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SATELLITE SYSTEMS MANAGEMENT UNDER S1PARATE OWNERSHIP  
'OF SPACE AND 'GROUND «SEGMENTS 	.THE CANADIAN DOMESTIC  

SATELLITE SYSTEM 

1.0 	Introduction  

The engineering and operational management of the 

Canadian Domestic Satellite System by Telesat 

Canada has evolved from the concepts postulated by 

the original Government-sponsored Project Office 

(prej969) to the currently well defined and mature 

management structure in place today. This management 

structure has been developed to meet the relatively 

slow growth of communications services delivered 

via satellite in Canada and the corresponding low 

number of earth 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 and to approve a proposed 

agreement for membership by Telesat Canada in the 

Trans Canada Telephone 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 Government should "review the 

matter of ownership of satellite earth 

stations, to identify instances where 

non-Telesat ownership could be in thé 

public interest." 

,This study is concerned with the' 'changes which would 

occui- in the Systems Management and the impact on 

SysteMs Integrity should.thè current policy 

considerations result in separate ownership of the 

Space and Ground  Segments. 

The study therefore 

- describes the existing Satellite System Manage- 

ment structure in place today; 

- describes and comments on its evolution; 

- examines the impact on Systems Management and 

Integrity should separate ownership of space 

and ground segment arise; 

- comments on the. advantages and disadvantages 

of such new policy; 

provides some recommendations 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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2.0 	EVdiution.  of  the Existihg Systeh  Management Structure  

2.1 	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 technological developments which 

might considerably affect the future systems manage-

ment structure. 

2.2 	Maj or Factors Contributing 
'Ev-olution  

'sys - térlis* Management  

In 1969, The Canadian Domestic Satellite Project 

Office were working towards a satellite system to 

operate in the 4/6 GHz band to serve the 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 commercial 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 

high capacity message link from essentially Toronto to 

Vancouver, and one channel was used to effect a two 

access message service from the Atlantic cable terminal 

in Nova Scotia (via Harrietsfield) to Ontario (via  Allan 

Park). These additional services could not have been 

effected had a six transponder satellite been procured 

as planned. 
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L 	• 

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 implementation 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 six channel satellite initially 

conceived by the Project Planning Office in 1969. 

This gross over-capacity, together with the "whole 

channel" 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 cost per channel placed 

the service outside the reach of potential 

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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It should be noted that these policies have 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 

2.3.1 	• Existing Operational System  

The current system now-operational consists of three 

Anik spacecraft, eachof.twelVe-tr ;ansponders, and a 

n 3  



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. 

L. 
L. 

It is to be noted that Telesat have only a few 

customers - these being: 

1. Canadian Broadcasting Corporation - which 

currently serves 64 locations with Radio 

Program and/or Television Service. 

2. Bell Canada - which uses two transponders to 

provide public message service via satellite 

in its territory to 33 communities. Bell 

Canada provides private service to other 

customers such as Nanisivik Mines, Imperial 

Oil, 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. 

Trans Canada Telephone System - which uses 

two . satellite transponders to provide 960 

voice channels (duplex) between Vancouver and 

Toronto. 
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4. Teleglobe Canada - which uses one transponder 

to carry 400 duplex channels in a unique TDMA 

System from Harrietsfield (near the Atlantic 

Cable Terminal) to Allan Park (near Toronto). 

5. 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 Harbour, Holman Island and Snowdrift in 

the North West Territories. 

2.3.2 	Developing Satellite Systems - Responsibilities  

Near term implementation programs involving the 

Systems Management staff include: 

•  a) The engineering, management and putting into 

service of the Anik 'B' satellite. The 

major single customer for this satellite is 

the Department of Communications. 

b) 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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2.3.3 	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. 

2.  3. 4 	Summary .  of Existing Teles at Systems Management  
• Responsibilities  

The existing technical staff of Telesat Canada have 

systems management responsibilities concerned with: 

a) Maintenance of the existing system 

b) Planning and implementation of new systems 

c) Consulting engineering activities to external 

clients. 



11 

	

3.0 	Telesat Existing Systems Management Functions  

	

*3.1 	General 

"As of January 1978, approximately 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 stations are Harrietsfield, Nova 

Scotia and Frobisher Bay, Northwest Territories. The 

remainder of the staff are 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 ihe company - 

i) Planning and Marketing 

ii) Engineering 

iii) 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-

ment was implemented and it seems clear that this 

uote from Telesat Brochure 
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function has become more the responsibility of the 

Engineering and Operations Team. 

3.3 	Systems Operation and Maintenance  

Systems operation and maintenance of the Telesat 

system is managed from Ottawa. The management 

structure has been designed to ensure that the high 

grade of service contracted for can be achieved on 

a day-to-day basis. It should be noted that 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. 

L e  

L. 

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, where 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 



13 

[ 4, 

West Ontario is carried out by telephone company 

maintenance staff. Mr. Jack Crawford's Paper 

"Operating Experience in the Canadian Domestic 

Satellite System" is reproduced as Attachment 1 

and provides a complete description of the Telesat 

Operations System Management and comments on some 

typical problems encountered and solutions raised 

in the first five years of operational experience. 

The management structure and operating procedures have 

evolved gracefully over this first five years to meet 

the growing number of facilities 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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3.4 	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. 

ly) Spacecraft Engineering Directorate - concerned 

with the design of new spacecraft to meet 

• developing service requirements and mainten-

ance support  to  day-to-day operations, 

Communications Systems Directorate - 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 Considerqd. 

3.5 	Spacecraft Engineering Direciorate - Current Activity  

• The current activity of the Spacecraft Engineering 

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 contract has just been placed. 

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

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

This is undoubtedly the most complex work package 

being undertaken by any satellite operating company 

in the world in regards to operational spacecraft 

deployment. The weighting in systems management 

terms given to the technical complexity and the 

consequent high investment•implicit in this 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 further developed in the 

Recommendations. 

3.6 	" Communications  Systeffis.  Dire.ctbrate  

This Directorate is responsible for 

- New systems development' 

- Implementation - of Facilities 

- Improvements to existing . facilities and 

support to Operations. 



The Director has two major groups reporting to him: 

) Systems Engineering 

) Earth Station Engineering. 

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 implemented, the system is examined 

in detail and solutions proposed by the Systems 

Engineering Department usually in close collaboration 

with the Earth Station Engineering Department. The 

Systems Engineering Department is also responsible for 

site coordination 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.. 

Schedule 



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 

the Earth Station Engineering Group. Depending on the 

type and complexity of the job, a special project team 

may be formed to ensure an effective project implemen-

tation. 



4.0 	Impact on Existing Systems Management Function  

4.1 	Gènetal 

We have commented on how the system management 

structure evolved and was affected by the 

acquisition of a satellite of double the initially 

planned capacity in an environment of low demand 

and rigid institutional controls. These controls 

include the decision not to lease partial channels 

and the monopoly ownership of space and ground 

segments 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 addrèss the differences in 

system management created in the areas of: 

- Service. Standards 

- System Management and Control 

- Network Evolution. 
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4.2 	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 making 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. 



4.2.1 	Television Service Standards 

20 

4.2.1.1 	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 

- field time and line time waveform distortion 

- differential gain and phase 

- service availability 

the two service standards were similar to each other 

and also to the normal standards requested by CBC from 

common carriers with two major exceptions. This first 

exception is that the received signal to noise require-

ment at remote locations was dropped to not less 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 televlsion ias also 
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relaxed from the Network TV requirement of 99.98 per 

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

Both of these exceptions were specifically agreed to 

permit a more cost effective remote station design. 

The resultant earth station design, therefore, required 

a lower G/T (which was obtained by reducing the antenna 

size.to  26.5 feet from the larger NTV earth station of 

33 ft.) and employed no 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 

periodee 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 offering also has no frequency agility of the 

receiver. 

4.2.1.2 	Telesat - Private Broadcasting Service Standards  

It has been noted that service standards are usually 

set and agreed between Telesat and its« customers. If 

* Measured Communication Performance of the Telesat 
Satellite System by D.E.Weese and F.H. Smart, AIAA 197( 



other than Telesat were permitted to own and operate 

earth stations to receive 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 

(ignal 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 System, 

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', ' 

or 'D')on which to develdp 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 currently 

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. 

