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1. INTRODUCTION

The subject of the report is introduced. Time scale of the
consultation contract was six months, with a resource limitation of
three people. The broad aims are stated and the depth of study
commented on.

During March 1971 the Department of Communications,
Government of Canada requisitioned consulting services from Bell-
Northern Research, Ottawa. These consulting services were to be
used to carry out a study. The major aim of the study was to
evaluate the significance to Canada of satellite communications in
the frequency range 12 GHz through 18 GHz in the time frame 1977
through 1985. The Director General, Communications Research Centre,
Department of Communications, was designated the 'Design Authority"
for the administration and direction of the study.

In the context of the major aim it was considered appropriate

(i) to establish an informed first estimate of the order
of investment necessary - and possible trade-offs -
to best suit the probable needs of Canada in the time
frame considered, if this frequency range was
exploited for satellite communications; and

(ii) to survey the possibilities, such that the most
applicable and promising approaches could be identified
for consideration in the choice of possible future
detailed planning, study, applied research and
development.

The depth of the current study was confined, to a duration
of approximately 6 months, with a resource allocation of three
people. This limitation was considered to be not unreasonable on
two counts, and was introduced intentionally in spite of the
comparative complexity of the subject. Firstly, uncertainties are
inherent in any forecasts of the future; and demand forecasts for
individual services are no exception. Secondly, possible technical
advances during the intervening years, especially in a rapidly
advancing field, add another dimension of uncertainty. Thus,
refinement of analysis beyond a certain depth of detail only
detracts from the degree of credibility achieved. The intent was
to establish the bounds for these uncertainties and to examine
which of these uncertainties are likely to have significant effects
in the context of developing technological and operational trends
in satellite communications. In this respect, viz. of presenting a




logical outline picture in spite of the uncertainties, the study
was truly systems-oriented.

This task has been carried out, and is reported on in the
subsequent chdpters. The presentation of the report is in the
well-known STOP format wherein the theme and any major conclusions
of each section are outlined at its commencement.
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1. Introduction

1.1 SPECIFIC OBJECTIVES OF STUDY

The major aim, which is to evaluate the significance to
Canada of satellite communications systems operating in the fre-
quency range 12 GHz through 18 GHz in the time frame 1977-1985 is to
be attained by the fulfillment of seven specific objectives, agreed
at the commencement of the study. These are listed and are an
amalgamation from the "specifications" of the contract and its
clarification.

An excerpt from the specifications for the study reads:

"The aim of the contract is to evaluate the significance to

Canada of satellite communications systems operating in the
frequency range 12 GHz to 18 GHz post 1977. 1In broad outline, the
tasks to be performed in the study are as indicated below, with
maximum allowances for flexibility, at the direction of the Design
Authority, within the scope of the contracted effort. Tasks 1) and
ii) are to be carried out with frequent consultation with the
Design Authority and are to be followed with a written interim
report.

i) didentify services which could be provided by satellite
systems in the designated time frame

ii) didentify those services for which a need is likely to
exist in Canada in the time frame and which can
feasibly be provided by satellite systems operating
in the 12 GHz to 18 GHz range

iii) establish basic satellite requirements to provide
the services and investigate the satellite technology
which will be available in the time frame

iv) synthesize and model satellite systems to provide
the required services in the frequency bands avail-
able and within the limitations of the available
technology

v) develop system, subsystem and unit specifications for

both the space and ground segments of the system
modeled

vi) perform cost analyses for the system, including
development, implementation, operating costs

vii) prepare final report."

,




The following clarifications were agreed in the discussions
as reasonable and applicable.

1 Although the time frame to be comnsidered is specified as
"post 1977" in the Work Statement the actual period which will be
considered will be 1977 through 1985.

2. As the contract is based on a specified amount of effort it
is understood that the depth of detail in' the study will be limited
by that amount of effort. In this context the cost analyses will
be first-estimate ones and the definitions of system, subsystem

and unit specifications are as given below:

a) System Specifications - overall specifications of
the system mainly consisting of quantitative information
regarding the quality of the various types of service
provided by the system models considered.

b) Subsystem Specifications - overall specifications of the
ground segment and the space segment of the system.

c) Unit Specifications - block diagrams of the spacecraft
communications subsystem and the various types of earth
stations used in the system and a general description of
the major units within these subsystems. -

3. Direct--to-home television and sound broadcasting consider-
ations of satellites are excluded from -this study, but the study
will concern itself with all the communications type services and
satellite designs considered in the study will aim at meeting the
needs of all the types of communications services.

1-4



1. Introduction

1.2 STUDY METHODS

An overview of the methods employed in:carrying out. the -
tasks is presented, in the sequence in-which they were carried out.
Demand estimation, review of trends in satellite technology and
1nvest1gat10n of propagation phenomenon was followed by "Svstems.
mapping' for individual services based .on transmission performance
objectives agreed with the Design Authority. Reasoned boundaries:
were introduced on the maps to enable cost optimization in bounded
ranges. First-estimate cost data gathered was used in service
economic optimization. Two satellite and earth segment models
were synthesized. Estimates of costs of models were obtalned with
emphasis on the one with greater standardization.

At the commencement of the study three tasks were started,

" viz. an estimation of the likely demand for satellite services in

the 1977-~1985 time frame, an investigation of the trends in satellite
technology in the frequency range covered by the study, and the
identification of particular bands of interest in this range

together with a study of propagation data in the frequency range.

The method employed for demand estimation followed three
sequential steps. Firstly, a listing was made of all the possible
categories of communications services feasible in Canada during
1977 through 1985. From this a more limited list was made of those
services for which any noticeable demand may reasonably be expected,
and which are likely to benefit from the special attributes of
satellite communications. The potential users of the services were
identified. Seven different potential users were consulted by
direct interviews. The possible demands of certain major users
could only be indirectly obtained or deduced from published data.
Duplications were eliminated, and from the consolidated list so
obtained allowance was made for the capacity of satellite facilities
shortly to be deployed in Canada. This yielded a forecast demand
for new satellite facilities together with ranges and confldence
limits, both for the earth and space segments.

An interim report was issued, as required, in May 1971 and
was accepted by the Design Authority.

The investigation into trends in satellite communications
technology was performed by literature survey, consultations with
the Design Authority, and visits to certain organizations in the
U.S. where advanced research is now in progress in this general
field. Notable among the latter were visits to NASA, Bell Labs
and COMSAT. These are reported on in Appendix D to this report.
From these sources trends as well as practical technological
limitations could be identified. Also, from these visits and an




I

analysis of certain submissions recently made to the Federal
Communications Commission of U.S.A. (FCC) for satellite svsteus,
certain relationships between spacecraft physical parameters

(such as weights, powers, launch vehicles) and costs were
established. First estimates of costs were obtained in what were
considered as areas of maximum variance by direct reference to
established suppliers. Relationships between capital costs and
anticipated annual costs which could be derived by assuming values
of certain basic economic factors were confirmed by reference to
similar figures quoted in the FCC submissions. This was done both
for the earth segment and the space segment.

The most probable frequency band, within the frequency
range, was identified in consultations with DOC and CRC. This was
later confirmed by the allocations of the World Administrative
Radio Conference at Geneva in June/July 1971, and note was taken of
certain further allocations in the study. The study of propagation
data was directly aimed at assessing the margins, for each of the
services identified in the demand estimate, to overcome the effects
of fading. Detailed consultations, not only with Canadian experts
at CRC but also with the Bell Labs and COMSAT, together with a
comprehensive survey of technical literature enabled estimates to be
made with a reasonably high degree of confidence.

Next, the quality of transmission considered satisfactory
for each of the services was established in quantitative terms.
This was done by a brief survey of current North American Trans-
mission standards, using reference to quality demanded in recent
requests for proposals in Canada, qualitative reasoning, and
reference to technical literature. These standards were then
debated with the Design Authority and concurrence obtained.

Having gathered all the necessary tools, systems modeling
could now commence in earnest. The strategy was, firstly, to take
account of immutable laws of physics which express fundamental
relationships between transmission parameters and the quality of
transmission achieved for each of the two methods of modulation -
analogue FM and digital CPSK - considered to be suitable for
confident implementation during the time scale of the study. These
were then divided into their well known subsets. These fundamental
relationships were then graphically represented in "systems
modeling maps'" - one map corresponding to each subset. This method,
which had been developed at BNR for general application, makes it
possible to see at a glance how the variation of any one of the
fundamental parameters would inexorably affect the others. On
these systems modeling maps the technical and technological
constraints appropriate to that subset could be drawn as boundary
bands. Some of these constraints may be fundamental - like those
of threshold - while others may be derived - like the median
operating point, which resulted as a direct consequence of the

1-6



1-7

system fading margin arrived at during the considerations of
propagation. Each of these constraints was analyzed and justified
before the boundary band was introduced. The bounded area

enclosed by the bands then represented the limits of the inter-
related, fundamental transmission parameters within which ‘practical
systems could exist. At this stage also, a gross analysis of the
geographical distribution of anticipated demand for each of the
services was performed to establish the area coverage required by
each service. Narrative reasoning very quickly led to the most
desirable arrangement of satellite beams. )

At this stage the system cost optimization exercise could
commence. The information being gathered, in parallel with the
preparation of the systems modeling maps for each of the generic
types of transmission considered therein, was analyzed to
establish relationships between satellite transponder rf powers
and the estimated weights of electronic hardware required to pro-
duce this power. A relationship also was established between the
communications hardware weights and the total weights of non- 4
communications type subsystems of typical and forecasted satellites.
From.these weights the corresponding costs could be calculated.
Similar data of first estimates of costs was collected for major
constituent components of earth stations, such that the earth
station cost variance with the antenna diameter, transmitter power,
type of low-noise amplifier, and other similar parameters could be
estimated. TFrom this data base, and the estimate of demands for
each of the services, an optimization exercise was performed to
choose the most efficient mode of transmission and the associated
bandwidths. The choice of the most effective division between the
earth segment and the space segment then commenced within the
constraints of the systems modeling maps. This was performed by
minimizing the annual charges that could be imputed to each service
for each permissible combination of the earth and space segment
arrangements which could still meet the quantity of the identified
needs, and the quality of transmission required. Sensitivity
analyses to parameter changes were also performed. '

The sum total of these optimizations yielded a model,
dubbed model 1. This model was examined from the point of view of
weights and physical feasibility only, disregarding any consider-
ations of engineering acceptability. It was called, truly, the
minimum hardware cost model. It was accepted that development
costs would most certainly be higher than if any degree of standard-
ization was obtained. It straddled the available frequency bands
but the frequency bandwidth could technically be provided.
Alternatively, with only marginal increase in complexity, polar-
ization diversity and frequency re-use methods could be employed
to retain the emission in the more limited band. The model also
called for some special extensions to the Thor-Delta launch vehicle
which once again was considered entirely feasible by the suppliers.




The second model was set up to examine what degree of standard-
ization could be achieved in the hardware, what were the penalties
in terms of restriction of services if only the 500 MHz band were

used, and what other limitations, if any, would become significant.

This yielded a more hygenic and more technically acceptable model
which was not only within the broad limitations of the total
capital costs, but also had associated minimum annual charges for
the services provided together with an acceptable degree of
standardization.

In all of these analyses and stages of optimization
extensive use of computer facilities at BNR was made.

In parallel with the optimization and modeling process,
report outlines were prepared and the chapters corresponding to
the work in the earlier phases of the study were prepared in the
STOP format. The final chapters of the report were completed.
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2. ~ Estimates of Likely Service Demand for 1977 through 1985

2.1 -+ GENERAL DISCUSSIONA

Estimates of the demand for transmission facilities by |
Canadian communications users during the time from 1977 through 1985
is vital to the intelligent design of a satellite system.

Prior to the design of any communications system it is
imperative that services to be carried be identified and quantified.
Only when the type and amount of information to be transferred is
identified can an efficient and minimum cost communications. system
be devised. Task i) and ii) of the Work Statement?-!3x reproduced
below recognize this basic need.

i) ddentify services which could be provided by satellite
systems in the designated time frame,

ii) ddentify those services for which a need is likely to
exist in Canada in the time frame and which can
feasibly be provided by satellite systems operating in
the 12 GHz to 18 GHz range. " '

To ensure that sufficient data on the services to be carried
was obtained the above tasks were expanded as below. (The three
subtasks given below were referred to as Task A in the Interim
Report.) S '

a) Identify all possible communications services which
would be feasible during the time frame 1977-85. List
those services which could be provided via satellite
systems, including any new services which might arise
because of the unique features of satellite systems.

b) Identify those services which could be feasibly
provided by satellite systems operating at frequencies

above 10 GHz during the time frame 1977-85.

c) Establish the requirements or needs in Canada for these
services during the time frame 1977-85.

% References are given in section 2.12.




Tables 2-1 and 2-2 of section 2.2 were generated in partial
fulfillment of Tasks i) and ii). To quantify the service needs of
each of the entries in Table 2-1 would have taken more time than was
allocated. Thus the major needs were examined by reference to
various documents and by interviews with certain potential users to
whom access could be obtained. In the following sections of this
chapter the services most likely to be using the satellite medium
in the 1977-1985 time frame are identified and estimates of their
needs are made.

%]
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2. Estimates of Likely Service Demand

2.2 POSSIBLE COMMUNICATION SERVICES, 1977-1985

.. Table 2.1 is a comprehensive listing of all the possible
categories of communication services feasible in Canada during
1977-1985, independent of their volume, economics, or the medium of
transmission. Table 2.2 is a listing of those of the above services
which are more likely to exist and benefit from the unique area
coverage and other technical attributes of satellites.

Any individual listing of electronic information transfer
services is likely to be extensive. Fortunately many individual
services have common features which enables them to be grouped, and
categorized. A list of some 400 services was reduced to 28 demand
groups in Ref 2.1 and 2.2 in which potential demands up to the year
1990 were estimated for the U.S. A list of 255 demand titles was
grouped into 32 demand categories in Ref 2.3 and 2.4.

In the preparation of the list of the categories of possible
communications services in Canada during 1975 through 1985 extensive
use of the above references was made. The listing of data services
applicable to Canadian computer utilities, as published by
Telecommission Study 52:5 yas examined. Additionally the possible
need for video-telephone service was considered. Certain special
services which may be unique to Canada, due to its geographical and
demographic attributes like communication to remote communities and
dissemination of provincial, educational TV, were added.

Of the services listed in Table 2-1, and using the above
references, a selection of those services for which a demand may
reasonably be expected, in Canada, in the time frame 1977-1985 was
made. This eliminated some of the far-out categories like the
'chequeless society', 'automated library', etc. The next stage of
filtering involved a consideration of the special attributes of
satellite systems, particularly the ones of area coverage, long to
medium distance point~to-point transmission and multi-point
communications. This led to the more limited listing of those
services for which any noticeable demand may reasonably be
expected in Canada, during the period covered by this study, and
which are likely to benefit from the use of a satellite system for
transmission. The next stage was to attempt a quantification of
the demand for the services identified.




Table 2-1 Possible Communications Services, 1977-1985

SERVICE

DESCRIPTION

Audio

Visual

Data

Facsimile

Medical

Financial
and Credit

Information
Retrieval
and Storage

Telephone - including service to remote areas
Program channels - e.g., AM/FM radio
"Talking' computers

Digitizing analog (audio) signals

Discussion 'party lines"

Broadcast TV - network

Local TV - closed circuit

Educational TV

Video telephone - PICTUREPHONE * - conference facilities
Information display - e.g., newspaper, retrieval
"Canned' programs upon request

3D TV

Holographic transmission

Direct satellite broadcasting to the home

CATV network

Low—- to high-speed data rates

Variable data rates upon request

Computer dumping - computer data exchange

Remote data collection and polling

Computer controlled processing

Data banks

"Pure' data networks

Computer networks - time sharing terminals

Transaction-oriented networks (e.g. point of sale
transactions)

Newspapers to the home
Remote printing

Mail

Press services

Diagnostic services
Remote monitoring of patients -

""Chequeless' society
Stock transfers
Inventory control

Library browsing

Searches

Reservations

Law—enforcement information systems
"Automated" library

"Instantaneous" access to reference material
Centralized library services

(cont'd)

% Registered

trademark of Bell Systems. 2.4



Table 2-1 (continued)

SERVICE DESCRIPTION
Computer Schools
Aided Industry

Instruction

Table 2~2 Possible Communications Services Using
.a Satellite System (above 10 GHz), 1977-1985

SERVICE

DESCRIPTION

Audio

Visual

Data.

Facsimile

Financial
and Credit

Information
Retrieval
and Storage

Point~to-point telephony

Multi-destination telephony

Telephony to remote and/or northern communities
AM/FM program channels :

AM/FM news program distribution

Network TV distribution to major centers

Network TV distribution to small and/or remote communities
Educational and instructional TV

Video~telephone network distribution

Remote data collection and polling
Variable data rates upon request

Data networks using roof: top—antennas
Remote access to computer facilities
Transaction—oriented networks

Electronic mail distribution network between major centers
One-way electronic mail distribution to outlying areas
Remote printing '

Transaction-oriented data system

Reservations

Law-enforcement information systems-

Centralized library services

Computer—~aided learning

Instructional and entertainment programs (visual and audio)
upon demand




o
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2. Estimates of Likely Service Demand

2.3 COMMUNICATIONS USERS IDENTIFIED AND CONSULTED

The potential users of the communications services given in
2.2 were identified. As many of these users as possible were con-
sulted to obtain their future communications needs. At the request
of DOC, extensive use of already collected data about the require-
ments of several major users was made and these users were not
consulted again for the purposes of this study.

