
COMMUNICATIONS CANADA - CENTRAL REGION 

SPECTRUM USAGE AND REQUIREMENTS 

406 - 960 MHz 

/ 



COMMUNICATIONS  CANADA 

hA)à-tt*L 
G.R. Stetski, P. Eng., 

, Project and.interference,Engineer 

TK 
6553 

 .C32 

Central.  Region 

. Sectrum'Usage and Requirements 

406 — 960 MHz 

tr_  t 

N.) t 	• 



..„...-r-  1 ) 

(.0 	' )ç.'  

( \ 

	. 	• 



Acknowledgement 

Major contributions from many areas of the Winnipeg Regional Office are 

incorporated in the following pages. 

thank all of you for your time, your ideas, and your essential 

assistance.. 	 • 

Y' 

II 



Table of Contents 

Page • 

Introduction 	  

Conclusions . 	 2 . 	 

Allocation'Recommendations  	7 - 

Other Pertinent Recommendations 	 • 	' 	11 

DETAILED ANALYSIS - 

Approach Explanation 	  12 

Stage I 	 13' •  

Stage II  	• 	 18 

Stage III 	  - 	27 

Stage IV 	  35 

APPENDICES 	• 

AppenCix 

Appendix I.B. 

Appendix I.C. 

References ...... 

Bibliography .... 

ATTACHMENTS 

Attachment A 

Attachment  8  

37 

47 

49 

.51 

57 



Introduction 

This report explores the communications requirements for CentrarRegion 

within  the  spectrum area of 406'M1z - 960 MHz. The reCommendations . 

 are in support of these requirements. 

Although . the recommendations apply specifically. to Central Region,- many 

. of the same conside.rations are applicable in other.ceographical areas 

of Canada. Where they are not applicable, we request a flexible national 

approach which will allow the necessary  variations  to be applied in. • 

Central Region. We belive the subject frequency band, due to . pertinent' 

propagation characteristics, can be molded to compensate for Regional 

differences. 

Uj)  



Conclusions 

1. Demand for land mobile services in  Central. Region will continue 

to expand at rates over 20% coMpounded annually (see Appendix 

tables'l.b, 2.b, 3.b, and 4.b). Present methods of satisfying this 

demand will soon be inadequate (see section I.A.4.). We have reached 

a turning.point, whereby a new direction is required. . 

Generally, the new direction is necessarily towards large integrated - 

systems (see page 22, "New Approaches"). Specifically recommended are 

General Land Mobile Radio.Systems (Public ,  Mobile Telephone Systems), . 

- Restricted Common Carrier systems, and paging systems. .Thesé systems, 

when employing state-of-the-art techniques, are more efficient users of 

land mobile spectrum than most existing- private systems. 

. While considering the types of - systems referred to in the above paragraph , . 

it should be realized that:effective usage of individual frequencies 

increases with the total number of frequencies and ùsers assigned to the 

particularsystem .(see page 22, ."New Approaches"). Considering also the . 

practiCal limitations of modern radio equipment. (i.e. at least 5 MHz 	• 

-spacing required between transmit and receive . frequencies and preferably 

• consecutively arranged transmit frequencies and consecutively arranged 

receive Irequencies), block assignment of frequencies is mandatery.• 

Block assignments in.existing land mobile bands would'require the 

displacement of existing. users. This  is  a. difficult, if not impossible, 

process. 'Virgin' spectrum is required fer the necessary block 	• 

frequency - assignments for integrated land mobile  systems. - 	' 

The advantages of assigning 'virgin' spectrum for the large integrated 

systems are apparent from the following predicted occurrence of events 

a) Block assignments are allocated for the pertinent integrated • 

systems. 	. 

7/1:E .111. 



b) initial users of the integrated systems will paY relatively 

higher costs (than mould - occur using available optional . systems) 

for the advantages  of practically nil waiting time, seclire 

expansion.possibilities and potentially areater flexibility. 

c) Presently existing land mobile spectrum will increase'in 

congestion, and new users, along with existing users who are 

expanding their facilities, will opt for the large integrated • 

systems. 

d) With many users, the-cost - per user of the integrated systems , 

will drop, eventually becoming lower than private system costs 

in many.areas 	-. 

e) All new users, and all eXisting land mobile users whose.equipment 

.has been depreciated, will utilize the large integrated systems. 

Existing land mobile bands will become vacant, and available for 

• .reassignment to large integrated systems. 

• f) The abc5ve (a) to (e) will occur to varying extent in various 

sizes of urban centers. The presently existing land mobile 

• bands will  existas an alternative in rural areas for -economically 

• feasible private radio systems. 

NOTE: Existing land.mobile bands must  be  retained at . this time to 

provide an alternative to the large integrated systems; thereby, en-

Couraging the lowest possible usage prices  in thé integrated.systems, 

Further, there will be no direct cost hardships introduced upon the 

land mobile user. . 	 - • . 	• 

Given the inevitable trend towards large integrated-systems; complications 

arise  when attempting to foresee the composition and ,interrelations  'of 

these systems and their users. A basic ideology must be.resolved, namely: 

Should there be one monopolistic integrated system,.probably regulated, 



to whiCh all users must eventually go; or should a number of integrated 

systems be encouraged to develop? 

Central Region - beliéves competition, in the form of  two  or preferably 

more integrated systems, is desirable versus a regulated monopoly. This . 

belief is based upon the certainty that the regulated monopoly,in this 

instance, would be the common carrier, a body whose structure is not 

conducive to continual implementation of developing techniques (new 

services, spe -ctrum efficiency . techniques, etc.). Additienally, competi- 

tion is the optimum method of lowering user fees in this area. 

The common carrier must make interconnection to the telephone network 

available to all integrated land mobile ystems, and at' a. reasonable .  .cost. 

This will ensure fair competition between the common carrier integrated 

systems and the privately financed integrated systems. 

Theamountof spectrum which .should be-set aside • for ' the  block allocations 

to integrated systems is difficult to determine. The allocation recom-

mendations for 406 - 450 MHz (see  page 10,  Figure 1) make available three 

blocks of spedtrum-for large integrated land mobile,systems, each  block 

composed of 3 MHz for transmit and 3 MHz for receive freauencies. There 

is also one block of 1 MHz set aside for paging services. Of the three 

3 MHz blocks, one is allocated to common carriers (public mobile • 

telephone system), one  is  allocated to. restricted common carriers, and 

one is reserved for future allocation. These allocations will.accommodate 

requirements in Central Region until at least 1990, at which time the 

situation will be reevaluated. If required,:additional blocks in 806— 

890 MHz may then be assigned to land mobile. (There may also at that 	, 

time be available spectrum for block allocations within the preSently - 

existing land mobile bands). 

• . 	a. lee 	• 
To reiterate, large integrated land mobile -systeffis- (P.M.T.S., R.C.C:) and 

paging systems, which are efficient users of the frequency spectrum, ,  must 

be encouraged. 

-4- 
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2. Broadcasting services are essential - to the people of Central Region. 

The type and varity of services, along with the economic base available 

to support these services, are major considerations in this area.. 

Central Region, until at least  the  year 1990,.does not require ÙHF . channels 

70 - .83 (see section I.B.). It is, therefore, appropriate to reServe this  

portion of the spectrUm (806 - 890 MHz), with  a review in 1990 of needs . 

and foreseeable possibilities. 

3. Studio transmitter links (STL's) are currently operating in various 

land mobile and fixed bands. They are adversely affecting  the optimum

assignment of land mobile and fixed frequencies. 

These one-way services are best combined with other one-way 'fixed' 

services. The ideal area for .all STL's is within the UHF television 

band. The recommended:spectrum is 794 - 800 MHz (UHF channels 67. and 68), 

which may be employed dependent upon the local allocated UHF channel. 

This spectrum is chosen as it is outside the shared (land mobile/television) 

channels proposed by the United States (Channels 14 - 20) andoutside the 

reserved spectrum proposed by Central Region (806 - 890 MHz):  It  is also 

outside the'spectrum in which Satellite broadeasting is permitted 

(620 - 790 MHz). 

4. Point-to-point services in the 890 -.960 . MHz band are subject  to 

 unique requirements in . Central Region, particularly in Alberta (see. 

section I.C.). There are a large number of-systems in urban,areas. ' 

This requirement will continue. 

ACcordingly, Central Region recommends that there be,no change in 

allocations for this Spectrum. 

Further, this band could be better utilized by the large variety of 

- 
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users if only digital systems were allowed by 1990. This Would enable' 

implementation of a. two frequency plan for the band. Subsequently, 

there would be sufficient spectrum available to  encourage  all point-to-

point systems (of greater than six voice chanhel capacity) to migrate 

to this band. (This would aid in clearing the land mobile bands for 

previously described future block land mobile allocations). - 

sGrandfatherihg; of existing analogue fixed systems should begin as 

soon as possible. 
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Allocation  Recommendations*Refer also to Figure 1 

406.0 - 410.0  MHz 

406.0 - 406.1  MHz 
Primary Service - Mobile - Satellite 

406.1 - 407.0 MHz 
Primary.Service - Radio Astronomy 

407.0 - 410.0 MHz • 	 • 

Primary.Seryice - Mobile 
 *(1) 

- Common Carrier - P.M.T.S. (TX-  1) 
(Public  Mobile Telephone) 

410.0 -- 420.0 /111z 

410.0 	413.0 MHz 	 • 

Primary Service - Mobile
*(1) 

- Restricted ComMon Carrier (TX 1) 

413..0 - 414.0 Mllz 	 . 
Primary Service - Mobile (Municipal/Safety  Services) 

414.0 - 415.0 billz 	
. 

Primary Service - Fixed (Except Studio Transmitter Links)' 
"•Secondary Service - Mobile 

\ 

415.0 -.418.0 .111z 	• 	. 	. 
* 

Primary•Service - Mobile
(1) 	

Reserved (TX 1) 

418:0 - 419.0 MHz 
. Primary Service - Mobile (Municipal/Safety Services) - 

419.0 - 420.0 MHz 
Primary Service - Fixed (Except Studio Transmitter-  Links) 

Secondary Service - Mobile. 

420.0 - 450.0 MHz  

420.0 - 423.0 MHz 
Primary Service - Mobile

* (1) 
 - Common Carrier - P.M.T.S. (RX 1) 

(Public Mobile Telephone) 

. 	. 
423.0 - 426.0 MHz 

.*(
i

) 	
• 	

. 

. 	. 	- • - • 
-- Primary - Service - Mobile 	- Restricted Common Carrier' (RX 1) 

426.0 - 429.0.111121 
Primary Service -.Mobile

*(1) 
,- Reserved . (EX  l )' . . 

- 7 - 
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429.0 - 430.0.11Wz 
*(2) 

Primary Service - Paging 

430.0 MHz - 450.0 MHz 
Primary Service - Radiolocation 
Secondary Service - Amateur 

450.0 - 470.0 tulz 

Primary Service - Mobile 
* (3) Secondary Service - Fixed • 	(Except Studio Transmitter Links) 

. 	• 

470.0 - 608.0 MHz  

No change. 

608.0 - 614.0 MHz 

No change. 

614.0 - 806.0 MHZ 

Primary Service - No change. 

788.0 - 800.0 MHz *(4) 
Secondary Service - Studio Transmitter  Links 

806.0  - 890.0 MHz  

Primary Service - None - Reserve untill 1990
*(5) 

890.0 - 960.0 MHz 

No change.
*(6) 

*(1):- Systems approved for use in this spectrum must employ the following 

spectrum conservation techniques: 

a) Automatic frequency scanning; 
• h) sub-audio operated squelch; 
• c) digital transmission; 

NOTE: 	i) The 'reserved' land mobile spectrum should be allocated to R.C.C. 

or common carrier as may be approporiate at a later date. 
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1 
ii) interconnection to the telephone network must 1De supplied 

at a reasonable cost by the common carrïer upon request. 
iii) Equipment 'parameters should be specified to incorporate 

state-of-the-art techniques. Spectrum conservation techniques • 
shoilld,he employed (see page 21, "Technological Advances").. 

*(2) - Systems approved for use in this spectrum.must employ the 
following conservation techniques: 

a) one-way only; 
h) tone only; 	see Attachment B 
c) digital transmission; ...see Attechment B 
d) automatic frequency scanning. 

* (3) - Only fixed services with 6 voice channels or less - and a 
maximum 56 KHz bandwidth allowed. All other point-to-point 
must use 890 - 960 1z band. 

*(4) - Either 788.0  L  794.0 MHz' (UHF Channel 67) or 794.0 	800.0 ,MHz 
(UHF.Channel 68) will be used in an area, dependent upon the local 
allocated URF channel. 

* (5) - At 1990, this spectrum will be allocated according to conditions 
existing:or fàreseeable at that time. 

*(6) - By 1990, all systems should be digital transmission  with a two 
frequency assignment plan. 	 - 

1 •
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Other Pertinent Recommendations 

1. The military should.be  formally requested to review their requirements 

in the 216 - 375 MHz band. 

2. The fee.structure for radio licences should be reevaluated with the 

establishment of: 

a) a selective increase in fees to promote, where practical, 

use of services alternate to radio systems; 

.b) a fee structure related to amount of spectrum used. (This 

.could be based upon a nominal quantity, possibly the spectrnm. 

used by one-way tone-only digital paging). 

Il :.. 	'') 
,z-,ee 
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Analysis ApErOach  - Explanation 

) 

The spectrum of 406-960 feiz is Subdivided into three sub-spectrums. 

These * sUb-spectrums are: 

A. 406-470 MHz .and 608-614 MHz. 

B. 470-890 MHz (excluding 608-614 . MHz). 

C. 890-960 MHz.. 

Analysis of the three sub-spectrums proceeds in four general stages. 
• 

These four stages are: 

I. Past usage trends and subsequent future trends. 

II. Technical . developmentS, new services , . and cost 

considerations. 

III.. Social and economic considerations. 

1V. Other considerations. 

The format of the analysis in point form is: 



1 
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I. 

In '  

.11 
STAGE I 

Past Usage  and Subsequent Future Usage  Trends 

1 
1 
1 
1 
1 

I.A. 406-470 MHz and 608-614 MHz 

This sub-spectrum is further subdivided into smaller frequency , 

bands as indicated in succeeding paragraphs. Each of these bands 

is analyzed on a "werSt case" basis under the following assumptions 

and criteria: a) - - assuming past and present trends will continue; 

b) assuming no increase in efficiency of spectruM 

utilization due to technological developments' 

or new approaches; 

c) accounting for demand pressures from other areas 

of the sljectrum; • 

d) assuming no increase in existing frequency 

sharing levels (see Appendix I.A,5). 	• 

NOTE: Neglected is consideration of new  servies  
• 

.which may increase demands. 	. 

Additionally, this sub-spectrum is studied only in the "higher density" 

geographical areas of Central Region. This confines the study in soMe 

bands to within approximately seventy miles of the  centers of Winnipeg, 

Edmonton,  Calgary, and Regina. 

I.A.1. 406-410 MHz 

There are no assignments in this band in Central Region.  As  /16 trends 

exist, this band will not be studied further until Stage IV of this 

repert. 

I.A.2. 410-420  MHz  

This band'is currently being reserveà in Central Region.  for Municipal 



I. 

safety services and other as yet undetermined' services. The small 

number of assignments existing are not indicative of any trends. This 

band will not be studied further until  Stage IV  of this report. 

I.A.3. 420-450 MHz 

With the. exception of 430 MHz and 450  MHz  assignments at Churchill, • 

Manitoba, this band is used in Central Region for amateurs only.. Usage 

trends here are difficult if not impossible to determine.  This band is, 

therefore, not studied further. It will be'treated arbitrarily in the 

recommendations  •of this repart. 	• 

NOTE: High power radars are employed by the United States in this band. 

I.A.4. 450-470 MHz 

This band is studied in areas within, seventy  miles.  of the'centers of. 

. 	 . . 	 . 

Winnipeg, Edmonton, Calgary, and Regina. . Potentiàl.demand pressures 

on this band may ariginate in the bands Of 30-50  MHz;  138-144 MHz; 

144-150.8 MHz; and 150.8174 MHz. Given the "worst case" criteria 

referred to earlier, each of the "demand pressure" bands may increase 

demand upon the 450-470 MHz band in the . manner indicated in Appendix 

I.A. Each area studied would exhaust (consume) available_frequeneies 

in the 450-470 MHz band as follows: 

Area 	. 	Year  of Consumption  

Winnipeg 	• ' 1983 	• . 

Edmonton 	: 	1980 	. 

Calgary 	1980 

Regina 	>1990 

It . should be remembered that there eXist 

point-to-point systems (including studio transmitter  links) in  various 

- 14 - 
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1 
1 
1 

'of.these bands. These systems further reduce the .total nuMber  of 

 frequencies available in any area, to an extent which will be deter- 

• _Irlined in a later investigation. 

NOTE:  i) In Appendix I.A., the 1966-1975 assigned frequencies 

are obtained from a'reocirt entitled "Rate of Channel- 

'consumption'", issued by V. Sahay of DTS-S, Ottawa on • 

May 20, - 1976. The subject repor€ is based upon the 

domestic frequency list (DFL) data base, but also 
. Wc--  

ai::counts. for'frequencies unassignable due to FCC and IRAQ 

- assignments. 	• 

ii)  The  'sharing levels in Appendix 1.4.5. are derived from 

. the Central Region VHF/UHF data base, which is current and . 

accurate. 

1 

8 .,_5.,,,,>. 
- 	:.:--1 . 

I.A.5. 608-614 MHz 

• There are no assignments in thiS band in Central Region. As no 

trends exist, this band will not be studied further. It will be 

treated arbitrarily in the'recommendations of this report.. 

. 	
.„ I.B. 	470-890 MHz (excluding 608-614 MHz) 	• . 	

. . 	. ... . 	. 
' 

- 	This sub-spectrum is currently allocated in' Central Region exclusively 

to UHF television broadcasting. 	 . 

Current and previous assignment percentages and similar hibtorical 

data do not relate simply to future needs or developments In this 

area. A more subjective analysis is reguired. 

