l'outil indispensable & leur
industrie, le spectre des fréquences radio, est disponible a
court et moyen terme afin non seulement de permettre de suppor-
ter leur croissance anticipée mais aussi d'offrir une porte
ouverte a une diversification de leurs services en communica-
tion en prenant avantage de 1'avancement technologique et de
leur créneau respectif dans un marché trés compétitif. Cette
présentation devrait vous permettre de vous tracer une image du
degré de concentration dans 1l'utilisation des fréquences,
groupées par bandes, dans les grands centres urbains du Canada.
Vous pourrez avec l'aide des experts du ministére, établir une
planification stratégique qui tient compte de ce facteur
essentiel. En tant que pourvoyeur de moyens de communication,
vous pourrez p0351blement orienter vos études de marketlng vers
l'introduction de services faisant usage de bandes de frequen—
ces dont les caracterlsthues de propagatlon n'ont pas favorisé
leur utilisation & grande échelle jusqu'd maintenant. Les
manufacturiers, pour leur part, voudront non seulement amélio-
rer 1l'efficacité spectrale de leur équipement mais aussi
initier des programmes de recherche pour favoriser l'utilisa-
tion de ces bandes de fréquences.




Au cours de la présentation les données et les figures

. teront ressortir qu'il existe une corrélation entre la rarete -

des fréquences et les facteurs suivants:

-Population dense et nombreuse.

-Topographie.

-Nombre de canauX dlsponlbles pour un servlce donne.
-Pertinence des communications.

~Utilisation simultanée d‘'une. fréquence.

-Etat de la technologie employée.

~Dynamisme de 1l'activité économique.

Afin de mesurer la -concentration de 1l'utilisation des

fréquences sur une base. spatiale, nous avons d'une fagon bien
arbitraire défini le centre-ville des villes choisies comme
étant la surface d'un cercle d'un rayon de 8 Km. Dans la méme
foulée, l'aire d'un cercle de 90 Km englobe la zone d'influence
radio d'une métropole. Ces deux ‘valeurs. nous ont semblé conve-
nables pour bien illustrer l'utilisation du spectre des
fréquences et, par déduction, la rareté des fréquences.

Les villes representees exposent les dlfferents degrés de
rareté des fréquences au pays en passant par . Vancouver,
Edmonton, Calgary, Winnipeg, London, Toronto, Ottawa, Montréal,

Québec, Halifax et, pour 1la radiodiffusion , Saint-John,

Terreneuve.

La Radiodiffusion

Pour la bande de radiodiffusion sonore & modulation de
fréquence et la télévision, la rareté est définie & partir des
plans d'allotissement établis par le Ministére en étroite
collaboration ‘avec le CRTC, les gouvernements provinciaux et
l'industrie. Ces plans tiennent compte des besoins exprimés et
sont optimisés en fonction d'une saine gestion du spectre.
Naturellement, seules les fréquences destinées aux stations de
puissance réguliére- et protégées sont prévues. Il existe
cependant des dispositions qui permettent de trouver d'autres
fréquences pour les stations de faible puissance. Les canaux
des stations de faible puissance et non protegees sont inscrits
dags' le régistre des assignations afin d°' éviter, pour des
raisons economlques, de les modlfler :sans..motifs valables mais
leur protection n'est pas assurée.

Dans les grands centres, ou la populatlon est dense et

‘nombreuse, nous notons une pénurie de fréquences dans les
bandes destindes a 1la radlodlffu31on sonore & modulation
d'amplitude (MA) pour le moment et a modulatlon de frequence
(MF) ainsi qu'a la télévision VHF.
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Cette rareté de fréquences en radiodiffusion est causée en
grande partie par la technologie utilisée: 1la modulation
d amplitude a double bande latérale pour, le MA et la modulation
4 bande latérale résiduelle pour la télévision. Au cours de

“leur hlst01re, la radiodiffusion MA et la télévision ont aussi

vu se créer et se perpétuer des parcs trés important de
récepteurs bon marché dont la conception technique comporte des
faiblesses bien connues. Lors de la rédaction des plans d'allo-
tissement, pour de nombreuses raisons, ces contraintes ne
peuvent pas &tre ignorées et il faut rayer.certains canaux
tels que les canaux adjacents, les canaux a la fréquence image,
ceux pouvant causer des battements a la fréquence intermé-
diaire, les canaux dits "“Tabous" en télévision UHF, etc...,
d'old une réduction du nombre de canaux disponibles.

Le graphlque (Fig 1) sur 1la radiodiffusion sonore MA
montre gu'un trés grand nombre de canaux sont deja utilisés
dans la plupart des centres urbains importants et qu'il existe
une pénurie de fréquences dans les grands centres comme Toronto
et Montréal. Nous n'avons pas inclus la bande de 1605-1705 kHz
gqui sera bientdt ouverte pour améliorer la situation.