4.2.1.3 	Telesat - Cable Television Service Standards 

The service standards in the Cable Television industry 

are significantly lower than those deemed acceptable 

by, say, CBC. This industry already has performed 

significant system tradeoffs and shown great ingenuity 

in the design of multichannel delivery systems which 

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

The TV service standards currently in use were agreed 

between Telesat and the Canadian Broadcasting 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 total 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, then an 

exercise in developing standards conducive to deliver-

ing an acceptable service to the viewer at a lower 

cost to the user than might exist by the retention of 

the existing institutional ownership 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 



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; 

- if 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. 

However, it seems unlikely that any commercial broad-

caster would see any reward in contemplating a major 

revision in service standards to improve access to 

or utilization of the satellite system, unless Telesat 

showed a willingness to participate in an exercise aimed 

at reducing space sector. uiilisation and cost. 



4.2.2 	Telephone Service Standards  

4.2.2.1 	Voice Channel Service Standards  

In the existing Telesat delivery system there are 

several voice channel service standards in effect such 

as: 

1. That standard necessary to effect a satisfactory 

means of connecting from the Atlantic Cable to Ontario 

whilst still maintaining acceptable international 

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 density 

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 speed digital means in the 

Anik IC' 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  service must  be 

double hopped via an Ottawa operator; 

b) that the voice encoding is largely delta 

modulation which provides a different 

voice quality from either conventional PCM 

or analog transmission means. 

1 • 
4.2.2.2 	Impact on Systems Management  

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 other 

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, telephone service were to be effected 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*ly 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 

1•  

le 
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operation of the space sector in terms of 

e.i.r.p. stabili tY, RF emissions, etc. 

The system design, implementation and operation of a 

multiple access transponder is a most complex 

operation. 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 

technical planning and management committee similar 

in concept (but presumably smaller in scale) to 

that of Intelsat would be an effective method of 

oueration. 
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.4.2.3 	'Inteohne.ctibn and SysteM .Cdrifiglitatibn  

For message traffice (voice and data), intending 

users of satellite service can currently only gain 

service and interconnection through the telephone 

companies. If the user were  •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 the existing 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, national 

network. 

In the case of television distribution service, the 

interconnection is significantly easier. 

In the case of 

(currently the 

well developed 

are in place. 

the Canadian Broadcasting Corporation 

largest user of satellite service), 

technical and institution structures 

Interconnection is not a problem. 

In the case of new broadcasting users of the Canadian 



satellite, then hé has a wealth of choices: 

- he can distribute from urban locations via 

Anik 'C' on a regional and national basis; 

- he can utilize the eXisting 4/6 GHz satellite 

systeM plus terrestrial backhaul. 

The multitude of choices may have a significant impact 

on the existing system management, since it will now 

have to consider requests from broadcasters with a 

large number of service options, 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 Telesat, TCTS, 

CN-CP, other users, etc.. 



t*.1 

1 

32 

4.2. 4 	Quality and Reriability .6f •Se'rvi'ce 

Any user instituting either a message or broadcasting 

service with his own earth station facilities has to 

make determaations of the quality and reliability of 

his service. 

Such determinations by users may impact on the 

existing systems management in several ways: 

b e  

- it could increase the involvement by Telesat 

communications systems engineers in reviewing 

user proposals and negotiating service standards, 

determining 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 - operational management and 

possibly sophisticated equipment to ensure day-to-

day control of utilization of the space segment. 

j. 

Currently the service agreements between Telesat and 

its customers ensure a high standard of system integrity 

and clearly spell out performance standards. These 

standards 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 thus make access more 

available, has to be weighed carefully. It has 

been demonstrated by the Yukon Government that 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. 

4.  2,  5 	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. 

The development of a satisfactory frequency 

plan on the satellite. 



In the e .lient of others locating earth stations, little 

technical difficulty- is foreseen since the methodology 

is well established for coordinating all radio facilities 

in Canada. If the user locates his own facility he will 

simply have to undertake the technical coordination in 

the normal fashion. This should have little impact on 

the current systems management. One result of more than 

Telesat owning ground facilities would be a significant 

increase in licence applications and frequency coordina-

tion activity on a National scale. 

The satellite frequency plan could not be established 

by users and requires no further discussion, except 

to say that once determined, so it would be expected 

to remain in effect for a prolonged period (say 10 

years) and such would be represented in agreements. 

4.2.6 	Design and Maintenance Standards  

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 only Telesat's requirements. 

Examples of special designs used by Telesat only 

include: 

- the TDMA system installed at Harrietsfield 

and Allan Park. 



- 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 designs" in Telesat systems applied 

elsewhere include: 

- low noise uncooled parametric amplifiers; 

- low noise transistor amplifiers; 

- audio subcarrier equipment. 

Telesat have also significantly affected design 

standards throughout North America. 

If others are allowed to own earth stations operating 

in the Telesat system, 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 equipmen -Usupplied 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 the equipment deployed on ground stations 

does not have the extensive and exhaustive equipment 

development usual in high density radio relay equipment. 

The purchasers of - earth stations then can go to a wide 

range of manufaCturersand 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 development of the Telesat System; 

h) 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. 

j. 

If other than Telesat were to build and operate earth 

stations, then the standards of designs and quality 

of equipment may be either higher or lower than that 

currently in service. Likewise, the standards of 

maintenance may vary. 
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Only when a specific proposal for service has been made 

could the impact on system integrity be established. 

If public service is proposed, 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. 

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.. 

4.2.7 	Conclusion  •on Service Standards Impact  

j. 

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 be the continuation of a high standard 

of public service. 
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It cannot be concluded on a blanket basis that service 

standards would decline.  I 'nT 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 departments 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 earth stations 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 

one of responding to requests for service to one of 

merely critiquing detailed service requirements 

delineated by users who are currently* significantly 

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 

spelled out as a guide to intending users of satellite 

service. 
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4.3 	Systems Management and Control  

With others owning ground facilities, the Telesat 

systems management role would evolve to place more 

emphasis on the optimum and controlled 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 might 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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4.3.1 	- Protection of the Space-  Segment  

With others using the system, the current system 

management activity would have to increase to ensure 

an orderly and controlled use 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. 

Under diversified ownership there is no .  technical 

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 to ensure the competency of 

users. 

There is no reason to believe, therefore, that 

proper contractional and operational arrangements 

cannot  be  made to increase access to the satellites 

at the same level of technical risk to that which 

would exist with a Telesat monopoly of facilities. 

Indeed, this should be an over-riding criterion for 

the acceptance of a user-owned facility in the system. 



4.3.2 	'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 administration 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 management would have to adapt to serving 

this new customer. It may be that administrative 

complexities may arise as the result of this new 

customer wishing to initiate a service which is 

normally 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 need or otherwise to 

1 

1 

hire staff; 

4.3.3 	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 companies and CBC 

are permitted to own earth stations, then new pro-

cedures of 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 system. This would be 

somewhat more complex for new users than for those 

already familiar with the system. 



44 

1 
1•  
1 
1 

1 • 

4.4 	Network Evolution 

The evolution of the network has developed extremely 

slowly in the first five years of commercial opera-

tion. The evolution 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? 

4.4.1 	Introduction of New Spacecraft Technology  

In the first nine years of existence, Telesat has: 

1. Designed a six transponder satellite. 

2. Deployed and launched three twelve trans-

ponder satellites (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, contract, launch and operate spacecraft 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. 

l e  

j•  

They will also insist that they be allowed to input 

into any new spacecraft design to ensure the character-

istics of the proposed spacecraft will meet their 

perceived needs in terms of 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'. 

il 
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Anik 'D' is presumed to be a spacecraft to provide 

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 

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. 

1•  
• 1 

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. 

_1 • 	- 

1  

Normally where a user takes 60 per cent of the capacity 

of any resource he usually has an impact on how the 

service is effected so that he can be sure that the 

resource is being developed in his best ihterest. 

It may be that a large user such as CBC might prefer a 

satellite of different parameters and design 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 note that the other major user of 

the Telesat system - TCTS - has had a remarkable 

recent impact on satellite 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. 

1. 

tie 

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 interests 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. 

4.4.2 	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 satellite usage, 

might be improved if earth stations could -be owned 

by others. There may be some chance that users de-

velop innovative ways to provide new telecommunica-

tions services. It is far from apparent what these 

new services might be, but even one of them could 

have a major effect. Candidates to provide explosive 

growth include: 

1. .Video Conferenéing 

2. Additibnal TV.Sérvices 

3. "Electronic. Mail" 

It is clear that Telesat cannot develop these new 

services since they are not permitted to provide 

end-to-end user services. Ownership of earth 

terminals by others might stimulate the development 

of new'services. 