The analysis is based on a fundamental premise. Within  the next: 

twelve years (1990), the following services Will be the - maximum 

required in the cities of Centrai Region: 

1 - 15.- 
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I .  

1 CBC English service 

1 CBC French service 

1 CTV English service 

1 independent service 

1 Educational service 

1 Unforseen service . 

.The above premise has been applied to all cities with a population 

of 10;000 or greater in Alberta, Saskatchewan, and Manitoba (the 

Northwest Territories is assumed to be adaptable to decisions which. - 

have been based upon the Prairie Provinces). Appendix 	Table 1, 

demonstrates that all services can be supplied without utilization of 

„ . • UHF channels 70 to 83. 

It is ihteresting to realize that 10 of the cities studied have 

consumed their VHF allocations, while 5 mô're cities havé only one 

unused viir allocation. UHF will be required for future  expansions..  

NOTE: 	ir Existing programs and data incorporated by'OttaWa have been 

utilized  in  this study. • . _ 

•ii)•  Existing full-Power broadcast services which have been 

authorized as Of December, 1976, are included for 

completeness in Appendix I.B.,.Table 2. 

I.C. 890-960 MHz 

This sub-spectrum . is  currently utilized in .Central Region by fixed,.•

point-to-point systems and studio-transmitter links "(STL's); The 

development of.usage in this spectrum is . studied to determine whether 

the spectrum is insufficient for present,services, or conversely 	• 

whether sharing arrangements with new services are feasible. 

- 	 - • 

Appendix.I.C., Table 1, shows the present distribution of frequency '. 

'- 16 
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assignments (not hops) among the various users in each.province. 

Many of the . systems in Alberta are situated in or near the lar:ge 

metropolitan•centers (Calgary and Edmonton), while in the other.. 

provinces  (and Northwest Territories) the systems are located in . 

mire remote areas (around smaller.population centers). • 

In Table 2 of Appendix I.C., is listed the breakdown of bandwidth 

. utilized for each respective assigned frequency. Most of the 

assigned frequencies with bandwidths lesS then 2000 KHz (24 channels 

or less) are located in Alberta. (This is verified by Table 1 of 

Appendix I.C., which shows the high percentage of total frequency . 

assignments in Alberta employed for pipeline Communications with 

typical utilization of 24 or fewer voice Channel: systems). • 

The major urban areas in Central Region, with the exception of 

those in Alberta, are minor users of this sUb-spectrUm, and there 

is no trend which - indicates a future deViation from this situation'. 

The Alberta situation is currently being explored from the aspect 

.. of alternatives to this sub-spectrum for providing communications 

requirements, particularly for the major urban areas. A report 

wil1 be completed within the ,  next few monthS. 



STAGE .II 

Technical, Service, and Equipment  Cost Considerations  

This stage  of analysis explores the abOve ocinSiderations, which STAGE 

assumed constant. The pertinent factors May be generally classified into 

two groups: a) those factors which increase demand for frequencies; b) 

those factors which decrease demand for fréquencies 

a) Demand Increase  Factors: 	• 

• i) New services... 

ii) Equipment cost considerations (i.e., new technology 

causing existing services•to . be  available at lower 

• costs.)- 

Demand Decrease Factors: 

i) Deleted services (due to moverdént-  to other.spectrum 

areas). 

ii) Alternate services (i.e.,.  non-radio).. • 	. 

iii) SpectruM efficiency increase due to: 

0.<)Technological advances. 

New approaches (such as time sharing one or 

more frequencies, multiple low power assignments,• 

combination of 'services in one communications 

media). 

Various possible effects of these factors upon'developments in Stage I are 

examined. The applicable time spread is to 1990. 

. 	.. II:A. 406-470  MHz and 608-614  MHz 	. • .. 

	

. 	. 	. 
-------- 	 . 	• . . . 

For bands 1 (406-410 MHz), 2 (410-420 MHz), 3 (420-450 MHz), and 

	

5 (608-614 MHz), referral is made to Stage I. 	: 	. 

P ) 
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II.A.4. 	450-470 biliz 

• a) (emanDncrease  Factors 
• 

• • i) New Services 

VariouS services may exhibit a higher growth rate in the future - 

' than their current average in each pertinent band (bands liStecL 

in I.A.4). Other services are in their infancy and will expand 

to varying degrees. 

Modest demands may be expected from railroad  communications 
 (1) 

(2) - 
transit systems 	, automatic vehicle location systems .(3) 

, rural 
(4) 

radio telephone systems 	, energy transmission systems (5) , 

alarm monitoring systems 
(5) 

, and telemedicine 
(6,.7,8) 

. Meteor 
(9,5,10) 

burst communications 	, which utilizes 10-100 MHz 

frequencies, will  replace HF communications in many' areas, 

With eventual effects in 450-470 	Z. 	• 	• 

• High demands may originate from dissatisfied General Radio 
. (11,12) 

Service (GRS) users 	' 	. A one percent movement from GRS 

•to (say) the 30-50 MHz band would necessitate . over, 800 . 

additional frequencies in this band in Central Region. 

•This demand is eventually reflected in the 450-470 MHz band. 

More frequencies will be required for studio  transmitter links 

(STL's) in 450-470 MHz if the CRTC "Suggeste that  all  AM 

- radio stations also offer an F.M service. ' 	• 

There is also the  • eneral trend that  labour intensive services 

•are increasing in cf;t and will, therefore, be replaced - where ' 

applicable by communice tions systems 
(13) 

) Equipment Cos t 	 r a t ions , 

The greatest demand g1 --,«;-ssures for frequencies -  will probably 

originate with equil-4.-.Kent: cost reductions. i• 

•11-9 
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Microprocessor modules, which have been used in radio equipment 

only one or b/d. years , . will accelerate in usage and  will  

drop from a current $50.00 price range to $5.00 within 'the - 
15) (14, 

next two years 	. Services supplied by pagers
(16) 

 • , • and  

portable telephones
(17,18,19)

, as well as by mobile radios,' 

will be available •to major portions of the consumer market.: 

These'demands could not possibly be accommodated with existing 

approaches. 	• 

b). Demand Decrease  Factors 

i)  Deleted  Services 

Of the existing services in 4507470 MHz and related  bands, 

 there.is.not seen at this time a drop in demand. There is only 

a possibility of movement of service s.  to other spectrum areas. 

As the frequencies of concern are appropriate for land-mobile 

operations, the logical course is to discourage point-to-point 

systems in these bands. The fixed services can be-accommodated 

at.higher frequencies. This action .  should apply partiCularly 

to wideband (greater than 6 'voice channel) systeMs. 

ii) Alternate Services 

Counteracting demand for  more,  spectrum are options, such as 

radiating cable for automatic vehicle location systeffis and 
• 
road and rail transportation

(20,21)
. Also, time division 

multiplexed (TDM) coaxial Cable is available for rural commu-

nications
(22)

. Certainly cable can costeffectively 

substitute for backbone radio on pipline systemS
(.23) 

Some of the alternatives are cost-effective and some are not. 

Many  more  alternatives,would.be.feasible should the spectrum 

be assigned a monetary value (more than the'token value 

assigned today).. This approach should be applied"wheie 
(24) 

• possible 	 . 

--20 -- 



II.A.4.b. 	iii)  Spectrum Efficiency 

The major decrease in demand for frequencies should definitely 

- originate in this area. 

«) Technological Advances 

Spectrum may be cofiserved in many. ways, but normally with 

some economic penalties. There are some major impact 

possibilities which are current state-of-:the-art. 

Single sideband transmission would allow 12.5 KHz channel 

spacings, and thereby double the existing number of available 

frequencies
(25126727128)

. Some countries, such as England, . 

are studying 6.25 KHz channel spacing (below 100 MHz), although 
_ 

there is a trade-off with intermodulation levels
(29) 

Where FM radio is employed, its characteristics should be 

employed to allow closer frequency spacing. VHF radios . 
r 	(30) 

exist which can be co-located with a 5 96- 7% frequency spabing 

• • Various types of tone signalling reduce interference and 

allow closer spacing of assigned frequencies
(31) 

Utilizing two antennae on mobiles with proper combining, 	. 

circuits is an extension of a technique common in microwave 

'systems. Measurements show,- for example, that . a mobile . system .  

with a reliability of 88% will increase its reliability to . 

99% with this technique 
 (32-36). 

 This obviously would-allow • 

.lower effective radiated powers (ERP) and a closer.spacing of 

•frequency assignments. 	 - 	• • 

Null steering antennae is a more expensive- technique,  but one  
• (37 

which can also be applied to. advantage in.some Cases 	
,38) 
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Finally, use of digital trausmissiowversus analeg transmission 

has great potential. Digital transmission  allows savings . in 

time and a greater reliability
(39-46) 	

As data. becomes more - 

important in mobile communications (even to the extent of a - 

nil requirement for Voice communications), the fiyefold 

spectrum advantage of transmitting this  type of  information 

over a.digital versus analog system further •substantiates 
. 	. 

the case for digital transmission
(47,48) 

Although there are some initial economic penalties,.the 

long term implications in conservation of frequency spectrum 

contribute to the attractiveness of the  above technological 

• 	• ' possibilities. 

II.2.4.b. 	New  Approaches 

The greatest opportunity for satisfying increasing demand lies 

with new approaches. 

One approach which is used to some degree today is . assignment 

of one frequency to more than one user in one area. TiMe 

sharing of the assignment is then required
(49)

. 
• 
Thelevel 

of sharing in Central Region is shown in Appendix I.A.5. - 

Certainly this level will and should be increased. But thiS in 

itself is not the final.solution, as it does not allow 100% 

useage- (which is the ideal) of a frequency while maintaining 

'satisfactory (to,the user).service. 	„ 

Another possibility is sharing of frequencies between different 

services on a coordinated basis. Sharing of land-mobile and . 

UHF television is an example
50)

. This',allows a greater 

reuse of frequencies, but is accompanied by administrative ' 

complications. Situations may exist which warrant implementation 

Of this technique. 
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Certainly time sharing of many frequencies by many users 

provides the,optimum use of assigned frequencies: Systems 
(16,53) 

approaching this concept are'restricted common carrier - systems 
(51 

paging Systems
,52,54,5)

, and general land mobile radio - 

service (GLMRS) syStemS
(17,18,19)

. These types ,  of- systems 

must be encouraged, and within the systems must be encouraged 

the adoption of optimum techniques (computor or microprocessor 

controlled frequency selection, digital techniques, etc.). 

This will be.the only way to meet the forecast demand (see 

'Appendix -I.A.) for frequencies (i.e., services). in 1990: 

Development of the above systems should proceed recognizing 

that the final arrangement will consist of small 'zone (or 

cellular) systems
(56,57,58)

. These systems, more than any 

Other concept, approach 100% useage of assigned frequencies. 

Although they are not viable at this time in mot  areas
(59) 

they will be mandatory in.many 'areas by the end  of the•

century. Systems incerporated in the next 25 years should 

not be allowed to conflict with this general principle, or 

in any way complicate its eventual implementation. 	, 



assignments. 
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II;B. 470-890A11tz '(Excluding 608-614  MHz)  

It a) Demand Increase Factors 

An increase in demand in Central Region by the year 1990 

would only result should a political decision be made to 

subsidize services over and ,  above the six services referred 

to in Stage I of this report. 

b) Demand - Decrease Factors 

i)  Alternate  Services 

Cable television  is  competing successfully with off-air. 

broadcasting in many areas. Where cable is available in 

Central Region,- penetration levels of 70% and higher are 

• common. In many - towns, (e.g., Wainwright, Alberta) a cable 

television head-end provides all or most of television 

services. The wired • city concept will contribute tO this 

trend
(60,61)

. Although the wired-city idea is-approaching 
• (62) 

slowly in some areas 	, it•is nevertheless becoming a \ 

reality in towns - such as Portage la  Prairie, • Manitoba,. where 

two-way cable and amplifiers, plus switching are available. 

Additionally, direct satellite television broadcasting may 

have a large impact. One hundred  percent  penetration is 

achieved and cost-effectively
(63,66) 

ii)  Spectrum Efficiency Increase  

Initiated recently are attempts at upgrading UHF television 
(64) 	- 

receivers.. 	. The objective is to reduce  or  eliminate as 
• (65) 

many of the UHF -"taboos as -possible 	. Success in this 

area. could.increase the effective number of available'UHF 
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II.C. 	890-960 MHz 

a) Demand  Increase Factors  

Demand may increase as point-to-point systems move into this 

.sub-spectrum from lower frequencies (due to congestion in 

lower frequencies) and from higher frequencies - (due . to higher 

equipment'costs at higher frequencies). 

Also, particularly in Alberta, demand may rise with the 

implementation of more stringent pollution control .  regulations 

- for pipelines. 

b): Demand DeCrease Factors 

i) Deleted Services 
. 	. 

A decrease in demand may occur onlY in Alberta, and woUld 

resultfrom the exhaustion of oil. and. natural:gas Teserves. 

ii) Alternate  Services 

Should wire line links become less expensive than radio, 

studio transmitter links (STL's) would move away from radio. 

This could be encouraged through licence fee structures. The 

use of satellite, probably around 12  Hz  frequencies, could 

substitute for, in particular, long-haul low capacity systems. 

In) Spectrum Efficiency Increase 

- (4) Technological Advances. 

New technology has made possible the-re-use'of frequencieà 
,(67) • 	' on some adjacent hops of point-to-point systems 	. This 

has the potential of effectively increasing  the  spectrum 

available. 

Digital radio systems use spectrum more efficiently .than 



analogfae systems, and should accordingly be encouraged. 

p) • New  Approache.s 

Some decrease in demand would originate with.an  allowance 

for sharing of systems among utilities.. 	• 
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STAGU III 

Population 
. 	. 

To assess spectrum requirement in the band 406-960 MHz we must first 

know the Canadian population size and where it will be distributed. 

throughout the forecast period. Two possibilities exist: 

1) .  That urbanization will continue till 90% plus of. the 

population is urbanized. 

2) Urbanization Will peak at approximately 75-80% and an 

ex-urbanization move will occur. 

If we consider'probabilities, urbanization of 75%-has already heen 

surpassed in Ontario and Quebec (82.4% and 80.6% respectively in 1971), 

while British Columbia had reached 75.7% and Alberta 73.5% by this same 

6 8 
period. None of these provinces show any sign of letup in the urbani- 

zation process. When we consider that Australia reached an urban 

69 
population Of 88.5% in 1970, it is apparent that population density can 

• rise considerably higher in Canada before it becomes a controlling 	- 

factor in any ex-urbanization process: Thus,:though two possibilities . 

for population distribution are possible, it woUld appear:that 90% plus 

urbanization is a distinct probability. The ex-urbanization or rural 

non-farm population may at most provide up-to 10% of the total population 

with the majority clustered around the larger urban areas Within com- 

. 
muting.distance of their place of employment. :rhough some communications .  

demand as.a substitute for transportation may be required, it is not 

-r 27 - 
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likely to be a significant  factor in the Central.  Region area. 
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Ref. 70 

Rural non-farm  as  % of pepulation total. 

• As the foregoing chart indicates, the ex-urbanization process ià not 

• as probable as the 90% plus urbanization process. ,Howeveri though 

• it represents a percentage decrease, this will stillmean a rise in 

117) 	teal numbets supplying a steady demand on the .450-470 MHz land  mobile 

section of the speCtrum. 

The 1971 population projections for the year 2000 indicates•that Canada 

will consist of 19 metropolitan areas. Montreal, Toronto, and Vancouver 

will be considerably larger than the remaining 16 metro areas._ Central .  

Region will probably have 3 major metro's, namely Edmonton, Calgary, 

and Winnipeg, with three minor metro's, these being Regina, Saskatoon, 

and Brandon. This is illustrated by the following chart: 	. 
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Predicted overall Canadian population distribution is expected - to teke 

the fol  lowing  long-range pattern.. 
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In essence, Saskatchewan and Manitoba will decrease as a percentage in 

overall population as will Quebec and the Maritimes. Howeverfi lwe must 

keep in mind that real numbers will slowly increaae.  The long-range 

 concern.for population and subsequent communication requirement  for 

Centrai  Region then will rest primarily- in Alberta with Winnipeg also a. 
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large centre. Pressure will be apulied to tfie 890-960 MHz point-to-point 

sector and as well to the 4507470 MHz land mobile sector of the spectrum. 

•-• 

Econond.c Trends 

As the attached Chart indicates,,the Canadian GNP has shown a steady 
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Though inflation has exagerated the curve over the latter 'years,  the 

 GNP based on stable 1961 dollars shows -a steady rise. GNP predictions 

are extremely risky but if we assume a straight extrapolation with a 

10% inflationary factor, • the  economy will still be strong .in 

25 years. Canada has the labour force and the resources to- ensure 

such a probability. This then implies a steadily increasing demand on 

the 450-470 MHz land mobile and 890-960 point-to-point sections of the 

radio spectrum. 

Disposable Incomes 

Pre.vious inc.reases in , disposable ,  income has slowed conàiderably and 

even shown a decrease over the past two years. This is indicated by 

the following chart: 	 • 	. , 

real disposable income per capita 

Gains in real .disposable income per 

capita nNere substantially lower in 1974 

than in the previous three years, on 

account of the 'general slowdown in 

economic activity and the rapid increases 

in prices. 

Thé indicator for real disposable 

income per capita calls  for an average 

annual rate of groiNth of 4.8  per cent 

over 'the 1974.78 period. The conjunc 

Lion Of cyclical, recovery .and favourable 

. fiscal policy.to  keep the eéonorny on its 
upviard trend is a .prerequisite to the 

attainMent . Of this'target. 
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Correspondingly, the amount of money available for items affecting 

communications should have been•less. Sales of GPS Radios, hoWever, 

have soared dramatically over the last year, apparently in contradiction 

to the amount of money people have to spend on this type of commodity. 

