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AN INITIAL ESTIMATE 
OF REQUIREMENTS FOR 

A DOMESTIC TRUNK COMMUNICATIONS SATELLITE SYSTEM. 
IN THE 1980's 

Abstract  

An initial:estimate of the requirements for a Canadian domestic trunk 

communication satellite system for the 1980's is required as an indication of • 

what systems to consider more closely.. In making this initial -esttmate it 

waS assimed that the satellite would satisfy the thin-route trtink ..requirementS 

in the Canadian north,-diStribution of television programs to..regional  centres . 

 and to northern coMmunities, and one-third of thé beavy-route'trunk  

requirement§ over a,thousand miles in Southern Canada. Based on these 

assumptions it is likely that the 'satellite Will havetWénty4our 36 .  MHZ wf .dé 
- 

channels at 4/6 GHz or'12/14 GHz, or both, that there will'bè ffourteen Earth 

Stations to transmit.télevision, and that foùr to six of thé§eWill'àlsO 

handle heavy-route, telephony traffic. 
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INTRODUCTION .  

es.....erczn,rele.-...--e..-ee-tet,--um-nrc..p,r,e+eysram.vma:•rrasurere.ecerabvazezr.-wn. 

The need  for an initial estimate of communiCations, Satellite 

system requirements in the 1980's, upon which to base more detailed 

studies, is çliscussed. The assumptions on which,the initial eStimate 

is made and the method used to make the estimate are descriiped. 

The overall objective of the.DLPCN Study is to determine the most . 

economic trunk communication network for Canada in the 1980's. This is being 

•accomplished.by  determining the traffic requirements  for the  network, 

determining the capabilities and costs of various satellite and terrestrial 

trunk systems  that may•be used, and then synthesizing a minimum cost networ k. 

 to meet the stated reqUirements. Computerized network optimization algorithms 

have been developed td. aid in that synthesis.• 

An initial estimate of the probable satellite syStem'for the 1980's 

is required, so that the more powerful network synthesis methods can be 	' • 

concentrated in the correct area. This estimate has been . made, based on: 	. 

'available estiMates of- telephone and television traffic  in the 1980.".s and,. 

on the following two . assumptions about the network: 

. 	i) three'parallel paths will be required between Major nodeS,. for 	• 
network:protection purposes; . 

ii)  the satellite system will prove tobe an economic substitute for 
terrestrial systems for path.lengths over a thoùsand miles. 

No attempt has been made in making this initial estimate to consider in 

detail the relative costs of satellite and terrestrial systems,  •the topology 

of the terrestrial network, or the most cost-effective routing of traffic 

through the networL The resulting satellite-system scenario is capable 
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of handling the thin-route network requirements in the ArctiC, one-third of 

the heaVy-route telephone traffic over a thousand miles, and ai]  primary 

distribution of televlsion programs. Thus the 'initial estimate is yerY ,  

dependant on the accJeacy of the traffic estimates. 	 - 

Keeferf.s . estirriate of interprovincial telephone circuit reqü'ireménts 

in 1973, 1980, 1985, and 1990 [1] is used extensively. Estimates:4' 

Nepburn42] and by Bell-Northern Research [3] are alsO used,. Confidence in  H. 

thetraffic estimates begins to decrease beyond 1980, and becomes very . 

tenuous by 1990, since it must be based on traffic and population groWth 

• information in 1972 or before. 	 , 	. 

- Estimate's of total long-haul voice circuit requirements in the 1973 to 

1990. time-frame are reviewed in Sectionl2of this report. 'These requirements 

are translated to ..,trunk satellite system requirements in Section 3 9  based on 

the"assumptions discussed above. Possible satellite systemS to meet these 

requirements are discussed in Section 4. 
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INTERPROVINCIAL VOICE CIRCUIT REQUIREMENT FORECASTS 

,-4-ezzenatwz-z.vr, ms:munnizugwinr, 

The total interprovincial. voice ,circuit requirement forecasts, 

as determined by Keefer, are listed in this seCtioi-J ilso listed, 

for comparison purposes, are the 1980 forecast provided.by  Hepburn r21 

and the 1977, ferepast provided by Bell-Northern  Research [3]. 

As stated in the introduction, Keefer [1] has uSed-avallable information 

on interprovincial traffic, interprovincial installed cirduit:capacity, and . 

provincial population trends in the late 1960's and early 1970's to forM 

estimates of the interprbvincial circuit requirements in 1973,1980, 1985 and 

190. 	One set of estimates waS done on the assuMption that à linear extra- 

polation 'could be uSed; and a second set of estimates was done to meet an 

exponential extrapolation. 	These estimates are shown in Tables 2.1 to 2.8.. 

One  may assume that theestimates based on exponential growth curves  'are an 

upper hound on the actual tràffic, and those based on linear'growth . curves are 

a lower bound. As may,be expected, these bounds are -widelY,separàteefor 

1985 and 1990.: 

The three Maritime Provinces, Nova Scotia, New Brunswick and Prince 

Edward Island are censidered as a single entity in the tables; and denoted by 

the symbol "Mar.". This is done,because of the low traffic requirements of the' 

individual provinces and because of their geographiCal proximity. NewfoUndland 

is considered separatelY because irts traffic reaches centrai -Canada along a 

different route, along the north shore of the St. Lawrence from Riviere du Loup. 



TABLE 2.1. 

Estimate e1973 Total Interprovincial Voice Circuit Requirements 

Based on Linear Extrapolation 

FROM 	 TO 

	

B.C. 	Alta. 	Sask. 	Man. 	Ont. 	P.Q. 	Mar. 

Alta. 	267 	- 

Sask. 	74 	117 	- 

Man. 	64 	72 	66 	- 

Ont. 	390 	367 	162 	445 	- 

P.O. 	192 	167 	73 	163 	3808 

Mar, 	35 	30 	16 	26 	489 	558 	- 

Nfld. 	11 	9 	5 	7 	97 	146 	38 
_ 

TABLE 2.2. 
Estimate of 1973 Total Interprovincial Voice Circuit .Requirements 

. 	' Based on Exponential Extrapolation • 

FROM 	 TO 

	

B.C. 	Alta. 	Sask. 	Man. 	Ont., 	P.Q. 	Mar. 

Alta. 	256 	._ 

Sask. 	74 	111 	- 

Man. 	65 	72 	63 	- 

Ont. 	418 	399 	165 	459 	- 
P.Q. 	194 	171 	73 	159 	3396 	- 

Mar. 	38 	33 	17 	28 	491 	526 
Nfld. 	12 	10 	5 	8 	106 	159 	37 



TABLE 2.3.. 
• 

fstimate of1980  Total  • Interprovincial Voice Circuit. Requirements 

Based oh Linear Extrapolation  

FROM 	 TO 

B.C. 	'.Alta. 	Sask. 	Man. 	Ont. 	. P.Q. 	. 	Mar. 

Alta. 	487 	- 

Sask. 	134 	.  

