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EXECUTIVE SUMMARY 

This study, commissioned for the Department of Communications (D.O.C.), 

investigated requirements for a satellite-based data distribution service 

(DDS) in Canada, as well as identified and evaluated possible system 

configurations for such a service. Goss, Gilroy & Associates, assisted 

by Miller Communications Systems Ltd., were retained to undertake this 

study. 

The market research portion of the study determined that there is a 

modest demand for one-way satellite-based  DOS in Canada, provided that 

service pricing is similar to that offered by Equatorial Communications 

Systems in the U.S. Further, the system configuration investigation, 

working with the results of the market research, concluded that a system 

similar to Equatorial's could be feasible in Canada using Anik D, and 

earth station equipment provided by Equatorial or by another supplier at 

similar cost. As this study is the first iteration between the 

"marketplace" and the "drawing board", the reader is cautioned that these 

conclusions represent only preliminary evidence that a commercial service 

of this type would be viable in Canada. 

Based on the study conclusions, it is recommended, first, that the D.O.C. 

take action to have this report reviewed and the material assessed by one 

or more potential service providers (eg. Telesat/Telecom Canada, CNCP 

Telecommunications, Broadcasters and others), to determine whether one or 

more of these organizations might be interested in servicing the Canadian 

market. If little or no interest is expressed, it is further recommended 

that a decision be made quickly to determine whether the Canadian market 

should be served by Equatorial so that Canadian firms will have access to 

the technology. 

Second, it is recommended that an examination of the international 

market, including the U.S., be carried out to determine the potential 

demand for spread-spectrum equipment, and to assess whether there is an 
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opportunity for a Canadian supplier. This recommendation is predicated 

on the fact that there appears to be growing worldwide demand, as well as 

a need for an additional supplier, for this type of equipment. 

Third, should there be a desire to proceed from this preliminary 

feasibility study, it is recommended that additional resources be made 

available to further investigate service configurations and market 

response. 

Finally, as considerable interest was expressed in two-way satellite 

business communications, it is recommended that market requirements be 

investigated. Of particular interest is the 2-way asymmetric network now 

being pilot tested by Equatorial using spread-spectrum technology. 
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1.0 INTRODUCTION 

The availability of communications satellites during the last decade has 

opened up a number of opportunities for communications that were either 

previously not economically feasible, or feasible only through the use of 

terrestrial services at much higher cost. Moreover, further advances in 

technology coupled with economies-of-scale obtained through wider market 

penetration, are continuing to open up new opportunities for satellite 

communications that had previously not been commercially viable. 

The broadcasting capability of communications satellites, facilitating 

the transmission of a common signal to multiple receivers located over a 

wide geographic area, has led to their extensive use in Canada for 

television networking. Bowyer, the use of satellite broadcasting to 

distribute slow-speed data has been precluded until recently by economic 

considerations. 

Today, the availability of low-priced earth terminals and 

high-performance, modulation techniques has improved the economic picture 

for a satellite-based data distribution service (DDS). This stUdy, then, 

is part of a Department of Communications (DOC) program to evaluate the 

viability of such a service in Canada. 

As a result of a Request-for-Proposal issued for the DOC, Goss, Gilroy & 

Associates (GGA), assisted by Miller Communications Systems Ltd. (MCS), 

were retained to carry out this requirements survey for satellite-based, 

data-distribution services in Canada. 

1.1 STUDY OBJECTIVES 

The objective of the study, as provided in the Statement-of-Work, is: 

"to investigate requirements for a satellite-based data-

distribution service, and to identify and evaluate possible 

system configurations for such a service." • 
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Within the context of the above, several sub-objectives were identified 

that would, to the extent possible, be satisfied in the course of the 

study. 

o identify and evaluate potential market requirements for a-

slow-speed satellite-based DDS in Canada, now and in the 

future; 

identify, evaluate and cost possible system configurations 

to meet the above requirements; 

o based on competitive terrestrial service costs and trends, 

determine whether or not a DDS is viable in Canada, 

immediately or during the forecast period. The effect of 

environmental factors (ego the Canadian regulatory and 

institutional environment) will be considered in terms of 

any projected service need. 

A copy of the study's Statement-of-Work is supplied as Appendix A. 

1.2 THIS REPORT 

This report has been structured as follows: 

o Section 2 - BACKGROUND - provides information obtained from 

prior market studies that identify a potential need for a 

satellite-based DDS. In addition, this Section describes 

the United States (U.S.) service that is already 

commercially available. 

s Section 3 - METHODOLOGY - describes in detail the approach, 

used in designing the survey and in the collection of the 

data. 

1 o Section 4 - SURVEY FINDINGS documents in summary form the 

information obtained through the surveys. 
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o Section 5 - MARKET FORECASTS - provides a forecast, both 

quantitative and qualitative, on the size of the market for 

satellite-based DDS in Canada. 

o Section 6 - SYSTEM CONFIGURATIONS - gives a detailed 

description of system configurations, prepared by MCS, that 

could be used to satisfy the identified market 

requirements. 

o Se.ption 7 - CONCLUSIONS & RECOMMENDATIONS - presents study 

conclusions as well as gives recommendations on possible 

future actions to be undertaken. 

1 
1 
1 

1 
1 
1 
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2O  BACKGROUND 

As background tO developing the methodology for the study, a review of 

Canadian market studies identifying a need for one-way satellite data 

services was conducted. In addition, an examination of the currently 

offered U.S. service was carried out. This Section documents the 

findings of this background research. 

2.1 CANADIAN MARKET STUDIES 

In the past 2 years, the DOC has commissioned 3 studies: 

o A Study to Identify Requirements for New Services on a 

Direct Broadcast Satellite (DBS) System; 

o 14/12 GHz Market Study; and, 

o User Requirements for a Mobile Satellite System.  (MSAT) 

Operating in the 806-890 MHz Band; 

all of which identified potential needs for one-way satellite data 

distribution services. 

2.1.1 Study of New Services on a 

In the business services area, this study notes the possibility of 

providing a newswire service via a DBS system. They also note the 

provision of stock and commodity data in a teletext format by Reuters via 

Satcom I. The report states that "the Canadian market for such services 

could vary between a few hundred DBS receiver units up to 5000. A 

reasonable second estimate would place the number between 2500 and 3000 

based on distribution costs including subscriber decoders and the present 

market of roughly 5000 subscribers." 

DBS System 

1 

1 
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Additional business applications were investigated such as the  

distribution of inventory updates from centralized retail establishments, 

distribution of classified advertising and provision of business 

catalogs electronically. In this regard, the report states that 

"although we contacted a number of national commercial establishments to 

poll them for their needs, the majority of their communications 

requirements are for bidirectional data channels with occasional use of a 

voice circuit 	. . 	We do not forsee(sic) a large need for these 

types of service on the DBS that cannot be met by existing systems or 

newer TDMA satellite networks such as SBS." 

In terms of the home market, the DBS report states that teletext services 

using the vertical blanking interval or a full video channel are bound to 

become very attractive in the future. However, the report also states 

that "such services will probably encounter initial resistance because of . 

lack of audience familiarity with the potential benefits of the system 

and because of the requirement for a subscriber paid decoder. The report 

further points out that "present technology delivers most of these 

household services free-of-charge or at a below cost subscription 

price." 

2.1.2 14/12 GHz Market Study  

In the 14/12 GHz Market Study, the potential use of one-way data 

terminals for distribution of stock market information to brokers 

throughout the country was noted. The study notes that "the potential 

market, in our opinion could be 1000 to 2000 terminals, if the product 

costs were similar to the projected TVRO terminal". 

2.1.3 MSAT User Requirements Study  

The MSAT user requirements study referred to the paging market and its 

possible airtime contribution. The study stated that "using the most 

generous estimates we feel can be considered, results in no more than a 

2-3% increment in the airtime potentially available from this source by 

2001". 
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2.2 THE U.S. SATELLITE DATA DISTRIBUTION SERVICE 

In the U.S. a commercial,.satellite-based DDS is already being offered by 

the Equatorial Communications Company, a common carrier approved by the 

U.S. Federal Communications Commission (FCC). To obtain information on 

Equatorial's services, a literature search was carried out and a 

representative contacted. A brief summary of the findings are presented 

below: 

Equatorial's customer base includes the following newswire 

and quotation services: 

- ComModity  News Services, Inc.; 

- Reuters 

- UPI; 

- Commodity Communications Corp.; 

- Commodity Quote Graphics; 

- Market Information, Inc.; 

- Radio Data Systems; and, 

- Trane-Lux Corporation. 

e Equatorial uses a spread spectrum data transmission 

technique operating in the 6/4 GHz range: 

- the spread spectrum technique for transmission allows use 

of a small antenna to receive satellite signals at low 

error rates; 

- operates using their own transponders on Westar IV;' 

- a 5 metre (16-foot )  uplink station in North Carolina is 

used for broadcasting; and, 

- a packet switching approach to data transmission allows 

multiple customers to share Equatorial's services. 
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• a small earth station is installed at a client's site which 

is composed of Equatorial's receive-only antenna and 

controller: 

- in volume, cost of an earth station is approximately 

$2500 U.S.; 

- 4000 earth stations have currently been installed; 

- aptemme , are 0.6 metre (2 feet) in diameter, weighing 6.8 

kilograms (15 pounds). At the edges of the satellite 

footprint, larger antennae are required. Exhibit 2.1 

provides an illustration of Westar IV's footprint, the 

satellite used by Equatorial; 

- selective data filtering by the earth station permits 

relevant data to be retained from larger databases for 

local searching and display; 

- data rates are available from 75 to 19,200 bps. The 

uppei end has just recently been increased from 9600 bps; 

and, 

- an Equatorial network is most cost-effective when used in 

a single point to multipoint data transmission 

application involving 50 or more widely distributed 

receivers. 

Some of the written documentation collected has been provided in Appendix 

B for further information. 

1 
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3.0 METHODOLOGY 

Identification of the market for satellite-based DDS in Canada must first 

be established before a significant expenditure of effort (i.e., 

technology development; detailed marketing, financial and service 

planning; and, pilot testing) can be justified. Thus, sizing and 

characterization of the market is therefore the primary objective of the 

. study. Following this, a realistic product definition can be undertaken 

using the information obtained in the market study. 

This study, then, is essentially the first iteration in a succession of 

iterations between the "marketplace" and the "drawing board" leading 

hopefully through pilot implementation to the offering of a commercial 

product. The methodology presented below details the approach used in 

collecting the market data, while the product definition (i.e., possible 

system configuirations) approach is given in Section 6.0. 

3.1 MARKET RESEARCH APPROACH 

The marketing research approach used in this study can be described by 

the following steps: 

o opportunity identification in which possible product 

concepts are generated and then matched with market 

segments; 

e sample definition to identify organizations to be surveyed; 

• survey design including questionnaire preparation and 

approach to data collection; and, 

e expansion of results to provide an estimate of market 

demand. 

Each of these steps is addressed in turn below. For a more general 

overview of the marketing research methodology used by Goss, Gilroy & 

Associates, the reader is referred to Appendix C. 
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3.2 OPPORTUNITY IDENTIFICATION 

The identification of potential opportunities, in terms of 

companies/organizations and product concepts that might be of interest to 

them, was undertaken. An extensive literature search, some of which has 

been desCribed in Section 2.0, was initially carried out. 

To identify slow-speed, satellite-based  DOS application opportunities, a 

list of potential services was generated, from internal ideas and from 

external sources [1 to 11]. These services were then critically examined 

to extract those services which were potentially suitable 

for satellite-based DDS. To be considered for satellite-based DDS, these 

applications had to have the following characteristics: 

• services requiring only the transmission of data; 

• services requiring only a low volume of data transmitted; 

• the end-user of the service must be outside the urban area 

wheré the data signal originated; 

• there is little or no return traffic (i.e., asymmetric 

applications  where low levels of return traffic could use 

terrestrial facilities are not excluded); 

• advantages of broadcasting must be evident 

- either through many data recipients, 

- data recipient is not stationary, or 

- data recipient is otherwise inaccessible. 

Following this, a "think tank" involving representation from the 

marketing and technical sides of the project team, as well as two 

representatives from DOC, was convened to ensure that all potential 

opportunities were uncovered. 
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The potential applications that satisfied the above criteria were then 

grouped into the following 7 market segments: 

m data transmission between different business entities; 

6 data transmission within a business entity; 

• data transmission to remote camps; 

data transmission to transportation vehicles outside urban 

areas; 

• data transmisslon to people, on move, outside home urban 

areas; 

• redundant data communications capability; and, 

,t) exact clock synchronization. 

The product concept, or a statement of what the product means to a 

potential buyer, was derived and associated with each maket segment. The 

market segment was further explored in terms of how the service is 

provided now and how it might be provided in the future. Then, the type 

of usage  waS postulated, and the originator and receiver of the message 

identified. Finally, potential organizations/people who might use the 

service were noted, together with any comments that modify .the general 

concept usage. This market segmentation analysis is illustrated in 

Exhibit 3.1. 

As a result of the market segmentation analysis described above, 

potential product concepts that could be provided by a satellite-based 

DDS, were matched with potential user business/organizations. 

3.3 SAMPLE DETERMINATION 

The potential contacts noted in the previous section formed the basis for 

the sample of companies/organizations to be surveyed. This list of 

potential contacts was carefully built up by reviewing the sectors in 

detail that might possibly use each form of DDS. For example, because 

Equatorial's customers are quotation and newswire services, Canadian 

industry size-ups of these areas were carried out to ensure that all 

companies were included in the sample. 
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To supplement the potential contacts and to ensure that representation of 

all major industrial sectors' was included, a number of additional 

companies/organizations were selectpd based on an earlier expressed 

interest in satellite communications and/or an organizational structure 

or business mission that might potentially utilize one of the product 

concepts noted in the'previous section. 

Finally, during the course of the survey, some contacts suggested other 

businesses/organizations that might be interested. These suggested 

organizations were then added to the sample. 

The list of contacts used in conducting this study is given in Appendix 

D. 

3.4 SURVEY DESIGN 

Due to the amount of detailed data required to define potential  user " 

needs,  the  survey was designed in two parts. The first part involved a 

screening survey in which potential application areas were identified for 

subseq/dent indepth investigation in the second part of the survey. 

To maximize the coverage of the potential market, telephone interviews 

were used extensively for both the screening and in-depth surveys. Of 

the 80 businesses/organizations contacted in the screening suivey, 45 

were subsequently interviewed in-depth. Moreover, of the 45 in-depth 

interviews, 25 were undertaken by visiting the business/organization to 

collect the more detailed information. 

1  Standard Industrial Classifications - Major Divisions 



1 

The telephone screening survey involved a short interview with the 

potential user to determine whether (s)he might have any interest in a 

satellite-based DDS. The product concepts developed earlier in the study 

were most useful in presenting the types of services that might 

potentially be available. In addition, an outline of Equatorial's 

network services were used, together with their cost figures adjusted to 

Canadian dollars, to describe what is currently available in the U.S. and 

what might pospibly be available in Canada. The contact was questioned 

about possible interest in one-way applications as well as asymmetric 

applications where data broadcasting is coupled with low terrestrial 

return traffic. The screening survey also requested a size-up of the 

organization and their telecommunications network(s), to assist the 

interviewer in identifying and assessing possible areas of application. 

The in-depth surveys,'of which 56% were undertaken by personal visits, 

carried on from where the screening surveys stopped. Potential DDS 

opportunities were explored in-depth by obtaining information on the 

characteristics of existing and planned data traffic (especially that 

suitable for DDS) and the motivation of the business/organization to use 

satellite-based DDS. The questions pertaining to characteristics of the 

data traffic included: 

o the number of places where traffic (especially DDS-type 

traffic) is generated and where it is to be received. Is 

point-to-point or point-to-multipoint involved? 

• the volume of potential DDS traffic in characters per second 

for each hour of the day. Does any day of ,the week or month 

have heavier traffic? Does the data traffic have any 

seasonal characteristics? Is there a time  period shorter 

than one hour that requires the transmission of data that 

cannot be demand levelled? 
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• the criticality of the data transmission. Must it be 

transmitted immediately, within 10 seconds, 1 minute, 5 

minutes, 1 hour or 24 hours (i.e., overnight)? 

the need for security. Is public or service encryption 

required? 

o what geographic areas are to be served (eg. West Coast, 

Prairies, Ontario, Quebec, Maritimes)? 

how is the data to be used (eg. update a database, is a 

database, directly output). 

I 

• iS it absolutely critical that the data be accurately 

received? 

e how is the service currently being provided or how is it — 

planned to provide the service? What are the costs 

involved? 

• to convert to satellite, which features would encourage a 

switch: cost, control/autonomy, security of equipment, 

• reliability? What is the rank in order of importance? Are 

there other non-satellite services that could be considered 

for this traffic? 

e would this transmission be treated as a separate network or 

would it be desirable to combine it with another service 

(eg. television)? If a separate network is required, could 

it be provided as part of a new public service, or is there 

a requirement to have it private? 

The above questions were used to define current needs, as well as to 

determine future needs for years: 1985, 1990 and 1995. Latent needs, 

which include possible and planned services, were requested for inclusion 

in the forecast. 
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In term.; of assessing'the likelihood of using satellite-based DDS, the 

following questions were asked: 

• what is the purchaser's sensitivity to price? How much can 

they afford? 

• when will the traffic start to use satellite-based DDS? 

Over the time period, what would be the percentage market 

penetration of end users of the satellite carried service? 

e what is the relative importance of satellite transmission to 

the company's/organization's business mission? Could this 

service affect market position (i.e., product line, 

pricing)?  Is  there any export potential? 

• how would the purchase decision be made in the organization? 

Would lease or buy be preferable? What factors would affect 

the decision to use a satellite-based DDS? Have any 

opportunities been foregone because this service has, to 

date, not been available? 

e are they prepared to make the necessary investment to 

implement the service? 

Finally, the person was asked if the relaxation of the one-way feature to 

allow for asymmetric applications (i.e., the return traffic would be by 

terrestrial means) would increase interest in a potential service. 

The interview notes and the Equatorial cost figures adjusted to Canadian 

dollars are given in Appendix E. 
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3.5 EXPANSION OF RESULTS 
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Once the survey data was eollected, two methods were used to make it 

representative of the seetors or sub-sectors from which the contacts were 

selected. 

For the better opportunities, where there was definite interest in using 

a satellitelbased DEIS, the sample was increased to include all 

organizations/businesses in the sub-sector. Thus, the results for these 

subsectors are given in their entirety. 

For other possible opportunities, and areas where no interest was 

exhibited, the sample was expanded slightly in some cases, to ensure that 

information contained in earlier interviews was considered to be 

generalizable to the •remaining organizations/businesses in the sector. 

The results for these sectors wexe largely qualitative. 

..nnn 
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a 

4.0 FINDINGS 

The surveys were conducted during June and July, 1983, using the 

methodology described in Section 3.0. This Section provides a summary of 

the survey findings as they relate to the market segments and product 

concepts developed earlier in this study. Detailed findings pertaining 

to individual companies/organizations have been purposefully not included 

so as to protect the confidentiality of the participants. 

However, before discussing the findings of the surveys,  sonie  general 

observations are noted: 

4.1 GENERAL FINDINGS 

Following are the general findings of the study: 

• although the understanding of satellite business  

communications varied amongst the people surveyed, many had 

very little knowledge of how satellites might be  of  

assistance to business. This was particularly evident in 

companies/organizations where telecommunications was not 

critical to their business mission. Satellites were 

generally seen as expensive and for high bandwidth 

communication and/or oriented towards remote locations. 

Most expressed interest in learning more about satellite 

business communications, with many requesting a copy of one 

of Equatorial's brochures (see Appendix 8). 

• cost was of primary importance for the business-

organizations that expressed interest in satellite-based 

DDS. 

• there was considerable interest in 2-way satellite 

communication, particularly if it were low priced and small 

sized. The information was volunteered, as the 2-way 
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satellite market was beyond the scope of the study and 

therefore was not covered  in the  interviews. It is noted 

however, that asymmetric applications where data 

broadcasting is coupled with low return traffic over 

terrestrial circuits was covered in the interviews. 

• the mining, forestry and utility firms expressed interest in 

using MSAT for 2-way remote communication and for 

data-collection platforms. This interest waa volunteered as 

no questions were asked concerning possible MSAT usage 0  

• there appears to be a certain amount of inertia in many 

businesses/organizations with respect to switching to a DDS 

technology because of the existence of a network for high 

speed data that can also be utilized for DDS type 

• applications. 

• a considerable number of people surveyed voiced concern and 

frustration about the regulatory and institutional 

environment for satellite business communications in Canada. 

Many noted the U.S. environment where a number of services 

are currently offered. 

• it was impossible to extract forecasts of potential usage in 

many situations, as the concept of satellite-based DDS was 

brand new to the people interviewed. A further complicating 

factor was the difficulty in unbundling network cost figures 

so as to be able to estimate the traffic amenable to 

satellite-based DDS and therefore assess economic viability. 

In addition, some of the potential DDS traffic currently 

goes through the mail, making it difficult to estimate 

possible migration (because of lack of cost information). 
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o there was a general lack of feel for forecasting more than 

3-4 years. The increasing complexity of communications 

relating to the evolution and cross-impact of the 

technology, the rate of new technology penetration/ 

acceptance, and the predictability of the Canadian 

regulatory and institutional environment, were principally 

cited as the reasons for the forecasting problems. 

o the study terms-of-reference referred to low-speed DDS as 

the area to be investigated. In carrying out the study, the 

definition was amended to include up to 9600 bps, as some of 

the services offered terrestrially in Canada that are 

similar to those carried by Equatorial, expressed interest 

in this speed. It is noted that Equatorial has recently 

increased its maximum speed from 9600 bps to 19.2 Kbps. 

4.2 DATA TRANSMISSION BETWEEN DIFFERENT BUSINESS/ORGANIZATIONAL ENTITIES 

1 
For the market segment involving data transmission between different 

business/organizational entities, all 80 businesses/organizations 

surveyed were questioned about possible usage of satellite-based DDS, 

accommodating speeds up to 9600 bps. The bulk of these 

businesses/organizations contacted expressed little or no interest. The 

following were the only areas of interest: 

The use of satellite-based DDS had great appeal for the quotation 

services, newswires ., and stock and commodity markets. 'These services 

were surveyed in virtual entirety to ensure that all requirements were 

identified. 

In the transportation sector, some interest was expressed in possibly 

using the service, for transmission of schedule and promotional data to 

travel agencies. 
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No interest was identified for the publication of government material or 

by content (eg0 games, videotex/teletext) suppliers. The Atmospheric 

Environment Service of' EmVironment Canada also expressed interest, but as 

discussed in Section 4.3, the bulk of their communications are within 

their own organization. 

4.2.1 Quotation Services  

Quotation services provide stock, commodity and money market data, as 

well as some néus items to the brokerage community,. and to some 

businesses. Quotation service vendors combine information from all major 

North American i exchanges and package it to meet brokerage. house . 	• 	• 	i  
requirements. The information forwarded to the brokers is time critical, 

allowing them to react quickly to trends in the market. The number of 

quotation terminals is estimated to be roughly 6000, with a potential 

market size of 10,0000  Further, brokerage terminals are grouped together 

in brokerage houses which are in turn, clustered together in the larger 

cities usually within a few blocks of one another in the downtown core. 

The two major quotation service vendors are CMQ Communications Inc. and 

CanQuote Inc., both privately owned and located in Toronto. CMQ has 

considerably more quotation terminals installed than CanQuote. In 

addition to these two firms, there is Commodity Communications' Corp. Inc. 

(CCC) which has a small base of installed terminals. It is noted that 

the U.S. parent of CCC uses Equatorial's facilities. The "ticker tape" 

boards seen in brokerage houses are supplied by TransLux, but the data 

feeds are provided directly by the exchanges. Finally, Reuters supplies 

some of the saine data, but is largely directed to businesses in general. 

4.2.2 Newswires 

Newswires provide reports on current events to media outlets (i.e., 

, newspapers, radio and television) and govèrnment ogranizations. The 

focus of this study is on data transmission, and therefore, audio 

"newswires" in which spoken news is transmitted to radio stations that do 

not have 24-hour per day newsroom staff, is not included. 
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The two categories of newswires are: 

o those where the paying subscribers are the recipients of the 

information. 

o those where' the paying subscribers are the issuers of the 

information (i.e., press releases and announcements). For 

this category of newswires, the teleprinter is supplied at 

no cos• to the media' outlet. 

In the first category are the general news suppliers consisting of 

Canadian Press (CP) and United Press Canada (UPC). A third general news 

service, Southam News Services uses CP's network. CP, a national news 

co-operative owned by 107 Canadian daily newspapers, has approximately 

835 outlets. UPC, 80% owned by the Toronto Sun and 20% owned by United 

Press International (UPI), have a much smaller number of outlets. 

Reuters also supplies general news, but is largely directed to the 

business community. 

Also in the first category are the business newswires, consisting of 

Reuters Limited and Canadian Dow Jones, Ltd. As has been noted above, 

Reuters, in addition to business news, provides services in the general 

news area and quotation services. Reuters is a division of the United 

Kingdom firm, while Canadian Dow Jones is a wholly-owned subsidiary of 

Dow Jones & Company, Inc. of the U.S. Although both firms serve the 

brokerage community, their primary users are banks, other large 

corporations and government departments. 

In the second category, where the subscribers are the issuers of the 

information, are Canada News-Wire Ltd. (CNW) and Telbec. CNW delivers 

information from roughly 2000 companies to 200 newsrooms and other 

organizations across Canada. Telbec provides a similar service in 

Quebec. 
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4.2.3 Stock  & Commodity  Markets 

Canada has 4 stock markets: Toronto, Montreal, Vancouver and Alberta, 

and the Winnipeg commodity exchange. The quotation services discussed in 

4.2.1 obtain data feeds either directly or indirectly from these markets 

and from the larger markets located in the U.S. In addition, the markets 

provide data feeds  to  other organizations and Individuals. 

4.2.4 Transportation Sector  

In the transportation sector, some interest was expressed in using 

satellite-based DDS to broadcast schedule and information updates to 

2500-3000 travel agents.' In addition, directory update information of 

5-10 pagesMay (1600 characters/page) for a database of 200-300 pages 

could potentially be broadcast to all travel agents and company 

establishments. Further, a requirement to broadcast news to close to 

3000 travel agents of 3 pages per week was stated. Cost would be the 

driving force behind converting from terrestrial facilities. The 

coverage area for these services includes the U.S. 

It may be assumed that other firms in the future might have a similar 

requirement. However, since most travel agents deal with all 

transportation firms, once terminais are installed and DDS is provided by 

one firm, no additional terminals are likely to be required. It may be 

assumed that other firms might wish to use the DDS already in place. 

4.2.5 Government Publication 

The distribution of timely government publications for business and 

public consumption is provided by Canada Post. Immediate alerts, issued 

by Agriculture Canada and Health and Welfare Canada, are handled through 

the media. These methods are felt to be quite satisfactory at the 

present time. 
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4.2.6 Content Suppliers 

From discussions with content suppliers for gaines, software, videotex and 

teletext, they are primarily interested in much wider bandwidth than that 

envisioned for satellite-based DDS. 

NABU is planning a satellite service through cable companies of 6.312 

Mbps for their  gantes and software. The NABU network, as does the Reuters -

Monitor service, allows individual addressing of the receiving device, so 

that it receives only the information to which it subscribes. Both 

services provide a vehicle to deliver.information to the home or office, 

and as such are data distribution services. NABU, in addition to 

delivery via cable companies, may broadcast direct to TVROs. 

The Ontario Department of Education (DOE) was spoken to regarding 

distribution of computer-aided learning software, as the DOE has 

extensive plans to purchase microcomputers and software for schools. In 

terms of networking, they believe that the database of software will be 

too large to continually broadcast it, and therefore believe they require 

a 2-way system. Satellite communication is an obvious choice for them as 

it gives them access to remote schools. 

In a study conducted recently within the DOC, Sasktel noted a requirement 

to transmit "agritex" (i.e., agricultural videotex - Grassroots and 

Pathfinder) via TVRO in the latter part of the eighties to roughly half 

of Saskatchewan's 50 - 60,000 farms that will be not be served by their 

fibre optics network. 

Canadian Press supplies the content for the "newswire" channel provided 

on cable services, and is planning on upgrading the service with a 

Telidon format. Their requirement for transmission is included in their 

planned audio network discussed in Section 4.2.2. 
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4.2.7 Summary Outlook  

For this market segment involving data transmission between different 

business entities, quotation services, newswires, stock and commodity 

markets provide "likely" opportunities for satellite-based DDS. The bulk 

of these businesses expressed interest in satellite-based distribution. 

Some of them had already plans underway, or were quite familiar with 

satellite transmission due to their parent company's satellite use in the 

U.S. In all cases where "likely" interest was expressed, Canada-wide 

coverage was required. The data transmission rates varied from less than 

300bps up to 9600 bps, with service requirements being cOntinuous for a 

period covering in excess of the business day. Several of the companies 

interviewed expressed interest in participating in a pilot service. 

The transportation sector expressed some interest and can therefore be 

considered to be a "possible" market for DDS. The remaining businesses/ 

organizations expressed little or no interest, although there might be 

some "potential" future opportunities in the content supplier area. 

4.3 DATA TRANSMISSION WITHIN A BUSINESS/ORGANIZATIONAL ENTITY 

As in the previous market segment, all 80 businesses/Organizations 

surveyed were questioned about possible usage of satellite-based DDS, 

accommodating speeds up to 9600 bps. Again, the use of DDS only appealed 

to a very small number of organizations as described below: 

The use of a satellite-based DDS was of considerable interest to the 

Atmospheric Environment Service of Environment Canada, and of some 

interest to the RCMP and Canada Post. 

The remainder of the people interviewed did not express any serious 

interest. Most, however, could see perhaps moving internal 

correspondence that is broadcast from the corporate head office to 

branches, divisions, distribution outlets, etc., but had absolutely no 

feel for current postage costs and what proportion of mail might be 

amenable to broadcast. In the course of the interviews, the following 

concerns/points were raised. 
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o one-way broadcasting of information was a relatively small 

part of data communications, and was not considered to be of 

major importance. 

o many of the business/organizations had a data communications 

network in place, and therefore: 

- loaded time critical material on the netwprk, based on 

incremental cost. Thus, satellite-based DDS would need 

to compete with the incremental cost. 

- had a network architecture, such as IBM's SNA, which 

allowed effective network management from a central 

point. One-way satellite-based DDS, if at all 

economical, would need to be compatible with the network 

architecture'. 

o need to know if the information has been received, as well 

as need to monitor the "health" of the receiving equipment. 

Thus, although there might be one-way data flow, two-way 

control was required. Further, there was concern about how 

would a situation be handled where one of many receiving 

stations were "down" (i.e., would all data have to be 

rebroadcast, and the transmission cost incurred again). 

o some concern was expressed about physically locating earth 

stations. First, there was the issue of locating them, say 

for example, on a single-story in an urban area where a 

clear line-of-sight might not be available. Second, there 

was concern over vandalism, as to how a small earth station 

in an exposed position could be protected. 

o cost was of primary interest as it would largely be the only 

motivator to move to satellite-based DDS. Nevertheless, 

prudence would be exercised as many could see a number of 

potential difficulties if converting were contemplated. 

1 
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tit the businesses/organizations with operations in rural and 

remote areas (eg0 utilities, oil and gas, mining and 

forestry), all expressed interest in data capture and 

monitoring applications where the traffic would be 

multipoint-to-point  rather than point-to-multipoint as 

provided by the envisioned satellite-based DDS. 

4.3.4 Summary Outlook  

For this market segment involving data transmission within a 

business/organizational entity, only the Atmospheric Environment Service 

can be considered to be a "likely" opportunity. The interest expressed 

by the RCMP and Canada Post indicate that they may be "possible" 

opportunities. Beyond these.few organizations, very little or no 

interest was expressed. 