4.4.3 	System Optimization  

In the first five years of operation of the satel-

lite, system optimization has been a largely theoreti-

cal exercise. There is no real need for system 



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 demand and that the reaction to 

this demand is to find innovative ways to optimize 

the system other than simply fly a second satellite 

system (Anik 'C'), then the impact 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. 

We should define system optimization as the process 

whereby one considers how to.serve the user with a 

service which meets his need at the lowest cost to 

him. This concept has not as yet been extended irito 

the development of the Canadian Satellite System. 
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4.4.4 	Network Evolution - Conclusions  

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 the optimization of the tech-

nology. The extent to which this might impact on the 

systems management is unclear - the fact that it 

will, is undoubted. 



5.0 	*Commentary on User,Categories  

This section makes comment on the impact on Systems 

Management and integrity in the event that specific: 

us ers  are permitted to own their own facilities. 

It has been indicated throughout this study that the 

major effect of permitting others to own facilities 

is that user requirements might eventually impact on 

the design and implementation of future satellite 

systems to be deployed 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 by the Canadian Broadcasting 

Corporation, the regulated common carriers and Tele-

globe Canada. Few other 'users  have found 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 been extended by conven-

tional technologies such as microwave radio, off-air 



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 

network; high frequency radio technology is being 

developed; new services are being experimented with. 

All this represents competition or market opportunity 

to the satellite system. 

Despite this, there has been little or no research •  

or development to establish ways and means of 

optimizing the initial satellite system. What has 

been done has been relatively ill 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 system into the National Telephone System 

will provide at least the economy of scale to 

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 Channel 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 managè-

ment if each of these categories were to design, 

control and operate their own earth station facilities. 
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5.1 	TCTS Member CompanIes  

In their submissions to • the Minister on the question 

of earth station ownership, all of the telephone 

company members of TCTS, except Bell Canada, agreed 

with the current Telesat Canada position. 

1. 

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 other 

telephone company) cbuld properly plan, design, 

implement and operate earth stations. Ownership by 

Bell Canada would not adversely affect systems 

management or integrity. It would most likely improve 

it. 

Such improvement in public 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 . 



within the space sector currently leased by Bell 

to effect Northern Service. The savings possible 

through an efficient systems design with Bell 

effecting channel assignments in the Thin Route 

transponder could encourage Bell to serve more 

communities in the North. With the ability to affect 

overall systems planning the systems utilization 

could be improved and it might be expected that a 

more effective system might result than would be 

possible with Telesat being involved in the development 

of switching systems in which they have little experience. 

5.2 	- Noh.  TCTS Carriers  

Canadian National Telecommunications currently use the 

Thin Route System to serve Sachs Harbour, Holman Island 

and Snowdrift in the North West Territories. Shortly 

this service which previously terminated at the Lake 

Cowichan, B.C. earth station, will be reconfigured to 

terminate at Hay River. This indicates an evolution 

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 improved usage of the satellite facilities. This 

improved usage could result for the same reasons as in 



the Bell Canada case - the control of overall systems' 

,design. 

In the case of Anik 'C', which is essentially 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 providing 

either a complementary or competitive service to TCTS 

offering. CN-CP might be able 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 companies' facilities. Such service would 

be assumed to be developed on the second Anik 'C' 

satellite since the first Anik '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 integrity. 

Without ownership development of new CN-CP service 

would be made extremely difficult since the alterna-

tive would be to interconnect with a Telesat/TCTS 

earth station. 
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5.3 	'Broadcasters 

There appears to be little interest by commercial 

broadcasters in gaining access to the satellite system 

at this time. Few could currently justify the space 

segment charges currently in effect. It also seems 

unlikely that the Anik 'C' satellite system will 

result in reduced space segment changes. 

However, if broadcasters were allowed to design their 

own system to meet their own needs by using a partial 

transponder, a possibility exists that the satellite 

might prove out competitively with microwave even on 

a regional basis. 

5.3.1 	' Ontario Educational Communications Authority (OECA)  

OECA have made an interesting submission to the Minister 

on the question of Barth Station ownership. There 

is no doubt that the technical strength 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 existing systems management or 

integrity. 



5.3.2 	, Canadian Broadcasting Corporation 

The CBC are already the largest 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 operations 

coverage of existing broadcasting facilities in 

communities served/to be served. 
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5.3.3 ' 	• • Commun•iti• Uses • 'cif .CFC .Ser•vIce  

The Yukon Government'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. earth stations is preventing extended usage. 

Ownership of earth stations at community level would 

not complicate the systems management task and cannot 

affect the satellite system. An important require-

ment for such facilities would be to introduce equip-

ment and procedural solutions to effect broadband 

restoration in the event of transponder failure. 

Telesat have effected such a solution in their Frontier 

T.V. earth stations. The impact on the equipment is 

the retention of a crystal/filter kit which is easily 

installed in the event of transponder failure. 

5.4 	Cable Television  

111) 

The Cable Television industry have lobbied for several 

years to own their own earth stations. If a service 

requirement for Cable Television ever emerges, the 

Cable industry have the skills and resources to 

operate their own earth stations. 
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Fèderal Government Users 

Many Federal Government Departments have potential 

requirements for using the satellite system. Un-

fortunately none of them provided submissions to 

the Minister in respect of Earth Station Ownership. 

Many Government Departments, of course, have owned 

and do own satellite ground stations operating with 

a variety of satellites owned by others. These 

departments include Communications, Defence, Energy 

Mines and Resources, Environment and Transport. 

• 

1411 
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5. 6 	Small Users of  •Telephone Serv-ices 

It would seem quite impractical to permit 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 transponder 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 drilling ships and rigs off-

shore where it would seem more practical to give 

ownership of at least shipborne facilities to the oil 

company. In this case, significant technical and 

procedural controls would have to be exercised by 

Telesat to ensure that  •a satisfactory operating 

condition would prevail. 

5. 7 	Conclusions  

In the case of large institutional users who have a 

significant experience in the planning, engineering 

and operation of communications and broadcasting 

facilities, there seems little reason to believe 

that these institutions could not plan, engineer and 

operate earth station facilities interfacing with the 



satellite in space. The impact on the existing systems 

management might be an increase in workload proportionatc 

to the extent of service extension. 

In the case of television 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 sbch an arrangement  

would be effective. 

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

a small number of voice channels 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 cui-rent'mèthOd of-providirig ser.vipe. 
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6.0 	Recommendations for Further Action  

General  

There are only three major reasons why anyone woul d . 

 wish to own their own earth station 

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

b) To reduce his existing (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 scene but that each case for earth station 

ownership be studied individually to ensure that the 

"public interest" in terms of the integrity ,  of the 

system in the matter of public service be preserved 

on a cost effective and equitable basis. 

j.  

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, 



the ownership of earth stations by major 

institutions such as broadcasters and telephone 

companies gives them the significant advantage 

of control in their long range planning. A 

consequence of such ownership by institutions 

might be a more intelligent planning of the 

space sector development than currently exists, 

since these institutions would hopefully develop 

more cost effective communications systems to 

reduce their costs in the near, medium and long 

term. 

6 .1 	Planning of Future Satellite Systems  

The planning of satellite systems in Canada has been 

variously done individually or in combination by: 

- Department of Communications 

- Telesat Canada 

- Bell 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 implementation of Anik 'A (twelve 

transponder); 

- the implementation of Hermes; 

- the construction of Anik 'B'; 

- the contracting of Anik 'C'; 

- the early design of Anik 'D'. 

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 to try to re-establish what 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 Canada 

- Canadian Broadcasting Corporation 

- Teleglobe Canada 

- Interdepartmental Committee on Space 

- Department of Communications 

- Private Sector 
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6.2 	Survey of Potential Users  

The ownership of earth stations by users has two 

possible immediate impacts on the user: 

1) He.may'be more interested in using satel-

lites if he- can.de:sign, 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. 



6.3 	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 df 

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 satellite 

communications and how to gain access. These 

seminars might best be run as an adjunct to the 

Anik B Program. 
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6.4 	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. 

1. 

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 transponder for TV distribution that 

DOC issue a statement advising broadcasters of the 

potential cost savings of designing a system using 

a partial transponder. 
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OPERATING EXPERIEWC3 
IN THE 

CANADIAN DOMESTIC SATELLITE SYSTEMIC' 

Introduction . 