From the services in Tables 2-1 and 2-2, it was possible to
identify sources of information that could be used to obtain the
needs and requirements of these services for the 1977-1985 time
frame. The first source of information was the telecommission
studies compiled by the Department of Communications over the last
year and a half. (See "Instant World"?:12 for a list of study
areas.) From these studies it was possible to determine what other
information was required for this study. Various organizations and
agencies were then identified as being able to provide the necessary
information. A list of questions for each of these organizations
was prepared and distributed to the Department of Communications
(DOC) and the Communications Research Center (CRC). Contacts were
made with the agencies listed in Table 2-3 and information pertain-
ing to the questions was obtained.

For a number of major users data had already been collected
and estimates made for the purposes of the telecommission and other
studies. As directed by DOC and CRC, these users (Trans Canada
Telephone System, Canadian National/Canadian Pacific and Canadian
Broadcasting Corporation) were not contacted again and hence are

‘absent from the list of agencies in Table 2-3. Some of these

estimates were checked against other previously published data and
rates of growth anticipated. The estimates obtained in this manner

reflect, in the circumstances, best estimates based on data avail-
able.

During discussions with each of the organizations directly
consulted it became clear that estimates should be made of what
future needs and requirements would be if the current thinking was
continued into the time frame of this study. It is understood that
if circumstances beyond the control of the organizations took effect,
they could not be held to any of the estimates given. However, the
results obtained from these meetings have proven to be very useful
in defining the magnitude of the communications needs of Canada for
the services listed. :




Because of shortage of time, many organizations which could
have provided a useful input to our study were not consulted, e.g.
representatives of Canada's newspapers, RCMP, university library
‘services, banks, medical institutions and computer companies.
While it is anticipated that the needs of the above organizations
will be small for the next few years, there may be some areas that
can be expected to require an increasing amount of communications
which would be amenable to satellites (for example, province-wide
library services, computer networks). Not knowing what the
possible demand from this sector of society might be in the years
to come, it has not been included as a separate input to this
study. Some of the above users, e.g. newspapers, RCMP, banks, etc.,
are served by the telephone companies, whose forecasts normally
would take the future needs of their customers into account. Hence,
for this study, it has been assumed that the growth of the telephone
network will satisfy this demand.

Summaries of the meetings with each of the organizations
listed in Table 2-3 are in Volume 3. These summaries are of a con-
fidential nature and must be so treated. The questions that were
used to generate comments for these meetings are in Volume 3.
Conclusions drawn from these meetings are presented in the follow-
ing sections. In most cases, the information obtained from the
potential users of a satellite system has been tempered by the
realization that any one transmission media will not be used
exclusively for a given service. Also, where estimates of service

demand in the 1977-1985 time frame are difficult to make, ranges
are given.

The communications needs of each of the organizations con-

tacted will be examined in the ensuing sections under the following
headings:

MESSAGE SERVICES :
Interprovincial telephon
Telephone to remote areas
Audio program services

VISUAL SERVICES
Video telephone - PICTUREPHONE
Commercial TV
Educational TV
Television to remote areas
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ELECTRONIC MAIL

DOMESTIC DIGITAL SERVICES
Computer services
Data services
Facsimile services
Postulated wideband satellite service

OTHER SERVICE NEEDS

Department of National Defence
Ministry of Transport
Government Telecommunications Agency

2-9
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Table 2-3 Organizations and Agencies Consulted

ORGANIZATION OR

DATE OF '

AGENCY MEETING CONTACT POSITION or DEPARTMENT ADDRESS
Computer/ April 19 {Dr. H. Von Bayer | Director - General 100 Metcalfe St., Ottawa
Communications May 4 R.H. Taylor ’ -

Task Force H.H. Brune -
Department of April 20 |J. Eaton Communications 'C' Building, Laurier at
National Maj. T. Grinnell | Systems Elgin, Ottawa
Defence Col. G. Simpson
Canada Post April 23 |J. Bromley Chief, Mail Processing | Confederation Heights,
~Office Div., Systems R&D Ottawa
Branch
J.D. Thomas Analyst, Environmental

Forecasting Div.
Ministry of April 26 |R. Farrell Engineer-in-charge, #3 Building, Wellington at
Transport Communications Sys. Lyon, Ottawa

J.A. Quigley Superintendent -

Commercial and

Leased Services
Government Tele- | April 26 | H. McLaughlan Technical Assistant, 78 Albert St., Ottawa
communications Planning and Design
Agency Division
Canadian May 4 T.J. Allard Executive Vice~-Pres. 85 Sparks St., Ottawa
Association of N. MacDonald Director of Member
Broadcasters Services
Ontario Educa- May 6 J. Cook Executive Director 1670 Bayview Ave., Toronto
tional I. Waniewicz Superintendent
Communications R.D. Tilroe Development Officer
Authority :




2. Estimates of Likely Service Demand

2.4 Demand Estimates for Message Services

2.4.17 DEMAND ESTIMATE FOR INTERPROVINCIAL TELEPHONE

An estimate of the interprovincial telephone traflfic has been
obtained from previously published information. Assuming that only
15 percent of all interprovincial telephone traffic will be routed
by satellite, a demand for 2200 one-way voice channels will arise
in 1977 increasing to 6600 in 1985.

Trans-Canada telephone service on a switched and leased basis
is being provided by the Trang-Canada Telephone System (TCTS) and
Canadian National/Canadian Pacific Telecommunications (CN/CPT). To
obtain estimates of the interprovincial telephone traffic for the
1977 through 1985 time frame of this study, it is necessary that

both the traffic being carried today and a growth rate be determined.

A detailed study of East-West telephone traffic forecasts
was carried out in 1967 for the then Department of Transport by
Northern Electric?:!V, New forecasts have not been made for reasons
already discussed. However, the forecasts given in Ref 2.10 are '
believed by the Design Authority to be still applicable, and it is
proposed to use these forecasts.

An examination of Table 2-1 of Volume 1 (of Ref 2.10) in-
dicates that if all East-West terrestrial circuits which cover more
than 1000 miles were routed by a satellite system to central
locations of eight provinces (New Brunswick and Nova Scotia
considered as one and P.E.I. excluded) then approximately 14,400
one-wyay satellite voice channels would be needed. Table 2-4, which
igs taken from Ref 2.10, shows the distribution of total traffic
between each of the eight centers in 1977. Note that no Toronto to
Montreal traffic is shown. This information is not available at
this time and hence no allowance has been made for it in the
calculations. However, once there are satellite earth terminals
at Toronto and Mantreal, it can be expected that some of the
Toronto to Montreal traffic may be routed by satellite. Growth
rates for tall traffic of between 12 and 22 percent per year are
being used in telephone planning for the next 15 years. Using an
accepted growth rate of 15 percent per year for the 8 years from
1977 to 1985, the total potential satellite traffic in 1985
would thus be 44,000 one-way voice channels.




How much of this total traffic is likely to be routed via a
satellite system? In order to answer this question it is necessary
to examine how a satellite system will be integrated with terrestrial
facilities. A satellite system can be used for telephony in any or
all of the following ways:

a) trunk connections
b) peak traffic overflow

c) restoration of communications during catastrophic failure
of alternate transmission facilities

d) alternate routing to ensure survivability
e) communications to remote and isolated areas.

Note that Table 2-4 was derived using only those circuits
which span 1000 miles or more. Excluding e) above, it can be
expected that at most 33 percent of the interprovincial telephone
traffic given in Table 2-4 will be routed through a satellite. This
upper limit is due to survivability conditions being designed into
the total communications networks of Canada. Once a satellite
system, including the ground segment, is available it is quite
possible that trunk connections between locations closer than 1000
miles (e.g. Montreal to Toronto which is excluded in Table 2-4) may
become economical due to marginal costing considerations. There-
fore, a maximum of 33 percent of the traffic given in Table 2-4
could probably be achieved.

The minimum possible traffic that a satellite system can be
reasonably expected to handle is determined mainly by points b)
and c) above. A value of 5 percent of the interprovincial traffic
(over 1000 miles) can be used as a lower limit.

As outlined above, a range of 5 through 33 percent of the
interprovincial traffic given in Table 2-4 is possible for the
1977-1985 time frame. The actual value depends on many other
factors, such as cost, operational integration, etc. At this time
it seems that, if the promise of economical satellite communications
is fully met, the high value of 33 percent is more likely to be
achieved. However, rather than design a satellite system on either
extreme, a value of 15 percent will be used. That is, the above
informed estimate of future traffic via satellite says that while
the maximum of 33 percent is more probable, a pessimistic view of
the future -tempers this by a factor of approximately 2. Thus 15
percent of the forecasted trunk traffic of Table 2-4 is assumed to
be routed via satellite. Therefore, in 1977, satellite systems
will have to carry 2200 one-way voice channels (i.e. 1100 two-way
voice circuits) while in 1985 this will rise to 6600 channels:



If the maximum of 33 percent were routed via satellite, capacity
for 4800 channels would be required in 1977 and 14,500 channels in
1985. An estimation tolerance of *10.percent is considered normal
for forecasts of an established service such as interprovincial.
telephone. This range along with those developed for each of the
other services will be used placing minimum and maximum ranges on
the total communications capacity required of a satellite system
that is designed to carry all the services examined in this study.

Technology today can place approximately 900 one-way voice
channels in one satellite rf channel. Using this as a crude, but
easily visualized, unit to state the requirement to the nearest
unit, the required satellite capacity for 1977 is 3 satellite rf
channels and for 1985 is 7 rf channels.

Turning towards the number of ground stations, it is seen
from Table 2-4 that eight major cities have been identified as
traffic centers. However, there is a trend towards the reduction
of the levels of hierarchy in the telephone network of Canada.

This would result in a larger number of direct communicatious links
between lower ranking telephone offices. Hence the number of earth
stations may reasonably be expected to be larger than eight, while
the total telephone traffic flux remains unaltered at the forecast
figure. Hence the number of earth stations is estimated to
increase by 50 percent above the eight indicated; and the systems
design will be based on 12 earth stations for major trunk telephony
needs.
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Table 2-4 Interprovincial Telephone Traffic

TOTAL ONE-WAY CHANNELS IN 1977 (OVER 1000 MILES)

FROM TO
VANCOUVER | CALGARY | REGINA |WINNIPEG | TORONTO | MONTREAL | MONCTON | ST. JOHN'S TOTAL
VANCOUVER - 740 270 800 700 20 - 2530
(29.2%)1(10.7%) (31.6%) | (27.7%) (0.8%)
CALGARY - - - 475 240 - - 715
(66.57) | (33.0%)
REGINA 740 - - 530 220 80 - 1570
(47.1%) (33.8%) | (14.02) (5.1%)
WINNIPEG 270 - - 1225 440 20 - 1955
(13.8%) (62.7%) | (22.5%) (1.0%)
TORONTO 800 475 530 1225 - 410 85 3525
(22.7%) (13.5%) | (15.1%){(34.8%) (11.6%) (2.4%)
MONTREAL 700 240 220 440 - - 550 2150
(32.6%) {(11.2%) { (10.2%)|(20.5%) (25.4%)
MONCTON 20 - 80 20 410 - 375 905
(2.2%) (8.8%)| (2.2%) (45.4%) (41.4%)
ST. JOHN'S, - - - - 85 550 375 1010
NFLD (8.4%) | (54.5%) (37.1%)
TOTALS 2530 715 1570 1955 3525 2150 905 1010 14,360
LEGEND: Each entry gives: Total one-way channels from one location to another ( percent of
total channels from one location to another).
e.g. From Vancouver to Regina: 740 channels (29.2 percent of a total
of 2530 channels from Vancouver)
OTE : 15 percent of above values are used in this study.
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2.4 Demand Estimates for Message Services

2.4.2 DEMAND ESTIMATE FOR TELEPHONE TO REMOTE AREAS

Providing reliable, preferably high quality, telephone
communications to remote communities in Canada, in particular the
North, has become a national priority. By 1977 there will be some"
400 communities that require between one and four voice circuits
each and 10 centers that require up to a maximum of 36. These 400"
communities will require a total of 1200 voice channels and the 10
communities a total of 240 voice channels. By 1985, the number of
larger communities can be expected to double.

There are many communities in Canada that are without
reliable telephone service to other communities. Communications
satellites provide the means of establishing not only reliable but
good quality telephone service to all parts of Canada from these
remote areas.

In the past few years much work has been done in determining
which remote communities have need of better telephone service.
Telecommission Studies 8(c)?*?2 gathers together this information
for northern Canada plus much more. However, for this study, the
communications needs can be easily summarized. There dre two types
of demand for telephone service in remote areas. One is that
generated by large centers requiring many telephone circuits (6 to
48). At present there are between 2 and 6 communities which could
generate sufficient telephone traffic. Estimates for the 1977-85
time frame are not available. A minimum of six communities can be
taken as a conservative estimate for 1977. If economic activity in
the North is progressively stimulated as a national goal, a more
realistic estimate is likely to be of the order of 10 stations
requiring 24 circuits on an average. Thus a requirement of 240
one-way voice channels is foreseen for 1977. By 1985 a doubling
of this requiremént would not be unlikely. Using present technology
(i.e. an FDM/FM/FDMA system being deployed by Telesat Canada) this
requirement could be satisfied by one rf satellite channel in 1977
and two in 1985. The other demand is from small centers which
require between one and four circuits. Various estimates have been
made of the number of communities that fit into this category. For
example, by 1977 there may be anywhere between 200 and 500. For
this study a figure of 400 communities will be used. This demand
can be satisfied by using the so-called single channel per rf
carrier scheme either in a pre-assigned or in a demand-assigned
mode. An average of 3 circuits per community can be envisioned as
follows: :




a) one circuit to a major Canadian city for access to the
backbone long-~haul network and,

b) two circuits to the remote ''communities of interest."

In a preassigned mode, a total of 1200 one~way voice channels
would therefore be required. Using frequency modulation, threshold
extension devices and compandors, two satellite channels should
be capable of transmitting the 1200 voice channels.

The remote communities that require the telephone services
outlined above are geographically dispersed across Canada. Thus
Canada-wide coverage by the satellite is desiragble if there is to be
communications between these communities.

Providing reliable telephone service to these remote
communities seems to have reached the position of a national priority
in the last year. This is on two counts. Firstly, there is the
social consideration of one relatively isolated and less advanced
segment of the population not having a service vital to today's
fast moving world. Secondly, there is the long term national
economic aim of tapping the vast resources of the North which in
turn needs easy communications. This is not to say that the demand

- for these services (measured as the potential telephome traffic

carried by any circuits made available) would fully support the
costs of providing the circuits. In fact in a majority of the
locations this may not happen till local economic activity
increases manyfold. And the estimates can only be justified on
non-economic, yet vital, national goals.

For this reason, the estimates of the number of voice
channels required, as given above, can be expected to "be needed"
during the time frame of this study.



Estimates of Likely Service Demand _
2.4 Demand Estimates for Message Services

2.4.3 DEMAND ESTIMATES FOR AUDIO PROGRAM SERVICES

While the long-haul transmission needs of AM/FM broadcasters
is increasing, the total needs are small. Thus no separate
estimates are made for audio program services but rather are in-
cluded in the forecasts for other services.

The provision of AM and FM radio broadcasting to remote areas
of Canada by satellite in conjunction with the provision of TV and/
or telephone service is a definite requirement for the time frame of
this study. Local distribution of the programs will be either by
cable or low-powered AM or FM transmitters. Two channels for each
of AM and FM programming are required.

In the past few years, AM and FM programming broadcasters
have been providing competing national news services (e.g. ''News
at Six," "Contemporary News.') These services are now mainly being
provided for by CN/CPT on their "broadband" facilities. The news
services lease 8 KHz (which is equivalent to 2 telephone channels)
of bandwidth and then take turns using this facility. The
receiving stations then tape the portions sent to them by their
service for broadcast at the appropriate time. This type of news
service is growing. If possible, provision should be made for
expanded services on a flexible satellite system. The use of
demand assignment and multi-destination addressing in a-satellite
system would provide an ideal method of catering to the growing
needs of theése news services in the future.

Because the audio needs are small compared to the total
communications meeds in Canada, they are not considered separately
but rather are included in other forecasts (e.g. telephony to
remote communities, telephone).
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2.  Estimates of Likely Service Demand
2.5 _Demand Estimates for Visual Services

2.5.1 DEMAND ESTIMATE FOR VIDEO TELEPHONE - PICTUREPHONE

A possible estimate of the demand for this service indicates
that 6 trunk video-telephone channels will be required in 1977,
increasing to 12 in 1985,

The use of video telephone (PICTUREPHONE by the Canadian
public may grossly be estimated at 6 trunk video-telephone circuits
in 1977 increasing to 12 in 1985. Video-telephone networks in each
of the provinces is a distinct possibility. This can be seen from
a comparison of the stated capacity allocated to video telephony in
the recent U.S. Domestic Satellite proposal for implementation in
1973. A growth factor of some 15 to 20 percent can be applied to
this and the traffic scaled in proportion to population.

A satellite video-telephone network would make use of the
earth stations used for interprovincial telephone service. Assuming
that a maximum of 50 percent of the circuits will be routed via
satellite, 6 to 12 video-telephone channels will be required. To
make efficient use of this network, the channels will be demand
assigned. Because of the broadcast capability of satellite,
conferencing of calls will be relatively easy to accomplish.
Long-haul transmission of video-telephone calls will be digital and
will require 6.3 megabits per second (Mb/s). Thus, a requirement
of 37.8 Mb/s in 1977 is foreseen and 75.6 Mb/s in 1985. For 6
video-telephone channels per satellite transponder, one trans-
ponder will be required in 1977 and 2 in 1985. Because video
telephone is a new service, the above projected demand is subject
to a *20 percent variation.
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2. Estimates of Likely Service Demand

2.5 Demand Estimates for Visual Services

2.5.2 DEMAND ESTIMATE FOR COMMERCIAL TELEVISION

Demand estimates for commercial TV are based on figures
provided by DOC. These figures have been modified and used in this
study without additional consultation with the CBC and CTV networks.
A total of 7 TV networks can be expected in 1985 leading to a
realistic demand for 8 satellite channels (including spare and
occasional-use channels). For 1977 the demand is for 6 channels.