Le graphique (F1g 2) sur la radiodiffusion MF n'indique
pas de penurle de fréquences dans les grandes métropoles, parce
gu'il inclut les allotissements des petites villes se trouvant
dans un rayon de 90 Km des grands centres et les allotissements
201-220 dont les programmes (information) sont assujettis a des
régles différentes de celles applicables ‘aux canaux tradition-
nels 221-300. Il ne faut donc pas croire que la recherche d'une
fréquence compatible est assurée, tout d'un coup, d'un bon

~ résultat.

Le graphique (Fig 3)sur la télévision montre des allotissements
encore disponibles mais il s'agit uniquement de la bande UHF;
il n'existe plus de canaux VHF dans les grandes métropoles. Il
faut aussi se souvenir que dans un passé récent, la bande UHF a
été diminuée de 14 canaux (70 & 83) lesquels sont aujourd'hui
utilisés pour les fins du service mobile terrestre.

La topographle et la nature des services peuvent au551
conduire a une plus grande utilisation des fréquences tel qu'on
peut le remarquer a Vancouver, Edmonton et Halifax. A la
périphérie de ces régions, de petites stations de télévision a
plusieurs canaux de faible puissance sont utilisées pour
distribuer des services de Cancom dans des v111ages e101gnes Gdu
centre de ces villes, et ol il n'est pas economlque de cibler.

‘Nous constatons donc qu'en radiodiffusion, il existe une
certaine pénurie dans les grands centres urbains.



LE SERVICE MOBILE TERRESTRE

Le Ministére est conscient de 1la grande demande de °

frequences pour le service mobile terrestre et, en tant que
gev*lonnalre de cette richesse naturelle, il a eéetabhli des
mécanismes approprles de consultatlon avec les usagers.

L'utilisation des frequences dans les bandes attrlbuees au
service mobile terrestre se fait sous le couvert d'un nombre
impressionnant de documents publiés. Les ‘PS (pollthues d'uti-
lisation du spectre) énoncent les -contraintes partlculleres
d'une bande de fréquences attribuées alors que les PR (polltl—
ques des systémes radio) visent des types génériques d'équipe~-
ment de radio pouvant &tre utilisés au Canada: A ces deux
séries de documents, il faut ajouter les PNRH (plan normalisé
de réseaux hertziens) ol sont exposées les prescriptions
techniques relatives aux réseaux de stations radio et les CNR
(cahier des charges sur les normes radioélectriques) ol se
retrouvent les normes minimales- d' homolOgatlon des émetteurs-—
recepteurs.

L'espacement normal entre les canaux est le suivant:

27, 41 a 50 MHz -

a) : 20 KHz
b) 138 a 174 MHz : 30 KHz
c)  406,1 & 430 et 450.a 470 MHz : 25 KHz
d) 806 a 821 et 851 & 866 MH=z : 25 KHz
e) 825 & 845 et 870 & 890 Mhz : 25 KHz

Les bandes du 30 - 40 MHz et du 40 - 50 MHz (Fig 4 et 5)

) Nos données sur ces deux bandes montrent bien leur sous-
utilisation relative. A 1l'exception de Toronto, le nombre de

fréquences assignées est de beaucoup inférieur a la quantité de

canaux allotls et le nombre de. stations mobiles par assignation
varle de 1 & 10. Les critéres de charge des canaux varient de

30 & 90 stations mobiles par canal dans une zone donnée afin de
tenir compte des catégories d'utilisateurs et des types de
systéme radio. Méme si-en pratique toutes les fréquences ne

peuvent pas étre asslgnees, on ne peut certainement pas parler

de rareté et encore moins de pénurie. Ce sont -des bandes -dont
le potentiel pourralt étre mieux exp101te.

-
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La situation du 30 -40 MHz n'étonne pas. Le niveau du
- . v d -~ -~ . -
bruit radio amblanct..est tres eleve, . les brouillages mutuels

. causés par la transmission a trés grande distance sont

frégquents et cycliques, 1les dimensions des antennes sont
beaucoup plus grandes que celles employées dans les bandes
supérieures, etc... Le 40 - 50 MHz souffre & un moindre degré
des mémes inconvénients et, en conséquence, nous constatons une
plus forte densité du. trafic radioélectrique et une faible
disponibilité dans les grands centres.

Le 138 - 150.8 MHz (Fig 6)

Il s'agit en fait des-bandes 138 - 144 et 148 - 150.8 MHz,
le 144 - 148 MHz étant attribué au service amateur. Les systé-
mes radio sont exploités selon le .mode de fonctionnement & une
seule fréquence ou & deux fréquences. La figure 138 - 150.8 MHz
montre une utilisation plus importante que pour les bandes sur
des fréquences inférieures. Le ratio Nombre d'assignations/
Nombre de canaux varie de 1 a 2.8 et le ratio Nombre de

~mobiles/Nombre d'assignations -oscille entre 5 et 15. A

Toronto, le nombre de mobiles/canaux allotis est d'environ 25

et, compte tenu des exigences de la coordination dans 1le€s zones

frontaliéres, le taux d'occupation de certains canaux doit
s 'approcher du seuil de saturation. Il est aussi permis de
croire que dans la plupart des régions métropolitaines 1le
nombre de mobiles pourrait encore croitre sans que les problé-
mes de partage deviennent intolérables pour les utilisateurs.
Cependant d'autres facteurs-tels les  stations-téléappels (dont
les téléavertisseurs ne sont pas inscrits dans nos registres),
les types d'utilisateurs, le nombre de canaux simples VS duplex
nous aménent a penser que nous pourrions avoir atteint le point
de saturation dans d'autres centres urbains.