4.4 REMOTE & TRANSPORTABLE CAMPS 

Although communications to camps is of major interest to mining, 

forestry, oil and gas, and utility firms as well as to some government 

organizations, there was no interest in using satellite-based DDS, as 

2-way communications was considered essential. 

4.5 TRANSPORTATION VEHICLES OUTSIDE URBAN AREAS 

Although a number of firms and organizations in the transportation sector 

were asked whether DDS would be desirable for mobile vehicles they 

operated outside of urban areas, Most replied in the negative. Two firms 

indicated that they might have a requirement and have therefore been 

classified as "possible" applications. In both cases a stabilization 

platform would be required. 
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4.6 PEOPLE ON-MOVE, OUTSIDE HOME URBAN AREAS 

There was some interest in using satellite-based DDS to provide 

assistance in area-wide paging and potentially in nationwide paging. 

Area-wide paging is a service where an individual can be reached in 

certain areas surrounding his home urban area. Nationwide paging will 

allow somebody to be paged in a city in which (s)he is visiting. Before 

nationwide paging beomes a reality, a company must have access to the 

same frequency band across the country and a pager must be uniquely 

addressed from coast-to-coast. Finally, there are some further 

logistical aspects to be determined as to whether a beeper signal is 

broadcast in all cities, his/her home city, or his/her home city and 

another one where (s)he is visiting. 

At this point in time, area-wide paging is of most interest to the pager 

firms, and therefore is . considered to be a "possible" application area 

for satellite-based DDS. The use of satellite would remove the need to 

provide repeater stations in areas which do not require coverage. The 

cost of the earth stations, as per the Equatorial figures, are 

acceptable, but the economics of usage would be directly dependent on the 

transmission cost. Pager traffic is bursty and varies dramatically 

during the day. Therefore, the firms felt that a "packet" method of 

charging would be most appropriate if it can be accommodated. 

The advent of nationwide paging, and there are varying views as to 

whether there is a service need, might potentially open up further 

satellite-based DDS opportunities for intercity distribution, but 

economics of DDS vs. terrestrial facilities would be directly dependent 

on the number of cities, and how they are served. 

4.7 REDUNDANT COMMUNICATIONS & EXACT CLOCK SYNCHRONIZATION 

The interviews with the utility firms and with the other 

businesses/organizations did not identify any interest for 

satellite-based DDS to provide redundant communications and exact clock 

synchronization. 
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. 5.0 FORECASTS 

The forecasts preaented in this Section were developed from the survey 

responses, summarized in Section 4.0, for "likely" and "possible" 

applications of satellite-based DDS. The forecasts provide data on the 

number of earth stations required and the number and type of bandwidth 

required for 1986, 1990 and 1995. Before describing the forecasts, a 

short discussion of "potential" applications is given below, followed by 

some cautionary and explanatory notes concerning the development and 

interpretation of the forecasts. 

5.1 "POTENTIAL" DDS REQUIREMENTS 

The requirements summarized in Section 4.0 were roughly classified as 

"likely" and "possible" requirements. A third group, "potential" 

requirements, which largely relates to the rapid growth of distributed 

data processing through microcomputer usage, has not been explicitly 

included in the forecasts because of lack of data. It is noted, however, 

that several of the respondents in their 1990 and 1995 forecasts have 

included estimates of earth stations required to meet the microcomputer 

market. As with the advent of any new technology, there are varying 

opinions as to the impact it will have. Some respondents were very 

"bullish", some "bearish", while still others had clearly not given it 

much consideration until surveyed. 

The rapid introduction of microcomputers to the office and home (i.e., 

159 thousand and 2 million personal computers are expected to be sold, 

respectively, in Canada and the U.S. during 1983) [79]  is creating a 

huge audience for information services, etc. One author has recently 

termed the importance of this mass entry as being "the equivalent of the 

printing press" [8°] . Even today, with electronic publishing in its 

infancy, there are enough indications to believe that information 

services will grow in volume, increase in quality and be tailored to meet 

market needs of the future. Estimates of the market potential for 

811 electronic publishing in the U.S. • F 	indicate that the following 

growth will occur: 
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1 
• business market (i.e., stock and commodity prices, credit 

ratings) 

- growth from a base of $800 million in 1982 to 

approximately $2.05 billion in 1987 (21% annual growth 

rate) 

• professional market (i.e., scientific, legal, medical data) 

- growth from a base of $200 million in 1982 to . 

approximately $650 million in 1987 (27% annual growth 

I rate)  

• consumer market (i.e., news, games, encyclopedias) 

- growth from a base of $15 million in 1982 to 

approximately $150 million in 1987 (58% annual growth 

rate) 

It is expected that similar growth will likely occur in Canada. 

As the information service industry is in its infancy and there are a 

variety of approaches to the distribution of data, both informational and 

technical, it is impossible to predict the "potential" market for 

slow-speed, satellite-based DDS. Nevertheless, if applications are 

suited to satellite-based DDS, and this form of DDS is the most 

cost-effective distribution medium and available prior to competing 

technologies, it is reasonable to expect that these applications will use 

the satellite-based DDS, perhaps resulting in future requirements larger 

than those represented by the "likely" and "possible" applications. 
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5.2 NOTES ON FORECASTS 

5.2.1 Assumptions  

Two important considerations in collecting the survey data, and therefore 

implicit in the forecasts, are: 

e Equatorial Communications Systems' cost figures, adjusted to 

Canadian dollars, wee used as a rough estimate of possible 

Canadian earth station and data transmission costs, in order 

to obtain individual organization/company forecasts. The 

potential market was found to be extremely sensitive to 

price, and therefore any increase or decrease in cost will 

have a severe impact on the forecasts; 

cie the individual organizations/companies were requested to 

describe their requirements unconstrained by the Canadian 

satellite regulatory and institutional environment. 

The impact of these two aspects are discussed further in Section 7.0. 

5.2.2 Scenario Development  

Three scenarios have been used in presenting the forecasts. These 

scenarios were developed using probability factors related to the 

likelihood of an individual organization's/company's forecast actually 

reaching fruition. These probability factors, subjectively estimated 

from interview data, were developed to reflect three situations of 

likelihood: expected, lower than expected and higher than expected. 

The three scenarios were then developed for 1986, 1990 and 1995 by 

multiplying the forecasts obtained from the individual 

organizations/companies by the three probability factors. The scenarios 

were then aggregated for the "likely" and "possible" applications, and 

the "likely" and "possible" applications grouped together. 
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5.3 FORECASTS 

Based on the approach given above, forecasts were developed for earth 

stations, and bandwid,th to satisfy Canadian transmission requirements for 

"likely" and "possible" applications In  1986, 1990 and 1995. 

5.3.1 Earth Stations  

Forecasts for the slow-speed satellite-based DDS earth station market are 

given in Exhibit 5.1. These forecasts have been segmented into earth 

stations required to receive data needing Canada-wide coverage, and earth 

stations required to receiye data needing North American-Wide coverage. 

The expected number of installed earth stations for DDS service in 1986 

is approximately 1300 increasing to roughly 5800 in 1990, and 12600 in 

1995. The "likely" applications under the medium scenario account for 

70% of the earth stations, increasing to 87% in 1990 and 89% in 1995. 

For the higher and lower scenarios, the approximate number of earth 

stations expected is respectively, 1000 and 1600 in 1986, increasing to 

roughly 5100 and 6600 in 1990, and 11400 and 14000 in 1995. 

The percentage of earth stations required relating to Canada-wide 

coverage, account for approximately 67% of the total in 1986, but 

proportionally decrease to roughly 57% in 1990 and 49% in 1995. 

5.3.2 Transmission Bandwidth  

Forecast bandwidth requirements to satisfy Canadian transmission needs 

(i.e., coverage of Canada only required) on slow-speed satellite-based 

DDS are given in Exhibit 5.2. This Exhibit provides numbers and types of 

bandwidth required by potential DDS users for the three scenarios. 

Bandwidth to satisfy North American transmission needs (i.e., coverage of 

North America required) has not been forecast, as these needs are 

currently satisfied by the use of U.S. domestic satellite firms. 
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The forecasts indicate that 9600bps is the preferred bandwidth, although 

several of these prospective users might consider 4800bps. After the 

9600bps, the remaining three categories: 4800bps, 2400bps, and less than 

or equal to 300bps, were all about equal in interest. 
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EXHIBIT 5.1: FORECASTS OF TOTAL INSTALLED EARTH STATIONS  

FORECAST 	LIKELY APPLICATIONS 	POSSIBLE APPLICATIONS 	TOTAL 
SCENARIO 	YEAR 	CDA* N.A.** TOTAL 	CDA* N.A.** TOTAL 	CDAft N.A.** TOTAL  

1986 	384 	424 	»808 	216 	- 	216 	600 	424 	1024 
1990 	2138 	2448 	" 	4586 	494 	- 	494 	2632 2448 	5080 
1995 	4073 6422 	10495 	874 	- 	874 	4947 6422 	11369 

MEDIUM 	1986 	498 	436 	934 	395 	- 	395 	893 	436 	1329 
1990 	2581 	2472 	5053 	755 	--- 	755 	3336 	2472 	5808 
1995 	4819 	6458 	11277 	1355 	- 	1355 	6174 	6458 	12632 

1986 	595 	440 	1035 	604 	- 	604 	1199 	440 	1639 
1990 	3001 	2480 	5481 	1080 	- 	1080 	4081 2480 	6561 
1995 	5592 	6470 	12062 	1920 	- 	1920 	7512 6470 	13982 

earth stations required to receive  data  needing Canada-wide coverage. 
** earth stations required to receive data needing North American-wide coverage. 

LOW 

HIGH 
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EXHIBIT 5.2: EXPECTED BANDWIDTH NEEDS TO SATISFY CANADIAN TRANSMISSION REQUIREMENTS  

BANDWIDTH 	LOW 	MEDIUM 	HIGH 
APPLICATIONS . 	(bits/second) 	SCENARIO 	SCENARIO 	SCENARIO 

LIKELY 

POSSIBLE 

TOTAL* 

9600 	2 	3 	3 . 	, 
4800 	1 	I 	

.,.. 
- 	I 

2400 	I,. 	2** 	3 .... 	, 
5300 	I 	-1 	- 	1 

9600 	
2 .. 

3 	4 
4800 	1 , 	1 	1 
2400 
5300 	1 	2 	3 

9600 	4 	5 	7 
4800 	2 	2 	- 	2 
2400 	1 	2** 	3 
5300 	2 	2 	3 

* Due to round-off, totals may not be equivalent to the sum of "Likely" and "possible". 
apPlications. 

** W111 not be required until 1990. 
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6.0 SYSTEM CONFIGURATIONS 

This section considers alternative methods of one-way data distribution 

using satellites, and compares them on the basis of antieipated cost to 

the user. This information in conjunction with that given in previous 

sections provides a basis for a preliminary assessment of economic 

viability of satellite DDS in Canada. 

6.1 GENERAL CHARACTERISTICS OF SATELLITE BASED DELIVERY SYSTEMS FOR ONE-WAY 

DATA DISTRIBUTION 

Three fundamental characteristics of the contemplated data distribution 

service favour the use of a communications satellite as a basic component 

of the delivery system(s). These are: 

• the transmission topology is one-way, and primarily point-to-

multipoint (broadcast), which means that a large number of 

users can be served by a single RF channel. This implies very 

efficient usage of the space segment (satellite transponder); 

• information bandwidth is quite low (e.g. compared to TV), 

which implies low satellite eirp, as well as low bandwidth 

requirements. This further reduces the satellite resource 

requirements per user; 

è the broadcast programs (data services) are largely of common 

interest to "communities" whose members may be geographically 

scattered. In many cases, programs are of nation-wide or 

international interest. The wide-area coverage inherent to 

satellite communications is ideal for such applications. 

6.1.1 Distribution System Configurations 

-  38  - 

There are basically two satellite-based distribution configurations 

suitable for one-way point-to-multipoint communications - direct broadcast 

(DB), and community antenna (CA). 
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• Direct Broadcast (DB) 

In this configuration, each individual user has his own 

complete satellite receive terminal, and the signal is 

received directly "off-air". Examples are the Equatorial 

system (see Appendix B), and certain user groups of the 

proposed MSAT system 
 [82]• 

 For this configuration to be 

economically viable, the satellite receive terminals clearly 

have to be "affordable". 

e Community Antenna (CA) 

In this configuration, a more expensive satellite ground 

terminal is shared by a (local) community of users, and the 

"off-air" signal is re-distributed by terrestrial networks . 

comprising local radio re-broadcast (eg. FM or AM) or existing ' 

cable systems. A common example of this configuration (not 

primarily-used for data distribution) is community antenna (or 

"cable") television (CATV) .. This configuration has the 

advantage,that terminal equipment cost per user  is decreased, 

but the disadvantage that user communities must be 

geographically compact (eg. most suitable for urban and 

suburban areas) 

6.1.2 User Terminal Configurations  

Regardless of the distribution configuration there are 

potentially two user terminal configurations - "autonomous" 

and "shared". 

• Autonomous User Terminal (AT) 

In this configuration, the user terminal (i.e. all terminal 

equipment allocated to an individual user) is dedicated to the 

single mission of data distribution. Examples  •of this are 

again the Equatorial system and certain MSAT [ 82]user 

groups. 
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o Shared User Terminal (ST) 

In the shared terminal configuration some of the user terminal 

equipment is shared with some other service,  thus reducing 

terminal cost per service. An example of this (although not 
[ 83] 

major delivery system is expected to be the TV distribution 

networks. By transmitting the Telidon data in the "vertical 
[ 84] 

interval" 	of the TV picture, a simple and  inexpensive 

decoder allows the data service to "piggy-back" through the 

entire TV network, including the TV set, which (on 4 time-

shared basis) acts as the display terminal. This equipment 

sharing between services permits the economical reception of a 

very sophisticated data service, which would otherwise require 

quite expensive user terminal equipment. 

It is clear then that a given data network may consist of a DB or CA 

distribution configuration combined with an AT or ST terminal 

configuration. An example of such a combination would be broadcast 

Tendon in the TV vertical interval, transmitted via satellite to a CATV 

(cable) system, with the TV receiver time-shared as a Telidon display 

terminal. In the nomenclature introduced above, this would be "community 

antenna shared terminal", or "CAST". If direct broadcast satellite (DBS) 

were to replace the CATV, the delivery system would then be "DBST".  As  

. noted above, terminal sharing (i.e. with TV service) is expected to be 

vital to the economic success of the Telidon system. 

6.1.3 Exampleo of Delivery Combinations  

Some examples of the various delivery combinations are listed below. Note 

that some are hypothetical rather than existing services. 

o Direct Broadcast Autonomous Terminal (DBAT) 

yet in common usage) is the Broadcast Telidon , in which a 

Examples include the following: 

1 
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• Equatorial system (see Appendix B) 

- market information is direct-broadcast vig Westar IV 

satellite to individual and autonomous satellite receivers 

using spread spectrum modulation. 

• MSAT hroadcast data users 

- althoueh MSAT is still in the planning stages, a class of 

users is foreseen requiring direct broadcast of program 

data to individual and autonomous satellite receivers. 

e Direct Broadcast Shared Terminal (DBST) 

Examples include the following: 

• MSAT users requiring both broadcast data and voice 

- if no access to the switched telephone network (STN) is 

available to the user, both services could be provided by 

the MSAT system. In this case, at least the antenna and 

other RF components could no doubt be shared between the 

two services. 

• MSAT users requiring broadcast data as well as another data 

service 

- again some terminal equipment could be shared by the two 

services 

e Community Antenna Autonomous Terminal (CAAT) 

Examples include the following: 

• re-broadcast data services (eg. paging systems 
[50]

) 

- the need for ultra-portable and low-cost receivers (user 

terminals) usually rules out direct broadcast 

- paging messages are received at a larger "community 

antenna", then re-broadcast using terrestrial radio of 

some description (eg. sideband of FM radio program signal 
[49] 

[82] 
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• Equatorial system with more than one display per receiver 

- if two or more displays (identified with different users) • 

were connected to a single satellite receiver, the system 

could be described as "community antenna" 

• Telidon with own display terminal 

Telidon terminals are manufactured which are fully 

autonomous, including display. The delivery system could 

be cable TV, although a TV set may not be co-located (e.g. 

business purposes) 

e Community Antenna Shared Terminal (CAST) 

Examples include the following: 

• Telidon using TV display 

- as discussed above, cable (and off-air) TV are expected to 

be a major delivery system for Tendon. The TV set itself 

can be time-shared as a display terminal by inserting a 

Telidon decoder/re-modulator (RF-to-RF) between the cable 

and the set. 

• data processing terminal using shared micro-computer 

- as above with computer replacing TV display. 

6.1.4 Gross Economic Considerations  

The ultimate user cost of a service offering will clearly be a function of 

the elected "delivery combination". To establish the plausibility of an 

economically viable data distribution network, it should be first 

recognized that national TV networks, frequently using satellites, have 

been successfully introduced. This produces a benchmark from which some 

gross economic comparisons with hypothetical one-way data services can be 

drawn. 
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Existing TV networks are most commonly "community antenna autonomous 

terminal" (CAAT), although the direct broadcast automonous terminal (DBAT) 

option has received considerable attention recently (see Appendix F) and 

thus cannot be discarded from the realm of feasibility. However, with the 

present generation of Canadian domestic  •satellites (Anik C and D), it 

appears that the cost of a DBAT/TV terminal is significantly greater than 

the cost of a CAAT/TV terminal plus the user's share of the terrestrial 

distribution network costs. Recognizing that the satellite distribution 

(i.e. uplink plus space segment) cost will always be equal or greater for 

direct broadcast, the following Cost' inequality is established, at least 

for the near to medium term: 

$CAAT/TV 	$DBAT/TV 	 (6.1) 

We now crudely compare the cost of some low-speed data services to these 

. network TV services. Firstly, a CAAT/data service should be less costly 

than CAAT/TV for the following reasons, 

e less bandwidth per user is required* 

e since user terminals are digital, with in many cases modest 

display requirements, user terminal cost should compare 

favourably with the cost of an ordinary TV set (which is a 

wideband RF/analogue/high quality display device). 

We can therefore extend the inequality of (6.1) to 

$CAAT/data 	$CAAT/TV 	$DBAT/TV 	 (6.2) 

Secondly, DBAT/data should be much less costly than DBAT/TV, since in 

addition to the reduced space segment and display terminal costs, an 

*For TV services this is the TV signal bandwidth times the number of TV 
channels divided by the number of subscribers. Even with several orders 
of magnitude more subscribers, the TV broadcast service will require more 
bandwidth per user than a high information density data broadcast 
service. 
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autonomous direct broadcast satellite receiver for slow-speed data would 

be much less expensive than for TV (i.e., TV receive only, or TVRO 

teeminal). 

Finally, we must compare the costs of CAAT/data and DBAT/data. In this 

case, the crossover will be a function of the size and geographic 

distribution of the relevant user community. (The parameter of relevance 

is the number of users who can share a community antenna and particular 

terrestrial distribution network). Since the DB and CA systems are 

equally well suited to supporting a large number of widespread users with 

minimal satellite resources (see previous footnote), user costs should hot 

be sensitive to moderate differences in space segment costs. We thus need 

only compare the costs of the complete satellite receive terminal on the 

one hand (DB) to the cost  per user of the user-shared terrestrial network, 

including satellite receive terminai(s). If the cost of direct broadcast 

data terminals can be made low enough (without causing space segment cost 

per user to become dominant), then DBAT/data could be competitive with 

CAAT/data. 

At this point we can draw some preliminary conclusions that 

will help to guide the course of further analysis. These 

are: 

s There is very good reason to suspect that "properly tailored" 

DBAT or CAAT data service offerings to a sufficiently large 

market will be cheaper than CAAT/TV, which has proven to be 

economically viable. 

• When applicable, the shared terminal (ST) configuration would 

provide additional user cost savings. However, since many 

potential users of a given community might not be in a 

position to exploit the sharing of equipment with another 

service, it would be risky to condition the success of an 

entire service offering on this premise. For example, the 
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cost of a Telidon service is effectively greater for a user 

(e.g. business) which can derive no benefit from a TV 

service. 

o Attention is therefore focused on the DBAT and CAAT 

configurations as the principal delivery combinations of 

interest to the subject study. 

The relative user costs of the DBAT and CAAT configurations 

can now be considered in somewhat further detail. For the 

DBAT system, the user cost is 

$DBAT R + S/n + D 	 (6.3) 

where 

R =. the cost per satellite receiver 

Sin the space segement cost per user, and 

D 	the display terminal cost .  

Note • hat as a function of R, S will be essentially constant above some 

threshold value, but increasing sharply below this value (i.e. very low-

cost terminals will impact heavily on satellite power requirements etc.) 

Hence, a plot of (6.3) against R for some representative set of parameters 

would be as shown in Exhibit 6.1(a). In the region of interest, user cost 

is very sensitive (almost proportional) to receiver cost. 

For the CAAT system,  user  cost will be given by 

where 

R/n ... the receiver cost per user, 
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S/n the space segment cost per user. 

Tin ... the terrestrial network cost per user, and 

D 	the display terminal cost 

RealistiCally assuming the same costs for Sin and D, and taking 

representative values for n and T, the cost function behaves as shown in 

Exhibit 6.1(b). The user cost difference between the DB system and the CA 

system at a given receiver cost can be expressed as 

B $CAAT $DBAT 

	

R/n 	Tin 	R, 	 (6.5) 

and for large n  and  small R, this is approximately 

	

B = Tin 	R, 	 (6.6) 

so that a DB,system is preferred, whenever 

	

R4 T/n. 	 (6.7) 

It should be recognized that the CA option has the potential for achieving 

a lower cost per user only with higher cost (shared) earth stations that 

reduce space segment cost, and therefore "lock out" direct broadcast 

reception. System development is thus effectively limited to geographic 

concentrations of users. On the other hand, a system optimized for DB 

usage does not preclude receiver sharing by colocated users to further 

reduce their individual cost. For this reason, and because geographic 

separation of users (in relation to low achievable DB receiver cost) is 

expected to be more the rule than the exception, we shall consider the 

DBAT delivery system to be the "baseline system" for further discussion. 

Note that use of a community antenna (equipment shared by other users) and/ 

1 
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EXHIBIT 6,1: USER COST SENSITIVITIES TO RECEIVER COST  

,/ i/ 
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n = # receive terminals 
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or shared terminal (equipment shared by other services) can then be viewed 

as incremental departures from the baseline system, when applicable, , 

resulting in additional user cost savings. For example, if two (or more) 

display terminals (serving different users) are connected to a single (and 

otherwise DB) receiver, the system becomes "community antenna". 

Similarly, if the receiver (i.e0 antenna and RF hardware) is shared with a 

different service, such as voice, the system becomes "shared terminal". 

6.2 SATELLITE RESOURCE ALLOCATION 

1 

Although the cost per user of satellite prime resources is 

quite insensitive to the receiver cost, it is inversely 

proportional to the number of users in the community sharing 

a dedicated resource (see Exhibit 6.1). Thus, for small communities, it 

may well become the dominant factor, particularily if low cost of 

receivers is over-emphasized. 

There are two basic methods by which satellite prime resources can be 

allocated tte a particular data service. These can be termed "dedicated 

allocation" (DA) and "transparent re-allocation" (TR). These are 

discussed briefly below. 

6.2.1 12.9.5Iical Allocat±on  (DA) 

In this approach, a prescribed.  fraction of the satellite 

total resources (i.e., bandwidth, power) are allocated to the data service 

on a dedicated basis. The user cost is "easily" determined by pro-rating 

the total cost according to the user's share of the total resources. Any 

orthogonal multiple access technique, such as FDMA, TDMA, SSMA, packet 

multiplexing etc0 falls in this category. 

Examples of dedicated allocation for data distribution are the Equatorial 

system, in which a transponder is leased for the service; and the MSAT 

system, in which specific FDMA channels would be allocated to various data 

services. 
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6.2.2 Transparent Re-Allocation (TR)  

, 	• 
This method of resource allocation is not in widespread usage,- although it 

has been proposed on various occasions and utilized in at least one 
[83] 

application 	. It is most applicable to the "secondary payload" (e.g0 

low-speed data) of a satellite system whose design caters to a different 

and usually much larger "primary payload"  (ego TV or multichannel voice). 

The assumption is that the primary payload is not 100% efficient in 

utilizing the dedicated satellite resources, so that a mall fraction is 

available for re-allocation to a secondary payload in sOme manner that is 

essentially transparent to the primary users. Four situations come to 

mind in which such . unused.resources tould perhaps be exploited. These are 

listed and discussed below. 

o Vertical Interval Transmission 

,The vertical interval of a TV signal could be used for data 

transmission, as presently proposed for broadcast Telidon. 

Each TV field contains 2621 lines, which includes one 

"vertical interval", consisting of 21 lines. Nine of these 

are used for vertical synch, 6 are reserved for vertical 

interval test signals and similar functions, while the 

remaining 6 are potentially available for re-allocation to 

other services. This amounts to 6/2624 = 2.3% of the total 

resoures. 

o Band-Edge Transmission 

With broadband signals, such asiMTV, the spectral density can 

typically fall off to quite low levels near the band edges. 

If a small power margin is also available, this could permit 

the transmission of low-speed data at the band edges using 

separate carriers. An application of this technique is the 

radio program distribution by Telesat's Anik B satellite, 

which also carries TV 
[85]. 

 Such a system, uti].izing spread 
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spectrum modulation, was prpposed by MCS in an unsolicited 

proposal submitted in 1980 
186.1. 

 Unused (but allocated) 

satellite resourceS (in this case bandwidth) are illustrated 

by the FMTV spectrum of Exhibit 6.2(b) [87],  which corresponds 

to the TV picture of gxhibit. 6.2(a). The transponder 

bandwidth is 36 MHz, the peak picture deviation 12.9 MHz, with 

0.78 MHz deviation due to energy dispersal (EDS). The video 

signal is NTSC colour, and the audio sub-carrier is not 

present. 

Various methods of transmitting low-speed data through a 

transponder. carrying FMTV were studied by MCS under contract 

to the European Space Agency [88]  

• Spread Spectrum Overlay 

Again assuming that a small power margin is available, in some 

circumstances it may be possible to superimpose a spread 

spectrum signal(s) upon broadband traffic such as FMTV or 

multichannel voice. The wideband (low-level) noise-like 

nature of the spread spectrum signal will minimize mutual • 

interference. This technique was also proposed 
in [86] 
 and 

studied in 
[88], 

 Note that spread spectrum at the band 

edge(s) can also be viewed as band-edge transmission. 

o Interleaved Data With Voice 

"Bulk" data (i.e., as opposed,to "packet" data) could bg 

transmitted during the quiet periods of normal speech. 

The economics of providing a service offering based on transparent re-

allocation are not so straightforward as for dedicated allocation. If the 

data service is incremental (i.e. added on) to an existing service, it can 

be argued that resources should be "sold at a discount", since otherwise 
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they would be wasted. Assuming free market forces, this certainly makes 

sggse, since any additional revenue is better than none, which would be 

the case if the incremental service were not offered (or the cost were too 

high). On the other hand, if the transparent re-allocation technique were 

planned as an  integral part of an overall (e.g. new) system, the 

corresponding users might well be expected to pay on a prorata basis. 

This  question of user tariffs becomés further complicated when regulatory 

bodies interfere with the free marketplace. 

A well-known example of the transparent re-allocation technique is the 

Telidon system, in which it is intended to transmit data in the TV 
[ 84] 

vertical interval 

6.3 MODULATION AND MULTIPLE ACCESS TECHNIQUES , 

Although it is not uncommon for a satellite transponder to be dedicated to 

a single TV program, due to the much lower prime resource requirements, it 

is practically inconceivable that a transponder be dedicated to a single 

data service. Even if a transponder is partioned between some primary 

payload and secondary data traffic, by one of the resource allocation 

techniques described in Section 6.2 e  it is likely that more than one data 

circuit would be desired, so that multiple access per se (as a specific 

case of resource allocation) is usually relevant. Since specifying a 

multiple access technique invariably imposes constraints of some kind on 

the modulation technique, the two are usually interrelated. 

The objectives when selecting modulation and multiple access techniques 

are invariably to minimize some eombination of, satellite prime resource 

requirements and receive terminal costs per user, the emphasis depending 

on the distribution configuration (DB or CA). In the Equatorial and MSAT 

(DB) systems, great emphasis is placed on receive terminal cost reduction. 

In the Equatorial system, this is achieved through choice of modulation 

(SSMA), and in MSAT itA.s achievéd at the expense of transponder cost. (A 

direct comparison cannot be made, since MSAT is designed primarily to 

provide voice service.) 
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Exhibit 6.3 lists the broad categories of relevant modulation techniques 

along with suitable multiple access techniques. These are discussed below 

from the viewpoint of impact tipoli satellite resource utilization and 

receive terminal cost. 

6.34 Narrowband  

In the present context, narrowband is taken to mean that the RF bandwidth 

is essentially equal to the required information bandwidth. That is, 

there is no bandwidth expansion to accommodate coding, spread spectrum 

etc. Multiple access is typically by FDMA/SCPC, which is efficient in 

terms of bandwidth utilization. However, due to'intermodulation products 

in the transponder TWT, saturated operation is usually avoided or special 

(bandwidth inefficient) frequency plans employed, resulting in reduced 

efficiency of power or bandwidth utilization (eg. compared to TDMA). 

Receive terminals are straightforward, and cost depends mainly on G/T 

requirements. 

6.3.2 Coded 

In this case, bandwidth and terminal complexity are traded for transponder 

power. By expanding the bandwidth somewhat beyond that of the narrowband 

case, redundancy is introduced that Can be exploited by use of error 

correction techniques. This permits lower 
Eb/No 

(hence satellite eirp) 

for the same user data error rate. Coding is appropriate when links are 

power limited, and may be used with FDMA, TDMA or CDMA. 

6.3.3 Burst 

Continuous data may be formatted into short bursts whose instantaneous 

rate (hence bandwidth) is much higher than its average rate. Also, 

certain types of data by nature consists of discrete messages. Depending 

on the application, FDMA, TDMA, CDMA, and random access may be applicable. 

With TDMA, a single time-shared carrier is applied to the TWT, so that 

intermodulation products do not occur. This permits more efficient 

utilization of the TWT (satellite power), since it can be operated near 

nn•nn 
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1 EXHI  BIT  6.3: MULTIPLE ACCESS AND MODULATION TECHNIQUES  

Modulation 	Suitable Multiple 

Cee.12EL__ 	APS.M£LhÈtag.211 

narrowband 	FDMA 

coded 	 FDMA, TDMA, CDMA 

burst 	 FDMA, TDMA, CDMA, 

random access 

spread spectrum 	FDMA, TDMA, CDMA 

1 

1 

1 
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saturation For two-way communications, TDMA requires accurate uplink 

synchronization, which greatly impacts on terminal and netWork complexity. 

However, in one-way broadcast (TDM), receivers need only demultiplex their 

on  bursts, which is quite a simple task to perform. Hence, there is 

little penalty associated with the TDMA.technique, and the advantage is 

substantial. One-way broadcast also avoids one of the other disadvantages 

of TDMA, namely the requirement  for  relatively high user terminal 

transmit : poer.' 

6.3.4 §,pmelpectrum 

In spread spectfrum, the RF bandwidth is intentionally spread well beyond 

that required for the message transmission. Several potential advantages 

to this are: 

o The message is broadband and noiselike, with much lower power 

spectral density than for the corresponding narrowband signal. . 

Hence, interference into other narrowband systems in the same 

• frequency band is greatly reduced 0  

o ,Narrowband interference into the spread spectrum receiver is 

attenuated by the processing gain (ratio of spread to unspread 

bandwidths), and has a similar effect to white Gaussian 

,noise. 

o Due to (ii), interference from adjacent satellites or 

terrestrial systems can be suppressed, thus allowing the use 

of low directivity (and smaller) receiver antennas, providing 

that sufficient satellite eirp is available. 

o Code division multiple access (CDMA) can be used, resulting in 

less expensive terminals than for FDMA or TDMA. (More of the 

hardware is digital rather than RF and analogue.) 

o Transparent re-allocation (see Section 6.2.2) would be 

facilitated through spread spectrum overlay or band-edge 

transmission. 