If full time-zone coverage 1s desired, a reasonable demand for 12
satellite channels in 1977 and 17 in 1985 will arise.

There are at present two commercial television networks in
Canada. The CTV produces some 7 hours of network programming per
day for their 12 or 13 affiliated stations. The CBC produces about
10 hours of programming per day for its own and affiliated stations.

Both the CBC and CTV leased East-to-West transmission
facilities form the common carriers for their network distribution.
Transmission of programs on the long-haul facilities is done during

" prime time in the Eastern Time zone. Each station along the way

then videotapes the programs for rebroadcast during its prime time.
West-to-East transmissions are obtained on an occasional basis only,
since most of the programs are produced in the East (e.g. Toronto
and Montreal).

For the 1977-1985 time frame, various estimates of the num-
ber of TV channels required have been made. From information
received by the Department of Communications, the present French
and English networks of the CBC can be expected to be doubled.
From discussions with the Canadian Association of Broadcasters,
there is likely to be either a second private network or a third
competitive network in both French and English. Thus, during
1977-1985 the following seven networks may be expected to be in
operation. .

2 English language CBC networks

2 French language CBC networks

2 English language private networks
1 French language private network.

Since the creation of a new television network involves
time and money, the above demand is assumed to be evident at the
end of the time period (i.e. 1985). Five networks in operation
during 1977 would appear to be a more realistic estimate.




It is possible that the cable television systems (CATV) may
desire a trans-Canada network by 1980. However, the CATV require-
ment is very uncertain at this time and is not included in this
study. :

In many of the cities along the US-Canada border the loss of
viewers to cable TV systems has caused a reduction of revenue to
the private broadcasters. If the trend continues, it is possible
that by 1977 many of these broadcasters will neither be able to
provide local programming nor be able to maintain the Canadian
content level now required by the Canadian Radio Television
Commission (CRTC). These stations will in all probBability, become
equivalent to relay stations. If this happens, a satellite system
for distribution of the programs would be economically attractive.
The trend mentioned above would therefore increase reliance of the
private TV broadcast industry on Canadian networks, which would
increase the need for more transmission facilities.

Translating the above needs into anticipated satellite
capacity can be done in many ways. One method is to assume that all
networks will make full use of satellite facilities. For prime
time viewing in each of the five Canadian Time zones (Newfoundland
excluded) 25 satellite channels will be required in 1977 and 35
in 1985. The programs would be delayed at a central location and
transmitted on each channel at the proper time. In addition, each
TV network will require one occasional-use or spare satellite
channel. While a satellite system is ideal for TV distribution, it
is unlikely that any communication user would place himself in the
position of relying upon one mode of transmission to the exclusion
of all other methods if he can avoid it. Thus, for reasons of
availability, survivability and competitiveness, the terrestrial
network will also be used for TV distribution.

One realistic method is to assume that approximately one-half
of the transmission needs will be satisfied by the terrestrial
networks. This leaves a minimum of three commercial networks
(i.e. two English and one French) to be provided by satellite
systems in 1985 and two in 1977. To satisfy the broadcasters
wishing to have programs transmitted during the same prime time
period in each time zone there would have -to be 15 satellite
channels available in 1985 and 10 in 1977 for the five Canadian
zones. Two occasional-use or spare channels will also be required.
While the above may be desirable, it may prove to be too costly for
the commercial broadcasters and too restricting to the utilization
of the satellite to be examined in this study. However, this will
be examined in this study before any conclusions such as the above
are drawn.
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A third method is to use one satellite rf channel per
network (i.e. for 'a total of three channels for three networks)
and have video-tape equipment at each receiving station to delay and
then broadcast the programs at the proper time. However, this will
not allow for unmanned operation at the remote locations. To
overcome this problem, Canada can be divided up into two regionms,
each of which would have programs at the proper time within * one
hour. That is, programs transmitted in prime Mountain Time for
Alberta will be received in British Columbia and parts of
Saskatchewan one hour earlier and one hour later, respectively,
than-the prime time. Also, transmissions in prime Eastern Time
for Ontario and parts of Quebec would be received one hour earlier
in Manitoba and parts of Saskatchewan and one hour later than prime
time in parts of Quebec and the Maritimes. Newaundland would be
one and one-half hours later than prime time.

From the above considerations, a reasonable requirement of 4
satellite channels (2 networks X 2 regions) is needed to satisfy
the projected demands of commercial television for 1977 and 6 (3
networks x 2 regions) in 1985. The addition of two spare or
occasional~use channels is.to be added to the  above requirement to

yield a total of 6 commercial TV satellite channels in 1977 and 8

in 1985. If the prime time transmission requirement is overriding,
then 10 satellite channels (2 networks X 5 time zones) plus 2
occasional~use channels will be required in 1975 growing to 15 plus
2-in 1985.  The above demand estimates are expected to hold to
within *10 percent.

The number of communities to be served by commereial TV using
a satellite in the 1977-1985 time frame is not available at this
time. However, the trend towards an increasing number of TV sets
per capita should stimulate a desire for TV in remote communities
in the future. 1In addition to major distribution (transmit and
receive) earth stations at Victoria, Vancouver, Calgary, Edmonton,
Regina, Winnipeg, Thunder Bay, Toronto, Montreal, Halifax, Saint

"John, St. John's (Nfld), there is a need for receive-only stations
"in other communities. While these stations are to have primarily a
‘receive-~only capability, the station design should not preJudlce

the future possibility- of program transmission.

Telesat Canada is planning to install 26 of these receive-~

»only stations for their 4 GHz and 6 GHz satellite system. Perhaps

a dozen more communities are potential candidates for this type of
station. Depending upon economic factors, frequercy coordination
considerations and flux density limitations, the use of receive-~
only stations for network distribution to urban areas is a distinct
possibility. The latter two points are significantly reduced at




7

12 GHz and 15 GHz compared to 4 GHz and 6 GHz. Forty to sixty
urban locations become likely candidates to be served by the
satellite system considered in this study. The 26 to 38 locations
presently being included as part of the 4 GHz and 6 GHz satellite
system can also be included in a 12 GHz and 15 GHz system. To see
that this is so, note that in 1985 the 4 GHz and 6 GHz system will
satisfy only one-half of the 8 TV satellite channels required in
Canada (see section 2.10). For the other four channels to be made
available to each of the locations of the present 4 and 6 system,
separate receive facilities will be required, independent of
frequency band used. Thus 24 to 38 remote receive-only locations
should be included in the estimates. However, some economy of
operation should be possible so that not all locations need be
reached by the new satellite system.

Taking into account the range of estimates given above,
between 50 and 100 locations can be expected to be candidates for
receive~only earth terminals of a new satellite system. Also, 12
transmit-receive stations will be required.
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2. . Estimates of Likely Service Demand

2.5 Demand Estimates for Visual Sef&ices_

2.5.3 DEMAND ESTIMATE FOR EDUCATIONAL AND INSTRUCTIONAL TELEVISION

Discussions with the Ontario Education Communications
Authority has led to a demand estimate for educational TV in Ontario
of 3 satellite TV channels in 1977. By 1985 a flexible 'programs
on demand" system should be in operation requiring 3 more satellite
channels. Estimates for ETV in the other provinces can be obtained
by extending Ontario's demands. This yields an additional demand
estimate of 4 satellite TV channels in 1977 and 5 in 1985. Thus
for this service a total demand of .7 TV channels in 1977,
increasing to 11 in 1985, is forecast.

Although much educational broadcasting is being done by the
CBC and CTV and their affiliates, there i1s a growing emphasis on
providing provincial networks dedicated exclusively to educational
television. Ontario 1s leading the other provinces in establishing
a provineial authority which will be responsible for educational
broadcasting. The establishment of the Ontario Educational
Communications Authority (OECA) by the passing of Bill 432-:% has
given Ontario an effective means of producing and distributing
educational material to its residents.

If the OECA's plans proceed as expected, there should be UHF
stations located in Ottawa, Thunder Bay, Sudbury and the London-
Windsor area during the 1977-1985 time frame of this study. At
present the OECA is programming and operating channel 19 in Toronto
which already reaches 50 percent of the population of Ontario
(including transmissions that are picked up by cable operators).
The Authority also plans to install low-power retransmitters in the
outlying areas. However, to provide TV to the remote 0r northern
communities of Ontario, the OECA considers that a satellite system
is the best alternative. The OECA realizes that, by the late
1970's, there will be a need for distribution of programs between
the five stations. While some producing will be done at each
station, the bulk of producing will be done in Toronto. Most of
the programs will be video-taped, filmed, or imprinted on cassettes.
Distribution can either be handled by ground transport or by
electronic transmission. For the permanently imprinted cassettes,
the former 1s considered the better medium. For video--taped or
filmed material either mode may prove to be more economical. For
electronic transmission this can be accomplished by each UHF
station either transmitting the distributed program or by delaying
it for future rebroadcast.
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The OECA feels that each region should have the ability to
transmit its material when it is required and not under the
direction of a central body. For this reason there will be
different transmissions from each station during any given hour.
Thus it is very unlikely, except for live transmission, that more
than a few stations would be transmitting the same information at
the same time. Using electronic means to distribute the program
material would therefore require either five channels to each of
the other stations or one channel (available to all five stations
simultaneously - i.e. a TV "party line") with each station taping
the transmissions for rebroadcast at a later time. A satellite
system which provides one channel for distribution to these five
stations would satisfy this requirement.

To produce a truly flexible educational medium, the users
should have the ability to call upon program material whenever they
require it. The OECA would like to have a communication system that
would allow them to provide this service. This "programs on demand"
service would be similar in nature to the Information Retrieval TV
experiment carried out by BNR and Bell Telephone in Ottawa over the
last few years in cooperation with the Ottawa School Board. Such
users as schools, community centers, or the like, could then request
a given educational program which would be transmitted at the next
convenient time. Because some of the programs being produced by
the OECA are very short in duration, it is possible that a demand
system of this nature could be implemented using the proposed
satellite system. Perhaps three or four channels could be put
aside for this purpose as an experiment to see how it functions.
This system would, by necessity, be two-way with a voice or data
circuit used as the command chammel for the choice of programs.

Only one-way television transmission would be required. No estimate
as to the number of earth terminals needed has been made at this
time. If even.a small percentage of Ontario's schools make use of
this service, a few hundred terminals would be required.

For transmission to remote areas of Ontario, ome to three TV
channels would suffice. At these remote communities the
transmission would be live. The TV receiver could be in a major
meeting place (e.g. a school, community center) but for most
locations retransmission by UHF, VHF or cable to homes is considered
necessary. These channels are in addition to the "programs on
demand" channels mentioned above. The number of communities that
would make use of this service is unknown at this time.

However, there are perhaps some 30 communities in Ontario
that can receive regularly scheduled broadcasting only by using a
satellite system. Depending upon economic considerations, some 70
additional locations are candidates for a receive-only earth
station. Thus, an estimate of between 30 to 100 locations in
Ontario is considered reasonable and will be used in the modeling
of the educational TV service.
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Summarizing, the transmission channels required to satisfv
the OECA's needs in the future are as follows:

1) 1 channel for program distribution
2) 2 channels for programs to remote areas
3) 3 channels for "programs on demand"

Because the timing of the OECA's plans is undefined at present,
the above demand estimates are assigned to 1985. For 1977, the
chamnels for 'programs on demand'" are removed to leave a demand
estimate of 3 satellite chammels. Due to uncertainties involved
in the estimates of the Ontario ETV demand, the above figures are
valid within -~30 percent and +10 percent.

Because no discussions have been held with other provinces

on their educational requirements, the anticipated demand for their

transmission needs are only estimates. However, because of the
growing feeling among the provinces that educational broadcasting
can be used effectively, there is most llkely to be a demand for
transmission facilities in the future.

By 1977, other provinces should have established education
authorities much along the lines of the Ontario authority. The
needs would be quite similar for these provinces. For example,
it would not seem unlikely that Quebec would require as many
channels as noted above for Ontario.

Although the timing may not be exactly as follows, at least
4 provinces, other than Ontario, would probably desire one TV
channel each in 1977 for either broadcast to remote areas (or
schools), or for distribution between major centres. By 1985 a
total of 7 provincial groups, not including Ontario (e.g. B.C.,

~ Alberta, Saskatchewan-Manitoba, Quebec, Nova Scotia-New Brunswick-

P.E.I., Newfoundland-Labrador, North West Territories-Yukon), may
desire one TV channel each, w1th 4 of them requiring 2 channels.
If the '"programs on demand” system gains acceptance, a national
need of perhaps 9 channels is possible (again excluding Ontario).
Thus a maximum of 4 channels in 1977 and 20 (7 + 4 + 9) in 1985 is
possible. However, until more definite information on the plans
of the other provinces is available a realistic service need for
educational TV (other than Ontario) is 4 satellite channels in
1977 and 5 in 1985. Possible variation in the projected demand
will be within -50 percent and +10 percent of the above values,

The number of communities in the above provinces to be
served by the educational service must be estimated at this time
since no discussions were held with the educational authorities of

these provinces. Using the Ontario estimates as a basis, a factor’
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of between 2 and 3 is applied to the receive-only locations to
yield a possible 90 to 200 for all provinces except Ontario. At
least one transmit-receive station per provincial group (i.e. 7 as
indicated above) is required.

Computer-aided learning (CAL) may be another area of
education that will make use of transmission facilities in the
future. However, until the usefulness of the method is evaluated
and the cost of the operating equipment (i.e. terminal, computer,
programs) is reduced to acceptable values, this technique will not
be extensively used. For these reasons, CAL is not included in
this study.
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2. Estimates of Likely Service Demand
2.5 Demand Estimates for Visual Services

2.5.4 DEMAND ESTIMATE FOR TELEVISION TO REMOTE AREAS

Television to remote areas in Canada is included in the demand
estimates for educational and commercial television. Additional
satellite channels .are not used. Smaller receive antennas are used
for reception of commercial TV with a resulting reduction of quality.

There are two alternatives in providing TV to remote areas.
The first alternative is to utilize the satellite channels used for
commercial TV distribution (see 2.5.2). Minimizing the receiving
station cost at these remote areas will yield a reduced quality
which in many cases will probably be acceptable. The second
alternative is to design special satellite channels, with perhaps
more power, so that the receiving stations are small and hopefully
inexpensive. This method, however, would require extra satellite
channels.

The first alternative is the more attractive for this study.
Until further calculations are completed, TV to remote areas will
be included in either the commercial or educational TV requirements
(see 2.5.2 and 2.5.3).
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2. Estimates of Likely Service Demand

2.6 DEMAND ESTIMATE FOR ELECTRONIC MAIL

The portion of mail that is amenable to electronic trans-
mission will require a minimum of 18 Mb/s in 1977 and 36 Mb/s in
1985. To efficiently link the twenty-two cities which generate
this demand, a satellite system using time division multiple
accessing techniques is a necessity.

Postal authorities in most of the industrialized nations are
examining the use of electronic transmission of mail. 1In the United
States of America, for example, a General Dynamics study2'7 has
detailed the various methods of electronic mail handling. Also
Western Union Telegraph Co. is beginning their '"mailgram'' scheme
which will serve as a pilot program for electronic mail trans-
mission. Throughout the various studies the use of satellite
systems for efficient and cost-effective transmission is advocated.
Thus, for Canada, in the 1977-1985 time frame the electronic :
transmission of mail by satellites is quite likely.

There are many problems to be solved before widespread
electronic mail distribution can begin. There are, for example,
problems of low-cost terminal devices, input and output formats,
and security. A recent report prepared for the Telecommission?*8
by representatives of the Canadian Post Office and the Department
of Communications examined these problem areas. Also the type of
mail traffic amenable to electronic transmission in the near future
was examined. Computer-originated mail appears to be the immediate
candidate for electronic distribution. Ref 2.8 calculates that of
the 5 billion pieces of mail handled in 1969, some 288 million
pieces (approximately 6 percent of the total) of inter-city mail’
could make use of electronic transmission. This figure could climb
to 960 million pieces (20 percent) if all typed correspondence
generated by large users (all first-class metered mail) destined
for other than the originating city 1s included. 1If this electronic-
amenable mall traffic grows at the anticipated rate of 10 percent
per year, the projected volume in 1977 will be a minimum of 620
million pieces and a maximum of 2 billion pieces. The average
transmission capability for this amount of traffic can be calculated
as follows: fram Ref 2.1, one letter or piece of first-class mail
requires 3 x 10° bits for electronic transmission. For transmission
continuously over a full year, 620 million pieces requires a bit
rate in megabits per second (Mb/s) of ’

(3 x 10° bits/letter x 620 x 10°% letters
5:9 Mb/s =\""365 days x 86.4 x 10° seconds/day )
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However, since it is unlikely that transmissions will be spread
evenly over a day, this rate could rise to perhaps 3 times the above
rate (18 Mb/s) during times of peak traffic. TFor the 2 billion
pieces, a distributed traffic rate of 32 Mb/s would be required and
a peak rate of 94 Mb/s. Again for 1985, using a growth rate of 10
percent, a peak rate of between 35 Mb/s and 185 Mb/s could ke
expected for the minimum and maximum mail volumes.

From discussions with the Post Office it became evident that
if electronic transmission of mail is ever to be used in Canada, it
must be cost effective with respect to today's and tomorrow's mail
handling techniques and it must offer better than overnight
delivery (i.e. 4- to 6-hour delivery is required).

