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‘SATELLITE‘SYSTEMS MANAGEMENT UNDER SEPARATE OWNERSHIP
OF SPACE AND GROUND SEGMENTS OF ‘THE CANADTAN DOMESTIC
SATELLTITE SYSTEM

Introduction

The engineering and opefafionél management of the
Canadian Domestic Satellite System by Telesat

- Canada has evolved from the concepts postulated by
the original Government—spbnsored Project Office
(pre 1969) to the currently well defined and mature
management -structure in place today. This ménagement
structure has been developed to meet the relatively
slow growth of communications services delivered
via satellite in Canada and the corresponding low
number of éarth stations in place today. It has
also been structured on the basis of continued sole
ownership of the space and ground segments of the

. system,

‘In November 1977, the Minister of Communications
issued a statement in respect of an Order-in-Council
to vary CRTC Decision 77-10-énd.to appfove_arproposed
agreeﬁent for membership by Telesat Canada in the
Trans Canada Telephoné System. That statement

indicated

a) that the "long standing policy of Telesat
to lease only complete channels on its"

satellites should now be revised.'"



b) that the Govefnment shouid-"review the
matter of ownership;of'satellite earth
stations;~to idehtify instances where
non-Télesat ownership could be in the

public interest."

-This study is concerned with the changes which would

occur in the Systems Management and the impact on %
| . - . 5 _ -

Systems Integrity should .the current policy

considerations result in separate ownership of the

Space and Ground Segments.

The study therefore

- describes the ekisting Satellite System Manage-
ment structure in place today;

- describes and comments on its evolution;

- examines the impact on Systéms Management and
Integrity should separate ownership of space

and ground segment arise;

- comments on ‘the advantages and disadvantages
of such new policy;
- provides some trecommendations to assist policy

making.




The advantages and disadvantages are examined from
the viewpoint of the Government's objective of

"encouraging fullest access to new satellite services."
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.....................

" General

Before describing the existing systems management
structure, it is important to consider the various
factors which influenced its evolution; to consider

the system which is currently being managed and to

‘comment on other techndlpgical developments which

might considerably affect the future systems manage-’

ment structure.

..............

" BEvolution

In 1969, The Canadian Doméstic Satellite Project
Office were working téwafds a satellite system to
operate in the 4/6 GHz band tb serve fhe North.

Traffic planning had determined a need for a satellite

with six transponders:

- three for CBC Television
- two for telephone traffic

- one spare.



The contractor selected for the satellite, Hughes'.

Aircraft Company, offered a satellite of:

- twelve channels

- longer lifetime

- improved guarantees

- significantly lower cost.
The offer was accepted by Telesat. It was too good
to refuse by a commeréial-Company whose whole future
as a Viable operating entity rested in making a
mature decision on the first procurement of the major

system component.

By early 1973, service was started to the North

generally in line with the initial plan which was to

use five transponders (three for TV and two for message).
In addition, two channels were utilized to effect a

higﬁ capacity message 1ihk from essentially Toronto to
.Vancduvér, and one-channel was used to efféct a two
access messége service from the Atlantic cable terminal
in Ndva Scotia (via Harrietsfield)“to Ontario (via Allah
Park). These additional services could not haVe been
effected had a six transponder satellite been procured

as planned.

|
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It is well known that neither of these two services
(the EW message and the Telesat TDMA Service) is
competitive with conventional terrestrial technology
and they have inflexible service features which

prevent optimal network integration.

The system implemehtation then proceeded so that

by 1975, there existed three in-flight satellites
with a total of 36 channels still only serving the
same market as the sik channel éatellite initially
conceived by the Project Plénning Offiée in 1969.
This gross over-capacity, together with the "whole
éhannel” and "sole ownership'" policy, influenced the

- system development .in several ways.

1. It provided no real incentive to develop
efficient communications techniques which
could result in savings to be passed through

to the‘end user.

2. The resulting high-costiper channel placed
the ~service outside the reach of poténtial

users.-

3. The lack of potential market accentuated the
need to keep the cost to existing users as
high as possible to ensure even a modest

return on investment by Telesat.
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2.3.1

It should be noted that these policies havé been

such as to simplify systems management and maintain

equal service tariffs to a small number of institut-

ional customers. The fact that they have inhibited
access to the satellite system and suppressed
innovation is a reality and a consequence of the

policies - not a reason for them.

Thus -the System Management Structure of Telesat has

been developed in an environment where there exists:

a) a gross oversupply of transponder capacity;
b) a low.demand for service;

c) the need to interface'only with large

institutional customers.

This monopolistic and protected environment clearly
must impact on the style and approach of Systems
Management which has evolved. That it has, can be

no surprise.

" Telesat Systems Management - Current Systems
" Responsibilities

‘Existing'Operational'SYSteﬁ

The current system now -operational consists of. three

Anik spacecraft, each of twelve transponders, and a



number of earth stations of which some 88 are de-

ployed in fixed locations serving one or more cust-

omers and others, of a transportable nature, are

reserved for occasional use.

It is to be noted that Telesat have only a few

customers - these being:

1. Cahadian Broadcasting‘Corporation - which

currently serves 64 locations with Radio

Program and/or Television Service.

2. Bell Canada - which uses two,transponders to
provide publicﬁmessagé service via satellite
in itSvtérritory to 33 communities. Bell
Canada provides private service ﬁq other
customers such as Nanisivik Mines, Imperial
0il, James Bay' Corporation etc.” A special
service to the U.S; Air Force from Hall Beach
to an earth station owned and operated in the

U.S.A. by others has recently been initiated.

3.. Trans Canada Telephone System - which uses
twd‘satellite transponders to provide 960
voice channels (duplex) between Vancouver and

Toronto.
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Teleglobe Canada - Which uses one transponder

to carry 400 duplex channels in a unique TDMA
System from Harrietsfield (near the Atlantic

Cable Terminél) to Allan Park (near Toronto).

Canadian National Telecommunications - which

sub-leases a partial transponder from .Bell
Canada and leases earth station service from
Telesat to extend public message service to
Sachs Harbouf, Holman Island and Snowdrift in

the North West Territories.

Developing Satellite Systems - Responsibilities

Near term implementation programs involving the

Systems Management staff iﬁclude:

a)

b)

The engineering, management and putting into
service of the Anik 'B' satellite. The
major single customer for this satellite is

the Department of Communications.

The development and design of the Anik 'C!
system which'will largely serve member com-
panies of TCTS and which will represent the

second Canadian operational satellite system.

- This satellite system will not serve the

North because of technical limitations on

coverage.
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Consulting Engineering

In addition to the responsibilities in current and
planned systems to maintain and extend service,
Telesat also competes for consulting work in Canada

and sometimes overseas.

The existing technical staff of Telesat Canada have

systems management responsibilities concerned with:
a) Maintenance of the ekisting system
b) Planning and implementation of new systems

c) Consulting engineering activities to external

clients.
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. : 3.0 . Telesat Existing Systems Management Functions

*3.1 . General

"As of Januafy 1978, apﬁroximately 350 persons, mainly
scientific and technical personnel, were employed by
Telesat Canada. About 60 people work at our heavy
route earth stations at Allan Park, Ontario and Lake
Cowichan; British Columbia, both manned 24 hours a
day. - Smaller manned Statioﬁs are7Hérrietsfield, Nova
Scotia and Frobisher Bay; Northwest Territories. The
femainder of the staff ére'located-at our Head Office

in Ottawa, Ontario."

’ ' : The scientific. and technical personnel undertake the

responsibilities for maintaining existing and planning
and implementing new services and facilities, and are

spread over three functional areas of the company -

- i) Planning and Marketing
ii) Engineering

1ii) Operations.

3.2 " Planning and Marketing

There has been little accent in the‘Planning and Market-

ing function in the last year or so as the TCTS Agree-

. . ' . mént was implemented and it seems clear that this

"Quote from Telesat Brochure
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function has become more the responsibility of the.

Engineering and Operations Team.

Systems Operation .and Maintenance

Systéms operation and maintenance of the Telesat
system is managed from Ottawa. The management
structure has been désigned to ensure that the high
grade of service contracted for can be achieved on

a day-to-day basis. It should be noted'thaf of the
88 Telesat earth stations, only two are staffed»on

a round the clock basis while two: others are staffed
on a work day only, plus call out basis. The system

has been designed to minimize maintenance staffing.

Possibly the most difficult part of achieving the

high serviceability standards is the long lead times

to repair created by the wide geographical service

- area covered by Telesat. Much effort has been put

into this problem area and a sophisticated and
effective reporting and control system,has been

developed to shorten the mean time to repair.

Additionally,iwhere possible, Telesat have contracted

maintenance to local agents in remote locations and

- in some cases to their customers. For example, the

maintenance of the Thin Route earth.stations in North
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West Ontario is carried ouf.by telephone company
maintenance staff, Mr. Jack Crawford's Paper
"Operating Ekperience in the Canadian Domestic
Satellite System'" is reproduced as Atfachment 1
and provides a complete description of the Telesat
Operations SystemAMénagement and comments on some
typical problems encountered and solutions raised

in the first five years of operational experience.

The management structure and .operating prbcedures have
evolved gracefully over this first five years to meet
the growing number of fecilities and to adapt to
perceived changes in equipment serviceability

performance. It is estimated that of the 350 persons

- employed by Telesat that about 70-80 are management

or technical personnel essential for the day to day
operation of the space and ground system. Of the some
70 or so day to day maintenance technician effort,

possibly some 20 are associated with the space segment

only.
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Engineering Management - Overall

{

‘The engineering functions in Telesat are executed

in three specific technical areas:

a) Satellite Control Directorate - concerned
with effecting the engineering for new
launches and supporting the Operational

Satellite Control Team.

b) Spacecraft Engineering Directorate - concerned
with the design of new spacecraft to meet
developing service requirements and mainten-

ance support to day-to-day operations.

c) Communications Systéms Diréctbrate - concerned
~with the systems design, ground facilities
design and implementation:of communications
facilities and maintenance support to the

operational system.

In the context of this. study the Spacecraft Engineer;
ing and Communications Systems Engineering are the

areas likely ‘to be affected by any change in the

policies of ownership now being considered.

Spacecraft Englneerlng Directorate - Current Activity

The current activity of- the Spacecraft Englneerlng

activity is focussed on:
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a) The implementation of Anik 'B' due to be

launched in November 1978.

\
|
’ : . b) The execution of the Anik 'C' program for

which a contractihas just been placed.

c) The definition of the Anik 'D' spacecraft which

will be used to serve the North at 6/4'GH2.

This is undoubtedly the ﬁést complex work package
being undertaken by any satellite operating company
| in the world in regards‘to operational spacecraft
‘ . | : deployment. The weighting in systems mé.n_agement
| | terms given to the techniéal complekity and the
consequent hlgh investment- 1mp11c1t in thls work
package may represent a maJor ‘reason for the gross.
oversupply of transponders. and the difficulty that
users have in '"gaining fullest access to satellite
services'". This theme is furéher developed in the -

Recommendations.

3.6 " Communications Systems Directorate

This Directorate isfresponsible for

New systems development’

Implementation of Facilities SR

Improvements to~exis£ing-facilities and

support to Operations.

S
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The Director has two major groups reporting to him:

i) Systems Engineering

'ii) Earth Station Engineéering.

.The development and implementation of new services and

facilities is the prime responsibility of the Director

of Communications Systems. Such development is

pursued as existing customers' needs arise or new

customers' requirements are identified and delineated.

If a new requirement or -service need arises. which.has not’

previously been'implemehted5 the system is examined

.in detail and solutions proposed by the Systems

Engineering Department usually in close collaboration
with the Earfh Station Engineéring Depaftmeht. The
Systems Engineering Department is also responsible for
site codrdination and licensing with the Department of %

Communications.