The Canadian commercial satellite network consists 
of three  modal  R5-333 spin axis stablised 
satellites, manufactured by Hughes Aircreft 
Corporation of Los Angeles. U.S.A. Each are 
designed to receive and transmit  in the 4 and 6 
GHz bands respectively, with an antenna pattern 
that encompasses the whole of Canada, acroes 	• 
ehich Teleset has ponitioned 85 stations to data. 

The advent of satellite communications has 
ellowed the distribution of voice, data and 
teletype services via single carrier per channel 
(SCPC) equipment as well as television to the 
remotest regions of the arctic. Other service* 
now carried are Radio Progrem, Widebend FM and 
TDMA message systems, Video Teleconferencing 
and experiemental  services  such as the Data 
Collection Platform experiment ehared with Gamest. 

The Allan Park Earth Station (near Toronto) acts 	' 
as a central distribution point for most services 
via a 98 foot (30 meter) step-track antenna.  This 
same antenna also transmits a despin pilot to the 
nain  operational sateelite. Two smaller stations 
(fig. l).with 26 foot and 15 foot.antennam and 
their own up/down links, provide pilots for the . 
remaining satellites. The main Tracking, 
Telemetry and Command  station is co-located at 
Allan Park and uses the three antennas mentioned. 
TT&C also has another non-committed precinion, 
continuous tracking antenna used for 
Saturated Flux Density (SFD) measurements  and for 
satellite antenna despin acquisition. ,Additionally, 
this is the main tracking antenna used during 
satellite launches. TT&C is linked via 

Abe tract  
• • 

The objective of this paper is to deice-rib* the 
eetheds ùeed by Telesat Canada tomeintain are 

-operate satellite earth station, of the 
unattended mode, throughout the Canadian Arctic. 
Particuler attention in given to the utilisation 
of non-technicai personnel in the remoter areas, 
•to ennure a measure of efiret-aid• maintenance 
end to provide dialogue with Telesat techniciens 
in the South, so es to assint in the diagnosis 
and clearance of problems and service anomalies. 
It will show that the suceeen of,this method of 
*local* agent activity has contributed consider-
ably in maintaining equipment at the high level 
of availability thus far achieved. 

• 

• 

'Te 

1 

• 

 

1 

1 

1 

J 

• 

terrestrial data lineu to  the  computer and 
satellite control facility in Ottewa....e. 

In this paper,.after, 	dezcribing the-ground 	• ' 

network of stations  and method!) of control, the 
'evolution of the maintenance ayetee will bm 
reviewed, which, when viewed with the service- 
•ability attained will illustrate - the satieeectory 
results with ehich Telesat  ban eeefarmet in the 
challenge of Operations in the Far-north.. 

Types of Earth Stationn e e • 

The various eypen of stations will :sou be. - 
described in more detail. Actually, it hes 
become increasingly difficult.to classify statione 
because of the multiplicity of buildings, antennas, 
equipment, and the growth of a variety of services 
and staffing in juet about every:possible combin-
ation. The map Figure 01, sherds thecurrent 
disposition. 

Pou 	• Lielsy 	ts 

As the name implies, the two uuch atatione carry 
high quality, high denuity traffic Allen Park 
already mentioned,  in the largest of teo Heavy 
Route installations and is complememte.d by 
Lake Cawichan (near Victoria, B.C.). • Both sites 
are rammed on a 24-hour per day basiz,.hav,s 
redundancy on all up and doun links and  are 
equipped with standby turbine/diesel electricel 
generators as part of an Uninterruptable Power 
System (UPS). eoth are also invelved.in 	• 
operational control of other  stations  an 
.dincuesed in enothar eaction of thin peper. 

network Televizion  

These etations are mid-size with 10 meter antennae. 
and all six are located along Canada'a southern 	• 
border. WTVs provide regional distribetion of 
'Network grade TV in/out of the provincial 
capitals or major centres. !rho aarrietafield . 

 station (near Halifax, N.S.) is the caetera  
• terminal for a 400 channel Time Division 

Multiple Access (TDMA) nysteM to Allan Park. 
It ie the only one which is manned and only on 
a work-week basis. The other NTVs'are.mmintaimed 
by other carriers in the area on a contract being. 
They perform preventive maintenance  visita and 
cover troubles. Theme  stations  all have diesel/UPS 
power systems and redundent receive linko. 
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Frontier  Television  
- 

itea are the  simplet  packages in use. They 
t of a simple antenna, trensintor ene, , and 

jie frequency receivere • The receiver typically -
e self-contained equipment ahelf, mains 

powered end housed on the customers premises. - 
 Maintenance often means the customer or local ' 

czretaker agenta replaces the whole receiver. These 
inetallations are usually found at remote mining 
camps or email communities. 

Trenueortables  
• 

Telenet  has  a number of traneportables which have 
been pieced in "semi-permanent" locations to 
pravide TR or RTV service. These stations, knewn 
AA email Air Transportable Earth Stationa (SATES), 
consist of a knock down antenna, Email ghelter and 

aingle transmitter/receiver capable of providing 
two voice circuits, which can be loaded into a 
Tein Otter type of aircraft. In addition, a 
unique transportable T.V. transmit receive facility 
is being used for general purpose TV coverage and , 
consiste of a trailer mounted diesel generator 

eorthern Telecammunications  
._ 

1 
 There ara two  • sitea in thir category, Frobisher 

Bay and Regolute Bey. N.W.T. and they are very 
like the eTeis except that they carry medium 
deneiey Mezsage trafic,  • using Frequency Divigion 
Multiple Accesa (FDMA) and hava eingle TV receive 
tinkle. Frobiaher is menned on a work-week basin 

-1 
 

an  e Reeolute'in attended to by a contracted Local 
event. 

- • 

Bemote  Television  

T.Tv etations ware originally equipped to provide 
one or two °Remote" grade TV reoeivn pregrams, 
houever, namehave•gince had•other earvicea. such 
as  Bade.° Program and telephony (Thin Route), 
edded. Maintenance is provided by contract with 
e  local  agent.. 

"Ibin Beute (Single Carrier par Channel) 

Te eeetione are similar to - RTVa, in terms of . 

chelters, antenne and power, however the radio 
equipment usually provider two or more single 
channel per carrier voice circuits with optional 
teletype and data additions. Where channel units 
are coebined(I.F. and up) redundancy ie unually 
built in. 

1 

uith an equipment ghelter.. titted innide tha 
shelter are two frequency agile tranamitters und 
a frequency agile receiver. - This equipment 
complement varies from time to time, depending' 
upon the aervice requirements. Several different 
antennas can be used with the separate equipeent 

trailer, such ae a 12 foot one which it 
digatuseebled and truck or air transported. I .  

Zn addition to the common feature= first 
. diecumeed, soee variations in technical detail 

and eurvices, are sheen in th  a follaUing Tabla L.  

Table 01 

lUstn OP EX= SIICICUS MCILITIZS 

ER -Heavy 1:antia 
TT= - Tracking, Telemetry and Command 

XTV 	Untwork Televigion 
KTC ear-tetra Talmcommunicationa 

Another concept pioneered and proven by Telegat is 
the centralization of reporting and spazegirepeir 
facilities. More details on theee aspects are 
covered in other aectione dealing with centrble 
end logistice. 

TT= 	XTV 	UTC 	 Per 	

,--- 

-rmaility cr. 	TMI1 T7-Z111 
Parameter 	- 

U.6a 
Antenna 	 28.8m 	10.9m 	10a 	102 	7.9e 	7•8o 	,l/sra 	7.9m 	4.5n 

2reekin7 wtep 	 nil 	Mil 	Mil 	Vil 	Mil 	Cil 	RL1 

zer 37 	29 	28 	28 	28 	22-26 	8-22 	21 	17 

8/1.8 	 54 	51 	M.A. 	45 	u.e. 

Lro 	 tram 	from 

0.1...5. 	 Yes 	Yes 	T. 	Yea. 	ICU  

r.m. Emessee 	Yea 	Itil 	nil 	nil 	emu 	Yam 	nil 	nil 	uil 

treeeneve 	ell 	Yes 	Yes 	. Yma 	Sone 	Yeu 	'ALI 	Mil 

TV Treacnit 	Yes 	ail 	Yes 	Mil 	nil 	eil 	nil 	nu 	nil 

.adlo aeonive 	One 	nil 	Ona 	en 	Same 	nil 	nu 	nu l 	nu.  