The postal network in the late 1970's will be concentrated on
some 22 major cities which will generate and receive from 70 to 80
percent of the total mail. (Table 2-5 is a list of these cities.
Ref 2.11 contains an approximate breakdown of the first-class mail
distribution between the 22 areas.) For an electronic mail system
to be effective, these major areas must be linked so that all areas
can transmit to each other. However, a major subgroup consisting of
the 12 cities that are part of the interprovincial telephone system
(see 2.4.1) would provide an adequate base for an electronic mail
service. Also, it would be advantageous if some of the outlying
areas could have receive-only equipment. The above network can be
easily created using a satellite system. Each of the initial 12
cities will require a transmit-receive earth terminal.. The number
of receive-only terminals could be anywhere between 10 and 30
depending upon economic considerations.

To handle the estimated minimum demand, 18 Mb/s of satellite
capacity will be required in 1977. For 1985, the demand is
approximately double that for 1977 (i.e. 36 Mb/s). Because of the
large number of stations, time division multiple-accessing techniques
must be used.

Although it is highly likely that electronic mail will use a
satellite facility if it is available, the actual usage will depend
upon public acceptance and cost., Thus, an uncertainty of *30
percent is to be applied to the above demand estimates.

The use of facsimile for transmission of mail electronically
has not been included in the above traffic calculations. While
facsimile can be used in the future, the amount of mail traffic
that could be handled electronically at a cost similar to or lower
than that for normal methods is unknown at this time. Many firms
and organizations may use facsimile in the future to some extent
(see 2.7.3), but this traffic will probably be outside the normal
mail system.
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Table 2-5 Major Originating Cities in the

Victorig '
Vanéouvef
Edmonton
Calgary
Saskétoon
Regina
Winniéeg
Windsor
London
Hamilton
Toronto
Scarborough
Oshawa
Peterborough
Ottawa
Montreal
Sherbrooke
Qdebec
Fredericton
Saint John, N.B.
Halifax

St.John's, Nfld.

Canadian Postal System
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2. Estimates of Likely Service Demand
2.7 Demand Estimates for Domestic Digital Services

2.7.1 COMPUTER SERVICES

Normal anticipated growth of the present computer networks is
included in the demand estimates for interprovincial telephone. If
a controlled and stimulated growth of the computer networks takes
place, there may be a need for additional transmission capability.

How much is needed is impossible to determine at present.
3

One, of the objectives of the Canadian Computer/Communications
Task Force is to describe a number of possible national computer/
communications networks. While the work of the Task Force will not
be finished before the end of 1971, preliminary discussions with
members of the Task Force have produced some insight into what a
probable computer network will be. It will consist of specialized
computers and data banks located in the 10-12 major cities of
Canada (see Table 2-6). Because the computers will be specialized
(e.g. legal, medical, scientific) there will not be any great need
for either load sharing or computer dumping between these computers.
However, there will be a need for communications facilities between
the geographically dispersed users and the computers. The data rate
of these users will vary from below 300 bits per second through
50,000 bits per second, and beyond.

Present computer networks use common carrier facilities.
Anticipated growth of the transmission needs of the present
computer networks is included in the demand estimate for inter-
provincial telephone (see 2.4.1). Given a controlled and
stimulated growth of the proposed computer networks, the future
demand for transmission facilities could be anywhere from a few
kilobits to many megabits. The wideband satellite service postu-
lated in 2.7.4 should be able to satisfy the communication needs
of the future computer networks.

Table 2-6 Major Cities of Canada in 1977-1985 that will
be Part of a Computer/Communication Network

Vancouver
Edmonton
Calgary
Regina
Winnipeg
Windsor
Hamilton
Toronto
Ottawa
Montreal
Quebec
Halifax
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2. Estimates of Likely Service Demand
2.7 Demand Estimates for Domestic Digital Services

2.7.2 DATA SERVICES

The demand estimate for data services is included in the
estimates for interprovincial telephone. An extension of the exist-
ing computer networks could result in an increased requirement for

data transmission capability.

It has proved to be very difficult to obtain information of
the data traffic being generated in Canada today. Obtaining pro-
jected traffic for the 1977-1985 time period of this study has been
impossible. Some of the difficulties arise from the following:

a) Many data users lease voice circuits from the common
carriers. They use these circuits during the day for
voice transniissions and for data transmissions during
the evenings. How much data flows is, of course,
impossible to determine.

b) Much data traffic is coded so that it can be transmitted
on a voice channel of a common carriers' switched voice
network. Many of these data users make use of special
data sets, but there is a growing group of users
(mainly computer-sharing terminal users) which uses
acoustic couplers. Again, this makes the task of
determining the amount of data traffic very difficult,

There are two important trends that will help to indicate
the amount of data traffic that can be expected in the future. One
is the development of pure digital networks designed specifically
for the transmission of information in a digital form. This means
that data users can be separated and catalogued to some extent.
The other trend is the emergence of '"transaction' messages. These
messages are generated by such services as reservations, purchases
using a credit card, and inventory control. The use of a "store-
and forward'" digital transmission system is seen by many as being
the best method of catering to the demands of these transaction
oriented services.

However due to the impact of a) and b) above, any normal
increase in data traffic can reasonably be considered as one of the
constituent parts of the telephone traffic projections given
previously. The question now to be answered is whether there is a
data need which can be separated from the telephone traffic so
that it can be used in this study. At the moment the answer is
"no." However, the Canadian Computer/Communications Task Force is
in the process of determining present and future data requirements
as well as examining possible computer networks for Canada.
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Regrettably, this information will probably not be available until
after this study is completed. A further point to be considered

is the current controversy and deliberations taking place concerning
the suitability of the satellite medium to high-speed data trans-
mission. This controversy arises due to the inherent time delay of
satellite communications, which affects the connect time adversely
compared to the relatively short message duration of normal high-
speed data messages. Hence at this stage in this study it is not
being considered as a separate service on satellites.
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2. Estimates of Likely Service_Demand
2.7 Demand Estimates for Domestic Digital Services

2.7.3 FACSIMILE SERVICES

The growth of facsimile transmission is included in the
estimates for interprovincial telephone.

Many companies and organizations require the immediate trans-—
mission of written and/or printed material between distant offices.
Transmission by facsimile is now normally done by using a voice
channel. Average transmission times are 4 minutes for an 8 inch .by
11 inch page. There is the possibility that, if a wideband service
could be economically provided, equipment capable of using the
higher transmission rates would be manufactured. These devices
would need to produce a digital output to be compatible with the
wideband satellite service postulated in section 2.7.4, providing
this service should encourage the use of high speed facsimile.

Some facsimile needs that could be fulfilled by this service are:

a) remote printing - e.g. newspapers, books, magazines

b) information retrieval of printed material from a
central library

c) law enforcement information notices

d) course or study notes for computer-aided learning and
educational TV.

Projections of demands for a facsimile service would be
conjecture at this time. At present, facsimile transmission is
included in the estimates for interprovincial telephone. If a
low-cost, high-speed facsimile transmission capability could be
provided across the country, even a small usage could generate

a demand for a few megabits of transmission capacity. If the trend

towards digital transmission of telephone traffic continues it may
reasonably be anticipated that the digital pipe-lines set up could,
with marginal increase in capacity, fulfill this need.
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Estimates of Likely Service Demand
2.7 Demand Estimates for Domestic Digital Services

2.7.4 POSTULATED WIDEBAND DIGITAL SATELLITE SERVICE

Considering that the future demands of computer, data and
facsimile services for communications facilities might be stimulated
to exceed normal forecasts, a wideband satellite service requiring
36 Mb/s of capacity is postulated as a means of providing a flexible,
adaptable transmission capability.

Each of the demand estimates for domestic digital services
given in sections 2.7.1, 2.7.2 and 2.7.3 for computer, data and
facsimile are, separately, difficult to obtain. At present these
services are carried on the telephone network and account for only
a small fraction of the total traffic. The normal anticipated
growth of these three services have been included in the estimates
of future demands on the telephone network. However, the
uncertainties in forecasting the future demands of these '"growth"
services, give rise to the prospect of no demand or an abnormally
high demand. The Science Council of Canada has suggested initial
governmental subsidization for computer communications, in long-
term national interests. This would lead to a stimulation of
demand. The methods open to stimulate the demand are diverse and
cross the full spectrum of options from tax relief on revenue for
established networks to direct subsidization to achieve a
national goal. In the context of the effect on demand the method
of stimulation is immaterial. What is material is that the demand
may show an unexpected increase. '

To account for any. such unexpected demand for transmission
facilities from any and all of the services mentioned above, an '
"insurance' policy can be taken out. This "insurance" takes the
form of providing a certain amount of additional digital trans-
mission capacity. This amount needs to be small compared to the
total service demand-constant with its role as an insurance. It is
proposed that 36 Mb/s of digital capacity, designated a "wideband
satellite service,'" be provided in the satellite demand estimates
for the computer, data, and (digital) facsimile services. This bit
rate requires one equivalent satellite channel (in terms of
present technology). The total demand estimate of all the services
requiring new satellite facilities is approximately 25 equivalent
satellite channels in 1985 (see section 2.11). Thus, the cost of
this "insurance" in terms of capacity is 4 percent. It is proposed
that this "wideband satellite service" use the interprovincial
telephone earth stations. Since the earth station cost is between
30 and 50 percent of the total cost of any service, the "insurance"
cost will be between 2 and 3 percent of the cost of the total
system.
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Summarizing, the demand estimate for domestic digital
services, using the postulated wideband satellite service, and
assuming a stimulated growth of the computer network is 36 Mb/s for
1985. TFor 1977, an estimate of 18 Mb/s would appear reasonable.
Because this new service may never get out of the plamning stage
before the 1980's, the above demand estimates may vary greatly.
Initially, the earth stations employed in the interprovincial
telephone service are the most likely candidates for use by the

wideband service, due to their being located at large urban centers.

However other options are now written out by taking out the
insurance suggested. For example, the popular concept of roof-top
terminals for major users can also be considered as part of this
service. However operation in this mode will almost certainly
decrease the transmission capacity of the insurance proposed
earlier while retaining the premium unchanged.
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2. Estimates of Likely Service Demand:

2.8 OTHER SERVICE NEEDS
The needs of the Department of National Defence (DND),

Ministry of Transport (MOT) and Government Telecommunications Agency

(GTA) are considered. DND needs point towards a dedicated,
specialized satellite. MOT and GTA needs are part of the telephone
traffic forecast. : ) :

Agencies and organizations that are, today, strictly users of
common carrier facilities were consulted to assess their forecasted
needs. In all cases, the forecasted needs of these organizations
have been included in preceding projections. For completeness,
however, a summary of these '"other service needs" are included here.

Department of National Defence

From the discussions with members of the Department of
National Defence (DND) it was evident that there is a need for a
satellite system to provide for:

(a) tactical communications

(b) search and rescue missions

(¢) communications to remote locations, and
(d) communications to mobile platforms.

However, these communications requirements must not only be made
secure from jamming and deciphering, but also from operating and
administrative interruptions (e.g. strikes, civil emergencies).

Thus, the command and control of the satellite would have to be

jamproof and under secure control.

Because the requirements of DND are for one and at most two
satellite channels, and in light of the above operational con-
straints, DND requirements are not included in projections used in
this study.

Ministry of Transport

The Ministry of Transport (MOT) operates a number of
national networks to provide, for example, such services as air
traffic control and meteorological information collection and
distribution. These networks are presently being effectively
provided on the Canadian National/Canadian Pacific Tele-
communications network.

There is a need for reliable communications to MOT stations
in the north. This need has been included in the provisions for
telephone service to remote areas (see 2.4.2).




Government Telecommunications Agency

The Government of Canada is perhaps the largest single user of
communications services in Canada. The Government Telecommunications
Agency (GTA) leases voice circuits from the common carriers, notably
CN/CPT. GTA then either sub-leases circuits to government
organizations or sets up networks to cater to the communications
needs of Government agencies and organizations.

The needs of the Government of Canada for communications
facilities have been included in the projections for telephone
traffic previously discussed. '
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2. Estimates of Likely Service Demand

2.9 TOTAL SERVICE DEMAND ESTIMATES

Table 2-7 is an estimate of the total Canadian communications
needs for the services examined in sections 2.4 through 2.8, in the
time frame 1977-1985, expressed as equivalent satellite.rf channels.
As satellites will not be the sole medium of transmission in Canada,
a realistic estimate of traffic carried by satellites is presented
in column 1 of Table 2-8. A total of 22 equivalent satellite
channels are estimated to be required in 1977 increasing to 35 in
1985.

The estimates of service demands given in 2.4 through 2.8 are
combined and presented in Table 2-7, and column 1 of Table 2-8.

Table 2-7 presents the number of equivalent satellite rf
channels (of current technology) that are likely to be required
if the total communications neads anticipated for each of the
services were carried by satellites. The rationale for each of the
values is given in the appropriate section (2.4 through 2.8).

Due to considerations of communications network integrity
and service reliability in the event of catastrophic failure, no
single medium of transmission can ever be permitted to satisfy all
service needs completely. Thus other competitive media of
transmission must, and will, be used to satisfy part of the demand.
This is especially so where, on individual and specific consider-
ations like those of routing desired, method of operation, and
availability of existing facilities, one medium has a marginal cost
advantage over another. In view of the above, estimates of the
portions of the forecasted needs that satellite systems can
reasonably be expected to carry for each service have been made
and are presented in column 1 of Table 2-8. -The individual
estimates are justified in the appropriate sections (2.4 through
2.8). As has been stated previously, the unit of traffic capacity
was shown as the equivalent satellite rf channel (of current techno-
logy) only to ease visualization. Its equivalence in terms of
parameters like voice-channels, video-telephone channels and mega-
bits of digital information has been expressed in the appropriate
sub-sections whose results are condensed here. The equivalence is
also summarized at the bottom of Table 2-7. The basic estimate
itself was made in the unit appropriate to the service. The
estimates presented in Tables 2-7 and 2-8 were rounded-off to the
nearest integral satellite channel for presentation only. However,
as will be seen later in Table 2-9, the estimates taken as the basis
of this study have been presented in the units relevant to the
particular services directly from the initial data.




Since the demand estimates are no more than projections from
such data as could be accessed within the time allocation compatible
with the study, a confidence range has to be inputed to each
estimate. This range is a subjective evaluation and states that one
can be 80 percent confident that the actual value in the future will
lie between the two limits of the range. The range interval is a
measure of the uncertainty of the estimate. Its appearance as a
fractional number of equivalent satellite channels does not detract
from its use as a valid mathematical expression of uncertainty.

This is as much due to the fact that the equivalent satellite
channel comprises a number of units of transmission appropriate to
the service, as due to the fact that the demands can be considered
reasonably independent during cumulative demand assessment. In
sections 2.4 through 2.8, the range corresponding to each service
has been stated and the rationale for the choice of the range
presented. The ranges for all the services are also presented in
the form of a consolidated list as a subdivision of column 1 in
Table 2-8.

Accepting the estimated range percentages given in Table 2-8,
the total equivalent satellite channels required in Canada in 1977
can be estimated to be between 17 and 25 with an expected value of
22, TFor 1985 the corresponding numbers would be between 26 and 39
with an expected value of 35. Thus the composite limit of variance
is approximately -25 percent and +15 percent. It is to be noted
that TV and telephone traffic accounts for approximately 90 percent
of the total requirement with telephone (including video telephone)
accounting for about 30 percent of the total.
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Zi Table 2-7 Maximum Canadian Communications Needs for 1977-1985 in terms of Satellite Channels

SERVICE ‘ MAXTIMUM SATELLITE CHANNELS REQUIRED
1977 1985
Message
Interprovincial telephone 16 49
" Remote area telephone 3 4
Visual
Video telephone : 2 4
Commercial television
(a) television network 25 35
(b) occasional use or: spare 5 7
Educational television
(a) Ontario 3 6
(b) other 4 20
Electronic Mail 2 4
Wideband Satellite 1 2
(computer, data, facsimile)
Totals ' 61 131
ONE Satellite Channel equals:
Interprovincial telephone 900 one-way channels
Remote area telephone
- Multidestination 200 - 300 one-way voice channels
- Single channel per carrier ‘400 - 600 voice frequency channels
Visual telephone : 6 channels A
Television © 1 colour TV signal plus audio
Mail and Wideband service 30 - 50 Mb/s




Table 2-8 Total Canadian Service Demand Estimates for 1977-1985 requiring Satellite Systems

1 2 ' ‘ 3
SFRVICE CHANNELS PROVIDED
SATELLITE CHANNELS REQUIRED BY TELESAT ANIK ADDITIONAL SATELLITE
IN CANADA - SYSTEM CHANNELS REQUIRED
1977 | 1985 | Estimated Range 1977-1985 1977 1985
Message
Interprovincial telephone
(via Satellite) 3 7 *107 4 0 3
Remote area telephone 3 4 *0% 2 1 2
Visual - ‘
Video telephone 1 2 *20% - 1 2
Commercial television .
(a) network 4 6 +10% 3 1 3
(b) occasional use, spare 2 2 +0% 1 1 1
Educational television _
(a) Ontario 3 6 _—33%, +10% - 3 6
(b) other 4 5 -50%, +10% - 4 z 5
Electronic Mail <1 1 iBOZ _ : - <1 1
Wideband Satellite 1 2 -100%, +50% - 1 2
{computer, data, facsimile) :
Totals 22 35 10 12 25
ONE Satellite Channel equals h
Interprovincial telephone 900 one-way voice channels
Remote area Telephone
- multidestination 200 - 300 one-way voice channels
—~ single channel per carrier 400 - 600 voice frequency channels
Television 1 colour TV signal plus audio
v Video telephone 6 channels
& | Mail and Wideband service 30 - 50 Mb/s
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2.10 SERVICES LIKELY TO BE CARRIED BY EXISTING SATELLITE
FACILITIES PRIOR TO 1977

The effects of certain facilities already deployed or
shortly to be committed in fulfilling part of the expected demand
are analyzed. ’ ‘

The number of satellite channels required during 1977
through 1985 as summarized in Table 2-8 takes into account the
Canadian requirement irrespective of the number of satellite systems
operating. However, the Canadian Domestic Satellite System at 4 CGliz
and 6 GHz will still be in existence in 1977. Because of the large
investment in the ground stations a replacement satellite will
probably be launched to extend the life of the system to 1985.
Information to date indicates that an initial 7 satellite channels
of the 4 GHz and 6 GHz Domestic System will most likely be sold to
users. Before 1977 the remaining 3 operational channels will be
used for other services. The Domestic System is not expected to be
able to satisfy any of the ETV, electronic mail or wideband service
needs. This is due to coordination problems in the 4 GHz and 6 GHz
bands in the urban centers, and the associated flux density

limitations of this band, even if frequency re-use with polarization

diversity techniques were employed in the next generation of the

4 GHz and 6 GHz satellites. Users of the 4 GHz and 6 GHz Domestic
System are thus likely to be restricted to telephone and commercial
TV. While no commitments have yet been made by the users for the
10 available transponders, the allocations given in column 2 of
Table 2-8 seem reasonable at this time. Usage of the capacity of
the spare (back up) satellite has not been included, on two counts.
Firstly, such usage postulates the need either for two separate
earth station networks or the duplication of antennae and
electronic facilities at the majority of the earth stations.
Secondly, the use of the spare satellite cannot but adversely
affect the reliability of the system. ‘
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2. Estimates of Likely Service Demand

2.1 DEMAND ESTIMATE FOR NEW SATELLITE FACILITIES, 1977
THROUGH 1985

The demand estimates, as equivalent rf satellite channels,
for new facilities in the time frame 1977-1985 is presented in
column 3 of Table 2-8. Table 2-9 presents the same information in
basic units appropriate to the individual sServices. Table 2-10
sizes the associated earth segment for each service.