The system is then refined and a proposal made to the

customer in terms of:

~a) Service;including channel performance,

availability of service, service features, etc..

b) Schedule
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c¢) Annual Cost

d) Special responsibilities of customers.

Other groups within Telesat contribute to the

preparation and presentation of items c¢) and d).

If the customer accepts, then a detailed specification
for the facilities is prepared by the Communications
Systems Division and issued to suppliers~on a

competitive basis usually.

The facilities implementation is the responsibility of
tﬁe Earth Station Engineering Group. Depending on the
type and complekity of . the job, a special pfoject team
may be formed.to ensure an effective project implemen-

tation.
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General

We have commented on how the system management
structuré evolved and was affected by the
acquisition of a satellite of double the initially
planned capacity in.anﬁenvironment of low demand
and rigid institutional controls. These'controls
include the decision ﬁot to lease partial channels

and the monopoly ownership of space and‘ground

.éegments of the system.. This section will examine

the impact on the existing system management and
system integrity in the event that these major

policy aspects are revised.

In particular, we will address the differences in

'system management created in the areas of:

- Service. Standards
- System Management and Control

- Network Evolution.
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Service Standards

The service standards currently in‘use were agreed
mutually between Telesat and its customers. .This

is a most important aspect. It follows normal
practice of the customer making a request for
service; Telesat makihg.a proposal; and the normal»
negotiations on performance, service features, price,
duration of service,.start of service, etc. being

mutually pursued until a Service Agreement is signed.
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Television Service Standards

Telesat - CBC Service Standards

The initial service agreements between Telesat and the
Canadian Broadcasting Corporation called for two tele-

vision quality standards

- one described as Network TV

- the other described as Remote. TV.

In terms of video quality performance specifications

signal amplitude and stability

signal to noise ratio

-+ hum

baseband frequency response

1

field time and line time waveform distortion

-

differential gain and phase

- service availability

the two service standards ﬁefe similar to each other
and also to the ndfmal standards requésted by CBC ffom
common carriers with two major eXceptions. This first
exception is that~the feceived signal fo noise require-
ment at remote locations was dropped to not-lesé than |

48 dB, and that was eXpected to be achieved for not less

than 99 per cent of the time for any month. . The service

availability requirement for remote television was also
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f - . - relaxed from the Network TV requiremeht of 99.98>per
i _

cent of the time to 99.2 per cent. of the time.

.r~_ ' : - Both of these éxceptions wérekspecifically agreed to
permif.a more cost effective remote station design.

The resultant éarth station design, therefore, required
a lower G/T (which was obtained by‘réducing:ﬁhe antenna
size=tof26.5 feet from the larger NTV earth station of

33 £ft.) and employed nQ equipment back up.

Both the Network TV and Remote TV stations exceeded all
’ of the specifications of the‘service contract at
‘ acceptance and have continued to do so over a prolonged

period¥® Subsequently a slightly lower service standard

was introduced called "Frontier TV". This service
employs a slightly lower service performance in terms
of video and audio signal to noise ratios and service

availability.

This offefing_also has no frequency agility of the

receiver.

4.2;1.2 " Telesat -’Private'Broadcasting‘Serv1ce'Standards

:  . : - It has been noted that service standards are usually

set and agreed between Telesat and its customers. If

ey : . % " Measured Communlcatlon Performance of the Telesat
\: ' S -+ Satellite System by D.E. Weese and F.H. Smart ATAA 197



—-' : other than 'i‘elesat were permitted to own and 6perata

earth stations,to‘recéive the existing CBC service,

then they might.prefer to -construct an earth terminal
- * ' "with different service standards from those common

in the broadcasting and common carrier environment.

Such a station might provide a lower service quality
Ql'f (signal to noise) and possibly a higher availability
| than the Frontier TV offering by Telesat. In‘essence,.

the service standard could be set by the user.

If a broadcaster, other than the CBC, were to own and
. - operate an earth station using the Telesat Systen,
then a completely different set of scenarios may be

anticipated, arising from the fact that he has:

- a choice of satellites (Anik 'C' or Anik 'A', 'B?f

or 'D'")on which to. develop service

- the ‘ability to design a least-cost-to-the-user "
system by trading earth station performance for

satellite resource usage

- no constraints on him imposed by the need to .-
consider an existing operational.distribution
system where the ground segment is currentiy 

' ‘owned by Telesat (as is the case in the existing

CBC service distribution by satellite).
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Regarding service standards, he might well wish to
consider a completely different set of service
standards than has been traditionally negotiated

between broadcasters and common carriers.

If a broadcaster were to determine service standards
to meet his need in a satellite environment, then he
would concentrate on developing a system to reduce his

overall distribution costs. There are many tradeoffs

‘'yet to be made in the chain of camera to home T.V. set

that can be made by a private broadcaster to reduce

“his delivery costs. These tradeoffs are difficult to

implement without control of the overall distribution

system design.

The service standards in the Cable Television industry
are significantly lower than those deemed acceptable
by, say, CBC. This industr& élready hés‘performed
significant system tradeoffs and shéwn great ingenuity
in the design of multichannel delivery systems which

have been well accepted by the paying public.
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Impact of Television Service Standards on Systems
Management ‘

The TV service standards currently in use were agreed
between Telesat ahd the Canadian Broadéasting Cor-
poration prior to the launch of Anik 'A'. These
standards were similar to those in being for many

years in CBC - common carrier service agreements.

If, by diversified ownership of space and ground
segment, more-broadcast signals were to be carried by
satellite, then there exists the prospect of some
broadcaster taking a hard look at system tradeoffs to
reduce the cost of the fotal delivery system from .
camera/tape/film to the viewer's screen. If a high
component of this cost is the satellite transmission
path from earth station to earth station, fhenian
exercise in developing standgrds conducive to.déliver-
ing an acceptable service to the viewer at a lower
cost to the user than mlght exist by the rétention of
the ex1st1ng 1nst1tut10na1 ownershlp of the elements
of the national distribution system could be rewarding
from the user's viewpoint. A consequence of such an
exercise might be greater utilization of the satellite
system by broadcasters and an increased number of user

services. It is to be noted that such an exercise is
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not within the mandate of Telesat and possibly not
in their commercial interest. We, therefore, assume
that it could be done by a broadcaster or others

with a public interest viewpoint.

The impact of a major revision in service standards

on the existing systems management might be:

- increased involvement by Telesat system
engineering staff in reviewing any new service
standards to ensure that such new standards

are developed in Telesat's best interest;

- 1f new standards are developed, then new system
design, operating.procedures and possibly testing
techniques might have to be developed by Telesat

in collaboration with others.

- increased involvement by Telesat in.the develop-
ment of a new style of service agreement con-
centrating on the protection of space sector

and Telesat's commitment to maintain space seg-

ment.

Howevef, it seems ﬁnlikely that any commercial bxroad-
caster would see any reward in contemplating a major
revision in service standards to improve access to

or utilization of the ;atellite system, unless Telesat
showed a willingness to participate'iﬁ.én exercise aimed

" at reducing space sector. utilisation and cost.
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—*. 4.2.2 ‘Telephone Service Standards -

] 4,2.2.1 Voice Channel Service Standards

7] In the existing Telesat delivery system there are
several voice channel service standards-in effect such

—

as.

That standard nécessary to effect a satisfactory
means of connecting from the Atlantié Cable to Ontario
whilst still maintaining acceptable intetrnational |
circuit performance. ‘This service is carried for

- Teleglobe Canada and is a very demanding and

. ‘ unusual service standard.

2. . That standard necessary to carry high dénsity
FDM voice channels from Toronto to Vancouver. This

service is similar to Trans Canada Guidelines for

voice channel performance. This service is carried

for Trans Canada Telephone Systems.

3. That standard necessary to permit acceptable tele-

| phone service to remote northern communities. -

4, That standard agreed‘for the developing service .
to be carried by high speéd digital means in'the

B , Anik 'C' era.
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Regarding the Thin Route Northern Service* to re-
mote communities, there are two basic features which

control and limit the voice service: -

a) that all north to north sérvice1must be

double hopped via an Ottawa operator;

b) that the voice encoding is lafgely delta.
modulation which provides a different
.voice quality from either conventional PCM

or analog transmission means. -

4.2.2.2 Impact on Sysfems Manégement

If access to and utilization® of the satellite system

is to be improved, then it seems reasonable to assume

% .
P. Rossiter, "Systems Aspects of the Initial Telesat Thin
Route Satellite Communications System'", ICC 1973, Seattle.

. Attachment 2.
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that technical standards in a telephone company

environment would remain similar to those in

. existence today, since these. standards have evolved

over a long period - to service the public need.

If telephone service were to be effected by éther
than telephone companies to the public, it seems
difficult to contemplate how this could be effectively

done and public service and system integrity maintained.

If, however, telephohe service were to be effécted within
a private system utilizing the Thin Route System, there
seems little doubt that such a service-could‘co—exist
with telephone company service but with some impact on

existing systems management. . This impact would include:

a) the development by Telesat of system management
and control procedures to protect other users'

service and ensure efficient use of the satellite.

b) The careful "policing" in service of private
users to ensure that they are maintaining agreed
technical parameters such as e.i.r.p., bandwidth,

modulation format, etc..

c) Some procedure for ensuring adequate equipment

standards to ensure continued satisfactory
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operation of the space sector in:terms of

e.i.r.p. stability, RF emissions, etc.

The system design, implementation and operation of a
multiple access transponder is a most complex
bperation. It is an operation effectively handled by

Intelsat in the context of distributed ownership of

"earth stations on.a daily basis at the expense of

elaborate and extensive precautions to ensure’

satisfactory systems operation.

If private telephone systems were to-co—exist.in
the Telesat Thin Route transponder then_possibly a
tethnical planning and management coﬁmittee similar
in concept (but presumably smaller in scale) to
that of Intelsat would be an effective method bf

operation.
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For messageﬁtrafficé'(Voice5and’data),~intending
users of satellite service can currently only gain
service and interconnection through the«teléphohe.
companies. If the user wefe'to set~up-his own
system he may have to seek interconnection into the '

national and international network.

The impact of such a proposal on-therexiSting system. .
management would presumably not be felt for some
years, since it is currently a major hurdle to over-
come in the existing, well established; hational

network.

In the case of television distribution service, the

interconnection is significantly easier.

In the case of the Canadian Broadcasting Corporation
(currently the largest user of satellite service),
well developed technical and institution structures

are in place. Interconnection is not a problem.

In the case of new broadcasting users of the Canadian
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satellite, then hé has a wealth of choices:
- he can distribute from urban locations via
Anik 'C' on a regional and national basisjy

- he can utilize the existing 4/6 GHz satellite

system plus terrestrial backhaul.

The multitude of choiées may have a sigﬁificant impacf
on the existing»syétem management; since it will now.
have to consider requeéts from broadcasters with a
large number of service optiomns, thus significantly

increasing their workload.

These requests might include:

Space Segment Anik 'C' only

Space Segment-Anik 'A' only -

Space Segment Anik 'A' and Anik 'C; combined
Total Service from TCTS

Total Service from CN-CP

Variable Number of TV Channels.

In addition, intending broadcasters may be able to
sublease say half a transponder from Télesat, TCTS,

CN-CP, other users, etc..
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]Quality'and'Rellability'of'SerVice

Any user instituting either a message or broadcasting

service with his own earth station.facilities has to

‘make determinations of the quality and réliability of

his service.

Such determinations by users may impact on the

existing systems management in several ways:

- it could increase the involvement by Telesat
communications systems.engineers in reviewing
user proposals and negotiating service standards,
detefmining system monitoring and control

‘mechanisms, etc.;

- it could involve more network management~tasks
to ensure service agreement conditions are

being maintained;

- it could involve'more’operatipnal management and
possibly sophisticated equipment to ensure day-to-

day control of utilization of the space segment.