As the long-range (1978) forecast is for a rise in disposable income, ' 

.we should expect an increased requirement in communications spending 

particularly in, areas relating to recreational activity.- This will 

 primarily affect the land mobile 450-470 MHz portion, of the spectrum. , 

Leisure Time 

Leisure time is increasing constantly and thiS.trend is likely to 

continue, As automation increases we can expect to see -  the 37 - hour 

work week shrink to 35 and ultiMately to a 4 or even 3 day work week 

by  the year 2000. This additional leiSure..time will be filled by. -  

entertainment and recreational sport. Some of this - > entertainment will ' 

. 	. 
undotibtedly entail expanded media facilities (Video/Audio)  and  some 

. spectrum space will have to be allotted to communication requirements 

'for transportation systems•and associated recreationaractivity. 	- 

Probability is high that this will also place. additional pressure on the 

 land mobile portions of the spectrum. 

3.3 - 
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Northern Development  

Northern development has in the past years been primarily•resource-based . 

and will in all probability remain so in the foreseeable 'future. It is 

unlikely that large metropolitan areas will develop to a point-where 	' 

they will become a communications problem from a spectrum useage point- • 

of-view. What is probable, however, is.the requirement for-spectrum 	. 

space'for .communications control and servicing for such development as 

gas and oil exploration and delivery systems Of Uorthern resources'to 

• -Southern markets. 	• 
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STAGE IV 

Other Considerations 

IV.A. 406-470 MH7 

IV.A.1. 	406-410 MHz 

Refer to IV.A.2  for discussion. 

IV0A.2 	4107420  MHz  

Recommendations.regarding use Of this band have previously  been 

 forwarded to Ottawa (a copy of the memorandum'is included as 

Attachment A). Summarily, the recommendation states Or implies: 

'a) 414-415 and 419-420 • 

•Primary Service : Fixed 

•Secondary Service: Mobile 

b) 413-414  and 418-419 

i) Centres With.population of 200,000  or  more: 

Primary Service : Municipal Safety 	. 

• Secondary Service: Municipal Public Transportation 

• Systems 

.ii)' Centres with population between 75,000 and 200,000: 

Primary  Service.  : All Municipal Services • 

• › Secondary Service: Fixed Services 

iii) Low populated areas: 

• . 	Primary Service :- Municipal .  and Fixed  Services 

c) 410-413 and 415418 

Common carrier (CTCA). for public land mobile 

requirements. 
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There has been discussion to the eftect that it may be preferrable te 

move the 410-413 slot.  from (c) downwards into the 406-410 MHz band. 

This would provide a separation of transmit/receive frequeneies for the 

- mobiletelephone systems. 

• 
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Appendix I.A. 

j. 

I.A.1. WINNIPEG 

TABLE 1.a 

Past Progression of Assigned Frequencies 

Year 	30-50 MHz 138-144 MHz 148-150.8 MHz  150.8-174 MHz 450-470  MHz 
1* 	2** 	1 	2 	1 	2 	1 	2 	1 	2 _ 

' 1966 	1 	0 	3 	0 	3 	0 	145 	19 	: 17 . 0 .  
1967 	3 	300 - 	3 	0 	4 . 	33 	177 	22 .• 	18 .  • 6 

1968 	3 	0 	8 	267 	8, 	100 	. 191, 	8 .. 	19 . 6 

1969 	6 	100 	8 	0 	..9 	13 ' 	212 . 11 	.' 24. 	26 

1970 	10 	. 67 	8 	0 	15 	67 	227 	7 '' 	..27 .. 13 
• 1971 	11 	10 	10* 	25 	19 	27 	250 	10 	. 	33 ' 22 

1972 	• 15 .• 	36 	J. 	0 	24 	26 	.276 - 10 	•. 	.45, , 36. 
1973 	19 	27 	11 	10 	30 	25 	' 	,319 	16 	- 58 • . - 29• 
1974 	31 	63 	13 	18 	3.8 	27 	'357 	12 	, 76 . 31. 
1975 - '36 	16 	16 	' 19 	47 ' 	24 	' 400, -12" . 	- 85 .,- 12 . 

.* Érequencies ASsigned (including all previous assignments- 
•"'Growth from Previous Year (%) 

TABLE 1.b 

Compounded Annual Growth 	Standard  Deviation 

• Band. 	1963-1973 	1970-1975 	 - 	1970-1975  

30-50 MHz 	 52% 	 29% 	 20.8% 

138-144 MHz 	 20% 	 15% 	 9.7% 

148-150.8 Piliz 	 39% 	 26% 	. 	 1.3% 

150.8-174 MHz 	 12% 	 12% 2.5% 

450-470 MHz 	 19% 	
261  
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TABLE j.c • 

*Predicted Future Progression  of Assigned  !Emes 
. 	. 

Year 	30 • 50 MHz 	138-144 MHz 	148-150.8  MHz , 150.8-174 MHz  . 1  450-,-470 MHz 
• . (1000 Avail) 	(200 Avail) 	(88 Available) 	(691 Availab1e) 	(800 Avail) 

1977 	• 	.. 	75 	 ". 
• 1978 . 	 94 	 • 

	

. 	 . 
. 1979 	. - 	• • 	118 . 	• 	. 	629 	. 	. 

	

. 	 , 
. 1980 	' 	. 	• 	• 	149 	705 	• 	' 270 . 
1981 	• 	. 	' 188 • • 	790 	• 340 

	

. 	. 	 . 
1982. 	. 	. 	. 	 23.7 	. 	884 	' 	429 
1983 	. 	 299 -  • 990 , 	540_  . 	. 	• 	. 	 . . . 1984 	. 	 376 	1,109 	. 	680 

' 
1985 . 	 - 	474 	. 1,242 	' 	857 . 
1986 	. 	. 	. 	597 1,321 	.- 	1,060 . 	. 
1987 	. . 	. 	•• 	' 	753 	1,558 	1,361 

. 1988 	986 . , 	 948 • 	' 	1,745 	• 	1,715 	' 
- 1989 	1,272 . 	' 1,195 . 	. 1,955 	. • . . 2,161 

• 1990 	1,641 . 	1,505 . • 	. 	2,189: ' 	2,723 . 

* i) Using 1970-1975 growth rates (See Table 1,b) 
ii) Assuming unlimited avaiiable frequencies 

NOTE: Figures are reproduced only as they approach the actual nuMber of 
frequencies available in each band. 

TABLE  1.d  

I. Year 
• PredictedSumber of Assigned• Frequencies in 450-470 MHz With 
Additional  Load•from Excessive  Requirements,in Other Bands  

1980 	• 	345 
1981 	539 
1982 	771 
1983 	• 1,050 
1984 	1,386 
1985 
1986 	- 2,289 
1987 .. 2,893 •  
1986 	3,629 

1989 	, 4,804 

.1990 	. 	6,279 
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Compounded Annual Growth 	Standard Deviation 
1970-1975 . Band 1963-1973 	1970-1975 

1 

1 

a 

1. 1 .2. EDMONTON 

TABLE 2.a 

. 	Past Progression  of Assigned Frequencies 

Year 	30-50 Utz 138-144 MHz 148-150.8  MHz 150.8-174 MHz 450-470 MHz  
1* 	2** 	1 	2 	1 	2 	. 1 	2 	- 	1 	. 2 

• •nn••••• •nn••• 	 ••n••• 	 •n•n•• 

1966 	4 	0 	2 	100 	3 	0 	.157 	30 	. 13 117 - 

1967 * - -6 	50. 	2 . 	0 	4 	33 	- 	191 	22 	17 	31 
1968 	10 . 	67' - 10 	400 	7 	7 	222 	16 .- 	21 	24 

1969 	11 	lb 	11 	10 	7 	0 	2 40 	8 	- 26 ' 24 
1970 	12 	9 	14 	27 	8 	14 	281 ' 17 	35 	35 

1971 	18 	50 	18 	29 	8 	0 	321 	14 	67 	91 
1972 	21 	17 	26 	44 	10 	25 	369 	15. 	9 1 	36 

1973 	32 	52 	26 . 	0 	33 	230 	420 	14 	118 	30 

1974 	42 	31 	29 	12 	37 	12 	466 	11 	- 143 	21. 

1975 	62 	48 	46 ' 	59 ' 	40 	8 . 	492 ' 	6 	.. : 161 	13 

• .._. 
*. Frequencies Assigned (inCluding all previouS assignments) 
** Growth from Previous Year (%) 

1 
TABLE 2-.b 

30-50 MHz 	35% 
138-344 MHz 	44% 
148-150.8  MHz 	41% 
150.8-174 MHz 	15% 
450-470 MHz 	37% 

39% 
27% 
38% 
12% 
36% 

15.2% 
23.8% 

•100.1% 
3.7% 

30.9% 
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TABLE 2.c 

*Predicted Future Progression of Assignedamensles 

30.-50 MHz 	138-144 MHz' 	148-150.8 MHz 	150.8-174  MHz 	450470 MHz 	' 
(1060  Avail) .(200 	(.88 Available) (691 Available) 	(800 Avail) 

_ 

	

1977 	. . . 	76 	. 	, 	. 	• 	. • 

	

1978 	. . 	- 105 	691 	' 	' 	405 . 	. 

	

1979 	. . 	145 .. 	774 	551 

	

1980 	. 	. 	200 	867 	- 	749 

	

1981 . 	. - 	• 	193 	277. 	- 971 	- 	:1,019 

	

1982 	. 	245 	381 	: 	1,088 • 	. 	1,385 

	

1983 	864 	311 	* 	526 	• • 1,218 	1,884 

	

- 1984 	1,201 	. 	395 	726 	:1,364 	. 	2,563 

	

1.985 	1,669 , 	502 	•. 	1,002 	• 	1,528 	3,485 

	

1986 	2 320 .,. 	. 	638 	-1,383 	' 	1,711 . 	' 4,740 

	

19 8 7 	3,225 	' 810 	1,908 	1,917 	6,-446 

	

1988 	4,483 	. . 1 ,0 99 	2,633 	' 	2,147 	.. 	8,767 

	

1989 	6,232 	1,306 	3,634 	. 2,404 	• * 11,922 

	

1990 	8,662 	. 1,659 	. 	5,015 	2,693 	- 	. : 16,215 .  

- * i) Using 1970-1975 growth rates (See Table 2.b). 

ii) Assuming unlimited available.frequencies 	. 

NOTE: Figures are reproduced only as they approach the actual number of 
frequencies-available in each band.: .  

TABLE 2.- d 

Predicted.Number of Assigned Frequencies in 450-470 MHz.with 

Year 	Additional Load  from Excessive Requirements in Other Bands ' 

1975 	161 

1976 	• 	219 

1977 • 	298 

1978 	. 422 

1979 	• 	, 	6 1 1 .  

1980 	• 	957 	-- :Available Frequencies (800) 'Exéeeded in 1980. 
1981 	• 1,4 0 8 
1982 	• 2,040. 

1983 	2,880 

1984 	• 	4,190 

1985 	6,127 

1986 	8,733 

1987 	12,247 

1988 	17,000 

1989 	23,439 

1990 	.32,185 

- 40 - 
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1.A.3. CALGARY 

TABLE 3.a 

- Past-Progression  of Assigned Frequencies 

Year 	30-50  MHz 138-144  'MHz  148-150.8 MHz 150.8-,-174 . MHz 450-470  mHz 

---- 	1* 	2** 	1 	2 • 	1 	2 	.1 	2 	• 	1 	2 

1966 	4 	100 	2 	0 	8 	14• 	144 	21 	2 	- 

1967 	5 	25 	2 	0 	- 9 	13 	177 	23 	› 2 	0 

1968 	8 	60 	9 	350 	11 	22 	212 	20 	7 	250 

1969 	10 	25 	9 	0 	. 11 . 	0 	225 	6 	. 11 . 	57 

1970 	14 	40 	9 	0 	11 	0 	255 	13 . 	14 	27 

1971 	19 ' 36 	11 	22. 	.11 	• 0 	284 	11 	20 	43 

1972 	31 . 63 	17 	55 	15 	36 	331 	17 	. 	33 	65 

1973 	41 	32 	27 	59 	19 	27 	375 	13 	, 59 	,79 

1974 	60 	46'. 33 • 22 	35 	84 	• 417 : 11 	.79 	. 34 

1975 	74 	23 	52 	58 	42 	20 	. 454 	- 9 	97 	23' 

* Frequencies Assigned (including all previous assignments) 
*** Growth.from Previous Year (%) 

TABLE 3.b 

Compounded Annual Growth 	Standard  Deviation 

1963-1973 	1970-1975 	1970-1975 Band 

30-50 MHz 
138-144 MHz 
148-150.8 MHz 
150.8-174 MHz 
450-470 MHz 

39% 	40% 	15.3% 

45% 	42% 	19.5% 

13% 	31% 	31.4% 

15% 	12% 	3.0% 

62% 	47% 	23.0% 
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30-50 MHz 
(1000 Avail) 

*Predicted 

Year 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

72 

94 

124 

.162 

212 

278 

364 

477 

625 

819 

1,073 

1,405 

1,841 

2,412 

210 

308 

453 

666 

979 

1,439 

2,115 

3,109 

4,570 

- 6,718 

9,876 

-14,518 

21,341 

.31,371 

714 

800 

896 

,1,004 

1,124 

1,259 

1,410 

1,579 

1,769 

1,981 

2,219 

2,485 

149 

211 

. 300 

426 

605 

860 

1,221 

1,733 

2,461 

3,495 

4,963 

7,048 

10,008 

780 

1,092 

1,529 

2,140 

2,997 

4,195 

5,873 

8,223 

3.1,512 

i)  
ii) 

Available Fregnencies (800)'Exceeded'in 1980. 

143 

210 

314 

500 

869 

1,454 

2,267 

3,496 

5,536 

8,419 

12,515- 

 18,349 

26,681 

38,613 

55,729 

TABLE 3.c 

Future Progression of Assigned  Frequencies 

138-144  MHz 	148-150.8 MHz 	150.8-174 MHz 	450-470 MHz 

(200 Avail) 	(88 Available) (691 Available) 	(800 AvaiI) 

Using. 1970-1975 growth rates (See Table 3.b) 

Assuming unlimited available frequencies 

NOTE: Figures are reproduced only as they approach the actual number of 
frequencies available in each band. 

• 

Year 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 • 

1989 

1990 

TABLE 3.d 

Predicted Number of Assigned Frequencies in 450-470 MHz With-
Additional Load  from  Excessive  Requirements in Other Bands 
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1 

Compounded Annual Growth  
Band  1963-1973 	1970-1975 

Standard Deviation 
1970-1975 

1 

1 
1 

I. 1 .4.  REGINA  

TABLE 4.a 

.Past  Progression of As'signed Frequencies  

Year 	30-50 MHz 138-144  MHz 148-150.8 MHz 150.8-174 MHz 450-470 MHz 

1* 	2** 	1 	2 	1 	2 	1 	2 	1 	2 

1966 	6 	20 	0 	0 	1 	0 	' 	67 	26. 	. 	5 

1967 	8 	33 	0 . 0 	2 100 	77 	15 	5 	0 

1968 	10 	25 	6 	- 	4 100 ' 	86 	12 	- 8 	60 

1969 	10 	0 	7 	17 	5 	25 	. 98 	14 	. ' 	8. 	0 . - 

1970 	13. 30 	8 	14 	6 	20 	101 	3 	10 	25. 

1971 	15 	15 	8 	0 - 	7 	17 	' 	113 	.12 	10 	0 • 

1972 • 	20 	33 	8 	0 	7 	0 	. 127 . 12 	10 	0 

1973 	22 	10 	8 	- 0Y. 	9. 	29 	. 	146 	15 	14 - 40. 

1974 	26 	18 	. 9 	13 	1 0 	11 	- 161 	10 	17 	21 

1975 	32 	23 	11 ._ 2 2 	10 ' 	0 	186 	16 . 	. .23' . 24 _ 

* Frequencies Assigned (including all previous assignments) 
** Growth from Previous Year (%) 

TABLE 4.b 

30-50 MHz 	20% 	20% 	°  

138-144 MHz 	- 	7% 	10.1% 

148-150.8 MHz 	37 9. 	110 	12.3% 

150.8-174 MHz 	12% 	13%  

450-470 MHz 	16% 	18% 	17.2% 
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TABU: 4.c 

*Predicted Future Progression of  Assigned Frequencies  
, 

Year - • 30-50 MHz 	138-144  MHz 	148-150.8  MHz 	150.0-174 MHz 	450-470  MHz 
— 	(1 5i5-6--Avaii) (200 Avail) 	. (88 Available) (691 Available) -(800 Avail) 

- 1985 . 	• 	-. 	. 	. 	. 	-120 . 	. 	 . 
1986 . 	. 	. 	713 	. 	142 
1987 	• . 	. 	806 	168 
1988 	. . 	• 	911 	198 
1989 	. 	. 

	

1,029 	' 	233 . . 	•  
1990 	• . 	-.- 	1,163 	. 	275 

* i) Using 1970-1975 growth rates (See Table 4.b) 
ii) Assuming unlimited available frequencies' 

NOTE: Figures are reproduced only as they approach the actual . nuMber of 
freqUencies available in each band. • 

TABLE 4.d 

Predicted Number of Assigned Freqeuncies in 450-470 MHz with 
Year 	Additional Load from  Excessive Requirements in Other Bands 

1.985 	120 
1986 	. 	'142 
187 	203 
1988 - 	338 
1989 . 	- 491 
1990 	667 Does Not Exceed Available Frequencies by .1990. 
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1 3 

Winnipeg 	85:7 1443 - 
Edmonton 	65.3 14.3 6.1 - ' 
Calgary 	72.4 13,8 1.7 - 
Regina 	73.9 26.1 - 

I  .A.5 

Sharing Leve1s* - December 22, 1976 

30-50  MHz  
(% of Frequencies Assigned only Once, Nice,  etc.) 

• Total 
'Assigned 

1 	2 	3 	4 • 	5 	6 	7 	• 8 	9 	10 	>10 	Frequencies - . 

Winnipeg 	71.8 20.5 2.6 - 	- 	- 	- . 2.6 - 	- 	- 	38 
Edmonton 	67.7 26.2 3.1 1.5 - 	1.5 - 	- 	- 	- 	- 	65 

Calgary 	72.7 22.7 4.5 - 	- 	- 	- 	- 	- 	- 	- 	88 
Regina 	84.6 5.1 5.1 - 	- 	- 	- 	- 	- 	- 	5.1 	39 

138-144 MHz 
(% of Frequencies Assigned Only Once, Twice, etc.') 