>Lain Transmit 	Cue 	ail 	One 	One 	Sens 	Uil 	Eil 	Uil 	ail 

bilcit*.and 
Yea 

	

nu. 	One 	Yes 	nil 	nil 	Cil 	Uil 	Ull 
U.:engage 

XrCr' 	emmote Telettaien 
TR. • ...nark Route Massey-a 	. 

rry 	- Prentiss Televigion 
TNCIX 	Telemetry and Co.:amend 62 

- Telemeter end Ommeand 83 



Oeeretiont Control  - 

The operationesandeneintenance of all earth 
stations in carried out:by Teleaat personnel 

• located in Ottawa ned.at.four manned stations, 
and by a number ofesaintenance agente who are 
under eontract  th  Telesat'to engirt in supporting 
the unattended.earth 'stations.: To help ensnare- . 
that the network it - operated and maintained  • to 

standard which ie:conaistent with customer 
requirements, certain control: facilities have 
been developed and procedutee heve-been implemented 
for fault location, fault reporting, preventive 	- 
and corrective maintenence and for day-to-day 
operations and petwork control. Eield support 
in the form oistenderized precedes« and 
coordination with the Engineering and other 
department& is provided by the Ottawa beeed Hoed 
Office and aaaoeiated staff groupg. 

Tbroughout the earth stetion network, two 
regional offices or.reporting points have  ben  
established to which customers may report any 
observed impairments or interruptions to their 
services. These reporting points proceug each  •  
report, directing the data.to other stations, am 
required, in an effort  to  Lote the problem and 
ta  effect service restoration aerapidly am 

• possible. Whenever problems are isolated to 
remote unattended earth utations the regional 
offices call in the regpective maintenance agent. 
at the location and theagent usually clearg the 
fault. If they should be unsuccensful, the 	•  
elesat technical staff who are responcible for 

operation.and scaintenance-of the earths 	e 
tation, are advised and dispatched. Upon 

clearance,  full detaile as to times and çause are.- 
passed back to the regional office for 	 e - 
documentation purpomes. 

Telesat regional offices interface very clogely • 
with the customers' control offices for purpones 
of information exchange and for development of a 
cooperative working gpirit. With euch  a diverse s 
communication network involving not only Telesat, 
but its customers facilities as well as facilities. 
of other telecommunications carriers which provide 
backhaul from the earth stations to the cuetomer, 
close and effective working arrangements between 
all concerned is essential. An efficient reporting 
usestem has therefore been egteblished primerily 
througleconsultation between thoze companieg 
involved. Within communication the Telesat netwerk, 
the Allan  Par.  Station functions as the control 
centre having an 'overall network service 
responsibility. This centre ie called the Network 
OPerations Centre or NOC. 

The NOC is primarily responsible for overeeeing 
activities relative to clearance of service 
impairments. It also has other major responni-
bilitien such as: coordination of the turn-up of 
new services, authorizing and controlling turne 
down or releases of operating equipment or systeme 
for purposes of maintenance, scheduling major work . 
activities at the earth stations, and providing 

firet-line inputs ta the Management Information 
Systee on all  dey-ta-dey  operational activitiee. 

In addition, 'the  Nee ig-the focal point for all 
widcband restoration activities. Should a 
'satellite transponder, or indeed a full satellite, 
fail, the WCC in conjunction with the Telegat 
Satellite Control Centre (a Centre located at the 
Ottawa  Headquarters which monitors and contrale 
the  health, positioning and configuration of the 
satellites) customers, end station staff,  effect 
restoration of service. Thin  may  be by manne Of 
rerouting traffic vin another traneponder or by 
reorientating  the  antennae of all earth stations 
to the alternate_ eatellite. Needlena to say, if 
the  latter it the case it becoeeg a job of major 
proportion, repositioning over SO antemese  in a  
coordinated semmer. 

In order to keep Management advised of the dtatue 
of the network certain types and durations of 
service  impeirments have been defined and  are  
categorized as either Major Outagen or Bazardons 

 Conditions. A Hazardous Condition it defined as 
a trouble not directly affecting a. service but 
which jeopardizes the service carrying capability 
of a station.  Thege selected occurrences  ara 

 reported by the NOC to the Head Office in Ottawa  
where the information is procesned and distributel 
throughout the various Management levels. 
Distribution is effected by two means, i.e. 
circulation of typed  messages and by remoted CRT 
display units (VDUs) to specific areas. Ln this  
way Management is kept aware of aignificant events 
within the Network-and are  able  to react quickly 
when necesgary. 

A data collection system han been ettablinhed • to : 

provide operating and maintenance information for 
gystem control trend analysis with respect to 	, 
equipment and - network performance. In particuler - 
two separate systems are in effect. One is related 
to the collection and analysis of data pertinent . 
to continuity of service or service perforMence-
(Serviceability Report), while-the oeher in relateZ 
to failure of equipment regardless of whether or 

'not it was carrying traffic (Equipment Failure 
Aaelysis). Anelysic of such maintenance data 
determines a practical and economical  balance  
between the two basic types of maintenance, 

 peeventive and corrective, which is necessery in -• 
order to meet specified operating stendarde in a 
cent effective manner. 

At the Network Televigion stations.and Northern 
TelecomMunicatione stations, alarm and eupervieoey 
systems  have  been installed.- As  shown in Figure ' 
02 these systems operate over leased data links 
or over "order lime on satellite gyetema, to  tin  . 



T i 
theee remote locations into the central monitoring 
point which is the HOC  at Allan Park, Each eyetem 
in independent, that  je,  a remote terminal in linked 
to a correspondingmanter terminal and all of  the 
masesteeii are  co-located at the HOC.  Each eyntee him 
two prima functiones 	. 

• 
1) Telemetry of remote eite'etatuz to the HOC. 	- 

2) Remote control of on-cite equipeent >y the 
• VOC. 

On cite ntatus of equipment configurations oper-
ating frequencies, and alarms is previded by 
contact closures from the various tranemittere, 
receivers, and lees, *s well as the entenna and 
power systems. .A few miscellaneous site alarme much 
as 'open door", 'fire" and "Hi-Low.temperature• 
are tied in, and all telemetered for display at 
the ROC. The remote control functionn alloW the 
HOC  to perform the following operations at the 
remote gitems 

a) Change the opereting frequency of 'a 
tranemitter or receiver) 	' 

b) .Statching redundant tranamittere, LNAe, on • 
or off line) 

0 Run-up of high power amplifiere'from cols . 
to on-air or test !statue, 

d) Overriding frequency agility and tranensitter 
• drive functione normally under controlof 

the CSC via a separate °network control' 
system. 

No  such  alarme and eupervissory syntenb have been 
.provided at this time at the Remote Televieian 
or Thin Route Stations. .In the cane  of Tbin 
Route the HOC  relies on monitoring the RF carrier 
from each station. All remoted monitoring and 
control ig carried out by the  HOC At ellan Perk. 

Maintenance Philoso 	•phz  
- 

.The  intent  of any maintenance program is to eneure 
the aervimeability objectives set  for individual' 
circuits or the overall system  are  achieved. 

The maintenance approach as adopted by Teleeet 
was structured in the usual way with both 
Preventive and Corrective  maintenance • interlocking 
to form an overall  maintenance  program. 

Corrective maintenance ha as  its perpoee  the 
restoration of service and assuch itn 
relationship to serviceability objectives is 
nastily identifiable. 

Preventive  maintenance  is somevhat ebre difficult • 
to relate to serviceabilityobjectives, as its 
effect is more long-tare and it acte to reduce 
the amount of corrective maintenance required. 

• Preventive maintenance in coneidered as having 
three main purposes). 

a) Verification and Optimization of System . 
Performance  

• 
Usually related to station-to-station interface 
patch panel tests. It serves to verify 

• circuit performance to the cuztomer and  to 
identify general areas requiring adjustment. 

b) Advance Detection of Failures! 	• 

Specific checks of unite which ere expected 
to fail gradually. The checks range from 
selected equipment monitoring by built in 
metering alarms.to detailed unit tests or 
simply meter -readings and status indication's. 

I 	• 
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Parallel trenemitter -redundancy was selected 
retber than switched redundancy on the basie that,. 
en the 'stations were remote and unattended, a 
failure of a transmit chain.ina wwitched 
redundancy configuration would not be detected. 

subeequent transmitterfailure would.result 
in the community-being isolated. 