Currently the service agreements between Telesat and

its customefs ensUrevé high standard of system integrify
and clearly Spell out perfoimance standards. These
standérds are extremely high as is consistent with the

provision of mainly public service.
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Any alteration in the quality and reliability-
standards to reduce cost and.fhus‘make.access more
available, has to be Wéighed carefuliy. It has
been demonstrated by the - Yukon Governmentvthat it
is possible to reduce signal QUality, increase
reliability and provide access to a larger number
of locations at lower cost without compromising
public service. That it can be done in other service

areas is beyond doubt.

It is also beyond doubt that these tradeoffs can only
be made by others with significant effort from the

existing systems management.-

" Frequency Coordination. -

There are two aspects of frequency coordination which
have to be considered:
a) The development and location of ground
- facilities to ensure that all terrestrial
facilities can co-exist without unacceptable

interference.

b) The development of a satisfactory frequency

plan on the satellite.
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In the evént of others. locating earth stations, little
technical difficulty is foreseen since the methodology

is well eStablishéd‘for‘coordinating.all radio facilities
in Canada. If the user locates his own faéility he will
simply have to‘undertaké~the,tecﬁnica1 coordihation ih
the normal fashion. This should have little impact on
the current systems management. One reéult of more than
Telesat owning ground facilities would beAa éignificant
increase in licence applicétions and frequency éoordina—

tion activity on a National scale.

The sagéiii£e frequency‘plan could not be established
by users ahdfrequires no further discussion, except
to say thaf once determined, so it would be ekpeéted
to remain in effect for a prolonged period (éay.lov

years) and such would be represented in agreements.

Design and Maintenance'sfandérds

Since 1969, Telesat have developed design standards
for earth stations purchased by them to meet the

high system performance and equipment availability

‘requirements necessary to achieve and maintain

customer service. In many cases manufacturers have

developed equipment features and performance

specifically to meet'oniyATelesat's fequirements.
Examples of special designs used by Telesat only

include:

- the TDMA system installed at Harrietsfield

and_Allén Park.
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- the single channel per carrier equipment used

in the Thin Route stations. -

- radio program equipment used to distribute CBC

radio to some Northern locations.

- 26.5' earth station antennas.

There are other cases where new equipment designs first

developed for Telesat have found application elsewhere.

‘Examples of "first designé" in Telesat systems applied.

elsewhere include:

- low noise uncooled parametric amplifiers;
- low noise transistor amplifiers;

- audio subcarrier equipment.

Telesat have also sighificantly affected design

standards throughoUt'North_America.

If others are allowed to own earth stations operating
in the Telesat syétem, it is expected that these high
design standards would be retained by manufacturers

for a relatively short time. This time might be

controlled by obsolescence - and earth station equipment -

 has currently a very short '"product available" life.

"It may also be affected by the size and nature of the

developing market.
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For example, the -equipment-supplied to the cable
T.V. industry does not-have the same rigid standards

imposed on it .as the highly professional class of

equipment deployed for ground stations. On the other

hand, much of the5equipment deployed on ground stations
does not have the_exténsiveAand exhaustive equipment:

development usual in high density radio relay equipment.

The purchasers of earth stations then can go to a wide
range of manufacturers .and contract a wide range. of

equipment standards from manufacturers who currently:

a) are existing earth station suppliers familiar
with the Canadian design requirements evolved

during the developmént of the Telesat System;

b) serve the telephone company with radio equipment
which is generally of a higher design standard

than earth stations;

c) serve the Cable TV industry which is generally

‘of lower design standards than Telesat designs.

If other than Telesat'were to build and operate earth
stations, then the standardS'bf designs and quality
of equipment may be either higher or lower than that
currently in service. Likéwiée, the standards of

maintenance may vary.
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Only when a specific proposal for_serVice has been made E
could the impact on system integrityibe established; '
If public service iszproposed, it may be expected
that some system of design approval may have to be

established as is in operation . in many communication

areas providing public service.
Design standards which it would be necessary to
review are indicated in two categories:

1. Essential to protect'space'segment utilization
such as e.i.r.p. control, frequency control, -

unwanted emission control, etc..

2. Essential to ensure good received performance

- availability, maintainability, operability ;
- gain stability, frequency control, etc..

Conclusion on Service Standards Impact

If other than Telesat were to own and operate earth
stations, there could be significant variation on how

service could be achieved and a consequent large number

-of possible different systems and equipment--deployed.

A concern would bé the continuation of a high standard

of public service.



38

It cannot be concluded on a blanket basis that:service

standards would decline. “In:fact, in many. cases they.

are very likely to improve, especially if the owners
of earth stations were competent operating authorities:
such as CBC, telephone companies and common carriers
who already have engineering depértments with long
experience of system design, setting of standards and

ensuring standards are maintained. -

An important aspect to consider in the context of
service standards is the impact of advancing technology
on equipment performance and reliability. Electronic

equipment is becoming more reliable with time.

However, without proper regulations and procedures, it
could be that system integrity and public:service could
decline. Due attention therefore would require to be

placed on the development of service standards.

The impact on the existing systems management in reach-
ing agreement on different network configurations,
quality of service and . design standards with a wide-
variety of intending earth station owners,could be
immense especially as the Telesat position is to oppose
ownership of earfh sfations by others (see submission

to the Minister of Communications of 10 March 1978,
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entitled "Earth Station Ownership - The Telesat

Canada Position and Recommendations').

It could change the systems management style from
onebof responding to requésts for serviée to one of
merely critiquing detailed service reduirements
delineated by users who are"currentiy'~signi£icant1y
less knowledgeable about the possibilities of service

via satellite than Telesat.
In general, the impact may be one of making access to
the system even more difficult and laborious than it

is now unless .an access methodology is carefully

service.
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Systems Management and Control

With others owning gréund facilities, the Telesat
systems managemeﬁt»role‘would evolfe t0 place more
emphasis on the optimum andvcbntrolled‘use of the-
space segment and possibly providing support to
users. The support could include design, planning, -

implementing and maintaining user-owned facilities.

The impact on the current‘systems management would
be one more controlled by management style and ap-
proach rather than an alteration.of responsibilities.
For instance removal of the burden of network de-
velopment from Telesat‘to others mighﬁ allow Telesat
to concentrate on the development of more cost ef-
fective satellites to match the perceived needs of

an increasing(?) number of users.

However there are two responsibilities which would

remain identical:

- Protection of Space Segment

- Administration of. the System
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" Protection of thé Space Segment

With others using the system, the current system

‘ management activity would have to incfease to ensure
én orderly and controllediuse of the space segment and
to ensure continued enjoyment of the resource by all

users.

Such increase in utilisation could be accommodated by
the development of control procedures and by

instituting improved automatic monitoring techniques.

Undér diversified ownership there is no technica1
reason that the space sector would be jeopardized
more than expected by the normal increase in traf-
-fic providing that proper procedures are.established
and precautions taken télensure the ﬁompetency'of

users.,

There'is no reason‘tp believe, therefore,'that
proper contractional and.operational arrangements
cannot be made to‘increase access to thé satellites
at the same level of teéhnital risk to that which
_would exist with a Telesat monopolquf facilities.

Indeed, this should be an over-riding criterion for

the acceptance of a user-owned facility in the system.
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“Administration of System

With diversified ownership of earth stations, the
administration of the system in operational re-
porting and contractual terms would increase in com-

plexity.

In the case of an existing customer assuming owner-
ship of existing stations or building new stations
the impact on the édministrétion should not be great
since close working relationships have been estab-

lished over the first five years of system opera-

tion.

Where the user is a new customer, then Telesat's
system manageﬁent wouid~have to adapt to serving
this newvcustomer. It may be that administrative
complexities may arise as the result of this new
custoﬁer wishing to initiate a servicé which 1is
normaily wholly or partly provided by an existing

Telesat customer.

Such complexities in administration would attract
some costs over and above normal costs. The extent

of these added costs‘is probably more a function of
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management style and approach and would be likely
dominated initially by the meed or otherwise to

hire staff.

Conclusions on Impact on Systems Management and

Control

The practices. and procedures for Telesat systems
management dealing with telephone companies and CBC
are well developed. If telephone compénies and CBC
are permitted to own earth stations, then new pro-
cedures df a minor nature will be required to ensure
that the system remains well managed., It is con-
cluded that there is no reason to suppose that the
integrity of the system or its management would be

affected.

If other than the existing major users were to be

allowed to own their own earth station, then similar
-procedures would have to be drawn up to ensure the

day-to-day operability of the sysfem. This would be -

somewhat more complex  for new users than for those

already familiar with the system.
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Network Evolution. -

The evolution of the network has developed extremely
slowly in the first five years of‘commercié1 opera-
tion. The evoiution'of‘new spacecraft has proceeded
at a remarkable pace. The development of new ser-

vices has been non-existent. -

How do/might these factors affect systems management

and integrity?

Introduction of New Spacecfaft Technology

In the first nine years'of exlistence, Telesat has:
1. Designed a six transpondef'satellite.‘

2. Deployed and launched three_fwelve trans-

ponder,satellitéé (Anik 'A').

3. Contracted for a hybrid satellite (Anik 'B')

which will be launched this year.

4, Contracted for the Anik 'C' satellites to

serve the southern Canadian market.
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There is no doubt of Telesat's ability to conceive,
design, confract; launch and opérate spacécraft to
meet the demands of major customers. However, if
other than Telesat are permitted to own ground

stations, then these users will insist that when they

invest in facilities with .a useful lifetime of twenty-

five or so years, that any spacecraft development will
permit them to maintain service without interruption

and at an affordable cost.

Théy will also insist that they be allowed to ihpﬁt
into any new spacecraft design to ensure the character-
istics of the proposed-spacecraft:will meet their
perceived needs in terms df_capacity, performance,

cost and timing.

This could be the single most important impact of
diversified ownership on Systems Management, i.e. to
consider the input of end users in the introduction of.

new technology.

As an example of how input from users might impact
on Telesat systems management, consider what could
happen. if users had a voice in determining the design

of Anik 'D'.
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. Anik 'D' is presumed to be a spacecraft toﬂproVide.

service primarily to the North at 6/4*GHz. It may be
presumed that when Anik 'D' flies in ‘about 1981, that

there will be the following users.of Anik 'D}:

1. CBC - who will be leasing_possibly.four.channels.

2. Bell Canada - who will be leasing possibly two

channels.

3. Other earth station owners using services placed -
on the satellite by CBC, or utilizing Bell

Canada's channels.

Assuming owners of category 3 -do not have a significant
impact on traffic volume, i.e. spacecraft capacity,
then it can be seen that CBC might be a 60 per cent user

of the satellite.

Normally where a user takes 60 per cent of the capacity.
of any resource he usually has an impact on how the
service 1is effected so that he can be sure that the

resource is being developed in his best interest.

It may be that a large user such_as CBC might prefer a
satellite of different @arameters and désign than that
being contemplated by Telesat to meet Telesat's assess-
ment of the growing traffic capacity requirements of

Canada's North.
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It is worthy of noté that the other major user of
the Telesat system - TCTS - has had a remarkable
recent impact on satellité system design. to the ex-
tent that a completely new~and separate satellite
system is now being developed to serve TCTS needs

in southern Canada.

As a 60% user of the underutilized 6/4‘GHz satellite
system to serve the North, it may be that CBC might
exercise some impact on future 6/4 GHz satellites

to ensure their interesfs-are best served. Given

earth station ownership CBC would be in an even more

- powerful position to ensure cost effective satel-

lite service since they would have to engineer-

systems and facilities.