Total 
Assigned 

5 	6 	7 	8 	9 	10 	>10 	Frequencies - 

. 28 

2.0 6.1 2.0 - 	2.0 	2.0 . 	49 

3.4 1.7 3.4 1.7 1.7 - 	- 	58 
23 

• 148-150.8  MHz  
(% of Frequencies Assigned Only Once, Nice,  etc.) .  

Total 
• •- 	Assigned 

1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	>10 	Frequencies _ 

3.2 
2.3 - : 2.3 

2.0 - 	'2.0 - 	. 	2.0 

Winnipeg 	68.3 22.2 4.8 1.6 - 
Edmonton 	50.0 25.0 13.6 6.8 - 
Calgary 	57.1 22.4 10.2 4.1 - 

Regina 	80.0 13.3 6.7 - 

63 
44 
49 

. 15 

eldithin 70 miles Of the centers of the respective - cities. 
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• • 150.8-174  MHz 
(% of Frequ.encies Assigned Only Onçe, Twice, etc.) .  

Total 
Assigned 

1 	2 	3 	4 	5 	67 	8 	9 	10 	7,-10 	Frequencies _  

Winnipeg 	38.9 16.0 6.1 2.8 2.5 7.8 7.8 7.8 7.8 - 	2.6 	643 

Edmonton 	44.7 23.8 13.4 6.2 2.1 1.7 0.8 1.5 0.8 1.1 	4.0 	530 

Calgary 	45.4 27.211.5 3.7 3.3 1.2 2.0 1.0 1.0 0.8 	2.9 	511 

Regina 	70.2 12.2 9.0 1.6 1.6 0.4 1.2 0.4 1.2 0.8 	1.2 	245 

450-470 MHz • 
(% of Frequencies Assigned--Or7ry Once, 'rwicé,• etc.) 

Total 
Assigned 

1 	2 	3 	4 	5 	6 	78 	9 	10 	>10 	Frequencies _ -- 

Winnipeg 91.7 7.3 0.9 - - 	- 	109 

Edmonton 	70.3 18.1 3.8 2.7 2.2 1.1 	- 	- 	0.5 0.5 	0,5 	162 

Calgary 	65.4 19.9 7.4 1.5 0.7 2.9 	1.5 - 	0.7 - 	- 	136 

Regina 	92.1 2.6 5.3 - 	- 	- 

46 
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TABLE 1 

Channel Now Allocated 
Additional 

Allowable Allocations 
ALBERTA 
Calgary 
Edmonton 
Grande Prairie 
Lethbridge 
Lloydminster 
.Medicine Hat' 
Red Deer 

SASKATCHEWAN  
Regina 
!ose  Jaw 
Swift Current, 
Saskatoon 
North Battleford 
Prince Albert 

MANITOBA  
Brandon 
Portage la 

Prairie 
Thompson 
Winnipeg)  

2,4,9,16,22,38,44,50,73,79 
3,5,11,13,17,23,46,52,58,74,80 
10,1 /3,51,80 
7,10L,13 23,58,64,80 
24816L 

6,8,49,65,71 
6,8,31,59,65 

2 1 9,13L ,18,24,47,53,71,77 
4,7,16,26,55 
5,12,40,56 
8,11,13L,17,23,33,54,70,76 
67,39,7l 
3É ,5,9L48,24,77 

2L,4 ',5,21,37,63 

17,38, (but  Covered by Winnipeg) 
4,5L,7,9,16 
3,6,7,9,13,20,26,36,42,48,71,77,83 

(not required) 
(not required) 

18,34,68 
(not:required) 

25,43 
20,37 
47 

(hot required) 
. 35,44 

14,27: 
(not required) 

14,49,58 
50 

(not required) 

(not required) 
(many additional possible) 
(not required) 

NOTE: With the exception of limited allocations (indicated by an 4, all 

of the above are full power allocations .  All existing UHF  allocations 

and "taboos"  have  been accounted for. 
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TABLE 2 

Authorized Services  7  December, 1976  . 

• 
Alberta 	 CBC ENGLISH CBC FRENCH 	CTV  ENGLISH 	OTHER 

Calgary 	CBRT (Ch 9) 	- . 	'CFCN (Ch'4) . CFAC-(Ch.2) 
Edmonton 	CBXT (Ch 5) 	CBXFT (Ch 11) URN (ch 3) 	CITV (Ch 13) 
Grande Prairie 	CBXAT (Ch 10) 	- 	, 	CFRN (Ch 13) 	- 
Lethbridge 	• 	CBRT (Ch.  10) 	- 	. 	CRCN (ch 13)' cJ0c (ch 7) • 
LloydMinister 	 CKSA (Ch 2) 	- 	. 	CITL (Ch 4) 
Medicine Hat CHAT (Ch 6) 	-, . CFCN (Ch '8) 
Red Deer 	

. 	
- 	CKRD (Ch 6) 	- 	CFRN (Ch 8) 

Saskatchewan 

Regina 	CBKRT (Ch 9) 	CBKFT (Ch 13) CKCK (Ch 2) 
Moose Jaw 	CBKMT (Ch 4) 	_ . CKMJ (Ch 7) 
Swift Current 	. CJFB (Ch 5) 	. 	7 	CKMC (Ch 121 
Saskatoon 	CBKST . (Ch 11) 	.- 	CFC (Ch 8) . 
North Battleford. 	CKBI (Ch 7) ' 	- . 	CFQC - (Ch 6) 
Prince Albert 	 CKBI (Ch 5 ). 	_ 	• 	 -. 	. 

Manitoba -------- 

Brandon 
Portage la Prairie 
Thompson 
Winnipeg 

CKX  (Ch • 5)  

CBWTT (Ch 7) 
CBWT (Ch 6) 

CBWFT (Ch 5) CKYT (Ch 9) 
CBWFT'(Ch 3) CKY (Ch 7) CKNP .(Ch 9) 

CKYB (ch 4) 



Appendix 

TABLE 1 

Cumulative Licensed Frequencies (890-960. MHz)  

Alberta 	Sask. 	Manitoba 

C.C.* P • ** 0• *** C.C.  P. 	O. 	C.C. P. 	O. 	C.C. P. 	O. - 

I .  

t; 

rzi) 

1966 	5 	0 	5 	0 	12 4 	0 	0 	3 	0' 	0 	0 

1967 	7 	1 	6 	0 	12 4 	0 	0 	3 	0 	0 	0 

1968 	7 	- 7 	6 	0 	24 4 	0 ' 0 	3 	0 	00  

1969 	7 	7 	6 	0 	244 	0 	0 	5 	0 	0 	0 

1970 	7 	7 	6 	0 	246 	0 	0 	5 	.00 	0 

1971 	14 	9 	6 	0 	24 6 	0 	0 	5 	0 	0 	0 

1972 	21 	12 	6 	25 	24 6 	4 	0 	5 	10 	0 	0 

1973 	21 	31 	6 	53 	24 6 	4 	0 	5 	18 	0 	0 

1974 	33 	45 	6 	81 	24 6 	10 	0 	5 	18 	0 	0 

1975 	51 	73 	8 	141 	24 6 	16 	0 	5 	22 	0 	0 

19 764  

	

76 	77 	8 	189 	24 6 	32 	0 	5 	26 	0 	2 

e Common Carrier 
.** Pipeline 
*** Other 

As of November 1, 1976. 

NOTE: This sub-spectrum became popular in 1972, Probably.duè tO Farinon 
equipmnt. 
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I .  

p. 
1 ' 	TABLE 2 

Bandwhith  (KHz) Frequencies (Number of) 

50 

	

500-1000 	 . 	19.  

	

1000-1500 	 26 

	

1500-2000 	 , 10. 

	

2000-2500 	 15 

	

2500-3000 	 108 

	

3000-3500 	 61 

	

3500-4000 	 • 148 

4000 	 8 

NOTE: The approximate range of usual bandwidths 
.for a particular number of voice channels 
are as .follows: 

12 Channels 
24 Channels 
60,Channels 

120- Channels 
(STL's) 

567 - 1022 KHz 
705 - 2716 KHz 

2120 - 3640ACHz 
2850 4596 KHz 

-(4500 kHz), 

-50 - 
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Sub-Allocation of Frequencies in the 410-414nd 4.15-419 MHz Bands  
for Municipal Services 

. 	The frequencies presently available:for municipal services in the . 
VHF and UHF bands cannot accomodate future growth requirefdents for,these 
services without a considerable amount of hardship. This  hardship is 
primarily due to the limited number of availableSF channels in the bands 
which were sub-allocated for municipal services. This necessitates the 
use of frequencies  outs  ide  this sub-allocation when.additional radio -- 

 channels are required. In most cases the existing radio equipment is 	- 
incompatible for  th .3 type of expansion., 	 . 

• 
• Preliminary forecasts for Edmonton'and Winniimg indicate that at 

least 30  duplex pairs are required,by the year. 1985 for the municipal 
safety services. To prevent "boxing in" of these services the Central. 
Region intends to open the sub-bands 413-414 MHz and . 418-419 MHz for 
municipal safety serVices. It is intended to use the followingeriteria. 

I. Centres with populations of 200,000  or more 	• 

Primary Service: Municipal Safety (Police, Fire, and Ambulance) 

Sec(InlAry_ervice: Municipal Public Transportation Systems 

I  

j. 

st
(  

III. Low populated areas 

Primamj;i2rvice: Municipal anct•Fixed 

iI  Centres wdth population between 75,000 and 200,000 
ft 

Primary Service: Al].  municipal services 

Secondary_Service: Fixed Service 
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The reason for selecting the 413-414 and 418-419 MHz slots is 
two-fold. 

1. These slots are adjacent to the 414-415 and 419-420 slots 
which are . prdsently allocated for the fixed service. -There is a great 
demand, in the remote areas, for fixed systemo which .require capacities 
equivalent to 12 1-2/4  voice channels. Since in these a.reas criteria III 
aPplies some existing congestion.will be alleviated  by  the arrangement 
,sukgested. 

2. Jith a.chapF,e  in  technology, such as, software controlled - 
digital systems, it is possible at a future date, municipal.  services - 
Could use a single integrated system. Such a system may require less 
than a 1 MHz wide slot. vihen this'materializes part of suggested . 
spectrum can be allocated to the fixed service at: a later date» 

• . 	• 
The selection of the municipal sub-allocations will also leave 

.two 3  MHz  slots. These slots can be used for thé CTCA requirements. 
The chairman of the .CTCA, Mr. G. Hauch of the ManitobaTelephone System 
(MTS) has indicated that the proposed sub-alliication does not have an 
adverse impact on the CTCA  proposai  submitted to the•Department. 

The Central Region has to assign frequencies for the Winnipeg and 
Edmonton systems by the. end or January 1977, and it would be appreciated 
to receive yOur comments hy January 26, 1977.:.  If  these cowments are 
favourable, arrangements should be made to insert an appropriate statement 
in JRSP-501. 

W. A. R. Johnston 
Regional Director 
Central Region 

c.c. DIGTN J. Gilbert 
Scott DOS, W. W. 

RDA 
RDO 
RM 
RDP 
RCR 
RCE 
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OWO WIDE  MEA  PAGING 

11 (The use of radio links to interconnect lbcal paging . systems.) 
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A-He chrn-et-It B 
Governinetil 	Co divt rn lent 

e 0[GalliOd 	(111Ldfld(b 	 MEMORANDUM 	NOTE DE SERVICE' 

This-refers to your memorandum with attached report, dated September 10, 1976, 
• concerning the MacLean-Hunter (M-H) application for a multipoint distribution .  
.system (MDS) to serve a paging network in the Toronto area. 

.The report, entitled "Wide Area Paging", actually is a surveY to determine the 
best suitable way to accommddate the MacLean-Hunter application: The rationale 
used for this application then forms the background to the Proposed use of the 
2500 MHz band. n 	. 

iAlthough the 2500 MHz band appears to. be the most suitable frequency band, from 
a technical point of view for an MDS, the use of point-to-point n radio links to 
interconnect, and the use of MDS to serve various paging systems , . raises the 
question whether sUch applications should be entertained befdre a policy has - 
been adopted for wide area paging. 

It is felt that with the non-existence of such a policy, the allocation of frequency 
n band to accomodate wide area paging systems is premature. 

The questions which should be considered can  be  summarized as follows: 

1. What is the Department's view on wide area paging? 

2. If wide area paging is allowed: 

a) should such a system employ "tone-only" or "tone plus:voice"? 	• 
b) How many competing systems should be allowed? 
c) Should radio trunking systems be permitted to interconnect systems 

in various cities or towns, or should the interconnection be supplied 
by the Telco in that area? 

d) To what extent should wide area voice paging be allowed.in n areas where 
SWAP exists? 



I .  
On Page 3 of the report, alternatives to the proposed MacLean-Huntnr applications 
are Considered. The Contrai Region would offer the'following commente  on 
these alternatives: 

1. The present trend is towards the use of packet broadcasting, i.e. Bell  Canadas  
SWAP is now in operation in parts of Ontario and Quebec i .Paging svstems ln 
Amsterdam, Vienna and Chicago employ digital techniques. Ihese techniques 
are alsO considered for the Eurecom•coneept.. Packet broadcasting is also 
utilized to distribute digitized information to mobile printers and other 
display devices. . 	. 

2. Voice paging does not represent an effective use of the radio spectrum. 
a) Ulw capacity is 1/50th or less than that of a tone paging system. 
b) A higher E1RP is required for the same coverage area. 
c) Tone paging systems can use up to a single frequency for ton  transmitters 

that are sequentially activated. 
d) Voice paging transmitters have to be phased within close tolerance, 

making the use of telephone lines more expensive on account of phase 	- 
and delay edualiers. 

e) Preliminary results of Lite  Bell SWAP system indicate public acceptance 
and good growth. 

3. Storage devices are  state-of-the-art, but availabilitydepends on the market 
potential, i.e. the deployment of voice systems instead of digital paging 
systems may hav..2 an adverse effect on further dvelorment  of storage devices. 

4.. LandlineS are ig. ,u.;iblo.with the appropriate dlay ana phase elhalizers. 
Privat.-c lino  -!.,srvice at ::5/mile/month could he moro.eConomicàl compared to 
a mi,:roaave s -r;:.t, especially when in cost comparison the criteria of 

P11..; are 1.13J.: 

T.le allocation of d fre . juncy band for an :11):.; u1sl..0.1 will undoubtedly favour a 
furtnor n leploymei t. of are., wide voice ,.:aging systicS. 

It iu recoended thur. the une or a radio systeb  for  the distribution -of paging 
stjnals be kept in abeyance until a policy for the paging and Other RCC types 
of systems  lias ben  adopted, and that a meeting be held betwe2n ItadqUarters and 
Regional staff 1.1embs to discusu these matters in more detail. 

Please inform we on the action to . be  taken by Headquarters. 

W. /t.  R. JOH.N sic», 

w. e. R. Johnnton 
D..gional Director 
Central Pojion 

HT:bg 
cc - DGTN - J. Gilbert 

RDP 
RDO 

. 	RD2 
RDAI,' 
RCR 
RCE 

r.4.4 r 





APPENDIX K 
---------- 

THE INTRODUCTION  OF NEW FACILITIES TO  THE LAND MOBILE MARKET - 

Introduction. 

The basic data for this appendix were obtained from a survey carried out 

under contract for the Spectrum & Radio Systems Policy Branch of the federal 

Department of Comunications Over the period July 1975 to July 1976. The study 
was  carried-  out. as  .a  survey of users of land mobile radio in an attempt to 
determine certain parameters of their usage as well as their present and future 
needs. The survey waS approved by.the.Special 'Surveys Coordination Division of 
Statistics Canada with respect to study objectives, methodology and content. 
The data from the survey respondents was coded and processed by computer to form 
the statistical outputs which are presented later in this report. Respondents 
to the survey were segregated into three . main groups: 

• 1. Business and commercial user s --  .. - . 	- 	- 
2. Federal and prOvincial users  
3. .Munfcipal users. 

It should be noted that the municipal category contained the emergency .• 	. 
services, such as police, fire and ambulance. 

ppiectiVes of Survey. 

The objectives of the survey were to gather data necessary to enable the 
Department of Communications: .,. 

• 1. to trace the lhi.storical pattern of land mobile radio 
development within user categories and geographic regions 
of Canada; 

• 

2. to assess the types of services provided by mobile radio, the 
prevalent types of technical features of mobile radio systems, 
and the extent of usage; 

3. • to assess the probability of adoption of new land mobile radio 	— 
facilities and services. 

Methodology:  

Question 18 of the survey (shown as a.n'attâchment) refers to the 
possibility of incorporating new facilities  into  -the land mobile radio systems 
of existing users. —This question was asked of each of the three main types of 
users and the responses have been aggregated. These are shown in Tables 1, 2, 
3 and 4, referring to the responses of 

1. Business and Commercial 
2. Federal and Provincial 
3. Municipal, and 
4. All Respondents to the survey respectively. 



Although the total number of responses is small.in  comparison to the total 
number of land mobile radio systems in Canada, the sample can be expected to given 
an assessment of the probability of incorporating new facilities into the systems 

of  existing users in the future. • 
- . 	• 

An assessment of the estimated spectrum requirements for operation of each 
of the new services listed in Question 18 has been made.. These estimates range 
from no additional bandwidth or channel requirements (but increased loading) for 
particular services to a full additional land mobile channel for other services. • 
An example of the first case would be Automatic Vehicle Identification while an 
example of the latter situation could be services such as Facsimile. Table 5 is 
the estimate of spectrum required for the operation  of.  each service. 

Observations 

(a). Summary  of all User Cateerin,_ 

Out of a total. of 630 respondents, of all three user classes, 
approximately 230 did not answer one of the sub-questions. 

Summary  of responses: 	. 

- 3% now utiliie some form of new facility as specified 
in Question 18. 

- 11% have no information on these new facilities and 
declined to comment on possible usage. 

- 71% will not use new facilities. 

• - 7% undecided as to possible usage. 