Le 150.8 - 174 MHz (Fig 7)

Depuis le milieu des années cinquante et jusqu'a environ
1975, cette bande a servi de réservoir d'ol était tiré 1les
fréquences assignées- & la majorité des stations du service
mobile au Canada. Les centres-villes comptent un trés grand

nombre de stations et 1l n'est généralement pas possible

d'assigner toutes les fréquences a cause des problémes d'inter-
modulation, de canaux adjacents, etc., et du partage de cette
bande avec les Etats-Unis.



I1 faut mentionner qu'environ 40000 mobiles se rattachent
au district d'Edmonton, qui dépasse Toronto (36000 mobiles) et
Montréal (25000 mobiles). L'Alberta Government Telephone et les
compagnies pétroliéres exploitent d'une fagon utile et efficace
cette bande de fréguences. Le ratio "nombre de mobiles/canaux
allotis" atteint 55, un indicateur positif d'une bonne gestion
locale des fréquences. Le nombre de mobiles par cent milles de

“population est de 1150 & Vancouver, 5100 a Edmonton, 910 &
Toronto et 850 i Montréal. '

Dans les grands centres, et surtout & Toronto et Montréal,

il est presqu'impossible de trouver une fréquence compatible ou
partageable. ' : ‘ _

Le 410 - 414 et le 415 ~ 419 MHz (Fig 8)

Dans ces bandes, le PNRH 501 énonce les prescriptions
techniques applicables. Sauf pour Montréal et Toronto, ces
bandes sont relativement peu utilisés et en général on vy
retrouve les gouvernements provinciaux et municipaux. Il s'agit
de services de sécurité et les critéres de charge des canaux

sont beaucoup moins exigeants. La figure 8 fait ressortir un

bon potentiel de croissance dangs la plupart des régions.

Le 421 — 425 et le 426 - 430 MHz (Fig 9) -

Le PNRH 501 s'applique aussi dans ces bandes attribuées en
1983. Les critéres d'exploitation particuliers limitent 1'accés
-du grand public & environ 40 % des frégquences. Quelques fré-
quences sont réservées pour le téléappel et dans ce cas les
appareils mobiles ne sont pas enregistrés. Les données mettent
“en lumiére une sous-utilisation qui n'est .donc pas surprenante.
Cependant, nos experts confirment une congestion sévére dans
quelques grands centres urbains. '

Le 450 - 470 MHz (Fig 10)

Au début des années 1970, cette bande a pefmis d'absorber

‘1'excés de demande dans la bande du 150.8 - 174 MHz. Dans la
mesure du possible, le mode d'opération a& deux fréquences a été

privilégié et le PNRH 501 prescrit les exigences techniques. Le -

ratio du "nombre de mobiles/nombre d'assignations® prend des
valeurs comprises entre 4 et 12; pour les assignations du
service auxiliaire de radiodiffusion, ce ratio est encore plus
bas. Un trait remarquable de cette bande touche 1la grande
concentration des assignations & 1l'intérieur des centres-villes
par comparaison avec la zone métropolitaine afférente:

l -'6\0 8
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CENTRE-VILLE ZONE METROPOLITAINE
RAYON 8 km RAYON 90 Km
% DES ASSIGNATIONS NOMBRE D'ASSIGNATIONS
Toronto = 21% 2400
London - = 28% 500
Vancouver = 37% 1550
Montréal = 40% 1800
Edmonton = 45% : 850
Winnipeg . = 49% : 550
Québec = 50% 450
Ottawa = 59% 850
Calgary = 61% 700
Halifax =

69% 500

Dans le cas des métropoles moins peuplées, ce phénoméne
indique simplement que dans la périphérie il est encore possi-
ble de répondre aux besoins pour des canaux de radiocommunica-
tions en assignant des fréquences des bandes traditionnelles
(VHF). La position de London au tableau s'explique par la
présence des villes de Kitchener/Waterloo et Brantford a l'in-
térieur du rayon de 90 Km et dont la population est aussi
importante que celle de London. Un pourcentage des assignations
élevé dans le centre- ville nous apparalt donc comme un indica-
teur valable d'une disponibilité relative de fréquences
(nouvelles ou partagées) pour les stations radio situées dans
les zones éloignées.

Dans le cas de Toronto et Montréal 1l'augmentation du
nombre de mobiles demeure possible mais de nouvelles assigna-
tions demandent des études complexes dont le succés est problé-
matique.