Network Growth

The development of new services is urgently required

if the benfits of satellite communications are to be

‘achieved. The network growth is relatively predict-

able with existing services and the framework exists
under the TCTS/Telesat agreement to plan for such

growth.
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However, network growth and thus sateiliteyusage,
might be improved if earth stations could—be owned .
by others. There may be some chanée.thatAUSerS de-t
velop innovative ways to! provide new telecdmmuniCa—
tions services. It is far from apparent what these
new servi;es-might be, bﬁt even one of them could
have a major effect. Candidates to provide expldsiVe

growth include:

1. .Video Conferencing
2. Additional TV.Services

3. ”ElecfrohiC.Mail“'

It is clear that Telesat cannot develop theée new
services since they aré not pérmittedjto provide
end-to-end user services. Ownership of earth -
terminals by others might stimuléfe:the development

of new services.: -

System Optimization

In the first five years of operation of the satel-
lite, system optimization has beeﬁ a largely theoreti-

cal exercise. There is no real need for system
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optimization if overcapacity exists. In fact, any
effort expended often simply adds expense without

increasing a. return.

If it can be assumed that earth station ownership by
others will increase démand and that the feactionAto
this demand is to find innovative ways to optlmlze
the system other than 51mp1y fly a second satellite
system .(Anik 'C'), then the 1mpact on systems manage-

ment will be to concentrate on designing more cost

effective systems. This may even lead to the de-

sign of cost effective satellites which meet the

real needs of Canadian telecommunications.

This would be an important reason for allowing

others to own their own earth stations.

Wé should define system optimization as the process
whereby one considerslhow to.serve the user with a
service which meets his need at the lowest cost to

him. This conéept‘has not as yet been extended ifto

the development of the Canadian Satellite System.
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4.4 Network Evolution - Concluéions

Unless spacecraft technology is developed to meet
perceived user demand for existing and new services,
it seems the full benefits of satellite communica-

tions will not be achieved.

Permitting others to own earth stations, could pro-
vide user input into thé'optimization of the tech-
nolbgy. The extent'tdnwhich this might impact on the
systems management is unclear - the fact that it

will, is undoubted.
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Commentary on User Categories

This section makes comment on the impact on Systems
Management and integrity in the event that gpecific:

users are- permitted to own their own facilities.

It has been indicated throughout this study that the
major effect of permitting others to own facilifies
is thaf user requirements might eventuaily impact on
the design and implementation of future satellite

systems to be-deplbyed to serve Canadian needs.

The major influences on satellite systems to date has
been in the need to.ensure the financial viability of

Telesat. In the first few years this has been achieved

" by passing the costs through to the end user via a

forced usage of the system b& the Canadian Broadcasfing
Corporation, the régulated common carriers and Tele-
globe Canada. Few other users havélfound the services
to have been sufficiently cost attractive to justify :

using satellites to effect their service requirements.

Over the last few years even services such as. the
delivery of television where the satellite has a
significant advantage have beéen extended by conven-

tional technologies such as microwave radio, off-air
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__. , repeaters and cable.  Once this investment has been
made, this market cannot be competed for by the

. _ satellite system for many years-to come.

Likewise, high»density_message service across Canada

is being augmented using digital microwave radio;-

~new data services are being developed on the terrestrial

1 network; high frequency radio technology is being
developed; new services are being experimented with.

"7 . All this represents competition or market opportunity

to the satellite system.

- o l | Despite fhis, there has been little or nb'research' '
. or development to establish ways and means of
optimizing the initial satellite system. What has .
been done’has‘been'relatively i1l directed,. poorly
~supported and in the event, ineffective. The
institutional route has been once again taken - with

- : ' - the TCTS/Telesat agreement. It is hoped that this

route which represents the integration of the
satellite sysfem into the National Télephone System
J. _' will provide at least the économy_of séale fo
efficiently use satellites without passing unduly

high costs through to the end user.
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Despite the fact that Telesat are now a.member.
company of TCTS, it is understood that they will

still provide service directly to a wide variety

- of user categories and not just serve users through

TCTS. Since there are:apparently no customers in
Canada capable of recovering or justifying the cost

of a complete RF Channél on the satellite, the prospect
of using a partial_channel might be a cost attractive

method of developing and extending satellite usage.

This section of the report examines‘the'various user
categories and considers the impact on systems manage-
ment if each of these categories were to design,

control and operate their own earth station facilities.
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TCTS Member Companies -

In their submissions to- the Minister:onithe'question‘1‘
of earth station ownership, all of the -telephone
company members of TCTS, except Bell Canada, agreed

with the current Telesat Canada position.

The position of TCTS member companies is also clearly
portrayed in the Memorandum of Agreement between all
TCTS members. It is believed that ownership of earth
stations by member companies is inevitable if full
and effective use of satellites in a telephone

company environment is to be achieved.

There is no doubt that Bell Canada -(or any eother
telephone_company) could properly plan; design,
implement and operate earth stations. Ownership by
Bell Canada would not advergely affect systems
management or integrity. It would most 1ikeiy improve

it.

Such improvement in pubiic telephone service could
arise through Bell Canada's ability to design and
operate a complete system. Such design. activity could

possibly ensure the containment of all Service growth .
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possible with Telesat being involved in the development

of switching systems in which they have little éxp_e'rienceT
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within the space sector currently leased by Bell
to effect Northern Service.  The savings possible
thrpugh an efficient systems design with Bell -
effecting channel assignments‘in~the-Thin Route
transpoﬁder could encourage Bell to servé more

communities in the North. With the ability to affect

could be improved and it might be ekpected that a

more effective system might result than would be

" 'Non TCTS Carriers

Canadian National Telecommunications‘Currently use : the
Thin Route Sysfem»to serve Sachs Harbour, Holman Island’
and Snowdrift in the North West Territories. Shortly
this service which previdusly terminated at the Lake
Cowichan, B.C. earth.sfétion, will be reconfigured to
terminate at Hay‘RiVer. This in&icates an evoiution

in planning which should provide improved service.

The ownership of earth stations by CN Telecommunications
would be a natural evolution which might be expected to
lead to impré?ed usage of the satellite facilities. This

improved usage could result for the same reasons as in
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the Bell Canada case - the control of overall systems

~design.

In the case of Anik 'Cf; which is essentiallv a TCTS
planned satellite, it is difficult to see how CN-CP
for instance, could:be involved without the'ability
to design,.implement and operate facilities prdviding
either a compiementary:or:competitive service to TCTS
offering. CN-CP might‘becable‘to make use of the
inherent advantages of the 12/14 GHz Anik 'C' |
satellite to provide service Between urban locations
without the need to effect interconnection through
TCTS member companles facilities. ‘Such service would
be assumed to be developed on the second Anik 'C!?
satellite since the first Anlk 'C' satellite appears

to be dedicated to TCTS member companies' needs.

As an experienced common carrier.‘ownership of earth |
stations by CN-CP should not affect systems 1ntegr1ty
Without ownership development of new CN-CP service
would be made.extremely dlfflcult since the alterna-
tive would be to interconnect with a Telesat/TCTS

earth station.
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Broadcasters

There appears to be 1ift1e'interest by Comhercial
broadcasters in gaining access to the‘satellite system
at this time. Few could currently justify the space
segment charges currenfly_in effect. It also seems
.unl%kely that the Anik 'C' satellite system will

result in reduced space segment changes.

However, if broadcastérs wgre-allowed to design theif
own system to meet‘their own needs by using a partial
transponder, a possibility exiéts that the sétellite
might prove out cdmpetitiveiy with microwave even on

a regional basis.

" Ontario Educational Communications Authofity (OECA)

OECA have made an interesting'submission to the.Minister
on the question of Earth Station owneréhip. There

is no doubt that the technical strehgth and scale of
operations of OECA would permit them to design, set

up and operate an effective delivery system to serve
Ontario's needs. Such an arrangement would have -no
significant effect on ekisting syétems managément or

integrity.



‘. 5.3.2 . Canadian Broadcasting Corporation

The CBC are already the 1arge$t user of satellite
communications in Canada. They are already in control
of the complete distribution network and effect switch-

ing of facilities and services.

CBC have also found the current institutional arrange-
ments too cumbersome in respect of the utilization of

transportable television earth stations.

Ownership of earth stations by CBC would permit:

- improved usage of existing systems

. - an acceleration of.service coverage

- a more intense use of satellite communications.

Such ownership would probably ease the systems
“management task since CBC have/would have 6perations
coverage of existing broadcasting facilities in

"communities served/to be served.
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The Yukon Govermment's initiatives showed how easy
it was to provide extended CBC service to Canadians

at modest cost,

As indicated in the Yukon Government's submission
to the Minister, the continued monopoly ownership of

remote T.V. éarth stations is preventing extended usage.

Ownership of earth stations at COmﬁunity level would
not complicate the systems management task and cannot
affect the satellite system:. An importént require-
ment for such facilities would be to introduce equip-
ment and procedural solutions to-effect.Broédband
reétoration in the‘event of transpohder failure.
Telesat have effected such a solution in their Frontier
T.V. earth stations. The impact on the equipmeﬁt is
the retention of a crystal/filter kit which is eésily

installed - in the event of transponder failure.

" Cable Television

The Cable Television industry have 1obbied fbr several
years to own their own earth stations. If a service
requirement for Cabie Television ever émerges, the
Cable industry have the skills and resources to

operate their own earth stations.
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Federal Government Users

Many Federal Government Departments have potential
requirements for using the satellite system. Un-

fortunately mone of them prdvided submissions to

~ the Minister in respect of Earth Station Ownership.

Many Government Departments, df course, have owned
and do own'satellite‘ground.stétions operating with
a variety.of satellites owned by others. Thése
departments include Communications, Defence, Energy

Mines and Resources, Environment .and Transport.
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It would seem quite impractiéai toypermit.small users
to operate in a transmit/receive, multiple access mode
through the satellite. Such a move could hazard the
operation of a‘multiple~acceSs transpbnder unless

there were significant controls.of a procedural. and/or

technical nature.

A special case of a small user,.however, could be
made in the servicing of dfilling ships and rigs off-
shore where it would seem more practical to give
~ownérship of at léast shipborne facilities to the oil
A'company. ;In this case, significant technical and
procedural controls would have to be exercised by
Teleéat to ensure that a satisfactory.operating

condition would prevail.

" Conclusions

In the case of large institufional users who have a
significant ekperience in the planning,»engineering
and operation of coﬁmunicatidns andfbroadCésting
facilities, there seems little reason to believe
‘that these institutions could not plan, engineer and

operate earth station facilities interfacing with the
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satellite in space. .The impact on the‘exiSting-sy%temsi
management might be an increase in workload proportionate

to the extent of service extension.

In the case of teievision.receive only ground stations
owned by users of the CBC service, there would appear

to be no increased burden on the existing systems manage-
ment. It might even be expected that the maintenance of
these facilities could be undertaken by Telesat operat-
ional staff under contract where such an arrangement
would be effective.. |

In the case of small users desirous of operating, say,

a small number of voice chénﬁels in a partial trans-
ponder, multiple access mode, it seems difficult to
conceive a systems effective scenario which would not
be either more hazardous or less manageable than

the current method offproviding service.
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Recommendations for Further Action

" General

There are only three major reasons why anyone would:

wish to own their own earth station

a) To provide a user service on-a commercial basis.

b)  To reduce his ekisting (or planned) tele-

communiations cost.

c) For strategic reasons where retained.ownership
by Telesat prevents him from meeting his

perceived operational requirements.

We take the‘pragmatic view that the ''open skies
policy" practised in the U.S. has no relevance to the
Canadian scéne but that each case for earth station
ownership be studied individuallf to ensure that the
"public interest" in térms of the integrityfof the
systemAin the matter of public service be preserved

on a cost effective and equitable basis.

We believe that the ownership of earth stations per se
is not likely to have a major impact on improving access

to . satellites or increasing -their utilization. However,
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the ownership of earth staﬁions bykmajpr
institutions such as‘broadcasters and.telephone
companies givés them the'significaht advantage
of control in their long range planning. A
consequence»of such ownership by institutions
might be a more intelligent planning of the
spéce sector development than.cuffently exists,
since these institutions would hopefully develop
more cost effective communications systems to
reduce their costs in the near, medium and long

term.