-56- 

Multiple access techniques that are compatible with spread spectrum 

inglude FDMA, TDMA and CDNA. 

Perhaps the main disadvantage of spread spectrum with CDMA (ie., SSMA) is 

that it is inefficient in terms of total channel capacity, as each access 

appears as broadband noise to all the others. This of course is not a 

serious problem / in ,a broadcast (point-to-multipoint) mode, since one 

access serves many users; 

Although spread spectrum may not be advantageous for community antenna 

(CA) configurations, it is ideally suited to the DB case. Because of the 

advantages listed above, receiver cost can be reduced (at the expense of 

. satellite power) until the space segement cost per user begins to 

dominate. That is, operation at the minimum of Exhibit 6 0 1(a) can be 

realized by proper design of the system. Note however that the space 

segment cost per user, S/n, may be greater for spre-d spectrum than for 

other modulàtien  types  due to less efficient multiple access techiques. 

However, if transparent re-allocation is utilized, resources may be 

cheaper on à pér unitlasis see Section 6.2.2). 

6.4 CANDIDATE CONFIGURATIONS 

Having examined from the top dom  various levels of systems architecture 

and their impacts on user costs, it'is now appropriate to review some 

specific candidates from the same point of view. Three candidate delivery 

systems . that will be discussed below are 1) the Equatorial approach 

adapted to the Canadian application, 2) the proposed MSAT system, and 3) 

the Iroadcast Telidon approach (TV network vertical interval transmission). 

In the sub-sections that follow, these candidates are compared in the 

general context of one-way data transmission, with limited reference to 

the actual user requirements identified in Section 4.0. 

6.4.1 Isuatorial A  proach Using Canadian S ace Segments 

As identified in previous sections, relevant cost-related characteristics 

of the Equatorial type system are: 
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o direct broadcast with low cost terminals 

o àutonomous terminal 

o dedicated allocation 

o spread spectrum modulation 

o TDMA with packet switching 

o FEC coding 

By balancing DB receive terminal cost against user share of the space 

segment cost, operation near the minimum of Exhibit 6.1(a) can be 

realized. Since through packet switching, more than one program (channel) 

can be received by one satellite receiver, a small local community of 

users, with separate terminal devices and program requirements, in 

different programs,  could share a single receiver. The resulting • 

"community antenn " configuration would further reduce user costs. 

It is unlikely that terminal equipment could be shared with services other 

than data, except perhaps in rare situations, so that "autonomous 

terminal" is likely to prevail. 

The Equatorial system utilizes dedicated allocation, in that transponder 

bandwidth is dedicated to the data service(s). With spread spectrum 

modulation, transparent re-allocation (band-edge transmission or spread 

spectrum overlay) could be considered as a means of utilizing existing 

unused capacity. 

Spread spectrum modulation affords the advantages listed in Section 6.3.4. 

Most notably, it allows reduced antenna size by rejecting interference 

from other satellites and terrestrial sources. The use of TDMA as a 

multiple access technique results in efficient utilization of transponder 

power. In addition, since there is little or no penalty for increased 
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bandwidth is dedicated to the data service(s). With spread spectrum 

modulation, transparent re-allocation (band-edge transmission or spread 

spectrum overlay) could be considered as a means of utilizing existing 

unused capacity. 

Spread spectrum modulation affords the advantages listed in Section 6.3.4. 

Most notably, it allows reduced antenna size by rejecting interference 
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multiple access technique results in efficient utilization of transponder 

power. In addition, since there is little or no penalty for increased 
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bandwidth.in the power limited case (due to smallest possible antenna 

siee), FEC coding is aCcommodated, which helps decrease the C/No  

requirement. 

The combination of direct broadcast mode and spread spectrum modulation 

appears to be highly suited to the task of one-way data distribution. 

Degrees of freedom are introduced that allow minimizatien of user cost 

through appropriate system design.« 

6.4.2 The MSAT System 

Cost-related characteristics of the proposed MSAT system, as 

relevant to data distribution, are: 

o direct broadcast with low cost terminals (community antenna in 

some cases) 

o autonomous or shared terminal 

• dedicated  allocation 

• • 
o narrowband modulation (or coded) 

• 

o FDMA 

The MSAT system is designed primarily to provide voice circuits to mobile 

users. To allow low-cost terminals (i.e., small antennas) in the mobile 

environment, characterized by severe multipath (and blockage) fading, a 

very high-power space segment is required. The operating frequency has 

been chosen in the 800 MHz  region to eliminate interference from adjacent 

satellites. Since many data terminais would not have to be mobile (hence 

decreasing required link margins), low cost receivers are easily 

facilitated. There is also the possibility in some cases of sharing the 

terminal with other MSAT services, such as voice, further reducing 

receiver cost per service. 

1 
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bandwidth in the power limited case (due to smallest possible antenna 

siee), FEC coding is accommodated, which helps decrease the C/N
o . 

requirement. 

The combination of direct broadcast mode and spread spectFum modulation 

appears to be highly suited to the task of one-way data distribution. 

Degrees of freedom are introduced that allow minimization of user Cost 

through appropriate system design.' 

6.4.2 The MSAT System  

Cost-related characteristics of the proposed MSAT system, as 

relevant to data distribution, are: 

G direct broadcast with low cost terminals (community - antenna in 

some cases) 

e autonomous or shared terminal 

o dedicated allocation 

• narrowband modulation (or coded) 
• 

o FDMA 	• 

The MSAT system is designed primarily tée. provide voice circuits to mobile 

users. To allow low-cost terminals (i.e., small antennas) in the mobile 

environment, characterized by severe multipath (and blockage) fading, a 

very high-power space segment is required. The operating frequency has 

been chosen in the 800 MHz region to eliminate interference from adjacent 

satellites. Since many data terminals would not have to be mobile (hence 

decreasing required link margins), low cost receivers are easily - 

facilitated. There is also the possibility in some cases of sharing the 

terminal with other MSAT services, such as voice, further reducing 

receiver cost per service. 
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Satellite resources would be allocated on a dedicated basis, using FDMA, 

(wbich is less efficient than TDMA). There is no opportunity for 

transparent re-allocation, so'that all user tariffs for the space segment 

would be determined on a prorata basis. Although the opportunity exists 

for "community antenna" configurations, this does not help to reduce the 

space segment costs, which are expected to dominate. 

The available MSAT channels have bandwidths of 5 and 30 kHz. These 

channela could accommodate (uncoded) data rates of the order  of 2.4 and 15 

kbps, with conventional modulation techniques (eg. DMSK). Lower speed 
1 

data could be encoded to reduce C/N
o 

requirements. 

The primary disadvantage, from a cost point of view, of the MSAT system 

appears to be the high cost of the space segment (hence user's share). It 

is likely that the operating point, Exhibit 6.1(a), would be well to the 

left of the minimum. In fact, because of space segment costs, it is 

doubtful that MSAT will become a reality, at least in the "near" future. 

In summary, ,because of the mobile and multipurpose nature of the MSAT 

system, few degrees of freedom are available with which to minimize total 

data service user costs. Because of the high cost of the space segment 

(in total and per user), user costs cannot compare favourably. with those 

of a more conventional and 'designable" system, such as the Equatorial 

approach. 

6.4.3 Broadcast Telidon Auproach (TV Vertical Interval Transmission)  

Characteristics of this type of delivery system are: 

• community antenna (network TV via cable) 

• • shared terminal 

• transparent re-allocation 
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• burst format with FDM or'TDMA 

• error detection/correction 

In this model, network TV is earried,via satellite to,CATV (cable) systems 

for local distribution. The terminal equipment (TV set and cable cost) 

can be shared with the TV service, if applicable. At business locations, 

however, this option could not uàually be explOited, as there Would rarely 

be a need for TV service, so that the data service would have to support 

the cost of connection into the CATV network. 

Data transmission in the vertical interval amounts to transparent re-

allocation of otherwise unused resources. As discussed in Section 6.2.2, 

these resources could be "sold at a discount". However a good deal of 

regulatory and administrative details must be resolved to establish an 

acceptable tariff structure for use of the existing network facilitres in 

this manner. There are also numerous technical constraints imposed upon 

the design of an efficient and "transparent" data delivery system using 

the vertical interval, many involving system parameters that are not 

particularly relevant to the primary payload (TV), and hence not 

adequately specified or controlled. 

The transmission format would be "burst", as there are only 6 TV lines per 

field (262f lines) available for data distribution. In the proposed 

Telidon delivery system, the burst data rate will be 5.72 Mbps. Hence, 

the average data rate (if all 6 lines are assigned to a given data 

network) would be 

(6/262.5) x 5.72 Mbps 

». 130.7 kbps 

It is expected that error protection, required to meet user quality 

requirements, will absorb significant overhead, thereby reducing the 

effective throughput rate. 
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If different lines are assigned to different programs (data networks), a 

TqMA format will result, dividing the data rate per network by the number 

of (equal) accesses. With one line per network, the data rate (before 

coding overhead) could be 

(1307/6) 	21.8 kbps 

Different data networks can also be carried on different TV channels, 

amounting to frequency division multiplexing (FDM). 

The TV channel (also applies to vertical interval time slot) is naturally 

optimized for video rather than digital messages. A number of technical 

difficulties have been encountered in attempting to adapt it to the 

Telidon application, although the CATV network is more suitable than VHF 

or UHF line-of-sight broadcast. This means, among other things, that much 

co-operation and co-ordination with the TV network authorities is required 

to iron out technical compatibility and related problems, all of which add 

to overhead costs. 

In a final user cost comparison of the Telidon-type delivery system for 

business locations, we must assume that the data service tariff would have 

to include the cost of a cable TV installation plus the normal TV 

subscriber charge, since no cost saving would result from deleting (or , 
scrambling) the TV signal. The delivery charge (i.e., excluding user 

terminal) will therefore be greater for the data service than for the CATV 

service. 

In summary, in applying the Telidon type data delivery system to the 

business environment, few degrees of freedom (plus many technical and 

administrative constraints) are available through which to match the 

service offering to the marketplace. Costs are to a large extent 

irreducible, and are clearly out of line with the resource requirements of 

the data service alone. The economic leveraging that works to the 

advantage of the domestic user (sharing service costs between data and TV) 
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works to the disadvantage of the business user, who must pay for the TV 

se.rvice which he does not require. Despite the above, the broadcast 

Telidon approach cannot be ruled out in specific cases. 

6.4.4 Recommended Candidate System  

It is clear from the three previous subsections that the most 

economically promising data delivery system in general is the direct 

broadcast/low-Cost terminal system, of which the Equatorial system is a 

prime example. The next sub-sections further refine this concept, with 

specific attention to the Canadian requirements and space segments, and 

then develop cost estimates relating ultimately to the users. 

6.4.5 Refined System  

Exhibit 6.4 presents a summary of potential DDS user technical 

requirements by category. Data rates range from 65 to 9600 bps, 

transmissions can be bursty or continuous and transmission.access delay 

time requirements vary from several hours to immediate. Bit error rate 

performance is to be in the 10-5  to 10-7  range. All users require Canada-

wide coverage with one indicating U.S. coverage as well. It is expected 

that a large segment of users will require coverage in northern Canada. 

All but on of the users require no data security other than that afforded 

by digital signal multiplexing. 

Exhibit 6.5 presents the technical characteristics of the Equatorial 

spread spectrum system (see Appendix B). It is seen that such a system 

would meet essentially all user traffic requirements.* 

Within the Canadian environment major concerns associated with a DDS are 

which satellite delivery system is to be used, how the satellite uplink is 

provided and what satellite utilization is required for a specified 

capacity requirement. 

*Data security.is considered the responsibility of the user. 
Equipment based on the Data Encryption Standard (DES) is 
commercially available. The DES is the only system approved 

for commercial used by the American NSA. 
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EXHIBIT 6.4 SUMMARY OF TECHNICAL REQUIREMENTS  

Data Rate 	Continuous Transmission 	Coverage 

Potential Users 	(bps) 	or Bursty 	Access Type 	BER 	Area 	Security 

eCATEGORY 1: 

9600 (4800 continuous immediate 	10-7 	Canada 	Packetizing 

could 	16 hrs/day 	 enough 

suffice) 

9600 	continuous immediate 	10-7 	Canada 

9600 	continuous immediate 	10-7 	' Canada 
i 

9600 	continuous 

•CATEGORY 2: 

9600(4800) continuous as soon as 	Canada 

1200,3000 	continuous 	possible 	10-7 	Canada 	None- 

9600 	continuous 	" 	* 	Canada 	own signal 

300 	continuous 	
.. 	** 	Canada 	packetized 

	

, 	, 
-- 

•CATEGORY 3: 

4800 (2400 continuous maximum 1 	10-7 	Canada 	Packetized 

may 	sec delay 

suffice) 

°CATEGORY 4: 

65 	. 	bursty 	5-10 min delay (10-7 	Canada 

9600(4800) continuous hours in delay <10-7 	Can&US 	None 

0CATEG0RY 5: 
9600 	continuous 4 1 min delay 	10-5 -10-7  Canada 	None 

65,3000 	bursty 	3-5 min delay 	10-7 	None 

9600 	continuous hours in delay 10-7 	None 

9600 	bursty 	immediate 	10-7 	High 

.3CATEG0RY 6: 

200 	bursty 	4 1 min delay 	<10-7 	Canada 	Not 

9600 	bursty 	slight delay 	<10-7 	Canada 	critical 

9600 	bursty 	slight delay 	(10-7 	Canada 

? 	bursty 	slight delay 	<10-7 	Canada 

*has own check 

**important because of financial data 
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- no coding 

- with block coding 

: 410-5  

:  <10  
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EXHIBIT 6.5: EQUATORIAL SPREAD SPECTRUM NETWORK CHARACTERISTICS  

••n 

1. Uplink Signal 

Characteristics 	: uplink .provided via Equatorial'central 

control station 

: 19.2 kbps composite bit rate 

: packetized (continuous optional) 

multiplexing 

: dedicated (priority) or shared services 

available 

: modulation via direct sequence spread 

spectrum using BPSK (PN-BPSK) 

: 5 MHz occupied bandwidth 

2. Receive Site User 

Interface : up to four output channels (differing data 

rates) 

: 45 bps to 9.6 kbps 	, 

: synchronous or asynchronous 

: RS-232-C or 20 mA current loop 

1 
3. Space Segment 	: Westar IV 

1 5. Encryption 	: not available - user responsibility 

6. Backhaul 	: user responsibility 

1 
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1 
6.4.5.1 Satellite Delivery System  

Short- to medium-term  DOS  'requirements could only be served via existing 

satellite systems. The Canadian space segment is currently provided by 

Telesat Canada's ANIK-A, 8, -C and -D series of satellites. The ANIK-A 

satellites are near end-of-life and are therefore not considered further. 

The ANIK-B satellite provides 12 transponders for Canada coVerage at 614 

GHz as well as 6 transponders using 4 spot beams at 14/12 GHz. The ANIK-C 

satellite has 16 transpondera operating at 14/12 GHz, to provide a 

committed 14 channel minimum requirement, and provide coverage of southern 

Canada using four transmit spot beams. The ANIK-D spacecraft has a 

capacity of 24 transponders operating at 6/4 GHz. 

ANIK-B's design life extends to 1985, the most recently launched ANIK-C's 

extends to 1993 while ANIK-D's extends to 1992. Within the context of 

this study, a DDS implementation is being considered for 1985 and beyond 

and therefore only ANIK-C and -D satellites are of interest. 

ANIK-C can provide coverage in limited regions using two f  three or four 

spot beams. Spot beam configurations would be determined by Telesat 

Canada according to major customer needs. In any event, ANIK-C coverage 

is limited to southern Canada via a minimum of 2 beams while ANIK-D 

provides full Canada coverage with one beam. This means that full EAST/ 

WEST coverage with ANIK-C requires two uplinks (separate transmitters 

excluding antenna which can be shared) and therefore two space segment 

charges are incurred. These penalties may be offset by the fact that 14 

GHz transmit sites may be located in urban locations without the need for 

frequency co-ordination which is not the case at 6 GHz. Note that limited 

U.S. coverage is available with both satellites. 

For the DDS application, full Canada coverage can only be provided via 

ANIK-D. For this reason and the fact that terminal costs are quite firm 

(eg. Equatorial system) we shall restrict our attention to the ANIK-D 

satellite delivery system. Note that while frequency co-ordination is 

required for siting of 6/4 GHz earth stations this does not preclude urban l  

siting of these earth stations - the Globe and Mail has used metropolitan 
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earth stations (transmit and receive) for distribution of its newspaper to 

remote printers. Frequency co-ordination is also likely to be less of a 

problem for a spread spectrum system where the carrier power is dispersed 

over a bandwidth of 20-25 dB relative to a non-spread signal. 

6.4.5.2 Satellite Uplink  

In Canada, satellite uplinks are provided by Telesat Canada (TCTS) or 

other approved carriers (e.g. CNCP Telecommunications). The major 

difficulty in providing a DDS service is in the provision of (1) the data 

network control site(s) and (2) the transmit earth station. Clearly, user 

costs will be affected by the locations of both relative to the user. 

Major costs will be associated with any dedicated terrestrial links that 

may be required and the user's share of the cost of the data network 

control system and the transmitting earth station (referred to as 

satellite and network recurring costs). 

In view of these considerations, a recommendation for a cost-effective 

uplink system can only be performed in response to a specific user 

requirement. 

6.4.5.3 Expected Satellite Utilization 

Typical Anik-D space segment requirements are developed below. In view of 

the attractive costs of the Equatorial spread spectrum terminals, the 

characteristics of a baseline Equatorial receive terminal are used in the 

link equations. 

This analysis assumes that the DDS is downlink noise 

limited. The received C/N
o 

is given by 

G 
EIRP L + (—) - k, dB/K 

N
o 	

p 	T e 
(6.8) 

1 
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where 

EIRP downlink EIRP (dBW) 

se total propagation loss due to free space path loss, 

• fading, pointing error, sun transit (dB) 
G 

ye  ,.. , reeivg terminal y (dB/K) 

k 	= Boltzmann's constant 

= -228.6 dBW/K 

Where the transmitted signal uses spread spectrum 

( C ) 
	

E
b 

R
d 

—N  xR 	absolute units 
o SSMA 	0 "c 	c  

Eb 
+  

N 	
10 log

10 
R
d- 

(6.9) 

where 

E
b
/N

o 
= energy per information bit to noise spectral density 

R
c 	

= chip rate 

R
d 	

= composite data rate 

Substitution of (6.9) into (6.8) and solving for EIRP yields 

Eb  
G 

EIRP 	+ 10 
1og10 

R
d 
+ L

p 
+ k - (—) 

N
o 	

T e 
(6.10) 
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where 

.8à 

EIRP . = downlink EIRP (dBW) 

L 	= total propagation loss due to free space path loss, 
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G 	G 
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Exhibit 6.6 lists the DDS link parameters for reception by a typical 

snread spectrum receiver. Exhibits 6.7 and 6.8 present power and 

bandwidth transponder utilizations respectively as a function of composite 

data rate. Percent power utilization is based on solving equation (6.10) 

for each composite data rate. Percent bandwidth utilization is derived 

from the 5 MHz occupancy for a 19.2 kbps data rate (Equatorial system) 

scaIed proportionately by/ the actual composite data rate. 

It is noted that bandwidth utilization is slightly larger than power 

utilization. The utilization ranges from 1.7 - 13.9% for the range of 

data rates considered. 

6.5 USER COSTS 

The derivation of a final cost to each DDS user will be a function of a 

number of components: 

• satellite and network recurring charges (see Section 6.4.5.2) 

• receive terminal capital cost 

• receive terminal installation cost 

• operating and maintenance charges 

• terrestrial interconnection (between user broadcast site and 

uplink and between receive terminal and user data 

destination) 

• other Miscellaneous charges. 

Clearly, arriving at a final cost to the user is difficult without further 

definition of specific requirements. In the following we present an 

indication of the range of possible charges. 
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EXHIBIT 6.6: DDS LINK PARAMETERS FOR EQUATORIAL SPREAD SPECTRUM  

SYSTEM USING ANIK-D SATELLITE  

Value 	Unit 

2.4 to 19.2 	kbps 

• BER 

- uncoded 

- coded 

• E
b
/N

o 
required 

- theoretical (pn-BPSK) 	9.5 	dB 

- practical 	 12 	dB .  

• Satellite saturated EIRP* 	36 	dBW 

• Multi-carrier output backoff 	5 	dB 

• Free space path loss 	196 	dB 

• Margin (fading, sun transit, 	3 	dB 

pointing error, equipment 

degradation) f  

• Occupied bandwidth 	5 	MHz 

• Useable transponder bandwidth 	36 	MHz 

*Provides partial U.S. coverage. Reference: A Technical  
Description,  Telesat Canada, 1982, Table,2.1. 

1 
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EXHIBIT 6.7: TRANSPONDER POWER REQUIRED VERSUS COMPOSITE  

DATE RATE 

Datà Rate 	Required 	EIRP 	Percent Transponder 

(kbps) 	(dBW) 	Power Required  

	

2.4 	12.7 	.1.5 

	

4.8 	15.7 	3.0 

	

9.6 	18.7 	6.0 

	

19.2 	21.7 	12.0 

EXHIBIT 6.8: TRANSPONDER BANDWIDTH REQUIRED VERSUS COMPOSITE  

DATA RATE 

Date Rate 	Required 	Percent Transponder 

(kbps) 	Bandwidth (MHz) 	Bandwidth Required  

2.4 	0.625 	1.7 

	

4.8 	1.25 	3.5 

	

9.6 	2.5 	6.9 

	

19.2 	5 	13.9 



5,008 

10,016 

17,297 

34,118 

	

2.4 	 1.7 

	

4.8 	 3.5 

	

9.6 	 6.9 

	

19.2 	13.9 
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EXHIBIT 6.9: MONTHLY SPACE SEGMENT CHARGES FOR AN  

ANIK-D DDS SYSTEM 

Transmission Rate 	Percent Transponder 	. 	Monthly 

(kbps) 	Utilization 	Charge 

(worse of bandwidth 	($) 

and power)  



1 
1 
1 
1 
1 

1 
1 
1 
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A lower bound on the cost will be the summation of space segment lease 

charges and receive terminal cost. Table 6.7 provides monthly space 

'segment charges as a function of composite data rate in an Equatorial-type 

spread spectrum system (see Tables 6.5 and 6.6). These charges are based 

on Telesat Canada's partial tranéponder'tariff (see Appendix H). Terminal 

costs are based on the basic single-output channel Equatorial receive 

terminal (Table H.1, Appendix H). A monthly capital coét is derived as 

follows 

- conversion rate of $1 US 	$1.61 CDN applied to capital cost to 

represent dollar conversion, duty, FST and shipping 

- $300 installation charge added to terminal cost 

- monthly cost based on 5-year amortization of total terminal cost at 

12.5% interest 

Exhibit 6.10 presents the monthly charges per user for the space segment 

and the cost of the receive terminal only. These charges are based on 

equal sharing of space segment charges (9.6 kbps composite transmitted 

data rate) and the purchase of identical receive terminals by all users. 

An indication of total user cost may be derived from the summation of 

Equatorial's satellite and network recurring charge (based on Westar IV 

space segment) and the cost of their receive terminals. Exhibit 6.11 

depicts Equatorial's satellite and network recurring charge as a function 

of capacity requirement (in characters/second). 

Charges are expressed in Canadian dollars (conversion of $1 US =$1.61 CDN 

used). 

Exhibit 6.12 - 6.15 represent the monthly cost per user for the Equatorial 

service for composite data rates of 300, 1200, 4800 and 9600 bps. The 

results are based on the following 

- satellite and network recurring costs shared equally by all users 
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EXHIBIT 6.10: MONTHLY USER COST BASED ON TERMINAL AND ANIK-D  
SPACE SEGMENT COSTS ONLY. 9.6 KBPS COMPOSITE  
DATA RATE. 

Monthly User Cost 
($) 
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EXHIBIT 6.12: TOTAL MONTHLY FEES PER USER FOR A 300 BPS NETWORK. BASIS: EQUATORIAL  
SYSTEM PRICE SCHEDULES 

No. of user terminals 
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EXHIBIT 6.13: TOTAL MONTHLY FEES PER USER FOR A 1.2 KBPS NETWORK.  
BASIS:  EQUATORIAL SYSTEM PRICE SCHEDULES  
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EXHIBIT 6.14: TOTAL MONTHLY FEES PER USER FOR A 4.8 KBPS (APPROX.) NETWORK.  
BASIS:  EQUATORIAL SYSTEM PRICE CHEDULE 
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- same Equatorial receive terminal used regardless of composite 

transmitted data rate (note that the single channel terminal is capable 

of receiving up to 9.6 kbps); monthly cost calculated as in Figure 

6 .3. 

- receive terminal operational and maintenance charges excluded 

- terrestrial intet:connection charges excluiled. 

A comparison of Exhibit 6.10 and 6.15 (9.6 kbps composite data rate) 

itidic'ates the significant added cost associated with a data control centre 

(network capability) and a satellite uplink. For example, for a 100-user 

network the receive terminal and ANIK-D space segment costs total 

$285/user/month. For the Equatorial system the costs (converted at $1 US 

= $1.61 CDN) for satellite (Westar IV), network recurring and receive 

terminal costs total slightly over $1000/user/month. 

While a conversion of $1 US = $1.61 CDN may be conservative (depends on 

applicable conversion formula), even if this were lowered to $1 US = $1.30 

CDN,the .total Equatorial system charges would be reduced by only 20%. 

The significant observation is that while the basic tariff charged by the 

satellite operator (in the Equatorial case this is Western Union) may be 

reasonable, the cost of the value-added service by an intermediary may be 

very high. Extrapolating the Equatorial system cost to the Canadian 

environment is therefore somewhat tenuous. Specifically, a DDS service 

could be provided directly by Telesat Canada rather than by a third party. 

Furthermore, the nature of the specific service and network management 

could significantly affect the final user cost. Nevertheless, the 

combination of the ANIK-D and Equatorial system costs do give an 

indication of the range of the cost of a DDS service. For example, for 

the 9.6 kbps network required by several of the organizations surveyed, 

the total cost per user terminal per month in a 100 terminal network would 

likely be in the $500-1000 range. 
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7.0 CONCLUSIONS & RECOMMENDATIONS 

Based on findings of the market survey and the investigation of various 

system configurations for one-way satellite-based DDS,-a nùmber of . 

conclusions have been drawn, and from these, a number of recommendations 

have been made for consideration by the Department of Communications. 

The conclusions are Presented immediately below, followed by the 

recommendations. 

7.1 CONCLUSIONS 

The market research determined that there is a modest demand for one-way 

satellite-based DDS in Canada, provided that service pricing is similar 

to that offered by Equatorial in the U.S. Further, the system 

configuration investigation, working with the results of the market 

research, concluded that a system similar to Equatorial's could be 

feasible in Canada using Anik D, and earth station equipment provided ly • 

Equatorial or by another supplier at similar cost. 

In using these conclusions, the reader is cautioned that this,study is 

the first iteration between the "marketplace" and the "drawing board", 

and therefore, represents only preliminary evidence that a service of 

this type would be viable in Canada. Clearly, additional work must be 

carried out, including several more iterations, before it can be stated 

that a DDS service is commercially viable in Canada. 

7.1.1 Market Research 

The market research results forecast that 1300 earth stations in 1986 

increasing to 5800 in 1990, and 12,600 in 1995, will be required to 

support satellite-based DDS applications in Canada. The market was found 

to be very sensitive to price, and the above results which were derived 

using Equtorial's figures adjusted into Canadian dollars, could change 
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dramatically depending on service pricing. A further market for 

satellite-based DDS could be in providing data services to microcomputers 

in home and office. This potential market has been briefly described but 

it has not been possible to quantify due to its infancy and associated 

uncertainty in terme of evolution. 

There was generally a lack of knowledge of satellite business 

communications amongst the people interviewed, although some were fairly 

knowledgeable particularly those where telecommunications was critical to 

their business mission. A considerable number of people voiced concern 

and frustration about the regulatory and institutional enVironment for 

satellite business communications in Canada. 

In terms of the , proposed DDS service, the general lack of knowledge about 

satellites compounded by the fact that DDS is a substitution technology 

based largely on cost-displacement of part of existing and future data 

traffic, made forecasting of requirements extremely difficult. Moreover, 

there was a general lack of feel for forecasting beyond 3-4 years due to 

the uncertainty with respect to technology, service offerings and 

institutional environment. 

In addition, considerable interest was expressed for 2-way satellite 

communication, particularly if it were low priced and small sized. 

Fàther, mining, forestry and utility firms expressed interest in using 

MSAT for 2-way remote communications and for data-collection platforms. 

In both these cases, the information was volunteered as these application 

areas were beyond the scope of the study and therefore were not covered 

in the interviews. 

Finally, there appears to be a significant market developing for 

equipment similar to Equatorial's both in the U.S. and in the rest of the 

world. Illustrative of this conclusion is the fact that the 

International Bureau of Informatics (IBI), a United Nations agency 

located in Rome, is proposing the development of national services for 
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"third world" countries using 9.6Kbps circuits on Intelsat's satellites 

and equipment similar in nature to Equatorial's, A further illustration' 

is that U.S. firms wishing to provide value-added services similar to 

Equatorial's and unable to purchase equipment from them, have approached 

Miller Communications Systems ,Ltd. (MéS) to fpurChase/develop equipment. 

This worldwide market was not examined as it is beyond.this study's terms 

of reference. 

7.1.2 System  Configurations  

The investigation of system configurations concluded that the Equatorial 

approach is the best general solution to Canada's general satellite-based 

DDS requirements; however, broadcast Telidon using existing national CATV 

networks could be a viable alternative, in some cases, presuming the 

acceptance of Telidon by TV broadcasters. A further conclusion was that 

possible amalgamations of potential users might provide 

economies-ofrscale through standardization which would most likely affect 

system cost. Due to a restricted project budget, it was not possible to 

investigate the system configurations to the extent that these issues 

were resolved. 

In terms of system configurations, direct-to-pager broadcasting was found 

to be not viable and therefore this market would be served using a 

rebroadcast approach facilitated by the same equipment required by other 

market segments. 

7.1.3 Access to Technology Concerns  

The first concern about access to technology stems from requirements of 

Canadian firms who may find themselves uncompetitive with U.S. firms, 

should the U.S. firms capitalize on their existing satellite-based DDS 

and expertise to receive data in Canada, and thereby provide similar 

services at lower cost. 

1 
1 
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The precedent of TVRO usage where U.S. satellite programs were received 

illegally in Canada for sometime before being eventually legitimized, 

suggests that penetration of satellite-based DDS in Canada could follow 

the same course., 

It is therefore concluded that at,the very leaat, Canadian firms require 

access to this technology in the very near future. 

The second concern  relates to the fact that Equatorial is both an 

equipment supplier and a value-added carrier. Potential competitors in 

providing carrier sevice have been precluded from obtaining equipment due 

ro the current monopolistic source of supply. It Is noted however, that 

Equatorial has verbally offered to license its technology to a Canadian 

firm. Nevertheless, a single source of supply can always present 

potential problems for a using organization. 

7.2 RECOMMENDATIONS 

The followlng recommendations are put forward based on the conclusions 

presented above and the material provided in the earlier parts of the 

report. 

1. 	The Department of Communications (DOC) should take action to have 

the report reviewed and the material assessed by one or more, 

potential service providers (eg. Telesat/Telecom Canada, CNCP 

Telecommunications, Broadcasters and others). The objective of this 

review and assessment would be to determine whether one or more of 

these organizations might be interested in servicing the Canadian 

market. 

If little or no interest is expressed, it is further recommended 

that a decision be made quickly to determine whether the Canadian 

market should be served by Equatorial. 