Man. 	- 	111 	' 	118 	103 	 - 

Ont. • 	716 - 	665 	279 	766 	- 

P.Q. 	337 	292 . 	122 	258 	- 	5683 - 	- 

Mar. 	63 	51 	 28 	 41 	H819 	: 	877 	- 

Nfld. 	21 	16 	 8 	 12 	174 	257 	60 

• • _ 	_ 	_ 

TABLE 2.4. 

Estimate Of  1980 Total  InterproVincial Voice Circuit»Requirements 

,-Based on Exponential Extrapolation • 

, 
FROM 	 TO 

-- 

	

B.C. 	Idta. 	Sask. 	Man. 	Ont.. 	P.Q. 	I 	Mar.. 

Alta. 	815 

Sask. 	275 	306 	 - 

Man. 	259 	235 	165 	- 

Ont. 	227 	2241 	660 	1969 	- 

P.Q. 	818 	730 	278 	 492 	6979 

Mal". 	199 	151 	 78 	 107 	1775 	1360 

Nfld. 	70 	1 • 52 	 26 	 35 	556 	834 	105 

5 
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TABLE 2.5. 

Estimate  of. 1985'  Total Interprovincial Voice Circuit Requiremp.nts- 
Based on Linear Extrapolation 

FROM 	 TO 

	

B.C. 	Alta. 	Sask. 	Man. 	j 	Ont. 	P.Q. 	Mar. 
,....._ 

Alta. 	679 
Sask, 	180 	255 	- 

Man. 	145 	148 	126 	- 

Ont. 	958 	875 	359 	986 	- 
P.Q. 	443 	376 	152 	318 	6989 	- 

Mar. 	81 	62 	33 	48 	1044 	1090 	- 

Nfld. 	28 	21 	10 	14 	227 	333 	73 

TABLE 2.6. 

Estimate of .1.986Jotal Interprovincial Voice Circuit Requirements 

Based on Exponential Extrapolation 

FROM 	 TO 

	

B.C. 	Alt 	. 	Sask. 	Man. 	Ont. 	P.Q. 	Mar. 

Alta. 	1882 
Sask. 	694 	622 	- 

Man. 	695 	545 	323 	- 

Ont. 	7417 	7836 	1767 	5674 	- 

P.O. 	2369 	2060 	724 	1128 	11774 
Mar. 	638 	446 	218 	276 	4488 	2680 	. 
Nfld. 	241 	167 	81 	100 	1868 	2807 	221 



TABLE 2.7. 

Estimate of  1990 Total  Interprovincjal-Voiçe Circuit_Requirements 

• : 	Based on Linear Extrapolation 	- 	• 

FROM 	 TO 

	

B.C. 	Alta. 	Sask. 	Man. 	Ont. 	P. Q. 	Mar. 

Alta. 	904 	- 
Sask. 	228 	312 	- 

Man. 	180 	176 	146 	- 

Ont. 	1210 	1084 	437 	1200 	.. 

P.Q. 	550 	457 	179 	374 	8274 	- 

Mar. 	99 	72 	37 	52 	1262 	1291 

Nfld. 	35 	25 	12 	17 	280 	407 	86 
...._ — 

TABLE 2.8. 

Estimate of'1990 Total Interprovincial Voice ClycultReqùirementS 

- Based on Exponential  Extrapolation  

.... 

FROM 	 TO 

	

B.C. 	Alta ..' 	Sask. 	Man. 	Ont 	- 	P.Q..- 	Mar. 

Alta. 	4345 	7 

Sask. 	1745 	1249 	- 

Man. 	1869 	1260 	626 

Ont. 	24800 	27742 	4720 	16547 	- 

P.Q. 	7060 	- 	5811 	1888 	2628 	19999 	- 

Mar. 	-2044 	1308 	597 	710 	11428: 	5281 	- 

Nfld. 	835 	531 	241 	' 	284 . 	6388 	12827 	462 
____ 	...... 
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Two other Terecasts of interprovincial voice circuit'eequirements 

during the late 1970's and early 1980's are available. One, obtained by 

Hepburn in 1972 from Canadian common carriers, predicts the switched and 

total voice circuit requirements for 1973 and 1980. The total interprovincial 

requirements in 1980 are shown in Table 2.9: The second forecast  i  that 

provided by Bell-Northern Research for a satellite study for D.O.C. This is 

an estimate of the - interprovincial telephone'requirements over one thousand 

miles long in 1977,. and  is based on information available in 1967. The'ÉNR 

estimate, shown in Table 2.10, does not include requiremeht for computer 

Services, data transmission, or facsimile services. 	• 

The available forecasts are compared in Fig. 2.1. In this graph no 

geographical breakdown of the total voice circUit reOuirementS is given; Y 

rather, the total interprovincial requirements are shown froM 1966 te 1990; 

Unfortunately the forecasts of Keefer and Hepburn cannot be compared with 

that of BNR, because the latter consider only circuit requirements a thousand 

miles long or longer. 

The two Keefer:forecasts are very similar from 1966'until about 1975. 

Beyond 1975 theY separaterapidlY until by 1990 the total réquireménts of 

the exponential forecast is over . eight times.that of the'linear forecast. 

The exponential fOrecast curve is not a.straight line  in  the figure because .  

the available data Indicated different growth rates between different node 	. 

pairs, so the highér . growth trunks would predominate moré aStime progressed; 

causing an increase . in the average growth rate. The exponential foretast is 

considered to be:an upper bound on the requirements in the:1980%, and the. 

linear forecast a lower bound. The grewth rates in different tiMe-frames 

• are shown in the figure for each forecast. 	 • 



Man. 

Ont. 

P.Q. 

Nfld. 

1944 

605 

510 

1563 

547 

0 

1749 

603 

14 

0,. 

FROM; 

Alta. 

TO 

Man. 1 Q -t 	P Q 	Mar. 

Alta. 

Sask. 	740 

Man. 	270 

'Ont. 	800 	' 475 

P.O.' 	700 	240 

Mar. 	20 	- 0 

Nfld. 	' 	0 

1225 

440 

20 

0 

410 

'  85' 550 

TABLE 2.9 ,  

jlepburnIs Estimate of . 

Total 1980 - Interprovincial Voice Circuit Requirements 

Estimate by Bell7Northern  Research of : 

1977 Interprovincial Switched:and Leasedloice,Line 

- 	Requirements over 1000 miles 	' 

.13ased onl"raffic Data Available in 1957, : 
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The total requirements of the Hepburn forecast are .greater than those 

predicted by Keefer for both 1973 and 1980 .  However,.the ieographical 

distribution of these requirements are considerably different. If only 

traffic between nodeS-one thousand miles apart or more is'cOnsidered ;  the 

Hepburn forecast, is between the two Keefer forecasts, as will be shown in the 

next section. 