The planning of satellite s&étems in:Cénada has been
variously done individually or in combination .by:

- Department of Communications

- Telesat Canada

- Beil Canada

- Hughes Aircraft Company

- Trans Canada Telephone System

- Bell Northern Research

- "Air Industries Association of Canada

- Canadian Broadcasting Corporation.
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In the first few years we have seen:

the design of a six Transponder Satellite;

- the implémentation‘of Anik 'A' (twelve
transponder) ;

- the implementation of Hermes;
- the construction of Anik 'B';
- the contraéting of Anik 'C';_
- the garly‘design 6f Aﬁik ‘DY,

To date the satellite system closest to matching the
need was the one postulated by the Canadian Domestic
Satellite Project Office - the Satellite that never -

was!

It is recommended: That consideration be given to
- the setting up of a Task Force whose purpose would
be té try to re-establish wﬂat the'real need for
satellite communications is in a Canadian context
over the next twenty;five years. This‘Task Force

should have representatives from:

- Telesat Cahada
- Canadian Brbadtasting Corporation
- Teleglobe Canada
- Intérdepartmental Committee on. Space
- Department of Communicatiéns |

- Private Sector
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Survey of Potential Users

The ownership of earth stations by users has two

- possible immediate impaéts on the user:

1) He may be more interested in using satel-
lites if he. can design, implement and

operate a system tailored to his needs.

2) The service economics can be improved by
both the system design and ownership of

hardware..-

It is recommended: . That a demand survey be conduc-
ted of potential users to establish level of inter-
est under the varying economic conditions prevail-

ing through diversified ownership.
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Small Users - Access Seminars

Since small users will largely obtain services .
through common carriers and carriers are not in-
centivised to serve small users, the problem gf

access. for small -users will remain.

It is recommended: That seminars be set up by the

Department of Communications to assist small users
to better understand the potential of safellite
communications and{how to gain access. These
seminars might best be run as an adjunct to the

Anik B Program.
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Broadcasting Delivery Systems

The broadcasting of Television both fills a satel-
lite more quickly than voice and data services and
happens to be the service.representing the most

effective use of satellites.-

It is recommended: -That since broadcasters general-

ly do not have . the system design skills:to configure
and implement a cost effective.system using less-
than half a transpondef for TV distribution that
DOC issue a.statement-advising.broadcasters,of the
potential cost savings of designiné a'sYstem,using

a partial transponder.
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Abstract *

The objnctive of thig paper 18 to describe the
pethods used by Telesat Canada to.maintain and
‘oparate gsatellite earth stationz, of the
unattended mode, throughout the Canadian Arctic.
Particular zttention is given to the utilization
of pon-technical personnel in the remoter areas,

.to ensure a measure of *"firste~aid" manintenance

and to provide dialogue with Telezat technicians
in the Scuth, so0 25 to zssist in the diagnosis
and clearance of problems and service anomalies.
It will show that the success of this method of - .7
*local® agent activity has contributed considere ‘
&bly in maintaining equipment at tha high leval

of availability thus far. achieved, .

Introduction

The Canadian commercial matellite network consists
of three model HS-333 spin axis stablized
satellites, manufactured by Hughes Aircrafe
Corporation of Los Angeles, U.S.A. Each arxe
designed to receive and transmit in the 4 and €
GHz bands respectively, with an antenna pattern
that encompasses the whole of Canada, across
which Telesat has positioned BS gtations to data.

The advent of gatellite communications hasx
allowed the distribution of voice, data and
teletype services via single carrier per chsnnel
(SCPC) equipment as well as television to the
repotest regions of the arctic., Other services
now carried are Radio Program, Wideband FM and

. TDNMA message systems, Video Teleconferencing

and experiemental services such as the Data ’
Ccllection Platform experiment shared with Comzat., .

The Allan Park Earth Station (near Toronto) acts

as & central distribution point for wost services
via a 98 foot (30 meter) step~track antenna. This
same antenna also transmits a despin pilot to the
pain operational satetlite, Two smaller stations
(£ig. 1), with 26 foot and 15 foot -antennzs and
their own up/down links, provide pilots for the . "
remaining satellites. The msin Tracking,

Telemetry and Comaand station is co-located at
Allan Park and uses the three antennas mentionsd.
TT&C alsc has another non-committed precision,
continuous tracking antenna used for

Saturated Flux Density (SFD) measurements and for
satellite antenna despin acquisition. Additionally,
this is the main tracking antennz used during
satellite lzunches., TT&C isx linked wia

L Ottawa, Ontario, Canada

terrestrial dsta linas to ‘the computer and .-
satallite control facility in Ottawn. < -

In this paper, after describing. the.ground
netvork of stations and metheds of control, the o
'evolution of the maintenance systen will ha
reviewed, which, when viewed with the servicee
ability attained wil) illustrate the uatiuﬁactoxy
regults with which Telesat has so. far =2t in tho
challengs of Operations in. tha Far Hogrtha.

ovpas of Earth Stations

The various typesn of stationz will now ba .
describad in more detail, Actunlly, it h&s

beconme increasingly difficult to classify stations
because of the multiplicity of buildings, antennag,
equipment, and the growth of a variety of sorvices
and staffing in just about every possible combine
ation. The xmap Figura {¢1, showe the current
digposition,.’

Heavy Routs

As the name implies, .the tvo such stations carry
high quality, high denslty traffie. Allan Park
_already mentioned, ig the largest of two Beavy
Route installations and is complementad by |
Lake Cowichan (near Victoria, B.C.).. Both sites
are manned on a 24-hour per day bagis, havs .
redundancy on all up and down links &nd arg
equipped with standby turbine/diesel electrieal
generators as part of an Uninterruptable Powar

- . Bystem (UPS). Both are also involved. in :

operztional contreol of other stationg as
. discussed in another section of -this papoxe.

Yetwork Television

These stations are mid-size with 10 peter antennes.
and all six are located aleng Canada's southern
border. NTVs provide regional distribption of
"Network® grade TV in/out of the provincial
capitals or major centres.. The darrietsfield’
gtation (near Halifax, K.S.) i5 the castorn
terminal for a 400 channel Time Division .
Multiple Access (TDMA) system to Allan Park,

It is the only one which is mannod and only on

a work-week basis. The other RTVs are .main

by other carriers in .the area on a contract baszis.
They perform preventive mrintenance visits and
covar troubles. These gtationz a2l) have dienal/UPS
power systems and redundant rcceive links,
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Borthern PTelecommunicationsg .

fhers ara two sites in thig category, P:obinhe:
Bay and Resolute Bay, N.W.T. and thay are very
like the WIVs except that they carry medium
dennity message traffic, using Frequency Division
#ltiple Access (FDMA) and have single TV receive
iinks, Probisher is manned on & work-weok basis
and Rosaluts: is attended to by & contracted local
agent.

Bavota Televisgion

RIV stations ware originally equipped to providas
ons Or twd “Remote” grade TV receive programs,
bosraver, many have since had other services, such
a8 Radio Program and telephony (Thin Route),
&dded. Haintenance is provided by contract with
‘8 local agent,. .

Thin Route (Single Carrisr par Channal)

TR atations are similar ¢o RIVs, in terms of
shelters, antenna and power, however the radio
equipment usually provides two or more single
channel per carrier voice circuits with optional
telotypa and cdata additions. Where channel units
eva corcbined - (IF. and up) redunﬂancy iz usually
hallt in.

Prontier Television o

itgs zre the simplest packages in use, They
t of a sinmple antennz, transistor LNA,. and

isle frequency receivear, °
— e self~contained equiprment shelf, mains

powersd and housed on the customers premises.
Mzintenance often meansx tha customar or local
ezrataker agent, replaces the whole receiver.
installations are usually found at remots mining
., Caups or small communities.

Sranuportables ' : : e

Zolesat has 2 number of transportables which have
bean plzced in "semi=-permanent®™ locations to
provide TR or RTV service. These stations, known
&e small Alr Transportable Earth Stations (SATES),
congldst of a Xnock down antenna, small shelter and
a gingle transmitter/receiver capable of providing
two voice circuits, which can be loaded into a
Twin Otter type of aircraft. In addition, a
unique transportable T.V. transnit receive facility
ig being used for general purpose TV coverage and
congists of & trailer mounted diesel generator

The receiver typically

Thesa .

with an aquipmant shelter.. Pltted incide tha
shaltar cre two freéquency agile transmitters and
& frequency egils receiver., ‘This equipment
complemznt varias from time to tima, depcndinq
upon the service requirements, Several diffarent

antennas can bs used with the separate equipment -

trailer, such ags a 12 foot ona which is
disnnaambled and truck or air transportedd

In addition to the common featurag first
dizcuased, some veriatione in techalcal detail
and esrvices, are sboun in ths tollawinq Tabla g1,
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SAKLE OF TARTE STATIONS FRCILITIES

Ty

Pacility oz i« ¥ty | BTy’ " pave| TacTriererrz
ParmmateT m ] orme v | wre = PVl T .
) ) Aa66
Antenna 2.3 110,92 § 10m | 10m }7.5m 793 |4 5, {7-5m | 4.5a
Fontin=
Lreaking step lone RO |y il = 320NN DS I S5 8
arr 51 | 2 | 2| 2| 26 [22-26fe-22| 2| 17
8/ T BEe ‘HelAe 54 54 5 M., 48 HJhe [MAa
By Erca froa {froa

U.?.S. Yes H.D Yeos Yes. Yaa Yo iy H.R. [H.R.
o2, Fassage Yes | mil [mey |mid | some | Yes | mi1 | mia |un
= Eacoive ves | 2l {Yer | Yes | Yes |sScee | Yes | iy {mid
.5V Traneit Yes [E81 ves | Hil . | nil kil uil | osil R
fadio Receiw Oune -$A% ona | Yes Soms nil w4y | uil {uid
madio Transait one | Midl ne | Ona | Sox nil wii-f il | vy
Y¥ideband

Kexeage Yeag ril Cmz2 | Yes uil MY eiy | HLL | uid
ER = Hexvy houts IV = Renots Tolavicion

TIAS = Tracking, Telemetry nnd Command TR .= Thin Route Messaga

BTV - Hetwork Televisnion : v =- Prontier Telovision

BC - karthern Talecoemunicationg SHCIT = Telssetry and Cowmand 82

FCITL - Telematry and Comaand 83

‘Anothar concept pioneered and proven by Telesat is
the centralization of reporting and spares/repaixr
facilities, More details on thege aspects are
covered in other sections dealing with controls
and logistics.
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Operations Contrel

The opavations:and:meintenance of all earth
stations is carried vut:by Telesat personnel .
located in Ottaws and.at. four manned stations,

and by a number 0f maintenance agents who ase

undey conptract to Telesct to assist in supporting
the unattended .carth stations. To help enoure-

that the network is-opsrated and maintained to

& stondard which is consistent with customer
requirenentsz, certain control facilities have e
been developed and procedures have been implamantad'
for £ault location, frult reporting, preventive -
and corrective maintenance and for day-to-day
operations and network control. Field support

in the form of standerized procedures and
coordination with the Engineering and othar

depar tments is provided by the Ottawa bzsed Eoad -
Office &nd anaociatcd staff groups.

'h:oughout the enrth station network, two -
regional offices or reporting points have becn
established to which customers may report any T
observed impairments or interruptions to thair
services. These reporting points process each -.
report, directing the data. to other stations, as
required, in an effort to locate the problem and
to effect service restoration as. rapidly as -
poasible. Whenever problems are isolated to
remote unattended ecarth stations the regional
offices call in the respective maintenance agent
&t the location and the agent usually clears the
fault, If they should be unsuccessful, the -
alesat technical staff who are responcible tor .
operation. and mraintenance of the earth. :
tation, are advised and dispatched. Upon
clearance, full details as ¢o times and cause ure
passed back ¢o the regional offica for. . : B
documentation purposes.