1 
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2. 	It is recommended that an examination of the international market, 

including the U.S., be carried  out  to determine the potential demand 

for spread-spectrum equipment. The objective of this examination 

would be to determine whether there is an opportunity for a Canadian 

equipment supplier. A Canadian supplier would then provide 

industrial benefits to Canada, as well as offer a potential Canadian 

DDS provider an alternative source of supply for equipment. (As a 

cautionary note, it should be recognized that recommendations 

pertaining to spread-spectrum for the fixed satellite service have 

not been issued by the CCIR, nor has Intelsat authorized spread-

spectrum transmission over its satellites.) 

3. 	Should there  be  a desire to proceed further from this preliminary 

feasibility study, it is recommended that additional resources be 

made available to further investigate service configurations and ' 

market response. As noted earlier, this study is the first 

iteration between "marketplace" and "drawing board", and requires 

further effort to assess commercial 'viability. 

4. 	As considerable interest was expressed in two-Way satellite business 

communications, it is recommended that market needs be investigated. 

Of particular interest is the 2-way.sate11ite asymmetric network now 

being pilot tested by Equatorial using spread-spectrum technology. . 

1 

_$ 
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DSS File No. 06ST.36100-2-4436 
Serial No. 0ST83-00001 

TITLE: Requirement Survey for a Satellite Based Data Distribution Service. 

OBJECTIVE:  The objective of this study is to investigate requirements for 
a satellite based data distribution service and to identify and 
evaluate possible system configurations for such a service. 

BACKGROUND: There is a requirement in certain industry segments to distribute 
low speed  data from a central headquarters location to a large number 
of geographically dispersed branch offices. Examples of these are 
banks for the distribution of interest rates to branch offices and 
stock exchanges to distribute prices to brokers. Currently such 
requirements are being met by terrestrial networks such as TELEX 
and TWX. 

From a technological point of view, the point to multipoint 
broadcast capability of communications satellites is ideally 
suited for the distribution of data to geographically separated 
locations. Until now, the high cost of satellite equipment and 
the readily available terrestrial alternatives have made a 
satellite based data distribution service unattractive. With the 
comercialization of low cost earth terminals and availability of 
high performance modulation techniques, the economic picture of a 
satellite based DDS looks much more promising. Because of the 
much larger economdc base in the 0. S., a satellite network for 
point to multipoint data distribution is already commercially 
available there. This study is part of a DOC program to evaluate 
the commercial viability of such a service in Canada. 

TASKS: 	1. Resuirement Survey 

Identify and survey industries and organizations that have a 
requirement for low speed data distribution and describe the 
service features that are needed to meet these requirements. 
Estimate the critical parameters of the required service in 
terms of geographic area and volume of data flow and traffic 
as a function of time. 

2. Aggregate Requirements  

Aggregate the requirements into technically compatible service 
categories. Examples would be those services whiCh, upon 
analysis, cluster about a given bit rate or time of day require-
ment (time criticality) or a degree of security. Estimate the 
current requirement and growth trend for each service category. 

3. System Configuration 

Identify and evaluate possible configurations of systems that can 
be used to provide each of the services categories identified. 
Evaluation Should include estimated cost of implementation and 
cost of service for each configuration. 
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MAIN STATION 
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Cover Feature 

Combining spread-spectrum transmission under microprocessor control with 

low noise FET design, this satcom network is realized in a cost-effective 

configuration that allows' a wide range of use in business data transmission. 

By Edwin B. Parker, Equatorial Communications Company 

Satellite communications are being 
used w transmit TV broadcasts, voice 
telephone. and data. Data communi-
cations is the fastest urowinu of the 

three.  Pt  tential advantages of satellite 
networks for data transmission  are  
Io w Lost. Io  w thud error rates. insensi-
tivit n to distance. urcat flexibility for 
network configuration. and ease of 
multipoint dktribution. 

A significant pi oblem for business 
data networks is to reliabl n connect 
widely dispersed locations at a \ery 
Io  w cost per location.' To s'olve this 
problem. Equatorial Communications 

has combined advances in four areas 
of technology: military radar and 

communications, radio astronomy. 
satellite communications and micro-
processors. 

Spread spectrum techniques de- 

rived from military communications 	1. The satellite data network is characterized as a point-to-multipoint or receive-only 
(see box) and radio astronomy \vere 	network. It consists of satellite-mounted transponders. a transmitting Earth station, and 

used. as well as a point-to-multipoint 	a micro Earth station with receive-only capabilities and I/O  terminals for data access. 

satellite communications system, and 
a microprocessor for Earth station 	of satellite transponders, a transmit- 	Since use of satellites for U.S. do-. 

control functions. 	 tint: Earth station, and a micro Earth 	mestic  communications  is under the 
The result is a network featuring 	station with data reception capabili- 	regulatory jurisdiction of the Federal 

small antenna size. simple Earth sta- 	tics. 	 Communications Commission (Fcc), 
lion installation, extensive system 	Satellites are typically geostation- 	Equatorial is licensed by the Fcc as 
diagnostics. independence from tek- 	ztry and comprised Of 1 .2 to 24 Iran- 	an enhanced  service  common carrier. 

phone circuitry. and network perfor- 	sponders. Each transponder receives 	Equatorial .ou ns two satellite tran- 
mance. Benefits to the user are low 	and retransmit signals for a specific 	sponders and normall n contracts with 

communications cost and impro\ecl 	defined frequency hand. Transponders 	its customers, to  pros  ide data trans- 
network reliability. operate independently of one another 	mission capacity \ ia these transpon- • 

and can he controlled and owned by 	ders. 
Network Ilardware Configuration 	different users for a \ ariety of com- -  

1..ilu In l'arkey i t.ii e pre,hlem 01 Equalurial 
The Equatorial network is charac- 	munication needs (i.e.. a 1 v broad- 

Cumnitimuu nun% Compton. -MO Furguym 
terired as a point-to-multipoint 	cast. long distance telephoning, or 	nm e. 110timain 1  no.  C.1 9 4 04 3:  (4/5)  

broadcast network. It consists (Eig. I) 	data transmission). 	 96 9 0011. 
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l'hese transponders are aboard 
Westar IV, which is one of five satel-
lites initially owned and launched by 
Western Union. Western Union has 
sold partial interest (i.e.. transPon-
ders) in some of its satellites to other 
corporate entities including Equa-
torial. 

Equatorial's network employs a 
large control center Earth station lo-
cated at the company's headquarters. 
The main station is composed of a 
large diameter antenna (11 meters), 
microwave transmission electronics, 
multiplexing and switching modules. 
and a computer for control and ad-
ministrative functions (Fig. 2). Heavy 
emphasis is placed on equipment re-
dundancy and emergency back-up 
provisions. 

The micro Earth station contains a 
0.6 meter (2 foot) antenna. a low-
noise downconverter. and a controller 
box (Fies. 3, 4). 

\lien) F:arth Station Design 
\\lien  Equatorial Comtnunications 

\\ as  founded. in 1979 to address this 
inarket. se\ eral criteria were estab-
lished as a basis for network and 
Earth station design. These were: 
O 1 he network and Earth station 
would ha \ e to be highh reliable. 
O rhe n had to Pro\ ide performance 
characteristics equal or better than 
leased telephone lines and modems. 
O Earth stations have to he easily 
transported and installed. 
o The receke-only Earth stations 
would have to cost under S2500 in 
quantity. 

The last two criteria almost auto-
matically dictated an antenna size 

5 0  
a Lu 
r- z 
< 1  
• u, 
(D Z 
• 0 
-- 

Q. 

substantially sinaller than  the  I() to 30 
foot reflectors normally associated 
with satellite receive stations in the 3.7 
to 4.2 Gtiz band. The difference in 
antenna gain due to the smaller an-
tenna must be made up in the Earth 
station electronics because the izovern-
ment places a legal limit on the radi-
ated power per unit from the satellite. 
The engineering challenge was to cre-
ate a system which would allow us to 
use a small antenna (0.6 m) while 
preserving the kind of performance 
margins demanded by commercial 
customers for high speed (9600 baud) 
digital data communications. 

A small antenna poses two prob-
lems. First the low antenna eain in-
creases the noise figure requirement 
on the input amplifier. Second the 
relatively broad beam width of an an-
tenna which is only eight wavelengths 
in diameter (9.5 degrees) means that 
even at today's satellite spacing (4 de-
grees) the antenna  secs threc to five 
satellites. The problem of interference 
will be 'compounded with ihe pro-
posed reduction of satellite spacing to 
two degrees. 

It is interesting to note that once 
the problem of using a small antenna 
is solved. it also offers a built-in-solu-
tion to the problem of the Sun ap-
pearing behind the satellite twice a 
year and greatly increasine equiva  lent  
noise. The effect of the Sun is reduced 
in proportion to the decreased an-
tenna gain, and in our system the ef-
fect of the Sun (1 dB increase in noise) 
is contained well within our 3 dB link 
marizin. This is the world's first com-
mercial satellite to avoid periodic Sun 
outages. 

The low-noise converter (I N ( ) is 
contained in an all-weather housing 
and mounted on the frame supporting 
the parabOlic antenna and feed. It 
consists of a low-noise amplifier (1.NA) 
and a downconverter. The output of 
the downconverter is fed through a 
long coaxial cable to the station con-

troller. mounted in a box and 

indoors. 
The downconverter (Fig. 4) takes 

the incoming  signal in the 3.7 GHz 
input band and produces a 70 MHz IF 

through two conversions. The input 
of the t..NC is a low-loss ferrite isola-
tor. The purpose of the isolator is to 
protect the next  stage (a GaAs FEE 

I...NA) from damage or degradation in 
performance due to high level extra-
neous signals in antenna impedance. 

The output of the isolator feeds 
into a 120 deuce Kel\ in. 30 dB izain. 
three stage GaAs FE1 amplifier. This 
amplifier (Fi2s. 4, 5). is fabricated in 
soft board and uses packaged  de  \ iées. 

This combinat ion w as  chosen because 
it is felt that the d;.sircd pe...,tmance 
could be obtained \vith a mirimum 
manufacturing. startup cost. l'he out-
put of the amplifier is fed into.the first • 
mixer, Which  do w n con\ erts the signal 
to 700 MHz. rhe signal is then filtered 
and a final dOwncorkersion to the 70 

MHz IF band occurs. The oscillators 
in Oie  dual conversion system are de-
rived from a crystal source and can be 
adjusted to provide lock-in to the sat-
ellite transmitter. 

With the exception of components 
such as isolators .and acoustic wave 
filters. the downconverter is manufac-
tured completely by Equatorial. Pres-
ently components are manufactured, 
and packaged. tested separately. and 
then assembled to form the final 

downconverter. 
The system controller' is contained ' 

in a box installed indoors. typically 

next to the 0 terminals. .Fhe func-

tions of the controller are: 
• 1 .0 demodulate the IF signal into a 
digital data stream. 

a 'ro provide fomztrd error correc-

tion to detect and correct transinis-

siOn errOrs. 

e Interpret incoming data packets to 

determine uhich  are  addressed to the 

specific controller or groups of 
controllers. 

O Perform data speed. code and pro-

tocol conversions to adapt the data 

2. The network uses a control center Earth station located at the company's headquarters. 
composed of an 11-meter antenna. microwave transmission electronics ,  multiplexing and 
switching modules. and a computer for control and administrative functions. 
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4. The downconverter converts the incom-
ing signal in the 3.7 GHz to 4.2 GHz input 
band to the 70 MHz IF frequency through 
two conversions. The first conversion 
brings the signal down to 700 MHz, and 

3. The micro Earth station is made up of a 0.75-meter antenna. a downconverter. and a 	after it is filtered, it is downconverted to 
the 70 MHz IF band. controller box. 

packets to the specific interface re-
quirements of the specific output ter-
minals attached to the controller. (For 
example. a 135 bu per second BAC- 

r code mav be output to a 1200 .bit 
per second .\>;(11 terminal.) 

The operation of the controller is 

guided h> an ntel microprocessor, 
l se of the mkroprocessor is. to a 
large extent. the basis for the Io w 

merall syStem cost. rite rnicroproces-
501 makes it possible to acconllitodate 

the need for fairly complex electronics 

at lou cost. rhis is because this  Iow 
cost standard component is able to 
monitor. control. and coordinate so-

phisticated system functions in real 
time. 

Functions of the Nlicroprocessor 
0 It is a process control computer 

controlling signal acquisition and the 

demodulation function of the Earth 
station. It controls the automatic  gain 

 control (AGO, automatic frequency 
control. (70--c) and automatic phase 
lock and time synchronization func-
tions (to determine bit, character and 
packet boundaries in the incoming 
data carrier). It remembers previous 

optimum settings to achieve fast auto-

matic signal acquisition after local 

power outages. 

0 It is a forward error correction 

computer that detects and corrects 
transmission errors. Because no ter-
restrial switches. lines or relays are 
involved in a satellite system transmit-
ting directly to the end user's prem-
ises. bursts of sequential errors  corn-
mon  to terrestrial circuits are rare in 
Oie equatorial satellite network. Block 

coding algorithms implemented in the 
Equatorial microprocessor are opti- 

mi7ed for the random free space er-
rors characteristic of satellite 
transmission. 
O The microprocessor is a packet 
switéh demultiplexer. The satellite 
transmission networks are switched 

using efficient variable-length packets. 
The microprocessor in each Earth sta-
tion performs a packet demultiplexing 

function. unpacking only chose ad-

dressed to one or more of the output 

ports of that particular Earth station. 
• *rhe tnicroprocessor is an intelligent  
interface adaptor, performing  the 
speed. code. and protocol comersions 
necessary to adapt the output data 
stream to a wide n ariety of terminal 
devices. It handles both synchronous 
and asynchronous start and stop pro-
tocols. It provides a transparent bit 
stream if required (e.g.. for facsimile 
or digital voice applications), hut also 

performs code conversion. such as 
liattoot to ASCII. Speed conversion 
in the range from 45 to 9600 bits per 
second is provided. Commands to 
change the interface characteristics 
are transmitted through the satellite 
network data packets. 'rile only 
switch on the Earth station is the 
power ON OFF switch, which is also 

used to reset the circuit breaker. if re-
quired, and to output a test message. 
0 The microprocessor is a diagnostic 
computer that monitors the perfor-
mance of the Earth station in detail 
and displays the resulting status on a 
series of nine LEDs on the front panel 
of the controller. In order to permit 
users to test the interface between the 
Étrth station and their terminal de-
vices in the absence of data being 

transmitted mer the satellite to that 

Earth station. a test message. which 
includes the Earth station's serial 
number. is transmitted to the terminal 

Ilene\ er the Station's power switch 

is turned on. .1 he built-in diagnostic 

capability allows an tmd user quickl> 
to install and orient the Earth station 
using only a compass and angle-finder 
(or local maps and a protract 01). 
Spread Spectrum 

One of the keys to the •iict L.,  of 

the Equatoriaf,NtierO Earth station is 
the use of . a spread spectrum 
MissiOn teLqiniqUe. 1 . 11F; ail \ atudge of 

spread spectrum is that it pei mils re-

liable data transmission in the pres-

ence of strong interfering signals. In 
this case the interfering •silmals arise 

from the use of a small economical 

receking antenna hose beamuidth 

results in reception from multiple sat-

ellites as \yell as terrestrial signais. 

The technique is used in battlefield 
communications systems to transmit 

signals ‘vhich cannot he easily 
jammed. This insensitivity to .itumninit 

results from the "spiead" of the trans-

mitted signal mer a broad frt:quenc> 

spectrum therehyincreasing the total 
energ> 'required for jamming. 

In radio astronom n the technique is 

used to perinit reliable communica-

tions over interplanetar> distances in 
the presence of white noise. 

In the spread spectrum technique, 
each  bit  of digital information  (bit)  is 
subdi‘ided using a pseudo random 

noise sequence (Fie. 6). l'he elements 

of the pseudo random noise sequence 

are called "chips" and the merall se-

quence is called the "chip pattern." 

The bits are erouped into S-hit char-

acters which are further grouped into 
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5. The amplifier is fabricated in soft board and uses packaged devices. This technology 
combination w as  chosen because the desired performance could be obtained with a mini-
mum startup cost. 

packets. • I he packets contain addi-
tional infoimation about the type and 
destination of the message being 
ra nsm it ted. 

The basic modulation technique in 
the system is IIPSK (binary phase shift 
keyed) in which diuital signals (bits-
! s and Os) are comerted to 0- and 
IXO-degree phase modulations of the 

6. In the spread spectrum technique each 
bit of digital information is subdivided 
using a pseudo-random noise sequence. 
The elements of the sequence are called 
the "chip pattern." The bits are grouped 
into 8-bit characters which are further 
grouped into packets containing addi-
tional information about the type and 
source of the message being transmitted. 

carrier. The chips are transmitted 
through the modulation technique as 
if they were bits; that is, there is a 
phase shifted signal corresponding to 
each chip (Fig. 7). The result is a sig-
nal covering a much  vider  bandwidth 
than the "unchipped" signal. This is 
an achantage for satellite transmission 
because the transponders are required 

7. The system's basic modulation tech-
nique is BPSK in which digital signals are 
converted to 0- and 180-degree phase 
modulations of the carrier. The chips are 
sent through the modulation technique as 
if they were bits, resulting in a signal 
covering a much wider bandwidth than the 
"unchipped" signal. 

hy FCC regulation not to exceed a 

limited amount of power per unit of 
bandwidth. No loss of spectrum effi-
ciency results because satellite trans-

mission  to small antennas are power 

limited rather than bandwidth limited. 
Because the interference rejection 
properties of spread spectrum permit 
closer satellite spacing, spread spec- . 
trum makes possible more efficient 
use of the orbital arc. 

Within the receiver the ftl'SK signal 
is demodulated to recapture the digi-

tal information in' bit form. The 
"chipped" bits are then processed 

using the same pseudo randôm  noise  
sequence as the transmitter, which has 
been stored nvithin the receiver. The 

result is the original digital informa-

tion in "unchipped" bit form obtained 
with a high deuce of accuracy. This 
information is then processed using 
conventional lc technology. 

I/O  Terminals 
. The customer can obtain his data 

output from one of se n eral types of 
special or general purpose terminals 
or computers. These can ‘ary from 
low ;peed printers. passive ctti de-

ices. or intetactive "Editing" cRT 

Keyboard Device including popu-
lar personal computers such as the 
Apple II or TRS-80. 

The information can be read on a 

CRT screen. hard-copied on a printer. 
or stored in a disk  ide for local.' inter-
active use. The ability to manipulate 
the output data for storaee, report 
generation, or other purposes with a 
computer can be important to the end 
user. The overall interaction between 
the data transmission network and 
storal..?e and data manipulation capa-
bility forms the basis for what is often 
called the "office of the future." 

The micro Earth station makes eco-
nomical the widespread distribution 
and local access of centrally con-
trolled data bases. 

Installation 
The installation of the micro Earth 

station is relatively simple and can be 
carried out by the user. or can be 
contracted for with the RCA service 
company. 

The antenna downcon‘ erter assem-
bly can be pole, wall, or floor 
mounted. The acquisition of signal 
from the satellite is facilitated by the 
lights on the front panel of the con- 
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troller which indicates signal acquisi-
tion and make it easy to perform the 
simple adjustments on the antenna to 
maximize signal strength. 

Customer Base 
Equatorial is presently delivering 

micro Earth stations to several cus-
tomers, including Reuters; Commod-
ity News Services, Inc.; Market Infor-
mation, Inc.; and Trans-Lux Corpo-
ration. Both Commodity News Ser-
vices and Market 'Information trans-
mit commodity news and prices to 
newspapers, brokers,  and farmers. 

Future Systems 
Equatorial anticipates having a 

two-way network fully operational by 
mid-I983. It will feature the ability to 
transmit or receive data with micro 
Earth stations located at thousands of 
end-user sites. This second generation 
system is presently under develop-
ment , and features at uplink in the 5.9 
to 6.4 GHz band. 

REPRINTED FROIVI THE NOVEMBER 1982 EDITION OF MICROWAVE SYSTEMS NEWS 
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The newest wrinlde in accessing 
databases is two-foot satellite 
earth stations—ea.sy to install 
and easy on the purse strings. 
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Edwin B. Parker, Equatorial Communications Company, Mountain View, Calif. 

he cost and size of earth 
stations have, in the past, prohibited small users from 
taking advantage of satellite communications. As re-
cently as 10 years ago, an earth station 32 feet in di-
ameter was considered "small." Currently, the term 
"small earth station" generally means one approxi-
mately 16 feet in diameter. However, the latest size 
reduction produced a disk measuring two feet in diam-
eter and weighing 15 pounds, facilitating installation 
and maintenance. 

The low-cost receiving earth station, located at the 
user's home or office, eliminates the need for both 
local and long-distance telephone charges. Selective 
data filtering by the earth station permits relevant por-
tions of larger databases to be retained for local 
searching and display. The use of microcomputer intel-
ligence at the user site reduces large-computer time- 
sharing complexities and permits immediate nationwide 
local access to centrally updated data files without 
shared-computer response-time delays. 

Packet-switching point-to-multipoint satellite net-
works are available to distribute databases to micro-
computers (or minicomputers) at a large number of 
widely dispersed remote sites, while retaining central 
database control. 

Ingredients 
These small-earth-station networks consist of three 
components: a receive-only earth station, a satellite 
space segment, and an earth station at the broadcast 
site (Fig. 1). 

The first of these is a small earth station installed at 
each user site. The earth station is cornposed of a re-
ceive-only antenna and a controller that contains a 
microprocessor. The controller performs a number of 
functions. It regulates: interfaces with terminals  (AS- 

232-C or 20-mA current loop, synchronous or asyn-
chronous protocols); output data channels (up to four); 
data codes (5-bit Baudot or 8-bit ASCII); interface data 
rates of 45 to 9.6K bit/s; and controls for the satellite 
data reception. 

The Iwo-foot  receive-only antenna operates at tem-
peratures from — 40 to + 60 degrees centigrade and 
can be easily mounted on a wall, window ledge, or 
roof. The satellite signal is transmitted at 4 GHz to the 
two-foot antenna, amplified, and converted to an inter-
mediate frequency for transmission by coaxial cable 
to the controller (Fig. 2). The signal is then demodu-
lated and sent as a standard digital signal under micro-
processor control. 

A space segment on a satellite, such as Western 
Union's Westar IV, is another component in this pack-
age. A network subscriber can lease segments in incre-
ménts ranging from 30 characters per second (300 
bit/s) to 1,200 characters per second (9,6 kbit/s). 
Since the network operator owns transponders and is 
a licensed common carrier, digital channels can be 
leased lo replace networks employing telephone lines 
and modems. Customers lease priority access that is 
equivalent to leased lines—guaranteeing around-the-
clock access to the leased capacity. Space is also 
available at off-peak rates, which is ideal for overnight 
data transmission. 

The third necessary ingredient in this link is an uplink 
earth station (approximately 16 feet in diameter) at 
the "broadcast" site. This is the primary antenna with 
fully redundant electronics that transmits data to the 
receiving earth stations. Further redundancy is provid-
ed by an additional transmitting earth station located 
several miles from the main uplink site. The data is 
multiplexed into packet format in the uplink earth sta-
tion, modulated for radio transmission, converted to 
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6-GHz frequency, and transmitted through a 16-foot 
or larger earth station (Fig. 3). 

Complying components 
This multipoint network of receiving micro earth sta-
tions provides network simplicity and flexibility in addi-
tion to economy. They can be installed at or removed 
from any user location without affecting other network 
locations. While an entire digital network using terres-
trial circuits can be replaced by a network using micro 
earth stations, maximum savings can often be realized 
by replacing only parts of existing networks. 

For instance, installing receiving earth stations at 
user locations simplifies network cutover. As each 
earth station is installed, the section of the previous 
terrestrial network serving that site can beicliscon-
nected without affecting the rest of the netw.ork. Fur-
ther network changes merely involve adding or moving 
earth stations where they are needed, without involving 
any other location. 

The satellite network may also be used to replace 
only selected parts of an already installed network, 
beginning with those locations most expensive to reach 
by terrestrial circuits. The network operator works with 
the customer in analyzing telephone costs to determine 
the best mix of terrestrial circuits and earth stations. 

For example, adding a large number of locations to 
an existing network in a single city may be more cheap-
ly implemented by leased local telephone lines. But' 
rural, suburban, and initial installations in any urban 
center are usually more economically served by satel-
lite links 

Unbalanced rideds 
A special case of partial replacement occurs in net-
works where requirements for transmission and recep-
tion are unequal—for example, in remote database 
searching, where query data transmission requirements 
are much smaller than those for response data. 

Savings can be achieved by replacing a two-way 
terrestrial circuit with a small-earth-station /satellite 
circuit for the response link (computer to user sites) 
and a shared voice-grade line for the query link (user 
sites to computer). 

Additional network flexibility is provided by a wide 
variety of terminal configurations made possible by 
the microprocessor-controlled earth station. Four out-
put ports can accommodate up to four user-supplied 
microcomputers, CRTs, printers, or any other mix of 
dumb or smart terminals. Each port can be a separate 
information channel dedicated to a different database 
or subset. 

The earth station provides standard digital output, 
thus eliminating the need for a modem. The output 
speeds (45 to 9.6K bit/s), protocols (synchronous or 
asynchronous), and codes (Baudot or ASCII) are con-
trolled from nonvolatile computer memory in the earth 
station. Changes to the digital output configuration 
may be made by downline loading commands from 
the central site, thus permitting complete flexibility of 
changing terminal devices on the network. 

The microprocessor provides the flexibility that is  

1. Satellite network. Small networks consist of three 

components: receive-only earth stations, a satellite ,  and 

an earth station at the broadcast site. 

the most important part of the network technology. 
Although antenna design is remarkably simple, the 
factor that contributes most to the low cost of the earth 
station is digital electronic signal-processing tech-
niques. To accomplish this, the controller relies heavily 
on the capabilities of an 8-bit microprocessor, which 
plays a four-part role. 

The rnany faces of the micro 
First and most importantly, the microprocessor is a 
data processing computer that processes transmitted 
data packets and performs speed, code, and protocol 
conversions, providing the data with output interface 
flexibility. 

The second responsibility of the microprocessor is 
to detect and correct transmission errors. A point-to-
multipoint network is unidirectional—data flow is one-
way from the transmitter to the micro earth station. 
The micro earth station has no return path for notifying 
the main station that it has received wrong information 
and for requesting retransmission of the data. Instead. 
the microprocessor examines each incoming packet 
of data for errors and corrects erroneous bits accord-
ingly in a technique called forward error correction. 

Its third function is as a diagnostic computer that 
continuously checks all earth station electronic circuits. 
When the built-in diagnostic routine detects an out-
of-specification operation, the processor flashes one 
or more alarm lamps on the controller indicating the 
source of malfunction. Each lamp is assigned a specific 



4 GHz 

LOW NOISE 
CONVERTER 

COAXIAL CABLE 
(2-FOOT DIAMETER) 

RECEIVER/CONTFIOLLER 
USER TERMINAL 

function, including computer hardware diagnosis, auto-
matic gain control, automatic frequency control, auto-
matic time synchronization, and automatic phase lock. 
Other functions that thes,e lamps monitor are whether 
or not the earth station has been instructed how to 
transmit data to the output ports, whether the station 
is actually receiving data, and whether the output ports 
are delivering data to connected terminals. 

The fourth role of the microprocessor is that of a 
process-control computer that closes the feedback 
loops around the radio-frequency components of the 
earth station. This function maintains proper signal 
amplitude, phase, frequency, and time Synchronization. 

The satellite network uses conventional satellite fre- 

quencies, called C-band, with an uplink carrier frequen-
cy of 6 GHz and a downlink frequency of 4 GHz. Each 
earth station sees multiple satellites and, at that fre-
quency, a two-foot antenna receives interference fronn 
these satellites (see "Satellite communications"). 

Satellite spacing 
Spread-spectrum signal-processing techniques permit 
the extraction of the desired signal from the noise of 
other satellites and terrestrial interference (see 
"Spread spectrum"). 

The spread-spectrum interference rejection tech- 
nique permits the small earth stations to maintain high 
data reliability, even if satellite spacing is narrowed to 
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2. Dotvnlink. The satellite signal is transmitted at 4 GHz 

to the subscriber's two-foot antenna, amplified. and con- 

verted to an intermediate frequency for transmission by 

coaxial cable to the controller. The signal is then demodu-

lated and sent as a standard digital signal under micropro-

cessor control to user terminals. 

3. Uplink. The transmitting earth station at the broadcast transmitted is multiplexed into packet format, modulated 

site has the primary antenna—approximately 16 feet in for radio transmission,  converted to 6-GHz frequency. and 

diameter—and fully redundant electronics. The data to be transmitted through the primary antenna. 



Spread spectrum 
Spread spectrum is a transmission modulation tech-
nique that has long been used in radio astronomy 
research and military communications applications. 
The technique has been in regular use in commercial 
data communications networks only since 1981. 

Spread spectrum is particularly suitable for commu-
nications via satellite to small earth stations because it 
permits reliable data transmission despite the presence 
of strong interfering signals. This technique has been 
used in military  applications  to transmit unobtrusive 
signals that ensure reliable transmission despite "jam-
ming" signals deliberately transmitted to create inter-
ference. Radio astronomy and other space research 
applications of spread spectrum have permitted reli-
able communications over interplanetary distances 
with very weak signals that would otherwise have been 
overwhelmed by random noise. 

As the name implies, more frequency bandwidth is 
required for spread-spectrum signals than for conven-
tional narrowband signals transmitting comparable 
data rates. Consequently, the technique has not been 
extensively used in commercial terrestrial communica-
tions applications, where conservation of be.  ndwidth is 
an important network criterion. In satellite communica-
tions applications involving small earth stations, net-
works are limited by Ihe availability of satellite power, 
rather than by availability of bandwidth. Therefore, no 
additional costs result from spreading the signal over a 
greater bandwidth that would otherwise go unused. 

In spread-spectrum data transmission, each bit is 
subdivided into a number of pieces called "chips." 
Each chip is transmitted through a conventional modu-
lation technique as if it were a bit. For example, each 

phase of a binary-phase-shift-keyed signal would rep-
resent a chip in spread-spectrum transmission, where-
as it would represent a bit in conventional narrowband 
transmission. The resulting higher occurrence of chips 
(and 'corresponding phase shifts) per bit of information 
spreads the signal over a wider frequency bandwidth. 

The chips of a spread-spectrum transmission are 
ordered in a unique code sequence, called a pseudo-
r.andom noise (PN) sequence. Each spread-spectrum 
receiver includes a "match filter" (matched to the 
transmitting PN sequence). The result is that even 
when a large number of chips are garbled in transmis-
sion, the receiver can still perform the pattern recogni-
tion analysis to reliably recognize the bits. 

The spread-spectrum technique makes possible 
very-small-earth-station data reception. The smaller the 
diameter of the receiving antenna; the wider the angle 
of view of that earth station. Larger earth stations, like 
larger telescopes, permit a narrower focus. A two-
foot-diameter earth station at satellite radio fre,quen-
cies of 4 GHz has a half-power beam width of 9 
degrees when pointed at the equatorial orbital arc 
where the satellites are located. 

Therefore, with satellites spaced 4 degrees apart, as 
they currently are, or 2 degrees apart, as the FCC has 
recently proposed, each small earth station is suscepti-
ble to interference from multiple satellites as well as 
from terrestrial microwave. The interference rejection 
property of spread-spectrum transmission permits 
small earth stations to coexist with terrestrial micro-
wave in urban environments and permits them to oper-
ate not only with the current satellite spacing, but also 
with proposed narrower satellite spacings. 

B-11 

2 degrees, as the Federal Communications Commis-
sion has proposed. 

Time division multiplexing makes the most efficient 
use of available transmitting power and is used in com-
bination with packet-switching technology. Each data 
channel is transmitted in a packet of 8-bit characters 
during each multiplexed time period. In addition to data 
bits, each packet carries coded address bits. Thus 
only those receivers programmed with the proper ad-
dress can receive the transmitted data. Administrative 
commands from the main control center are contained 
in separate packets that are transmitted only when 
necessary. 

