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To All Who Have Expressed An Interest
In The Rural Communications Program

I am pleased to send you the
Concluding Report on the Rural Commun-
ications Program. The Program was a
major research undertaking by the De-
partment of Communications. We have
benefited throughout not only from
what we have learned but also by the
contacts resulting from the widespread
interest it has aroused.

As a research activity, it has been
a success. While no single, all-encom-
passing or revolutionary techmnological
solution has been found, and this is not
surprising given the diverse and sparsely
populated nature of rural Canada, we have
nevertheless concluded that certain broad
areas of technological solutions are feas-
ible. It is our hope that our conclusions
will be of value to all those authorities,
in both the public and private sectors,
whose responsibility it is to make decis-
ions on the implementation of rural
services:

Mai 1981

A tous ceux qui se sont montr&s intdressés
au programme de communications rurales

I1 me fait plaisir de vous faire par-
venir le rapport final sur le programme de
communications rurales. Ce programme s'est
avéré, pour le ministére des Communications,
une entreprise importante et 1'exp&rience
nous fut trs8s profitable, non seulement par
1'information qu'elle nous a apporté€ mais
aussi par les relations &tablies grice au
grand intérét qu'elle a suscit@.

Notre enquéte fut certes menée d bonne
fin. Bien siir, aucune solution globale ou
révolutionnaire sur le plan technique n'a
B8té mise de 1l'avant qui aurait pu résoudre
nos problémes de communications; mais il
fallait s'attendre & cela compte tenu du
caractdre varié et dispersé de la population
rurale du Canada. Nous avons cependant pu
nous rendre compte des immenses possibilité@s
que nous offre la technologie.

Nous comptons que les conclusions aux-
quelles nous sommes parvenus seront un apport
précieux pour les différents intervenants,
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I trust that the Report will be
of interest to you. My staff and I

would be pleased to discuss any
points with you or-to provide you
with additional information.

Yours sincerely,

tant du secteur privé que du secteur
public, qui ont pour tiche d'orienter
la réalisation de services dans les
régions rurales.

Aussi nous espérons que le présent
rapport saura vous inté€resser. Il nous
fera grand plaisir d'en discuter avec vous
ou de vous fournir des informations
supplémentaires.

Veuillez agréer nos sincéres saluta-

‘tioms.

Recherche § Développement
Systémes de Communication,
Directeur Général,

Roger Kayel
Director Gereral,

Communications Systems
Research § Development
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INTRODUCTION

The Rural Communications Program was a research.prdgran that

- began in 1976 with a scheduled termination by April, 1980. Its ini-

‘tiation was based on a recognition of the significant disparity be-

tween -communication services provided to rural areas and those:

available in urban areas.

This is the concluding report of the program. The report will first
state the original objectives, and then highlight the research findings
and measure them against the stated objectives. Finally, it will present

the conclusions.

DOC OBJECTIVES -

The objectives originally stated for the Rurél Communications Program.
are as- follows: |
(a) To provide an engineering/economic framework for the

development of federal policies on ruré] communications,
(b) To foster federal-provincial cooperation in the improvement

of rural services,
(c) To stimulate Canadian product design for rural communications,’
(d) To provide the basis for a coherent domestic market for equip-

ment used in improving rural services.

The first objective, which is in support of the Department's role in
developing federal policies in communications matters,_constftutes the -

main objective of the Rural Communications- Program.

../2




MEETING ORIGINAL OBJECTIVES

Objective (a) was tackled in two parts:

- Studies to quantify rural communications problems;

- Studies .to éva1uate potential techno]ogicai/eéonomic solutions.

The rural communications problems were quantified by finding answers

to the following questions:

(i) What is the nature of the rural environment in terms of popula-
tion distribution, existing telephone service, TV and radio broad-
cast services, etc.?

(i) What are the levels of telephone, TV, radio~and other communi ca=
tion services desired by the rural peoplie and what is their

willingness and ability to pay for what they want?

(Note: With regard to TV and radio services our concern in this research
program is only with the number of channels or stations that could be

delivered and their quality of reception and not with program contents.)

Objectives (b) and (c¢)- are to be met as natural outcomes of the activities

related to Objective (a).

Objective (d) essentially calls for the establishment of national standards

© for rural communication equipment and systems.

‘The following sub-sections discuss the extent to which the above objectives

_have been met.

eeo/3
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3.1~ Quantification of Rural Communications Problems

- 3.1.1 Nature of Rural Environment and Existing Services

This aspect of the Rural Communication Program has been addressed in
great depth with satisfactory results. A large number of reports. were
;compieted which resulted in the availability of an excellent data base
on rural statistics - See References 1, 4-13, 18-22, 24, 27, 29, 39, 41
and 51,

(a) Demographic Characteristics

(Ref. 5 to 8, 19 to 22, 27, 29, 39)

Remote areas: are defined as: those areas beyond the limits of con-
tinuous population 'distribution (where the: population density is

less than 1 person/sq. mile).

Rural areas are defined-as those non-remote areas which are out-

side communities of more than 2500 people, as indicated in Figure 1.

The rural areas of Canada identified by applying this. definition are

shown in Figure 2.

Table I gives 1971 population statisitics for the three groups

classified as remote, rural and urban.