Telesat regional offices interface very closely
with the customers' control offices for purposes .
of information exchange and for development of a
cooperative working spirit. With such 2 diverse
comminication network involving not only Telesat,
but its customers facilities as well as facilities.
of other telecomnmunications carriers which provide
backhaul from the earth stations to the customer,
closa and effective working arrangements between

.all concerned is essential. An efficient reporting

gystem bas therefore besen established p:imz.rily
through' congultation between those companies
involved. Within communication the Telesat nmtwe:h,
the Allan Parx Station functions as the control
centre having an overall network snervice
responsibility. Thisz centre ie called the Natwork
Operations Centre or NOC.

The NOC is primarily responsible for overseaing .
activities relative to clearance of service
impairments. It also has other major responsi=-
bilities such asx: coordination of the turn-up of
new services, authorizing and controlling turne=
down or releases of operating eguipment Or Eystems
for purposes of maintenance, scheduling major work:
activities at tha earth stations, and providing

- where the information is processed and distributed
. circulation of typed wessages and by remoted CRT

-within the Network and are able to roact quickly

‘not it was carrying traffic (Equipment Failure

.

firgt-1ine inputs t3 the HManagement Infarmecion .
Systes on &ll day-~to-day operational activicies.

In ad@ition, the HOC ig.the focrl point for all
wideband restoration activities., Should a

“satellite transponder, or indeed & full satell@t&,'

£al), the ¥O0C in conjunction with tha Telesatg
Satellice Contrel Centre (a Centre located at the
Ottawz Hesdguarters which monitors and controls

: the health, positioning 2nd configuration of tha

satelliteg) custopers, and station staff, effect

‘restoration of service. This may be by meanc of

rerouting traffic vin another transponder or by
reorientating the antennas of all errth stations
€0 the alternate satellite. Needlenp to say, 4

-the latter iz the case, it becomes a job of major

proportion, repositioning over 80 antemnss in a
coordinnted mANNEL, - T .

In order to keep Managemunt advised of the status .
of thas network certain types and durations of
service impairments bave been definad and ayxa
categorized as either Major Outages or Eazroydous
Conditions. A Bazardous Condition is defined as

a trouble not directly affecting a service but

which jeopzrdires the service carrying capability

of a station., These selected occurrenceg arag
reported by the NOC to the Head Office in Ottawa ~

throughout - the various Management levels.
Distribution is effected by two meang, i.ac.

display units (VDUs) to specific areas. In this’
way Hanagement is kept aware of significant events

whan neCesSarY.

A data collection system has been establiched . to
provide operating and maintenance information for
gystem control. trend analysis with respect to . -
equipment and network performance., In purticulat
two separate systems are in effect. One is rolated
to the collection and anrlysis of data pertimant -,
to continuity of service .or service performance:
(8erviceability Report), while-the other im reloted
to failure of equipment regardless of whether or

Razlysis). Analysies of such maintenance data
determines a practical and economical bzlance
between the two basic types of maintenance,
preventive and corrective, which is necessary in .,
order to meet specified operating stundards in a
cost effective manner,

At the Network Television stetions. and Northera
Telecommunicztions gstations, alarm and spupervisory
rystems have been installed, . As shown in Flogure -
§2 these systems operate over leased data linkg

or over "order line® on satellite oyztems, to tie

LAY
.
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— . ' &) Change the opemting frequency of ‘a
. tr mit calv
thene remote locations into the rentral monitoring ans ter or re ivers

point which ds5 the ROC at Allan Park. Each system - : don IRAS

is independent, that iz, a remote terminal is linked ) oo B) 'it;'i;g?i?gnzfdm © trenmitters, ! ;

to a corresponding master terminal and all of the - . .
] mamters are co~located at the NOC. EBach systas hag - : e) Run-u

p of high power ampli:tim froma cold

two prime functionss o ) to on-air or test- statuo)

1) Telematry of remota gite’ status to thd NOZ. Co d) Overriding £requency agility and tranmmittar
_ } drive functions normally under control ef - .

| : 2) Remotae control of cn-site equipment by tha . - the CBC via a sepzu-ata ynetvor;: control® }
. !-OC. * .

. systen,

N Fo such alamm and cupexvisory systems have koo -
. provided at thisz time &t the Remote Televimiom A
. or Thin Route Stations. In the cape of Thin s

Route the NOC relies on monitoring the RF carriers
from each station. All remsted monitoring and
contrel ig carried out by the NOC at Allsn Park, ¢

Maintenance Philosophy . G

. ‘The intent of any maintenanee program is to ensure
M the serviceability objectives set for individual’
circuite or the overall systsm are achieved.

The maintenance approach as adopted by Telesat

was structured in the usual way with both '
Preventive and Corrective maintenance interlocking -
to form an overall maintenance .program, . .

Corrective maintenance hag as its purpose the
o restoration of service and as ‘such its
" relationship to serviceahbility objectives is
oasily identifiebla.

vy

"

Preventive maintenance is somevhat more difficule .
to relate to serviceability objectives, an its

Lo
ri E-—.§
o
B
b
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‘ U u U cffect is more long-term and it acte to rednee .
: . ” the amount of corrective mzintenance. reguiraed. :
E O ‘Arralle Balair Livices Kerissetiald Bay balls Preventive maintenance iz considered xs having ¢
- ast. - b o e threa. main purposes. N
‘ . ' A - . Co. &) Verification and Optimization of System .
| . . . . Pcrfomnce
Usually related to atation-to-s:ntiun interfeca
- . On site status of eguipment configurztions opar= ' patch panel tests. It serves to verify

ating frequencies, and alarms is provided by circuit performance to the customar and to '

contact closures. from the various transmitters, . ©  identify general areas reguiring adjusm@i‘..
I receivers, and LNAx, as well as the antenna and .
‘ \ power synéems. A few miscellaneous site alarms such b) Advance Detection of Failures

ag “open door®, "fire® and "Hi-Low.temperature® . )

are ticd in, and all telemetered for display at Specific checks of units which are aspoctad

. the NOC. The remote control functions allow tha : : to fail gradually. The checks range from

selected equipment monitoring by built in
matering alarms to detailed unit tests or
. 8icply meter readings and status indications,

NOC to perform the following opsrations at the
‘rembte gitess
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'—»l fraquency drift in any one local oseillator a ol

functional testing of. redundancy switching,. -
frequancy ‘agility and tha testing -of alam
circuits. .

-“] A socond application within this category is.

In &ny comuunications system where complest ..,
units &re assembled in long chainp, errozrs - .
Tha effect of

' fT) _The Prevention of the Accumulation of Errors

can build up rapidliy.

would ba minimal, howaver, tho combined .
effect of several oscillators drifing in the
sans direction could ba sarious. Errors

can, of course, cancel &5 well as add and
whilo cezncellations are baarable on an overall
system bazxis, they complicate trouble analysis
and corrective action.
is placed upon the periodic preventive .
neintenance program, which checks equlpmant
dovn to the sub-assembly, to discover and |
corract such anomalies. .

Consequently, reliance

. ‘rm:ie;
ArrEEn 4 T
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Any waintenance program, while structured to reflect
. the aerviceability objectives assigned to.the

‘system, is constrained by the cquipment design.
e development of a maintenance program is
thsrefore in large part an adaptive process. .
In considering the operation and maintenance of .
Setellites Cormmunications Earth. Stations in the
Canadian Arctic, it iz appropriate that wa
e«xanipe tha general station configuration.

1 Dugien Cons;derutions

nstraint was placed on the. equipment snppliazg

wherever possible the equipment would be

organized as a series of field replaceable modules.

Alarmg, or other visual indicators (meters, £flags,

etc,) were to be provided so that a malfunction
could be.igolated to a particular module or
ascexbly.

Typically, the earth stations are organized xas
shovn in Figure #3. Single point failures ara
rinimized through the use of redundancy of all
comaon elements with the exception of the
antenna sub-system, prime power and the
envirommental sub-systems. A form of modified
radundancy is employed in the transmitter chain-
guch that the failure of & transmitter or
upconverter will result in the loss of no morxe
than 50% of station capacity.

.Th~ gelection of this parallel redundancy con=

figuration has significant cost and operating
&dvantaqen over switched redundancy.

.

-

. Parallel transmitter redundancy was salected
. raztber than switched redundancy on the basig that .

ag tha stationg ware remote and unattended, a
failure of & transmit chaia.in.a switched
redundancy configuraticn would not be datectad,
A subsgequant transmitter. failure would . result
in the community .being isclated.

By selecting parallel redundancy. the neceeﬂity

. for a costly telemetry system to report alamms

was avoided, Transmitters were loaded to only
50% capacity and the circuits that had operated
through & failed transmitter could .easily be .
patched through the remaining transmitter by the
local agent, to restore full service.

The Operations group were.therefore provided
with an immediate indication of -partial :
transrmitter fallure and repairs could be unde:-
takan before the community was isclated.

fhn non-redundant sub-systems have extremely .
low failure rates and thus do not reflect
significantly on system availabilicy.

The Local Aagent Conceot

During the installation phase of the first carth
gtations in the Arctic, it becama evident that
the conmunities where the stations were beaing
daveloped were not equipped with the facilitiesn
wa take for graznted in the more populated arens.
1t was a task of zignificant proportiong simply

. W e e—— e -~ e W e . -




to £ind a place to gleep and eat, Xven x:ore -
difficult waz the hiring of tranasport to move

" equipment and supplies from the airatrips or

baaches to the earth station zita.

It was necoszary therefore to have a contact :
within sach community who could arranga the laying
on of transport, provision of accommodationg and
could ascist in 2 ganeral way.

Once thig contact was establizhed, ‘the obvious
next step was to have the individual wvho had
besn so helpful keep &an eye on the station whsn

‘it was turned up for sexvice and our installsation

and tezting crews had moved on.

© This then Qn: tha baginning of the local agent\

concept. The agent was expected to look aftar the
phyzical security of the installation and do the
local coordination necessary to accommodate sub-
aequent vizitg by the maintenance staif.-

Meter reading end stztion check procedures srere
developed, first for our own use, then adjusted.
for the local agent. Then followed the procedure
for cross-patching to restore circuits when a
transmitter failed and ag experience was gzined
by our operating staff in working with the local
agents, they were used as an extengion of the
technical steff to isolate failures and to replace
oodules.

The reference made previously to the significant
benefits of parallel transmitter redundancy here
bzcome evident. We were now assured that in
almost every instance of eguipment malfunction
the communities would not be isolated. FPurthsr
the local acgent could be contacted over the
remaining circuits and under the direction of a
trzined technician not only restore service to
full capacity but isclate the failure, in most
instances, to module level. We were no longer
required to dispatch a technician and a

© gubstantial number of spares thousands of milen

to effect the repair., The module, identified .

by the technician/agent team was sent by the most
expeditious route and on arrival at the rewots
location installed by the agsnt.

One main'operating restriction vas placcd upon
the apent and that was not to ecarry out any
maintenance activity beyond meter readings
without being in-voice contact with a Telasat
technician. This iz to ensure that the Agent
iz provided with maximum technical assistance
during such events, to enable service to ba
restored expeditiously. Additionally, it also
provides measure of safety, by allowing ths
technician to caution tha agent whenaver hzzardous
voltages are pressant,

Another type of agent igrobtained thwough seiatenznes
contracts betweaen Telesat and other telecommunicaticoas
companieg, such as Canadian National/Caneda. Facific °
Telecony (CN/CP)  and are known'ag “Haintenonoe « -
Agents®, 1In this. mdnner employees -of tha e
tracted company are’ used to maintzin Telasel -
squipnent on demand.: e '

Thase employees would normally have an academie
background comprised. of secondary schooling, - @
technology tra;ning, and three to. five ycars of
technical experience wherein they vwould have gained

practical knowledge .of the latest ccmmnnicatians
systemz and their support equipmsnt. - :

The duties of thig type of ageut would ipe@vﬂma

a) ‘Pre%entivevﬂainteﬁance

The Agent will provide preventivw maintonanca
in accordance with Telexat's est&hlishxd
routinas and procaduresns. -

b) Corrective Maintenznee

The agent shall provide ecorrective maintenance
when required in accordance with Telesnt's
established routines and procedures. This :
will normally entail, but shall aot bz limited
to, fault isolation and replacement at the
module level. The agent shall in responding
to Teleszt service outages or potential
trouble reports, exert {ts best efforts to’
effect the necessary corrective action oz
repairs in order to restore the servies as
soon as possibla.