Le 806 -821 et le 851 -866 MHz (Fig 11)

On retrouve dans ces bandes surtout des systémes a partage
de plusieurs canaux’ ou a fréquences appariées. Le PNRH 502
énonce les prescriptions techniques,les régles du partage des
fréquences le long des frontiéres canado-américaines ainsi que
les critéres de charge des canaux. Excepté pour Toronto et,
dans une certaine mesure, Montréal le potentiel de ces bandes
de fréquences est a peine entamé; le premier plan normalisé n'a
été publié qu'en janvier 1983.



Le 825 - 845 et le 870 - 890 MHz (Fig 12, 13, 14 et 15)

Le PNRH 503 est publle en septembre 1985, les premleres
cellules - entrent en opération 1le premier juillet 1985 et
aujourd'hui le nombre de stations mobiles des systémes cel-

lulaires représentent plus de 50 % de toutes les stations

: moblles fonctlonnant sur des fréguences supérieures a 30 MHz.

Le cellulaire est une extension du réseau telephonlque
canadien et les ObJeCtlfS de performance du systéme sont tres

élevés. Le nombre maximum de moblles par fréguence assignée a -

l'intérieur d'une cellule varie entre 20 et 25 et cette valeur
peut sembler faible et indiquer que le cellulaire n'utilise pas
efficacement le spectre‘ disponlble. Au contraire, les mémes
fréquences étant réutilisées systématiquement dans d'autres
cellules, le nombre de mobiles par MHz attribué est déja de
'beaucoup supérieur aux meilleurs résultats obtenus dans les
autres bandes de fréquences; par exemple, ce nombre est 2 fois
plus grand a Toronto. La clientéle continuera de grandir et,
compte tenu que les bandes - de frequences ne changeront pas,
1 efflcac1te du cellulaire dans 1’ utlllsatlon du spectre ne
peut que s'améliorer.

Dans toutes les zones métropolitaines, les cellules du
centre-ville utilisent toutes les fréquences disponibles. Pour
les cellules en périphérie le nombre de fréquences utilisées
~est fonction de l'importance de la population locale, du
dynamisme et des types d'activités du secteur industriel et de
la distance du centre-ville.

Autres données (Fig l6, 17 et 18)

‘Les graphiques 16 et 17 illustrent des phénoménes bien
montréalais : le taux d'occupation relatif des bandes 150 -
174 MHz (VHF) et 450 - 470 MHz (UHF) sur l'ensemble du terri-
toire du Montreal métropolitain. La somme de toutes les commu-
nications & 1'heure la plus occupée d'une reglon de 75 Km par
75 Km donne 100 % . Les graphiques montrent 1l'occupation rela-
tive de chaque parcelle de 5 Knm par 5 Km. I1 faut noter que
pour le VHF, une de ces parcelles, une sur 225, compte pour
20.92 3% des communications. Les parcelles du centre-ville, sur
le graphlque'on dirait un obélisque, en accaparent plus de 50

2 . C'est une réalité dont il faudra tenir compte dans notre

gestlon des frequences.
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Les fréguences supérieures a 900 MHz

L'analyse des bandes du service fixe ne peut se faire qu'a
l1'aide d'outils sophistiqués et le ministére consacre actuelle-
ment des ressources importantes afin de surmonter de nombreux
problémes concrets qui compliquent 1l'illustration de la rareté
des fréquences. D'autres personnes viendront vous énumérer et
vous décrire les nombreuses difficultés rencontrées et vous
présenteront les résultats de leurs travaux.
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Fig. 12
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Fig. 14
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FIG. 18
Cellulaire

825 - 845 & 870 - 890 MHz

Nombre/Million de personnes

Revenu relatif
100

2000
1800
1600
1400
1200
1000
800
800
400
200
Mobllea (X100) Frequenoes assignees total des revenus
Métropoles
R vancouver X Montréal Toronto
Source: Statistiques Canada
1.6.23

80%

80%

40%

20%

o%




-~ - - o - - - - — S g o
>

Y

SESSION 2
INTERNATIONAL PERSPECTIVES

SEANCE 2
LES PERSPECTIVES INTERNATIONALE




J
>

<>

Lo\



ABSTRACT
Spectrum Management in the United Kingdom

Michael Goddard
Head of Spectrum management &
International Branch
Radiocommunications Division,
Department of Trade and Industry, London

Ten years ago the UK regulatory authority was being criticised for
taking decisions behind closed doors with minimal consultation and very little
information flow. Today the Radiocommunications Division of the Department
of Trade and Industry consults widely and publishes information; it pursues
a policy of deregulation; and it delegates frequency planning tasks where
possible, It has been responsive to demand and in several cases has even
triggered the development of new services by taking the initiative in releasing
spectrum, particularly in the mobile radio field.