Most network administration tasks can be performed 
through the main uplink station. To change settings 
for channels, transmission speeds, or codes, or to turn 
a data channel on or off, an administrative message is 
sent through the network upon customer request. The 
network operator's control center can direct transmis-
sions to all or to selected earth stations. No service 
visits are necessary for these changes. 

Small earth stations permit installation and operation 
within minutes. The antenna can be positioned and 
pointed at the satellite using three coordinates: com-
pass heading, elevation, and polarization. 

The earth station controller is usually placed near 
the user's terminal device. It uses about as much power 
as a 60-watt light bulb. A standard coaxial cable up 
to 500 feet in length connects the controller to the 
antenna. No separate power source is required for the 
antenna because it is powered through the center core 
of the same coaxial cable that carries data from the 
antenna to the controller. 

Rendering reliability 
Since the satellite transmission path is direct to the 
user's earth station, this technology is intrinsically more 
reliable than terrestrial circuits, which require repeaters 
and switches. 

Terrestrial circuits often require highly complex error-
correction techniques to deal with error bursts charac-
teristic of data networks involving terrestrial microwave 
transmission, cables, switches, and local telephone 
lines. In a point-to-multipoint satellite network, how-
ever, the absence of mechanical switches that are 
found in terrestrial circuits tends to make error charac-
teristics random rather than correlated. Simpler, block-
coding, forward-error-correction techniques are more 
appropriate for packet networks using only satellite 
transmission. 
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S. tellite communications 
Communications satellites are like very tall micro-
wave towers. The satellites orbit the earth just like 
our natural satellite, the moon. Communications 
satellites are located in an arc directly over the 
equator 22,300 miles above the earth. This is the 
distance required for a satellite to orbit the earth in 
exactly 24 hours, and thus be synchronized with the 
earth's own 24-hour rotation. Hence this part of the 
equatorial arc is called "geosynchronous." A satel-
lite in the geosynchronous equatorial orbital arc 
remains stationary relative to the earth. 

A communications satellite in the geosynchronous 
equatorial arc over the Western Hemisphere can 
serve as a very tall microwave tower with a line of 
sight from every location in the United States. Most 
U.S. satellites use the same frequency as terrestrial 
line-of-sight microwave relay towers. The satellite 
amplifies the received 6-GHz signal, translates it to 4 
GHz, and retransmits it to the earth. 

Satellites are currently spaced about 1,800 miles 
apart (an angle of 4 degrees as viewed from the 
earth). If the Federal Communications Commission 
reduces the spacing to 2 degrees, satellites will still 
be 900 miles apart in the equatorial orbital arc. 

GEOSYNCHRONOUS 
SATELLITES ON 
22.300 MILE ORBIT 
RADIUS 

2-FOOT ANTENNA 
4 GHz 
	 IRECEIVE-ONLYI 

a 
1 

Since earth stations have no moving parts, tubes, 
or other vulnerable components, they are inherently 
reliable. This reliability is further enhanced by the earth 
station's ability to operate without heat dissipation 
problems. Moreover, each receiving earth station is 
independent of every other station, so failure of a sine 
node has no impact on the rest of the network. 

Satellite redundancy is provided in the form of a 
backup transponder. The transponder is the satellite 
unit that receives, amplifies, and retransmits signals 
from the main transmitting earth station to the small 
receiving earth stations. 

At the main transmitting earth station, all electronic 
components—transmitters, upconverter, and digital 
circuits—are duplicated. Upon failure of any function, 
the duplicate function, which is.maintained in hot 
standby mode, automatically replaces the faulty circuit. 

A second earth station serves as backup for the 
main station. This station is used primarily for preemp-
tible transmissions and can be manually switched to 
replace the primary station if necessary. 

Network monitoring functions at the main station 
receive the identical signals that go to every micro 
earth station on the network. Automatic alarms are 
triggered, should any problem occur. The result is a 
level of network reliability difficult to achieve in terres-
trial networks. 

What it all adds up to 
The flexibility and reliability of satellite networks for 
data distribution are provided at costs that make new 
applications economical and provide substantial sav-
ings for existing networks. Unlike terrestrial leased 
lines, satellite network costs are not affected by dis-
tance. For typical applications, satellite network costs 
per location are less than the costs of one mile of 
leased terrestrial circuit. 

AT&T leased line charges (Schedule II rates) range 
from $110 per month for one mile to $370 per month 
for 100 miles. Typical satellite network costs are $40 
per month for earth station capital equipment depreci-
ation and $40 for the recurring costs of equipment 
maintenance and satellite transmission. These costs 
are independent of distance. For example, customers 
replacing a 100-mile terrestrial transmission line realize 
a net savings of nearly $300 per month per location, 
including eaeth station equipment costs. At all dis-
tances, savings increase by an additional $40 per 
month once the earth station is paid for. So for a 100- 
mile segment, the initial savings will pay for the earth 
station within six months. 

For a sample network, the length of time required 
to pay for earth station costs is 12 months or less for 
distances of 25 miles or more (Fig. 4). Even for replace-
ment segments as small as one mile, capital expendi-
ture can be paid off in less than two and a half years. 
For 10-mile segments, payback time drops to one and 
a half years. Network savings are most dramatic for 
customers with low data requirements, or multiple re-
ceiving sites, or both. 

Unlike most other satellite networks that use earth 
stations as shared nodes, micro earth stations are in- 

stalled directly on user premises and thus substitute 
for both long-distance costs and the most expensive 
"last mile" (local loop costs). For example, the most 
expensive part of a network sharing one earth station 
in the metropolitan New York City area may be the 
local telephone circuit linking the shared earth station 
to a user's premises. 

How it applies 
The first users of micro earth station networks have 
been commercial database distributors that sell infor-
mation to their subscribers. One such company is a 
large news service that uses its centralized computer 
to process information consisting of commodity ex-
change data, news, and weather reports. These data ,,,  
bases are then shipped to the satellite network opera-
tor over leased phone lines. The databases can be 
composed of a number of subsets, such as information 
on precious metals, grains, or livestock. 

The network operator formats the data into packets 
and transmits them via satellite directly to micro earth 
stations at subscriber sites. The data is stored locally 
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4. Cost-effectiveness. For a sample network,  the length 

of time required to pay for earth stations is 1.2 months or 

less for distances of 25 miles or more. 

1 	 / 10 	25 	50 	100 

DISTANCE (MILES )  

and/or displayed on user terminals connected to the 
earth stations. 

Although the earth station is receive-only, the user 
may employ the local database copy in an interactive 
manner. Since earth stations contain software with 
codes identifying the subscriber's order, each site re-
ceives only the subsets ordered—not an entire data-
bape. Additional levels of codinb customize reception 
of individualized data or specific pages of information. 
For example, a farmer in Topeka, Kan., may want trad-
ing information on corn from the Kansas Exchange 
along with weather for the Middle West, but he will not 
want to receive private memos from commodity trading 
companies to their employees. 	 • 

Currency is essential because reaction time to com-
modities information is often measured in seconds. 
Once the latest information is stored, the time interval 
between subscriber receipt of information and its elec-
tronic origination averages less than two seconds. Da-
tabase distributors who have replaced only some of 
their leased line circuits have saved 30 to 50 percent 
of their previous network costs. 

These applications of low-cost satellite networking 
for distribution of public data files appear to be fore-
runners of private data file distribution networks for a 
variety of corporate applications.  EJ 
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MOUNTAIN VIEW, CA—After 17 years 
of telling college students that a revo-
lution in electronic communications 
was in the making, Edwin Parker de-
cided to do something about it. 

Along with his partner Dean Mack, 
Parker, a former professor of commu-
nications at St an ford University, 
launched Equatorial Communica-
tions in 1979. 

Equatorial Communications is a 

satellite-communication corporation 
\vith a difference. 

Major corporations such as Satellite 
business Systems and American Satel-
lite have been developing mainframe-
to-mainframe and mini-to-mini 
space-hased communications links, 
but Equatorial is betting on personal 
compute's. 

With the explosive growth of micro-
computers in mind, Equatorial pur-
chased two transponders on the 

geosynchronous ‘Vestar EV satellite, 

%vhich hangs in space about 22,000 
miles above the United States. 

Early this year, Equatorial began us-
ing the transponders to beam streams 
of digital information back to earth. In 
doing so, il has set up the first packet-
switched satellite network for "point-
to-multipoint -  data distribution to 
personal computers. 

The real key to the satellite-based 
communication network is a tiny two-
foot-diameter earth station that allows 
customers to directly connect their 
personal computers or terminals 
through an RS-232 port at data speeds 
of up to 9600 baud. 

'Me tiny earth station. %vhich is 
small enough that it can be set up in-
doors in front of a south-facing %%in-
dow, is based 00 a microcomputer 
system that decodes the satellite data 

transmission. performs error check- 

ing, dent ult i plexes t he packet - 
switched information imd carries out 
diagnostics. 

Equatorial is selling the earth sta-

tions for 52500. 
One of the zulvantages of satellite 

communications is that the location of 
the earth station can be vi •tually any-
where on the continental or even 
in Alaska or Ilawaii 

"It doesn't  11181 ter  if n otire a farm-
house on a party line. -  says Parker. 
•'\\'(' can still transmit to you. -  

The micro earth stations can be set 
up simply, using on Iv a '•13oy..Scotil 1 

 compass.•• Parker laughs 
Ile argues that satellite-to-personal-

computer common, :Mons vill he a 

5(1 ('('('55  because transmission costs 
are only a fraction of what is charged 
h‘v  th e  t an d-b ased.Ren svs t em.  

yo 11  h ave 1 0  send  V() 111'  data 0„er  

distances g,reater than one mile,  its  
cl1eaper'10 use our satellites.' Parker 
sztys. Vt. think of contrnimications 
costs in dollars per month rather  than  
dollars per hour. -  

As soon as an information pro\ icier 

l u is  t.‘ en a small number of sub-
scribers. the cost of trzinsmitting infor-
ma bon by satellite 10 personal 
computers tails dramatically. 

Parker 1)1111115 10  the cost of trimsmit- 
ting half-turgal te of information- 

app .ro \imately the \ ()lone. ot 111'\S in 

Ii  d,n • lull st reet Journal—a, 



about S550 per mon th. Spread across 

only 1000 subscribers, however, the 

cost falls to 55 cents per earth station 

each month. 
Parker divides t he sa  tel 111  e-

communica lion market into three 
tiers: mainframe to mainframe, mini-
computer to minicomputer and per-
sonal computers. 

Although the corporations at the 
high end of the market have not yet be-
gun to see profits, Parker says that 
Equatorial. %%it h only several clients at 
this point. %%ill be profitable at the end 
of fi rst complete year Of operation. 

Equatorial's first customers were in-
formation providers that transmit 
commodity information and stock 
prices. Commodity News Service,  Inc., 
la subsidiary of 1:night-Ridder News-
papers', NIarket Inlbrmation, Inc., and 
Trans-Lux, corporations that send 
stock  (ploies  to electronic  ticket'  signs 

in brokerages around the countiy, are 
using Equatorial. 

Commodik News Service ,  Radio 
Data Sn stems. Inc., and Market Infor-
'nation transmit commodity [WM; a 11 d 

priCOS tO IWWtipilperti. brOket's Mid 

fithlterti. 

Re ut ers, the British news service, is 

also using Equatorial to transmit its 
news vi re  t o st..ffiseribers.  

In the future, Equatorial plans to 

make the service available beyond spe-
cialized markets. 

In Noyember. Equatorial an-
nounced SpaceText, which is de-
signed to allow on-line data-base 
publishers to reach personal-
computer users. SpaceTet ‘yould 
make it possible  tu  easily update local 

data bases stored on personal corn- 

The tiny earth station is 
small enough that it can be 
set up indoors in front 
of a south-facing window. 
It costs only S2500. 

pi liers. according to Parker. 

lie says that Equatorial ',vin 
offer sin_  

gle corporations the ability to main-
tain a distributed data base that is 
updated locally by satellite. 

Equatorial is also eNploring what 
park„ r  refers to a , - as.‘ , Ileee t ri ea l at) . 

plicatiolls.' lie says duo, c.onc.eivably, 

individual subscribers could request 

inlbrillation from a host computer 

filodetn. The inlbrmation would then 

be broadcast to them by satellite. 
To reduee interference from ottler 

sa t e llit es . Equa t or i a l is empl o..‘ ,i ng a 

 technique known as - spread spec-

trum transmission. -  This method of 

transmission has been used by the 
military to avoid lamming. It involves 

the sequential transmission of infor-

mation on scattered Iiitquencies. 

The microprocessor in each earth 

station also uses a technique called 

"IbrNvard error correction. -  which al-
lows the system to check tbr errors in a 

one-way transmission Irom the satel-

lite. 
Parker says that Equatorial has 

taken its faith in personal computers 

to heart. The head-end computers 

that proc.(ss transmissions from intbr-
illation providers for retransmission 

by satellite at Equatorial s offices in 

Mountain View are Intel microcom-
puters. 

( -opt lupin   P153  b. % l'optilor CominIting. Int- a  
sic/jar.% 	ijf Ctt 	puninunicaliultà. 	ltir 

Fri11111. 11.14 1111111, t1.1-11(711'1111Vti . li'0111 	firld 

magerpaî 
linffle  

EQUATORIAL COMMUNICATIONS COMPANY 

300 FERGUSON DRIVE 

MOUNTAIN VIEW, CALIFORNIA 94043 

(415) 969-9500 
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"EQUATORIAL'S SATELLITE NETWORK IS A 
COST-EFFECTIVE  ALTERNATIVE TO THE USE 
OF LEASED TELEPFIONE CIRCUITS FOR 
MULTIPOINT DATA DISTRIBUTION" 

The Equatorial satellite data netyvork utilizes small, low cost receiving earth stations 

designed and manufactured by Equatorial. These earth stations have antennas two feet 

in diameter, are easily installable and highly reliable. 

Equatorial is a common carrier authorized by the Federal Communications Commission 

to provide domestic (U.S.) data distribution services. The company owns and leases 

transponders on VVestar satellites. 

NETWORK FEATURES 

,0 Priority access (7 days/week, 24 hours/day) available for networks in capacity incre-

ments of 30 characters per second up to 1200 characters per second 

G Uplink transmitting main station (located in Northern California) has fully redundant 

electronics, transmitter and power source 

O Continuous network monitoring and diagnostic analysis contributes to high network 

reliability 

O Proprietary transmission techniques avoid radio interference 

O Time-shared packet data transmission permits efficient satellite channel utilization 

• Multiple data channels of differing data speeds may be multiplexed within each 

customer network 
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TH STATION FEATURES 

O Receive-only earth station consists of controller (indoors) and antenna module 

(outdoors) 

O Antenna is 24" in diameter (0.6 meters) 

O Simple, fast antenna alignment and installation. Antenna can be flat surface, pole or 

wall-mounted 

O No federal regulatory approvals required for receive-only earth station 

O Data channels, speed and interface protocols can be changed by remote command. 

Customer can rembtely control each receiving earth station to connect, disconnect, 

or change service 

O Non-volatile memory for earth station retention of control information 

O Self diagnostics for troubleshooting 

EA 
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SPECIFICATUONS: 
C100 SE 	ECEIVE-ONLY EARTH STATION 

ANTENNA MODULE 
e Antenna dish - 2 feet diameter 

O Antenna module - 15 pounds 

• Coaxial Cable (RG 59) interconnect antenna module and controller (up to 

500 feet) 

O - 40°C to + 60°C operating temperature range. 

CONTROLLE 
• Size - 17-1/2" width x 14" depth x 5-1/2" height 

O Weight - 19 pounds 

e Power - 115V AC ± 10%, 60 Hz, 60 watts 

O Interfaces - RS232C or 20 mA current loop 

• Optional Interrface - Parallel 8-bit 

O Single or Four Channel Output Available 

• Remotely Programmable Data Codes (e.g., 5-bit baudot, 8-bit ASCII) 

O Asynchronous Output Standard (synchronous optional) 

O Interface Data Speed to External Device (remotely programmable) — 45 to 

9600 BPS 

O 0°C to + 50°C Operating Temperature Range 

Equatorial Communications Company 
[i 300 Ferguson Dr., Mt. View, CA 94043 (415) 969-9500 
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These contours represent the boundaries within which the Equatorial earth stations will operate within an error rah 
of 1 X 10 or better, with a 3 dB nominal margin to guard against mispointing, rain attenuation sun noise or 
equipment degradation. Outside these bOunClurieS,  the  ear th station may receive the satellite sigriat and appear to 
operate well but the error rate will be higher The contours have been generated from spactieralt antenna gam 
contours supplied by Western Union for 3840 MHz. 

Use olthe earth stations in countries other than the United Stales may be in violation ol local law air 0 , u11119101a11011 
of International Satellite Transmission Regulations. 
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SPREAD SPECTRUM MODULATION AND MICROPROCESSOR T=1.10LOGY LEAD TO I,OW COST MICRO FAizall STATION 

EDWIN B. PPRKER 

Equatorial Communications Company 

applicetions at a cost of tens of dollars 
per month. This compares with costs of 
tens of dollars per hour in timeshared re-
mote computer database applications. 

The combination of spread spectrum trans-
mission with microprocessor-controlled de-
modulation has resulted in an interfer-
ence-resistant two foot diameter earth 
station at a  prie under $3,000. By late 
1982, more than 3,000 of these micro earth 
stations were in use throughout the U. S. 
They make possible unlimited use of dis-
tributed database applications utilizing 
personal computers at a cost per month com-
parahle to the cost per hour of conven-
tional interactive database access. . 

The marriage of the two different technol-
ogies-spread spectrum and microProcessoa-
has made possible micro earth stations two 
feet (0.6 meters) in diameter at a price 
under $3,000. The micro earth stations 
receive digital data at speeds up to 19,200 
bits Per 'seccind with high reliability. 
They substitute for.both telephone lines 
and modems at the price of a 'good quality 
modem. In "broadcast" applications 
requiring distribution of databases éo 
multiple points', the cost of satellite 
transmission caoacity can be shared among 
hundreds or thousands of receivers. 

The resulting applications can be des-
cribed as the ultimate distributed data-
base networks, or as direct broadcast 
satellite "teletext" networks. . Whatever 
they are called, the versatile low cost 
micro earth stations have become, like 
modems, accessories to personal computers 
O  r other user terminals. Directly located 
on end user premises, they eliminate the 

need for both local and long distance tele-
thone circuits. When combined with the 
local processing and storage capahilitV of 
personal computers, they permit unlimited 
u2e of interactive information retrieval 

First introduced in late 1981, more than 
3,000 micro earth stations were installed 
around the United States by the end of 

1982. Sy the end of 1983 close to 10,000 
micro earth stations will be in use. Major 
information providers found an immediate 
use for the micro earth stations, both as a 
replacement for telephone lines in prior 
applications, and as a means of distribut-
ing new information services not previous-
ly possible. News, weather, financial and 
commodities information lead the list of 
emerging distributed database amelica-
tions. 

Sesuatorial's SpaceText sm  Services, pro-
viding end-to-end network service from 
computer-originated data source to end-
user terminals, make it easy for informa-
tion providers to reduce transmission 
costs and to reach new markets. 

Intracorporate 	distributed 	database 
applications are likely to be even larger 
markets than the more visible public sale 
of information. Just as the "Personal" 
computer is primarily a desktop business 
and professional , computer, so the "Person-
al" micro earth station is likely to be 
used primarily in business and pro-
fessional applications. 

There are now three tiers in the satel-
lite data communication market, iust as 
there are three tiers in the computer mar-
ket - large mainframes, minicomputers, and 
personal computers. Satellite Business 
Systems (SBS), one-third owned by IBM, is 
representative of the top tier in satellite 
data transmission. American Satellite 
Company, providing primarily 56 kilobit 
data channels using 5-meter earth sta-
tions, is representative of the middle 
tier. Equatorial, Providing low and medium 
speed services up to 19,200 bits per 
second, stands alone in the third tier. To 
date only the second and third tiers of the 
satellite data communication market are 
profitable. 
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SPREAD SPECTRUM 

Before the inttoduction of Equatorial's 

micro earth stations, it was commonly be-
lieved that earth stations as small as 2 

feet in diameter were not permitted by the 

laws of physics at standard (4 GHz)satel-
lite frequencies. That was because the 
satellites are soaced 4 degrees apart in 
the eauatorial geostationary orbital arc 
and two foot earth stations at the 4 GHz 
frequency have a .wide beam that receives 
signals from three or more adjacent satel-
lites. The adjacent satellite interfer-
ence was presumed to make such small earth 
stations impossible. 

The signal processing techniaues that 
mane it possible to provide reliable high 
quality (low bit error rate) data reception 
at micro earth stations despite reception 
of interfering signals from adjacent 
satellites, is called soread spectrum. 

Spread spectrum is a transmission mod-
ulation technique that has long been used 
in radioastronomy research and in military 
communications applications. There are 
two standard text books on spread spectrum 
modulation techniques (Refs. 1-2). The 
techniques have been in regular use in con,- 
mercial data communications network appli-
cations only since 1981. 

Two previous papers have described some 
facets of Equatorial's application of this 
technology (Refs. 3-4). 

Spread spectrum is particularly suit-
able for communication via satellite to 
small earth stations because it permits 
reliable data transmission  despite the 
Presence of strong interfering signals. 
The techniques have been used in military 
applications to transmit unobtrusive sig-
nals that Provide reliable transmission 
desoite "jamming” signals transmitted on 
the same frecuencv that are deliberately 
intended to create interference. Radio-
astronomy and other space research aPpli-
cations of spread spectrum have permitted 
reliable communication over interplanetary 
distances with very weak signals that would 
otherwise have been overwhelmed by random 
noise. 

As the name implies, more frequency 
bandwidth is required for spread spectrum 
signals than for conventional narrowband 
signals transmittina comparable data 
rates. Conseauently, the technique has not 

been extensively used in commercial ter-
restrial communication applications, where 
conservation of bandwidth is an important 
network criterion. In most satellite com-
munication applications, including Equa-
torial's, communication networks are 

limited by the availability of satellite 
mower, rather than hy availability of band-
width. Therefore, no additional costs 
result from spreading the signal over a 
greater bandwidth, which would otherwise 
go unused. 

Furthermore, smectrum efficiency is in-
creased because the spread spectrum  sig-
nais  generate less interference than 
equivalent narrow band signals and are sub-
stantially more interference resistant. 
This property permits closer satellite 
spacing, thereby increasing the amount of 
satellite bandwidth available from the 
,geosynchronous orbital arc. Equatorial 
supported the Federal Communications Com-
mission's proposed narrowing of the spac-
ing between satellites because greater or-
bital spectrum efficiency could thereby be 
achieved and because the Eauatorial tech-
nology was designed to operate with narrow,- 
er satellite spacing. 

The interference-resistant property of 
the micro earth stations also makes them 
ideal for use in urban environments. Other 
modulation techniques are more susceptible 
to terrestrial microwave interference, 
which is prevalent in most urban environ-
ments. The 24 inch diameter micro earth 
station can be located anywhere that has a 
clear line of sight to the satellite. 

In spread rspectrum data transmission 
each bit is subdivided into a number of 
Pieces, called "chips'. Each chip is 
transmitted through a conventional modula-
tion technique as if it were a bit. For 
example, each Phase of a binary phase shift 
keyed (VsK) sianal would represent a chip 
in spread spectrum transmission, whereas 
it would represent a bit in conventional 
narrowband transmission. The resulting 
higher frequency of chips (and'corresmond-
ina phase shifts) per bit of information, 
spreads the signal over a wider frequency 
bandwidth. 

BPSK was chosen over the more commonly 
used OPSK as the underlying modulation, 
partly because  ths implementation was less 
complex (only 180 phase angles instead of 
90

o 
phase angles need to be'recognized). 

The only advantage of OPSK is that it 
occupies half the bandwidth of BPSK for 
comparable data rates. In amolications 
requiring bandwidth spreading, QPSK is a 
step in the wrong  direction. 

The chips of a spread spectrum trans-
mission are ordered in à unique code se-
quence, called a oseudorandoM noise (PN) 
sequence. Each spread soeCtrum .receiver 
includes a "matched filter" (matched to the 
transmitting PN sequence). The result is 
that even when a large number of chips are 
garbled in transmission, the receiver can 
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still perform the pattern recoanition 
analysis to reliably recognize the bits. 
This technique is described in the spread 
spectrum textbooks as direct sequence cod-
ing, one of th'  simpler forms of spread 
spectrum. 

The micro earth stations in coniunction 
with soread spectrum modulation also solve 
a problem that remains with all larger 
earth stations, namely sun outage. When 
the satellite comes directly in line be-
tween the sun and an earth station, as it 
does during the spring and fall squinox 
every year, most earth stations suffer sun 
outage because of the increased sun noise 
transmitted directly into the antenna. For 
the spread spectrum micro earth station the 
added noise is only ldB, which is included 
within the link margin. 

Equatorial networks typically operate 
with 3 dB of link margin: one for sun 
transit, one for atmospheric absorbtion, 
and one for antenna mispointing or other 
miscellaneous losses. 

The G/T of the Equatorial micro earth 
station is 3.5 dB. The required Ebelo is 
approximately 12 dB. The power levels 
required from the satellite are comparable 
to narrowband signais with the same infor-
mation data rate (bit rate). The spread 

spectrum processing gain adjusts for the 
differences between the bit rate and the 
chip rate. A typical 19 6200 bit per second 
data channel requires 23 dBW of satellite 
EIRP and 5 MHz of bandwidth. 

M/CROPROCESSOR MAGIC 

Prior to Equatorial's development of 
the first commercial application of spread 
spectrum techniques, it was commonly be-
lieved that spread spectrum systems were 
necessarily very expensive. The main rea-
son for the low cost of Equatorial's micro 
earth stations, achieved without reduction 
in reliability or performance, is the ex-
tensive use of microprocessing within the 
earth station. A single low-cost, 8 bit 
Intel microprocessor within the earth sta-
tion performs five different major func-
tions: 

1. 	The microprocessor is a process 
control computer controlling the signal 
acquisition and demodulation function of 
the earth station. /t controls the auto-
matic gain control (AGC), automatic fre-
cuency control (AFC), automatic phase lock 
100P control, and time synchronization 
functions (to determine chit', bit, char-
acter and packet boundaries in the incoming 
data carrier). It remembers previous opti-
mum settings to achieve fast automatic sig-
nal reacquisition after local power out-
ages. 

2. It is a forward error correction 
computer that detects and corrects trans-
mission errors. 	Because no terrestrial 
switches, lines or relays are involved in a 
satellite system transmitting directly to 
the end user's premises, the bursts of se-
quential errors common to terrestrial cir-
cuits are rare in the Equatorial satellite 
network. 	The block coding algorithms 
implemented in the Equatorial microproces-
sor are optimized for the random free space 
errors characteristic of pure satellite 
transmission. 

3. The microprocessor is a packet 
switch demultiplexer. Equatorial's satel-
lite transmission networks are packet 
switched networks utilizing efficient var- 

iable-length packets. The microprocessor 
in each earth station performs a packet 
demutiplexing function, unpacking only the 
packets addressed to one or more of the 
output Ports of that particular earth sta-
tion. 

4. The microprocessor is an intelli- 
gent interface adaptor, performing the 
speed, code, and protocol conversions nec-
essary to adapt the output data stream to a 
wide variety of terminal devices. It hand-
les both synchronous and asynchronous 
start and stop Protocols. It proVides a 
transparent bit stream if required (e.g., 
foi facsimile or 'digital voice applica-
tions), and also provides bAUDOT to/frOm 
ASCII code conversion.  Speed conversion in 
the range . frOm 45 to 9600  bits  Per second 
is provided for asynchronous data. 	The 
commands to change the interface char-
acteristics are transmitted through the 
satellite netWork data Packets. (The only 
switch on the earth station is the power 
ON/OFF switch which is also used to reset 
the circuit breaker, if required, and to 
output a test message). 

5. The microprocessor is a diagnostic 
computer that monitors the performance of 
the micro earth station in detail and dis-
plays the resulting status on a series of 
nine LEDs on the front panel of the earth 
station controller. 	In order to permit 
users to test the interface between the 
earth station and their terminal devices in 
the absence of data beina transmitted over 
the satellite to the earth station, a test 
message, which includes the earth station 
serial number, is transmitted to the ter-
minal whenever  •the earth station power 
switch is turned on. The built-in diagnos-
tic cal:lability' allows an end user quickly 
to install and orient the earth station us-
ing only a compass and anglefinder (or 
local man and a protractor). 
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IMPLF IKS"‘ALLATIeW 

The small size and light weicht of the 
earth station make it easily transported 
and installed.  (Te  antenna plus low noise 
converter weighs less than 15 pounds.) The 
wide angle of focus of the small antenna 

makes it easy to acquire the satellite sig-
nal. The built-in signal strength meter 
controls one of the light emitting diodes 
(LEDs) on the front panel, so a user can 
simply turn the antenna until the maximum 
signal is achieved. The antenna and 
associated electronics withstand a wide 
range of enviroements, including tempera-
tures from -40 C to +50°C. The antenna 
plus low noise converter module is connect-
ed by standard coaxial cable (up to 500 
feet) to the controller. The low noise 
converter does not reauire any power 
supply. Power is provided through the co-
axial cable from the controller. The 
antenna and low noise converter module can 
be pole, wall, or floor (roof) mounted. It 
can  be located inside and pointed out a 
window if the window does not have a 
reflective exterior coating or contain a 
Large amount of lead. If desired, install-
ation and maintenance services are provid-
ed by the RCA Service Company, which also 
provides nationwide service for Apple Com-
puters. 

The micro earth stations are UL 
approved and meet the most stringent new 
FCC local interference shielding require-
ments for computing devices. The total 
electric power requirement of the micro 
earth station is 60 watts. 

APPLICATION 

The typical use for the micro earth sta-
tion is in point-to-multipoint distributed 
database avolications. The end-user term-
inal is frequently a personal computer 
which stores the locally relevant subset of 
a larger, nationally-broadcast database. 
The end user has unlimited local access 
with fast response time because there is no 
7ulti-user time-sharing contention. Every 
distributed copy of the database receives 
real-time updates simultaneously from the 
same satellite transmission and thus pro-
vides faster access than a time-shared sys-
tems. The cost Per month, including the 
cost of the micro earth station, is equiva-
lent to the cost ver hour for time-shared 
access to a centrally stored database. 

Several technical and econoMic trends 
will make such distributed database appli-
cations even more attractive in the future. 
The cost of Personal computers and associ-
ated local storage, whether in floppy or 
'7.arr: disk, will continue to decline. The 
cost of terrestrial telephone service, 
especially local and short distance ser'-  

vices, will continue to increase. The cost 
of satellite communications is likely to be 
stable. The next developments in micro 
earth stations are likely to provide in-
creased data speeds and other Processing 
enhancements within the current price 
range. 

The result of these trends is exvected 
to be a continued expansion of intra-corp-
orate and public distributed database app-
lications utilizing "personal" computers 
and micro earth stations, which substitute 
for local as well as long distance tele-
phone circuits for data communication. 
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MARKET RESEARCH OVERVIEW 

The primary objective of any marketing research study such as this, is to 

characterize the market in terms of segments (eg. industries and 

organizations) and understand each segment in terms of its perception of 

the proposed product or service (i.e., the DDS). The approach used, 

gauges interest and collects information in steps so as to minimize cost 

and time if the service proves not to be viable for that segment. If the 

first step indicates sufficient interest, then a subsequent step is 

justified to further refine the earlier findings, and so on. Clearly, if 

the first step indicates that the service is not viable, then time and 

cost can be saved before further effort is expended. 