- 8% definitely will use new facilities. 

• Out of  ail classes of respondents who stated they would incorporate - 
new facilities into their systems: 

- 50 stated they would incorporate new facilities within the next 
5 years. 

- 8 only respondents stated that incorporation of new facilities would be 
beyond 5 years from the 1975-76 survey period. 

On a surnlary basis, 10% of all classes of respondents expressed a definite 
viewpoint in support of the incorporation of new facilities (no-Yes in the 
Tables), and 86% of these indicated such facilities would be incorporated 
within the next five years. 

(b). Spectrum Requirements for New Facilities.  

As shown in Table 5, out of 11 new facilities, 6 would definitel y . 
 require use of an additional channel and a further three could utilize the . 

existing channel adding to its utilization only tdo of the facilities were 
' anticipated to have a negligible effect on spectrum requirements. 



CONCLUSIONS.  

1. The new facilities listed in the survey appear not to have been widely 
marketed at this point due to the relatively large proportion (11%) of survey 
respondents unfamiliar with them. 

2. Although not widely marketed, 3% of existing systems already are making 
use of some new facilities and an additional 8% indicated that they intended 	- 
to incorporate such new facilities,most within the next five years. Therefore, 
approximately 11% of the existing  land  mobile system markets will form a 
base for the marketing of new facilities, When sold on a wider basis, the 

market for such new facilities should be considerably larger than this 11% 
figure. „ . . 	. 

3. Introduction of neWfacilities requires an additional channel, or at 
least, increased loading of the existing channel in most cases. From a 
review of Table 5, the additional overall spectrum requirement arlsiirg 
out of an 11% market penetration for new services would amount to approximately 
8%  (je. a land mobile system spectrum requirements will, in future, be 
approximately 8% greater due to th e.  use of new facilities than if conventional 
land mobile systems were in use). 

4. Although the sample size for the survey was small, it was representative 
of the mobile user.population. Due to its small size, extropolation of the 
figures above over the whole mobile population would not likely give an . 
accurate assessment of future use; however, lacking further data this report can 
serve as an indication of future needs. 
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TABLE*5 

SPECTRUM  REQUIREMENTS FOR  NEW FACILITIES 	. 
. 	• 

....... 
NEW FACILITIES 	 CHANNEL REQUIREMENTS 

_...... 

II
• 	

Additional 	
trulltud ' No Spectrum •

Effect 

S • 	FACSIMILE 	 X 

lrB) TELETYPE (HARD COPY) 	 X 	 ! 

It) DATA TERMINAL (I) From Dispatcher to Mobil0, 	X 	 3 

	

-(7) From Mobile to Dispatcli-e-Fi 	X  	• 	13 	. 	. 	, 
IID) SLOW SCAN TELEVISION 	'X (1) 	From Di* patcher  to Mobile„, 	 . 

M-71-7om . Mobile.to  Dispatcher j 

E) COMPUTER Àssis:lib DISPATCH.“. 

liF), , COM.KITER INPUT FROM VEHICLE 	 X 	 • 

G) COMPUTER .RETRIEVAL FROM VEHICLE 	, 

	

 	, 
IF) INDIVIDUAL SELECTIVE SIGNALLING 

(I) SELECTED GROUP (NOT "ALL-CALL') SIGNALLING 

1) 0 AUTOMATIC VEHICLE IDENTIFICATION 	X 

Ir. AUTOMATIC VEHICLE LOCATION X 



11/ t.) OTHER . (EXPLAIM) 	• 

	• 	0 . 	K) AUTOMATI VEHICLE LOCATION C  

1 
1 

o 

•HAVE NO • 
•• In SYSTEM IHFORmATION 

luns, SEE DEFIMITIOMS 	

Om FACILITY 

(A) F 	 • AcstmILE 	 . 	0 	0 

	

- j TELETYPE (HARD COPY) 	• 	• . 0 . 	0 

(I) FRon DISPATCHER TO hISILE  

	

) SLC SCA TELEVISION 	

. 
_121 FROM MUSILE TO DISPATCHER 	• 0 	0 

(1) FROM DISPATCHER TO MOBILE' - 	0 • 	• 0 

- (2) FROM reittE TO DISPATCHER .  ..: 0 : 	. 0 
a., calpuin Ass tsro DISPATCH 	0 	0 
II 	 . 

(F) COMPUTER IbPD/ FROm VEHICLE • 	0 	. .0 

. 	0 	. 0 • 

SICHALLING 	

-.. 	. ..- -

• 0  

o  

••nn 

, 	 * 

••• 

• 

ItEst.l°m-ALP:E1  .-•.-- 	
____ _ 

p. . ,trup.. .. ... . z.  

.7.1=.2.• 	 . 	 • 	• 	 • 	 . 
.:.....______ . 	 . 	 . . 	 . 

. 	
. 

. 	 . 	 . 

1 . rietre are •a. nurd -œr of faCilities that ?..re technically feasible now 
- ' and will, in all proba....bility, 1)=-------e..,_-_ 	avail.able on rambile radio sys- 

tells. Scar.... of those facilities have bee_n liste-:..1 below.  If you are 

•
likely to inorD.-rixarate any facility (i.e. if you c..}1...ck•either "Likely" .  
or "1- 9nitely". - which are in  t:1-, 	F-2--.9. area) indicate  the  tire frarre 
of possible application by ei,..c.k..ing.the rro-re aporopriate 1= of the 8 	....,. tw. 'If tt.e - facil_ity is alre.ady in use che.ck. the first =13:4-on .., 

. 	 . 	 .. • 

- 

. 	 . 

e 
e 

f.; 

_ 
PRO9)21LITY0FINCcRPOqATIoN 	 TimE ...--------= 

DEFINITELY 

	

• 	 IN MExT 
me 	UNLIKELY 	umoECIDED 	LIKELY 	DEFINITELY. 	5 YE.!S 	LATEr 

;,•=>. .;;' ,7- --, 
..--- 	: 

0 	0 	: 0 	......„/11,:e 	0 	0 
0 	0 	0 „ 	•7°  0 	0 

• . • 	- 	‘`' ''' 	---/%%?- 
0 - 	0 	0 	, 	

, 	
0 	O .  

1 . 0 	0 	0 	e,- 
C3 	' 	' 	o 	0 	*'i e- 	C3  ' D . 

 

o 	- • 	0 	0 	. . 	_.,, 	Ô 	0 
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	 Lif-ecILA FACIL.FF±CS 
 
	5t-mm 

- 	 . 

BuSINESS & -COMMERCIAL 	 : 

	

.   .. 	  
FACILITy- 	'00 	• 	01 	.. 02 	03 	04 	05 	06 	07 	08 	' 	09 	00 	'YES 	T0TAL 	. 

01. 	FACSIMILIE 	137 	' 	6 	27 	. 	70 	39 	. 	-7 	2 	1. 	1 	1 	. 169 	. 	3 	297 

, 	-- 	tià-----4-4 	3_________,,,. 	2_______i 	"1-1-e" 	- 	297 
.. 

•03. 	DATA TERMINAL 	(1 ) 	135 	. 	7 	19 	- 	74' 	44 	6 	 118 	6 	297 
. . 

04. 	DATA 	TERMINAL 	(2) 	
. 	. 	

134 	• 	.8 	18 	- 	'75 	42 _ . 	7 	. 	6 	• 	i 	. 	137 	6 	297 	' 

—0 --&-&w— 	- 	. 	 ".*J- 	• 	1 	-3 	2:7 	. _ 	. 

' 	06. 	SLOw 	SCAN 	TV 	(2) . 	140 	'2 	22 	75 - 	• 	45 	' 	3 	' 2 	. 	1 	'. 	120 	2 	. 	297 

07. 	C.A.D. 	135 	2 	21 	.- 	70 	, 	47 	7 	' 	g 	• 	 , 	117 	. '8 	• 	297 	. • 

—R 	-E- -i- -V- 	.-G 	- 	• 	
• 	44 	, 	 ... 	1-4, 	±f 	29 . 	 

	

:, 	1 1  

09. 	C.R.V. 	. 	136 	 8 	1 	'. 	2 1 	19 	' 	69 	' 	46 	' 	a 	 115 	9 	297 	.* . 	« 

10..I.S.S. 	127 	› 	9 	• 	20 	49 	45 	12 	22' 	2 	4 ' 	94 	24 	297 	
. . 

. 	
, 	1-1 	13 	1 	- 	. 	1-0-3—  —14 	2-9-7 	. ."± 	' ' '. 6 	. 	1 33 	 , 

. 	 . 
12.,A,V.I. 	, 	127. 	: 	5 	• 	. 	23 	57 	45 	• 	14 	15 	. 	. 	2 	. 	2 	102 	17 	297 	' 

13. 	A.V.L. 	› 	127 	.: 	5 	25 	58 	- 	43 	.. 	16 	14 	1 	1 	' 	. 101 	. 	15 	' 	297 	.•

. 	• 	L 	L' 	37'. 	110 	1-1-4 	10 	i- 6 	1--i-r4-4' 	1?4---- 06r1 	. 	 
- 	 . 

• 

. 	...opoE 	,-. 	. 
	

' 	
. 

Ou  - Number of respondents to survey who did .  not respond 	. 	07 - Number of respondents who would definitely incorporEte. '  
to this question, 	

. 	
. 	the new.facility, 

- . .01 - Number of res-pondentS whose system. presently uses  the 	, 	08 - Number of respondents who would incorporate. the - new 
new facility 	(Questionnaire: 	In System Now), 	facility in, the next five years. 	. 	• 	. 

• 02 - Number of respondents who had no Information on the 	.09 - Number of respondents who would incorporate the new  

. 	facility. - .. - 	, 	' 	. . 	facility later thanthe next five years, 	• 	  .... 	. 	• 	. 	. 	:,. 	. 	. 	. 	 , 
- 03 - Number of .respondents.who 'definitely would net.... - 	' 	. 	Na'-  Number of reSpondents who would not-forecast use of 	. 	. 	. 	

. 	
• 

incorporate the new facility. 	 • 	.. , 	the new •facility. 	(Codes 03 and 04 combined). 	 . . 	. 	. 	 _ 
— 	- 	04 - Nulber of respondents who thought it unlikely 	.. 	• 	Yes ...Number of respondents who would•forecast  use • of the new 	. 

they would incorporate the new facility. 	'. 	• 	•facility (Codes 05  and G-7  Combined). . 

•• 	05 - Number of respondents who were undecided. 	-i. - 	' 	• • 	' 	- 	 . 	.. 	, 	,., 	
. 

. 	 . 
05 	Number of respondents whe would likely intorporate 	- 	,- 	• 	 ' 	. . 	.... 	 , 	 . . 	4.I.,... 	e.......11 .{4,. 	 • 

ic pun eautesta, . 

-edMeree....eeteYeffl=e,...7 
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SPECILA FACILITIES SUMmAPY 

	

.... 	_. . 	 . 

FEDERAL/P:4.0vIP:ICI4L 	' 	 : 
• • 

. FACILITy 	00 	01 	02 	01 	04 	05 	06 	07 	• 	08 	09 	NO 	' 	YES 	IOTAL 

01. 	FACSImILIE 	6 	2 	- 	1 	2 	, 	b 	1 	 . 	7 	17 

,  
---02,—T-E4--- 	• 	 . 	 7 

Oi. DATA  TERMINAL 	(1) 	6 	1 	1 	4 	3 	1 	• 	• 	7 	1 	17 	' _  

04. 	DATA 	TERMINAL 	(2) 	• 	' 	6 	1 	4 	. 	4 • 	1 	1 	 8 	• 	1 	17 	. 

—0-e-g.-5L-G,w--S-C-A-N—T-v—(-H 	 4 	
. 	

. 	. 	 . ,-- 

6. SLOW 	SCAN  TV 	(2) 	6 	1 	. 	.4 	6 ' 	 • 	10 	. 	. 	17 	. 

7. C.A.D. 	 6 	3 	. 5 	• 	1 	. 	1 	• 	g 	8• 	1 	17 
• _  

—06 	 .. 	 . 	1 	j 	-. 	. 	. 

9. c.R.v. 	 6 	1 	3 	5 	. 	1 	1 	. 	8 	' 	1 	17 

10. 1.5.5. 	3 	5 	1 	2 	5 	1 	 . 	2 	- 	1 	17 

---1-... 	. 	4 	8 	' 	 s 	 2 	 S 	, 	2 	1 7 	, 

12. , A.v.1. 	 • 	1 	3 	3 	1 	2 	. 	' 	6 	- 	.2 	17 

13. 	A.v.L. 	'5 	1 	3 	5 	1 	2 	 . 	8 	2 	17 	• 
. 	 . . 	 . 	. 

, 	 -..; 	. 	.; 	• 	
,  4-1_3 	22 1  

. 	4 •j
r- 	. 	

. 
. 	• 	le 	)'C 	1 

-.,,- 

. 	-- 	 . 	. 
CODE 	 O . 

.00 -- Number - of respondents to survey who did not respond 	' 07 - Number of respondents who would definitely incorporrite . 	. 
to.this question: - 	• 	 • 	the new facility. 

. 01 -• Number of respondents whose system 9resently uses the 	08 - Nuffiber of respondents who would incorporate the new 
new facility (Questionnaire: 	In System Now). 	*facility in the  next five years, 	" • 

. 02 - Number of respondents who had no  information on the 	- - • 09 - Number of respondents who . would incorporate-the new 
facility. 	• 	... 	-... 	• 	'fadility later thah,the next five years. 	. . 	 . .. 

,03 - Number Of respondents.who definitely would not 	No - Number of respondents who would  no t forecast use of 
incorpordte the new'facility. 	' 	' 	 the  new faci/ity. (Codes 03 and 04 combined). 

	

.nà - Hinhey. Af vnoennAdAntc whn fhnlinh+ . 4f- unI4bAlu 	'Me 	..m.,,,A;.,. ,..e. tnner,.,nAnn+E 	LAse. .^.1.4 	er.bgneb,e4. 	.re. 	....4.  

they would-incorporate the. new facility. 	. 

05 -. Number of respondents Who were undecided.. 	. 

06 - Number.of respondent's who would lIkely incorporate 
facility. 
• 
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00 	01 	02 FACILITY 

2 - 22 92 01. FACSImILI.E 

13 19 

VL. 4 4._LL n ., L 

03. ,  DATA TEP.NINAL (1 )  

04. DATA T5wIINAL 

5 	eirN--=a--.1-ti--- 

06.,LOW SCAN TV , ( 2) 

84 

91 

9-4 

97 

08 	09 	NO 	YES TOTAL 
anor.rwraranuers-c..er..r.rkereensr.me------1 

1 	168 	11 	316 

• 2 	-147 	. 25 	. 316 

12 	14 	70' . . 83 14 	8 	12 

	1 

-77' 	81 	13 ' 	1 30 

- 0 t..  c.A.O. 

- 09. C.R.V. 

. 173 	82' 	13 12 	18 	'4' 

7 	.16 • 	2 

155 ' 	30 	: 316 

-1-62 	20 	316 

.156 	23 	316 

18 

7(.r 	LC1 

93 	3 	20 	.72 	84 

1-5 

1 1 

13. A.V.L. 92 	1 	23 	b0 87 	21 	5 	. 16 	2 	f 	147 	21 316 

7 7 --J-r9f1(17,1-7---....26-3---trr1-0 1-11-1-7-5 	*.- 	.68 

07 - Number 'of respondents who 
the new facility. 

08 - Number of respondents who 
faCility' in the-next five 

. 09 - Number of respondents who 
facility later than ,the n 

No-  Number. of respondents who 
, 	'the new facility.  (Codes  

would definitely incorponte 

would incorporate the new 
years. 

Would incorporate the new 
ext., five years.' 	' 
'would - not forecast use:of 
03 and 04 combined). 

Yee -Number of respondents Who 
faci ) ity (Codes 06 and 07 

woUld forecast use of. the  new 
combined). 

' 

• . 
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JUL 18. 1977 ' 	 SPECIAL FACILIT/ES/INTPDOUCTION Of NEW TECHNQLOGY 
.• d4.Ass Gr kiSE ,;( •, ' 	• 	- 

SPEC1LAFACILITIES 5UmMARY 

-NuNICIPAL 

03 	04 	05 	06 	07 

77 	' 91 	12 	2 	9 

	79. 	13 	4 	9 

	

79 	15 	9 	.16 

153 	- 20 	316 

1 	163 	G 	Z1C 

158 	10: 	316 •  

! 	

10. 1.5.50 

12. A.v.I. 

64 	21 ' 	21 	.. 	46 . 	71, 	- 	'.26 .  

-9-1 	lu 	18 	4Û 	74 	2-6- - 

89 	2 	18 	61 	88 	20,  

17 	16 	4 

tu 	. 

.6 	. .15. 	6 

117 

1 	122 

1 	149 

33 	316 

26 	31-e- 

23 	316 

CODE 	
. 

.00 Number of respondents to survey who did not respond ' 
to this  question. 

01 - Number of respondents whose system presently uses the 
neW fatility .(Questionnaire: In System-Now). - 

02 . + NuMber of respondents who had -no information on the 
facility. 	 • 

.03 	Number:',of res -pendénts.whe definitely, would.  
.incorporâté the new facility'. 	: 

04...Number Of respondents'who thought it unlikely 	. 
they  would incorporate the new facility. 

05 - Number of respondents whoweré undecided. 

- 	Number  of  respondents who WOuld Ifkely ill:corporate - 

_ 	the new facility. 
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we.-er-Jecruroc-wenrclv,r.reran,--n.-.-...-r,r,alermre,lians.n-•a-eer.rNa.mrwrs 

-r 

iACILITY" 	. 	00 	- 	• 	01 	02 	03 	u4, 	05 	06 	Ui 	Ub 	UY 	1 ,Ju 	iLz 	ivt,.L. 

	235 	1 	;- 0 	249 	l3 	.2-C ' 	4-------i . 	2 	1 	Lb4------14,----,'-rao- 	
.  