-
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TABLE I

1971 Population Statistics in Canada

Rural

‘Urban Reméte Canads

Land area -(sqg. miies) * 686,666 3,569,238
Population 15,066,399 (6,239,600 262,408 | 21,568,396
Average density

{(neople/sg. mile) 1,644 in,3 ol 6.1
‘Households 1,592,168 6,041,396
Average Bousehold

~ density
(Households/sqg. mile) 2.6 1.7

" *Vary Small (less than 1% Of the total)
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The.statistics contained in Table 1 indicate that 17% of fhe

land area in Canada can*bevclassified as ruralj this. area con-
tains :29% of the populatjon and 26% of the households. The
bulk.of the land area of Canada is classified as remote-and
contains only one percent of the population. Conversely the

urban area accounts for 70% of the total population but occupies
less than oné percent of the land area. In- terms of "average
population density, there are two orders of magnitude between the

rural group and other population groups.

The demographic statistical distributions by Provinces are as -
shown in- Figures 3 and 4.

Te]éphone Service

(Ref. 1, 27, 30, 36, 37, 38, 49, 53, 54) .
Details of.average'telephonevexchange-area.and~averageunumber of

communities per exchange are given in Figure 5.

Details of the level of rural telephone service are given in Figure
6. It can be seen that one-third of the rural population have 4~

party service or worse based on 1976 statistics.-

Also at the time when the rural study was conducted in 1978, about
4.5% of the rural population had no telephone servicenét all. The -
common. carriers have spent or will be spending a total of approxi-

mately $1 Billion to up-grade the rural service to 4-party lines or

better. This process should be completed by 1983.
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We have also estimated that further improvement of the remaining:
party-lines, after 1983, to~singTe line service by means of con-
ventional copper pairs would cost approximately $1 Billion (1979

doTiars).

In addition to the need for an improved telephone service, our

studies have also identified a need for better mobfﬁe radio .communi-
cations. The degree to which these needs might be reflected in price-
dependént demand is being measured at the present time by means of a
rural. demand survey.

Television and Radio Services

(Ref. 1, 9, 10, 11, 16, 18, 23, 24) | |

A large proportion of the rural population of Canada is not able to 
receive Canadian AM radio broadcast during evening and early morning
hours. Even during daytime hours, about 6% of the population are not
able to receive any radio broadcast signals at all. 'On the other hand,
urban residehtsvhéve:become accustomed to four or more TV channels to
choose . from (up to 30 or 35 wharever CATV service is available), and

a variety of both AM and FM broadcast channels.

These figures indicate that rural residents, by comparison, are very

poorly catered for in terms of such services. Furthermore, those

rural raesidents that happen to receive some of these services generally

have to be content with an inferidr reception quality and a limited:
choice of programs.  However, 43% of rural dwe]lers are served with-

two or less TV channels and only 10% have access to CATV service.

S
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_ A breakdown by province"of‘the percentage of the total popu1a~

tion receiving no radio and TV service is given in Table II.

Whereas Canadian.city dweTTefﬁ;have access'fé én'average.of 13
different TV channels, less than 4 cﬁanne]s,'are available:on
average:-to rural Canadians. This number decreases drastically

as one moves further away from metropo]itan~aréas;

While there is some indication that rural people wanﬁ a greater
choice, the extent of their needs, their willingness and ability
to pay.can only be assessed after a proper country-wide survey is
conducted. This survey has been fnitiated;andnis.schedu1ed.fOr

completion by Summer -1987.

Other Communication Services

- Telidon:

The need by rural residents for a general information retrieval
service to-the home, such as Telidon, should be evaluated on-the
basis of current and prospective experiments. such as the Elie-

St. Eustache fibre optic field trial and the IDA trial of Manitoba .

Telephone System.

- Alarms and Meter Reading

Low-cost aufomated alternatives to~the-present-émergency meter-read-
ing systems are-desirable in rural areas. However, this same need
may exist. throughout Canadian society and not just in rural areas.
Also, pilot installations are being -implemented now. in Canéda, 50

no further stimulus is. recommended for.the moment. But monitoring



Table II

|

Non=Coverage of Radio and Television Services, bv Provinces
(Per cent of total porulation receiving no service)

(1976 - Estimates)

Provinces - Monaural Radio Stereophonic Television
Sunrise to Sunset Radio

Newfoundland 5.9 87 6.6

PEI %] 67 ° 7.6

Neva Scotia 1.2 21 8.4

New Brunswick 1.5 36 B.2
Quebec 5.8 6. ol
Ontario .6 3 B.4
Manitoba: 1.5 11 3.2
Saskathewan - .7 58 8.4
Alberta 8.5 18

British Columbial. 3.6 16 4.1

Yukon Territory 13.4 . idaae 18.8
Northwest _

Territory 32.8 98 43.4

Canada , 1.23(1) 13 _ 2.0 .
Notm: Not covered by any station - The Accelerated Coverage
(1) Program (ACP). will DBring this to 1% for Canada and by language

~group and CBC coverage. Projected figures by province
after implementation of the ACP are not available.
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of activity in this service area s inmportant in order to ensure

that rural interests are eventually heeded.