In collecting data, it is imperative that market needs and 

characteristics be carefully reviewed and then grouped into homogeneous 

segments. Each segment, with its own characteristics, must be addressed 

by a unique market plan, while at the same time considering competitive 

services. The fundamental part of a market plan is the "marketing mix" 

which consists of: 

e product concept - this is the way a customer will view your 

product. The product concept, or what the market considers 

to be the service's prime attributes or benefits, will 

determine whether the market is willing to purchase, as well 

as how the service is presented to that market segment when 

it is sold 

e price - what does the market view as fair price for the 

"product concept". The market's perception of the benefits 

offered, and prices charged by other services considered to 

be similar, will certainly affect the price that can be 

charged. It is noted that price has no relation to cost, 

other than the fact that the service is clearly not viable 

if 'the price is not high enough when combined with sales 
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volume, to cover direct and overhead costs and an adequate 

profit commensurate with the risk of providing the service. 

Furthermore, as sales volume is usually affected by the 

price, price elasticity should be explored to arrive at an 

optimal pricing level 

• distribution  - choice of the distribution method can be best 

identified once the characteristics of the market segment 

are known 

• promotion/advertising  - how best to reach the market segment 

chosen must be answered, to advise them of the service's 

benefits 

Once a "product/market couple" or a fit of a product concept with a 

market segment has been established, and the remainder of the "marketing 

mix" has been carefully identified, actual market size information can be 

approximated from (1) the responses of potential customers, (2) the 

estimated size of the market segment(s) and (3) market share assumptions 

based on competttive analyses. Cost information relating to de'veloping/ 

providing the service, sales and after sales  support can then be 

estimated, based on the marketing mix. This information, LI r,aen, leads 

to revenue and costs forecasts, and a determination of economic viability 

or profitability. 

The assessment of economic viability is normally an iterative process 

with each iteration being based on more data and better assumptions, 

until a •eciston is made that the result is satisfactory. However, if a 

product/market couple" is not readily apparent in the very ?reliminary 

stages of the market,  then there is little point in refining the sevtce 

characteristics or being concerned with distrthutiOn channel decisions, 

etc. 
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Upon completion of the economic viability assessment, detailed marketing, 

financial and service planning follow, which in turn, lead to 

implementation of the plans, and then to evaluation of the product in 

several pilot sites. Eventually, if all goes well, a full-scale product 

launch will take place. 

1 



APPENDIX D 

ORGANIZATIONS SURVEYED 



masom ENTEEUTEUED 

* Les Richards 
Director 
Telidon Production Centre 

(519) 824-4120 

NacfalTitie  Ille2E1L 

Jim Earle 
Vice-President 
Corporate Services 

George Herbert 
General Manager 
Data Procéasing 

(604) 661-5407 

(604) 661-5407 

(514) 875-2160 

(604) 683-6711 

(902) 429-4410 

(902) 422-9381 

t:1 
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SECTOR 

1. Agriculture 

2. Forestry 

ORGAZIZATIOH 

0.=z/Address  

Grassroots Program 
Telidon Production Centre 
University of Guelph 
Guelph, Ontario 

Canadian Forest Prodcuts Ltd. 
P.O. Box 49420 
Bentall Postal Station 
Vancouver, B.C. 
V7X 1B5 

3. Fishing and Trapping 

Consolidated-Bathurst Inc. 
800 Boul. Dorchester Ouest 
P.O. Box 69 
Montreal, Quebec 
H3C 3R5 

MacMillan Bloedel Ltd. 
1075 West Georgia Street 
Vancouver, B.C. 
V6E 3R9 

H.B. Nickerson & Sons Ltd. 
Commercial Street 
P.O. Box 130 
North Sydney, N.S. 
BOW 1P0 

National Sea Products Ltd. 
Duke Street Tower 
Scotia Square 
P.O. Box 2130 
Halifax, M.S. 
B3J 3B7 

Robin Pulling 
Manager of Office Services 

Don McCarthy 
Manager 
Communications & Computer 
Technology 
Information Systems & 
Services 

Peter Wolsely 
Vice-President of 
Management Information 
Systems 

Dick Joyce 
Manager, Systems 

- indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 
• t 
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Name/Title  

* Ray Ledsham 
Director of Communications 

John Burnette 
Manager, 
Computer Services 

Don Larsen 
Manager of Communications 

* Robert Allison 
Manager, Network Services 

* Peter Lftwintschik 
Telecommunications Analyst 

Jf,filli! 

SIM 'OM 'IMO SIMI IMO SIMI 11111 MI IMO OM 
I 1 	1 
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4. Mines, Quarries 
and Oil Wells 

* Brian Page 
Satellite Sub-Committee Of 
Canadian , Petroleum Association 

0=2/Address  

Noranda Mines Ltd. 
P.O. Box 45 
Commerce Court West 
Toronto, Ontario 
M5L 1B6 

Placer Development 
P.O. Box 49330 
Bentall Postal Station 
Vancouver, B.C. 
V7X 1P1 

Dome Petroleum 
The Dome Tower 
333 Seventh Avenue S.W. 
Calgary, Alberta 
T2P 2Z1 

PetroCanada 
407 2nd Street S.W. 
P.O. Box 2844 
Calgary, Alberta 
T2P 3E3 

Shell Canada Ltd. 
505 University Avenue 
Toronto, Ontario 
MSG 1X4 

Telephone  

(416) 867-7107 

(604) 682-7082 

- (403) 260-2206 

(403) 296-8000 

(403) 232-4141 

(403) 232-4119 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 

I .  



SECTOR 

5. Manufacturing 

6. Construction 

PERSON INTERVIEWED 

Telephone  

(514) 877-2340 

(416) 644-6604 

(416) 922-2500 

(416) 474-3903 

(403) 259-2645 

Name/Title  

** W.T. Wilkinson 
Director, Communications 
Dept., Office Services 
No response 

Phil Zeller 
Acting Supervisor 
Communications & 
Minicomputers 

Geoff Flood 
Communications Manager 

Mary Silver 
Manager, 
Telecommunications 

John Maveety 
Manager, Telecommunications 

' 	 ' 	 I 

ill ill, ill" 1111 1111 IIIM III! MIMI • • • me um mu am am 	am am 

ORGANIZATION 

Mors/Address  

Alcan Aluminum Ltd. 
1 Place Ville Marie 
P.O. Box 6090 
Montreal, Quebec 
H3C 3H2 

General Motors of Canada Ltd. 
215 William Street East 
Oshawa, Ontario 
L1G 1K7 

George Weston Ltd. 
Suite 1901 
22 St. Clair Avenue East 
Toronto, Ontario 
M4T 2S7 

IBM Canada Ltd. 
-1150 Eglinton Avenue East 
Don Mills, Ontario 
M6C 1H7 

Genstar Corp. 
2600 - 1177 West Hastings St. 
Vancouver, B.C. 
V6E 3Y3 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 



SECTOR CRCA IZATION PERSON INTZUVILEWED 

Nac2/4ddress  Name/Title  Telèphone  

7. Transportation 
Communication and 
Other Utilities 

- Transportation 

(514) 288-0231 

1.1. MI Ma NM UK MI ME MI r  Mil MI MI 

(514) 874-4507 Air Canada 
1 Place Ville Marie 
Montreal, Quebec 
H3B 3P7 

Canadian Pacific Ltd. 
Room 215 
Windsor Station 
P.O. Box 6042 . 
Station 'A' 
Montreal, Quebec 
H3C 3E4 

Canada Steamship Lines Inc. 
759 Victoria Square 
P.O. Box 100 
Montreal, Quebec 
H3C 2R7 

Purolator Courier Ltd. 
304 The East Mali  
Suite 300 
Toronto, Ontario 
M9B 6C7  

** J. Fernley 
Director of Planning 

** E. Querel 
Manager  
Telecommunications Systems 

** D. Chang 
Systeirs Analyst 
Telecommunications Systems 

** John P. Hamhlin 
Manager of Systems 

Charles Moore 
Director, Fleet 
Administration 

(514) 395-7841 

(416) 231-5030 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 



ORGANIZATION PERSON INTEUUEOFED SECTOR 

Nera/Address  Noma/Title  Telephone 

(604) 432-2508 

(416) 232-6050 

(613) 746-5920 

(416) 484-2638 

(604) 721-5669 

- 1 
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- Communication (613) 239-5166 TransCanada Telephone 
System & Bell Canada 
160 Elgin Street 
Ottawa, Ontario 
K1G 3J4 

British Columbia Telephone Co. 
3 - 3665 Kingsway 
Vancouver, B.C. 
V5R 5W2 

CNCP Telecommunications 
Suite 1800, West Tower 
3300 Bloor Street West 
Toronto, Ontario 
M8X 2W9 

Telesat Canada 
333 River Road 
Ottawa, Ontario 
KlL 8B9 

TV Ontario 
2180 Yonge St. 
Toronto, Ontario 
M4T 2T1 

** Bob Montgomery 
Director - Satellite 
Services Planning 

** Jacques Gaumond 
Assistant Director, 
Satellite Business Planning 

** Carmine Domenicucci 
Section Manager, 
Market Planning (Satellite) 

Wayne McIntyre 
General System Manager 
Satellite, Broadband 
and Broadcast Services 

* Bill McLean 
Director, Business 
Development Marketing 

Paul Moller 
Engineer, 
Thin Route Projects 

* Bruce Reed 
Director of Engineering 

(613) 293-2234 

(613 ).  239-5006 

* David Roach 
Executive Director, 
Network Services 

Knowledge Network of 
The West Communications 
Authority 
Box 3200 
Victoria, B.C. 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates In-depth interview by telephone 



SECTOR 

- Utilities 

8. Trade 

- Retail 

PERSON INTERVIEWED 

** Daniel Dubeau 
Director of 
Communications 

** Bill Palmer 
Senior Telecommunications 
Superintendent 
HG & T Division 

** Mike Yee 
Telecommunications Analyst 

* Doug Harvie 
Director, Central 
Supply Services 

* Jim Millar 
Communications Software 
Manager, 
Department 704 

* Wayne East 
V.P., Data Processing 

Name/Title  Telephone  

(514) 289-2211 

(416) 592-4421 

-(416) 592-4421 

(416) 480-3193 

(416) 861-2280 

(416) 922-2500 

iialfr an Nu is am 	an we mg am am au am am : 
mme mmul mpg eme 

ORGANIZATION 

Name/Address  

Hydro-Quebec 
75 Boul. Dorchester O. 
Montreal, Quebec 
H2Z 1A4 

Ontario Hydro 
700 University Avenue 
Toronto, Ontario 
M5G 1X6 

Canadian Tire Corp., Ltd. 
2180 Yonge Street 
P.O. Box 770, Stn. K 
Toronto, Ontario 
M4P 2V8 

Simpsons-Sears Ltd. 
222 Jarvis Street 
Toronto, Ontario • 
M5B 288 

Loblaws 
22 St. Clair Ave. E. 
Suite 601 
Toronto, Ontario 
M4T 2S5 

" indicates in-depth interview by telephone' - indicates in-depth interview at premises of person interviewed, " 
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NprqAddrese  Name/Title  Telephone  

9. Finance, Insurance 
& Real Estate 

- Finance 

** Kent Wallace 
Manager, Production Services 
Consumer Financial 
Services Group 

* R.J. MacDonald 
Communication Systems 
Manager 

(416) 474-8101 

(416) 498-8800 

** Kris Sharma 
Manager, Network Planning 
and Facilities 

- (416) 865-4407 

** Roily Bamford 	(416) 865-4407 
Senior Commuications Analyst, 

* Ernie Redfern 
Manager, 
Security Systems 

Donald Chandonnet 
Supervisor, Communications 
Facilities Planning 

(416) 862-2211 

(416) 862-4687 

** Gord Swan 
Manager, 
Technical Serviées 

(613) 237-4410 
Ext. 331 

MIMI • le eis as r is as um. «In tor as so am 	r 	en 

American Express Canada Inc. 
101 McNabb St. 
Markham, Ontario 
L3R 4H8 

Bank of Montreal 
1st Canadian Place 
P.O. Box 3 
Toronto, Ontario 
M5X 1A3 

Canadian Imperial Bank 
Of Commerce 
Commerce Court West 
Toronto, Ontario 
M5L 1A2 

Royal Bank of Canada 
180 Wellington Street 
7th Floor 
Toronto, Ontario 
M5J 1J1 

Royal Trustco Ltd. 
Suite 4400 
Toronto-Dominion Bank Tdwer 
Toronto Dominion Centre 
P.O. Box 7500, Stn. A 
Toronto, Ontario 
M5W 1P9 

"**" - indicates in-depth interview at premises : of person interviewed, "*" indicates in-depth interview by telephone 



SECTOR ORGANIZATION PERSON EMEUESEED  

Name/Address  Onm-./Tftle  Telephone  

(604) 689-3334 oo 

mi Imp 	ime Ile me um imie 1000 in* ie 	ing 

(416) 947-4457 

(416) 947-4404 

(514) 871-2424 

- Insurance 

Toronto Stock Exchange 
2 First Canadian Place 
Toronto, Ontario 
M5X 1J2 

Montreal Stock Exchange 
800 Victoria Square 
Tour de la Bourse 
3rd Floor, CP 61 
Montreal, Quebec 
H4Z 1A9 

Vancouver Stock Exchange 
Stock Exchange Tower 

"P.O. Box 10333 
609 Granville Street 
Vancouver, B.C. 
V7Y  1111  

Winnipeg Commodity Exchange 
500 Commodity Exchange Tower 
360 Main Street 
Winnipeg, Manitoba 
R3C 3Z4 

Sun Life Assurance 
Suite W200 
2250 Sheppard Avenue East 
Willowdale, Ontario 
M2J 4Y1  

** David Orr 
Manager, Data Products 

** Bill Judges 
Manager, Communications 

'* Alain Lacosse 
V.P., Services 
des Operations 

* Mike Soppit 
Account Coordinator 

* Robert Ambrose 
Trading Floor Supervisor 

* Conrad McMillan 
Office Manager 

Michael McCarthy 
Senior Telecom Analyst 

(204) 949-0495 

(416) 496-4571 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 
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SECTOR, ODOMIZATEGO IMRSOM EBTÈMJEWED 

1334féUilerete.1.1 biamiTitle  

10. Community, Business 
and Personal Service 

- Pagers 

(416) 249-8455 

(416) 486-9450 

(514) 331-3311 

(613) 567-5975 

;•ID 

Maclean Hunter Paging 
11 Greensboro Drive 
Rexdale, Ontario 
M9W IC7 

TAS Pagette 
188 Eglinton Avenue East 

. Suite 305 
Toronto, Ontario 
M4G 3X7 

Scotcomm 
2311 Boul. Laurentien 
St. Laurent, Quebec 
H4R 1K3 

Bell Canada 
160 Elgin Street, 8th Floor 
Ottawa, Ontario 
K1G 3J4  

** Doug Richardson 
- General Manager 

** Eric S. Cockle 
Director, 
Radio Development 

** Murray Epstein, 
President 

* J.W. Fraser 
Assistant Vice President 
Business Development 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 
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Telephone  

(613) 863-9350 

(416) 364-0321 

(609) 452-2000 

(613) 236-0491 

(416) 364-6757 

4-4 
o  

IMI 	as 	01, 	sa 	al BO so mil ale ma an al. 

- News Wire Agencies 

ORGANIZATIOU 

Occe/Addrese 

Canada News-Wire 
211 Yonge Street 
Suite 500 
Toronto, Ontario 
M5B 1M4 

Canadian Press/ 
Broadcast News 
36 King Street 
Toronto, Ontario 
M5C 2L9 

Dow-Jones & Company, Inc. 
U.S. No. 1, 
South Brunswick, New Jersey 
U.S.A. 

Southam News Services 
151 Sparks Street 
Suite 1512 
Ottawa, Ontario 
KlP 5E3 

United Press Canada Ltd. 
366 Adelaide Street East 
Toronto, Ontario 
M5A 1N4 

Hece/Title  

** Gordon S. Eastwood 
Vice-President 
and General Manager 

** Ed Fudurich 
V.P., Communications 

** Charles Marootian 
Communications Services 
Manager 
Canadian Dow Jones, Ltd. 

Nicholas Hills 
General Manager 

* Ken Whitehurst 
Project Manager and 
Reporter 

SECTOR MRS= EUTZMUEEUEB 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 
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- Stock, Commodity, Money 
Market Quotations 

CLWANIZATIOU 	 PZRSON zumaulzusup 

Mac2/Address 	Name/Title 	IflePhane  

CMQ Communications Inc. 	** Henry M. Campbell 	(416) 365-7171 
60 Yonge Street 	Vice-President 
Suite 920 
Toronto, Ontario 
M5E 1H5 

Commodity Communications 	W. Blair Doman 	(519) 679-1400 
Corp. Ltd. 	 President 

Box 7097, Station E 
London, Ontario 	 • 
N5Y 4J9 

Dateline Inc. (Canquote) 	** Donald R. Kennedy 	-(416) 964-9515 
175 Bedford Road 	V.P., Technical Services 
Toronto, Ontario 
M5R 2L2 

Reuters Canada 	** Peter V. Thomas 	(416) 869-3600 	lc 1 
Commerce Court North 	Manager, Canada 	 I-‘ 

1.- 
Toronto, Ontario 

SSCriOn. 

Trans-Lux Corp. Ltd. 
5446 Gorvan Drive 
Mississauga, Ontario 
L4W 3E8 

Ron Turcotte 
Assistant Vice President & 
General Manager 

(416) 624-2311 

"**" - indicates in-depth interview at premises of person interviewed, -*" indicates in-depth interview by telephone 
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SZCZOR 

- Brokerage 

- Labour Organizations 
& Trade Associations 

ORGANIZATION 	 PERSON EUTEUVIEUZD 

Nema/Address 	Name/Title 	Telephone  

Investment Dealers Assoc. 	Bob Miller 	(416) 364-6133 
of Canada 

33 Yonge Street 
Toronto, Ontario 
M5E 1G4 

Wood Gundy Ltd. 	**Susan Montgomery 	(416) 869-8906 
Toronto Dominion Centre 	Communication Analyst 
Royal Trust Tower 
P.O. Box 274 
Toronto, Ontario 
M5K 1M7 

Canadian Labour Congress 	Charles Bauer 	(613) 521-3400 
te 2841 Riverside Drive 	Director, Public 	 i 1- Ottawa, Ontario 	Affairs 	 Iv 

K1V 8X7 

Canadian Union of Public Employees Doug McDermott 	(613) 237-1590 
21 Florence Street 	Research Assistant 
Ottawa, Ontario 
K2P OW6 

Ontario Hospital Association 	* Peter Wood 	(416) 429-2661 
150 Ferrand Drive 	Ass't Exec. Dir., 
Willowdale, Ontario 	Communications 
M3C 1H6 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 



NrwqAddress  Name/Title 	Telephone  

- Hotels 

- Videotex/Teletext 

(416) 364-5361 

(416) 675-2030 

(416) 489-6640 

1 
1—+ 
td.) 

David Carlisle 
President 

John Kelly 
President 

0111 MI Mt flith III OM One um 	uS as Iwo au me Ian Os 

szeima OMAKEZATEGB. 	 Mite InTiZaVir.WZRI 

- Computer Services Canada Systems Group 
2955 Speakman Drive 
Mississauga, Ontario 
L5K 181 

John Davies 	(416) 822-5200 
Manager, Network Consulting 

Dana Bradshaw 
Communications Analyst 

I.P. Sharpe Assoc. Ltd. 
2 First Canadian Place 
Suite 1900 
Toronto, Ontario 
M5X 1E3 

Commonwealth Holiday Inns 	Bill Janzen 
of Canada Ltd. 	V.P., Administrative 

970 Dixon Road 	Services 
Rexdale, Ontario 

- M9W  139  

Infomart Network Centre 
164 Merton Street 
Toronto, Ontario 
M4S 3A8 

Nabu Manufacturing Corp. 
485 Richmond Road 
Ottawa, Ontario 
K2A 3Z2 

(613) 725-3306 

** Paul Lancaster 	(613) 725-1820 
Director, Hardware Engineering 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 
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11 0  Public Administration 
and Defense 

Zneene  

(613) 995-5118 

(613) 998-8272 

(613) 996-8120 

(613) 994-0242 

(613) 997-6655 

tz, 
e-n 
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ORGeMEATION 

Nammfilddress 

Agriculture Canada 
Sir John Carling Bldg. 
930 Carling Avenue 
Ottawa, Ontario 
KlA 005 

Canada Post 
Sir Alexander Campbell Bldg. 
Confederation Héights 
Ottawa, Ontario 
KlA OB1 

Emergency Pianning Canada 
Gillin Bldg. 
141 Laurier Avenue West 
KlA OW6 

Employment & Immigration Canada 
Place du Portage 
Phase IV 
140 Promenade du Portage 
Hull, Quebec 

Envi  ronment  Canada 
Atmospheric Environ nent Service 
10 Wellington 
Ottawa, Ontario 
KlA  0113  

Hama/Title 

Bob Champagne 
Telecommunications Analyst 

* A.K. Rye 
Manager Service Development 
Electronic Mail Task Force 

Nick Evanoff 
Chief of Communications 

Bob Cloutier 
Chief of Communications 
Software 

** Bruce Attfield 
Chief, Planning Division 
Computing & Communications 
Services Branch 

pEasouu MTLF..EMMT,ISID 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 
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SZCTOR OUGANIZATION 	 PURSON EMTERMILW  

Care/Addresm 	Name/Title 	Teephone 

- Federal Government 
(cont'd) 

(613) 995-7227 Government Telecommunications 	R. Arsenault 

Agency 	 Superintendent, 

Journal Tower North Bldg. 	New Services 

300 Slater Street 

Ottawa, Ontario 
KlA 008 

Health and Welfare 	G. Saunders 

Brooke Claxton Bldg. 	Analyst, EDP Services_ 

de la Colombine Bldg. 	Division 

Tunney's Pasture 

Ottawa, Ontario 
KlA OK9 

(613) 996-3194 

National Defense (Department of) 

101 Colonel By Drive 	- 
Ottawa, Ontario 
KlA OK2 

Major Bill Richard 
Communications and 
Electronics Operations 

(613) 992-1981 Public Service Commission 	M. Brown 

L'Esplanade Laurier 	PhySical Facilities 

West Tower 	 Coordinator 

300 Laurier Avenue West 

Ottawa, Ontario 
KlA OM7 

Revenue Canada 	John West 

Customs & Excise 	Chief, Data & 

Connaught Bldg. 	Communications 

Mackenzie Avenue 
KlA OL5 

(613) 998-8844 

- indicates in-depth interview at premises of person •interviewed, "*" indicates in-depth interview by telephone 



SZCTOR OUGAOIZATION FERSON  

Mnr/Address  Ilatm/Title  Telephome  

S. Iscoe 

Telecommunications 
Advisor 

(613) 994-0906 

** Burt Tepper 
Coast Guard 

(613) 996-7878 	ri-n 

** Bruce Robertson 
Dir., Telecommunication 
Services Branch 

(416) 965-0175 

MI US ON el au 	ams air 1111 UM IMO 11le 4111* IMF 	elle 0111' 	MIS 

(613) 993-9740 - Federal Government 
(cont'd)  

Royal Canadian Mounted Police 
1200 Alta Vista Drive 
Otawa, Ontario 
KlA OR2 

* Tom Low 
Chief, Research Data and 
Communications 

Peter MacNaughton 
Data and Communications Analyst 

- Provincial Government 

Supply & Services 
Place du Portage 
Phase III 
11 Laurier Street 
Hull, Quebec 
KlA 0S5 

Transport Canada 
Transport Canada Bldg. 
Place de Ville 
330 Sparks Street 
Ottawa, Ontario 
KlA ON5 

Ontario Ministry of Government 
Services 
5th Floor 
1200 Bay Street 
Toronto, Ontario 
M5R 2A5 

(416) 965-0692 Ontario Ministry of Education 
9th Floor 
Mowat Block 
Queen's Park 
Toronto, Ontario 
M7A 1L2 

* Lorne Smith 
Chairman 
Computers in Education 

"**" - indicates in-depth interview at premises of person interviewed, "*" indicates in-depth interview by telephone 
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May, 1983 

INTERVIEW NOTES FOR SCREENING SURVEY  

1.0 PRELIMINARY INSTRUCTIONS 	• 

Before starting the screening interviews, which are conducted by 

telephone, the following points should be noted: 

o Prior t,0 the interview, review all pertinent background material 

that has been obtained from the literature search on the firm and 

its telecommunications needs. 

• The interview questions are sequenced to lead from a general 

understanding of business activity/objectives to an assessment of 

the need for potential satellite-based data distribution 

services. They should be tailored to the person being 

interviewed and make use of the information obtained from 

background sources. It is important, however, to follow the 

interview guide presented below so as to cover all relevant 

points. 

o The interview should at most take 30 minutes. Documentation of 

the discussion should be completed shortly after the interview. 

• In conducting the interview, be aware that knowledge of satellite 

communications is generally low, costs are considered to be very 

expensive, service levels are not always the best and maintenance 

is often viewed as a problem. 

2.0 INTERVIEW GUIDE 

2.1 Introduction 

• The interviewer should identify him/herself and that (s)he works 

for Goss, Gilroy & Associates, who have been retained to conduct 



a market research study for the Department of Communications. 

The study is to investigate the need for satellite-based data 

distribution services in Canada. 

e An explanation of the fact that the person has been contacted 

because his/her company might have a requirement for a 

satellite-based des distribution ,service. The study requires 

input from prospective users to be able to asiess the viability 

of the service. Would the person therefore assist us by 

answering a few questions about their organization and its needs 

At most, the telephone interview will take is 30 minutes. 

e The person should be queried to ensure that (s)he is the right 

one to talk to in their organization. If not, who would be more 

appropriate? 

2.2 Size-up of Organization  

• Identification information should be collected (i.e., name, 

title, company, address, phone number) and the date and time 

noted. 	Hopefully, much of the identification information will 

be available ahead of the interview. Descriptive information on 

the company, etc. should be requested for future reference. 

e A description of the persons role/position in the organization 

should be obtained, particularly with respect to 

telecommunications decision making. The importance of 

telecommunications in the company's strategy should be assessed. 

2.3 Potential Services  

o The product concepts as they might best pertain to his/her 

organization should be briefly explained. Hopefully, this will 

trigger interest or requests for clarification. Illustrative 

cost data for the service should be readily available. 
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• A brief description of satellite-based data distribution services 

in the U.S., that are already in operation, should be given. 

2.4 Obtain General Description of Network 

• A brief description of the organization's data communications 

network should be obtained. The company's future data 

communications plans should also be explored. This description 

may highlight possible opportunities for a DDS. 

2.5 Assess Potential for DDS 

• Potential applications should be filtered by the following 

criteria. Suitable applications must involve: 

- transmission of data 

- low volume of data transmitted 

- end-user outside local (i.e., site of originating) urban 

area 

- little or no return traffic 

- advantages of broadcasting 

In addition, potential applications must not have a low frequency — 

of update, very low demand, nor very high storage requirements« 

• A subjective estimate of the opportunity should be Made in terms 

of whether it is "excellent", "good", "poor" or "non-existent". 

• A subjective assessment of the organization's interest/enthusiasm 

in examining new opportunities should be made. Any opportunities 

foregone due to the unavailability of a DDS, and the reasons why, 

should be noted. 

2.6 Asymmetric Service 

• The person should be asked if the relaxation of the one-way* 

feature would increase interest. Asymmetric (or two-way) 
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service in which data broadcasting is coupled with low return 

traffic should be briefly explored. 

2.7 Further Contact 

6 If the potential DDS applications look promising, the person 

interviewed should be advised that we will likely require further 

input, and that (s)he will be telephoned to arrange a meeting to 

discuss the opportunity.or opportunities in greater depth. 

6 If the contact doesn't look promising, thank them for their 

assistance, and advise them that a further call may be necessary 

to obtain additional information. 
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May, 1983 

INTERVIEW  NOTES FOR IN-DEPTH SURVEY  

1.0 PRELIMINARY INSTRUCTIONS 

Before starting these interviews, which are largely conducted in person, 

the following points should be noted: 

e Before arranging the interview, the results of the Screening 

Survey interview and all pertinent background material on the 

firm and its telecommunications needs should be reviewed. 

o Interviews should be scheduled to allow up to 2.5 hours for 

completion. Written documentation of the responses should be 

completed shortly after the interview, using the interview guide 

given below as a framework 

• The interview questions are sequenced to lead from the 

information obtained in the Screening Survey to a detailed 

assessment of the need, both technical and economic, of 

satellite-based data distribution services in the surveyed 

organizations. As in the Screening Survey, the questions should 

be tailored to the person being interviewed and make use of the 

information obtained from background sources. It is important 

however, to follow the format of the interview guide given 

below, so as to cover all relevant points. 

o In conducting the interview, be aware that knowledge of satellite 

communications is generally low, costs are considered to be very 

expensive, service levels are not always the best and maintenance 

is often viewed as a problem. 



E-6  

2.0 INTERVIEW GUIDE 

2.1 Introduction 

o The interviewer should phone the person for the detailed 

interview and arrange a convenient time. A brief outline of the 

purpose of the interview and the amount of time required should 

be noted. 

o Upon arriving for the interview, the inteviewer should briefly 

cover the purpose of the study, and advise the person that based 

on his/her earlier input (i.e., Screening Survey), his/her 

organization appears to be one that could potentially benefit 

from a DDS. 

2.2 Size-up of Organization  

• Identification information supplementing that obtained in the 

Screening Survey should be collected. In addition, descriptive 

data on the company should be obtained (eg. annual reports) if 

required to add to the existing database. 

o The persons position, organization and role/position within the 

organization should be clarified if further information is 

required. Of particular relevance is to assess the importance of 

telecommunications in the company's strategy, and to understand 

the decision-making process with respect to telecommunications. 

2.3 Obtain General Description of Network  

• A description of the organization's data communications network 

should be obtained. The company's future data communications 

plans should also be explored. Request a copy of a network map 

if available. 
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2.4 Potential Services  

e A further explanation of the product concepts should be given. 

Information collected in the Screening Survey and earlier in this 

interview çan be used to focus the 'description. Mention of the 

U.S. experience and illustrative costs should be included. 

e Each product concept should be considered in turn using the 

questions given below. In the event that additional product 

concepts are identified, then the same series of questions should 

be employed. 

e The characteristics of the data traffic must be ascertained. 

These include: 

- the number of places where traffic is generated and where 

it is to he received. Is point-to-point or 

point-to-multipoint involved? 

- the volume of traffic in characters per second for each 

hour of the day.  Dos  any day of the week or month have 

heavier traffic? Does the data traffic have any seasonal 

characteristics? If there is a time period shorter than 1 

hour that requires the transmission of data that cannot be 

demand levelled, it should be noted. 

- the criticality of the data transmission. Must it be 

transmitted immediately, within 10 seconds, l'ininute, 5 

minutes, 1 hour or 24 hours (i.e., overnight)? 

- the need for security. Is,public or private encryption 

required? 

- what geographic areas are to be served. (eg. West Coast, 

Prairies, Ontario, Quebec, Maritimes). 

- how is the data to be used (eg update a database, is a 

database, directly output). 
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- is it abs,olutely critical that the data be accurately 

received? 

- how is the service currently being provided or how have 

you planned to provide the service? What are the costs 

involved? 

- to convert to satellite, which features would encourage 

you to switch: cost, control/autonomy, security of 

equipment, and reliability? Please rank in order of 

importance? Are there other non-satellite services that 

you would consider using for this traffic? 

- would this transmission be treated as a separate network 

or would it be desirable to combine it with another 

service (eg. television). If a separate network is 

required, could it be provided as part of a new public 

service, or is there a requirement to have it private? 

• The above questions apply to current needs as well as for 

determining future needs for years: 1985, 1990 and 1995. Latent 

needs, which include possible and planned services, should be 

included in the forecast. 

o With the definition of needs, it is imperative that an assessment 

of the likelihood of converting to satellite be made. 

- sensitivity to price should be ascertained? How much can 

they afford? 