02. 	TELETYE 	231 	11 	' 38 	159 	1.29 	'26 	.- 9 	11 	2 	288 	20 	630 

. 	"ek---A---7-:--,:s=c-m÷:i*L--i-ei 	

. 	225 	
. 	27 	33 	i46 	126 	22 	16 	16 	. 	3

22 	15 	. 	
. . 	. 	

272 	. 32 	630 :: 	

2 

.  DATA  TERmINAL 	(1) 

278------2q"----er30 	 
1 	 • 	 . 

5. SLOW SCAN TV 	(1) 	241 	2 	51 	159 	134 	16 	4 	- 	7 	• 	1 	293 	11 	630 

, 	 

6. SLOW SCAN TV 	(2) 	' 243 	2 	- 	53 	156 	132 	16 	3 	9 	1 	• 	288 	12 	630 	. 

"...1-----4-0--  146 	- 	13-4 	2-1-----7 .-2±------li:,  . 	4 	2&0 	39 	("3.0 	. 	. 
. 	. 	

. 	. 

w-%. 	C.I.V. 	233 	5 	36 	. 	1 	 3 49 	136 	• 	21 	19 	/3 	285 	32 	630 

09 	C.R.V. 	235 	: 	4 	40 	144 	135 	20 	16 	17 . • 	4. 	279 - 	33 	630 
. 	• 

---------1--:r.-.--S-. -. 	2-1- 	-.) 	42 	95 . 	...i.› 	45 	40______-1, 	
_ 	2-1" 	58-----63‘. 

11. -  S.G.S. 	230 	25 	19 	102 	- 127 	-41 	26 	lb 	8 	1 	229 	42 	. 	630 

12. 	A.V.I. 	. 	221. 	7 	42 	121 	136' 	S7 	: 	. 25 	. 	17 	.8 	• 	257 	42 	630 	- 

/36 	'AeV.L. 	22 	' 	6 	4-9 	1-21 	135 	33----2-1-1' 	256 	33 	33J 	 

•-99/ 	/57 	b-eép 	/ 79e, 	/ 1106 	3 55. 249 	le 1 	1 5.0 	é3 	3Soi 	*0  
• i 	. 

	

' 	
. 	 . 

CODE 	.• .  . 	 . 	 . 
• 00 - Number of respondents to survey who did not respond, 	' 	. 07 .- Number of respondents who would definitely incorponte 	._.. 

to thiS question. 	' 	 the new facility. 	• 
. 	 

- 01 	Number of respondents whose system presently uses the 	08 - Number of respondents who would incorporate the new 
. 	new.facility (Questionnaire:. In System Now). 	facility in the next.  five years. 	• 

02 - . Number of respondents who had no information on the 	' 	09 - Number of respondents who would incorpOrate -the new 
. 	• 	facility. 	.... 	. 	. 	. 	• 	faCiiity later thanthe next five years. 	. 

03 . - . Number of respondents.who definitely 'would not , ... 	.- 	No  - Number of respondents who•would not forecast use of 
 	• 	• ' 	incorporate the new facility. 	• 	 the new facility. 	(Codes 03 and 04 combined). 

. 	04 -. Number of respondents who thought it unlikely 	_ 	Yes -Number of respondents who would.forecast'use-of the new• 
• they would incorpérate the new facility. 	. 	facility  (Codes. 06 and 07 combined). 

05 - Number of respondents who were .undecided... 	' 	 . 	, 	. 

, 06 - Number . .of respondents who would likely incorporate. 	. 	 . 	
. 

- 	 . 	: 	. 	
. 	

. 
the new facility. 	

. 	
. 
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APPENDIX J 

FORECASTTOR CONVENTIONAL  LAND MOBILE SPECTRUM REQUIREMENTS 

Introduction 

The material presented in this forecast of land mobile spectrum 

requirements was developed from a report by Quasar Systems Ltd. entitled 

"Land Mobile Systems: A Forecast for Major Urban Centres". In addition, 

assumptions and lo3ding criteria supported by various departmental and 

external studies including the FCC have been used. 

The forecast of spectrum requirements for mobile are presented in terms 

rues of additional spectrum rather than specific values to parallel the 

forecasts of land mobile systems given the Quasar report. An intermediate rangeforece 

is given for the year 1985 and a long range forecast for the year2000. 

The spectrum requirements for each forecast period result from loading 

the land mobile channels by veyino 	numbers of land mobile systems,  The 

 number of systems per channel (i.e., loading ratio) which can, in practice, 

be employed is baSed on the number of mobiles in each of the systems and 

their collective,operational message requirements  (j .e., maximum permissible 

waiting time, average message length, etc.). 

Loading_criteria 

A review of the present land mobile systems indicates that there are 

approximately 6.2 mobile licences for every land mobile base station in 

1976. 	• 

, Therefore, on a Canada wide average, 

there are 6.2 mobiles in the average Canadian land mobile system. There 

are however, indications that the average number of mobiles per system in 

the larger urban areas is higher than this figure and vice wer.sa. 



1 
1 

1 

1 
1 

-2 

The loading of channels by land mobile systems is treated in 	• 
1 

two ways. The first Method 	uses \ the FCC land mobile loading criteria 

developed for assigning channels to new systems in the 900 MHz frequency 

band (806-890 MHz). These criteria relating to conventional dispatch 

type systems in terms of mobile loading are: 

• police traffic 	50 mobiles per duplex pair 

- business 	 90 	" 

- other 	 70 	11 	is 	is 

- motor carrier, buses 	150 	" 	11 	 ti  

The criteria also specify that no more than 5 independent user systems 

may share a duplex pair nor when a duplex pair is shared, can. more than a 

combined total of 50 mobiles operate on it. 

From the Quasar study which was based upon numbers of land mobile and 

using the FCC loading criteria, no more than 5 systems could share the 

same duplex pair (or 2.5 systems persingle channel). Under the 

assumptions that: 

a) all new conventional land mobile systems will be operated in the duplex mode 

b) new land mobile systems will have on average less than 10 mobiles 

each (i.e., to ensure no more than 50 mobiles operating on a duplex pair) 

and using the FCC loading criteria, the following analysis has been 

prepared for Toronto: 

In Toronto, approximately 40% of allocated land mobile frequencies are not 

useable due to: 

- intermodulation products or other interference with existing licences 

stations 

- prior co-ordinated U.S. use of a portion of the channels (for users 

in Buffalo, etc.) 



(High estimate 

(Low estimate 

11,400 

7,000 
8,900 

Number of channels required to 	i 
8,900 	3,560 useable accommodate new systems 

2.5 

- 3 - 

- 	protection of Off-air reception of channel 7 VHF-TV by Toronto viewers 

(land mobile assignments in the 170-174 MHz portion of the VHF mobile 

1 
band interfere with reception) 

Assuming that some new land mobile systems  cari  be accommodated in 

existing land mobile allocations until the FCC loading level is reached, 

the following spectrum requirements are necessary 

ForToronto,- 1985 

Most probable  number of system 
forecast .(frouuthe  Quasar  studjf) 

Although at present only GO% of allocated land mobile channels are use-

able for reasens . already discussed, this ratio should increase to 

approximately 70% since.interference'to the channel 7 TV:assignment 

causes a fixed reduction in Useable sPeetrum, not  one which increases 
. 	. -•••• 

with the air inCrease in the land mobile allocation. Therefore, a 

figure of 70% useable. will be used below. • 

Number of allocated channels required = ! 	 

L.7  

Number . of channels presently allocatedin ex.isting land 

Mobile allocations 	3,000 channels (approximately) 

• - 
Additional numberof channels required 	.5,086 

3,000 - • • 
1 

•. 2,086 	; 

- Assuming'a standard 25 KHz required channel bandwidth, additional land 

mobile spectre requirement to accommodate new systems':  

	

. 	. 	, 	. 
: 	. 	. 208'6.  X 	.025. MHz 	. 	. 	. 

. 	. 	 . . 	. 	. . 	. 	. 

	

. 	, 	. 

	

. 	: 	• 	. r_ 52.1 MHz additional 	 . ' 	. ' 	. 	. . 



of duplex systems will be: made. 

. 	- 
NUMBER OF 	. 	RATIO OF 

LAND MOBILE SYSTEMS PRESENT USEABLE 
• 1976 	, 	1985 

. 	
CHANNELS TO 
ALLOCATED CHANNELS 

ADDITIONAL SPECTRUM REQUIRE-
MENTS 
2.5 systems/ 3.25 systems/ 
channel 	channel 
25 kHz 	25.  kHz 	' 

TORONTO 	• 2,812 

MONTREAL • 	2,726 

VANCOUVER 	1,936 

EDMONTON 	1,190 

HALIFAX 	503 

70% , 	• 	52 MHz ' 	I 	23 MHz. 

75% 

75% 

80% 

.80% 

8,950 

7,800 

7,800 

4,200 

1,500 

C1T1' 

The table:gives the 

- 4 - 	• 
1 

results'of the analysis of spectrum requirements for 1985f04 

other major Canadian cities using the FCC loading criteria and also the existing 

loading level, for the 150-170 MHz  portion of the VHF'band in Toronto . 

As an alternative to the use of the FCC loading criteria of 2.5 systems. 

per  channel, thé existing level of loading' for the 150-170 MHz band  in 

 Toronto could be chosen. As maybe . seen in Appendix 1, Attachment 

additional system growth  (i .e, base station growth) has not occured apparently due 

to  its already high level of assignment. The band is in essence  saturated 	„- 

at an average level of 3.25 systems per channel. (There are 1972 base stations in 

the 150-174 MHz band shown in Attachment B and 581 channels in the 150.8 „. 

to 170  MHz band  and approximately 25 channels in the 170-174 band in 	• 

Toronto). As most systems:in this band are'simolex, no correction for low proportion 
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• 
impossible due to the present êlectroma.gnetic environment in Toronto(i.e.,place- 

ment and power levels of . existing . stations, operatiOnal constraints; etc.) 

The following points should be noted concerning the analysis: 

1. 	The loading ratio of 3.25 systems per channel eesently existing in 

Toronto in the 150-174 MHz band can be assumed to be the practical saturation 

level'for loading as the growth of new base station assignments in this band in 

Toronto has dropped to z ro  due to the problems of accommodating new systems . 

in the existing electromagnetic environment. 

2. 	The distance from the border and from U.S. population centres has a 

significant impact in determining spectrum requirements. 

3 	The overall land mobile system loading existing in Toronto for all land 

mobile bands at present is approximately 1.5 systems per channel. To 

•• 	increase this loading to the maximum FCC rate of 2.5  niai  be very difficult or 

Summary and Conclusions  

1. Using the forecast of land mobile systems for 1985 presented in the 

Quasar study, and two different loading ratios, the additional 

\ 
spectrum requirements for Toronto lie between 23 and 52 MHz. Additional 

spectrum requirements for Vancouver and Montreal for 1985 lie between 

5 and 29 MHz. 

2. • It is anticipated that reither Edmonton nor Halifax will require 

additional land mobile spectrum by 1985. 

3. Due to likely changes in technology, uncertainty in and lack of data, 

no definitive forecast of land mobile spectrum requirements could be given 

beyond 1985 in the Quasar Report; however, using the same assumptions-and 

techniques used above, the range of spectrum requirements for 2000 will lie 

within the following bounds. 
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Spectrum Reqùirements for 2000.. 

CITY 	_ 	 MINIMUM 	• 	MAXIMUM  

TORONTO 	 32 MHz 	: 	;205 MHz. 

. MONTREAL 	 • 9 	 112 	. 

VANCOUVER . 	16 	. 	• 	164 

• 
EDMONTON 	 '0 . 	63 

HALIFAX - 	 0 	• 	0 

In  arriving at these bOunds, the lowest and highest estimates 

for land mobile system growth was used from the Quasar Report. The 

• 
minimum spectrum requirement shown about was calculated using this lewest . 	. 

forecast of system growth at an assumed maximum level of system loading 

(3.25 systems per channel. To determine the maximum spectrum requirement 

the highest forecast of system growth shown in the Quasar Report was 

used using the FCC proposed loading level of 2.5 systems per channel. 

For each city ,  the percentage of useable land mobile channel to allocated 

channels shown earlier in this.appendix was used. 

An outline  of the  forecasts and conclusions of the Quasar Report are 

attached to this appendix. 

In summary, this report and analysis relate only to the present 

day conventional land mobile systems.  An  spectrum required for new 

types of systems (i.e., cellular radio telephone, new citizens band, etc.). 

would be in addition to the above requirements. 
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APPENDIX J: ATTACHMENT 
LAND MOBILE SYSTEMS: 

A FORECAST FOR MAJOR  URBAN  CENTRES - QUASAR  SYSTEMS LIMITED. 

OUTLINE. 

The purpose of this study was to forecaSt the number,of land-mobile systems 

likely to be in operation in the year 2000. 

Since the greatest congestion in the radio spectrum is in densely populated 

areas, it was decided to prepare estimates of the number of land-mobile systems 

in five of Canada's larger centres. These centres are Vancouver, Edmonton, Toronto, 

Montreal and Halifax. 

Data giving the number of land-mobile systems for, each of these centres for 

1973-1977 was obtained from the Integrated Radio Licensing System (IRLS). At the 

same time, data  was obtained for 14 other centres. Statistical analysis of this 

data suggested that an expoential trend was present. In view of the small number 

of years of available data, it was necessary to examine other data extending over 

a longer time period for confirmation. Data examined from these other several 

other sources also suggested that the underlying growth was exponential. Further, 

there is very little evidence in the data of a reduction in the rate of growth - 

even when examining sectors that were said to be mature in 1973, 

FORECASTS:  

The forecast is presented in ùgO parts. It seems likely that the growth in 

the number of land-mobile systems will continue strong in the short range.. 

This is especially true with the energy crisis and the escalating cost of labour. 

The use of land-mobile communications can reduce .costs in both of these areas 

[see, for example, Plotkin (1974)]. Therefore, it is possible to obtain figures 

through to 1985 based on current growth. For the period 1985 to 2000, it seems 

likely that the growth in the number of land-mobile systems will be more 

closely tied to increases in population than it has been in the past. For this 

period, we present forecasts based on the number of land-mobile systems per 

1,000 population and population forecastS prepared by the Ministry of State 

for Urban Affairs (MSUA). 



Since the current strong growth in the number of land-

mobile systems shows no sign of diminishing,-the forecastS for 

1985 are based on a continuation of this growth during the 

intervening period. Growth in Toronto in.the period 1973-1977 

occurred at a rate which approximates closely an exponential 

curve with a growth rate of 13.61% per year. Projecting this 

forward to 1985 we obtain a figure of 8,900 land-mobile systems 

in Toronto in that year. The comparable figures for Montreal 

are a growth rate of 12.79% and 7,800 land-mobile systems in 

1985 (for full details, see Chapter 5, Figures 5.1 and 5.2, 

pp. 26-27). 

The forecasts for the year 2000 were based on three 

hypotheses. The first is that the ratio of land-mobile systems 

to population will remain constant from 1985 to 2000. It should 

be pointed out that this is somewhat conservative; between 1973 

and 1976, in Toronto this ratio increased by 35.46%, or 10.65% 

.per year. The second is that the ratio of land-mobile systems 

to population will increase by 50% over the period 1985 to 2000, 

or some 2.74% per year. The third is that the ratio of land-

mobile systems to population will increase by 100% (i.e.'  double)" 

over the period 1985 to 2000; this is equivalent to 4.73% per 

year. 

The second hypothesis leads us to the figure of 14,700 

systems in Toronto in 2000. This compares with 9,800 systems 

under the first hypothesis (no growth), and 19,600 under the 

third hypothesis. Figures for the other centres show a similar 

pattern; these appear in Table 5.5, p. 30. An illustration of 

the growth in Toronto appears in Figure 6.1; growth patterns 

for the other centres are similar. 
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FIGURE 6.1: The Growth in .Land-Mobile Systems in Toronto 

(for illustrative purposes only) - 

• NOTES: 	 • 	• 	•• 
• • . 

(1) Assuming no growth • in market .penetration (number of systems 
• per 1,000. population) after 1985 	•  

(2) .Assuming 50% growth in market penetration from 1985 to 2000: 
(2.74% per year)' 

(3) Assuming 100% growth in market penetration•from,1985 .  to 
2000 14.73%  per year). . 



CONCLUSIONS 

In  this section We summarise briefly the findings of 

this study. 

The  objective of this study is to forecast the number 

of conventional land-mobile systems*  in 5 major urban Centres 

across Canada-, namely Vancouver, Edmonton, Toronto,  Montreal 

and Halifax. 

As part of this study we considered land-mobile systems 

in almost all the metropolitan areas across Canada (four were 

excluded; see Chapter 2). In addition, we looked at various 

sectors of the ecônomy, including Transportation, Communications, 

Public Administration and Construction. 

In ail .of the major centres except Sudbury, the growth 

rate of the number of land-mobile systems exceeded 11% per year. 

The growth rate in the sectors of Forestry and Mines and Oils 

was low, as might be expected; in all other sectors the growth 

rate exceeded 9% pe_r_year. The overall growth rate for all the - 
centres was 14.13% per year. This compares with a growth rate 

of 10.07% per year in the number of land licences in the Private 

Commercial service category since 1963, and a similar growth in 

the U.K. of 13.57% in the number of radio-mobile licences 

issued since 1964. 

Two forecasts were prepared; a medium range forecast 

to 1985,. and a long range forecast to the Year 2000. 

•  

* New types of land-mobile communications,.such as cellular, 

are not included in these .forecastS 



CENTRE 	POPULATION ' 	NUMBR OF LAND-MOBILE SYSTEMS 

(1) 	(2) 	(3) 

Toronto' 	• 	3,320,141 

Montreal 	3,019,339 

Vancouver 	1,473,592 

Edmonton 	. 	858,163 

Halifax . 	317,518 

9,800 

8,200 

8,900 . 

5,500 

1,60p - 

14700 

12,200 

13,400 

.8,200 

. 2,400 

19,600 :  

16:300 

17,900 - 

11,000 

3,200 

TABLE 5.5: Nuffiber of Land-Mobile Systems 

in the  year 2000 

NOTES: 

(1) Assuming no growth  in market penetration (number of 

systems per 1,000 population) after 1985 

(2) Assuming 50% growth in market penetration from 1985 tO 

2000 (2.74% per year). 