By subtracting the channels provided by the 4 GHz and 6 Glz
Domestic System, the additional equivalent satellite channels
required have been calculated for each service (see Table 2-8,
column 3). Thus, a total of 12 equivalent satellite rf channels
in 1977 dincreasing to 25 in 1985 are the forecasted needs for the
satellite system under study.

The ranges of values stated in section 2.9, to cover the
uncertainty inherent in demand estimation, are equally applicable
to the residual demand. Hence the appropriate range for new
satellite facilities is 7 through 15 equivalent satellite rf
channels in 1977, and 16 through 29 channels in 1985.

The demand estimates presented in Table 2-8 used the unit of
equivalent satellite rf channels, of current technology, to obtain a
gross sizing of the system. As mentioned in section 2.9, these
estimates must be made available in the units of transmission
appropriate to each of the individual services such that they can be
used directly in the systems modeling phase of this study. Such a
presentation has the following advantages. It enables the demand
estimates to be expressed in smaller units obviating any rounding
off errors. It also reduces the risk of pre-disposing the systems
designer towards the choice of any given number of transponders in
the satellite. This has been done, with the results presented in
Table 2-9; and the figures contained therein are taken as basic
information for the design considerations of subsequent chapters.

From information presented in previous sections of this
chapter (2.4 through 2.10), a sizing of the associated earth
station network has also been done for new facilities needed in the
10 GHz and 18 GHz frequency band during 1977-1985. This is a
consolidation of expected values and ranges, for the corresponding
services; and the result is presented in Table 2-10.




A note regarding the estimate of multi-channel remote area
telephone locations is relevant, as this is the only number not
presented earlier. In section 2.4.2, an estimate of 20 locations
for this service is given. By 1977, the 4 GHz and 6 GHz satellite
system of Telesat Canada will have satisfied some of the estimated
demand for this service. It may reasonably be anticipated that
five locations with the largest requirements (approximately 240
channels) will be served by the Telesat system. This leaves 15

locations and approximately 240 channels as part of any new 'sat-
ellite facility.
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Table 2-9 Demand Estimate for New Satellite Facilities, by service, for 1977 through 1985

DEMAND ESTIMATE

SERVICE :
1977 1985 Unit of Capacity Estimate Range
Message
Interprovincial telephone 0 3000 voice channels +10%
Remote area telephone , (one-way)
(a) multiple-channel 0 240 voice channels +07%
(b) single channel per 600 600 (one-way)
carrier
Visual
Video telephone 38 76 Mb/s £20%
Commercial television
(a) network 1 3 TV channels +10%
(b) occasional use, spare 1 1 TV channels +0%
Educational television ‘
(a) Ontario 3 6 TV channels -33%, +10%
(b) other 4 5 TV channels ~507%, +10%
Electronic Mail 18 36 Mb/s +30%
Wideband Satellite : _ . o '
(computer, data, facsimile) 18 36 Mb/s ~100%, +50%

R




Table 2-10 Estimated Number of Locations at which Service is to be Provided
by a New Satellite System Prior to 1985

SERVICE

NO. OF LOCATIONS

TYPE OF EARTH TERMINAL

Message
Interprovincial telephone

Remote area telephone
(a) multi-channel
(b) single channel per carrier

Visual
Video telephone

Commercial television

Educational television
(a) Ontario

(b) other

Electronic Mail

Wideband Satellite

12
15
200

12
50-100

12
30-100

90-200

12-22
10-30

12

transmit-receive

transmit-receive

_ transmit-receive

transmit-receive

receive with possible future
transmit capability
transmit-receilve

receive-only
transmit-receive

receive-only
transmit-receive

transmit-receive
receive-only

transmit-receive

A
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3. System Constraints

3.1 LAUNCH VEHICLES

An investigation into the availability of launch vehicles
suitable for launching synchronous communications satellites during
the time frame -indicates that only the Thor-Delta range and the
Atlas Centaur should be congidered, although the space shuttle and

tug program is a potential source of less expensive launch cap-
ability post 1985.

At the request of the Design Authority the size of space~
craft considered will be constrained to be within the estimated
capabilities of the following launch vehicles:

(a) Thor-Delta

(b) Atlas Agena

(c) Atlas Centaur.
Discussions with officials at NASA have indicated that during the
time period of the study (1977-1985) the Atlas-Agena will probably

not be available and that the Thor-Delta range and the Atlas Centaur
will be the most likely source of launch capability.

The basic characteristics and capabilities of these vehicles

are given in Appendix C where the implications of the space shuttle
programs are also discussed. Although the space shuttle and tug
program will eventually result in a potential launch capability for

communications satellites, it is unlikely that it would be operation~

ally and regularly available for delivery into synchronous orbit
until after 1985.
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3. System Constraints

3.2 MAXIMUM SYSTEM INVESTMENT COST

In order to constrain the total investment in a new satellite
system for the 1977 through 1985 time period, the Design Authority
suggested that the total system investment cost should not 91gn111—
cantly exceed $100 Million.*

Although the annual charges are of prime interest in the
system modeling process and when choosing primary system parameters,
the total investment cost must also be considered when assessing the
feasibility of establishing a satellite system. The investment
costs will include the cost of manufacture of the satellites, of
launching them and of the construction of the earth segment of the
system. Also included in the investment cost will be the amount
estimated for any special development unique to the Canadian needs,
in order to advance the state of the art of the technology to the
required level.

In the present study therefore the annual charges will be
used during the system modeling process (as agreed with the Design
Authority); but the systems modeled will be checked to make sure
that the investment cost, including development, does not
significantly exceed $100 Million. As is seen in later chapters,
this is not an unreasonable limit. The relationship between
investment cost and annual charges will be discussed in a later
section of this report.

% This and ensuing references to dollars in this report are in
terms of 1971 dollars (Canadian).
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3. System Constraints

3.3 AVAILABLE FREQUENCY SPECTRUM

The frequency band of primary interest for this study con-
sists of 500 MHz space-to-earth band at 11.7 through 12.2 GHz and a
corresponding 500 MHz earth~-to-space band at 14.0 through 14.5 GHz.
No power flux density limitations exist in these bands for satellite
systems operating in region II.

The terms of reference of the study, of which this chapter
is a part, were to examine the potential of satellite communications
in the 10 through 18 GHz frequency spectrum for Canada. That the
next stage of exploitation of the microwave radio frequency spectrum
for communications would be in this frequency range is obvious, due
to overcrowding in the currently used frequency ranges and the evolu-—
tionary nature of the deployment of microwave technology. This

evoluation has followed a continuous trend with increasing frequencies.

This trend is caused by the increasing technical difficulty of produ-
cing any given rf power as the frequency increases, the increased
difficulty of obtaining the same numerical frequency stability, the
larger path attenuations, and the need to maintain more stringent
mechanical tolerances on passive components at higher frequencies

to keep losses within acceptable limits. Compensating these disad-
vantages, however, are the correspondingly larger absolute bandwidths
that nafurglly arise at higher frequencies.

Any actual frequency band that can be used for any specific
type of service (e.g. satellite, mobile, terrestrial, or broadcasting)
is also subject to-international agreement. At the start of the study
precise allocations of frequencies in the frequency range 10 through
18 GHz had not been made, but it was evident that for domestic satel-
lite systems an allocation no larger than 500 MHz was likely with
no significant power flux density constraints. During June and July
1971 the World Administrative Radio Conference for Space Telecommuni-
cations3*! these allocations were made. These will be considered
in detail below, but the major premise stated above remains unaltered
as confirmed by the Design Authority, whose personnel participated
in the conference. For the services in Canada estimated in chap-
ter 2, a first estimate of the minimum satellite bandwidth revealed
that approximately 500 MHz would be needed. This is further refined
later in the study. Frequency re-use techniques, at the initial
stage, were not postulated on two counts. Firstly, they would
require a duplication of electronic hardware both on the ground and
in the satellite to process signals carrying different information
at the same frequency. Secondly, they would increase the complexity
of the common elements like antenna feeds and rf combiners. Both
factors would result in higher costs and appeared, even at the first
stage of analysis, to put the initial costs beyond acceptable limits.




Constraints have generally been imposed, by international
agreement, on the down-path flux density from ''fixed" satellite
services, when the same frequency spectrum is allocated for use by
more than one generic method of transmission (e.g. satellite,
terrestrial radio links, broadcasting). The levels of the allowable
flux-density are determined by permissible interference. If present,
such limits impose a further constraint which, in turn,affect the
power/bandwidth trade-offs of the satellite system, constricting the
potential capacity and economic viability of the allocated (and
hence limited) bandwidth. Thus it is desirable to utilize fully any
spectrum allocation where no flux density limitations exist.

The allocation of frequency bands for satellite communica-
tions took place at the World Administrative Radio Conference for
Space Telecommunications3:! held in Geneva during June and July of
this year. The frequency bands allocated for fixed-satellite
services in the 10 through 18 GHz range are listed below for region
II, which pertains to Canada.

FREQUENCY SERVICE ALLOCATED FREQUENCY SERVICE ALLOCATED
(GHz) REGION II (GHz) REGION II
10.95-11.2 Fixed 12.5-12.75 Fixed
Fixed-Satellite Fixed-Satellite
(Space-to-Earth) (Earth-to-Space)
Mobile Mobile, except
Aeronautical Mobile
11.45-11.7 Fixed 14.0-14.3 Fixed-Satellite
Fixed-Satellite - (Earth-to-Space)
(Space-to-Earth) Radionavigation
Mobile
11.7-12.2  Fizxed ' 14.3-14.4 Fixed-Satellite
Fixed-Satellite ! (Earth-to-Space)
(Space-to-Earth) ‘ Radionavigation-Sat.
Mobile, except »
Aeronautical Mobile 14.4-14.5 Fixed
Broadcasting . Fixed-Satellite
Broadcasting-Satellite (Earth-to-Space)
Mobile

The two 250 MHz space-to-earth bands located at 10.95 through
11.2 GHz and 11.45 through 11.7 GHz are shared on an equal basis
with fixed and mobile services and thus flux-density limits given
in note 470 NQ apply. This note specifies the following power flux
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density limits:

- 150 dBW/m?/4 kHz for angles of arrlval between 0 and 5
degrees

- 150 + ( ) dBW/m2/4 kHz for angles of arrival (8) between
5 and 25 degrees

- 140 dBW/m2/4 kHz for angles of arrival between 25 and 90
degrees

Although the space-to-earth band at 11.7 through 12.2 GHz
is indicated as being shared with the fixed services, note 405 BB,
applicable to this band for Region II, states that terrestrial
radiocommunication services will only be introduced in this band
after plans for space radiocommunication services have been finalized
to insure compatibility between the two types of services. There-
fore flux density limits given in note 470 NU do not apply in region
II for this band. This was also confirmed by the Design Authority
in discussions.

As for up-path allocation, 750 MHz of the spectrum in this

. region has been allocated to fixed-satellite services for the earth-

to-space link. The 500 MHz earth~to-space band at 14.0 through
14.5 GHz is a continuous band allocation which can be used in
conjunction with the space~to-earth band at 11.7 through 12.2 GHz.

The 250 MHz earth-to-space band at 12.5 through 12.75 GHz
could be used as a companion band with either of the two space-to-
earth bands at 10.95 through 11.2 GHz and 11.45 through 11.7 GHz.
However, it must be noted that these two bands have power flux
density constraints placed on them since they are shared on an equal
basis with fixed services (terrestrial radio telecommunications).

In conclusion, the 500 MHz earth-to-space band at 14.0
through 14.5 and its companion space-to-earth band at 11.7 through
12.2 GHz will be designated the primary frequency bands since these
are continuous band allocations and there are no flux denley limita-
tions in the latter band.

The additional 250 MHz earth-to-space band at 12.5 through
12.75 GHz and its companion space-to-earth band at 11.45 through
11.7 GHz can be considered for those services that may not be
significantly effected by the flux density constraints in the case
that the prime 500 MHz allocation is not sufficient to provide all
of the service requirements. This space-to-earth band was chosen
over the 10.95 through 11.2 GHz band 51nce it is contiguous with the
11.7 through 12. 2 GHz band.
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3. System Constraints

3.4 TECHNICAL CONSTRAINTS

This section outlines the technical constraints that are
used to set the baseline for the study. Some of these constraints
exist due to present and expected advances in future technology,
such as rf filter design, whereas others are set on the basis of
present and future trends in the satellite communications field, such
as orbital spacing and launch vehicles capabilities. These con-
straints are used as guidelines in the system modeling considerations
performed in chapters 7 and 8.

(a) Type of Satellite System

The two types of communications satellite systems used up
to the present time are 24-hour synchronous and non-synchronous
systems. The 24-hour synchronous satellite is stationed in the
equatorial plane at an approximate distance of 22,300 statute miles
above the earth's surface. Except for minor perturbations in the
orbit, the satellite remains fixed relative to any location on the
earth's surface, hence it is commonly referred to as geostationary
satellite.

There are many pros and cons that can be considered when
comparing these two types of systems but, from the past evaluation
of satellite systems, it is easily seen that the general trend is
towards geostationary satellite systems.

This trend obviously implies that the major exploratory and
development effort in this field will be directed towards systems
using geostationary types of satellites.

Therefore, to derive maximum utilization from the advances
in technology, this study considers only a geostationary type of
satellite system.

(b) Satellite Window"

The term ''satellite window" is used to describe that arc
along the geostationary satellite orbit wherein a satellite handling
communications for all of Canada can be effectively located. The
parameter that limits the extreme East and West Longitude positions
along this arc is the minimum desirable earth station elevation
angle.

As is shown in chapter 5, as the earth station elevation
angle drops below 10°, the rf signal loss and excess in noise
temperature due to the atmosphere begin to rapidly increase.




Therefore the minimum desirable earth station elevation angle is
set at 5°. A satellite at 80° West Longitude would cover all of
Canada above 5° elevation angle except for the group of islands
above 75° North Longitude - Banks Island and a small area of
Northern Yukon Territory. Similarly a satellite located at 120°
West Longitude would cover all of Canada except the islands above
75° North Latitude, and the top part of Franklin Island3‘‘.

Regardless of the satellite location in the geostationary
orbit, most of the territory above 75° North Latitude will lie
below 5° elevation angle. Fortunately, this limitation covers only
a few Arctic islands, notable among which are parts of Ellesmere
Island and parts of the Axel Heidelberg Island.

Thus the satellite window for Canada lies between 80° and
120° West Longitude in the geostationary orbit.

(e) Frequency Spectrum

The frequency spectrum that is available for fixed
satellite communications systems was discussed in 3.3. The choice
of a frequency band for this study is constrained to lie in the
10 through 18 GHz region of the spectrum. In this region, the
preferred earth-to-space band is at 14.0 through 14.5 GHz and the
preferred space-to-earth band is at 11.7 through 12.2 GHz. There
are no power flux density limits imposed on the satellite system
operating in the latter band.

If this 500 MHz bandwidth is not adequate to meet the
service demands estimated in chapter 2, there .is an additional
250 MHz band located at 12,5 through 12.75 GHz for earth-to-space
and 11.45 through 11.7 GHz for space-to-earth link that can be
utilized. However, services operating in this band will have power
flux density limits imposed on them. In summary, there is a prime
allocation of 500 MHz for the satellite band with an additional
250 MHz band that can be utilized subject to power flux density
limitations on the satellite space-to-earth link.

(d) Satellite Constraints

Considering the capacity requirements estimated for the
various types of services in chapter 2, a multi-service satellite
designed to meet the service requirements appears to be a more
economical and practical method than a multi-satellite system
designed for the various types of services. To add support .to
this is the fact that the trend in domestic satellite systems is
towards multi-service satellites as discussed in Appendix B.