- a timéscale of when the traffic will start to use 

satellite should be noted, as well as the percentage 

market penetration of end users for the satellite carried 

service. 



- the relative importance of satellite transmission to the 

business mission? Could this service affect your market 

position (i.e., product line, pricing)? Any export 

potential? 

- how would the purchase decision be made in the 

organization? Would lease or buy be preferable? What 

factors would affect the decision to use a satellite-based 

DDS? Have any opportunities been foregone because this 

service has, to date, not been available? 

- are they prepared to make the necessary investment to 

implement the service? 

- on the basis of the above, the interviewer should rank the 

general likelihood of using a satellite-based DDS on a 

scale of 1 to 5, where 1 is high and 5 is low. Qualify 

this assessment if appropriate. 

2.5 Asymmetric  Service  

o The person should be asked if the relaxation of the one-way 

feature would increase interest in a potential service. 

Asymmetric (or two-way) service in which data broadcasting is 

coupled with low return traffic should be briefly explored. 

2.6 Other Input  

o Does the person wish to add any other information or comments, 

not already covered in this interview. 

2.7 Further Contact 

• After thanking the person for his input, advise him/her that 

there is a possibility that further telephone contact may be 

necessry to firm up some of the details. 
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June '83 

Illustrative Costa for Satellite-Based 

BDS in Canada ' 

1 0  Recurring  Satellite and Network Fees:  

The expected monthly figures were derived from Equatorial's prices, plus 30 7e  

to convert into Canadian dollars. The higher monthly figure has been 

provided to test price sensitivity. 

Minimum No. 

Data Rate  * 	Eeected Monthly Fee** 	!per Monthly Fee**  of Earth Stations 

(char/sec.) 	.(8) 	 ($) 

	

30 	5200 	10400 	100 

	

40 	7150 	14300 s 	150 

	

60 	9100 	18200 	200 

	

75 	11050 	22100 	250 , 

	

90 	13000 	26000 	300 

	

105 	14950 	29900 	350 

	

120 	16900 	33800 	400 

	

135 	18525 	37050 	450 

	

150 	20150 	40300 	500 

	

180 	22750 	45500 	500 

	

210 	25350 	50700 	500 

	

240 	27950 	55900 	500 

	

270 	30550 	61100 	.500 

	

300 	32500 	65000 	500 

	

330 	35100 	70200 	500 

	

360 	37700 	75400 	500 

	

390 	' 	40300 	80600 	500 

	

420 	42900 	85800 	500 

	

450 	45500 	91000 	. 	500 

* 	Rates are for priority transmission. 

** Fees do not include backhaul to uplink station. For each earth station 

connected above the minimum figure, the monthly fee is increased by 

$13.00. 



2. One Time Fees 

o Earth Station: 	2ft — $4000 portable 

42t — $2400 mounted on concrete base 

Note: obtained from Commodity Communications Corporation (Canada) ' 

Ltd ,  brochure. 

o A fee of $35 is charged each time a new earth station is added to 

the network 

Note: Equatorial price of $25, converted for Canadian use. 
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APPENDIX P 

DESCRIPTION OF EXISTING AND PLANNED 

CANADIAN DOMESTIC SATELLITE SYSTEMS 

Note: The first three accompanying papers describing Anik 

D, Anik C, and MSAT are from the First Canadian Domestic and 

International Satellite Communications Conference held in 

Ottawa, June 1983. The fourth, describing Canadian DBS 

systems, will be published in the Proceedings of the IEEE 

Conference, Toronto, to be held at the end of September, 

1983. 
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OVERVIEW OF ANIK D SATELLITE AND SERVICES 

A.R. Smalley, Senior Specialist 

Telefbt, 
1C.c.rixa 

ABSTRACT 

The Anik 	D series of 	satellites 
provide a continuity of Telesat's Canada 
coverage services in the 6/4 GHz bands. 
A substantial increase in RF channel 
capacity is available through re-use of 
the frequency spectrum on orthogonally 
polarized channels. 

This paper covers the major new 
features of the Anik D satellites and 
illustrates their versatility through a 
review of the current and planned Telesat 
services in this frequency band. 

INTRODUCTION 

With the launch of Anik D-1 on 
August 26, 1982, Telesat inaugurated its 
lat'est generation of 6/4 GHz satellites. 
These satellites provide twice the 
band•idth 	of 	the 	previous 	6/4 	GHz 
satellites by reusing the frequency 
spectrum in a second set of twelve 
orthogonally polarized RF channels. 
Advances in technology have also provided 
enhanced performance through increased 
EIRP, better G/T and improved RF channel 
filte  ring.  

The Anik D satellites were design'ed 
as replacements for the A and B series of 
satellites to continue the provision of 
Canada coverage services such as 
television 	broadcasting and 	telephone 
message. Television service has 
increased considerably in the past few 
years and as a result Anik D-1 has become 
a video services satellite while 
Anik D-2, currently scheduled for a late 
1964 launch, will take over the existing 
message services, transborder applica-
tions, and other new services. 

THE ANIK D SATELLITES  

The satellites were built by prime 
contractor Spar AeroSpace Ltd. of 
Montreal in co-operation with the Hughes 
Aircraft Co. The satellite design uses 
spin 	stabilization 	with 	the 	total 
electronics platform being despun. 	The 
bus design is similar to that of the 

Anik C series and the Satellite Business 
System satellites. The design is 
compatible with both the Delta expendible 
launch. vehicle  and  the Space Shuttle. 
This enabled the launCh of Anik D-1 by 
Delta rocket despite the delay in the 
Shuttle program, while the D-2 launch 
will use the Shuttle. 

Table 1 provides a liSt of the major 
satellite characteristics, and typical 
antenna coverage patterns are given. in 
Figure 1. 

TABLE 1: Anik D Satellite Characteristics  

Weight: 	1217 kg 
Height: 	6.57m 
Diameter: 	2.16m 
Launch Vehicle: 	Delta 3920/Shuttle 
Design Life: 	10 years 
TWT Power: 	11 Watts 
Saturated EIRP: 	38 dBW 
Bandwidth per Channel: 36 MHz (useful) 
Number of RF Channels: 24 
Frequency Reuse: 	Hor./Vert. Polar. 
Saturating Flux Density:-84.5 dBW/m 2  
G/T: 	0 dB/K 
Stationkeeping: 	+.05 degs. N-S 

7.05 degs. E-1,1* 

SYSTEM DESIGN CONSIDERATIONS  

The Anik D satellites introduce some 
features which must be considered in 
design of operational systems. 

The 	use 	of 	cross-polarized 	RF 
channels leads to potential interference 
problems between carriers having the same 
frequency 	but 	using 	opposite 
polarizations. In order to minimize 
these degradations to system performance, 
sonie  care must be taken in assigning the 
RF channels to be used for the different 
types of service. In addition, antennas 
having 	. 	good 	cross-polarization 
discrimination must be specified. 

The increased EIRP of Anik D provides 
a performance improvement cr permits a 
modest reduction in antenna size for- TV 

 receive stations. However, the effects 
of adjacent satellite interference should 

new 
the 

7.2.1 	 General Chairman: Dr. Kamilo Feher 
Professor, University of Ottawa 

and Consultant Ottawa, Canada, June 14 - 17, 1983 
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alsc 	be 	considered 	in 	selecting 	an 
antenna 	size. 	The 	current 	separation 
between Anik D-1 and estar IV is 
5.5 decrees; however, existing agreements 
with the USA will permit a US satellite 
at 3.5 degrees spacing. 

In addition, it should be noted that 
the beginning-of-life E'IRP of satellites 
is not always available for a full 8-10 
year operating term and an allowance of 
0.5 to 1.0 dB should generally be made in 
the system design to cover this 
contingency. It is also possible that 
future replacement satellites may have 
slightly different antenna coverage, or 
even slightly lower final amplifier 
powers to permit the use of solid state 
devices. A system designed for long term 
satellite service should be capable of 
providing satisfactoxy performance 
including changes such as these. 

ANIK D TELEVISION AND RADIO  
PROGRAM SERVICES  

The Anik 0-1 satellite, located at 
104.5 degrees West, has evolved into a 
video services satellite, while the 
telephone message 	services remain on 
Anik B. 	The consolidation of television 
on one  Satellite has obvious advantages 
for the users of the service since it 
maximizes the use of an earth station 
antenna. 

Anik D provides coverage of all of 
Canada with a single beam and it is 
therefore attractive for customers 
requiring national coverage, such as the 
Canadian Broadcasting Corporation (CBC) 
and Canadian Satellite Communication Inc. 
(CANCOM). 

In addition to the TV services there 
are a number of Radio Program services 
provided by the use of subcarriers, and 
by the use of up to two planned 
additional radio program carriers placed 
at the edges of the RF channel and 
sharing the power with the TV carrier. 
Table 2 provides a summary of the current 
services on Anik D-1 and some of the 
planned services. 

The 	CBC 	currently 	has 	five 	RF 
channels in service on Anik D-1 providing 
House of Commons French and English 
broadcasts. 

	

The CBC is 	also considering 	the 
transfer of those services currently on 
Anik B over to Anik  0-1 in the future. 
These carry the CBC Network and Northern 
Service programming and provide two 
occasional use channels that are used fcr 
news gathering and special events 
broadcasting. 

The CBC also provides a number of 
high quality radio program services on 
separate RF carriers in the TV channel. 
These provide for broadcasting tc the 
North, and also for regional networks 
carrying native lancuage programming and 
originating from any of several Northern 
transmit locations. 

CANCOM are providing four RF channels 
of television service to underserved and 
remote areas. The CRTC .has recently 
authorized CANCOM to expand this with 
four channels of US programming in 1983. 
The services are scrambled and are 
available only to authorized subscribers. 

Until the full capacity of Anik  0-1 
is required. for Canadian users, some 
excess capacity is available for interim 
use by organizations in the USA. 
Currently, Argo Communications Corpor-
ation is leasing three RF channels and 
may lease up to five more to provide a 
variety of services in the USA. After 
the launch of "Anik D-2, there will be 
spare capacity available for Argo to 
transfer their services to this satellite. 

In addition to the full-time ser-
vices, one RF channel is available for 
occasional use services which lease time 
by the hour. This may be used for remote 
transmissions from a transportable earth 
station, network newS gathering, or 
special event broadcasts. The Globe and 
Mail is a regular user of about twâ , hours 
of time each night for the transmission 
of newspaper facsimile from Toronto to 
Vancouver, Ottawa,'Calgary', and Moncton. 

In addition to the video services on 
Anik D-1, there is one RF chaAnel 
currently assigned for multiple access 
voice and data services. This channel is 
carrying a Light Route ?DMA demonstration 
service which operates at 5.376 Mbps into 
4.5m customer premises earth stations. 

TELEPHONE MESSAGE AND  DATA  SERVICES 

Anik 0-2, which is scheduled for a 
late 1984 launch, will take over the 
services on Anik B which will have been 
in orbit for about six years by the time 
of the handover. Situated at 109 'degrees 
West, this new satellite will nct only 
provide continbity of service but will 
also provide an increased capability for 
expansion with new services. Table 3 
provides 	a 	summary 	of 	the 	current 
services to be transferred to Anik  0-2. 

7 . 1 . 1 



A.R. Smalley 
F-3 

5 
4.5m (Typical) 
3.7m 

CBC 	'TV and 
Radio Program 

4.5m (others as 
small as 1.8m) 

PAY TV and 
Radio Program 4 

Various Various to USA 	3 5 

OCCASIONAL USE 
TV 	1 4.5m 

One of the RF channels contains a 
variety of services. There are thirteen 
digital carriers with bit rates ranging 
from 112 kbps to 6.3 Mbps, mostly for 
Canadian and US military services. There 
are several°  circuits of single channel 
per carrier (SCPC) voice using delta 
encoding with PSK modulation operating at 
40 kbps. Many of these voice circuits 
serve small 3.7m transportable earth 
stations in use by resource companies in 
the North. By about the end of 1983 
there will also be a Light Route TDMA 
system in operation for .an oil company 
serving Toronto, Ontario, Calgary, 
Alberta, 	Tuktoyuktuk, 	N.W.T. 	and 
Norman. Wells, N.W.T. This will be a 
3.18 Mbps system carrying both voice and 
high speed data traffic. 

Another full RF channel carries SCPC 
voice service, based on delta encoding 
with PSK modulation, to about fifty 
locations in the Northwest Territories, 
and the Northern part of the Provinces. 
There are currently about 370 two-way 
voice circuits in service primarily to 
community telephone systems, and several 
circuits serving 3.7m transportable earth 
stations on Sable Island and on oil 
drilling rigs off the East Coast. The 
circuits home on Southern earth stations 
near Toronto, Ontario (Allan Park), 
Calgary, Alberta, and Hay River, N.W.T. 
Anik 0-2 will provide performance 
improvements and increased earth station 
transmit capability in many parts of 
Canada. 

A third RF channel carries FDM/ 
FM/FDMA telephone voice service from 

Toronto to Frobisher. Bay (96 circuits), 
Resolute Bay (24 circuits) and Hall 
Beach, (12 circuits) all in the Northwest 
Territories. In addition, there is a 
digital link to Hall Beach operating at 
3.1 Mbps. 

One RF channel carries two FDM/FM 
carriers providing 360 voice circuits 
between 'Toronto, Ontario and Vancouver, 
British Columbia for the TransCanada 
Telephone System (TCTS). 

Another RF channel carries a 60 mpbs 
TDMA system currently providing 300 voice 
circuits between Toronto, Ontario and 
Halifax, Nova Scotia, also for TCTS. 
This,is a slightly modified version of 
the Worlid's first commercial TDMA system 
which started service in 1975. This 
service will be replaced in the future by 
a digital message service on Anik C. 

CONCLUSIONS  

This paper has provided an overview 
of the ,major pew characteristics of the 
Anik D . ser"ies of satellites and offered 
some coments on performance changes 
resulting from their use. 

The services which Telesat ,provides 
in the 6/4 GHz bands have been outlined 
to illustrate the variety of service 
types that the satellites can provide. 
It is anticipated that there will be 
further growth in television services, 
business services, and in transborder 
voice and data services, with probably 
increasing interest in the Light Route 
TDtS1 technique. 

TABLE 2: Anik 0-1 Television and Radio Program Services  

1 NO. OF CHANNELS TYPICAL 

	

I 	SERVICE 

	

CUSTOMER I 	TYPES  
CURRENTI PLANNED 
SERVICE IADDITIONAL 

RECEIVE ANTENNA 
ANTENNA DIAMETER 

CANCOM 

ARGO  

, GLOBE AND 
! MAIL PLUS 
• OTHERS 

*Transfer from Anik B. Under review. 

7.^.1 
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Figure .1a 	mg D E.  GHz  .RECEIVE PATTERN  (G/T TYPICAL 

Figure lb 	ANIK D 4 GH: TRAN5r111 PATTERN IEIRP) TYPICAL 

TABLE 3: 	Anik B/D2 Telephone and Data Services 

ALLLbb 	LUELUITb OX 	LOLATIONJ 	'i'71-'.1 UAL tAeTli 
CUSTOMER 	TYPE 	;MODULATION 	BIT RATE 	SERVED 	1STATION AlzTENNA 

TCTS Commercial 	FDMA 	PSK 	Var. 	to  6.3 Mbps 	8 	E-1ûm  
Mil 	tary 	Users 	SCPC/PSK 	15-20 	Circuits 	Approx. 	12 	! 	3.7-10m  

TDMA/PSK 	3.16 Mbps 	4 	7m 

Bell Canada 	SCPC/ 	A/PSK 	370 	Circuits 	50 	4.5-6m 
FDMA 	40 kbps 

TCTS 	FDMA 	FDM/FM 	132 Circuits 	3 	6-10m 
PSK 	3.1 	Mbps 	2 	6-10m 

TCTS 	2 Carrier 	FDM/FM 	360 	2-Way 	• 	2 	30m 
FDMA  

TCTS 	TDMA 	PSK 	300 	2-Way 	2 	10, 	30m 
60 Mobs 

7.2.4 
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Overview of the Anik C 

Satellites and Services 

F.H. Smart Senior Specialiat 

Teleirot. 
Yeeem Greetu 

Abstract 

The Anik C series of satellites and 
the varfety of services which they make 
possible are intended to serve Canada's 
domestic communications requirements into 
the early 1990's. 

This paper provides an overview of 
the key technical characteristics of the 
satellites and a description of the 
principle services which are, or soon 
will be, operational on Anik C-3. 	As 
well, 	a brief ' summary of potential 
services which are actively being studied 
by Telesat is presented to provide 
readers with an appreciation of the 
interesting possibilities raised by the 
presence of a new generation of Canadian 
Domestic Communications satellite. 

Introduction 

The successful launch of Telesat's 
Anik C-3 Communications Satellite on 
November 11, 1982 on board the first 
Commercial 'flight of the Space Shuttle, 
represented the start of a new era of 
satellite communications in Canada. 
Building upon the experience gained with 
an experimental 14/12 GHz Repeater 
paCkage on the Anik E satellite, the Anik 
C series will operate exclusively in the 
14/12 GHz frequency bands to provide the 
capability for growth of a wide variety 
6f. ne  w gommunications services through 
the 1980's. Anik C-3, to be followed by 
the launch of Anik C-2 in June of 1993 
and Anik C-1 in mid 1984, each have 16 
RF channels with a basic capability per 
channel for one 90 Mbps digital message 
carrier or twc FDMA-FM analogue 
Television signals. A total capacity per 
satellite of 1.4 Gb/s of digital 
information or 32 television signals will 
ultimately make available an enormous 
capability for up to 96 Television 
signals or more than 4.2 Gb/s of digital 
information capacity for Canadian 
Domestic use into the early 1990's. The 
choice of the 14/12 GHz frequency bands 
and the use of Spot beams and frequency 
re-use by orthogonal polarization will 
permit ready access to the  ystem from 

the centres of major metropolitan areas 
across 	Southern 	Canada 	without 	the 
interference problems which presently 
affect the use of the 6/4 GHz frequency 
bands. 

Following the placing of Anik C-3 
on-station into its orbital position at 
117.5 , degrees West longitude on 
November 19, 1982, a rush of field 
testing and link line-ups were eonducted 
during the period before and after 
Christmas, 1982 to success•fully meet a 
January 12, 1983 ready-for-service date 
for the TransCanada Telephone System 
(TCTS) High-capacity message and video 
services. By February  L.  1983, a second 
critical deadline was successfully met 
with the inauguration of the Pay-TV 
services of First Choice, Superchannel 
and C-Channel and STAR. The demand for 
Transponders has been such that, at the 
time of this writing, 100% of available 
transponder capacity in the East and 94% 
of the available transponder capacity in 
the West has ben spoken for. 

Telesat's 	present 	planning 	calls, 
generally, for dedicating Anik C-3 to 
Video services, Anik C-2 to transborder, 
US domestic and back-up service and 
Anik C-1 to High-capacity message, data, 
occasional video and regional FDMA 
services. 

The Anik C Satellites 
• 

In April, 1978 a contract was awarded 
to Hughes Aircraft Company to produce a 
new generation of Communications 
Satellites for Telesat Canada. , Huebes, 
along with its principle subcontractor 
SPAR Aerospace Ltd., produced three 
satellites 	of 	the 	Anik 	C 	series, 
designated as C-1, C-2 and C-3. 

The major communications character-
istics of the Anik C series are sum-
marized in Table 1. There are 16 RF 
channels and twenty TWTA's, providino a 
one for four redundancy arrangement. The 
TWTA's have a 15 Watt (nominal)  saturated 
output which can provide a minimum EIRP 
of 48 dBW within the defined primary 

General Chairman: Dr. Kamilo Feher 
Professor, University of Ottawa 
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TABLE 1: Anik C Satellite Characteristics 

Weight: 
Height: 
Diameter: 
Launch Vehicle: 
Design Life: , 
TWT Power: 
Saturated EIRP: 

Quarter Canada Spot 48 dBW 
Half Canada Spot 	45 dBW 

G/T (95% of Coverage): +3 dB/K 
Number of RF Channels: 16 
Channel Spacing: 	61 MHz 
Useable Ch. Bandwidth: 54 MHz 
Stationkeeping 
Objective: 

coverage area in each of four downlink 
spot beams. 	There are five 14 GHz 
receivers 	connected 	in 	a 	flexible 
switchine 	arrangement 	to 	permit 	a 
three-level 	receiver 	redundancy 	if 
needed. 	The 14 GHz up-link antenna 
pattern, 	illustrated 	in 	Figure 	1, 
provides simultaneous coverage of 
Southern Canada' for both'Horizontal arid 
Vertical Polarization. The receive G/T 
is +3 dB/degrees K minimum over 95% of 
the defined primary coverage area. The 
12 GHz downlink antenna patterns provide 
four spot beams (West, West Central, East 
Central, and East) with Vertical 
Polarization utilized in the two Western 
beams and Horizontal Polarization in the 
two Eastern' beams (Figure 2). A unique 
flexible switching arrangement in the 
output cOmbining network permits summing 
of the spot beams into what is called a 
half-Canada or "Combined" coverage mode 
of operation. This feature results in 
two combined regional patterns, "West + 
West Central" and "East + East Central", 
resulting from the Western and Eastern 
spot beams respectively. It is not 
possible, however, to combine Eastern and 
Western spot beams together. The switch-
ing also allows re-arrangement, via 
ground commands, of channel allocations 
between the two Western or two Eastern 
spot beams to adapt to differences in 
traffic distributions among the various 
spot beam coverage areas. The combined 
mode patterns cive an EIRP of 45 dBW, 
minimum, within the defined primary 
coverage area. 

Each RF channel was designed with 
on-board amplitude and group-delay 
equalization of the input multiplexer 
filter to optimize the channel 
characteristics for . both high-speed 
single-access OPSK digital carriers and 
two-carrier analogue video transmission. 

The downlink frequency plan for the 
Horizontal and Vertical repeaters is 
shown in Figure 3. The plan was designed 
with a 13 !'"Hz centre frequency. offset 
between the two repeaters to provide 

maximum cross-polar protection for video 
services. The "T" designations 'shown in 
Figure 3 are used to identify the centre 
frequencies of the 27 MHz basic "Whole 
Channel" services which are provided 'on 
Anik. C Transponder channels. 

Anfk C Services  

The choice" of the 54 MHz useable 
bandwidth for individual Anik C 'Trans-
ponder channels resulted from what was 
perceived as the principal service 
applications of the Anik C series of 
satellites -High- capacity digital 
message and Regional 'Television  distri-
bution.  Comparing and trading off the 
optimum technical parameters for the two, 
totally different, applications resulted 
in a rather unique compromise. It was 
recognized that the forecast TCTS traffic 
requirements between major centres could 
best be served by High speed digital 
transmission with a capacity for tWo D8-3 
streams (each at 44.736 Mbps) on each 
carrier. The resulting combined bit rate 
of 90.148 Mbps using OPSK modulation 
would require a channel bendwidth in the 
order of 54 MHz to meet the projected ' 
performance requireMents. At the same 
time, it was desirable to maximize the 
number of separate video signals that the 
spacecraft would be capable of support-
ing. 'By deciding to proceed with a Video 
system . using two 'FM carriers per 
RF channel a compromise design could be 
achieved which would meet both service 
objectives. The folloWing sections 
describe the technical aspects of the 
different services. 

Television Services  

The frequency plan shown in Figure 3 
illustrates the way in which each 
Transponder channel is divided into two 
27 MHz nominal bandwidth "Whole 
Channels". 	Video carriers are placed at 
+13 	KHz 	from 	channel 	centre 	and 
Uesignazed by the "T" numbers shown on 
the 	plan. 	Table 	II 	summarizes 	the 

- operating parameters for the Television 
services. 

1140 kg 
6.43m 
2.16m 
Delta 3920/Shuttle 
10 years 
15 Watts 

+0.05 degs. 
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26 MHz 
f-4-13 MHz 
27-MHz 

25 MHz 
9 MHz peak* 
8 dB per carrier 
5 dB per carrier 

First Choice 
Superchannel 
C-Channel 
STAR 
ATV 
Sette 
TVO 
TVEC 
Knowledge 
AIM 
TCTS/CBC 
plus others 

Pay TV 
Pay TV 
Pay TV 
Pay TV 
Pay TV 

Regional TV 
Regional TV 

Pay TV 
Regional TV 

Pay TV 
Occ. TV 

90.148 Mbps 
OPSK 
1344 voice circuits 

Sm diameter 
35 dB/dearees K 
10 -4  fo; 99.9e% 
10 -7  for 99% 
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TABLE II: Television Operating Parameters  

Carrer Spacfng: 
Carrier Assignment: 
Nominal Cr.. Bandwidth: 
Anticipated Ground 
Receiver Bandwidth: 

Video Deviation: 
TWTA Input Backoff: 
TWTA Output Backoff: 

This is reduced proportionally 
when multiple subcarriers are 
added. 

The carrier spacing and the TWTA input 
backoffs were selected to provide a 
compromise between ijitermodulation 
between the carriers caused by the TWTA 
nonlinearities and maximizing the 
individual per carrier output powers. 
Minimization of intelligible cross-talk 
between the two video carriers was also a 
key design factor to which close 
attention had to be paid. 	Implementing 
on-board 	group 	delay 	and 	amplitude 
equalization in the: spacecraft  •and 
maintaining tight constraints on the 
ground station transmitter character-
istics were both necessary in order to 
ensure that the desired capability of the 
system to carry high-quality video 
sicnal.s would be achieved. 

Each Television carrier was initially 
intended to carry two 15 kHz program 
audio circuits on two separate 
subcarriers combined above the vide0 
baseband. Recent advances in subcarrier 
technology have made possible the 
addition of many more subcarriers than 
was originally considered feasible. At 
the present time each Anik C video 
carrier can support one "High-level" 
(non- compandored) subcarrier and up to 
five "Low level" (compandored) sub- 
carriers. 	This advance makes possible 
the addition of high-quality stereo 
program channels, an important factor for 
Pay TV services, and possible distri-
bution of radio or similar add-on 
services along with a basic television 
service. 

Table III summarizes the Television 
services now operating, or soon to be 
operating, on Anik C-3. The majority of 
the channels, at present, are used for 
Pay TV distribution, however, the 
attractiveness of the system for Regional 
distribution has been recognized by TV 
Ontario and Sette in the East and 
Knowledge Network in the West. Two 
occasional TV channels are available, one 
in the East and one in the West, to serve 
transmissions between the major Anik C 
stations for Hockey games and other 
special' events and to provide for 

Telesat's newly developed 14 GHz trans- 
portable 	Television 	service which 	is 
proving 	ver• i 	popUlar 	for 	remote 
Television uplink applications. 

TABLE III Anik C-3 Television Services  
Customer 	Service 	Channels 

2 East, 2 West 
1 East, 1 West 
1 East, 1 West 
1 East 
1 East 
1 East 
1 East 
1 East 
1 West 
1 West 
1 East, 1 West 

Heavy Route Voice Services  

The largest single user of Anik C-3 
is 	the TransCanada Telephone 	System 
(TCTS). 	Five major Canaclian cities - 
Toronto, Ontario; Montreal, Quebec• 
Calgary, Alberta; Edmonton, Alberta.; and 
Vancouver, British Columbia - have been 
joined in an East-West satellite network 
utilizing five Transponder channels. 
These five transponders can provide an 
effective 2,688 two-way voice circuits. 

Table IV summarizes the features of 
the Heavy Route Message services. Each 
Transponder operates with a single 
carrier, OPSK modulated with a 
90.148 Mbps digital stream. Each carrier 
has the capacity of two DS-3 streams 
equivalent to 1344 one-way voice circuits. 

TABLE IV: 	Heavy Route Message 
Service Parameters 

Bit Rate: 
Modulation: 
Carrier Camacity: 
Earth Station 
Antenna Size: 

Receive C./T: • 
BER Objectives: 

The 	syster 	employs bat'n rocf-mounted 
(Vancouver, 	Toronto, 	Montreal! 	and 
ground-mounted (Calgary, Edmonton) Sm 
diameter antennas mroviding an overall 
Bit Error Ratio performance objective of 
better than 10-4  for 99.95% of the time 
and better than 10 -7  for 99% cf the 
time. Actual measured performance for 
the initial links produced Bit Error 
Ratios • better than 10-9  under clear 
weather conditions. Planned crowth of 
the 'system will take place folIowing 

Note: 
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transfer of the service to Anik C-1. The 
inital five message transponders will 
crzw tc six, and then eight, then ten by 
19E". 

Data Services  

new 	service, 	presently 	being 
implemented for start-up on Anik C-3 in 
January 1984, will provide a dedicated 
TCTS network for Business data and voice 
applications. This network, called the 
Integrated 	Satellit,e 	Business 	Network 
(ISBN) 	will 	be provided 	using Time 
Division Multiple Access (TDMA) 
techniques and will occupy, initially, 
one 27 MHz channel in bcth East and West 
beams. The system will start with a 
30 Mbps transmission rate but with the 
hardware capability to grow to 45 Mbps 
transmission rate, including 
sophisticated 	transponder-hopping 
features, 	following 	transfer 	of 	the 
service to Anik C-1. Growth of the 
system envisages an additional eventual 
overlay network operating at up 
to 90 Mbps transmission rate and using 
five transponders by 1990. Anik C-1 will 
be positioned at 108.5 degrees West 
longitude. 

Future Services  

A wide variety of future services for 
the Anik C series is now anticipated. 
When Anik C-2 is launched it will be 
positioned at 112.5 degrees West 
longitude and its antenna tilted by 0.5 
degrees South and 0.3 degrees West to 
provide a good coverage of major portions 
of the United States. Five transponders  

'nave been leased by a U.S. carrier to 
prOvide an "interim' Direct-to- hone 
Television service in the United States. 
It is also expected that transbcrder 
voice and data services will develop for 
which Anik C-2 will be well situated. 

In Canada, the Regional nature of the 
spot beams is proving to be attractive 
for development of Single Channel per 
Carrier (SCPC) voice and data networks 
utilizing partial channels. The start of 
networks in British Columbia and in the 
Maritimes is anticipated by early 1984. 

The possibility of Radio distribution 
using ' SCPC analogue and digital 
techniques is being actively studied bv 
Telesat and continuing interest has beel; 
noted on the possible development of an 
Interim Direct Broadcast System (DBS) 
using the Anik C transponders in a single 
Television carrier per Transponder mode. 
The EIRP capability is such that receive 
antenna diameters in the order of 1.2 to 
1.8m could be used for Such a system over 
much of the high-population areas in 
Southern Canada. 

Whatever happens, it is clear that 
the existence of the Anik C satellites is 
stimulating imaginative thinking in a 
search for ways in which the Unique 
features of this new generation of 
Canadian 	Domestic 	Satellite 	can 	be 
exploited • to provide economically 
attractive, new communications services 
in Canada. 

1 
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THE CANADIAN MSAT PROGRAM 

A. L. BARRY 

The Department of Communications, Canada. 

7.5.1 

BACKGROUND  

The primary goal of the Canadian MSAT program is to 
develop and demonstrate land mobile-satellite com-
munications services in the 806-890 MHz band. 

While satellite systems for mobile communications 
have been under study by the Federal Department of 
Comfiuniéations for a decade, application to public 
services was hampered by the lack of a suitable 
frequency band. Allocation of the 806-890 MHz band 
to mobile satellite service on a shared basis with 
terrestrial mobile service by the 1979 MARC changed 
this, and the concept of public land mobile commun-
ications via satellite was defined, bringing into 
being the MSAT program. Phase A (concept feasi-
bility) studies were subsequently carried out by 
means of a number of industrial contracts in 
Canada. These studies showed the technical feasi-
bility of such a system, and indicated a signifi-
cant potential market for the proposed services. 
Based on these results, Phase 8  (project defini-
tion) work began in mid 1982. 

Consultations have been taking place since 1980 
between the Canadian Department of Communications 
and the U.S. National Aeronautics and Space Admini-
stration (NASA) to explore areas of common interest 
in the fields of mobile communications by satellite 
and the development of advanced technologies 
required to bring this about on a commercial scale. 
The terms of an "Arrangement" have been prepared by 
DOC and NASA officials covering co-operation during 
Phase 13 of MSAT. 