A traffic forecast between the linear and the exbonential forecasts 

is needed, on the assdmption that the latter is an upper bound and the former 

a lower bound on the actual traffic. Twà possibilities are to take the 

arithmetic mean or - the geometric mean of each end-to-end requirement in each 

time-frame. A thir d .  possible technique is to assume that the increase in 

traffic requirements will continue to be at about 15% periyear,  the rate of 

increase indicated by . the Keefer foyecasts in the 1. 966 to 1977 timeHframe ' 

(see Figure 2,1.). Based on a 15.1% growth rate assumption, the total 	' 

- requirements would be 20,260 voice - circuits by 1980, 41,02 0 circuits by 

1985, and 83,062 circuits by 1990. These requirements are -85.1%, 68.7% and 

50.3% respectivelY of the estimates of the exponential Ibrecast. A set of 

end-to-end circuit  requirement estimates can be obtained'from the éStiffiateS 

of the exponential forecast by multiplying each entry of Table 2.4 by .851, 

each entry of Table 2,6 by .687 and each entry of Table 2.8 by .503. The 

resulting estimates; shown in Tables. 2.11, 2.12, and 2.13, are called the 

modified exponential estimate. They are based on the same geographic 

distribution of traffic growth as the exponential forecast, and on an overall 

15.1% annual growth rate from 1966 to 1990. 



L000,000- 
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7.0 % 	
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"KEEPER LINEAR 

15.1 04.4, 	 ''`BNR FOR CIRCUITS OVER 1000 MILES 
16.0%  

HEPBURN \ 

13.2 °A, 

20.2 % 
15.1 % 

-MODIFIED *KEEFER 
EXPONENTIAL 

22.5  % 

KEEFER EXPONENTIAL 

1,000 	l • j 	[ 	1 	1---177-1 • 1 	1 	C. 1 	F771 
1966 68 ..70 72 74 76 78 80  82 84 86 88 .90  9 94  

YEAR 

FIG. 2.1 	• 
-Forecasts of Total Interprovindie 

Voice Circuit.Requiremnts 
In The 1970's'And 1980s. . . 

1 1 



TABLE 2.11 

. 	*Modified 1980 Exponential Estimate 

of ' 

Interprovincial Voice Circuit Requirements 

FROM 	 TO 
------- 

	

B.C. 	Alta. 	Sask. 	Man. 	Ont., 	P. Q. 	Mar. 

Alta.. 	694 	- 

Sask. 	234 	•60 

Man. 	220 	:200 	140 	- 

Ont. 	1895 	1907 	562 	1676 	- 

P. Q. 	696 	621 	237 	419 	5939 	- 

Mar. 	169 	.129 	 66 	 91 	1511 	1157 	- 

Nfld. 	60 	:44 	 22 	 30 	473 	710 	89 

TABLE 2.12 

Modified 1985 Exponential Estimate 

of 

Interprovincial.  Voice Circuit Requirements 

FROM 	 TO 

	

B.C. 	Alta. 	Sask. 	Man. 	Ont. 	P.O. 	Mar. 

Alta. 	1292 	- 

Sask. 	477 	427 	- 

Man. 	477 	374 	222 	- 

Ont. 	5095 	5383 	1214 	3898 	- 

P.Q. 	1628 	1415 	497 	775 	8089 	- 
Mar. 	438 	306 	150 	190 	3083 	1841 	- 

Nfld. 	166 	115 	 56 	 69 	1283 	1928 	152 
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TABLE 2.13. 

Modified 1990 Exponential Estimate Of , :  

InterproVincial Voice Circuit Requirements . 

FROM 	 TO  

	

B.C. 	• 	Alta. 	Sask. 	Man. 	Oht• 	P.O. 	Mar. 

Alta. 	2186 	- 

Sask. . 	878 	, 628 	- 

Man. 	940 	634 	315 

Ont. 	12474 	13954 	2374 	8323 	- 

P.Q. 	3551 	2923 	950 	1322 	10060 	- 

Mar. . 	1028 	558 	300 	357 	5748 	2656 	- 

Nfld. 	420 	267 	121 	143 	3213 . 	'6452 	232 
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3. 	FORECAST OF POSSIBLE SATELLETE VOICE CIRCUIT REQUIREMENTS 

L.  

The -total voice circuit requirements'described in the pràvious 

. section are used to estimate the voice'circuit requireMents through a 

satellite: 'This is done by assuming that one third of all traffic 

over a thousand. miles will go  via the satellite, and that all traffic 

less than à thousand miles will go terrestrially.  The  resulting . 

estimates of vOice circuit requirements on the satellite vary from 

800 full duplex circuits in 1980, based on linear prediction, to 

16,900 full duplex circuits in 1990, based bn exponential prediction. 

Afflerail?1,0101MIUMNIFfflg,  11.311111111111511MIIMINV 

The above  traffic forecasts  are  to be 'used as ihrius in optimizing the , 

overall satellite-terrestrial network in the 1980's. That optimization will 

also consider video traffic requirements, available terrestrial trunk capacity, 

and the costs of new - terrestrial and satellite systems. The present estimate 	• 

of satellite voice traffic in the 1980's does not consider any of these factors; ' 

rather, it.simply makes the following assumptions about the.traffic flow:- 

i) One thireof all traffic going more than  one  thousand miles will 
 go via the satellite; 

ii) No traffiCAoing less than one thousand miles will . go via the 

The first assumption is- based on a fùrther assumption that by 1980, if the 

satellite plays arOmpôrtant role in long-haul trunk transmission, the Canadian 

netwôrk will have three paths between any two major centrés, and so not more 

than one third of the•traffic.will go on a single link to maximize network , 

reliability. (In 1973there are two paths joining mOst  major  Centres, and '• 

three paths joining some centres if the Anik satellite is included.) 
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The second aSsumption is. based On a rather small "prove-in distancetY 

for satellite transmission. Our network optimiatien algorithms are not based 

on this "prove-in distance" of course. However, this  simple  approach can bé 

used to obtain'some idea of how much traffic may go on the satellite. 'What 

the rather arbitrary 1,000 mile cut-off does is remove from'oonsideration 

traffic between the following pairs of provinces: 

i) Ontario and Quebec 

ii) Ontario and the Maritimes 

iii) Quebec and the Maritimes 

iv) British Columbia and Alberta 

v) British Columbia and Saskatchewan 

vi) Alberta and Saskatchewan 

vii) Alberta and Manitoba 

viii) Manitoba and Saskatchewan 

ix) Newfoundland and the Maritimes. 

The only traffic from the above pairs'of nodes that might be considered is 

that between the Maritimes and Ontario. (The posS,ibility. of ,carrying COTC 

traffic between Halifax and Toronto through the Anik.system is being 

considered.) Thus the traffic estimates that resultfrom'using the above 
' 

two assumptions will very likely be high, but they cannot i be - called upper 

bounds because there may be satellite traffic between excluded node pairs. 
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3.1 	1973 SATELLITE CIRCUIT REQUIREMENT FORECAST 	' 

The estimated satellite voice circuit requirement in 1973 is 

800 full-duplex voice circuits from western Canada to Ontario. 