In preparing for the future, a series of comprehensive reviews of
spectrum usage and demand is being undertaken, the first of these covering

470 - 3400 MHz having been completed and the next, covering up to 30 GHz is

underway. On the wider policy front the question of introducing market forces
into spectrum management ("spectrum pricing") has been debated at length and
a number of alternative approaches evaluated.

Advanced technologies and applications will present unprecedented
challenges for the spectrum manager but at the same time may help to overcome
some of the problems of spectrum congestion. New approaches to national
spectrum management will develop in parallel with an important ITU frequency
allocation conference in 1992 and a separate comprehensive review of the
definitions of radio services, inevitably involving the structure of the
international frequency allocation table. The future looks exciting.



Résumé

La gestion du spectre au Royaume-Uni
Michael Goddard
Département du commerce et de 1l’industrie
' Londre (Angleterre)

Il y a dix ans, on critiquait les organes de réglementation du Royéume-
Uni en les accusant de se réfugler derridre des portes closes pour prendre

leurs décisions et de n’avoir que des consultations minimales et des échanges

de renseignements trés restreints. De nos jours, la division des radiocom-
munications du Département du commerce et de 1/industrie procéde a de multi-
ples consultations et publie 1’information qu’elle posséde, elle poursuit une
politique de déréglementation et elle délégue, lorsque c’est possible, la

planification des fréquences. Elle est a4 1l’écoute des demandes et elle a -

méme, a plusieurs reprises, été 3 1l'origine de la mise sur pied de nouveaux
services en prenant l’initiative de libérer des fréquences, notamment dans
le domaine des radiocommunications mobiles.

En prévision de l7avenir, une série d’examens complets de 1l’utilisation
du spectre et de la demande de fréquences est en voie d’étre entreprise. ILe
.pPremier de ces examens, portant sur la bande 470 - 3 400 MHz, vient d'é&tre
fait et le suilvant, qui aura trait & la bande des 30 GHz, est en cours. Sur
le plan plus général des politiques, on a débattu de long en large la ques-
tion du libre exercice du jeu de la concurrence dans le secteur de la ges-
tion du spectre ("mercantilisation du spectre") et plusieurs solutions de
rechange ont été examinées.

Des technologiles et applications évoluées vont poser au gestionnaire
du spectre des défis sans précédent mais, en revanche, elles vont peut-étre
contribuer a la solution de quelques-uns des problémes d’encombrement du
spectre. On va trouver de nouvelles facons d’aborder la gestion nationale
des fréquences pendant que 1/UIT va tenir une importante conférence sur
l7attribution des fréquences en 1992 et procéder a un examen distinct de la
structure globale du tableau international d’attribution des bandes de
fréquences. L'avenir est prometteur,




Introduction

So much is happening in the field of spectrum management in the United
Kingdom and indeed worldwide that it is difficult to know where to start and
where to stop. This paper describes the formal spectrum management regime
and role of the Radiocommunications Division of the Department of Trade and
Industry. It focusses in particular on the work being carried in a series
of spectrum reviews, the f£irst of which is very closely related to the planned
1992 World Administrative Radio Conference. Some particular examples are
given of recent frequency allocation changes and possibilities for the future.
The paper also includes a brief discussion of delegation and deregulation of
the frequency management task.

The formal structure of spectrum management in the UK

Within the United Kingdom, the broad sub-division of the spectrum is
the responsibility of an interdepartmental committee. The Department of Trade
and Industry, represented by the Radiocommunications Division, is a major

participant and represents nearly all civil non-government users of the -

spectrum. Other players include the Ministry of Defence, the Department of
Transport and the Home Office (with both broadcasting interests and the police
and fire services). At the international level the Department of Trade and
Industry acts as the UK administration in the ITU and generally speaks on all
radio regulatory matters representing all national users at ITU conferences,
meetings of the CEPT (European Conference of Posts and Telecommunications
Administrations) etc. Thus although formally limited at the national level
to the management of the spectrum for most civil applications, the DTI has a
very broad interest in all spectrum usage.

The Radiocommunications Division is also the public mouthpiece of the
government on spectrum matters. Some years ago it was criticised as being
bureaucratic, authoritative and secretive., However following an independent
review of spectrum management in the UK in the early 1980s (the ‘Merriman
Review’), a significant change in management style and a transfer from the
Home Office to the Department of Trade and Industry, much has changed. The
thrust of the Merriman Review’s recommendations was to make the division more
forward-loocking, that is to plan for the future rather than being reactive
to demand, to consult more widely and to inform. Early action was taken to
publish the National Frequency Allocation Table and the division now produces
Annual Reports on its activities and which highlight future opportunities and
developments, The Merriman Report also proposed the introduction of Spectrum
Reviews (of which more later).

In pursuing the theme of openness and consultation in the field of
spectrum management, the Division regularly gives presentations to industry
and users on its plans, it organises regular consultative committees on
specific topics (fixed links, land mobile and more recently broadcasting, and
CEPT activities) and it provides stands at trade exhibitions ete., Information
is readily available in user-friendly form on most licensing and policy issues.