3.1.2 Levels..of - Communications -Services Desired.by Rura]]Peop1e:aﬁd

3.2

Their Wil]ingness and Ability to Pay

This aspect of the quantification of the rural communications pkoblém'.
unfortunately encountered some delays because of difficulties in find-
ing a Suitable research group: to-carry out the work and the raising of
necessary funds for the project. The necessity for conducting. a survey
to assess the needs of the rural population was»recognized at'the_be-.
ginning of the Rural Program. A small.contract study was carried out
in 1978-79 by the University.of Qttawa on a possib]é demand model.
This. was t0~bejfo11owed by a country-wide survey. This survey is the
key to the full and proper definition of the rural communications prob-

Tem. Its completion is scheduled for the. Summer of 1981.

Feasible: Technological/Economic Qptions

(Ref. 2, 3, 4, 12, 13, 14, 15, 16, 17, 25, 28, 30, 31, 33, 34, 35, 43)
A great deai of attention has been devoted to this issue under the Rural
Program, .and the bulk of the R&D effort was expanded.in analyzing the
technological/economic options. As a result, this aspect ‘of the Rural

Program objectives has been satisfactorily met.

The rural- communications problem is a very complex one. and our studies
have shown that no individual technological_so]ution‘is‘unique‘for:a11.
situations. The problem is further complicated by the fact that there
exists an intricate regulatory and institutional situation in Canada,
which will certainly make the'application of any one set.of .solutions
on a national scale difficult, if not impossible to implement. In gen-
eral, each local environment will have particular technologica1»solutions'

that are best suited for its own situation. Such may be the case, for
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exampie, when trying to choose between integrated coaxial-cables
and'integrated opticaT fibre sysfems’for te1ephohe and TV distri-
bution. Provincial ‘authorities may choose to .implement a variety
of these systems as they consider appropr1ate and. wherever permitted

by regulatory authorities.

THe main purpose of the Rural Communications Progrém, howevér, is
to identify those technological areas which promise to offer econo- -

mical solutions to the rural communication problems discussed in

section 3.1. This program has identified the fo11owing‘potentia1 tech-

nological solutions:
(a) For Te1ephong Service’
- Use of the Rural Interface Device (RID)

- Potential use of Rural Mobile/Fixed Radio

(b) - Use of Anik-C type satellite for direct broadcast to

rural homes

The sub-sections that follow discuss'thefstudy findings in some detail.

Improved Telephone Service

For the purpose of improving telephone service to the rural areas at
acceptable costs, the following tgchnologies were examined:
(a) Rural Interface Qevice'(RID)'

(b) Digital Subscriber.Carrier

(c) TOMA (Time Division Multiple- Access)
Subscriber Radio

(d) 18-GHz Rural Digital Microwave Radio

/11
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(e) Rural Mobile/Fixed Radio
(f) Satellite Distribution
The following sections describe various studies chductedAundgr this

program in exp1orfng,the above listed technologies.

Rural Interface Device (RID)

The RID is a "black box" that can be retrofitted to all existﬁng
party-line telephone stations in order to improve party-line ser-
vice. It essentially converts. the basic party-line system to pro-
vide most desirable features that are available to an individual
Tine service such as a complete privacy, selective ringing and Party
Automatic Number Identification Tor toll charging purposes. Tﬁe only
remaining inconvenience in a-party-line system using RID is that
when one of the subscribers uses the'1ﬁne, the Tine will give a busy
signal fo aTT the other subscribers, sharing the . same line, i.e; no
more than one subscriber can use the ling simultaneously. To allev-
iate this inconvenience, "Automatic Ring-Back" and "Emergency Break-

in" Teatures ara incorporatad in the system.

(a) Automatic Ring-Back
This is a feature whereby i a party-line subscriber attemptis to
access the»1ine and receives a busy signal, the RID will be acti-
vated to ring the caiiing subscribef‘s~phone as soon as the line
becomes avajlable. Tnerefore the calling subscriber, waiting to
access the line, need not con%inua11y_check whether the line is

still busy.

/12
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Emergency Break«in>r

In an emergency, & party-line subscriber may access a busy Tine

by flashing. the switch-hook and may speak to the parties already

on the Tine for a limited 10'sécond period. The .access interval
is preceded and ended by a short warning tone burst heard by the’

parties speaking on the line.

The installed cost of the RID unit together with the shared cost
of the Party Automatic Number Identification (PANI) equipment at

The Central Office is estimated at a total of §110 (1979 dollars)

per subscriber.

t is estimated that there will beuapproximateiy 650,000 four=
party Tines remaining in Canada éfter 1983, at the completion

of the carriers' up-grade program, and it would cost approxi-

mately $71.5M to retrofit the 650,000 four-party lines with

RID and PAMI equipment. . This cost. is very small in comparison
with overall investad or annual capital expenditurss 7or teles-

communications equipment in Canada..

The accaptance and success oF the RID/PANT concant was evaiuatad

in a field trial conductad by the Albsrta Government Telephones

w

~
—

[41]

{AGT). The LSI (larga la intagratad) chio for the RIT device

was developed by Mitel Corsoration. The Department of Communica-

tions partly funded both the Fidld trial and the LSI chip develop-

ment.