1111111k. 	 0 

The satellite requirements are determined by first excluding all end- • 

tà-end requirements less than a thousand miles in length, dividing the 

remaining requirements in Tables 2.1 and 2.2 by three, and finally . by rounding 

the quotients to the nearest hundred channels. This rounding was done because 

the accuracy of the forecasts are not likely better than the nearest hundred 

voice circuits, and  because smaller requirements wOuld not likely be sent 

through a trunk satellite system. 

Based On both the exponential and the iinear forecasts, the satellite 

requirements in 1973 are 800 voice circuits, as shoWn in Table 3.1 and 

Figure 3.1. The numbers on the links of the figure are number of hlindreds of 

satellite voice  circuits  over that link, and the numbers  on the  nodes are the 

total number of satellite full-duplex circuits terminating at-that node. 



FROM • TO 

B.C. Alta , 	Sask. 	Man: • .Mar. 

Alta. 

Sas k. 

 Man. 

Ont. 	1.  

P.O. 	1 

Mar. 	0 

111f1d. 	0 

1 

1 
O 

O  

1 

1,7/  
• 

Table 3.1 
• 

Estimate of. 1973 Satellite Voice Circuit . RequireMents 

:in'Hundreds Of Voice Circuits 

Figure 3.1 

Estimated 1973 End-to-End Voice  Circuit  Requirements 

. 0ver a Trunk Satellite 	• 

17 
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3.2 	1980 SATELLITE CIRCUIT REQUIREMENT FORECAST 

The estimated number of satellite-voice  circuits  required in 

1980 varies  from 1,300 to 3,900, the lower eStimate being based on 

linear extrapolation and the higher estiffiate'on exponential. extra-  

polation. 

The satellite requirements in 1980 Were estimated  in the saine  way as 

were the 1973 reqUirements. For 1980 four forecasts are available rather 

than two. As well,. the 1977 BNR forecast is included to compare requirements' 

on individual satellite links as well as thé overall traffic. The 15% growtft 

rate per  year "assumed by BNR , can be used to extraPolate their estimate fromH 

1977 to 1980. 

Based on the linear-extrapolation, the satellite requirement 

increased from 800 tà.1,300 voice circuits between 1973 and 1980, as shown in ' 

Table 3.2 and Fig. 3.2. Only one new link is introdUced, à 100 voice circuit " 

link between Ontario and Newfoundland. The remening inérease is due to an 

increase in traffid between Ontario and Western Canada: " 

If one assumes  that the growth between each set of nodes is exponential 

from 1973 to 1980, then the number of satellite.vOice circuits will.increase 

from 800 to 3,900.as shown  in  Table 3.3 and Fig. 3.3. Several new satellite 

links are introduced, and all existing links have been increased .  substantially. 

The largest increaseS are again between Ontario and the western provinces. 	. 

This is"the first:estimate in which there fs significant leng-haul.:traffic 

• to the maritimes; 



Alta. 	- 

Sask.' 	- 

Man. • 	Ô 

Ont. 	2 

P.Q. 	1 

Mar. 	0 

- 0 

FROM 	 • 	 TO 

Man. 	Ont. 	:P.O. 	Mar. 
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Table 3.2 

Estimated 1980 Satellite Voice Circuit Requirements 

in Hundreds of Voice Circuits 

Based on Linear Extrapolation 

. 	Figure 3.2 

Estimated 1980 End-to-End Voice Cirepit RequireMents 

Over  a Trunk Satellite. 

• Based on Linear  Extrapolation  - 
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Table 3.3 

rstimated 1980 Satellite  Vol ce  Circuit Requirements 

, in Hundreds of Voice Circuits 

•- Based • on  Exponential ExtrapOltion 

FROM 	 TO 

B.C. 	Alta. 	Sask. 	Man. 	Ont. 	P.Q. 	Mar. 

Alta. 	- 	- 	 • • 
Sask. 	- 	 - 

Man. 	1 	_ 	 _ 	 _ 

Ont. 	7 	7 	 2 	 7 	_ 

P.Q. 	3 	2 	 1 	 2 	- 	- 	- 

Mar. 	1 	 1 	 0 	 0 	_ 	_ 	_ 

Nfld. 	 0 	 0 	 0 	2 	3 	- 

, 	. 	, 

Figure 3.3 

Estimated .1980 End-to-End Voice Circuit RequireméntS 

' Over a Trunk Satellite 

Based on Exponential Extrapolation 
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. 	_ 
Hepburn's forecast for 1980 suggests that there will.be  2,900  vo ce  

circuits routed through the satellite, as .shown in Table 3.4 and Figure 3.4, 

Again, the major traffic is from B.C.  Alberta, and Manitoba te Ontario. It • 
„ 	. 

may be noted here that.  the  total end-to-end veice circuit YequirementS in the 

1980 . Hepburn forecaSt.is 26,429 circuits, larger than either of-Keefer's . 

 forecasted requirements, but that the requirements for circuits  over a 

thousand miles fall .between those of Keefer's two forecsts -:' 

• 	 Based on the - Same premise that one'third of all traffic over a 

thousand miles will go'by satellite, the BNR traffic estiMates indicate'that. 

.1900 voice circuitsrwill be routed via satellite in 1977. These reqUirements 

are shown in detail .  in Table 3.5 and Fig. 3.5. If one then uses the BNR 

assumptien of 15% -annual growth in traffic, very close to the 15.j Useil to 

determine the modified exponential estimate incidently, then about 2,900 

voice circuits woùld be routed through the satellite in 1980. 

The final estimate of 1980 satellite voice circuit- requirements is 

based on the previoys ..estimates, as discuSsed in Section 2: It is the 

modified exponenttal:estimate, Shown in Table 2.11. Based on this estimate 

3) 200 satellite voice circuits are required in 1980 9  as shown.in  Table 3.6 

and Fig. 3.6. 

Thus we have five estimates of satellite voice  circuit  requirements in 

1980 from three sources. The highest estimate is 3,900 vpide circuits, the. 

lowest is 1,300 voice circùits, and three estimates are in.the range .2,700 

to 3,200 circuits.; •  In  all cases most of the traffic is frem_the  western 

provinces to Ontarie,' , with a smaller amount to Quebec.. 
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• Table  3.4. 

Estimated 1980 Satellite Voice Circuit Requirements 

in Hundreds of Voice Circuits 	• 

Based  on  Hepburn's Total Requirements Forecast 

FROM 	 TO 

B.C. 	Alta. 	Sak. 	Man. 	Ont. 	P. Q. 	Mar. 