By &electing parallel reduedency,the necessity 
for a costly telemetry gystem to report alaruu; 
wag avoided. Transmitters were loaàed to only 
50% capacity  and  the circuits that had operated 
through a failed transmittee couldeeasily be . 
patched through the remeining transmitter by the 
local agent, to restore , full service. 

The  Operations group were therefore provided 
with an immediate indication of partial 	• 
transmitter failure and repairn could be undere 
taken before the community was isolated. 

The non-redundant sub-systems have extremely . 
low feiluro  rates  and thus do not reflect 
significantly on syetem availability. 

The Local Aaent Concept  

During  the inetallation phase of the firet earth 
stations in the Arctic, it became evident that 
the comeunitiem where the stations were being 	• 
developed were not equipped with the facilities 
we taie for granted in the more populated areas. 

was a tas) of significant proportions simply 

• 
A second application within this category in, 
functional testing ofredundancy swieehing,- 
frequency agility aed the testing-of Alare. 
circuits. a 

The Prevention of the Accumulation  of Errore 

In eny comnunications system where compless.e, 
units  are annemblee in long chainn, ereore - 
cen build up rapiely. The effect of 	, 
frequency drift in any one lecel pecillator 
would be minimel, however, the combined 
effect of several oscillatorm drifing in the 
seme direction could be nerious. Errore . 
can, of ,course, cancel as well an add and 
utile cencellatione are bearable on an overall 
aysta beris, they complicate trouble analysis 
end corrective action. Coneequently, reliance . 
ia placed upon the periodic preventive 	.. 
maintenance program, which  checks equipmaht 
down to the sub-aseembly, to dincover and , 
correct such anemalieu. 

Any maintenance program, while structure to reflect 
.the yerviceability objectiven aseigned to,the i  • 
eystem,  in  constrained by the equipment design. 

' The development of a maintenance program is . 

-I

. 
 therefore in large part an adaptive process. . . . 

In considering the operation and maintenance of 

	

 Communications Earth,Stations in-the 	. 

	

Cenedian Arctic, it is appropriate that ue 	. 

	

- exaeine the general station configuration. 	,- 

-1 

nstraint was placed on the equipment euppliezH 
Wherever possible the equipment would be 	. 

orgenieed as a eeries of field replaceable modules. 
Alarme, or other visual indicators (meters, flags, • 
etc.) were to be provided so that a malfunction 
could be.isolated to a particular module or 
seeeembly. 

Typically, the earth stations are  organized as 
ehown in Figere #3. Single point failures  are 

 minimized through the use of redundancy of all 
con  elements with the exception of the 
antenna eub-system, prime power and the 
environmental sub-systems. A form of modified 
redundancy is employed in the transmitter chain' 
such that the failure of a trensmitter or 
upoonVerter will result in the loss of no more 
than 50% of ntation capacity. 

The melection of this parallel redundancy con- • 
figuration has significant cost and operating 
advantage's over switched redundancY. 

1 	- 

il  Oesice Consideratione  
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Another type of agent Jere:stained theougheeietenance 
contracta  between Telesat and other telecommenicaeions 
companies, such aeeCanadian NationaleenadePecifie -  ' 
Telecom (CN/CP). and are knounaas °Maintenance • - 
,Agents°. In thin manner empleyeee of thm - conee  
tracted company meaused to maintain TelàmC; 
equipnent on demand'. 	 • 	 . e 

These employeeewould normallylseve an academia; ' 
backgreund comprined.of secondary echooling,e 
technelogy training, and three-  to five yearn of 
technical experience wherein they would have gained 
practical knowledgeof the latent coammniCatiosa 
syztesza and their support equipment.' 	• • 

The duties of -thie type of ageut would include' • 

a) 'Preventive Maintenance 	a 	
. . 	. 

The Agent will provide preventive maintenance 
in accordance - with Telesat's eatahliehed 

• routines and procedures. 

b) Corrective Maintenance 
• 

• The 'agent shall previde  corrective  maintenance 
' 	when required in accordance with Telewatsc 

established routines and procedures. This 
will normally entail,-  but shall not be United  
to, fault isolation and replacement at the 
module level. The agent shall in responding 
to Telenet service outages or potential 
trouble reports, exert its best efforts to 
effect the necestary corrective action or 
repairs in order to restore the service am 	' 

. 	moon as possible. 

o) Response to Service Ontsuee 

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

trouble reports related to Teleeat satellite 	. 
telecommunication service to  and  from the 
Earth Stations in accordance with Teleant'n 	• 
established operating procedures. 

d) Housekeepina and Civil Work:Z Maintenance  

The agent shall meintain a high standard of 
Cleanliness and neatnesset the Earth 
Stations. Additionally, the agent will  nain-
tain access to the Earth Stations. . 

e) Reports  

• The agent shall prepare und enbmit reports 
to Telesat in eccordance with Telessat'n 
established operating prozedures. 

to find a place to sleep and eat. Even more. 
difficult was the hiring of tranaport to uove 
equipment and supplies ftom the airstrips or 
beaches to the earth 'station 'site. 

It was necessary therefore to have a contact 
within each community who could'arrange the laying 
on of transport, provision of accommodetions and 
could &saint in a general way. 

Once thia contact  vas established,-the obvious - 
next step wals to have the individual uho hed 
been so helpful keep an ee on the station when 
it was turned up for service and our installation 
and testing crews had moved on. 

This then wes the beginning of the local agent 
concept. The agent wits expected to look after the 
phyaical security of the installation and do the 
local coordinution necessary to accommodate sub-
sequent visits by the meintenance ataff.. 

Meter reading end station check procedures were 
developed, first for our own uae, then adjusted 
for the local agent. Then followed the - procedure 
for cross-patching to restore circuits when a 
trensnitter failed and as experience was geined 
by our operating staff in working with the local 
agents, they were used as an extension of the 
technical staff to isolate failures and to replace 
modules. 

The reference made previously to the significant ' 
benefits of parallel transmitter redundancy hare 
become evident. We were now assured thnt  in  
almost every instance of equipment malfunction 
the communities would not be ieolated. Further 
the local aaent could be contacted over the 
remaining circuits and under  the direction of a 
trained technicien not only restore .service to • 
full capacity but isolate the failure, in mowt 
instances, to nodule level. We-were no longer • 
required to dispatch a technicien and a 
aubstential number of spares thoueands of udlen 
to effect the repair. The module, identified 
by the technician/agent team was sent by the mont 
expeditious route end on arrival at the remote 
location installed by tha agent. 

• 

One main'operating restriction was placed upon 
the agent and that was not to carry out any 
maintenance  activity beyond meter readings 
without being in -vmice contact with a Telenet 
technician. This is to ensure that the Agent 
is provided with re, eimem technical aszistance 
during much evente, to enable  service  to ba 
restored expeditioualy. Additionally, it also . 
provides measure of safety, by allowing the 
technician to caution the agent whenever hezardous 
voltages are prepant. 

j. 
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Generally, thé - etatione ansigned to maintenance 
agencies are more complex than the Remote Earth 
Station shown'in Figure 93. •Typical ief this more 
complex earthetation clans ere the NTV (Network 
Televieion) ttations at Edmonton, Alberta (Huggett), 
Winnipeg, Manitoba  (Blair)  and St. John'n, 
Nfld. (BayBulls). These  ?TV ntations and oteers 
provide transminsion and recàption linkn for 
regional CBC centres to the nationwide CBC radio 	• 
and talevinion network. Highly skilled technicians 
amearequired to effectively carry Out maintenance 
programe at these  locations. The meintenance 
agencies  have  effectively peovided thiz service , 
throughout the commercial plume of operations. 

1 

1 
Ciletcmar  Maintenance • 

eneer go= eiecumstences and by metual. agreement; 
Telenet pereits the cuttomer to maintain the 
earth stations providing the cuetomers service. 
Thia ie done in accordance with the standing 
Teleaat operating and maintenance procedures,- 
with additional provisos that allows Telenet 
intervention in the event that service restoration 
ix not effected expeditioesly. 

In  sono arean of the country, notebly Northern 
Ontario and the far reachee of  the  Northwest 
Territories, the customers have rezident 
qualified technicians in the area. It is of 
mutual benefit therefore to have a firsteline 
maintenance arrangement whereby the customer's 
technicien ansumen responsibility  for the 

nical health  of the Station. He obtains 
cal help, repair and spares support from 

elenat system on an az-required basin and 
rte to.the Network Operations Centre (NOC) 

through his supervisor, in the usual manner. 
Critical spares items are often located at a 
rperes depot close to the remote areas ot • 
operations, in addition to the central supply 
depot. 