The field trizl was successfuily completad on schedule in Qctobear

1980 and AGT has. issued i%ts .raport on the trial.
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Summary of some of the major findings of the trial are:

a) The subscribers who pafticipated in tﬁé triai provfded'a
positive response in favour of the RID unit.

b)  Subscribers have indicated their willingness to. pay the
necessary additional cost for the use of RID if they are-
made available.

c) The prototype RID units used . in the tria1 exhibited several
technical difficulties related to reliability and maintenance
of the equipment.

d) . The RID unit needs further development to overcome the technical
problems and minor design deficiehcies identified in the trial,

before it can be marketed for general implementation.

Mitel Corporation is now. actively re-engineering the RID device

and plan to manufacture and market the device in 1982.

The field trial has proven the potential of RID to improve party.
Tine service in Rural Canada. Thus if a solution to the techni-
cal problems and minor design deficiencies of the device can be
attained, then Rural Canada could be given pseudo single-line tele-

phone service at resonabie cost within a very short time,
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Digita1 Subscriber Carrier

(Ref. 44)

Although many types of subscriber carrier systems are available on
the market, none was found to méet the objective of economically
providihg teIephOne service to Tow density rural areas. The Rural
Program studjed twenty-sevan'kinds of subscriber carriers encom-
passing-analoé, digital, radio and subscriber line concentratioﬁ

systems.

Existing digital carrier systems with subscriber 1line concentration

are high capacity carrier systams desigmed to concantrate up to.

256 subscriber lines through multiple remote terminals homing on the
central terminal. . These carrier systems are intended for use in
high density areas located close to urban centres and are not

economical for use in low density rural areas.

Low capacity digital .carriers on the other hand, are generaliy used
as noint-to-point systams, becauss of nigh cost of multiplie remote
terminals. They provide no lipna concentraticn and will thus

serve only 48-96 subscriber lines. Low capacity digital carrier
can be supplied with muiti-tzrminal options at uch nhigher cos:.
Therefore, these carrisr systams might 22 suitadble for usa only

in small areas where the subscribers ara closely clustered togather,

but would be uneccnomical %o use in soresad-out low density. areas.

Also existing in the market are some very low canacity (7 subscri:

J
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make it non-viable in the long run-for rural telephone applica-
tions. In view of the growing trend towards-ail-digita].networks,
including the,implémentation of‘an.increasing‘number of digital
switching exchanges, trunks- and feeder cables, & conceptual need

for a small tapacity (under 48. subsriber lines) digital subscriber

carrier was identified.

A study was carried out, under contract by SED Systems Ltd. to

establish the cost and performance of a digital subscriber carrier
system for rural telephone applications based on the objectives of

the Rural Program.

The study contract resulted in an exploratory development of a labora-
tory model for a 24-channel digital subscriber carrier system with

optional capability to concentrate up to 48usubscriber-1ihes;

Based on the laboratory model some feeling for the cost per subscriber
was obtained. The cost per subscriber was' found to be sensitive to
various factors such as the distribution of subscriber premises, sharing

of common equipment, subscriber concentration and use of remote power.

The following four hypothetical cases using 24 and 48 subscriber line
systems. were configured to demonstrate some-typi§a1 cost situations.
1. 46 subscribers scattered at random so that no remote terminals can
be shared: - $ 1600 per subscriber.
2.. 46 subscribers with 4 subscribers per remote terminal: - § 800
per subscriber.
3. 46 clustered subscribers-all sharing the. same remote terminal: -

$ 450 per subscriber.

4. 24 clustered subscribers all sharing the same remote terminal: -

$ 600 per subscriber.
./16
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These'costvfigures do not include any additional cost of switching
equipment due to increase bf traffic associated with individual

line service. It is estimated that the cost of subscriber carrier
could be about 60% of the cost of the conventional copper pair systems.

Technical performance demonstrated by the laboratory model was satisfac-

'tory. However, system reliability and service availability will have

to be tested bayond the laboratory model stage.to,take'into account .

such factors as the number Of subscribers sharing a cable pair and the

additional complexity of electron{c equipment introduced to the system.
Also redundant back-up of equipment which is a contributory factor in
determining service reliability and availability, was not taken into

account in the above cost estimates.

In summary, we concfude-that unlass further studies are conductad,
there is novsuffﬁcient Justification at this juncture to recommend a
fUTT-sca1e implementation of digital subscriber carriers in lTow density
rural telephone.éreas.. Nevertheless, digital subscriber carriers may
have potential applications in areas where subscriber clustering per-

mits economical sharing of costly common equipment.

TDMA Subscriber Radio
(Ref. 48)

TDMA subscriber radio is a time-division, multiple-access, local loop
distribution system. This system, manufactured by Farinon Ltd., in

Canada, is already in.use -in some rural areas. .

Each. TOMA Subscriber Radio is located at a central office and provides

local Toop facilities by radio to surrounding subscribers.

e /17
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The system links subscriber terminals with the public telephone

networks and operates under existing switching, signalling .and num-

bering plan arrangements. .

The-adﬁantage of radio systems is that they are less dependent on

terrain than .conventional cab]e systems.

TDMA systems are COnfined to 800 MHz and higher-frequency bands due

to constraints on the avai]ab]e spectrum.. These systems can operate -

over radio path distances ranging from 10 km to 65 km.

A TDMA radio system has the following features:

1.

It is'a point-fo-mu]tipoint system consisting of a Central System
and several Outstations wifh one or more subscribers per Outstation.
It provides multiple access on a demand-assignment basis for up to
94 subscriber lines served by 15 channels.