Europe

_ A major feature of the current spectrum management policy in the UK is
the quest for finding solutions wherever possible on a European-wide basis.
Not only is this highly desirable technically in view of the relatively small
geographical distances between countries but it creates large potential
markets for equipment suppliers benefitting both them and the users. Several
major developments in the mobile radio field have resulted in common frequency
“"allocations in Europe which have become or are becoming the subject of European
Community Directives. These cover digital cellular radio (GSM), digital
cordless telephones (DECT) and pan-European paging (ERMES). Less well-
publicised agreements cover much wider issues and all new major spectrum
management decisions in the UK are taken with a view to European harmonization
wherever possible

Spectrum Reviews

As mentioned above, the Merriman report recommended that regular reviews
be undertaken of defence and civil spectrum usage. The concept was to review
the use of and likely future pressures on a particular part of the spectrum,
then to move on to a different frequency range and so0 on until the whole
spectrum had been covered, whereupon the process would begin again.

‘The first review undertaken covered the range 470 - 3400 MHz. This was °
seen as a part of the spectrum whére many new developments were likely to .
take place over the next few years. The development of new mobile services
around 2 GHz and the scope of the 1992 World Administrative Radio Conference .
demonstrate the value of selectlng this range for the flrst stage of the -

review process.

In accordance with the Merriman recommendations, a separate review of
the defence spectrum was undertaken by an independent committee, which was
served by the Radiocommunications Division of DTI and the Ministry of Defence.
The committee report was published in June 1988 and its recommendations
accepted by the Government. 1In brief the review concluded that the balance
of civlil and defence allocations was about right (in this particular frequency

range defence communications account for a relatively small part of the-

spectrum) but that there was more scope for civil and mllltary sharlng of
spectrum particularly in two specified frequency bands.

The Civil Spectrum Review was conducted by the Radiocommunications
Division. The committee’s membership was drawn from within the Division with
a Ministry of Defence observer. Extensive consultation took place with
outside organizations, users, operators, manufacturers etc following a formal
call for evidence. Once the basic information-gathering exercise had been
completed and provisional conclusions drawn, a public seminar was held to
present these findings and to solicit further comments before the final report
was prepared. It was published in April 1989. '




The aim of the review was to draw up a comprehensive picture of current
spectrum usage, backed in some cases by monitoring rather than relying simply
on recorded usage. This alone proved to be a very valuable exercise in
informing industry, in providing a basis for decision-making within the
Division and for highlighting areas in which the Division’s records were
incomplete, inconsistent or even inaccurate. In addition the review sought
to identify and quantify new requirements for spectrum and also for spectrum
growth for existing services over the next 10-15 years. This ‘shopping list’
of requirements will enable considered decisions to be taken and a long-term
strategy for spectrum usage developed rather than simply responding to demand
on a case-by-case basis with little perception as to the likely ultimate
overall demand. This task had necessarily been carried out in the past in
preparation for major ITU allocation conferences but had not been conducted
on a systematic basis at other times.

The review had no authority to make decisions on spectrum allocation
changes but its recommendations will provide a set of powerful signals as to
the way forward and in particular will have a major impact on the devélopment
of UK policy on spectrum allocation issues for the 1992 WARC. Key
recommendations of the first stage of the Civil Spectrum Review covering the
range 470 - 3400 MHz include:

a) The need for frequency planning to maintain a long-term
perspective and the introduction of a mechanism for a more struc-
tured approach to be taken to evaluating new requirements and
reaching allocation decisions.

b) High priority to be given to those services which cannot
reasonably be located in higher frequency bands, with mobile
users of all types warranting such priority.

cy The results of the review to form a basis for the UK’s
preparation for the 1992 WARC.

d) Improvements required in the recording of frequency assign-
ments within the Division,

e) Consideration to be given to a review of telecommunication
requirements of the emergency services (that is police and fire).

f) The need to draw up a long-term strategy for the band 1.7 -
2.3 GHz as far as possible on a European basis but preferably
world-wide.

g) An urgent need to review the spectrum requirements for broad-
casting ancillary services.



h) The need to commission technical evaluations of the merits
of increased sharing between different services.

i). The need to set firm dates for the removal of certain ap-
plications from the range of spectrum under consideration.

The review also recommended that the next stage should concentrate on
the frequency range 3.4 - 30 GHz and that a combined review should be undertaken
covering all users of the spectrum both civil and defence. At the time of
writing the formal announcement of the next stage of the review process has
yet to be made but internally work has already started in gathering the
information necessary as the basis for this review.

Major Frequency Allocation Developments

Some examples of specific frequency allocation developments in the UK
may be of interest. They show the rapidly changing scene driven by the
never-ending growth in the demand for spectrum for existing or new services
(particularly in the land mobile area) which in turn is encouraged by user
' awareness, a strong competition policy and general liberalisation of the
telecommunications market.