Manpower, Sparen and Logistics  

The distribution of the earth stations acroos 

1 
 the Canadian North located in a hostile Arctic 

climate and accessed via transportation  links 
whech are somewhat tenuous, has in itself 
presented very unique operational and maintenance 
probleme. 

station locations,  along with main transportation 
, links 

 
are  shown in Figure Q4. (Sea next page) 

The Operations staff are deployed at three main 
, centres (Ottawa, Allan Park and Lake Cowichan) 
1 and two subcentree (Frobisher Bay and 

•  

11. 

• 

Earrietefield), nhown renpectively  as for the 
main  centres and I for the subcentren. Currently 5 

 only the Allan Park  and Lake Cowichan statioen 
.are ateffed on a 24-heur basis, while the 	' 
Frobisher Bay station and the Hareietefield 
station are on an 8-hour per dey  eerie. :Aethe 
network expands and becomen more complex e  the '- 
ztaffing of other statiens may ba eequired. 	, 

Ree1onal reeponeibilities are eimilerly ehown 
Earth Stations  West. Central  and. East. 	• 

Earth  Stations Central croup  at Allen Park, Ontario> 
maietaine a common.logistics and eupply centru 
az well as an equipment repair.depot for the 
total eyetem. Critical spares are stocked at 	• 
regional eentres, at Frobiaher Bay and other 	-- 
sub-depote. 

In general, field repair of modules are 
restricted to repaies of a simple nature with all 
ether repairs being handled by the repair depot. 
Equipment supplier warranty provisions of from 
12 to 18 monthe provides a buffer for the rephir 
'depot, insulating them from the impact of egeip- - 
'rent infant mortality rates, but fievertheless 
all repair items route through the central depot. 

A limbo clause, where the warranty clock ceasen 
to tick upon the return of a failed warranted - 
item and recommences after repair and return,  bac 

 elieineted zubstantial losses of warranty time 
where the repair tima is extensive.- 	' 

Spores  levels are maintained at  a minimum as a 
:remit of the policy of modular construction. • 
ee an exemple, a channel unit failure can be • 
corrected by dispatching a replacement for the 
perticular module that failed rather than eeeding 
the entire channel unit. The balance of the' 
'modules which constitute a channel unit remain 
available for failures at other locations. 

The use of sub-depots  hart a limiting effect  on  ...- 
the flexibility of the spares inventory. ' Sub- . • 
depota are used, however, to reduce the 
detrimental effect of irregular or infrequent 
commercial transportation. 	• 

System Performance  
• 

Effective service control over the large and 
camplex network is exercined through a Network 
Operations Centre (Noc) located at the  Allen 

 -Park earth station. 

Trouble reports are processed through the NOC 
before being referred to the individual meintananco 
groupe  responsible for the maintenance of the 
eurth stations. 	• 	 • 

1 
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Ve have considered in some deteil .the telephone 
services provided by Northern earth stations. 
Other services provided by these stations enclude 
.the distribution of both televiaion and radio 
programming throughout the North. 	- 

RORTHERN SERVICE He 2 

Uotess 1. Category A is less than 24  bourg. • 
- duration. 

Category B is 24 - 40  bourg.  

Category C is more than 40 boers. • - 

2. rigures In parentheeis indicate 
• number of outages per locatione eared. 

rigurez 07  and- 08 illustrate the serviceability 
and average circuit outage durationfor RTV 
services. 
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Objectivee are. reviewed each your and•net in 	: 
eccordance with prevailing:conditions. Contractual 
obligations are reflected in the objective only 
insofar an they ereealwaye inferior,to.the reviaed 
objectivea eete , • 	• 
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rience  bac rhown that new equipment can be. 

expected to realize a high initial failure rate 
for the first year of operating life. A theantima 
between failuren on a circuit ban* can be 
anticipated to be in the order of 5,000 houre. 
In subsequent years this figure  'should improve 
steadily, leveling off in the region of 10/15,000 
boure between failures'. • 

An objective, over a five year period, of 99.0t 
iz therefore a reasonable goal previded maintenance 
groupe are organized to restore service on average 
within 24 hours,of failure. 

Considering that this figure tranalates to an 
outage time of only 1,057 minutes par year 
(approximately 17i hourz), it can be reedily 
appreciated that a lot of extraordinary effort 
is required to eeintain atendards  et tha 
specified levels. ' 

Figures 15 and 16 illustrate the serviceability 
and average outage dUration experienced in 
Northern enrth stations from 1974 to October of 
1977. Overall eerviceability has been improving 
steadily throughout 1977 and on a monthly basis 
reached 99.90t in December. 
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18tation Availability e 0.990810 
e 10.42 ECM= 

, 	. 

Outage Per Tear 

J tenna & reed 	110,000 	'lb 

.:, (2.4.dB) • • 	35,000 	0.5 

Downconverter 	) 

	

25,000 	2.0 	- 
reg. Ste. Tx/Rk 1  

	

25 ; 000 	2.0 
Ipcenverter 

UPA 25W Varian 
20,800 	2.0•  ;irs 	. 

- terface Unit 	60.000 	1..0 

	

- Channel Unit Tec/Rx 12,057 	2.0 

Sw. Gear S Cables 

	

ei
Power Conditioning 50,000 	3.0 

e 4 We eattery 

Reeervm 

1 

1 

- 
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Weallability for theee stations was calculated 	e 
in the  normal way, based  on an assumed lend tima 

'e2 hours. The calculations are ahown,in. 
e 42 and indicated that we:could anticipate 
rvice availability in the order of 99.88% 
yeer. our experience, after a years operation, 

at four stations of this  type of subntantially-at 
variance with the projected availability,  as  will 

- te seen by perusing rigure #9. 

The stations added to the network during 1976/1977 
have been.predominantly located in Northern - 
Ontarie. A new station design was employed and 
in  order \to differentiate between this station ' 
type and those.  originally installed, they are , 

 generally referred to as Northern  Ontario typa ' 
•stations. . 

Table f2 	' 

Redundant Northern Ontario  

Availability  

MTTR 	LEAD TIME  

, 	22 

22 

22 

22 

22 
0.999617 

22 0.9980161 

0.999990 

•0.999500 22 

Stetione 

AVAILABiLITY 

0.999709 

0.9992581 

0.9,9040i 

0.999040 

0.998847 

Pz Chain 
Redundant 
0.999999 

TX Chain 
Redundant 
0.999999 

Redundant 
0.999996 

d) 

Equipment infant mortality iseof course, a major 
contribution to reduced availability but othee 
factors had nignificant impact, a few of wbich 
are liated below as examplea. 

a) Commercial Power/Ambient Temperature 
. e 

A relatively continuous:source of ele-ctrical 
power had been assumed. During the first 
year, however, numerous end prolonged power . 
outagee took place. Shelter te 	a uperatur 
during the winter dropped to 45 C 	50-11 
below zero. As might be expected at such 
temperature:a, when power was reapplied a =mbar: 
of component failures retaulted,parnicelerly a  
in power  supplies. • • 

• To restore thia type of problem shelters hevà 
been modified to retain their heat for longer 
periods and modifications to the technical 
power systems to prevent the application of 

 power at low ambient temperaturen have been 
ingtalled or will be inetalled early in 1978. 
In addition, procurement specificationa have 
been changed to reflect the eeed for eguiment 
to survive unaer such,circumetancen. 

b) teuipment Packaaing  

The  TNT transmitterswere arranged in their 
rack in such a manner that overheating of 
the second transmitter occurred. This resulted 
in premature trenzmitter failure. Rack blowers 
have been added to reduce the heating effect 
and rack modification; are under coneideration. 

e) First-Line Maintenence  

• Fir:at-line maintenance teak  was  aseumed by 
the customer who operated with a limited 
technical staff in the area. Restoretion of 
Telesat facilities was, as a reeult, 
occasionally delayed as the customer staff 
responded to situations which they considered 
ae . having a higher priority. Efforts were 
made to arrive at a formula which would 

. properly recognize the priorities of both  the 
cuetomer end Teleget. 

Transportation  

The areas serviced by Telesat earth stations. 
in Northern Ontario do not posness the 
transportation structures we take for granted 
throughout most of Canada.  Road or rail 
accese is non-existent and air travel r=aints 
at the bush pilot level of development. The 
only air-strips are lakes or the occasionee  
short :strip cut out of the wilderness:. Under 
these conditions, travel is rertricted to 
good weather only and the condition of the 
lakes. 
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However, demand,for more and improvu,neryipps ka, . 
the,Arctic wili,contiaue, and,theproblems 	. 

associated with,t4t environmeatwiil 
tp be resolved. ,,1:ew,prob1em= will arine.and !Inv 

solutions to pld,problems will have,to bo, found. 