It permits full access to all truhks by any line.

A11 equipment is environmentally se]f-sufffcient.

So far as ﬁhe subscriber is concerned, the system operates iden-

tically to conventional copper pair systems.

A large portion of the total system cost is attributed to common .equip-

ment -and support structures. Hence, the cost per subscriber is depen--

dent on the total number of subscribers to be served., IndividuaT 1ine

service -using a TDMA system, can be._provided roughly at 65% of the cost

of a. conventional cable system in many rural situations, depending on

terrain-and distance.

.-./18
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18-GHz Rural Digital Microwave Radio -

(Ref. 15 and 47)

A study on new 18-GHz microwave radio system was conducted jointly
between industry and government and then was followed by;a:pré]iminary 
development of such a system. This study showed that an 18-GHz microwave

radio system could provide a cost-effective method of carrying traffic

between a switching office and a subscriber distribution system in

rural environments. Based on available demographic statistics the sys-

tem was designed for routes with traffic capacities equivalent to 4 TT

(10544 Mb/s) lines with an overall system length of under 50 km.

Such system is also equipped with drop-and-insert capabilities so that
traffic from communities along. its route can be dropped and inserted

inexpensively.

Dictated by the nature of subscriber dispersion in rural communities, .
the. experimental system was designed with intermediate repeater hops
spaced about 10 km apart to allow optimum drop-and-insert of subscriber

‘circuits.

Traffic from the drop-and-insert points would be distributed on voice

frequency cables to the communities along the 18-GHz microwave link.

" The major advantagg~of an 18-GHz rur§1 radio over cable or lower-frequency-

radio systems is that traffic from communities along its route can be ex-
tracted and added inexpensively, and with. a good quality of service. This
advantage is largely due to the Tower repeater cost and the short distance

between repeaters, which allows traffic from a community on the route to

.../19
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travel 1eSS'than 10 km on voice frequency cab]es‘to#reaéh‘the;néarest
repeater for. transmission on the higher quality trunk-Iines;. In con-
traét'to.this, thé-repeaters bf a conventTOnaTuradioAsystem=are~about“
50 km apart, and traffic from a commﬁnity\situated‘ha1fway~betWeén

them has to be sent up to.25:km on voice frequency lines to reach the-

c1oser_one; This long haul on voice frequency Tines makes. for lower:

quality of transmission.and higher costs.

An 18-GHz digital microwave system would be more.cost-effective in a

rural environment than putting in new T1 cable carrier systems, par=-

ticularly in areas with rugged terrain. . -

A comparison among relative costs of new digital cable systems, con-
véntional 2-GHz radio, and\18-GHz.rural.rad10~for'trunk applications -
shows that the new 18-GHz radio is veﬁy éompetit{veffor~shortehaul
applications. A factor of two-to-one cost saving could be achieved
using a combination of 18-GHz radio. and cabieadist%ibution versus .a

system based entirely on cable.

Rural Mobile/Fixed Radio

(Ref. 12, 13, 31)

Mobile/fixed. radio telephone systemssin'the_VHF/UHF’bandS»have been -
in sévera].studies, for local distribution in rural areas.. The
studies carried out.so far lead to the following conclusions: -
(a) Radio systems available in'.the market; at the time of the study, -
for rural telephone subscriber services were not cost-effective, -
~and will not significantly contribute to the overall -improvement

of rural communications services in Canada.

../20
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- (b) - Based on current téchnology it is technically feasible to

develop a universal radio system to'catef'for'thetneed of

rural.and mobile telecommunications, but the economic via-

bility of such feasibility has.yet to be proven.

The universal radio system will have: to be designed and
manufactured to serve both mobile and fixed station appli-

cations.

In theory, some- economy of scale could be achieved on eguip-
ment cost as a result of universal system approach because

of larger mass production of common equipment.

From the”techno1ogy standpoint; some:deve1opment efforts may
be needed in the following technical areas in order to improve

rural radio services in Canada.

Cost reduction of systems and equipment

Transmission and. distribution .

1)

Signalling and network .control

Radio propagation and efficient spectrum utilization .

There is apparently, a large potential market for radio services

in rural Canada and other countries.  This potehtial market could

be successfq]ly realized if ‘the Tatest technology could be ex-
ploited to. reduce the,cdst of radio equipment and hence create a

massive market volume. - The development of radic equipmerit in

Canada is somewhat fragmented-among several manufacturers. As a .

result R&D investment by individual manufacturers is restricted

to small segments of the market.

2
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(e) With regard to the potential market:for a Rural Radio Ser-
vice, it is concluded that a large market exists for the

"right type of Rural Radio Service in Canada and-abroad.:

(f) With regard to the use of spectrum in rural areas, it is con-‘.
cluded that:

- The growth of large area systems, such as public mobile and
province-wide mobile systems, has been impeded by the spectrum -
congestion and high demands for frequency allocations in urban.
areas.

-.Better allocation of radio.frequency*bandé.coorqinated thoﬁgh-
out thé country, would be needed in order t0‘impTement-ah effec-
tive Rural Radio Service. |

- The ceT]uléf-approéch to spectrum~a1Tocationamight be desirab1é
in rural. areas, and more effective utilization: of spectrum such
as by improved'modu1ation methods might also be desirable to-

achieve the most cost effective service.