Mobile Radio

a) -The development of national and regional trunked private
mobile radio systems at VHF in spectrum previously used for
"television broadcasting.

The UK now relies entirely on UHF for terrestrial television
‘broadcasting (having vacated the two VHF bands) and has had to
cope with unique problems of sharing mobile radio with television
in neighboring countries.

b) The extension of cellular radio services at 900 MHz by shar-
ing spectrum prev10usly reserved exclusively for defence use,.

The pre-emptive sharing arrangements is of tremendous value
.to the cellular radic operators and yet retains access to the
spectrum for defence purposes as necessary. Further exploitation
of defence allocations by civil users on a shared basis is a high
priority for the future (and already many private mobile radio al-
locations, particularly at UHF, are shared on a geographical
" basis with defence allocations).




c)

The UK government announcement early in 1989 of its inten-
tion to introduce public mobile radio systems (personal communica-
tions netwoxrks) in the 2 GHz band.

Applications have been received from 8 potential operators
of which 2 or 3 are likely to be licensed. Attention is being
focussed on the band 1700 - 1900 MHz and the first systems are ex-
pected to be operational around 1992. Furthermore, frequencies
have been designated in Europe for a new generation of cordless
telephones operating in the band 1880 - 1900 MHz and considera-
tion is being given to an allocation in the longer term of
spectrum in the range 1900 - 2300 MHz for future land mobile sys-
tems.

Broadcasting

a)

b)

The release of spectrum in UHF television channels 35 and 37
by the aeronautical radionavigation serxvice in the early ‘90s
providing the opportunity for a 5th television service serving up
to 70% of the population.

The present 4 television channels each provide close to 100%
coverage using a total of 11 channels per network.

An announcement made earlier this year that frequencies near
40 GHz would be made available for multipoint video distribution
systems (MVDS or MDS).

Further consideration will be given to the possible use of
the 12 GHz satellite broadcasting band.

Millimetric Bands

A public consultation issued in 1988 outlining the potential for
exploiting spectrum above 30 GHz with a view to stimulating interest from
users and manufacturers and to assist in developing the Division’s policy in
this area.

In addition to the announcement on MVDS mentioned above, the use of the
38 GHz band has already been identified for providing the fixed links required
in the infrastructure of the new personal communication networks which, for
mobile radio, will operate near 2 GHz.



Delegation and Deregulation

At the level of frequency assignment, as opposed to allocation, the
Division has adopted a policy of delegating the task. outside ‘government
whenever practicable to do so. The main public telephone operators (common
carriers) have traditionally maintained authority for frequency planning

within their own fixed link allocations. This has been extended to the

cellular radio . operators and also to certain responsible user groups such as
the fuel and power industries (for the mobile radio services of the gas and
electricity supply industries) and to the broadcasters (for broadcast

ancillary services in certain bands, that is for radio microphones,

transportable video 1links etc). Apart from reducing the pressure on
government resources, there has been a major advantage in spectrum management
terms. The user groups are made more aware of the pressures on their ’block
of spectrum’ and appreciate the need for spectrum efficiency. 1In the case
. of the fuel and power industries for example this has led to a realisation
fo the benefits of switching to data communications in place of voice and the

sponsorship of trials of techniques offering greater spectrum efficiency such’

as single side band modulation, Previously it had been very difficult for
‘the Division to persuade users or manufacturers of the potential benefits of
such developments.

An alternative approach to delegating the frequency management task is
to provide the intelligence in the radio system to enable the equipment to
select channels in real time. Such techniques are being used in the 900 MHz
cordless telephone system (CT2) and will be a feature of the 900 MHz digital
short range radio system, specification for which was developed by the British
mobile radio industry with little government intervention. There is much to
be learned in this area from the application of military radio techniques to

the civil sector and the potential benefits are very significant.

A further way of reducing the administrative frequency assignment and
licensing burden is simply to exempt certain services from the need for
licenses. Many applications including low power devices and domestic cordless
telephones have been treated ln this way.

More radical proposals have been discussed for the deregulation of the

 spectrum management process, delegating frequency assignment and allocation.

decisions to the private sector and for introducing market forces as a more
efficient (in economic terms) means of taking spectrum management decisions.
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The Future

Given the rapid pace of development in relatively recent history it is
extremely difficult to predict accurately what the future will hold for
spectrum managers. Undoubtedly there will be new applications for the use
of spectrum which are difficult to imagine now. There will be an inevitable
increase in demand for nearly all services, especially those concerned with
moblile applications, business use, computing and entertainment. At the
National level, it will be impossible to cope with the demand without resorting
to additional spectrum sharing. New technological developments will have to
be relied upon to make sharing more feasible and to cope with the otherwise
intolerable administrative burden of licensing and regulating spectrum usage.