Alta. 	- 

Sask. 	- 	 - 

Man. 	2 	 - 	 - 

Ont. 	5 	 4 	 2 	• 	6 	 - 

P.O. 	2 	 1 	 1 	 2 	 - 	 - 

Mar. 	0 	 0 	 0 	 0 	 _ 	 _ 

Nfld. 	0 	 0 	 0 	 0 	O 	2 	 - 

. Figure 3.4 • 

Estimated 1980 End-to-End Voice Circuit Requirements 

Over a Trunk Satellite' 

Based.  on  Hepb.urn's Total Requirements Estimate 
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TO 

Alta. 	Sask. 	Man. 	Ont. 	P.Q. . 	Mar. 
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Table 3.5 

Estimatbd . 1977 Satellite Voice Circuit Requirements 

• in Hundreds of_Voice Circuits 

.Based .  on 1977 Estimate by B.N.R. 

Figure 3.5. 

Estiffiatéd 1977 End-to-End Voice Circuit Requirements 

Over a Trunk Satellite 	 ,• 

• Rased on B.N.R.. Requireffiénts Forecast 



TABLE 3.6 

Estimate of 1980 Satellite Voice Circuit Requirements 

In Hundreds Of Voice Circuits 	H. 

Based on Modified Exponential Extrapolation 

FROM 	 TO 

B.C. 	Alta. 	Sask. 	Man.. 	Ont. 	P.Q. 	Mar. 

Alta. 	- 	- 

Sask. 	- 	- 	 - 

	

. 	‘ Man. 	 - 

Ont. 	6 	6 	 2 	6 	- 

P.Q. 	2 	2 	 1 	 1 	 _ 	_ 

Mar. 	1 	 0 	 0 	0 	_ 	_ 	_ 

Nfld. 	(3 	0 	 0 	0 	2 	2 , 

FIG. 3.6 

Estimated 1980 End-to-End Voice Circuit Requirements 

Over a Trunk  Satellite 

Based oh the Modified Exponential  Extrapolation 

24 
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3.3 	1985 SATELLITE CIRCUIT REQUIREMENT FORECAST 

25 

It is-expedted that by 1985 the voice circuit requireMents 

through the*satellite will be between  1,600 and 12;000 full duplex  

circuits. As in the 1980 forecast, the loWer estimate is - bàsed, On the 

linear extrapolation, and the higher is based on therexponential 

extrapolation. •The màdified exponential estimàte is  8,300 circuits 

through the satellite'. 

As stated in Section 2, the only estimates of end-to-end inter-

provincial voice circuit requirements beyond 1980 are those provided by 

Keefer. These estimates, one based on linear extrapolation and the other on 

exponential extrapolation, use available traffic statistics from the late 

1960's to 1972. As a result, the extrapolation thirteen years into the 

future is rather inexact; the large differences in the predictions obtained 

with the two extrapolation techniques are an indication of this inaccuracy. 

It is likely that the actual circuit requirements in 1985 will be between these 

two estimates, somewhere near the modified exponential estimate. 

The lower estimate, based on linear extrapolation, is shown in Table 3.7 

and Figure 3.7. The total satellite system requirement is 1,600 voice circuits, 

an increase of only 300 voice circuits in the period 1980 to 19$5. The 

increase is due to more traffic between Ontario and western Canada, and a new 

satellite link between Saskatchewan and Quebec. 

The 1985 satellite requirements based on the exponential forecast are 

much larger, 12,000 full duplex voice circuits. Requirement details are shown 

in Table 3.8 and Figure 3.8. In Fig. 3.8 there is traffic over all links over 

a thousand miles except-between Newfoundland and the prairie provinces. 
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. 	TABLE 3.7 

Estimate. of 1985 Satellite Voice Circuit Requirements 

- in Hundreds of Voice Circuits 

• 	'.• Based on Linear Extrapolation 

FROM 	 TO 

B.C. 	Alta. 	Sask. 	Man. 	Ont. 	P.Q. 	Mar. 

Alta. 	- 	 - 

Sask. 	 _ 

Man. 	0 	 - 	 - 

Ont. 	3 	 3 	 1 	 ' 	3 	 _ 

P.Q. 	1 	 1 	 1 	 1 	 - 	 - 

Mar. 	0 	 0 	 0 	 0 	 .. 	 ... 	 _ 

Nfld. 	0 	 0 	 0 	 0 	 1 	 1  

Fig. 3.7 

Estimated 1985 End-to-End Voice Circuit ReqUirements 

Over a Trunk Satellite 

Based on Linear Extrapolation 
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TABLE 3.8 

Estimate of 1985 Satellite Voice Circuit Requirements 

in Hundreds of Voice Circuits 

Based on Exponential Extrapolation 

FROM 	 TO 

B.C. 	.Alta. 	Sas k. 	Mari. 	Ont. 	1: 	Mar. 

Alta. 	- 	- 

Sask. 	 - 

Man. 	2 	 - 	- 

Ont. 	25 	-26 	6 	19 	- 

P.Q. 	8 	7 	2 	4 

Mar. 	2 	1 	1 	1 	- 	 _ 

Nfld. 	1 . 	 0 	 0 	6 

Fig. 3.8 

Estimated 1985 End-to-End Voice Circuit RequireMents 
Over A Trunk Satellite 

Based on Exponential Extrapolation 
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This satellite traffic estimate is consistent with others shown above ,in that 

a high percentage of the traffic is between Ontario and Western Canada. 

Circuit requirements through the satellite based on the modified 

exponential estimate are significantly smaller but still quite large, 8,300 

full duplex voice circuits. Details of this requirement are shown in Table 

3.9 and Figure 3.9. The relative traffic magnitudes in Figure 3.9 are very 

similar to those in Figure 3.8, because of the way in which Table 2.12• was 

determined from Table 2.6. The only difference in the topologies of 

Figures 3.8 and 3.9 is that in 3.9 there is no link between B.C. and 

Newfoundl  and.  

In summary, the different estimates of traffic through the satellite 

in 1985 vary widely, from 1,600 to 12,000 voice circuits, because of th,e , 	 , 

difficulty in extrapolating traffic requirements thirteen years into the 

future based on a limited amount of data. If a third of all long-distance 

traffic is carried on the satellite,.it is likely that the satellite will 

carry about 8,000 voice circuits. 



FROM TO 

18 
5 
.1: 

4 
2 
1 
O  

13 
3 
1 
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TABLE 3.9 

Estimate of 1985 Satellite Voice Circuit Requirements 

in Hundreds of Voice Circuits 

Based on Modified Exponential Extrapolation 

B.C. Ma r.  

Alta. 

Sask. 

Man. 2 

Ont: 	17 
P.O. 	5 
Mar.. 	1 

Nfld. 	0 

Al ta. Sask. Man. Ont. P.Q. 

FIG. 3.9 
Estimated 1985 End-to-End Voice Circuit Requirements 

Over a Trunk Satellite 	. 

Based on' the Modified Exponential Extrapolation 
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3.4 	1990 SATELLITE CIRCUIT REQUIREMENT FORECAST 

The linear and exponential forecasts to 199. 0''give very 

different forecasts of satellite capacity requirements: 2,200  and 

 39,600 full duplex voice circuits respectively. These may be 

considered as a lower and an upper bound on the aCtual requirements 

in 1990. A more likely requirement is abeut 26,000  circuits, the 

total requirement of the modified exponential forecaSt. 