‘@) Response to Service Outagas

The agent shall diligently and effectively
respond to Telesat service outages or

trouble reports related to Teleszt satellite
telecommunication service to and from the

Earth Stations in accordance with Talesat's .
estzblighed operating procedures.

d) Bousekeeping and Civil Wor¥s Maintenznce

The agent shall maintain a high standazd o2
cleanliness and neatness -at the Barth
Stations. Additionally, tha agent will naip=
tain uccess to the Earth Stations, .

@) Reports

The agent shall prepare znd submit reports
‘to Telesat in accordance with Telesat's
established operating procoduras,.
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, ' : karrietcfield), shown respectively as * for the
@enarally, the statlong assigned to maintenance main centres ;éd § for thgesubceniren. Curraently,
_ agencles are more complex than the Remote Earth only the Allan Park and Lake Cowichan stationa '
ftacion shouuvin Fiqure #3, - Typical of this more _ara staffed on a 24-hour bagis, while tha - -
couplex earth station class are the NTV (Network Frobicher Bay station and the Harrietsfield =
Telavision) rtations at Edmonton, Albarta (Huggett), station are on an 8~hour per day batig. < Ag' the -

Winnipeg, Manitoba (Belair) and St. John's, network axpands and becomes more complex, the

H£ld. (Bay. Bulls). Thesze NTV statlions and cthiers taff th tic ba required,
-] provide transmizsion and reception linkz for staifing of o ef stations may * e
regional CBC centres to the nationwide CBC radio . Realonel r ibiried {milnyrly showm -
and tolevision petwork. Highly skilled technicians -RI?E&Ith siﬁiﬁgia‘we,t'fégﬁiﬁai.and.;agt, o -
ara-required to effectively carry out maintenance - )
- preograme at these locations.: The maintenanca * " pavth Stations Central G ; at Allan Park, Ontario
— &agoncies have effectively provided this service : np Centr en ! en .

nsintaing & common. logistics and supply. centra
© as well ag an equipment repair. depot for the
: total system. Critical spares arae stocked at
s+ . yeglonal centres, at Frnbinhet Bay and othar
sub—depots.

throughout the commercial phase of oparationsg.

Cugtomayr Maintenanca

" Undor soma circumstancas and by mutual agreement, o In goneral, fileld repair of modules axe '
Talasat permits the customer to maintein the reastricted to repairs of a simple naturs with all
axrth stations providing the customers service, other repairg being handled by the repair depot. -
Thiz is done in accordance with the standing Equipment supplier warranty provisions of from ' .

Telesat operating and maintenance procedures,: : 12 to 18 monthg provideas a buffar for the repaiy
with additional provisos that allows Telesat ‘depot, insulating them from the impact of equip=
intervention in the event that service restoration ‘pant infant mortality rates, but hevertheless

iz not effected expaditiously. 21l repair items route through the cemtral depot.

—, In soms aveas of the country, notably Northern A limbo clausa, where the warranty clock ceasas
Omtario and the far reaches ¢f the Northwest to tick upon the return of a failed warranted

Toerritories, the customers have resident item and recommences after repair -and return, has

qualified technicians in the area. It is of aliminated rubstantial losses of va:ranty tina
raitual benefit therefore to have a first~line . vhere the repair tims is extensivo.

. maintenance arrangement whereby the customer's
"] technician arsumes responsibility for ‘the

Spnres-levela are maintained at a ninimm a
nical health of the Station. He obtains as

‘result of the policy of modular construction.

cal help, repair and spares support from As an example, a channel unit failure can.ba
elesat system on an as-required basis and corrected by dispatching a replacement for the
rts to. the Network Operations Centre (NOC) particular module that failed rather ‘than sending
through his supervisor, in the usual manner, = ° the entire channel unit. The balance of the )
Critical spares items are often located at'a ‘modules which constitute a channel unit remain

cpares depot close to the remote areas of -
operations, in addition to the central supply ]
- dapat. . . The usa of sub~depots has a limiting effect on
. ' : . tha flexibility of the spares inventory. ' Sub=-

- depots are used, however, to reduce the
Manpower, Spares and Logistics C detrimental effect of irregular or infraquent

comma ial tr
The distribution of the earth stations acroas reia ansportation.
the Canadian North located in a hostile Arctic C e

available for failures at other locations,.

P

@limate and accessed via transportation links System Performance
which are somewhbat tenuous, has in itself - .
_ presented very uniqua operational and maintenance Effoctive service control over the large and
problems, complar network is exercised through a Network °
rations Centre (NOC) 1ocated at tha bt
Station locations, along with main transportation 4g§2y sarth station. Mlan

links are shown in Figure ¢4. ' (5ee next page)

Trouble reports are processed through the ROC
Tha Operations staff are deployed at three main bofora being referred to the individual maintonanec

cantras (Ottawa, Allan Park and Lake Couxchan) ups responsible for the maintensnce of the
&nd two subcentres (Frobisher Bay and 2§§t§ statggnn. 2 ¢
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Dbjechives are raviewed eanch yaar and.pet in .. .
eccovrdance with prevailing:conditions. Controctual

- obligations are reflected in the objectives only
insofar as they are- always inferior.to the rcvised

— objectiven pag, -
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rience has xhown that new equipmont can be.
expected to realize a higb initial failure rate
for the first year of operating life., A wmeantisws
between failures on a circuit basis can be .
anticipated to be in the order of 5,000 hours.
.In subseguent years this figure should improve
steadily, leveling off in the region of 10/15,000
boure between failuxcs. .

An objective, over a five yenr period, of 95.8%

iz therefore a reascneble goal provided mzintenance
groups zre organized to restore servica on averege
within 24 hours: of fallurs, .

Considering that this figure translates to an
outage time of only 1,057 minutes per year
(approximately 173 bhours), it can be readily
appreciated that & lot of extraordinary affort
ig reguired to maintain standards at tha
specified levels, :

Figures #5 and 96 illustrate the nervicaability

and aversge outage duration experienced in

Northern earth stations from 1974 to October of
1977. oOverall serviceability has bsen improving
steadily throughout 1977 and on a monthly basig
reached 9%.98% in December.

¥e have

considered in some detzil ‘ths telephons

services provided by Northern earth stations.

Other services provided by these stations includs
_the distribution of both television and redie

programming throughout tbe Rorthe.

HORTHERN SERVICE Ha 2 <ieed ]
SERVCE  oUTagE -
puzATIon BT - s, Hluxg
CATESSRY .
4 . &7 l&sa). 23 {Lm)
] - s feee) BN {854
¢ o e tae " 5T (6ol
oL ™wEe) opa (ed)

Rotess:

1. Category A iz less than 24 bours
duration.

Category B is 24 - 48 bours.
Category € is more than 48 hours.

2. Trigures in parenthasgig indiecate

nurbzr of outages per locations sarw:d

Figures #7 and #8 illustrate the serviceashility
and avarage cxrcuit outage duration for RIV
services.
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] The stations added to the notwork during 1876/1877

have been predominantly located in Northern
Ontario. A nev station design was employed and
:in order ‘to differentiate between this statica-
types and those originally installed, they are-
- generally referred to as Northern Ontaxio typas
‘stations. |

‘Availability for these statlons was calculnted

in the normal way, based on -an assumed lead tims

22 hours. The calculations are ahown:in . -

e $2 and indicated that we. could anticipota
rvice availability in the order of 99.08%

year. Our experience, after a years operation,
at four stations of this type of substantially-at |
variance with the projected Rvailability, ag will ’
“be geen by peruning FPigure 3.

. Table €2

Redundunt Northern Ontario Stntions

Equipment infant mortality is, of courae, a najoz
contribution to reduced availability but othar
factors had significant impact, a few of which
arae listed below as examplesn.

Commercial Power/Aambient Temperature
- A relptively continuous .source of alectrical
power had been azxumed. During the £irst
. . year, however, numeroug and prolonged powar o
outeges toock place.. Shelter tcgpe:aturg
during the winter dropped to 45°C (x 50°p)
beleow zero. As might be expected at such
temperatures, when power was reapplied a numbar:
of component fzilures resultad, particularly |
in power supplies.

a)

To restore this type of problcm sheltars have
becn modified to retain their heat for longer
periods and modifications to the technical
power gystems to prevent the application of
power at low ambient temperatures have been

inptalled or will be installed early in 1978,
In addition, procurement specifications have
bsen changed to reflect the need for equipment
to survive under such circumetancas,

b) PEouipment Packaging

The THT transmitters were arranged in thoeie
rack in such & manner that overheating ef

the gecond transmitter occurred. Thisg :esulted
in premature transmitter failure. Rack blowers
Lave been added to reduce the heating effect
and rack modifications are under consideration.

¢) PFirst-Line HMaintenance

Pirst-line maintenance task wag ascumsd by
the customer whe operated with a limitoed
technical staff in the area. Restoration of
Telesat facilities was, as a resulg,

. Availabildi - occasionelly delayed as the customer steff
POITPHENT HTEP MTTR . L.EAD TIME fEEEEQEEEEIE responded to situations which they considered
R — —_— - fO as baving a higher priority. Efforts were
& Foed 110,000 10 . 22 0.293709 made to arrive at a formula which would
orennd o ' 0.999358 . properly recognize tbe priorities of both the
LNA (2.4 4B) - a5, 000 0.5 22 ’ i izdgggiﬁt customer and Telesat.
Downconverter ‘ } 25,000 '2'0 22 D.595040 3'999999 4) Transportation
. Std. Tx g
fr°3 . e }255000 2.0 22 0.599040) ox chain The areas serviced by Telesat earth stations.
ipconverter %eg;ggggt in Northern Ontario do not possess the
asyW Varian . . o J3 transportation structures we take for granted
EPA 35 20,800 2.0 a2 0.998847 throughout most of Canada. Road or rail
. . 0.999617  p_aurdant access is non-existent and air travel remsins
. £ Unit 0,000 1.0 22 * an at the bush pilot level of development. Tho
_ [pterface Ond 80, o2 ©0.598016} 0.999996 only air-strips are lakes op the occasionsl
Channal Unit Tx/Rx 12,057 2.9 o 599990 short strip cut out of the wilderness. Under
Ew. Goar & -Cables e these conditionsz, travel is restricted to
° 0.995500 good weather only and the condition of tha
power Conditioning 50,000 3,90 22

i+ & HR Battery
Rerzrva

gtation Availability = 0,99¢810
» 10,42 Hours Outage Par Yealr

v ae e d

lakes.

4
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Xrcraft and staff have been stranded for days

by winter storms with the duration of service

outages being appropriately extended. Additional

flexibllity is bsing built into the maintenznca
ucture by locating critical sparsz in custosar,
depots and by encouraging increased utilizatiea
local agents.

As each problem area wap encountered, the gtation
aveilability improved apaca.

It iz early in the life of the ztations to project
their -eventual 5§ year term. availability, but ons -
can reasonably assume that 99.5% will be ean

attainable objectivs. .

As can be meen from the -foregoing, within Telesat,
the Operatlons and Engineering groups are involved
in a continuous process of improvement of both
maintenance procedures and eguipment design.

Conclusion . .

‘Hajer growth in the Telesat network, in the 1980's
will take place in the 14/12 GHz band. The
majority of earth stationg assoclated with this
larger network will be in Canada's southern climas,
and in all probability located at the customers
preﬁ;ses. This will present a2 new and different
geries of problems - not so much how to maintain
the equipment but how to control thze guch -

larger network,

.