At the International level some means must be found for maintaining the
essential international harmonization whilst enabling services to continue
to develop at a faster and faster rate. Perhaps the role of the ITU will
develop into one of providing the forum for developing a broad framework which
will allow sufficient flexibility 4in allocations and timescales for
exploitation at the regional or even national level. Certainly, long
established definitions of radio services and the rigid sub-division of the
spectrum between different applications will be very hard pressed to cope
with future demands. Already for example the fixed-satellite allocations are
supporting what are in effect satellite broadcasting services and various
multi~-function systems fit uncomfortably into the present table of alloca-
tions. One way forward might be for the spectrum to be split up according
to the technology used, the system characteristics, the geographical
characteristics (ie point-to-point or area coverage) etc. It may not be
totally unrealistic to consider in the future for example an allocation to
satellite-to-moblle communications using digital technology as opposed to
allocations for mobile satellite, satellite broadcasting and radiodetermina-
tion satellite services. This would enable a common system and frequency
allocation to provide £for car telephone services, sound entertainment
broadcasting and vehicle navigation information. . Such dintegration of
applications is clearly a logical development and it is not unreasonable to
ask why, under the present regulations, such a system has to be separated
into its component parts to suit the traditional compartmentalised approach
of the current Article 8.

Whatever the developments in store for the next 5, 10 or 15 years there
is no doubt that spectrum management will be a growth business and one which
will assume a higher profile as the true value of the spectrum becomes more
greatly appreciated not only by those involved in its management but
particularly a much wider political and commercial audience.

Michael Goddard

Spectrum Management & Intermational Branch

Radiocommunications Division

Department of Trade and Industry

Room 808 Waterlco Bridge House

Waterloo Road

London SE1 8UA Tel: #44-1-215 2230
Fax: +44-1-928-5746
Telex: 261969 DTIWBH G




"CHALLENGE 21"

Mr. Richard D.. Parlow
Associate Administrator, Office of Spectrum Management
National Telecommunications and Information Administraton
U.S. Department of Commerce
Washington, D.C., USA

YABSTRACT"

Sweeping changes occurred in almost all telecommunications

‘'with the advent of microelectronics. Silicon chips enabled us to

reduce costs, weights and power demands. We now fit sophisticated,
complex "machinery" into vehicle, space and desk top applications
never before contemplated. This, in turn, has induced a demand for
more such devices in a broadening array of applications.

Meanwhile, globalization of traditionally national and
regional activities, and an unparalleled fluidity of people, things
and information, has also developed. Satellite communications,
cellular mobile systems, widespread application of digital
technology, and other advances have supported this. The result,
as the year 2000 nears, is an emerging global economy, ever more
dependent on leading-edge telecommunications as a way of conducting
business. This is Challenge 21.

From the spectrum manager's perspective, increasing demands
for greater information handling capacities, extended and expanded
coverage in a more fluid environment, and more personalization of
telecommunications lie before us.

To meet these challenges we foresee: a thorough review of
spectrum ‘management processes, both domestically and
internationally; full participation in the ITU review of its
structure and radio requlatory process; comprehensive preparation
for the ITU radio conferences scheduled for 1992 and 1993;
exploration of propagation phenomena and high capacity information
handling at the higher frequencies; improved models for evaluating
spectrum use; greater compatibility of data bases; and improved,
more responsive, international coordination.

Most importantly, only by examining each of these programs in
a global light can we be sure that. Challenge 21 will be met.



- Résumé

"D&fi 21"
Présenté par
, M. Richard D. Parlow
Administrateur adjoint, Bureau de la gestion du spectre
National Telecommunications and '
Information Administration
Département du Commerce des Etats-Unis

L’ avénement de la microélectronique a provoqué des changements radicaux
dans la plupart des secteurs des télécommunications. Les puces de silicium
nous ont permis de réduire les cofits, le poids des appareils et la demande

d’ énergie. Nous pouvons dorénavant munir les véhicules, les engins spatiaux
et le matériel de bureau de "machines" complexes et sophistiquées dont nous

n’avions jamais révé auparavant. Ces perfectionnements ont a leur tour
entrainé une augmentation de la demande de tels dispositifs dans une gamme
croissante d’appllcatlons .

Pendant ce temps, la "globalisation"™ des activités nationales et
régionales traditionnelles et une fluidité sans pareille des individus, des
choses et de l’information s’est également développée. Les communications
par satellite, les systémes mobiles cellulaires, 1l’application généralisée

de la technologie numérique et d’autres progrés y ont contribué. Le résultat’

de tout cela, & 1’aube du XXIe si&cle, c’est une nouvelle économie mondiale,
. qui dépendra toujours plus de moyens de télécommunications ultramodernes pour
la conduite des affaires. C’est ce qu'on a appelé le "défi 21v,

4 Du point de vue du gestionnaire du spectre, nous devrons faire face a
une croissance de la demande de moyens de traitement de 1’information, nous
connaitrons une couverture accrue et plus étendue dans un milieu plus fluide
et une plus grande personnalisation des télécommunications.

Afin de relever ces défis, nous prévoyons une révision compléte deé
procédés de gestion du. spectre aussi bien au pays que sur le plan interna-
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