(3) Assuming 100% growth in market penetration frOm.1985 

to 2000 :(4.73% per'year). 



CENTRE 	1973 	1974 	1975* 	1976 	YEARLY AVERAGE 
. (COMPOUND) 

- GROWTH 
(%) 

Toronto 	0.74 	0.79 	0.90 	1.00 	10.65% 

Montreal 	0.67 	0.74 	0.84 	0.97 	13.21% 

Vancouver 	1.05 	1.16 	1.43 	1.66 	16.65% 

Edmonton 	1.41 	1.69 	1.82 	2.15 	15.03% 

Halifax 	1.40 	1.43 	1.69 	1.88 	10.37% 

TABLE 5.4: Number of Land-Mobile  Systems 

per  1,000 population (1973-1976) 

* estimated 



CENTRE REGRESSION 	HIGH 	LOW 
ESTIMATE 	ESTIMATE 	ESTIMATE 

Toronto 	' 	8,900 	11,400 - 	7,000 

• 

Montreal 	7,800 	10,000 	6,200. 

Vancouver 	7,800 	11,900 	5,200 

Edmontôn 	4,200 	• 	• 	7,100 	
f 	

2,500 

Halifax 	, 	1,500 	2,500 	, 	H 	:900 , 

TABLE 5.2: Estimated  Number of Land-Mobile  Systems  

in 1985 rounded to the  nearest  100) . 



13.61% 

12.79% 

17.24% 

16.05% 

14.74% 

15.61% 

14.07% 

15.97% 

13.10% 

12.98% 

15.39% 

15.34%. 

4.82% 

13.83% 

11.79% 

22.42% 

12.42% 

11.39% 

14.94% 

99.25% 

99.19% 

98.59% 

98.45% 

98.25% 

97.51% 

99.32% 

99.45% 

97.80% 

96.14% 

98.37% 

93.80% 

97.73% 

98.38% 

98.25% 

86.73% 

99.67% 

97.12% 

98.49% Éf 

6: 
14.13% 	99.77% 

we 	 MI OS Milk me awe se es 	mt 	*Jo am me re um 

CENTRE- -  
. 	 . 

1973 	1974 	1975 ' 1976 	1977 Total, 	Average 	Exponential 
. 	 Regression Growth 	Compound • . 	. 	 . . 	 . % 	Growth 	Growth 

- 	 ' 	Rate 	' - 	Rate . 	 . . . 
• • • 

Goodness of fit 

TORONTO 	1974 	2147 	2479 	2812 	3264 	65.35% 	13.40% 

MCUTPEAL 	1851 	2062 	2348 	2726 	2939 	58.78% 	12.25% 

VANCOUVER 	1167 	1321 	1642 	1936 	2135 	82.95% 	16.302 

OTTAWA-HULL 	677 	775 	895 	1108 	1192 	76.072 	15.19% 

WINNIPEG 	484 	545 	605 	697 	851 	75.83% 	15.15% 
1 

EDMONTON 	717 	895 	988 	1190 	1284 	79.08% 	15.68% 

OUEEDC 	534 	610 	721 	787 	908 	70.042 	14.19% 

CALGARY 	636 	711 	864 	981 	1136 	78.62% 	15.61% 

LONDON 	- 609 	666 	742 	834 	1007 	65.35% 	13.40% 

HALIFAX 	352 	361 	440 	503 	549 	55.97% 	11.75% 

WINDSOR. 	283 	313 	351 	423 	502 	77.39% 	15.41% 

VICTORIA 	319 	339 	368 	482 	546 	71.16% 	14.38% 

SUDBURY 	432 	449 	. 483 	502 	517 	19.68% 	4.59%• 

REGINA 	177 	201 	216 	259 	298 	68.36% 	13.91%• 

ST. JOHN'S 	156 	171 	189 	224 	238 	52.56% 	11.14% 

SASKATOON 	122 	128 	137 	189 	276 	126.232,-- 	22.64% 

CHICOUTIMI-JONQUIERE 271 	309 	350 	392 	432 	59.41% 	12.36% 

THUNDDR BAY 	289 	344 	379 	419 	449 	55.36% 	11.64% 

SAINT JOHN 	198 	218 	246 	301 	338 	70.71% 	14.30% 

	

11,248 	12,570 	14,443 	16,765 	18,861 	67.63% 	13.79% 

TABLE 4.1: Total Number of Systems  
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APRENDIX I  

ASSESSMENT OF EXISTING USE OF  LAND MOBILE ALLOCATIONS  

• INTRODUCTION 

This report will provide an analysis of the extent of usage of the 
existing land mobile allocations in various cities in Canada. In the report, 
the land mobile allocations have been subdivided into six or seven bands. 
The channel bandwidth and the total number of frequencies or channels which 
are theoretically available in each band is shown. 

As may be seen from reviewing the number of clear frequencies still 

available, in any of the Canadian cities shown in Attachment A, the usage of 

each of the land mobile bands differs. The lowest band between 30 and 50 MHz 
is not particularly attractive for land mobile operations due to the inter-
ference potential at those frequencies from distant assignments.  • Each of 
the other bands appears relatively attractive for use by land mobile operations 
with the exception of the band from 170-174 in the vicinity of a channel 7 TV 

assignment where land mobile operations Cau.,Hinterferenèè:to - television reception. 

METHODODOGY. 
• 

An assessment of the overall band utilization was made by comparing 
the number of clear frequencies to the total number of land mobile frequencies 
available in the five major Canadian cities shown in Attachment A. The 
extent of band utilization is shown as a percentage of the number of clear 
ftequency channels compared to the total number of allocated channels for 
any particular city. 

Attachment A-Summary gives the results for these cifies. In total, 

there are approximately 3,068 frequencies or land mobile channels available 
for use in any one locality. 

OBSERVATIONS  

Attachment A for each of the cities, gives a point-in-time assessment 
of the utilization of each of the land mobile bands. 

Attachment B for Toronto and Hamilton shows the growth in base station 
assignments and in mobile licences in the land mobile service in each area over 
the last five years. The growth rate showfivirKAttachment B for stations in each 
of the land mobile bands gives a direct indication of the extent of utilization 
of that band.  •  For example, in the Toronto district office area, the band from 
150-174 MHz has experienced a declining growth rate from 7% during 1973/74 to 
approximately 0% in 1976/77. This indicates that the band is fully utilized and 
that all further growth  •in base stations is directed or diverted into other bands, 
notably bands 4 and G shown in Attachment B. As may be expected, the number of 
mobiles in the district office areas increase in all bands. This relates basically 
to the additional loading of mobiles on to existing systems. However, the 
growth in the number of land mobiles operating in a band will approach zero 
some years after the growth in base stations has reached the zero level, as 
each of the channels available in the band reaches its maximum carrying capacity° 
in terms of number of mobiles. 
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From a review of Attachment A - Summary, it may In seen that the land 
mobile utilization of the existing allocations is highest in Torônto and 
lowest in Halifax,among the five cities surveyed. - . In Toronto, only 6% of 
the total number of channels allocated to land mobile are, available 
as clear frequencies to meet the need of additional users  in future.  
Montreal >  Edmonton and Vancouver, all have approximately 25-30%  of  their 
allocated land mobile channels available for future assignments. The 	• 
smallest of the cities, Halifax, still has 85% of its - existing land mobile • 

allocation  available ,  for future use. 

CONCLUSIONS. 

The following points may be concluded from the assessment of existing 
land mobile allocation utilization in these five cities of Canada: 

1. Toronto has virtually no clear channels for future use and 
expansion of land mobile systems in the existing land mobile  allocations.  

2. Montreal, Edmonton and Vancouver, while they do have existing 
capacity in the present land mobile allocations, will require additional 
allocations prior to the year 2000 to accommodate even conventional land 
mobile growth. 



	

951 	 70% 

	

889 	 71%• 

	

154 	 94%. 

	

-'767 	 75% 

	

2607 	 15% 

..4.TTA.CHMENT A - SUMMARY' 

NUMBER OF CLEAR FR_EQUENCIES PRESENT BAND UTUIZATIom 
AVAILABLE FOR ASSIGNMENTS -- NUMBER OF ASSIG\TRT) FREQL1M:y 

CHANNELS COMPARED TO THE 
TOTAL NUMBER' OF ALLOCATED 
CHANNELS 

VANCOUVER 

EDMONTON 

TORONTO 

MONTREAL 

HALIFAX 



ATTACHMENT A 

LAND MOBILE BANDS - VANCOUVER B.C. AREA  

BAND MHZ 

30 - 50 

13.8 -144 

148 -150.8 

150.8-174 

410 -420 

450 -470 

NO. OF 
CHANNELLED 	• FREQS.

• 20 kHz 	999 

30 kHz 	200 
• 

30 kHz 	88 

30 kHz 	581 . 

25 kHz 	400 

25 kHz 	• 	800  

CLEAR FREQUENCIES 
STILL AVAILABLE 

559 

- 66 

25 

0 

MO .  (Approx.- 

101 

NOTE: (1) Unable to determine actua•'number of frequencies 
still available fôr assignment in 410 - 420 MHz 
band as U.S. listing shows a large . number of 
assignments as continental U.S.A.  (Actual 
•cm-ordination of specific frequencies needed 
to obtain more accurate results). 
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ATTACHMEMT A (CONT'D) 

'LAND  MOBILE. BANDS  -'EDMONTON ALBERTA AREA  

NO. OF 	CLEAR FREQUENCIES 
BAND MHZ 	CHANNELLED 	FREQS. 	STILL AVAILABLE _ _ _.... 

30 - 50 	20 kHz 	999 	145 

138 -144 	30 kHz 	200 	33 

148 -150.8 . 	30 kHz 	88 	17 

•150.8-174 ' 	30 kHz 	715 	87 

• 410 -420 	25 kHz 	400 	316 

450 -470 	25 kHz 	800 	302 

NOTE: Central Region have indicated that aboUt 600 of the 999 
• • Channels in the 30-50 MHz band are not being used in 

the «Edmonton area duc to possible interference to TV 
reception. This constraint plus current assignments 
leaves a balance of 145 channels available for assignment. 

I .  



•150.8-170 

170:-174 

30  kHz  

. 

 

30.  kHz 

.ATTACHMENT AJCONT:D) 

BAND MHZ 

LAND MOBILE BANDS  -  TORONTO  ONT. AREAS 

• NO , OF 
CHANNELLED 	FREQS.  COMMENTS  

30.-.  50 	- 20 kHz 999. 	« About 100 -  'cleat' frequencies 
. still'available.for assign-. 
meat. 	 . , 	. , 

138 -144 30 kHz . . . s 200 	. About 15 or 16 frequencies- 
. 

still available for assign- . 

ment. 

148.0-150.3 	30 kHz 88 . 	About 5 or 6 'frequencies • 
• still available . for assign-
ment. 

410 -420 	. 25 kHz 

450 .-470 	• 	25  kHz  

581. -* 	No. clear .frequencies avail- 
' 	able. 

	

134 	.:This portion of the spectrum 

	

. 	restric,ted in:its use dtr.e:to 
• .receptio'n of Channel 7,, 

:• -Buffalo; N.Y.-  ,About 20-25 
fref4uencies can be 'utilized 

. 	however  for  low power -systems 
on a case bY - case baSis. 

400 	Reserved primarily in Toronto 
for Government use. Unable • 
to détermine  actual number of 

• frequencies still available 
for Canadian use as 

 lists show a large ndmber of 
frequencies as continental 
U.S.A. 	(Actual co-ordination 
of specific frequencies needed 
•.to obtain idea). 

800 	About 20 clear frequencies 
still available for assign-
ment. • 



CLEAR FREQUENCIES 
STILL :AVAILABLE 

449 

0. 

1 

17 

- 2.04 (approx.) 

-ATTACHMENT  A (CONT'D) 

' -LAND' MOBÏLE  BANDS ' 	FICIZ‘Zr.VREAL  QUE.   AREA 

BAUD MHZ _ 

30 - 50 

• 138 -144 

148 -150.8 

150.8-174 

•,410 	-420 

450 -470 

110.--OF 
*CHANNELLED . 	•

. yRE-Qs. 

..20 kHz 

30 kHz 	• 	200 

30 kHz • 	, 	88 	. 

30 kHz- 	. 	115 : 

•25 kHz 

.25 kHz 

400 

• 8 0 0 	• 	 • 	 101 

NOTE: Unable to determine.actual number of frequencies still 
• still available for assignment in 410 - 420 MHz band 

• as U.S. listing shows  •a large number of assignments 
as continental U.S.A. 	(Actual co-ordination of specific 
frequencies needed to obtain more accurate results). 
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.ATTACHMENT  A (CONTID) 

LAND MOBILE  BANDS- HALIFAX N.S. AREA 

NO. OF 	CLEAR FREQUENCIES 
BAND MHZ 	CHANNELLED  FREQS. 	STILL AVAILABLE  

30 - 50 	20 kHz 	999 	943 

138 -144 	30 kHz 	200 	- 	147 

•148 -150.8 	30 kHz 	88 	67 
• 

150.8-174 	30 kHz 	715 	307 

410 -420 	25 kHz 	400 	382 

•450 -470 • 	25 kHz 	800 	759 



HOW MO OM MO MI ale IBM 111111 Aggiomelli  BU  UM all MO sae sme au ma our 
BASE STATIONS IN THE LANDMOBILE SERVICE  

IN THE TORONTO DISTRICT OFFICE AREA  

442: 	TORONTO 	 1972/1973 	1973/1974 	1974/1975 	1975/1976 	1976/1977 
• • 	

. 

BAND 1 - 	(27.2250 	- 50.0000 MHz) 	 ' 

- Actual Number Land Stations 	1096 	1126 	1061 	1113 	1119 

Licensed 	at Years End 	 • , 

• - Annual % Growth at Years End 	 2.74% 	-5.77% 	4.90% 	.54% 

BAND 	2 	- 	(138.0000 - 150.0000 MHz) 	.› 	• 

- Actual Number Land Stations 	126 	176 	221 	232 	246 

Licensed at Years End 	, 

-..- 	Annual 	% 	Growth 	at Years 	End 	 39.68% 	25.57% 	1 - 	4.98% 	6.03% 

BAND 	3 - 	(150.0001 - 	174.0000 MHz) 	 . 

. 	. 	- Actual Number Land Stations 	1718 	1840 	1922 	1973 	. 	..1972 

Licensed at Years End 	•  

- Annual % 	Growth at Years End 7.10% 	4.46% 	2.65% 	- 	.05% 
. 	 . 

BAND '4 - 	(410.0000 - 421.0000 MHz)  

- Actual Number rand Stations 	' 	30 	30 	35 	53 	68 
Licensed at Years End 

i 
- Annual % Growth at Years End 0.00% 	16.67% 	51.43% 	28.30% 

BAND 5 	(450.0000 - 470.0000 MHz) 

- Actual Number Land Stations 	. 	236 	308 	449 	560 	- 	688 
Licensed at Years End 

• - Annual % 	Growth 	at Years End 	 30.51% 	45.78%. 	24.72% 	22.à6% 

heL• 
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LAND MOBILE STATIONS IN THE TORONTO DISTRICT OFFICE AREA  

,. 	 1972/1973 	1973/1974 	1974/1975 	1975 1 1976 	3976/1977 

	

D 1 - 	(27.2250 	- 	50.0000 MHz) 

' 	- Total Number Stations Licensed 	5773 	6213 	5369 	5414 	6067 
at Years End 

- Annual 	& 	Growth at  Years  End 	 7.62% 	13.58% 	.84% 	12.067, 

- 	 

	

U) 2 - 	(138.0000 - 150.0000 MHz) 

-  Total  Number Stations Lictensed 	616 	853 	- 	1390 	14 1 0 	1546 
• at Years 	End 

- Annual 	% 	Growth 	at Years 	End 	 38.477. 	. 	62.95% 	1.44% 	9.65% 

	

3 - 	(150.0001 - 174.0000 MHz) 

• - Total Number 	Stations 	Licensed 	14970 	18639 	19600 .1,8681 	20350 	- 
at Years End 	 • 

- Annual % 	Growth 	at Yeara End 24.51% 	5.23% . 	-4.69% 	.8.93%• . 

_ 

	

ZD 4 - 	(410.0000 - 	421.0000 MHz) 	 . 

- Total Number Stations Licensed 	- 	0 	 90 	353 	457 
at Years 	End 	 . 

- - Annual % Growth at Years End 	 292.22% 	29.46% 

	

ID 5 - 	(450.0000 - 	470.0000 MHz 

- Total Number Stations Licensed 	1637 	2437 	3964 	5233 . 	6301 
at Years End 

1  - Annual 	% 	Growth at Years 	End 	- 	. 	48.87% 	62.66% 	. 	32.01% 	' 20.41% 
J.  

)/// 
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BASE STATIONS IN THE LAND MOBILE SERVICE  

IN THE' HAMILTON DISTRICT OFFICE 'AREA  

-= 	 r . 
443: 	HAMILTON 	' 	 1972/1973 	1973/1974 	1974/1975 	1975/1976 	1976/1977 

BAND 1 - 	(27.2250 - 	50.0000 MHz) 

- Actual Number Land Stations 	-116 , 	141 	151 	198 	239 
Licensed at Years End 	. 

- Annual % 	Growth 	at Years 	End 	e 	
. 	.. 	21.55% 	7.09% 	3 1 .12% 	20.72% 

BAND 	2 - 	(138.0000 	- 	150.0000 MHz) 	 • 	. 

- Actual Number Land 	StatÉons 	- 	26 	' 	37 	- 	41 	1 	51 	77 
Licensed at Years 	End 	• 	

. 

- Annual % Growth 	at Years 	End 	• 	42.31% 	• 	10.81% 	24.39% 	50.98% 

BAND 	3- 	(150.0001 	- 	174.0000 MHz) 	 ' 	 . - 	 ' I 
1 	- Actual Number Land Stations 	 816 645 	710 	7Ç9 	 898 	. 