PHASE A STUDIES  

Between October 1980 and March 1982, DOC sponsored 
23 contracts with IS Canadian companies to carry 
out Phase A studies on the MSAT program. The main 
study areas included market demand for MSAT ser-
vices, commercial viability, user cost-benefit, and 
spacecraft concepts for both an MSAT demonstration 
system for launch in 1988 and a follow-on com-
mercial satellite system for the 1990s.. Other 
studies included ground terminals, overall system 
concepts, and required technology. The results of 
these studies indicate that such a system is tech-
nically feasible and that a significant potential 
market exists for MSAT services. These results 
were suffieiently positive to justify proceeding 
with Phase B. 

Ottawa, Canada, June 14 - 17, 1983  

A final decision to proceed with the implementation 
phases (construction and ) aunch) will then by made 
by the Government  •of Canada, largely on the basis 
of the results of these Phase B studies. 

MSAT PHASE B  

Objectives  

The principal objectives of Phase 8 of the MSAT 
program are to define and design the MSAT demon-
stration system, to develop the required tech-
nologies, to expand and refine the studies on mark-
et and commercial viability carried out in Phase A, 
and to define an MSAT post-launch communications 
program. In addition, a technical and cost  pro-
posai  will be prepared for the implementation of 
the MSAT system. 

Program Definition  

Further studies are being carried out by Woods 
Gordon to refine the market study carried out in 
Phase A. These studies will include refinement of 
market data on a regional and industrial basis and 
will investigate the market elasticity, the quality 
of service required, and the sensitivity of the 
market to regulatory and institutional  ai-range-
ments. 

Telesat Canada has been awarded a contract to 
assess the viability of a second generation  satel-
lite system for the provision of commercial service 
to mobile users, and to assess the potential for ' 
maximizing commercial exploitation of the tech-
nology and products generated during the MSAT 
Program. 

A post-launch MSAT communications program will be 
defined during Phase B. The intent of this program 
is to create effective demand, to provide rapid 
transition from experimental stage to interim com-
mercial service for viable services, and to involve 
the private and quasi-private sectors (telephone 
companies, manufacturers; Telesat and users) in the 
design and conduct of the program. This is to en-
sure that viable services are identified and imple-
mented quickly, thereby realizing the planned 
social and economic benefits. Also during Phase B, 
studies will be carried out on socio-economic bene-
fits to be expected from MSAT and on regulatory and 

General Chairman: Dr. Kamilo Feher 
Professor, University of Ottawa 

and Consultant 
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policy questions raised by the introduction of 

ne%, services. 

System Definition Activities  

System engineering studies are being performed in-
house and under contract to define the communica-
tion system concept for each of the MSAT services, 
to analyse the link requirements, to define the 
overall performance and technical requirements as 
well as the system interface points. 

The major Phase 11 contract .for the definition and 
design of the MSAT demonstration system has been 
awarded to SPAR Aerospace Ltd. Crther contracts 
have been awarded to define the mobile terminals 
and other earth stations. 

MSAT SERVICES 

MSAT will provide mobile radio service, mobile 
telephone service and data service to mobile termi-
nals in the 821-825 MHz and 866-870 MHz bands. 
Service to sensor data collection platforms will be 
provided as part of the data service. The mobile 
radio service is expected to have the largest num-
ber of us'ers. Several modulation and coding tech-
niques, including pitch excited LPC with MSK, ampl-
itude companded single sideband, and NBFM will be 
assessed. Mobile terminals will be able to operate 
on all assignable channels by DAMA (Demand Assign-
ment Multiple Access.) 

, 	. 
COMMUNICATIONS SYSTEM  CONCEPT 

While the communications system concept has not yet 
been finalized, the following is a brief descrip-
tion of the current baseline configuration. 

The spacecraft will use two gm diameter antennas to 
provide Canada-coverage with four beams. The beams 
will employ frequency re-use, and will have sliffi-
cient overlap to permit off-loading of traffic to 
adjacent beams as necessary. 

Gateway stations are-planned in each beam to pro-
vide the interface with the switched telephone net-
work, terrestrial access points for the mobile 
radio service sysem switching, and access control 
facilities. These gateways will control all chan-
nels witnin their beams and route traffic to Other 

gateways for interbeam service. In order to reduce 

the satellite loading, circuits will be either 
push-totalk or voice activated, with the mobile 
radio service being half duplex and the mobile 
telephone service full duplex. 

The gateway satellite link will operate in the 
13/12 GHz SHF band, and the mobiles will uplink to 
the satellite at 821-825 MHz and downlink at 866- 
870 MHz. Routing through the satellite will be 
under gateway control. All  MIS  traffic to and from 

the switChed telephone network will be UHF-SHF-uHF 
routed; mobile-to-mobile traffice will be double 

hop UHF-SHF-SHF-UHF. All MRS mobile-to-mobile and 

base-to-base, and 50% of mobile-to-base traffic 
will 	be UHF-SHF to gateways or SHF to base 
stations. 	Al]  interbeam traffic will be double hop 
via gateways. 	For network control, signalling and 
interbeam routing gateways will use SHF-SHF links. 

To meet the traffic loading, including the double 
hop requirements for the 4 beam satellite, 17 cha n . 
nels per beam are required for MIS, 36 channels per 
beam for MRS routed UHF-SHF and 48 channels per 
beam for MRS routed UHF-UHF. Additional capacity 
will be required for signalling. 

A variety 45f mobile user terminals are anticipated' 
to provide for land, sea and air mobile telephone 
and mobile radio services. In addition, base 
stations will be required for the MRS. Data termi-
na i s will be developed to handle services ranging 
from transmit-only units handling only a few hun-
dred bits of data per hour, up to mobile video ter-
minals operating at 2.4 Kbps. 

SUMMARY 

DOC is carrying out Phase B studies for an MSAT 
system through a series of contracts and internal 
studies. At the end of Phase 8 a proposal will be 
prepared for consideration by the Government for 
implementation of the system. 
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TECHNICAL AND ECONOMIC MODELS OF A WS SYSTEM FOR CANADA 

0.S. Roscoe 
Department of Communications 

Summary  

A comprehensive, multi-disciplinary 
study program has been carried out over the past 
two years to develop information regarding the 
possible implementation of a direct broadcasting 
satellite system for Canada. The program 
included market studies and technical and 
economic modelling of alternative DBS systems for 
providing service in Canada. It is estimated 
that an eight to ten channel DBS system for 
Canada would cost between $400 million and $650 
million (1982 Canadian dollars). Market 
forecasts are that up to 2i million households 
would purchase DEIS home-receivers. Allowing for 
a real rate of return of 6%, the monthly cost per 
household for delivery of all channels would 
range  from $5 to $7. 

Introduction  

Technical and economic modelling of a 
direct broadcasting satellite system for Canada 
were carried out as part of the comprehensive ' 
program of studies of a DBS system for Canada. 
The OBS studies program was started in 1981 and 
completed in the spring of 1983. The program 
covered requirements and market studies, impact 
studies, regulatory matters, and institutional 
options as well as technical and economic 
aspects. A large portion of the program was 
carried  out  by industry and consulting firms 
under contract to the department. In particular 
Spar Aerospace Limited developed the technical 
models described in this paper. 

Implementation of a DBS system is a 
capital intensive undertaking, and careful 
consideration of the prospects for recovery of 
the satellite costs during their operating life 
is necessary. Therefore an examination of 
requirements and markets must be a prerequisite 
to initial system modelling. Other factors 
requiring consideration in system configuration 
for a country such as Canada are regional 
characteristics, time zone span, and 
demographics. 

Requirements and Markets for DBS in Canada  

Urban Canada is well served with 
television because of the high penetration of 
cable distribution systems. 92 per cent of urban 
households have cable available to them, some 
carrying thirty or more channels. 70 percent of 
urban householders subscribe to cable. Table 1 
ives the 1981 statistics regarding cable 
o -e.reior 	Jrbèn  

Table 1 

Penetration of Cable Television Distribution 
Systems in Urban Areas, 1981 

Urban Households in Canada 	6.6 million 
Urban Households passed by cable 	6.1 million 
Households Subscribing 	4.6 million 

, 	Rural and remote Canadians, however, are 
much less well served with television. There are 
about 1.8 million rural and remote households in 
Canada, almost all of which must rely on over-
the-air transmissions for television. More than 
half'of them receive three or less channels of 
television. This is shown in Figure 1, which 
shows the number of people and the number of 
television channels that they can receive. The 
figure is based on statistics compiled by the 
Telecommunication Research Group of Simon Fraser 
University in 1980. Improvements in television 
availability have occurred since then, led by the 
delivery of television via 4 GHz satellite by 
Cancdm for distribution by low power transmitters 
and small cable systems. The figure shows 
projections for service improvements expected by 
1985. The figure also shows the disparity in 
service between urban and rural residents. 

Rural and remote Canada poses a special 
problem for television service because of its 
vast area and low population density. This is 
illustrated in Figure 2. At least 80 per cent of 
the population is too dispersed to be served by 
cable, and extension of service must depend on 
over-the-air transmissions or DBS. Over-the-air 
service appears to have reached an economic limit 
since further expansion is not taking place. In 
many areas, there is also a spectrum limit, with 
few if any channel assignments being availele. 

Figure 1 
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Finure 2 
DISTRIBUTION OF POPULATION - REKOTE. 

CLUSTERS OF LESS THAN MO, AND RURAL FRINGE OF CITIES 

Racote 	 <OA 
Dispersed Rural 	<100 
Village Clusters 	e.100, .000 
Teets of loss than 2.500 	>,500 
nural Fringe of Cities 
UnBncun 

TOTAL 	6,207.079 	1,753,9 16 

Clearly, the major requirement for more 
television service is in rural and remote Canada. 
Service via OBS, however, requires investment by 
householders in home receivers. Therefore market 
studies were carried out to determine the 
willingness of rural residents to purchase 
receivers if these offered good reception of at 
least six channels of TV. Figure 3 shows the 
results. The survey universe represented 1.48 
million households, or 84 per cent of rural and 
remote households in Canada. At $400, the lowest 
price quoted in the survey, 97 per cent of 
households could be expected to purchase 
receivers by the end of twelve years. Market 
penetration could be expected to drop to 72 per 
cent at an $800 price, and to 59 per cent at 
$1200. Market penetration was forecast to be 
very rapid, with more than 50 per cent 
penetration expected within three years, 
reflecting the high demand fpr mqre television in 
rural areas. 

Figure 3 

LONG  10111.1 1.196081 128411840.4 MICE PON 
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A survey of the market for DBS home 
receivers in urban areas was also carried out. 
As might be expected, the penetration would be 

much lower than in rural areas. A "most likely" 
forecast, which took into account the programming 
likely to be available and a $400 receiver price, 
was that atout 600,000 receivers would be sold in 
urban areas in twelve years. The urban market 
vas also Much More sensitive to price. The urban 
market could be expected to drop to one third if 
receiver price was $600. 

Regional characteristics and time zone 
considerations would suggest that six separate 
coverage areas would be most suitable for Canada. 
Such an arrangement is shown in Figure 4. 
However, population distribution in Canada would 
be distinctly uneven from beam to beam, as shown 
in Table 2, with beams covering Ontario and 
Quebec encompassing large population relative to 
the other beams. The population per beam is 
somewhat better distributed in a four beam model, 
shown in Figure 5. Here only one beam has a 
markedly smaller population. This population-
per-beam factor is important for commercially 
supported television channels. 

A four beam model, however, would mean 
that some parts of the country would be receiving 

. programming displaced by one hour from normal 
time. A more serious problem would be a shortage 
of channel capacity in the eastern beam. The 
different language requirements of Quebec and the 
Atlantic provinces would require that that beam 
have more channels than the other beams. This 
could be readily accommodated in the early growth 
stages of a system, but would become a problem as 
the system reached maturity and all allocated 
channels were used. 

Figure 4 
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Table 2 

Population in Service Areas 
For Six-Beam and Four-Beam Models (1981) 

Six-Deem Model 

Beam 	 Number of People (In thousands) 
Nuadier 	Service Area 	 Rural 	Urban 	Total 

1 	Pacific (6.C./%404 	620 	2 180 	2 800 
2 	Mountain (Alta/Sask/MWT) 	990 	1 710 	1 700 
3 	Central (Sask/Man/NWT) 	340 	1 260 	1 600 
4 . Ontario 	 1 700 	7 000 	0 700 
5 	Quebec (Que/MWT) 	1 500 	5 000 	6 500 
6 	Atlantic 	 1 120 	1 100 	2 300 

	

6 270 	10 310 24 600 

Four-Dean Modal 

	

Beam 	 Mutter of People (in thousands) 
Mueber 	Service Area 	 Rural 	Urban 	Total  

	

1 	liestern (B.C./Alta/Tuk/NWT) 1 140 	3 060 	S 100 

	

2 	Central (Sask/Man/NWT) 	810 	1 190 	2 000 

	

3 	Ontario 	 1 700 	7 000 	8 700 

	

4 	Eastern  (Que/At/751T) 	2 620 	5 180 	8 800 

	

6 270 	10 330 	24 600 

Technical Models  

Several technical models of a DBS system 
for Canada were developed so that the 
implications of vaéious'parameters could be 
examined. The most fundamental trade-off is 
between satellite EIRP and DBS receiver gain-to-
noise temperature ratio (G/T). The higher the 
EIRP, the smaller and cheaper the DBS receiver 
can be. There is a practical lower limit to home 
receiver antenna size, however, imposed by 
considerations of efficient use of the 
geostationary orbit. Very small antennas, with 
wide beamwidths, would necessitate increased 
satellite spacing to avoid interference from 
satellites serving adjacent areas. The upper 
limit on antenna size is determined by 
considerations of installation cost and 
aesthetics. As a standard, for purposes of orbit 
utilization calculations, a 1 mater antenna 
diameter is used by the ITU. 

oitu  nul s.. fi sures al'  front-en
amplifiers being in the range of 3 dB, and 
including margins for manufacturing, pointing, 
and aging, a G/T of 10 is assumed. Reduction of 
the margins would permit some variation in this, 
and a 0.8 m. antenna could be expected to still 
be satisfactory. 

For . receivers with G/T ratios of 10, for 
 Canadian rai  conditions, an EIRP of 54 to 55 dBW 

is required. Therefore, 54 del edge-of-coverage 
was selected as one level of EIRP to be modelled. 

lower value of 50 dBM was also selected for 
modelling, as representing a system somewhat 
upgraded from Anik C. A 1.2 to 1.5 m antenna 
would be required to receive this signal, with 
performance equivalent to the 0.8 to 1.0 m 
antenne at the higher power level. 

It was also decided to model coverage of 
Canada with six and four beams - six beams 
because of their more ideal arradgement, and four 
because of greater economy and possible 
suitability for an initial system. 

Table 3 gives the basic parameters of 
satellite designs which could meet the 
requirements. Each satellite provides two beams; 
thus two operational satellites are required for 
four beam coverage of Canada and three 
operational satellites for six beam coverage. 
Existing bus designs iere assumed. The L-Sat 
bus, developed by the European Space Agency in a 
program which•includes significant participation 
by Canadian industry, was used for the 54 al./ 
satellites. L-Sat is capable of supporting 
sixteen channels in models for four beam coverage 
and twenty channels in models for six beam 
coverage because of the lower TWTA powers due to 
narrower beam, higher gain antennas in the six 
beam case. The RCA Astroelectronics Division bus 
was used for modelling the 50 dBW satellites. 

System Costs  

Estimates of system costs are shown in 
Table 4. Both operational and spare satellites 
are assumed to be launched. The costs were 
derived from budgetary quotations from bus 
suppliers, discussions with TWTA manufacturers, 
current experience with payload, program 
management, integration and test costs, and 
current projections of launch costs. 

Table 3 

PARAMETERS OF DIRECT OROADCASTING SATELLITES 
MODELLED FOR MEETING CANADIAN REQUIREMENTS 

4 BEAM MODEL 	6 BEAM MODEL 

E1RP (Edge of 	54 aid 	50 d81.1 	54 dBM 	50 as, 
(Coverage) 

TUT output poer 	166 11 	66 11 	126 11 	50 W 

Total Satellite 
Peer 	 7.4 kW 	2.9 kW 	7.1 kW 	2.8 kW, 

Ous Type 	 L-Sat 	RCA 	L- Set 	RCA 

Transfer Orbit 
leight 	 3145 kg 	2336 kg 	3165 kg 	2440 kg 

Launch Vehicle 	SIS  6 1115 STS A PAM A STS 6 IUS STS 6 PAM A 
or 	or 	Or 	or 

	

Arlene 4 	Ariane 4 	Arlene 4 	Ariane 4 

Beams per Satellite 	 2 	 2 

Polarization 	 Circular 	 Circular 

Channels per beam 	 8 	 10 

Channels bandwidth 	18 MHz 	 18 MHz 

Number of TWTAs 
(no. 	in 	operation) 	20 	(16) 	 24 	(20) 

Satellite design 
1 ife 	tire 	 7 	Years 	 1  years 
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Table 4 

ESTIMATED SYSTEM COSTS 
(MILLIONS Of 1982 CANADIAN DOLLARS) 

System Model 	Description 

EIRP 	Bean/ 	Channels 	Spacecraft 	Satellites 	System 

	

Orbits 	per bean 	6 Launcher 	per system 	Cost 

4 	bean 	8 	RCA- DES 	 3 	$ 301 

	

2 orbit 	 STS-P414 A 
50d130 	  

6 	beam 	10 	RCA- DOS 	S 490 

	

3 orbit 	 STS-PAM A 

4 	bean 	8 	L- Sot 	 3 	S 510 

	

2 orbit 	 Ânons 	4 
54 d019 	  

6 	bean 	10 	L-Sot 	 4 	S 656 

	

3 orbit 	 Arlene 4 

Economic Models  
The operation of a DBS system as a 

profitable venture will depend on its earning 
enough revenue to cover expenses and to provide 
an adequate return on investment. This in turn 
will depend on sufficient sales of home receivers 
to make advertiser and sut  scription supported 
channels viable, and to satisfy public 
broadcasters that the sytem is helping them to 
fulfill mandates of serving all householders in 
their service areas. 

The rural and urban market surveys were 
used for home receiver penetration forecasts. 
Figure 6 shows the penetration forecast for rural 
and remote areas. From 1984 to 1988, some 
initial penetration is assumed to take place with 
Anik C receivers, initially costing $1200. A 
higher powered DBS system is assumed to be 
launched in 1988, permitting the use of wailer 
receivers. The figure shows two penetration 
curves; the upper curve is the forecast market 
for 0.8 m. receivers for a 54 dBW system, priced 
at $600 initially and reducing to $400, and the 
lower curve is for 1.2 m. receivers for a 50 dBW 
system, with the minimum price being $500 (all 
prices in 1982 constant dollars). The difference 
between the two curves reflects sensitivity to 
the $100 price difference between the two sizes 
of receiver aniennas. By 1996, rural and remote 
household penetration is forecast to reach 1.95 
million for 0.8 m. receivers, and 1.7 million 
for 1.2 m. receivers. 

Figure 6 
HOME RECEIVER MARKET PENETRATION FORECASTS - 

RURAL AND REMOTE AREAS 
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The.forecast for penetration of the urban 1 
market is shown in Figure 7. No penetration is 
forecast with Anik C receivers (1.8 m. antennas). 
Penetration by 1996 of 0.8 m. receivers is 
forecast to reach 600,000. Larger, 1.2 m. 
receivers would appear to be fàr less desirable 

to urban residents and an eventual penetration of 
300,1.'00 is forecast. 
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The economic modelling assumed that the 
commercial operation of a OBS system would 
involve a satellite operator and OBS 
broadcasters. The satellite operator is assumed 
to procure, launch, and operate OBS satellites, 
and to earn revenue by leasing capacity to 
broadcasters. The DBS broadcasters are assumed 
to use satellite capacity leased from the 
satellite operators to distribute programming to 
consumer's and to recover costs of program 
delivery from advertising or subscription sales, 
from publicly supported programs, or from a 
combination of them. 

The total cost to the satellite operator 
includes capital costs for satellite design, 
construction, launch and insurance; and operating 
costs for satellite telemetry, tracking and 
control. The total cost to the television 
broadcaster for program delivery includes 
capital costs for satellite uplinks and operating 
costs for equipment maintenance and lease of 
satellite capacity. Tables 5 and 6 show cash 
flow requirements for satellites, launches, 
insurance, tracking stations and uplink stations 
for each of the four OBS system alternatives. 
Satellite and launch costs are those given  in 
Table 4. 

An internal rate of return method was 
used to calculate the revenue required to provide 
a return on investment to satellite operators and 
broadcasters. The calculation was based on the 
system costs shown in Tables 5 and 6 and on the 
market penetration rates shown in Figures 6 and 
7. 

A real rate of return (i.e., the rate 
of return after the effect of inflation is 
removed) of six per cent was used id estimating 
the revenue required by a commercial DBS system. 
This is slightly higher than the historic real 

rates of return in the telecommunications 

industry which range fror 'our to five 	cent. 

]1 2 4n41ceRECEWERS 

1 



Costs of Implementing a Four-Beam OBS System 

Launch date 	' 	1988 
Satellites - Operating 	2 

- Spare (In orbit) 	1 
Channels per beam 	8 
Uplinks per channel 

Capital Costs  (millions of 1982 dollars) 

1984 1985 	1986 	1987 	1988 1989 

1 

50 4814 satellites 
Launches 
Insurance 

54 deli Satellites 
Launches 
Insurance 

	

24.6 	24.6 	90.2 106.6 	45.1 
22.8 	49,4 	49.4 	22.8 

16.8 

	

27.0 	27.0 	99.0 117.0 	49.5 
44.4 	96.2 	96.2 	44.4 

23.1 

Tracking, teleeetry and control 	6.0 
Uplinks (60) 	 18.0 

Totals 
50 al/ system 
54 all system 

	

24.6 	47.4 139.6 162.0 

	

27.0 	71.4 195.2 219.2 
102.7 50.1 
135.0 63.0 

36.9 
7.6 
5.6 

40.5 
14.8 
7.7 

54 all Satellites 	20.2 
Launches 
Insurance 

20.2 	77.8 	96.0 	43.2 
34.8 	70.3 	71.0 	37.0 

15.4 

Tracking. telemetry and control 	4.0 
uplinks (32) 9.6 

5300.000 
$1.150.000 

Canada coverage 
• 

Satellite  power level 
Capital cost of 
space segment 

9.6 	Annual tost per channel 
humber of channels 

288.0 
222.0 
23.1 

4.0 

28.5 
4.6 
5.6 

30.7 
0.9 
7.7 

1 

1 

1 
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be supported only by the forecast  rural  and 
remote market the monthly cost per receiver-
owning household would range from $6.01 to $9.17 
for all channels. If the system were to be 
supported by the combined rural and urban 
markets, the monthly costs per household would 
range from $5.15 to $7.08 for all channels, or 
$0.64 to $0.71 per channel. 

Tot a l 

267.0 
114.0 
16.8 

50  4 8 4  satellites 	18.7 
Launches 
Insurance 

	

14.7 	72.1 	89.0 	40.0 

	

17.9 	15.0 	15.5 	19.0 
11.2 

Table 7 

Financial Analysis Of Alternative Ok1S System Models 
For Canadian Service (Constant 1982 do lars) 

Totals 
50 dOW system 
54 (IBA system 

Operating Costs  (Annually. 1988 onwards) 
Tracking. telemetry and control 
Uplinks 

Table 6 

Costs of Implementing a Six-Beam  DOS  System 

Launch date 	1988 
Satellites - Operating 	3 

-  Spire  (In orbit) 	1 
'Channels per tam 	10 
Uplinks per channel 	1 

Capital Costs  (millions of 1982 dollars) 

1984 	1985 	1986 	1987 	1988 1989 

Operating Costs  (Annually, 1988 onwards) 
Tracking, telemetry and control 	$450.000 
Uplinks 	 $2,160.000 

In calculation of annual channel lease 
costs, full leasing of all satellite channels was 
assumed for a period of seven and half years and 
a real rate of return of six per cent was 
allocated to the satellite operator. In the 
calculation of monthly costs per subscriber, 
costs were assumed to be the lease fees paid by 
TV broadcasters for the satellite channels plus a 
further six per cent real rate of return to the 
broadcasters. 

Table 7 summarizes the results of the 
calculations. The Table first shows the annual 
cost of leasing one channel in one beam for each 
of the systems. For national coverage, this 
annual lease cost would be multiplied by the 

Four-Beam Model 	Six-Beam Model 

50 6311 	54 c11311 	50 d8U 54  4 8W 

$402 H 	$537 M 	$508 N 5693 H 
52.444 	$3.2 H 	$1.6 M $2.2 M 

8 	8 	10 	10 

1.7 M 	1.95 11 	1.7 H 	1.95 H 

$6.01 	$7.02 	$7.75 	$9.17 

S .75 	$ 	.88 	$ .78 	$ 	.92 

2.0 N 	2.55 M 	2.0 Pi 	2.55 m 

05.15 	0 5.41 	06.63 	57.08 

$ 	.64 	$ 	.67 	S .66 	$ 	.71 

NOTE: 	Calculations of costs include a real rate of return of 6 
per cent.' 
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18.7 36.6 108.1 129.5 	79.8 38.7 411.4 
20.2 55.0 148.1 168.0 105.2 47.3 546.7 

Rural Market Only  
liome receivers by 1996 
monthly cost per receiver 
for all channels 
Monthly cost per receiver 
per channel' 

Rural 8  Urban Markets Combined  
*Home receivers by 1990 
Monthly cost per receiver 
for all channels 
Monthly cosi per receiver 
per channel' 

'Assuming all subscribers take all channels. 

Conclusions  
Total 

	

328.0 	A DBS system offering six beams would 

	

152.0 	cOst approximately 30 per cent more per home- 

	

22.4 	receiver owner than one with four beams. On the 

	

360.0 	other hand, the higher power, 54 dBW system would 

	

296.0 	cost only 5 per cent more than the 50 dBW system, 

	

30.8 	because of the greater market penetration. Under 

	

6.0 	the assumptions made, it would appear that the 54 

	

18. 0 	dBW, four beam system would provide most benefits 
because the smaller receivers used wjth it would 

	

526.4 	be lower in cost. However, it would represent a 

	

710.8 	greater financing challenge, requiring nearly 
$150  million more investment than the 50 dBW 
system. 
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TELESAT CANADA APPROVED 

PARTIAL TRANSPONDER 

LEASE RATES 

1. 	Anik-B and -D (6/4 GHz) 

Perent Utilization 

(greater of BW or 

power 

Monthly Rate Per 

Percent of Utilization ($) 

	

1-5 	 2504 

	

6-10 	 2471 

	

11-15 	 2437 

	

16-20 	 2404 

2. 	Anik C (14/12 GHz) 

Percent Utilization 	Monthly Rate Per 

Percent of Utilization ($) 

	

1-5 	 1612 

	

6-10 	 1591 

	

11-15 	 1570 

	

16-20 	 1548 

Notes: 	(1) 	Minimum charge is for 1% utilization. 

(2) Telesat decides which satellite of B or D is to be used. 

(3) B and D rates in effect September 1, 1983; C rates are 

dicatated by CRTC, but are being contested by Telesat. 

(4) C percentage is based on half transponder utilization. 
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Table H 0 1 Standard Price List 
Equatorial Micro Earth Station 

Model 
Number DascriEnn 

PRICE SCHEDULE 
Qty 	Qty 	QtY 	Qty 	Qty 
1-49 	50-149 150-299 300-499 	500+ 
($) 	($) 	($) 	($) 

C101 	Earth Station-One channel 	4790 	4700 	4470 	4200 	3860 . 
receiving earth station 
with 24 inch diameter 
antenna, asynchronous 
output up to 9.6 kbps 

C102 	Earth Station-Four channel 5430 	5180 	4850 	4600 	4270 
receiving earth station 
with 24 inch diameter 
antenna, asynchronous 
output up to 9.6 kbps 

C104 	Earth Station-One channel 	5270 	5020 	4790 	4440 	4110 
receiving earth station 
with 30 inch diameter 
antenna, asynchronous 
output up to 9.6 kbps 

C105 	Earth Station-Four channel 5760 	5430 	5180 	4850 	4510 
receiving earth station 
with 30 inch diameter 
antenna, asynchronous 
output up to 9.6 bps 

C107 	Earth Station-One channel 	5760 	5510 	5260 	4930 	4590 
receiving earth station 
with 48 inch diameter 
antenna, asynchronous 
output up to 9.6 kbps 

C108 	Earth Station-Four channel 	6240 	5910 	5660 	5330 	4990 
receiving earth station 
with 48 inch diameter 
antenna, asynchronous 
output up to 9.6 kbps 

Notes: 1. 	Prices expressed in Canadian dollars. Conversion: $1 US = 
$1.61 CON to include dollar conversion, shipping, duty and 
FST. 

2 . 	Prices rounded to nearest $10. 



PRICE SCHEDULE 

Model 
Number Description 

QtY 	Qty 
1-49 	50-149 
($) 	($)  

Qty 	Qty 	Qty 
150-299 300-499 	500+ 

($) 	($) 

1 

- 1 
1 

Table H.2 Monthly Lease Cost 
For Equatorial Terminals 

C101 	Earth Station-One channel 114.50 	112.50 	107.30 	101.30 	93.60 
receiving earth station 
with 24 inch diameter 
antenna, asynchronous 
output up to 9.6 kbps 

C102 	Earth Station-Four channel 128.90 	123.30 	115.90 	110.30 	10280  
receiving earth station 
with 24 inch diameter 
antenna, asynchronous 
output up to 9.6k bps 

C104 	Earth Station-One channel 125.30 	119.70 	114.50 	106.70 	99.20 
receiving earth station 
with 30 inch diameter 
antenna, asynchronous 
output up to 9 0 6k bps 

C105 	Earth Station-Four channel 136.40 	128.90 	123.30 	115.90 	108.20 
receiving earth station 
with 30 inch diameter 
antenna, asynchronous 
output up to 9.6 bps 

C107 	Earth Station-One channel 136.40 	130.70 	125.10 	117.70 	110.00 
receiving earth station 
with 48 inch diameter 
antenna, asynchronous 
output up to 9 0 6k bps 

C108 	'Earth Station-Four channel 147.20 	139.70 	134.10 	126.70 	119.00 
receiving earth station 
with 48 inch diameter 
antenna, asynchronous 
output up to 9 0 6k bps 

Notes: 	1. 	Prices expressed in Canadian dollars. Amortization assumed 
over 5 years; interest rate fa 12.5%. 

2. 	Mothly cost based on a total terminal cost which includes 
$300 for installation. 
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1 Canada 

Expected Monthly Fee** 	Minimum 

of Earth Stations ($) 

Data Rate* 

(char/sec. 

1 

1 
1 
1 

1 
1 

• 
Table H 0 3 Illustrative Costs for Satellite-Based DDS in 

1 0 	Recurrinellite and Network Fees: 

The expected monthly figures were derived from Equatorial's prices, plus 

60% to convert into Canadian dollars. 

	

30 	6440 	100 

	

40 	8855 	150 

	

60 	11270 	200 

	

75 	13685 	250 

	

90 	16100 	300 

	

105 	18515 	350 

	

120 	20930 	400 

	

135 	22943 	450 

	

150 	24955 	500 

	

180 	28175 	500 

	

210 	31395 	500 

	

240 	34615 	500 

	

270 	37835 	500 

	

300 	40250 	500 

	

330 	43470 	500 

	

360 	46690 	500 

	

390 	49910 	500 

	

420 	53130 	500 

	

450 	56350 	500 

*. Rates are for priority transmission. 

** Fees do not include backhaul to uplink station. For each earth 

station connected above the minimum figure, the monthly fee is 

increased by $13.00. 
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