The size and weight of the satellite will be constrained
by the types of launch vehicles considered.
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As specified by the Design Authority, the maximum-size
launch vehicle thdt can be considered in this study is the Atlas
Centaur. The other type of launch vehicle that appears suitable
for this time frame is the Thor-Delta. The payload capabilities of
these two vehicles are given in 3.1. Along with a weight constraint
there exists a size constraint for a particular launch vehicle which
is set by the dimensions of the launch vehicle's fairing.

-The standard fairing dimensions of these particular
vehicles are shown in Figure 3-1.

Within the context of launch economics, it is patently
evident that launch costs per pound are lowest when the total launch
vehicle capability is utilized. This should be a goal when
considering a satellite design, subject also to the size constraints
placed on the satellite by the launch vehicle's fairing dimensions.

(e) Satellite Orbital Separation

The selection of a value for satellite spacing in the
geostationary orbit is requlred for modeling purposes as performed
in chapters 7 and 8.

As shown in 7.2.6, for a particular service and a given
inter—satellite interference allowance, spacing of the satellites
closer in orbit will normally result in an increase in the minimum
size of the earth station antenna due to interference constraints.
This could result in higher ground station segment costs to provide
this service. On the other hand, allowing larger satellite spacings
results in decreasing the ultimate capacity of the geostationary
orbit which would mean poor utilization of this resource. Thus a
compromise on satelllte spac1ng must be reached concerning these
two factors.

Based on present satellite spacing allocations that range
from 3° through 5°, a value of 4° was chosen for the purpose of
this study.

(£) Rf Filters (SATELLITE MULTIPLEX)

The design constraints placed on the rf multiplexing
filters in the satellite must be considered in reference to what
can be accomplished using today's technology and estimating what
improvements will take place in this technology over the next
few years.

Present satellites operating in the 4 through 6 GHz band
(Intelsat IV) allow 4 MHz guardband in a total bandwidth of 40 MHz.
Assuming that equivalent circuit Q factors and frequency stability
can be maintained in translating to the 12 through 14 GHz band,
this would correspond to a guardband of 12 MHz in a 120 MHz total
bandwidth. '




Similarly, if the bandwidth is reduced to 13 MHz at 4 through
6 GHz, the best that can be achieved with today's technology is
approximately a 20 percent guardband allowance.

Scaling this up to 12 through 14 GHz would correspond ta
guardband allowances from 50 percent to 20 percent for bandwidths
between 15 MHz and 40 MHz. Taking into consideration improvements
in hardware and techniques that will take place in the next few
years, it appears that the narrowest guardband achievable for rf
bandwidths between 15 MHz and 40 MHz is expected to be approxi-
mately 4 through 5 MHz, consistent with filter weight and size
constraints in the satellite.

For the purpose of this study, a 5 MHz guardband
allowance is chosen for rf bandwidths in the order of 15 through 40
MHz. |
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3. System Constraints
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4. COMMUNICATIONS SYSTEM PERFORMANCE OBJECTIVES

The transmission performance objectives for communications
type services, considered in this report, were agreed on with the
Design Authority. These are stated in subsections of this chapter.

It is essential for the purposes of system design as well as
to ensure inter—-connectability with existing communications
facilities to design the new facilities to compatible standards.

This aspect is considered in the specific context of message
transmission by analogue means, digital message and digital service
transmission and television transmission.
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4. Communications System Performance Objectives

4.1 MESSAGE TRANSMISSION BY ANALOGUE MEANS

This section is divided into two subsections dealing with
Toll message quality and single channel per carrier services to
sparsely populated communities in the North.

The criteria for the choice of quality of performance
needed on any connection are dependent on the degree of utilization
of the facilities necessary to establish the connection. This
utilization may reasonably be expected to be different for highly
populated areas of the country and for very sparsely populated
areas. Hence these are discussed separately.
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4. Communications System Performance Objectives
4.1 Message Transmission by Analogue Means

4.1.1 MAJOR TRAFFIC TOLL QUALITY

This section sets the performance objective for analogue
systems carrying message services that will be integrated into the
major toll networks in southern Canada. For the satellite system
to be compatible with existing design objectives, the mean weighted
noise in a 3.1 kHz voice channel is set at 37.5 dBrncO. The system
carrier/noise margin shall be adequate to allow operation above
threshold for 99.99 percent of the time.

Present international satellite systems have a mean voice
circuit objective of 10,000 pWp of noise power in a 3.1 kHz tele-
phone channel. This objective is based on a hypothetical reference
circuit of 2,500 km in length. However the performance objective
for toll systems in North America and specifically the Trans-Canada
Telephone System (TCTS) are more stringent than the international
objectives. Since the proposed satellite system must be integrated
into the toll system, its objectives should conform to those of the

‘TCTS.

The quality of a teiephone circuit provided by the proposed .

satellite system is to be equivalent to that provided by the toll
network of the present telephone system for a 2,000-mile connection.
This distance represents the expected average connection length of
a satellite system serving the major traffic centers in southern
Canada. Allowing for noise contributions from multiplexing equip-
ment and rearward facilities from the earth stations, this
represents a satellite link performance objective (from modulator
input to demodulator output) of 5623 pWc or 37.5 dBrncO. This
performance objective is believed to be the same as set for
Telesat, Canada's domestic satellite system, and it applies under
non-fade conditions.
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4. Communications System Performance Objectives
4.1 Message Transmission by Analogue Means

4.1.2 SINGLE CHANNEL PER CARRIER (SC/C)

A performance objective for a SC/C system that would pro-
vide suitable communications services to sparsely populated regions
in northern Canada is set forth. For reasons explained in this
section, the mean weighted noise in a 3.1 kHz telephone channel
is set at 44 dBrncO. The system carrier/noise margin shall be

adequate to insure operation above system threshold for 99.9 percent
of the time.

High transmission performance objectives must, and always
do, lead to higher costs. Hence high standards are invariably
associated with a service whose utilization is large. This not only
economically justifies the higher costs, but also implies a high

population density. However, if one considers the average population

of remote northern communities, 1t cannot be expected that the
usage will support the costs of implementing this high quality

service. This has already been commented on in chapter 2, section
2.5.1. :

In addition to this, present systems serving some of these
communities such as hf radio and tropo-scatter systems cannot pro-
vide the quality of the major toll networks. Hf radio is sub-
standard in the aspects of service reliability performance and
signal/noise quality; and in general medium length tropo-scatter
systems deployed in most parts of the world provide a performance of
the order of 44 dBrncO under median signal conditions. This per-
formance level provides an acceptable service.

Thus a performance objective of 44 dBrncO, in the remote
regions of Canada, for a single channel per carrier system will
provide a service that will be better in performance than the
majority of systems serving the remote communities at present and
will, at the same time, be more economical than a system constrained
to meet the performance objectives required in the South. This
performance value was agreed, upon with the Design Authority as a
suitable objective for system modeling purposes.

The value applieé
under non-fade conditions.
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4, Communications System Performance Objectives

4.2 DIGITAL MESSAGE AND DIGITAL SERVICES TRANSMISSION

The performance objective for a digital system employing
pulse code modulation is set at a bit error rate of 107"% at thres-
hold, which should not be exceeded for 99.99 percent of the time and
a corresponding bit error rate equal to/or better than 1077 for
median operational conditions. This is considered to be a suitable

transmission objective for both message services and digital services.

The performance objective set for digital message services
is expected to satisfy at the same time the transmission require-
ments for digital services including video telephone, electronic mail
and any digital wideband service as discussed in chapter 2. Since
the information to be transmitted in a system employing PCM digital
techniques are in the form of a stream of bits, the transmission
medium will not be able to distinguish one form of traffic from the
other. With a suitable error performance objective, this system can
be used effectively for both message and digital traffic.

Since a TDMA system is a digital modulation system as
compared to analogue modulation systems such as FDMA, there is some
difficulty in relating bit error rate performance for digital
systems to an equivalent noise performance in picowatts as normally
specified for analogue systems.

Present digital cable systems, such as Tl and T2 systems
used in the toll-office to end-office links in the telephone net-
work, have as a design objective an error rate of 1 error in 107.
These links have a normal design objective in the order of 20 dBrncO
(300 pWc). Thus a PSK system operating as an intertoll system is

capable of very good performance as compared to analogue systems for
a normal error rate of 1 in 107.

As for selecting a suitable error rate for the threshold
point of a digital system, the problem exists of relating this to an
equivalent threshold point for analogue transmission.

The bit error rate in digital systems degrades exponentially

as the carrier-to-noise is reduced from the normal operation point
as compared to analogue system operating above the threshold point,
in which case the signal-to-noise degrades linearly with the system
carrier-to-noise. In the analogue case, the median signal/noise was
chosen as 37.5 dBrncO. Thus for a 9.7 dB carrier/noise fade which
corresponds to approximately 0.0l percent of the time, as shown in
chapter 5, the signal/noise will degrade to 47.2 dBrncO (52,500 pWc)
which is defined as system outage in the analogue case (99.9 percent
availability objective).
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Thus from Jansen's study”'z, which states that a bit error
probability of 107% for a digital system corresponds to a noise
power of approximately 50,000 pWop in a telephone channel, the
threshold point for the TDMA system was set at this error rate to be
equivalent to the analogue systems threshold performance case.

To be equivalent to present toll circuit reliability
objectives, this error rate cannot be exceeded for 0.01 percent of
the time. Thus, for a bit error rate design objective of 107" at
threshold corresponding to 0.01 percent of the time, the carrier/
noise margin required to compensate for fading during this time
duration will likely result in the bit error rate under median
conditions being better than 1077, This will result in the
quantization noise being the limiting performance factor under
normal operating conditions.

In summary, the bit error rate performance for the TDMA
system shall not exceed a threshold value of 107" for 99.99 percent
of the time and under median conditions shall be 1077 or better.
Which one of these error rate objectives will decide the system
operational carrier/noise requirements depends on the system fading
margin that is required for 0.0l percent of the time, based on
desired service availability. Fading margins are considered in
chapter 5 of this report.
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4, Communications System  Performance Objectjves

4.3 TELEVISION SERVICES

The performance obJectlves for educatlonal television and
commercial television systems are considered. Since these two
services serve different purposes and are represented by separate
system models, different performance objectives apply. The satel-
lite system signal-to-weighted noise objectives for ETV and CTV '
services are set at 42 dB and 57 dB respectively. The systems
carrier/noise margin shall be adequate to allow operation above the
system threshold for 99 percent of the time for ETV and 99.9 percent
of the time for CTV services. .

This study considers two types of television distribution
systems, educational television systems (ETV) employing direct
reception from the satellite at the schools and institutions and
commercial television systems where the signal will be received at
an earth station routed to the broadcast transmitter to be trans-—
mitted to the homes.

Since two different models are presented, the satellite
high performance objectives will not be identical for the two types
of systems.

(a) ETV System Performance Objective

The performance objective for ETV was selected on the,

basis of measurements performed by the Television
Allocations Study Organization (TASO). This organization selected
quality ratings for TV by using viewer panels to subjectively rate
pictures displayed by conventional television sets that received
AM/VSB 525 line television transmission from a closed circuit.
These tests provided a correlation between the picture quality and
the rf carrier-to-noise at the receiver input. The TASO quality
chosen for ETV services corresponds to grade 2 which was rated
"fine" by 75 percent of the viewers (fine is defined in TASO terms
as high quality, providing enjoyable viewing and perceptible
interference). This grade corresponds to a carrier- to-noise,
(C/N)TASOS of 38 dB.

. Since the TASO definition refers to carrier-to-noise of an
AM/VSB TV signal at the input to a TV receiver, it differs from the
CCIR definition of signal-to-noise, which is the ratio of the black-
to-white signal level (excluding the synchronization pulse) to the
rms noise in a video channel.
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The relationship between TASO and CCIR definitions is
derived from Jansen's study"'? with the resultant relationship
given as:

B

T

where \
(8/N) = weighted signal-to-noise (CCIR definition)
PsW

b = relative carrier amplitude for black level
(AM-VSB signal)

w = relative carrier amplitude for white level
(AM/VSB signal)

BT = effective white noise bandwidth at input to
television receiver

By.y = effective weighted noise bandwidth at the
’ output of the video i-f detector in the
television receiver

(C/M)ppgo = TASO carrier-to-noise corresponding to a

specific grade of service.

For a 525 line television signal, the value of these
parameters are given in Ref 4.2 as:

b = 0.75V, w = 0,15V, By = 5.5 MHz, BN,W = 0.82 MHz.

Thus, substituting in the above formula, one obtains the relationship
between the TASO and CCIR definition as:

(8/M), ., = (C/N)ppgo + 0.9 dB.

For (C/N)TASO = 38 dB corresponding to grade 2 quality,

(S'/N)p w = 38.9 dB (CCIR-weighted).

Converting from the CCIR definition of signal-to-noise to the North
American standard definition which includes the sync. pulse and is
defined as:

peak picture voltage including sync. 2
(s/w),, =

rms weighted noise voltage
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Then (8/N)y; = 38.9 + 3.0 = 41.9 dB = 42 dB (under non-fade
conditions).

To provide suitable. availability for this service, the
satellite system carrier/noise margin must be adequate to allow for
system fading that will be experienced for 99 percent of the time
and still remain above threshold, which for a conventional FM system
occurs at a (C/N) of 10 dB. Fading margins are derived in chapter
5 of this report. :

(b) Commercial Television Performance Objective

The CCIR"*3 objective for 525 line television per-

formance for an international satellite connection is
a weighted signal-to-noise of 56 dB (in terms of North American
definition of S/N, which includes the sync. pulse, the equivalent
value is 59 dB).

This performance objective is based on a hypothetical
reference circuit which comprises three sections, namely the
communications link from the broadcast studio or pick-up point to
the transmit earth station, an equivalent 2500 km (1600 miles)
satellite link and finally the link from the receive earth station
to the broadcast transmitter or the receive studio.

Present satellite systems operating in the 4 through 6 GHz
band are shared on an equal basis with terrestrial radio
communication systems operating in this frequency band. For this
reason, earth stations are generally located some distance from the
metropolitan centers to avoid excessive interference to and from
terrestrial microwave links serving the high density centers.

These rearward communication links are on the average 100 through
200 miles in length .with some spanning a distance of 500 through
600 miles.

For the case of a domestic satellite system operating in
the 12 through 14 GHz band, it is assumed that the transmit and
receive earth station terminals will be located close to the
metropolitan areas since the interference constraints placed on 4
through 6 GHz band due to sharing should not apply tq this band.
Thus the degradations resulting from the long rearward facilities,
assumed here to be 1 dB for each end link, will not arise in this

_ model.

Re-allocating the end link degradation to the satellite:
link results in the signal/noise performance objective of 57 dB
(North American definition) for the satellite link. This design
objective for system modeling purposes was agreed upon with the
Design Authority. The signal/noise value applies under non-fade
conditions.
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To provide suitable availability for this service, an
adequate system carrier/noise margin must be chosen to allow the
system to operate above threshold for 99.9 percent of the time.
The threshold point for a conventional FM system occurs at a (C/N)
of 10 dB. Fading considerations are covered in chapter 5 of this
report.
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4. Communications System Performance Objectives
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5. Propagation Considerations and System Margins

5.1 GENERAL DISCUSSION

The major propagation effects that will determine the system

margins in Canada are rain and cloud in the South and tropospheric
effects in the North.

N

The propagation phenomenon that will have the greatest effect

on communication services operating in the 10 through 20 GHz band
in Canada turns out to be rain and tropospheric effects which are
predominant at the lower elevation angles. Thus for the southern
regions of Canada that experience the higher rainfall and also
operate at the higher elevation angles, rain and cloud effects will
determine the required system margin. For the remote northern
locations rainfall rates and occurrences are much less but, due to
the lower elevation angles, tropospheric fading effects determine
the margins that will be required.

Other propagation phenomenon such as ducting, ray bending,
cross-polarization discrimination effects, and scintillation which
could affect both the systems margins and the phase coherence of
the signal are expected to be negligible at the frequencies,
elevation angles and rf bandwidths that are considered relevant
in latter parts of this report.

Various satellite system models are considered in 5.5 and
the estimated system margins required for a given percentage of the
time are obtained, based on rain, cloud and tropospheric fading
effects. These margins are summarized in Tables 5-1 and 5-2.

Table 5-1 Margins Required for Southern Communication Links

REQUIRED SYSTEM MARGIN (dB)

TYPE OF SYSTEM
99.9992% 99.997% 99.9%

1. Satellite Transponder operating
-in Linear Region

a) TDA Receiver 16.0 9.5 3.0

b) Uncooled Parametric Amp. Rec. | 16.0 9.7 3.3
2. Satellite Tramsponder operating

at Saturation

a) TDA Receiver 11.0 8.0 2.0

b) Uncooled Parametric Receiver 13.0 9.0 2.0

- . .
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Table 5-2 Margins Required for North/South Communication Links

REQUIRED SYSTEM MARGIN (dB)
TYPE SYSTEM
99.99% 99.9% 99%
1. Satellite Transponder Operating
in Linear Region (FM/FDMA
Systems)
o) 0 ,
a) 4 - 57 Elevation Angle
inothe North 10.5 6.0 ‘3.0
b) 20 Elevation Angle in
the North 7.6 4.7 2.2
2. Satellite Transponder Operating
at Saturation (Television, TDMA)
o) 0 .
a) 4 - 5 Elevation Angle
in the North 8.4 4.6 2.6
b) 20° Elevation Angle in /
the North 6.0 3.0 -1.7

- e = wm

- o

These margins are obtained from the effects of rain and cloud
attenuation in the South and by considering tropospheric effects in
the North.

Other effects of rain on the signal such as reduction in
polarization discrimination and bandwidth coherence are expected to
be negligible at the frequencies and bandwidths being considered.
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5. Propagation Considerations and System Margins

5.2 Atmospheric Effects

5.2.1  ATMOSPHERIC ABSORPTION

The phenomenon of atmospheric absorption is briefly
described and quantitative estimates are made. It is significant
only at elevation angles lower than 30°.