Licensed 	at 	Years 	End 	. 	' 	- 	• 	. 	 . 
-. - Annual % Growth at Xears End 	 10.08% 	: 	6.90% 	' 	7.51% 	10.05% 

	

. 	 . 	 . 	. 
AND 4 	- 	(410.0000 - 	42r:0000*MHz). 	., 

. 	, 	 . 	
- 	. 

- Actual Number of Land Stations 	0 	' 	
0 	0 	7 	11 	' 

Licensed at Years End 	 • 

- Annual 2 	Growth 	at Years End 	 0.00% 	0.00% 	. 	57.14% 

	

. 	, 
. 	. 	  

AND 	5 	- 	(450.0000 	- 	470.0000 MHz) 	 . 	. 

- Actual Number Land Stations 	' 	44 	68 	95 	. 	118 	171 
Licensed at Years End 	

. 
• 

' 	- Annual % 	Growth 	at 	Years 	End 	 .. , 
	
54.55% 	• 	39.71%. 	- 	24.21% 	44.92% 

• 
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LAND MOBILE STATIONS IN THE . HAMILTON - DISTRICT OFFICE AREA  

	

• 	
1972/1973 	1973/1974 	1974/1975 	1975 1 1976 	1976/1977 

qD 	1 - 	(27.2250 - 50.0000 MHz) 

- Total Number Stations Licensed 	277 	401 	568 	690 	822 

at Years End 

- Annual % Growth at Years End 	 44.78% 	41.65% 	21.48% 	19.13% 

2 - 	(138.0000 	- 	150.0000 MHz) 	 . 	
• 

- Total Number Stations Licensed 	46 	267 	- 	320 	49 1 	563 

at Years End 
. 

- Annual % Growth at Years End 	 480.43%, 	19.85% 	32.19% 	33.10% 

,s;D . 3 	-.(150.0001 	- 	174.0000 	MHz) 	 . 

- Total Number Stations Licensed 	3833 	4911 	5550 	\5710 	6105 

	

Years End 	 . 

- Annual % 	Growth at Year.s 	End 	 28.12% 	. 	13.017. 	2.88% 	• 	6.92% 

	

MD A -(410.0000 - 421.6000 MHz) 	 - , 

- -  Total  Number Stations Licensed 	' 	. 	 44 	109 

at Years 	End 	 • 	
- 

•-• Annual % Growth  at Years 	End 	 147.73%• 

ND 5 	- 	(450.0000 - 	470.0000 MHz) 

- Total Number Stations Licensed 	468 	586 	776 	1170 	1394 

at Years 	End 	 . 

	

Anna l % Growth at Years 	End 	 . 	25.21% 	32.42% 	50.77% 	19.15% 





Appendix H: -Supporting Studies  and Reports  . 	. 

c) (v) Rate of Channel Consumption for Land Mobile Radio 	• 
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-,.:.." One criteria for the state of congestion in a band is the rate'at 	. 

, which channels are "consumed". In this context, the word "consumed" is  

ilr ,'.',./used to imply  that  in a given area the consumed channel is no longer vacant. ' 

	

.,- . .If, in a., given city, there are M channels available for land mobile usage 	. .. 
,.,. 
...Y. 	 in.a given band, then that band is said to be in a state of "congestion" when. . 

	

. 	. 
111 _ 	. all N channels are consumed. Congestion, however, does not imply tnat. 

11U: 	" fùrther assignments.cannot be made in the band, because channel .sharing  
. . 	• . does  permit  further loading of thèse channels. Ighen further loading is 	- . 	 . .. 

impossible without severely degrading the quality of the service ., the 	. .. • 

:-:.. 
11 

	

'.. 	• 	- 	''. 
band is - said td be in a state of "saturation. 	. 	. 	 • . - 	 . 	

. 
.... 	• 	- 	

. 	. 	 - 	. 	• 	. 	• , . 	 _ 

The . attached computer printout represents the state of congestion - 

:"::.
" 

.. :of each VHF/UHF  land mobile band within a radius of 70 miles from the 	- 

- . . 	.. 	centre of . each of the major. Canadian cities. The data is extracted from 
.......,.,.., - 	the FCC, IRAC and the DOC frequency list data tapes. There are two 	. .- _ .  8 . 

tables and a graph per pag2. - The figures 	 o 

	

res in the tables represent the 	Uii -.. 	' 

nutilber of channels  consumed durino  or prior  to theyear indicated. Thus, 
 

 in  Montreal, by 1972, there were 146 channels consumed in the 450-470. MHz 
.. 

lr • 

	

	
band out of a total of N-800. The asterisk graphs are pictorial representa- 

 - tions of the number of channels consumed in the band immediately.to  the  . 
left of the graph, and can be used for visual extrapolation. The scale is 

. . 	. • A table  is  also attached indicating the number of channels 	, 
available to the land mobile service in the various hands in Various cities_ 
-Note that in certain cities certain channels are not available due to prier 
allotments as  • s the case for maritime  mobile service in cities within' . 
100 miles from the water - bodies. -  Using this table along with  projections  . 

in the relevant table•the expected date of congestion can be estimated. 
This congestion date is also shovin On  the  • grophs. 	 - • 

' • 	1 asterisk per 20 channelÉ for all tables except for the "all bands"  .table 

where it is 1 per 35 channels. 
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c) (v) Rate of Channel Consumption for Land Mobile Radio 

Page 2. 

The congestion dates as derived from this extrapolation arg not to 
be interpreted as the dates of saturation. The latter is difficult if 

not impossible to determine with the present state of knowledge because 

more and more systems can be shoe-horned into a band by sharing, off-set 

assigning, power limiting and system tailoring using directional antennas. 
The final state of saturation can ,only be reached when a specified percentage 
of users has to wait more than a specified length of time to get on the 
air, for a specified portion of the day. In fact the only reliable means 
of predicting saturation is by experience when assignments commence being 
difficult to make. The congestion date concept, however, is still useful 
for policy and strategic planning purposes wherein potential problems can 
be avoided by timely action. It provides a framework within which national 
solutions (such as spectrum re-allocation) can be imposèd given that a 
problem is only localized in a few key areas. . It provides the measure of 
the urgency for solutions. 

. Note that in certain areas the number of channels consumed , 
exceeds-the number of channels in the bands. • This  ls due to the use of 
off-set.chnnels which.is  becoming a widespread practice in Canada and the 
U.S. 	. 	. 

• For  further discussion, please contact V. Sahay of DTS-S at 6-4749. 

Att. 





APPENDIX H:Part C(iii) 

The. Economic Aspects of Land Mobile Radio: 

Background Paper for Spectrum Allocation in 

the 406 - 960 MHz Band 

In the study of spectrum demands at 406-960 MHz, economic 

factors must take second place to other considerations for most of 

the services involved in the band. The economic motive is not para- 
., 

mount in the amateur, radiolocation, radioastronomy and ISM services, 

and even in TV broadcast it is overshadowed . by  social and cultural 

concerns. For the fixed service there is the alternative of other 

frequencies, or the non-radio medium of cable, to relieve commercial 	. 

pressures in this band. It is in land mobile, made possible by radio 

alone and ideally suited to the 406-960 MHz band by transmission, that 

economics comes into its own. Aerônautical and marine mobile pale by 

comparison, owing to their much smaller role in the business world and 

greater freedom from transmission restraints. 	s. 

An appreciation of the commercial nature of land mobile radio 

can be obtained from a review of license data. As of March 1977, there 

were 215,000 mobile units licensed to business users, concentrated in 

the transport, taxi and construction industries (attachment 1). Only 

40,000 licenses were issued to all government agencies, although these 

represented a somewhat greater number of mobile units since municipa 1 . 

and national defence users operate under a blanket license. If 15 

mobiles per license are assumed in the municipal and defence categories, 

the total mobile population becomes 300,000.  units in early 1977 )  70% 

of them in commercial service. 

Since the oil crisis of 1973, energy conservation has taken 

on a new dimension, transcending the familiar boundaries of cost. The 

public need to relieve the dependence on oil has now a significance not 

reflected by the market, and in this regard the contribution of mobile 

radio should be acknowledged. The 24 hour ability to communicate with 

a vehicle on the road will manifestly save the wasted trips that would 

• 
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Diamond Taxi 

CP Rail 

Abitibi Paper 

Smith Transport 

.Reported in a companion paper' 

by P. Julien - 

1 

I. 

I .  

otherwise result from the contingencies of. business or government. 

The difficulty is to calculate  the saving;.for the reasons discussed 

below, ùsers do not posseàs the necessary sourcedata. In the absence 

.of detailed,. factual .records from the user, ,recourse . must.be'had to 

the published eatimates of the mileage saved by mobile radio.' Those 

vary from 15% to 40% and if the lower value is applied to the existing 

population of radio equipped vehicles, the indicated saving is 100 

million gallons of motor fuel per year. This benefit is a surprisingly 

high 0.4% of the total domestic oil ConsuMpton for all purposes in 

1976. The future growth in oil consumption'is difficult to predict, 

since it‘will be affected by shortages, conservation and the'development .  

of substitute energy sources. Uhat seems Certain is that the *demand 

for mobileradio with. its attendant fuel efficiencies can:only be . 

enhanced as oil supplies becOme scarce. In Attachment 2 this factor' . 

 .is discounted, and the projected fuel savinà of 400 million  gallons in 

the year 2000 may be taken as a conservative estimate. 

In order to obtain the benefit of first-hand experience, 

discussions were held with as many users of mobile radio as time per-. 

mined, seven in number: 

.Ontario Department of Transportation 

Ontario Hydro 

Consumèrs' Gas .  

in such a small sample, no .attempt could be made to represent 

the population of mobile users. Major firms were selected as these mould 

have the resources necessary to study the coSt effectiveness of radio; 
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should they find it desirable. None had  dune  so
1 

on the grounds that 

radio is essential to the firm t s operation, and its costs negligible 

in relation to other business expense. Under these circumstances, 

there is little just ification for elaborate cost studies. An objective 

assessment of radio would involve a "before and after" comparison, not 

available in retrospect for most firms and requiring now an expensive, 

controlled experiment. 

e-= 
The economic justification for mole radio in the simple 

case, without considering data systems or specialized-design, •an be 

demonstrated by acomparison . of vehicle and i'adio coats. At the  very 

least a vehicle driver,  who may also perform other-ditties -, will command 

. $5 per hour whereas the radio will t7oically.cest  :$2,50 uer-day, 

(attachment 3). This calculation  assumes that dispatching can be accon 

'plished with no increase in staff, which would be trite in small radie - 

systems. In large systems the allowance for a fulleL.tiMe dispatcher 

would be'prorated over 25 or more vehicles With little effect on the 	• 

. unit cost. At the above- rates., the cost of radio will t) .e:paid'if.30 

minutes of. driver  time can be saved in the day, aenet Unreasonable 

expectation, Similarly, an automobile operating at a - typical  7 per 
2 	 • - 

mile, or a small delivery truck at 15C per mile,
2 
 Will defray the 

cost of radioif less than 40 miles can be saved in the day.  The com-e 

bination of driver and vehicle ecohomies makes a powerful argument.  

• • for radio. 	• • 

On some occasions the cost of a mobile system can be repaid 

In a single radio call. The Ontario Government reports of such a case, 

in which $80,000 was saved by instructions'from the field to delay the 

pour for a concrete highway bridge. Ontario Hydro expedite the restor-

ation of transmission lines by using a radio-equipped helicopter to 

locate storm damage and direct the ground crews. The saving of even a 

1 For a complete-answer on cost effectiveness studies, refer to the 

companion paper. Data for these studies is being -Provided by some 
of the companies. 

These costs are for gasoline,•maintenance  and tires.  Fixed costs 

suCh as depreciation are exclucred. 
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few hours in this Operation is highly significant to the utility, which 

sustains a loss of $500,000 per day when a power station is disconnected 

from the grid. An 8 yard shovel used in open-pit mining is equipped 

with radio to minimize work stoppages, which cost $2000 per hour. Numer-

ous other examples c an  be drawn from industry, wherever vehicles or 

roving personnel are essential to the functioning of a large undertaking. 

It is perhaps unfortunate that the user organizations - inter- - 

 viewed in this part of the study (Ontario Hyaro, Ontario Department of 

Transportation, and Consumers' Gas) are utilities or quasi-utilities, 

.w1th all.the.priority in radio service that that implies. ,In the Policy -

Manual,.services for the safety of life and property such as fire, 

ambulance and police are given prededence . over services essential to 

the operation of utilities, transportation, etc.  The  line between these 

two service categbries is very . thin. Fire protection, for seXample, is 

difficult if the.roads are not plowed in winter; mobile radio is required, 

for both. In suçh cases, there is little doubt that frequencies. will 

. be made available to meet the public need. What.about the sMall.user, 

not engaged in so important an.affair? 

The myriad small users of mobile radio, in the construction, 

• manufacturing, resource and service industries, also have a clair on 

radio frequencies. If the economic impact of radio is not visible 

because it is diffused over many small users, there is no reason eb 
suppose that it is any the less real, or significant. The public still 

benefits from improved productivity, fuel savings, and a standard of 

• service not otherwise obtainable. In view.of the public benefits it 

would be preferable not to restrict the demand for mobile services, 

relying instead upon spectrum management to avoid an undue prolifera-

tion of channels and wastage of spectrum. The merit of any mobile 

licence must be judged in retrospect, by the exercise made of it. For 

• new businesses or service applications, radio usage is necessarily a 

matter of conjecture, being dependent on the success of the venture. • 

It wonld be undesirable to'stifle opportunities for the small user 

through the lack of spectrum allocations. 



The problem of wasted spectrum is likely to occur 	least 

among the major uses  of radio, who have systems large enough to permit 

efficiencies through trunking and frequency reuse. Already the firms 

interviewed have taken steps towards frequency conservation, with the 

active support of the Department. The Ontario Government proposes to 

operate its entire radio system for highway  maintenance throughout the 

province on 8 VHF channels and 12 UHF  channéJs. Ontario Hydro conducts 

all its construction and maintenance of transmission lines on 24 channels 

in the low bard (50 NHs); additional channe1.1 are required for generat-

ing stations and other purposes. ConsumersliGas needs only 10 UHF 

channels'for its operations, distributed  ove  r several communities. 	; 

These economies of scale are not open to the small mobile user, who must 

combine with other users to achieve the same result. 

• 

The real impact of mobile radio is to be found in the public 

domain, where unfortunately it is least susceptible to definition in 

economic terms. Nobile radio was first used in police work, in the 

early 1930's. Here the public benefit from the protection of life and 

property is indisputable, although no dollar value can be placed on it  

The next mobile application was in taxis, yielding a significant gain 

to the public in the form of faster service. Since those early days, 

the instances of public benefit have grown in proportion with the spread 

of mobile radio. Consumers Gas undertake to have a repairman on the 

scene in 15 minutes if a gas leak is reported, minimizing the risk to 

human life. The public safety depends on the continuous delivery of 

energy, food and other essential supplies, all requiring radio. The 

cost of a mobile telephone call is far below the return to the user.• 

How can all these benefits be assessed at their true worth to the 

public? Not by any known technique of economic analysis. 



• 
J.B. Young 
15 July 77 
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1 Conclusion 

For anyone familiar with mobile radio, this paper will be no 

more than a statement of the obvious. The paper is therefore directed 

to those not conversant with the subject, in the hope that mobile radio 

will receive itS 'due in the forthcoming reallocation . of the 406-960 MHz 

band. Mobile radio speaks with a small public voice because its econo-

mic benefits are incapable of precise determination >  and pass unnoticed. 

This 'should not be allowed to detract from ies rightful claim to spectrum. 
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Licences 

1 

•ATTACHMENT #1 

Distribution. Of Mobile.Licencas by 
Indu s try Sactor 	,15 Mardh 1977  

Service Category.  

_ 
 Construction 	 19,673 • - . 

	

. 	. 

Taxi - 
 

. 	- 19.,557 

Truck Transport 	'. 	 3 . 15,445 

	

-,.._ 	: 	.. 

• Air Transport 	 ..... 	15:417 

'Special Trade , COntractors 	.. .-- 	. 14.755 
. 

Electric  Power 	• 	': 	' 	. .12,463 

Railway Transport 	 ' : 	10,936 
. 	,•.. 	. 	. 

	

.4,. 	. 	. 
Logging 	- ' 	. 	 ,: 10,390 •. _ 

Other industry 

Government Services  

• Forestry 	r 	7,203 .  
. 	. 

• • 	' • • Highway and Bridge Maintenance 	-7,200 

Other Federal 	. 	: 	12,623 	- - 	• 	' 

• Other Provincial 	 : 9, 990 	. 

• • Other  Municipal 	 • 	4938 . 	39,954 

116,536-, 	45 ..6% 

38..1%• 

Total Licences 	 255,389 100.0% 

• • Municipal. and National Defenee users operate under a blanket 
licence.. On the assumption .of 15 mobiles per licence for thes e .  users, the 
total population would be 300,000 mobile radios.  in March,  1977. 

1 



ATTACHMENT #2 

• 

Fuel  Savings  Due  to  Land  Mobile Radio  

In 1976i the total domestic oil-consumption for all,purposes 

was 1,796,000 barrels per day, or'23 billion.gallons for the year. 

(1 barrel .7, 35J.,g'ai.). 

In the EEMAC_Eubmission "Spectrum Allocations in the 406-960 

MHz Frequency Band" dated 3 Dec 76, a ,7.5% annual growthis_p_rojected 

for land_mLobiln,IgLc_119  in the period_1981-2001, This rate allows for 

market saturation in relation to the 11.5% annual growth experienced in 

1964-74, and appears to be reasonable.  A7.5% rate of increase implies 

that mobile radio and its attendant fuel efficiencies will quadruple by 

the year 2000. 

Assuming a 15% mileage saving due to mobile radio, at 25,000: 

miles/year and I0 miles/gallon for each vehicle: 

Year  1976  Fuersaying•per vehicle 

• 25,0,00 miles. X .15 	375 -gal. 
\. lOYMiles/gal. 

Total fuel saving 	 • 

300,000 radio-equipped vehicles X 375 gal. 77 100 Million 

gallons, approx. Or 0.4% of total oil consumption 

Year 2000  Total fuel saving  400 Million gallons 
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