However, demand for wore and improve.servicas in.
the. Arctic will continve, and, the problama e
associated with, that environment. will still bave
to be resolved. J¥ew, problems wiil’ arise .and nev
aolutxons to old problems will bave, £0 ha found..

- <t
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SYSTEM ASPECTS OF .-THE INITIAL TELESAT

THIN ROUTE SATELLITE COMMUNICATION SYSTEM

P. Rossiter
Telesat Canada
333 River Road
Ottawa, Ontario

Canada

SUMMARY

On February 1, 1973, the Thin Route satellite
communications system commenced commercial service via
the Canadian Domestic Satellite., The service provided
by Telesat to Bell Canada is designed to extend high.
quality, reliable telephone communications to small
remote communities in Northern Canada. The system
employs single channel per carrier, delta modulation,
2-phase coherent phase shift keying, and frequency

division multiple access techniques (sc/c, DM, 2¢-CPSK -

FDMA). This paper describes the initial Thin Route
system and indicates the proposed system expansion over
the next two years.

INTRODUCTION

Existing telephone communications to many small
communities in northern Canada relies on HF radio links
and features several user disadvantages including time
varying noise performance, significant outage time due
to propagation conditions, and press—to-talk operation.

The Thin Route service is designed to overcome

" these problems and to provide high quality, reliable

telephone communications to remote cammunities which
have a requirement for a small number of voice circuits
-—typically between two and eight.

The initial Thin Route system, installed in
1972-73, serves the settlements of Igloolik and

-Pangnirtung in the Northwest Territories.- Two pre-

assigned satellite voice circuits are provided

between each settlement and Allan Park Earth Station
in southern Ontario. From Allan Park the circuits are
back-hauled by Bell Canada terrestrial microwave radio
to Ottawa where interconnections are made with the
‘telephone network. '

Expansion of the Thin Route System is already
uvnder way. At the present time Telesat plans to
install Thin Route earth station facilities in a
further seven communities in 1973 and an additional
eight in 1974. The design of these new thin route
stations is based on a station G/T of 22 dB/°K as
compared with 26 dB/°K in the existing Igloolik and
.Pangnirtung stations.

Eventual system capacity is in excess of 120
simplex (60 duplex) voice circuits based on a homoge-
neous system model of non tracking ground stations
with a G/T of 22 dB/°K.

Ultimately the number of circuits may be
increased well beyond 120 by using voice activation
techniques., Demand assignment and circuit sharing are
currently under study with a view to increasing the
efficiency and flexibility of the system in the
future.

VOICE CIRCUIT PERFORMANCE REQUIREMENTS

The conventional means of specifying the noise
performance of a voice circuit in dBrncO is inadequate
to fully define the grade of service for a delta

modulation system since both idle circuit noise and
quantization noise must be accounted: for.

At low bit error rate (BERL10-4) the idle chaamel.
is extremely quiet and typically measures 20 dBrncQ.
However, during periods of speech, quantization noise
is produced in the delta codec (encoder/decoder). This .
means that circuit noise is essentially speech
activated, Thus the concept of. superposition for
signal and noise is not valid for delta modulation as .
far as speech is concerned.

1t is pertinent to note however that listener
annoyance is related to idle circuit or intersyllabic
noise and that the human ear tends to suppress noise
during speech activity. In this respect, the charac-
teristics of delta modulation may be .said to be
“matched" to the hearing process,

"The voice performance requirements adopted
(Table I) provide for a single grade of service to the
north and to the south, Noise performance is specified
jointly in terms of idle circuit noise and signal to
quantizing noise (5/Q).

SYSTEM DESCRIPTION AND PERFORMANCE |

. The decision to employ single channel per carrier,
variable slope delta modulationm, 2§ CPSK, FDMA tech- 1
niques was taken after considerable trade~off studies
had been made.

Digital transmission techniques are attractive in
that they exhibit:

~.Low C/N for threshold performance

~ Immunity from intelligible interference

— Compatibility with growing requirement for trans-—
mission of digital information

~ Compatibility with demand assignment and circuit
sharing techniques.

Delta Codec
One of the most distinctive features of the

Telesat Thin Route system is the utilization of
variable slope delta modulation at 40 kbps for the

_encoding of the voice baseband., For a sampling rate of

40 kbps, excellent voice quality is achieved at low bit
error rates (BER), -i.e., 10-4 or less. Good intelligi-
bility is maintained down to 10-2 BER. Below 10-2 BER,
voice quality degrades rapidly.

The system design objective is for operation
below a 10 ~ BER for 99.9Z2 of the time.

The major objective parameﬁers of the delta codé(
are summarized in Table I,




A PARAMETERS Co SPECIFICATION -
- VALUE
ng Rate = = . _ 40 . kbps .
Y ircuit Noise <37.5 dBrncO
‘Dynamic Range (for ‘ 230 dB
~8/Q 225 dB measured at :
L. 1 kHz)
Maximum S/Q (measured at . - 230 dB
1 kHz) :
A Frequency lesponse
(measured at -10 dBmO,
referred to 1 kHz)
| 300 - 3400 Bz +1,-10 dB -
_L. 300 - 3000 Hz +1,- 6 dB
600 - 2400 Hz - +1,- 3 dB

"Table I ~ Major Parameters of Initial Thin Route
"1 Delta Codec (Low BER)

Figure I shows measured output signal to noise
ratio (S/N) as a function of level and BER for a
-, 1000 Hz input signal.

I At zero BER the noise is wholly quantizing noise.

As BER increases the output noise is composed of
_quantizing noise together with error induced noise
until, at high BER, error induced noise becomes the
dominant effect., '

The curves also show.the two distinct regioms of
‘jcodec operation - low signal levels where “granular'
_jno occur and high signal levels where the codec is
d d by slope'overload noise.

. or a sinusoid slope is proportional to both
amplitude and frequency. Thus slope overload will
occur at lower signal levels for high frequency test
tones., This is shown in the S/Q curve for 2600 Hz.

FSK Modem
The gselection of CPSK modulation is predicated on

the fact that 2@ and 4P CPSK provide the lowest,
theoretical system BER for a given received energy per
bit to noise power demsity ratio (E /N ). Two phase
“modulation is preferred over four phase.

(a) because the modem is simpler and not subject
' to quadrature channel crosstalk impairments
and,
(b) the Thin Route System is space segment power
limjited rather than bandwidth limited.

Differential encoding of the codec bit stream is
.Jemployed in the transmit channel unit in order to
preserve apeech intelligibility at high bit error rates.
This technique eliminates the effect of the w=-phase
ambiguity in the demodulator recovered carrier for a
small penalty in E /N e.g. 0.6 dB at 10-3 BER.

Figure II shows measured link BER performance as
a function of Eb/No'

Single Channel per Cairier FDMA

e- access technique, SC/C FDMA, was chosen to

pe elatively simple and economical earth station
|des while retaining a flexible networking capability.
by means of channel select frequency synthesizers.

INITIAL THIN ROUTE GROUND STATION EQUIPMENT

(a) Ground Statjon Configuration

Table IT summarizes the primary parameters of
both the northern earth stations and the Allan Park
Park earth statlon.

PARAMETER IGLOOLIK & ALLAN PARK
, PANGNIRTUNG
Transmit Frequency 5985 +18 MH=z 5985 118 MHz
Receive Frequency 3760 +18 MHz 3760 418 MHz
[ANTENNA 26 f£t. Dia. 97 ft. Dia.
: (Non tracking) (Tracking)
Tx Gain (dB) 50.5 62
Rx Gain (dB) 48.5 59
G/T (dB/°K) 26 37
LNA Noise Temp. (°K) *100 100
TRANSMITTER 2 x 35 W TWT 1.5 KW KLYSTRON
Hybrid Combined (Redundant
at O/P Multicarrier)
[POWER - MAIN ° Commercial AC Commercial AC
‘BACK-UP 4 hr-lead acid Diesel/Battery
i battery
STAFFING ' Unmanned Manned - 24 hra.

Table II - Earth .Station Primary’

Parameters

In the northern stations the electronics equip-
ment is housed in a 18 ft. x 7% ft. x 8% ft.

fibreglass shelter.

OQutside ambient teémperatures

may range from -50°F to 80°F over the year so
that active thermal control is necessary to main-
tain the inside.ambient temperatures at 70°F+20 F.

Automatic de-icing is provided for the antenna
feed horn window and sub-reflector by means of

‘infra-red lamps.

made for the main reflector.

No de-icing provisions are

(b)  Channel Units and Coumon IF Equipment

Of particular interest are the channel units and
common IF equipment in the initial Thin Route

system, see Figure III,

Each station ia equipped

with one (redundant) set of coumon IF equipment

and two channel units.

The expansion philosophy

is such that additional voice circuits up to &
maximum of eight can be provided at a northern
station by simply plugging in the additional
channel units, the existing common IF equipment
Expansion beyond four circuits
may require a higher power transmitter. Note,
with reference to Figure III,
configuration at Igloolik and Pangnirtung
bypasses the multiport combiner and is arranged
gso that each modulator output feeds a-separate
transmitter chain.

being shared.

the present

Selection of channel frequencies is performed
respectively by the transmit and receive

‘frequency synthesizers.

These are programmable

to select any of 600 frequencies apaced at 60 kHz
intervals across the 36 MHz IF band.

For demodulatioh the channel unit uses an I-Q
Channel (Costas Loopz) coherent demodulator
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operating at a fixed carrler input frequency
{40,02 MHz} and post-detection filtering. The
pull in vange of. the demodulator is 4n excess of
42,5 Wz,

Bit timing recovery is achieved by hard limiting
the video output of the demodulator I .channel and
extracting the timing component by means of a
‘phase lock loop.. From the PLL output narrow
pulses are produced to mid bit sample the hard
limited video and produce a minimum-error

replica of the transmitted. digital bit stream.

The station common IF equipment consists of a
multiport combining network for summing the
transmit IF carrievs, a multiport divider for
providing each channel unit with a recelve
spectrum replica, station frequency references
and an AFC system.

The use of an AFC or spectrum centering scheme
is necessitated by the limited acquisition range
of the demodulator, and the significant long term
frequency drift of oscillators in the commaon
part of the transmission channel - notably the
spacecraft transponder L.O. and the RF portion
of the main station down-converter. A stable
pllot tone at an.IF frequency of 69,96 MHz 4s
transmitted from Allan Park with an absolute up-
link stability of +200 Hz and is phase locked in
the AFC of each receiver to a locally generated
stable 97,98 MHz tone thereby centering the

Thin Route carrier spectrum and nullifying the
effect of spacecraft L.0. and receiver frequency
drift (up to +40 kHz). -However, a stringent
frequency stability requirement still exists for
the non-common parts of -the transmission channel,
particularly the main up-converter local
oscillators. The long term frequency stability
of these latter oscillators is specified as 1
part in 107 per month which gives an interval
of some four months before retuning .is required.

-Bell Canada.

" Future Thin Route stations will be equipped with .
up-converter local oscillators at least one order
of magnitude more stable in order to extend the
retuning interval to one year.

CONCLUSIONS

This paper has introduced the Initial Thin Route -
system which 1is presently in commercial service with
The system has greatly lmproved telephone
communications to the communities of Igloolik and
Pangnirtung in Canada's Northwest Territories. The
service is being extended to a further fifteen northern
communities during 1973-74, .

Additional classes of traffic including data,
facsimile and teletype are currently dnder examination
to establish suiltability for transmission over the Thin
Route. Data, in particular, using volce band data
modems appears promising. Higher data rates up to
40 kbps are possible Lf direct interfacing with the PSK

. modem is per formed.

Finally, voice activation, demand assignment, and

- cdrcuit sharing techniques are being explored with a

view to increasing the system flexibility and effectdive
channel capacity in the future.
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