Radio-frequency signals passing through the atmosphere
experience attenuation due to molecular absorption of the energy by
the gases comprising the atmosphere. The two main contributors to
the attenuation are oxygen and water vapour. The oxygen molecule
has resonant lines located at 60 GHz and 118.8 GHz and water vapour
has absorption lines at 22.2 GHz, 183.3 GHz and higher frequencies.

Atmospheric attenuation is also dependent on meteorological

conditions, mainly, atmospheric pressure, temperature and relative
humidity.

Figure 5-1 shows the expected atmospheric attenuation versus
frequency for standard atmosphere of the United States for July at
45° North Latitude from Ref 5%. These values agree closely with
those reported by Crane®'! and Wulfsberg®'®. The values given in
Table 5-3 are for attenuation at 12 GHz and 15 GHz for various
elevation angles.

The attenuation for elevation angles other than zenith was
derived using the cosecant rule for flat earth approximation. This
method provides sufficient accuracy for elevation angles above 5°,
with the error at 5° elevation using the cosecant method being less
than 1 percent of that employing the 4/3 earth radius method.

Table 5-3 Estimated Attenuation Due to Atmosphere
' (8 = Elevation Angle)

ATTENUATION (dB)
* FREQUENCY GHz
6 =5 [6=10°]6=230°]6=090°
12 0.71 0.36 0.13 0.06
15 0.85 0.43 0.16 0.07

*References (Ref) are given in 5.7.
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5. Propagation Consideration and System Margins

5.2 Atmospheric Effects

.5.2.2 NOISE TEMPERATURE DUE TO ATMOSPHERE.

From technical literature, estimates of the contribution to
noise temperature from atmospheric absorption is made. This
contribution increases in significance as the elevation angle
becomes smaller.

Since the atmosphere absorbs energy, it also radiates energy
in the form of noise which is picked up by an antenna beam inter-
secting the medium. The effective noise temperature from clear sky
is related to the medium temperature and attenuation by:

T
s

(1 - 1/a) Tm

where TS noise temperature (°K)

o = attenuation coefficient of the atmosphere
Tm = temperature of absorbing medium at zenith
and Tm is related to the ground temperature by the following
formula6;
T =1.12T - 50°K
m g
Tg = ground temperature °K.

Wulfsberg®'® has demonstrated with radiometric measurements
performed near Boston that the variance of the sky noise temper-
ature with the secant of the zenith angle holds zenith angles up to
80° (10° elevation angle). At lower elevation angles a correction
factor has to be employed to compensate for the temperature
gradient of the sky and earth noise temperature which is radiated
into the near sidelobes and main beam of the antenna. Thus at 5°
elevation angle an additional 10°K was added to compensate for these
factors. Table 5-4 shows medium sky noise temperature versus
elevation angle for 12 GHz and 15 GHz and a ground temperature of
30°C.
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(T_ = 286°K)
m

Table 5-4 Apparent Sky Noise Temperature versus Elevation Anglé

NOISE TEMPERATURE (°K)

FREQUENCY GHz
= 5°16 =10°16 = 30°) 6 = 90°
12 53° 23° 8.6° 4.3°
15 62° 27° 10° 5°
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5. Propagation Considerations and System Margins

5.3 EFFECTS OF PRECIPITATION

Technical literature on the attenuation due to precipitation
at frequencies above 10 GHz is briefly reviewed in the content of
its applicability to satellite links.

The effects of precipitation on a radio-frequency signal
propagating through it has been an area of intensive study both
theoretical and experimental over the past few decades. Ryde was
the first to develop a theoretical procedure to obtain attenuation
coefficients due to rain based on Mie's theory. This was further
improved in computational accuracy by Medhurst®*? who also included
the Laws and Parsons raindrop size distribution and intensity into
the formula. Others such as Oguchi®*!” analyzed the effects that
non-spherical raindrops have on electromagnetic waves such as
attenuation effects on vertical and horizontal polarized signals.

Figure 5-2 gives the theoretical attenuation coefficient due

to rain at 12 GHz and 15 GHz from the two source references as noted.

The theoretical minimum and maximum attenuation at 15 GHz given by
Medhurst®°2 is shown dotted on the figure. The two sets of curves
agree fairly well. The relationship between rain rate and attenu-
ation can be expressed fairly accurately by

A 8

aR

where A = attenuation coefficient (dB/km)

0,8 coefficients dependent on frequency, temperature

R = rain rate (mm/h)
At 12 GHz and 15 GHz these equations based on Ref 5.5 are:

Ayp = 0.0152 R' 290 (4B/km) at 12 GHz

Ays = 0.0278 RL-21 (dB/km) at 15 GHz

The problem still remains for the application of this theory
to actual paths, especially satellite links. A fair amount of
measurement and experimentation has been carried out over terrestial
paths but,up until recently, little experimental work has been
performed on space links. Path lengths through rain and the spatial
distribution of rain intensity over the path length are parameters
that are still being investigated to arrive at a suitable model for
rain attenuation. Measurement data for earth-space paths comes

-mainly from two sources at present; the sun tracker and radiometric
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experiments carried out at Crawford Hill, N.J.%12 at 16 GHz and
30 GHz, and experiments being carried out with the ATS-S satellite
operating at 15.3 GHz on the downlink and 31.65 GHz on the up-
1link®- 8, as reported by Ippolit05'8. He shows that measurement
results generally provide a scatter diagram rather than a 1:1
correspondence and, by experiment, has indicated there is very poor
correlation between estimated and measured attenuation using point
rain rate data. Improved correlation resulted from using average
rainfall rate data measured by rain gauges spaced evenly along the
ground in the azimuth direction of the path. Best correlation was
obtained by height averaging the rainfall rate along the path.

_ Possibly the largest source of space-link measurement data
is provided from the sun tracker experiment being carried out at
Bell Labs, Crawford Hill, N.J. Measurements at 16 GHz and 30 GHz
make possible, by using theory, the extrapolation of attenuations
at other frequencies. The sun tracker is being equipped to receive
a third frequency in order to verify the extrapolation process.
Hogg and Evans®*10 used the ratio of attenuation measured
at 16 GHz and 30 GHz by the sun tracker to arrive at an apparent
rain rate. From the apparent rain rate and a calculable
attenuation factor for this rain rate, the apparent distance was
calculated. This apparent distance varies with rain rate, it being
asymptotic to one kilometer at extreme rain rates and increasing up
to 11 kilometers for low rain rates. This is to be expected since
high rain rates are formed by local rain cells which are small in
area whereas the low rain rates tend to be from rain cells covering
a large area. The model was developed from measurement data for
elevation angles above 30°. Data for angles below 30°,
unfortunately, was ignored. This data would have been more
appropriate for elevation angles that would be experienced in
Canada. The apparent path length for rain used in this study was
taken from the CCIR reports'lq.
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5. Propagation Considerations and System Margins

5.3 Effects of Precipitation

5.3.1  RAIN ATTENUATION IN CANADA

Estimates of the. temporal distribution of attenuation due to
rain are made for Canada, based on available metrological data for
the Ottawa region and extrapolation for other regions. The
allowance necessary to overcome this attenuation increases sharply
at these frequencies as the associated time percentage is decreased.

Adequate data required for estimation of rainfall rates in
the form suitable to predict cumulative rain attenuation for the
various re%ions of Canada is not available. However, data obtained
from CRC® providing cumulative rainfall rate for the Ottawa region
. was used to estimate cumulative attenuation for the Ottawa region
and perhaps can be used for estimating the rainfall attenuation

expected for the southern Ontario region. For correlating the rain-

fall intensities for other regions of Canada compared to that of
Ottawa, meteorological maps‘developed by Bruce®+ 15 were used. More
detailed data than this for determining rainfall intensities in
other areas are available from the meteorological department, but

~ this information is stored in unprocessed form on magnetlc tape and
time d1d not permit of analysis.

Figure 5-3" shows the cumulative rainfall rate for the Ottawa
region based on data obtained from CRC. Figures 5-4 and 5-5 show
the cumulative rainfall attenuation at 12 GHz and 15 GHz based on
the data of Figure 5-3. For a satellite located between 85° and
115° West Longitude in synchronous orbit, the minimum elevation
angle to the satellite would be 25°. Table 5-5 gives the rain
~attenuation margins required for the Ottawa region at 12 GHz and
15 GHz at 25° elevation angle. As can be seen from the figures,
usin the apparent distance through the rain given by Evans and
Hogg®- , results in lower value of attenuation at high rain rates
" compared to the CCIR curves5 - 14 give higher total attenuation
for the lower rainfall rates. The crossover is at a rainfall rate
of approximately 40 mm/h. '

To estimate the rain attenuation expected for other Canadian
locations, meteorological data comparing extreme rainfall rates in
other regions to the Ottawa reglon were used. Data®+!® giving
the extreme 5, 15 and 30 minute rainfall accumulation for 2, 5 and
10 year return periods were analyzed and compared to the Ottawa
-region. The average 5, 10 and 30 minute rainfall rates for variois
Canadian locations compared to.Ottawa region are given in Table 5-6.
However, note must be taken that the frequency of occurrence of
these extreme rainfall rates cannot.be obtained from Ref 5.15.

|
l
1
l
'
1
1
1
1

o o =m

o me

Frgp—



Table 5-5 Estimated Rain Attenuation Margins at 12 GHz and 15 GHz

(Location - Ottawa, Ontario)

EXCESS ATTENUATION DUE TO RAIN NOT
FREQUENCY | ELEVATION ANGLE | EXCEEDED FOR % OF TIME INDICATED
GHz DEGREES 99% 99.97% 99.99% | 99.999%
12 10° <0.2 1.6 9.5 16.0
15° <0.2 1.3 7.5 12.5
25° <0.1 1.0 6.0 10
15 10° 0.3 3.0 | 15 26
15° 0.2 2.0 11.5 20
250 0.1 1.7 9.0 16

To obtain some indication of the occurrence of high rainfall
rates, use was made of the average occurrence of thunderstorm
activities at these locations for the month of July®:16 since these
extreme rainfall rates, usually convective in nature, are generally
associated with thunderstorm activity.
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Table 5-6 Average Rainfall Rates Compared to Ottawa

LOCATION

AVERAGE NO. OF

THUNDERSTORMS (JULY)

Y

St. John's, Nfld.
London, Ontario
Ottawa, Ontario
Ft.‘William, Ont.
Regina, Sask.
Penhold, Alt.
Vancouver, B.C.

Goose Bay, Lab.

AVERAGE RAINFALL RATE
(COMPARED TO OTTAWA)
80 - 85%

110 - 120%

100%

105 - 110%

105%

90 - 93%

20 - 407

= O 0NN Y Oy
o Ut O O O O O o

Again it is stressed that thunderstorm activity can only

give an indicative measure of high rainfall rate occurrence and in

some cases it can be misleading, as mentioned in Ref 5.3.
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Rainfall accumulation information was not available for
British Columbia due to the extremely variable precipitation rates
that occur over short geographical distances. In general, using
thunderstorm activity as a guide, it would be expected that extreme
rainfall rates would be less than that of south-eastern Canada.
Since the local weather conditions are so variable, caution must be
exercised in the selection of specific site locations. This is
borne out in Ref 5.14 which places the West coast of Canada in
region 3 of rainfall rate intensity (Maritimes climate) compared to
region 2 for most of southern Canada (continental temperature).
Region 3 has rain rates of 50 through 75 percent of those for.
region 2. However, since the local weather conditions are so
variable on the West coast, caution must be exercised in selecting
specific site locations. ’

Thus for the purpose of this study, rain margins calculated
for Ottawa region represent the requirements for most of the
southern regions of Canada. Although St. John's and Vancouver have
less extreme rainfall, their elevation angles will generally ‘be
lower and thus the increase in path length through the rain will
partially compensate somewhat for the lower rainfall rates. The
margins estimated for Goose Bay, located at approximately 54° North
Latitude are 0.7 and 1.6 dB for 0.1 percent of the time and 2.3
and 4.8 dB for 0.0l percent of the time at 12 GHz and 15 GHz’
respectively. For higher latitudes the effect of rainfall will be
negligible compared to tropospheric effects that are discussed in a
later section. '
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Figure 5-3 Cumulative Rainfall Rate for Ottawa
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Figure 5-4 Cumulative Probability of Path Attenuation
due to Rain (Ottawa Region) at 12 GHz
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5. Propagation Considerations and System Margins

5.3 - Effects of Precipitation

5.3.2  SPACE DIVERSITY

The pros and cons of overcoming the large attenuations due
to rainfall by space diversity techniques are examined. It is
concluded that for those services whose availability requirements

do not exceed 99.99 percent, space diversity is not needed in
Canada. ,

One technique of effectively reducing the large margins
required for extreme rainfall rates occurring for a small percentage
of the time is to-employ space diversity. Earth stations separated
at some distance apart are much less likely to have their paths
intercepted simultaneously by intense rain cells. Data from space
diversity measurements performed at Bell Labs, Crawford Hill, N.J.
were used to estimate the improvement that could be expected for
Ottawa locations.

Figure 5-6 shows the rain attenuation which can be expected
employing space diversity compared to non-diversity reception.
Table 5-7 lists the margins required and improvement factor if

space diversity was employed for 0.00l, 0.01 and 0.1 percent of the
time. ‘

Table 5-7 Estimated Improvement Employing Space Diversity

MARGIN REQUIRED (dB) DIVERSITY IMPROVEMENT
FREQUENCY (SPACE DIVERSITY) (dB)

99.9% | 99.99% | 99.999% | 99.9%7 | 99.99% | 99.999%

12 1 1.0 2.0 2.2 0 4.0 7.8

15 1.7 4.8 6.8 0 - 4.2 9.2 "

As can be seen from Figure 5-6, space diversity affords
significant improvement for small percentages of the time which
corresponds to high rain rates. The rain cells producing intense
rainfall tend to cover a small area and thus it is quite improbable
that two beams, separated in distance, will simultaneously intersect
the rain cell. The attenuation for the larger percentage of the
time results from low rainfall rates and cloud which generally
covers ‘large areas. In this case, space diversity affords much less

of an improvement for earth station separation distances of the
order of 10 through 20 km.
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Although space diversity is one method of reducing the

system margins required, it is also rather a costly method since

each earth station plus rearward facilities must be duplicated,
This is especially
the case for systems that have a large number of earth stations
such as television distribution systems. Thus, space diversity
should be compared with other methods of providing the desired
availability, such as designing the required margins into the

effectively doubling the ground segment cost.

system and employing up-path power control.

It appears that for

required margins of less than 10 dB, these alternatives will be more

economical than employing space diversity. Therefore,

availability better than 99.99 percent is not required, space
diversity techniques for most locations in Canada would not appear

to be needed. 1In the unlikely event that service availability better

than 99.99 percent is required, the only effective method of
obtaining this higher reliability for many locations in southern

Canada may be the use of space diversity.

if service
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5. Propagation Considerations and System Margins

5.3 Effects of Precipitation

5.3.3 NOISE EFFECTS DUE TO RAIN

The equivalent increase in noise temperature of a receiving
sub-system, due to rain attenuation and scattering, is estimated to
the first order of approximation. It is seen to be a significant,

though not controlling component of system design.

Rain attenuation consists of two components, namely, an
absorption component and a scattering mode. The noise increase into
a receiver from rain attenuation is caused by the absorption part of
the attenuation. The scattering component, assuming a relatively
narrow beam antenna, causes only attenuation of the signal. At the
frequencies under consideration (12 GHz) and the rain rates involved
(<60 mm/h) the absorption component makes up more than 85 percent
of the total attenuation. Therefore, with a slight error, the total
rain attenuation value is used to calculate the noise increase which
will give a slightly pessimistic value for noise due to rain.

The increase in noise temperature is given by:

T
T

i

(1 - o) Tm

[

where Tr noise temperature due to rain attenuation

Q
It

transmission loss due to rain

T = temperature of the absorbing medium.

This relationship has been used to predict, with good
correlation, attenuations up to 15 dB at 15.3 GHz based on
radiometric measurements®:8

Table 5-8 gives the expected noiseAtemperature due to rain
versus percentage of the time for Ottawa. The total down-path
degradations due to the combined effects of a decrease in the

" received signal and increase in noise temperature are also given for

an uncooled parametric amplifier and a TDA receiver.

As can be seen from Table 5-8, the amount of degradation for -

the TDA is less than that for the uncooled parametric amplifier,
since it is more sensitive to noise increase from the rain.
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Table 5~8 Noise Temperature Effect on Down-Path Margin

TIME T, A(C/N)p (dB) A(C/N)q (dB)
EXCEEDED (%) (°K) (UN-COOLED PARAMP) (TDA)

0.001 252 12.8 10.9

0.01 210 8.5 6.7

0.1 58 1.8 1.2

For Tm = 280°K:

Receive system noise for

un-cooled paramp = 274°K;

Receive system noise for TDA = 1157°K.

fr = 12 GHz.
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5. Propagation Consideration and System Margins

5.3 Effects of Precipitation

5.3.4 OTHER EFFECTS DUE TO RAIN

Differences in attenuation for vertical and horizontal
polarization are -estimated for oblate raindrops. Cross polarization
discrimination and bandwidth coherence phenomena are considered.
Attenuation estimates based on spherical raindrops are adopted for
later calculations of margins, while the latter two effects are
insignificant.’

(a) Polariéation Effects

Since raindrops tend to be oblate in shape rather than true
spheres, rain attenuation will effect vertical and horizontal
polarized waves differently. '

Oguchis'17 has performed theoretical calculations of this
effect. At a rain rate of 12.5 mm/h, he estimates that horizontal
polarized waves will experience 11 percent higher attenuation than
vertical polarization. For rain rates of interest in Canada and at
frequencies below 20 GHz a vertically polarized signal is likely to
experience some 15 through 25 percent less attenuation (expressed
in dB), due to rain, than a horizontally polarized signal at the
same frequency. However, it is noted that all the attenuation
calculations in the preceding sub-sections of this section were
based on spherical raindrops, which very closely approximate the
attenuation for horizontal polarization. with oblate raindrops.