,P 
Acknowledeements  . 	. • 

. 	' 

The'nuthor wishes tothank,members , pfthe Technical 
.Administration group:of the Telenat ,,Operntionn, 

stuff who annisted in the preparation of thin papsr. . 	. 	. 

1 

St.4t 

=In 

M. 	  
d 

• ritrut [TED stvveEettarY 
• IttxxsaLari ste:0003 »Owl tLY SELyetee.ITT neaVaLS 

Xircraft and staff have ben  stranded for days 
by winter storms with the duration of nervice 
outages being appropriately extended. Additional 
flexibility is being built into the Maintenance 

ucture by locating critical spares in customer, 
depots and by encouraging incraanad utilization 

local agents. 

Am each problem area  wu  encountered, the station 
availability improved apace. 

It in early in the life of the stationa to project 
their .eventual 5 year term availability, but  on 

 can reasonably assume that 99.8% will be an 
attainable objectivs. 

A= can ba seen fro= the foregoing, within Telenet, 
the Operations and Engineering groups are involved 
in a continuous process of Improvement of both 
maintenance procedhres and equipment denign. 

Conclusion  
• 

Major growth in the Telenet network, in the 1980's 
will take place in the 14/12 GHz band. The 
najority of ear';.h stations associated with thiS 
larger network  vil),  be in Canada';  southern climes, 
and in all probability located  et the customers 
prehisen. This will present a new and different 
series of problem= - not sp much how to maintain 
the equipment but hew to control the much 
larger network. 

j
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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 	 modulation system since both idle circuit.noise and.. ' 
quantization noise must be accounted-for. 

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 
employa 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 communities 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 
under 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/U. 

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 dErnc0 is inadequate 
to fully define the grade of service for a delta 

At low bit error rate (BER<10-4) the idle channel , 
 is extremely quiet and typically measures 20 dBrnc0. 	. 

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. 

It is pertinent to note however that listener 
annoyance is related to idle circuit or intersyllabic 
noise axa 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 (S/Q). 

SYSTEM DESCRIPTION AND PERFORMANCE 

The decision to employ single channel per carrier, 

variable slope delta modulation, 20 CPSK, FDMA tech-
niques was taken after considerable trade-off studies 
had been made. 

Digital transmission techniques are attractive in 
that they exhibit: 

- Low é/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 srtem design objective is for operation 
below a 10-  BER for 99.9% of the time. 

The major objective parameters of the delta code( 
are summarized in Table I. 
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SPECIFICATION ' 
VALUE 

PARAMTTERS 

11>  
I Dynamic Range (for 

S/Q k25 dB measured at 

1 kHz) 

Maximum S/Q (Measured at . 
1 kHz) 

Frequency response 

• (measured at . -10 dBm0, 
referred to 1 kHz) 

300 -  3400 Hz ' 
. 300 - 3000 Hz 

600 - 2400 Hz 

ng Rate 

ircuit Noise 

	

40 	kbps. 

<37.5 dBrnc0 

	

>30 	',3B 

>30 	dB 

+1,-10 dB 

+1,- 6 dB 
+1,- 3 dB 

'Table I  - Major Parameters of Initial Thin Route 
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. 

1 

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 

1  until, at high BER, error induced noise becomes the 

dominant effect. 

The curves also show.the two distinct regions of 

i
codec operation - low signal levels where "granular" 

nàfiecur and high signal levels where the codec is 

d d by slope overload noise. 

. 11111.0"Por a sinusoid slope is proportional to both 

Iamplitude 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. 

SK Modem 

i 	The selection of CPSK modulation is predicated on 

the fact that 20 and 40 CPSK provide the lowest. 

theoretical system BER for a given received energy per 
bit to noise power density ratio (Eb /N ). Two phase 

modulation is' preferred over four phase . 	 h 	 . 

(a) because the modem is simpler and not subject 

I 
' 	to quadrature channel crosstalk impairments 

and, 	 • 

(b) the Thin Route System is .space segment power 

limited rather than bandwidth limited. 	' 

I Differential encoding of the codec bit stream is 

_ employed in the transmit channel unit in order to 

preserve speech intelligibility at high bit error rates. 

This technique•  eliminates the effect of the ir-phase 

ambiguity in the demodulator recovered carrier for a 

small penalty in 
Eb/No 

e.g. 0.6 dB at 10-3 BER. _ 
Figure II shows measured link BER performance as 

1 
 a function of E

b
/N

o
. 

--Single Channel per Carrier FDMA  

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

PIIIMMOrelatively simple and economical earth station 
dednrwhile retaining a flexible networking capability 

by means of channel select frequency synthesizers. 

INITIAL THIN ROUTE GROUND STATION EQUIPMENT  

(a) 	Ground Station Configuration 	• 

Table II summarizes the primary parameters of 
both the northern earth stations and the Allan - Park 

Park earth  station. 

PARAMETER ' 	IGLOOLIK & 	 ALLAN PARK 

. 	
PANGNIRTUNG 

Transmit Frequency 	5985 +18 MHz 	5985 +18 MHz _ 
Receive Frequency 	3760 +18 MHz 	3760 +18 MHz _ 
ANTENNA 	 26 ft. Dia. 	97 ft. Dia. 

(Non tracking) 	(Tracking) 

Tx Gain (dB) 	 50.5 	 62 

Rx Gain (dB) 	 48.5 	 59 

O/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 0/1" 	 Multicarrier) 

POWER - MAIN 	 Commercial AC 	› 	Commercial AC 
, BACK-UP 	4 hr-lead acid 	Diesel/Battery 

battery 

STAFFING 	 Unmanned 	 Manned - ,24 hrs. 

Table II - Earth Station Primary'Parameters  

In the northern stations the electronics equip- 

ment is housed in a 18 ft. x 7/ ft. x 81 ft. 

fibreglass shelter. Outside ambient temperatures 

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. No de-icing provisions are 
made far the main reflector. 

Channel: Units and Common IF Equipment  

Of particular interest are the channel units and 
common IF equipment in the initial Thin Route 
system, see Figure III. Each station is equipped 

with one (redundant) set of common IF equipment 

and two channel units. The expansion philosophy 

is such that additional voice circuits up to a 
maximum of eight can be provided at a northern 

station by simply plugging in the additional 

channel units, the existing common IF equipment 

being shared. Expansion beyond four circuits 
may require a higher power transmitter. Note, 
with reference to Figure III, the present 

configuration at Igloolik and Pangnirtung 
bypasses the multipart combiner and is arranged 

so that each modulator output feeds a-separate 

transmitter chain. 

Selection of channel frequencies is performed 

respectively by the transmit and receive 

frequency synthesizers. These are programmable 
to select any of 600 frequencies spaced at 60 kHz 
intervals across the 36 MHz IF band. 

For demodulation the channel unit uses an I-Q 

Channel (Costae Loop 2 ) coherent demodulator 

(b) 
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operating at a-fixed carrier input frequency 

(40.02 MHz) and post-detection filtering. The 
pull in range of the demodulator-is in excess of 

+2.5 kHz. 

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 tonsists of a 
multiport combiningnetwork for summing the 
transmit IF carriers, a multiport divider for 
providing each channel unit with a receive 

spectrum replica, station frequency references 
and au 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 common 

part of the transmission channel - notably the 
spacecraft transponder L.O. and the RF portion 
of the main station down-converter. A stable 
pilot tone at an,IF frequency of 69.96 MHz is 
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.O. and receiver frequency 

drift (up to +40 kHz). However, a stringent 

frequency stanlity 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 10-7  per month which gives an interval 
of some four months before retuning is required. 

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 is,presently in commercial service with 
Bell Canada. The system has greatly improved telephone 
communications to the communities of Igloolik and 
Pangnirtung in Canadals 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 turrentlY ènder examination 
to establish suitability for transmission over the Thin 
Route. Data, in particular, using voice band data 
modems appears promising. Higher data rates up to 
40 kbps are possible if direct interfacing with the PSK 
modem is performed. 

Finally, voice activation, demand assignment, and 
circuit sharing techniques are being explored with a 
view to increasing the system flexibility and effective 
channel capacity in the future. 
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