As for the 1985 period, the only forecasts available for voice 

circuit requirements in 1990 are those provided by Keefer. These are based 

on voice traffic before 1973, almost twenty years before the forecast date. 

As a result, the confidence in the estimates or in estimates of satellite 

requirements obtained from them is quite low, as shown by the large difference 

in the forecasts obtained by the two extrapolation techniques. 

Based on the linear extrapolation the satellite requirements in 1990 

are 2,200 voice circuits, an increase of 600 voice circuits over the 1985 

requirement. The requirements are shown in detail in Table 3.10 and Fig. 3.10. 

Many possible links are still not included in Fig. 3.10; the only new link in 

Fig. 3.10 and not in Fig. 3.7 is the B.C. to Manitoba link carrying 100 

circuits. As in other forecasts discussed above, most of the satellite 

traffic is from B.C., Alberta, and Manitoba to Ontario. 

Satellite requirements in 1990 based on the exponential forecast 

are quite large, a total of 39,600 voice circuits. Requirements from B.C. 

and Alberta to Ontario alone are 17,500 voice circuits , '. more than the total 

satellite requirement in 1985. The requirements are shown  in détail  on 

Table 3.11 and Fig. 3.11. 



31 

Satellite requirements in 1990 based on the modified exponential 

forecast are about half that based on the exponential forecast, 19,900 voice 

circuits. Requirement details are shown in Table 3.12 and Fig. 3.12. In 

Fig. 3.12 all satellite node pairs over a thousand miles apart require links 

except between Newfoundland and two praire provinces. 
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TABLE 3.10 

Estimateof 1990 Satellite Voice Requirements 
• •  in Hundreds of Voice Circuits 

Based on Linear Extrapolation 

FROM 	 TO 

B.C. 	Alta. 	Sask. 	Man. 	Ont. 	P.Q. 	Mar. 

Alta. 	- 

Sask. 	- 	 - 

Man. 	1 	 - 	 - 

Ont. 	4 	 4 	 1 	 4 	 .. 

P.Q. 	2 	 2 	 1 	 1 	 - 	 - 

Mar. 	0 	 0 	 0 	 0 	 - 	 - 	 - 

Nfld. 	0 	 0 	 0 	 0 	 _ 
! 

FIG. 3.10 

EStimated:1990 End-to-End Voice Circuit Requirements 

Over a Trunk Satellite 

Based on Linear Extrapolation 



83 
24 
7 
3 

16 
6 
2 
1 

55 
9 
2 

21 

16 Ont. 

TABLE 3.11 

Estimate of 1990 Satellite Voice Circuit Requirements 

in Hundreds of Voice Circuits 
Based on Exponential Extrapolation 
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I 	-i."111h 

FROM 	 TO 

Man. Ont. P.Q. Màr. B.C. 	L  Alta. Sask. 

Alta. 
Sask.. 
Man. 
Ont. 
P.Q. 
Mar, 

:43 

92 
19 
4 

Sask 
25 

B.C. 
123 

;mob- 
fq> 

*16 1"189.41, 9 jilthibb..  
71111t 

irefflW14: Mn  des`  9  .4. 
loi 

FIG. 3.11 

Estimated:1990  End 7 to-End Yoke Circuit Requirements 
Over a Trunk Satellite 	. 

Based on . Exponential Extrapolation 
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TABLE 3.12 

Estimate Of 1990 Satellite Voice Circuit Requirements 
in Hundreds of Voice Circuits 	- 

Based on Modified Exponential Extrapolation 

FROM 	 TO 

B.C. 	Alta. 	Sask. 	Man. 	Ont. 	P.Q. 	Mar. 

Alta. 	- 	- 

Sask. 	- 	- 	- 

Man. 	3 	 - 	- 

Ont. 	42 	47 	8 	28 	- 

P.O. 	12 	10 	3 	4 	 - 

Mar. 	3 	2 	1 	1 	_ 	_ 	_ 

Nfld. 	1 	 1 	 O. 	 0 	11 	22 

ask 

À 

 
12 136 

 . 	11 

B.C.' 	1 	.411111161w. 	fld 61 4111Weep 35 
7 	1 

A ar  *M. 44  n Igr 	 7 
>144011•111bwioir 

Min  
51 

FIG. 3.12 

Estimated.1990 End-to-End Voice Circuit Reqpirements 

• 	Over a Trunk Satellite 

.Based on Modified Exponential Extrapolation 
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4. .POSSIBLE SATELLITE SYSTEMS TO MEET  THE.  REQUIREMENT FORECASTS 

The circuit  requirement forecasts, are used  to  estimate the 

probable Satellite and the probable locations  of satellite  Ea'rth 

The satellite syStem requirements that Were.discusSecrin the.previouS: 

section  cari  be used to estimate probable satellite systems for the 1980's. 

Both the type of satellite and the most likely location of satellite Earth 

Stations can be estimated from the requirements estimates. 

In making estimates of the satellite system it should be remembered 

that the system will likely carry other types of traffic, as , does the Anik ,•

system. This other traffic includes television distribution to regional 

centres, TV stations, and community antennas, and also includes thin route 

voice traffic to northern communities. Early estimates for these services 

indicate that 12  ±6 satellite channels will be required for T.V. distribution 

and 3 ± 1 satellite channels will be required for thin route communications in 

the 1980's, making a total of 15 ± 7 satellite channels without the heavy-

route telephone circuits. (A satellite channel is assumed to be 40 MHz wide 

and have a satellite E1RP of about 33 dBW, the type used on the Anik, Intelsat, 
0 

and U.S. domestic satellite systems.) 

The likely,  satellite or satellites to meet these requirements in the, 

1980's are discussed in section 4.1, and the likely locations for satellite 

Earth Stations are indicated in Section 4.2. 
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4.1. 	POSSIBLE SATELLITE TYPES 

..cernea' 

If the satellite is used only to provide.services to northern 

Canada, it will likely be a 12 channel.satellite of the Anik type. 

If it provides this service and television  distribution  to sOuthern 

Canada, it will likely be a dual polarization satellite at 4/6.GHz 

or 12/14 GHz, or single . polarization in both bands: If  it proves 

economic to route the telephone traffic discussed . in  Section 3 by 

satellite as yell, the satellite will have to use dual polarization 

on both bands, or multiple beams, or.both. 

..M..77C.X.Celtir-lt.9OXICIMIDIM.L.11911ree41 911111«.13161•3111 

	

It is assumed.that the Canadian domestic satellite in the 1980's will L 	, 

operate in either the 4 GHz and the 6 GHz bands, or the 12 GHz and 14 GHz 

bands, or both. In either band there is 500 MHz available, and dual polariza-

tion can be used fordigital transmission to raise the effective bandwidth 

in each band to 1,000 MHz. Systems are being Aeveloped at 18 and 30 GHz in 

the U.S.1 	for A.T.&T., but this band is not considered appropriate for 

Canadian use in the early 1980's. 