Thus the calculated figures can be used for both vertical and
horizontal polarization, whereas if the system margins were reduced
to take advantage of the lower attenuation of the vertically
polarized signals, they would be inadequate for the other polar-
ization, imposing an avoidable constraint on system design.

The effect of oblate-shaped raindrops on cross-polarization
discrimination is not well known and very meagre experimental data
are available. These data which are available refer to specific
frequencies?and to terrestrial paths. Theoretical estimates have
been made for' the case of least cross-polarization expected at
12 GHz and 18 GHz operating over a 3 km horizontal path and are
given in Table 5-9. Cross-polarization discrimination is expected
to improve with increasing elevation angle for an identical
propagation path reaching infinity (theoretically)- at zenith angle.




Table 5~9 Estimation of Cross Polarization Discrimination

Rainfall Rated*3

vs.
CROSS POLARIZATION DISCRIMINATION (dB)
PATH RAIN RATE

12 GHz 15 GHz 18 GHz

25 36.2 31.8 27.5

50 29 25.4 21.8

75 25.0 21.7 18.5

100 22.3 18.9 15.5

/ 125 20.0 16.9 13.8

150 19.0 15.6 12.3

The values at 15 GHz are only estimates made on the
assumption that discrimination is a linear function of frequency
between 12 GHz and 18 GHz whereas it is probably a more complex
The conclusion from this data is that for
rain rates and path angles expected in Canada, the effect of rain

relationship than this.

on polarization discrimination will not be significant.

(b) Bandwidth Coherence

'~ Due to the frequency dependence of attenuation and phase

shift introduced by rain, it can be expected that there would be an

upper limit on bandwidth placed on coherent transmission systems.

Experimental evidence of this phenomenon is very meagre.
The only measurements known for earth-space paths are reported by

Ippolito’+8 using the ATS-V.

effects in amplitude or relative sideband phase.
the down link could be set at four positions from the 15.3 GHz

carrier, specifically 0.1, #1.0, *10, or *50 MHz.

theoretical study performed by Crane®*!

Also a
indicates that transmission

bandwidths up to 3.5 GHz would not experience any bandwidth co-
herence problem, and it is expected that an outage due to excess
attenuation will occur before a measurable bandwidth limitation

would be reached.

Limited sideband data obtained prior to a
9 dB transponder power degradation.occurring showed no de-correlation
The sidebands on
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5. Propagation Considerations and System Margins

5.3 Effects of Precipitation

5.3.5 CLOUD ATTENUATION

Attenuation and noilse temperature increase due to the _
moisture content of clouds are estimated. These are combined with
the effects of rain calculated in previous sub-sections.

The attenuation coefficient due to ¢loud can be obtained
easily from theoretical considerations once the statistics of the
cloud structure are known (liquid water content, vertical and
horizontal dimensions and temperature). However, adequate data is
not available in Canada on cloud statistics and their frequency of
occurrence.

Evans®* !0 has analyzed over 10,000 hours of sun tracker and
radiometric measurements performed at Crawford Hill, N.J. at 16 GHz
and 20 GHz. From these data, the attenuation due to cloud coverage
was extracted from the measurements after making the intuitive
assumption that small attenuations measured for the larger percent-
age of the time were generally due to cloud coverage, and the large
attenuations occurring for small percentage of the time were due to
rainfall along the path. Since the two events will be mutually
exclusive in this case, their cumulative attenuation is added on a
percentage basis and not on a decibel basis. On the assumption that
the cloud statistics for regions in southern Canada are similar to
those experienced in New Jersey, and from the data supplied, the
cumulative attenuation due to clouds was obtained by extrapolating
from 16 GHz to 12 GHz and 15 GHz using the standard theory.

Figure 5-7 gives the attenuation due to clouds for 12 GHz
and 15 GHz obtained from Ref 5.20. Figure 5-8 gives the noise
temperature increase due to clouds for the 12 GHz down-path and for
a cloud temperature of 10°C. Table 5-10 gives the margins required
for a given service reliability.

Table 5-10 Attenuation and Noise Temperature Due to Clouds

FREQUENCY CUMULATIVE ATTENUATION (dB) CUMULATIVE NOISE TEMP (°K)
GHz 0.001% 0.01% 0.1% 0.001% 0.01% 0.1%
12 3.5 2.1 1.0 153 109 55
15 7.4 4,2 1.9 - - -




ATTENUATION (dB)

shown in Figures 5-9 and 5-10.

Based on the rule that rain attenuation and cloud attenuation
are mutually exclusive events, the two attenuations are added on a
percentage basis to give a total attenuation at 12 GHz and 15 GHz as

noise temperature from clouds and rain at 12 GHz.
summarizes the degradations from the combined clouds and rain.

Figure 5-11 gives the cumulative
Table 5-11

Table 5-11 Cumulative Degradation From Clouds and Rain
FREGUENCY | CUMULATIVE ATTENUATION (dB) | CUMULATIVE NOISE TEMP (°K)
: ‘(‘;; NOT EXCEEDED FOR PERCENTAGE | NOT EXCEEDED FOR PERCENTAGE
z OF TIME INDICATED OF TIME INDICATED
0.0017% 0.01% 0.1% 0.001% 0.01% 0.1%
12 10.0 6.0 1.5 255 210 85
15 16.0 9.2 2.7 - - -
10 ‘
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Figure 5-7 Attenuation due to CloudJ-:20
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5. Propagation Considerations and System Margins

5.4 Tropospheric and Ionospheric Fading

5.4.1 TROPOSPHERIC EFFECTS

Low rainfall in northern Canada would indicate smaller
acceptable systems margins, but this improvement is offset to a -
large extent by tropospheric effects at low elevation angles.

For frequencies above 10 GHz, the ionospheric effects are
-expected to be negligible but this is expected to be partially
replaced by tropospheric effects especially when operating at low
elevation angles. Measurements performed by CRC®+9 at 7.3 GHz
indicate that fluctuations in the amplitude of the signal take place
which are believed to be due to inhomogeneties in the refracture
structure of the troposphere. Systems operating at low elevation
angles, such as in the northern regions of Canada, must take into
consideration the margins required for this tropospheric scattering
phenomena.

Figure 5-12, derived from data given in Ref 5.21, shows the
margins required at 12 GHz and 15 GHz for elevation angles of 4°
through 5° and 20°. The margin required at 4° through 5° can be
considered quite pessimistic, since for a satellite located in the
equatorial belt between 80° and 120° West Longitude the elevation
angles for the majority of earth stations in the North will be larger
than 5°. 1In fact, the majority of the stations will probably have
elevation angles of the order of 15° through 20°. Since this fading
phenomena diminishes with increasing elevation angle, the 5° eleva-
tion case can be considered the worst-case fading that will occur in
the North and the margins for the 20° elevation angle case to be
more representative of the fading for the majority of the northern
stations. Table 5-12 gives the margins at 12 GHz and 15 GHz for
various percentages of the time at 5° and 20° elevation angles.

Table 5-12 Estimated Tropospheric Fading versus Percentage of Time

(6 = Earth Station Elevation Angle)

TROPOSPHERE FADING (dB)
T g =5° | 8 = 20°
12 GHz 15 GHz 12 GHz © 15 GH=z
.0.01 . 8.8 1 10.5 6.5
0.1 5.0 6.0 3.2
1.0 - 2.8 3.1 - 1.8
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12

If this effect. is caused by inhomogeneties in the tropo-
sphere, then it is reasonable to assume that 'tropospheric' flading
would not occur simultaneously with rain or will, at least, be
diminished significantly since precipitation will tend to create u
mixing of the tropospheric layers, making it more homogenous.

Since tropospheric fading as predicted at 12 GHz and 15 GHz
will determine to a large extent the service reliability, and thus
to some extent the cost of earth stations in the North, further
experimentation should be carried out at the frequencies of interest
to verify these predicted margins.
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Figure 5-~12 Tropospheric Fading Loss at 12 GHz and 15 GHz® 21
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5. Propagation Considerations and System Margins

5.4 Tropospheric and Ionospheric Fading

5.4.2  TONOSPHERIC EFFECTS

At the frequencies under consideration, propagation anomalies

due to the ionosphere are expected to be negligible. This has been
borne out by experiments performed up to the present time.

An amplitude scintillation phenomenon has been measured by
COMSAT®*18 at earth stations operating at 4 GHz and 6 GHz which has
been attributed to the ionosphere, although the theory behind it is
not known. Scintillation activity, with amplitudes as large as
6 dB, has been measured generally at earth stations located at the
low latitudes (high elevation angle), but also has been measured to
a lesser extent at earth stations with elevation angles as low as
5°, e.g. earth station 1 at Goonhilly. From data that have been
analyzed so far the following characteristics have been observed:

a) The activity generally occurs in the late summer and
" autumn months.

b) The activity usually begins approximately an hour
after local station sunset and lasts for 3 to 4 hours.

c) The activity measured simultaneously at 4 GHz and
6 GHz appears to be substantially less than that at
4 GHz.

A Assuming that this anomaly follows the 1/f2 frequency
relationship generally attributed to ionospheric disturbances, this
effect will be negligible at frequencies above 10 GHz.

Another anomaly measured was a relative slow scintillation
of peak-to-peak amplitude at 6 dB. This was measured only for
stations operating below 10° elevation angle, (Goonhilly 1 station
operates at approximately 5° elevation angle).

This effect was not measured at the Goonhilly 2 station
which operates at a greater elevation angle. ' Thus it was
attributed to tropospheric fading effects.
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5. Propagation Considerations and System Margins

5.5 SYSTEM MARGIN REQUIREMENTS

Two distinct and separate modes of operation of a satellite
are indicated, and the system margin requirements for each mode
depend on the mode of operation as well as on the propagation fading
allowances. In Canada the propagation fading allowances also depend
on the geographical direction of the link (E-W or N-S).

The method of combining the up-link and down-link fading to
obtain the total system fade margin required depends on the type of
system being considered. There are two basic types of system; one
that operates at full satellite output power (non-linear operation
of the satellite TWT) and the other that operates in the linear
region of the satellite transponder, characteristically employing
input power back-off at the satellite. The first type of system
normally has only one rf carrier at a time accessing the transponder
such as television transmission, and Time Division Multiple Access
(TDMA) systems. The second type of system has more than one carrier
simultaneously accessing the satellite transponder and, to avoid
excessive intermodulation in the final rf amplifier, generally
operates in the linear region of the transponder. Frequency
Division Multiple Access (FDMA) system is a typical system that

- operates in this mode.

In both cases of the margins to be calculated, up-path power
control is not utilized.

For the southern area of Canada, the fading is caused by rain
and cloud attenuation as described in 5.3.5 with C/N degradations
given in Table 5-11. For earth stations located in the northern
regions of Canada, where fading from precipitation is minimal, the

major fading results from tropospheric effects as described in 5.4.1.

Thus the system margins for satellite communication systems will be
dependent on the geographical direction of the link. The two
geographical directions consist of the East-West links for which
both stations of the link are located in the South and the North-
South link where fading is dependent upon rain and cloud for the
southern station and tropospheric effects for the northern station.

The required margins for these two types of communication
are determined in 5.5.1, 5.5.2, and 5.5.3.
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5. Propagation Considerations and System Margins
5.5 System Margin Requirements

5.5.1 C/N VARIANCE FOR SYSTEMS OPERATING EAST-WEST IN

SATURATION MODE

Curves of total system degradation versus percentage of time
occurrence are developed for this mode of operation. Two types of
earth station receivers are considered, specifically an uncooled
parametric amplifier and a tunnel diode amplifier receiver. Down-
path fading is controlling.

In this case, the system carrier-to-noise for fair weather is
given by:

© = : = -8
N’ 1/(C/NM)y + 1/(C/N)py Ny + Ny

For a fade of L dB (7 in numerical value) on the up-path, the
system carrier-to-noise is given by:

& L SAN—

N g 1 1 T INg + T(ON
C C
| ( L Ny ) (?(Z)ND>

where T(Z) is the transfer function of the input/output power of the
rf amplifier in the satellite. Using a typical TWT transfer
function and with the up-path (C/N) 10 dB better than the down-path
(C/N) under fair weather, Figures 5-13 and 5-14 show the system
degradation due to rain and cloud on the up-path 5.21,

For a fade on the down-path due to rain, two effects cause
the system to degrade. The first is an attenuation of the rf
carrier and the second is an increase in the receiver noise temper-
ature caused from rain or cloud absorption. These two effects can
be expressed as follows:

@, = Tk
N’p  Ng + Ny + Ng
T
where 1 = rain or cloud attenuation on the down-link

Ny = up-path noise
Np = down-path noise

NR = rain or cloud noise.




Figures 5-13 through 5-15 show the total degradation due to
down-path fading for two types of receiving earth station,
specifically an uncooled parametric amplifier in Figures 5-13 and
5-14, and a tunnel diode amplifier in Figure 5-15.

Assuming that the up-path fading is uncorrelated with down-
path fading, the two effects were added on a percentage time basis
to obtain the total system degradation for the two types of earth
station receivers. Figures 5-13 and 5-14 are curves for an un-
cooled parametric receiver with 5-~13 representing the condition of
up-path carrier-to-noise 10 dB higher than the down-path carrier-
to-noise during fair weather. Figure 5-14 is the same except that
the up-path carrier-to-noise is set at 6 dB better than the down-
path carrier-to-noise during fair weather conditioms. Figure 5-15
shows the total link degradation for a TDA type of receiver.
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5. Propagation Considerations and System Margins
5.5 System Margin Requirements

5.5.2 C/N VARIANCE FOR SYSTEMS OPERATING EAST-WEST IN LINEAR- MODE

Curves of total system degradation versus percentage of time
occurrence are developed for this mode of operation. Two types of
earth stations are considered, specifically an uncooled parametric
amplifier and a tunnel diode amplifier. Up-path fading is
controlling.

This case pertains to FDMA and single~channel-per-carrier
types of multiple access systems.

For these cases the total carrier-to-noise for the system
during fair weather is given by

(Q) = C
N Ny + Np + N
where C = carrier power

Ny = up-path noise
Np = down-path noise
NT

intermodulation noise.

Since it is assumed that the transponder is operating in the
linear region, an up-path fade of L dB will cause a total system
degradation given by:

& - L
N°T Ny + Np + Nt °

™~
It

where Antilog.(%a

Therefore an up-path fade of L dB will cause a total systems
degradation of L dB also.,

For a fade of X dB on the dowﬁ~path, the system degradation
can be developed as follows:

-1 -1
(@) )

(for X dB fade)

-1 -1

"G

N
zla
S——
H
|

3 : C
N’ Ny + N+ x(N + Ng)




where Ny = up-path noise

Ny = intermodulation noise contributed by satellite
transponder N

Np = down-path noise (fair weather)

Np = increase in noise temperature due to rain and cloud
absorption on down-path

X

10

).

X = down-path fade (numerical value)= Antilog (

Therefore the change in the system carrier-to-noise is given by:

A(g) - C C
NT NU+NI+ND NU'I‘NI'I‘X(ND'I‘NR)

Ny + Np + x(Np + N
Ny + Ny + I

)

b,

Figures 5~16 and 5-17 give the cumulative system degradation
due to up-path and down-path fades due to rain and clouds for the
linear system operation. The total degradation due to up-path and
down-path degradation is arrived at based on the assumption that the
fades on the two paths are independent. Figure 5-16 is the case for
an uncooled parametric amplifier receiver and Figure 5-17 is for a
tunnel diode amplifier receiver. As can be seen, there is little

.difference in system degradation between the two curves since in

both cases the up~path fading is the controlling factor.
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Propagation Considerations and System Margins
5.5 System Margin Requirements

5.5.3 SYSTEM C/N VARIANCE FOR NORTH-SOUTH LINKS

Both the saturation and linear modes of operation for North-
South . links are considered, and it is seen that in all cases
tropospheric fading controls the C/N degradation. Graphs of C/N
variance for two elevation angles are presented for each case.

Up to the present, only rain and cloud attenuation has been
analyzed for the southern communication links. For the North/South
links, the tropospheric effects must be included in the system
margins.

Figure 5-18 shows curves of up-link fading in the South due
to rain and clouds (15 GHz) and corresponding down-link fading due
to tropospheric effects in the North (12 GHz) and at an elevation
angle of 4° through 5°. The two curves are combined on the basis of
the two effects being independent. The curves are based on a
system operating in the linear region of the transponder gain
characteristics. Figure 5-19 is the same except that the up-link
fading is due to tropospheric fading and the down-link fading is
due to rain and cloud in the South. As can be seen, this case
presents the worst total degradation of the two curves with the
tropospheric fading on the up —link controlling the total system
degradation.

Figure 5-20 is similar to Figures 5-18 and 5-19, except it
gives the system margins required for earth stations in the North
operating at 20° elevation angle. Since ‘the tropospheric fading
is less severe than at 5°, the system margins required are less
than in the first case.

Figures 5-21 and 5-22 are curves giving system degradations
for North- South links for the case of a satellite transponder
operating at saturation corresponding to television and TDMA
systems. For a North-South system operating in this mode, the
South to North direction is more severely affected than the reverse
direction, with tropospheric fading controlling the total system
degradatlon

Figure 5-23 is similar to Figures 5-21 and 5-22 except that
it is for the case of northern stations operating at a 20° elevation
angle. The required margins for this case is less than for earth
stations operating at 5° elevation angle in the North since
tropospheric fading is less severe.
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