No firm cost figures were derived. in the studies; as these would require

a major study beyond the scope and.resources. of the Rural Program.. However,
the factors in favour of a mobile/fixed radio solution are such that it
is. recommended that the Federal Government should give serious consideration

to mounting a major research program in mobile/fixed radio networks.

Satellite Distribution
(Ref. 16, 17, 18)

It is technically feasip]e when Anik-C becomes operational, that tele- -
phone.and other new services to rural Canada could be_provided_by Satellite.

provided that subscribers are willing to pay the higher cost. for such
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services via satellite distribution.

From the telephone service standpoint Anik-C could be to provide

the following links:

(1)  between switching centers (Toll Service),

(ii) between concentrator points and'sw1tching éenters,

(iii). long-loop connections:

It would, of course, be necessary -to ensure that no single telephéne
call ever paﬁsed'through more than one satellite 1ink because of the
unacceptable delay that occurs in that situation. - Such precautions

can be designed into the network.

(1) Toll Sarvice

At least half of tﬁe country's end offices are Tocated in rural
areas. These offices are small, have slow growth, and have ex-
pensive toll connecting links. Therefore economical benefits
'c0u1d be derived by using a.saté111te tol11 network for these
offices. Such a network would Tink all rural end offices with
all other end officeé via a demand-assignment toll over1ay net- -
work. Groﬁth in to]f.fraffic between rural end officeé?and be-
tween rural and urban end offices would be routed via this new
toll nétwork; Calls between urban end offices at relatively short

distances would still be routed over terrestrial 1inks/networks.

(ii). Concentrator Point

In a sateTTfte network, concentrator points could be established
at base stations fcr.mobiTe'radio systems and for radio telephone
systems in rural areas. Concentrator points would also be used

to reduce cost of outside plant for establishment of single party

line service. These new centers would be integrated into the
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toll overlay.network described above.

(ii1) " Long Loops
Sate]]iteslcould be used -to establish direct telephone connection
to rural homes. This service could be integrated with the sat-
e]]fte broadqast system or with the toll network'deséribed:above.
A preliminary. study of the use of Anik-C for rural areas summarized

those conclusions related to telephone service by saﬁe111te (Ref. 16).

Long loop systems .integrated with the Direct Broadcast Satellite
(DBS) system would be needed to provide private Tine telephone
service to any hard to reach subscribers. The number of users would
depend on the cost of the remote unit. - At high cost only a few sub-.
scribers will benefit and at 10W cost the service could expand to -
such-an extent that an. upper 1imit of space segment capacity will

be reached. At that -point long loops via satellites could be es-
tablished. Many of the "new services" to homes. could-then be readily
integrated with the telephone transponder in the. DBS. Two-way in-
teractive services could be implemented relatively cheaply to homes

already equippéd for long loops via sateilites.

In summary, satellite derived systems can play a role in providing
improved communication to rural areas. The development of a-cost
effective channel unit is of paramount importance, if cost effec-

tive systems are to be derived..

3.2.2 Television and Radio Broadcast
Under the Rural Program,.the following technologies were examined for tele-
vision broadcast:

(a) Direct Broadcast Satellite (DBS)

eee /24
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(b) Multi-Channel TV and Radio Rebroadcast
(ﬁ) Integrated Coaxial Cable

(d) Intégrated Optical Fibre Cabié- o

Radio (sound) broadcasting was examined under item (b) and is inherently

available under items (c¢) and (d) without significant add'itionachsts°

3.2.2.1 Direct Broadcast Satellite (DBS)

It has been generally assgmed in the past that for direct—toéhome sat-
ellite bfoadcasts, a very high power satellite similar to the Hermes

(CTS) Experimental Satellite would be needed. With the technique of spot-
- beam satellite antenna.and the advances in low-cost low-noise receivers on
the ground, the development of which was supported by DOC, it has now

been demonstrated in the Anik-B program that small low-cost earth stations

are feasible for the direct-to-home reception of TV signals. If mass pro--

duced, the cost of these earth terminals is expected to be in the region

of § 400 to $700 (1979) (manufacturer's price).

In the context of the Canadian environment, there are significant advan-

fages in proposing thaf'the Anik-C satellite be seriousTy considered for

delivery of TV programs directly to rural homes (and to remote and urban
--homes as well for that matter). These advantages are:

(i)~ The satellite for DBS programs could share the standby satellites
(two required)vthat*are'alsouback-ups to ‘the communications sat-
ellite dedicated to the coﬁmoﬁftarriers use, This sharing not
only has cost benefits but also has operational advantages (e.g.

common ground control station, staff, etc).

/25
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(ii1) A satellite project. could be implemented within a very short:
time. There is, in.fact, a current application before the CRTC
tb provide Direct BroadcéstingvService to. rural areas.  Already
three satellites are béing manufactured and one of these could
be deployed for the DBS TV service. On the basis of $ 50 million
per-satellite (including launch costs), the half share of a;4-
satellite spacé sagment (one for TV, one for TCTS and two common.
standby satellites) would cost § 100M. In addition, it would be
assumed that there would be 4 TV up-link earth stations (locatad
across Canada from east-to-west) costing a total of $§ 10M, making
a total of'space segment cost of § 110M. This is translated as.
$ 33M annual operational cost, assuming a satellite life of 7 years,
Inclusive of the satellite grodnd control operational cost, we

arrive at a ball-park total figure: of '$. 35M annually..