These 500 MHz bands have been and are being divided into 12 channels 

40 MHz apart, each with a 36 MHz operating band. This bandwidth is appropriate 

for transmitting a. single television and sound signal by high-modulation-index 

f.m., and since a significant portion of the satellite traffic will likely' 

be.television, it seems likely that the conventional division of dividing the 

band into 12 channel§ 36 MHz wide. If TDMA and television source encoding by 

Ditec or the equivalent are used the bands may be wider,.but use of fewer 	• 

wider bands has  marginal  effect on.  the capacity of a 500 MHz band. 



37 

One must now Cenvert statements of required. capacity to statements of 
• 

required bandwidth: . If a 36 MHz satellite transponder is Used effiCiently 

i.e. in a TDMA mode or exclusively between two nodes, it  Cari  carry 800 to • 

	

- 1200 simplex voice 'channels  or one video ,ehannel. ,(Two video 'prograns can 	• , 

be transMitted if Ditec and TDMA are used.) .  In the present analysis it will 

	

be assuMed that a.36, MHz channel can carry one video program-or 500  full- • 	• 

duplex voice circuits. Approximately 6,000  full-duplex votce:c.irçuits can be • 

routed through a 500 MHz band, with a television 'signal replacing 500 voice 

circuits. These figures can be changed Considerably by usé of different 

modulation techniques or source-encoding schemes, but are typical of 

operational and planned systems. 

Consider first a minimum service system. If the satellite system 

were to provide only thin-route telephony and distribution of television and 

radio to northern Canada, 2 to 4 transponders would be required for telephony 

and 4 to 6 for television and radio distribution,  'a total of :6 to 10 trans-

ponders. A twelve transponder satellite of the Anik type could meet this 

demand. 

A satellite to provide the above services and also thè.televisien v .  

• distribution servIceS for southern Canada would likely be a 24 channel 

satellite. There would be about 18 channels required for rrdistribution, 

including 11 channels  for the CBC, two channels for CTV,:twe fôr Global TV, 

two for educational television, and one for program'distributiôn between cable 

TV companies, as shown in Table 4.1. Distribution of television programs from 

CBC regional centres to individual stations in southern Canada are not 

included in the above estimate. On adding the 2 to 4 channels required for 

northern telephone services, the total becomes 20 to 22 channels. This 



SERVICE REQUIREMENT 

Second National Program. CBC 

CTV 

Global TV 

4 channels 

2 channels 

2 channels 

TOTAL REQUIREMENT 18 channels' 
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TABLE. 4.1 

Possible Reiluirements for T.V. Distribution and Broadcast 
.• . by Satellite in the 1980's 

USER 

CBC 

CBC 

First National Program Distribution to 
regional centres: 

i) English program from Toronto to 11 
regional centres. 

ii) French program from Montreal to 7 
regional centres. : 

First National Program Omnibus, used by 
any one of 14 regional centres to any 
other Or-others. 

1 channel 

1 channel 

2,channels 

CBC 	Districtuion from Arctic regional centres 
to stations and community antennas. 	 3 channels 

Program distribution between cable 
television companies. 1 channel 

• Educational TV 	 2 channels  
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requirement Would be*Met by a 24 transponder.satellite that  uses  both polar-

izations Of either : the 12/14 GHz band or the 4/6 GHz band, -  Or  makes  single _ 

use of both bands.. 

An even larger satellite, Or more.that one.dperatiOnà1 satellite, . 

would be required if the satellite syStem is used to.carry  the  telephone 

traffic discussed  in: Section 2 and 3. as well.as  the primary teleVision 

distribution specified in Table 4.1 and a thin-route telephone sevice - to 

r\iorthern Canada. The total number of full-duplex telephène circuits: 	. 	* 

necesSary to handle  one  third of all telephone traffic over ,a thousand  miles 

is summarized in Table 4.2 for the 1973 to 1990 time-frame 	The "nominal" 

traffic forecast assumed for this study is the modified eXpônential 'forecàst,. 

as ,discussed above, As shown, the satellite requirement in 1980 is about! I 	, 

3,200 voice circuits, increasing to 8,300 voice circuits by 1985 and to 

- 19,900 by 1990.  If the  system has a ten year life and no_later system 

"overlaps" the system - under consideration, provision must be made for 19,900 

circuits. If the System has a môre conventional seVen yéar life, aboùt -

•12,000 circuits are'neCessary. Twenty-four satellite transponderS would be 

required to provide this capacity alone 	The number:of trànSponders - réquired 

to meet the other requirements of Table 4.2 are shown in Table 4.3. Thus a' 

48 transponder satellite would be,required to meet the total:demand until 

1987. This demand- coùld be met with  on è satellite using'both polarizationS 

at'both 4/6 GHz and 12/14 GHz, bY a multi-beam satellite,'or by more than one 

operational satellite. It should be noted here that if source-encoding 	' 

equipment such as:SPEC for voice channels and DITEC for  television channelS 

were used on all high_capacity links . [4], and if demand acCess were used for 

the.northern thin-route service, a 24 chànnel satellite Could meet.the total 

demand. 



TABLE 4.2 

Estimate of Total Voice Circuit Requirements 

Over  a Trunk Satellite , 

YEAR 	 FORECASTING METHOD 

Modified 	- 
Linear 	Ixponential 	Exponential 	Other . 

1973 	800 	800 	 . 

1977 	 1,.900, 
(plus 36 Mb/S data) 

1980 	1,300 	-3,900 	 3,200 	 2,700 

1985 	1,600 	12 .,000 	 8,300 

1990 	2,200 	39;600 	 19,900 

TABLE 4.3 

EstiMate:of Number of 40 MHz Satellite Transponders 

Required for Heavy-Route Telephony 

	

YEAR 	 FORECASTING.METHOD 	. 

Modified 
Linear 	.Exponential 	Exponential 	Other 

	

973 	2 	 2 	 2 

1977 

	

1980 	3 	 8 	 7 

	

1985 	4 	 24 	 17 

	

1990 	5 	 80 	 40 
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4.2 	POSSIBLE EARTH TERMINAL LOCATIONS FOR HEAVY-ROUTE TELEPHONY 

41 

The node capaèities shown in Figures 3.1  to- 3.11 are uSed to' 

determine  the  most likely locations for Earth TerMinals for heavy- . 	. 

*route telephony. On considering also  distances  between nodeb*end: 

hications.of Earth terminals for television*distribution, the 

fàllowing is a-list of telephony Earth terminals,* the'most.probable ' 

being listed first: Toronto, Vancouver,  Edmonton, Montreal; 	. 

Winnipeg, St. John's,. Regina and Halifax. * 

The information presented in Section 3 can be used to estimate the 

most likely locations for satellite Earth Terminals carrying heavy-route 

telephony traffic. It is likely that only a few such terminals will be InStalled. 