3:2.2.2 Multi-Channal TV and Radio Rebroadcast
(Ref. 55)

A study was conducted to examine possible wide-scale application of
iow-power rebroadcast transmitters in all rural Canada. Four model
packages. were .examined, each suitable to a specific set of environments:

Model 1: PoTe—Mounted Mode1

For settlements requiring-a 2-mile. (3.2 km) coverage. and for
large commdnities requiring up. to 4-mile (6.4 km) coverage.

Model 2: Standard Shelter Model

To provide coverage of more than 4 miles (6.4 km).

Model 3: Specialized Shelter Model

For settlements in mountainous areas.

Model 4: Existing-Housing Model

For general appTication in communities.
.ea/26.
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In general we found rebroadcasting to be an economical and attractive

‘solution to deliver TV. and FM signals to rural homes in the majority

of cases. But, in some minority cases,,represehting about 30% of
households in rural Canada where the communities are of’a'highly
dispersed nature, rebroadcasting will be less economical because

of the lesser number of households sharing the system costs.

Another case in which it is also less .economical to provide TV and FM-
signals using rebroadtaét methods, is in communities that are beyond
the radio propagational bange of the primary broadcasting transmitter’
necessitating the use of terrestrial or satellite microwave Tinks to

carry the signal to the community local broadcast transmitter.

From our studies,; rebroadcasting appears to be an economical solution

to distribute a limited number of TV and FM channels to high density
rural communities. However, for most of these communities coaxial cables
could also be viable alternatives because of the inherently greater

channel capabilities. of coaxial cables.

Integrated Coaxial Cable (Ref. 28, 34)

It is generéllyvacceptéd»that the use of caaxial cable to distribute

TV programs to.rural areas is not economically viable. However, a

study was conducted to see if combined - telephone and TV distribution

in one cable system _could bring the cost of both services down to an

acceptable Tevel. The study concludes as ollows:

(a) In relatively high density rural areas (5 to 50.households per km):
i) - 'An integrated coaxial cable system could prove viable as a

new or replacement system..
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ii{) It would hot.génera11y be economical to put a new integrated
system into areas where an adequate telephone or CATV. system
already exists or in areas.where upgrading or reinforcement

of existing plant cannot yet be justified.

(b) In the very low density areas (less than 5 subscribers per km),
no line system, (whether integrated or separate), can be economically.

viable.

Considering that some 80% of rural households are located in areas with

.densities.of‘s.or more households per kilometer, an integrated -coaxial

cable system might be economically viable in some parts of rural Canada.:

The extent of these areas is not known.

Integrated Optical Fibre Cable

(Ref. 35)

The question of integrated optical fibre cable system is very much the -
same as that of fntegrated coaxial céble:system. Our studies indicate-
that at present projections of cost, an integrated optical fibre system
is about the same -in cost as (or'marginally Tower than)~aécomparab1e inte-
grated coaxial cable system. Therefore, in general, the same conclusions
drawn for the integrated coaxial cable study, will apply. However, the
following additional factors will have an impact on any.-long term con-
siderations: - N
(a) The cost of coaxial cable will most:-1ikely go up, at 1east'With
inflation. On the other hand, the cost of optical fibres will
probably go down, especially if its 1arge scale use in urban. areas

comes about.
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(b) The capacity of ohtica] fibre systems is much higher than that
of coaxial cable systems, leading possibly to evo]Ution'of new
networks and services.

The DOC is. currently participating jointly ‘in an optical fibre systam

field trial with CTCA, in Elie-St. Eustache (Manitoba). This field

~trial will give some insight into the tebhnicé] and operational prob-

Tems and_coéts and opportunities. -

In summary,.in_aréas.where an integrated telephone and television-

rural distribution system is justifiable,-it is likely then an optical
fibre system will be preferable because of its higher future poténtia1.
Such a system is likely tdﬂbé,viabie'in areas hav{ng subscriber densities’
of 5 to 50 subscribers per kilometre where a new or replacement telephone

system is required.

This aspect of the Rural Program objective has been satisfactorily met. Good
contacts have been established between the DOC research workers and provincial
telephone companies' personnel. Study reportSJWefe.made avdi]ab]e-to telephone
companies and‘vefba] presentations were aiso given. In addition, a number of
studies were carried out,eithgr as joint projects or with strong support and
co»operation of.te1ephone companies. In the development of Low-Capacity Digital
Subscriber Carrier Systgm all Provincial telephone companies'were-consuited; The
Rural  Interface Device (RID) development and field trail represent a close
cooperation with A1bert§_Government,Te1gghones (Ref. 44, 45). The Elie
(Mani toba) ffbre optics field trial is a cooperative effort between the DOC,
and the ManitqbayTelephone System. Occasional briefings were given to the
Atlantic Consultative. Committee on Communications. Cooperative studies were

carried out with the Governments of Newfoundland and of Ontario. -




3.4

3.5

- 29 -

Stimulation of Canadian Product Design

(Ref. 15, 17, 44, 45, 46)

This aspect of the Rural Program objective has been satisfactorily met. A
number of contracts awarded wére in this category. The potehtia11y viable
products include the Rural Interface Device (RID) in the form of_a'1arge
scale integrated (LSI) chip and the complete RID system. . Otﬁer telephony
contracts included exploratory development of a low capacify‘ngita1 Sub-
scriber Carrier System for rural applications and sponsorship of associated
market. studies. The low-cost earth station development for the ANIK-C type
satellite has been successfully undertaken in the Space Sector of the
Department .of Communications. The Elie fibfe‘optics field trial is based
on Canddian designed products and the 18 GHz radio is also a potentially

viable product.

Basis for a Coherent Domestic Market

The essential vehicle here is voluntary national standards. - Achieving thése’_
is difficult considering the present highly fragmented Canadian environment.
Each telephone company feels that it is its inherent right to determine its
own technical specifications for its equipment and systems and to purchase
independentiy of the others. Yet without acceptéd national standards, it

ible to develop oroducts that can be integrated easily into &

1

is impes
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systems. Therefore, the problem is not solely technical but is aiso a policy
matter. Both the MNational and Research Branches should work together on this
oroblem. It is, however, primarily a matter of industrial policy in which

cemmunications policy would play a part. Significant effort would be reguirad

v

t bcth federal and provincial levels of government to bring about any

mezsyrable improvement in the situation. A major. component of such an indus-

)
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trial/communications policy would be the availability to selected manu-
facturers of‘interface specifications for the major new digital switching

and transmission systems being installed by all te]ephgne companies. -~

CONCLUSIONS: °

Four broad objectives were established for the Rural CommUnications Program:

(a) To provide an engineering/economic framework for the development of

federal policies on rural communications,

(b) To foster federaf-provincfal cooperation in the improvement of rural
services,

(c) To stimulate Canadian product design for rural communications,

(d) To provide the basis for a coherent domestic market for equipment used

in improving rural services

A1l these objectives have oeen met, except for objective (d) which can be said
to be partially met. This is an objective of sgme complexity and is a matter
of joint industrial and communications.policy which would have to be tackled

at both federal and provincial levels of government.

Objective (a) is by far the most important and has been met; this incluces tne
rural services demand survey field activity completed in lMarch 1581.
complaticn of the survey was largeiv due %o the supcort of several tTederal

and provincial government deparimen The completion cf Zhe rural demand
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survey rsport by mid 19381 would be the last
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comprehensive . set of inTormatieon about the rural demographic/cermunications
environments. The rural communications nréblem can then be said o be

&gdequately quantified.

{1}
[w]

The Rural Communications Program nas investigated a 7uil rang zechnoiogy

znd retwork solutions.
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Tﬁe important conclusions are the following:
(i) . For the telephone service, the RID/PANI eqdipment could transform.
| all the remaining 650,000‘mu}tf-party'te]ephone-étations~tovprovide :

a level of service a1mo§t as good as individual line service in all
of rural Canada, at a total cost estimated to be bn1y~about-$ 70M..
(1979 dollars). This transformation could be_imp]emented‘aé a re-
trofit to existing equipment-over a very short period of time, say
3 to 5 years-at the most. This compares with a total cost of about
.$ 1.08 using.conVentfonal copper pairs or about $ 0.68 using. pair-
gain techniques such as subscriber carrier, 18-GHz digital microwave
or TOMA radio:

(if) Fdr-a‘Tonger range solution for télephone service and new data serViCes;'
such-as Telidon, alarms and meter reédinq-there appears to be a strong"
case for. the DOC. to mount a coordinated-research.progfamvon'the appli-
cation.pf'a»new mobile/fixed radio network architecture for rural
communications.

“(ii1) For television services, the use of therAnik-c'type,saﬁelTite,appears-f
to be the most attractive solution. The annual cost;for'the'space'
segment of a'possible service is estiméted to be about $35 M (1979 -
do]lars);v This would-bring direct-to-home TV broadcasts to all.of
rural Canada (and to remote and urban areas as well), with a capa-
bility of 4 to.8 choices of TV channels in.mostvareas.. The home re--
cepticn:ferminals'(exc1ud1ng the: TV set itself) would probably-cost
about $400 to $700 (1979) (manufacturer's price), when large volume -

sales are reached.
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(iv) In some specific rural environments, particulariy those of higher
household densities (say 5-50 households per kilometer) where a
tegrated optital fibre cable system for t&lephone and TV, might be

economically viable in:the future.

[t must be stressed that these conclusions are general in nature. However,
local environments vary greatly and each individual situation may have a
particular technological solution that fits it best. In practice therefore,

even if all the_recommended.téchno1ogica1 solutions are adopted, there will

alwdys be a mixture of other solutions, such as microwave distribution, coax- .

jal cables, or copper pairs. The conclusions however, do indicate the major
technological thrusts that should be considered in any prdgram aimed at im-

proving rural communications.

The conclusions are derived purely from tachnological and cost considerations.

The technological and cost issues form only a part, albeit an important part,

of‘the‘overa11-considerations that must be taken into account in developing

any - policies or actions on rural communications.

The Rural Communications Program was entirély a research activity. It was
aimed at developing the background -tachnological and cost information needed

for any policy consideration. The Program has met all its major objectives.
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