Information on the most likely locations is valuable in determining Starting 

points in the economic optimization of the satellite/terrestrial, trunk 

network. 

The percentage of the total satellite voice circuits terminating 

each . etbe . éightprovincial or regionàl nodeS is shoWn These 

percentages are determined for each satellite requirement forecast considered 

in Section 3, except for the modified exponential forecasts. The latter' were 

excluded because the results would necessarily be identical to those for the 

 exponential forecast. The total in each row is approximately 200% because 

each satellite circuit is counted at two nodes. 

' A striking feature of the table is the similarity of the different 

rows. This means the initial choice for satellite Earth Station locations, 

based on total voice traffic terminating at those locations, is independent 

of both time and the traffic forecast that is used. This does not imply, 



TABLE 4.4 

Percentage of Voice-Circuit Trunk Channels at Individual Nodes 

CIRCUIT-REQUIREMENT 
FORECAST 	 NODE 

Ont. 	P.Q 	I 	B.C. 	Man. 	Alta. 	Nfld. 	Sask. 	Mar. 

1973 Keefer 	 50 	50 	25 	25 	25 	12 	12 	0 

1977 B.N.R. 	 58 	37 	32 	32 	16 	10 	16 	0 

1980 Keefer Linear 	 69 	31 	23 	31 	23 	15 ,-,  

	

o 	0 

1980 Keefer Exponential 	64 	28 	31 	26 	26 	13 	8 	5 

1980 Hepburn 	 63 	30 	33 	37 	19 	7 	11 	0 

1985 Keefer Linear 	 69 	31 	25 	25 	25 	12 	12 	0 

1985 Keefer Exponential 	68 	25 	32 	22 	28 	13 	8 	4 

1990 Keefer Linear 	 64 	32 	32 	27 	27 	9 	9 	0 

1990 Keefer Exponential 	68 	26 	31 	18 	0 	18 	8 	4 

AVERAGE 	 64 	32 	29 	27 	24 	12 	10 	7-77---'  
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of course, that the final Uarth Station locations ln an optimized network 

will necessarily be independent of both time and the forecasting technique. 

The network used to represent the Canadian long-haul trunk network 

in the network optimization studies is not the eight node network shown in 

Figure 3.1 to 3.12. Rather, it is a network with 20 nodes and 26 branches, 

as shown in Fig. 4.1. To use the information in Table 4.4 it is necessary 

to associate each province or • region with one of the nodes of Fig. 4.1. Jf 

one chooses the largest city ,  in each province or region to handle the 

satellite traffic to or from that province, one has the following equivalence: 

÷ 	Vancouver 
Al ta : 	Edmonton 

Regina - 
Man, 	-› 	Winnipeg 
Ont.. ; 	Toronto 
PQ. 	 Montreal 
Mar. 	 Halifax  
Nfld. 	St. John's 

Other possible choices are Calgary rather than Edmonton and Saskatoon rather 

than Regina. However, the cities chosen are CBC Television Regional Centres, 

and so are more likely to be satellite Earth Station locations. 

Having converted the provincial nodes of Table 4.4 to cities, the 

most likely locations for telephony Earth Stations can be estimated. If only 

two such stations are used, it is very likely that these stations would be 

Toronto and Va'ncouver. Not unexpectedly, these are the locations of the two 

heavy-route telephony stations in the Anik system. The next . three locations 

for heavy-route telephony are Montreal, Winnipeg, and Edmonton. If one also 

considers the end points of the traffic and the distances from other Earth 

Stations, it seems more likely that the third location would be Edmonton, 

and then either Montreal or Winnipeg. It is possible, however, that Regina 



2 j  

/'-r 	I 
(771-Ç  

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

NODES: 
1. Vancouver 
2. Edmonton 
3. Calgary 
4. Saskatoon 
5. Regina  

Winnipeg 
Windsor 
Sudbury 
Toronto 
Ottawa 

Montreal 
Quebec City 
Riv. du Loup 
Riv. Blanche 
Moncton 

1 - 6. 	Halifax 
17. Sept isles 
18. Sydney 
19. Cornerbrook 
20. St. John's 

FIG. 4.1 

. •Simplified Canadian Long-Haul Terrestrial Network 
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could be chosen rather than Winnipeg and Edmonton, not because it is a large 

message source, but because it is between the two, and becaUse it is a 

regional centre in the telephone switching heirarchy. Marginal cOsts Of 

terrestrial backhaul to Winnipeg and Edmonton may be low enough to Make this 

option economically attractive. If the number of Earth Stations is further - 

increased Table 4.4 indicates that the next stations to consider  are 

St. John's and Halifax, in that order. Halifax would be constdered earlier 

if traffic between the Maritimes and Ontario or Quebec over less than a 

thousand miles were considered. However, the large number of terrestrial 

microwave systems being constructed in the maritimes  makes ['di ifax an 

unl kely choice. 

In summary; the first two choices are Toronto and Vancouver, and  the 

next three are Montreal, Edmonton and Winnipeg, not necessarily in that order. 

It is possible that Regina would replace the latter two, and it iÉ unlikely 

that there will be more than five terminals for heavy- route  teléphônY 
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5. 	SUMMARY 

Based on presently available forecasts of telephone and 

Lei  evision traffic in the 1980's, and on the assumption that.  a 

satellite system will be economically competitive - with the terrestrial 

system, the trunk satellite system may be a 24 channel satellite"at 

4/6 GHz or 12/14 GHz, with 14 Earth Stations capable of transmitting 

and receiving television, and 4 to 6 of these uSed also for trans-

mission of' heavy-route telephony. 

The above scenario of the Canadian trunk satellite system in the 1980's 

is based only on forecasts of :telephone and telephone traffic in the 1980's and 

on the reluctance of the common carriers to route more thdn a third of their 

long-haul telephone traffic over a single system. The assumption is made that 

when the minimum cost network is determined and network reliability is provided, 

a third of all telephone and data traffic going over a thousand miles, and all 

television distribution to regional centres, will be carried over the satellite 

system. As well, it is assumed that the satellite provides thin-route 

telephone and secondary television distribution services to the Arctic. 

Based on these assumptions the satellite will likely be a 48 channel satellite 

at 4/6 GHz or 12/14 GHz, or both, if SPEC and DITEC source encoding is not 

used, or more likely, a 24 channel satellite if these techniques are used. 

Fourteen Earth Stations will be required to transmit and receive television, 

and 4 to 6 of these will also be equipped to route heavy-route telephony. 

No account has been taken of the terrestrial network or the relative 

costs of satellite and terrestrial systems in the above scenario. The major 
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usefulness of the above in the overall trunk.network study. isto -determine 

the limitations  on the  size of the satellite, system and the,poten'tial satellite 

Earth' Station locations. It is expected that when these ecbncimic factors are 

considered the satellite system will be something between, the  above:and a 

4/6 GHz satellite'similar to Anik, used to meet northern.-regUirementS only.. " _ 	. 
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