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EXECUTIVE SUMMARY

In 1989 the team of ADGA and Ernst & Young conducted a study
to determine the Market and Technological Trends in Radio
Communications. This study confirmed that major changes in
both the technology and the size of mobile communications
markets would have a profound effect upon spectrum
requirements in Canada. As a consequence ADGA was awarded
this contract to determine the frequency spectrum required to
satisfy the expected traffic densities of various types of
mobile radio services over the next ten years in metropolitan,
urban and rural areas.

The study makes use of the Canadian Démographic data base to
project the number of possible users in major metropolitan,
suburban and rural areas. This projection subdivides the
population base into industrial and domestic groupings for
which reasonable market penetrations can be established.
These are based on consideration of the nature of operations,
number of employees requiring fixed and/or mobile
communications, the nature of traffic and the relative cost
factors associated with different modes of service. The total
traffic due to all users was then calculated based upon the
normally accepted traffic 1loadings of various types of
subscriber.

The spectrum required to support the total traffic in each
category of service was calculated using the CCIR/Canadian
model used by Interim Working Group (IWG) 8/13 for estimating
spectrum requirements for FPLMTS. The model was adapted as
appropriate to consider i) the peak capacity in dense urban
environments under busy hour conditions; ii) the frequency
reuse distances applicable to non-cellular systems; and iii)
the overlapping coverage of wide area systenmns.
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Initial calculations for the 1990 to 2000 decade, based upon
the use of existing technology, clearly indicated that the
required spectrum would greatly exceed 'that which may
reasonably be allocated to mobile services. Consequently, the

further calculations presented in the report assume a phasing-
in of new spectrally-efficient technologies. It is shown that
the rate of phase-in of new technologies will likely be fairly

high. However, the timing of the introduction of the new
technologies is less certain, and so calculations based upon
two projections separated by five years were made. As a

result, in the year 2001 total projected spectrum width
requirements for a metropolitan area of 600}000, vary from 307
MHz,'to approximately 408 MHz. These projections clearly show
the urgent need to implement new spectrum manégement plans and
policies which encourage the use of new technologies and the
rapid phasing out of existing technologies. A notable anomaly
in the demand for excessive Spedtrum is that of data
communications. Given the use of efficient network access
protocols, total spectrum requirements could be only 5.4 MHz.
In most cases this spectrum is, however, additional to voice
spectrum requirements rather than a substitution.

e == e

Finally the report provides a short discussion as to the
frequencies which are either preferred, or necessary, to
' support the various categories of service. It was.concluded
that the existing frequency bands for mobile dispatch and
cellular are well suited to these applications although some
change would be possible. Aeronautical and marine
'applications are also well suited and, in any event, would be
very difficult to change either in frequency band or
technology. Proposed new services of Public Cordless,
Wireless Office Products and Personal Communication should
occupy higher frequency bands in the range 1 to 10 GHz

although future reservation in the 60 GHz band should be made
for Public Cordless and Personal Communication to permit
implementation as the technology becomes available.
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The main conclusions drawn from the study are:

Current Canadian spectrum allocations are barely able to
accommodate the projected requirements in 1991. A
further rapid increase in spectrum requirements is likely
to occur over the subsequent five years until such time
as the impact of new technologies can take effect. 1In
the years 1996 to 2001 growth will be small and could
decline if more dispatch services are forced into the use
of trunking techniques.

New services such as Public Cordless Telephony and
Wireless Office Products will not be dominant factors
within the next five years but will become significant
over the subsequent five years unless highly efficient
spectrum techniques are employed as these services are
first introduced.

Assuming adequate spectrum can be found for growth of
current dispatch services over the next five years, then
new services, such as Public Cordless Telephony and
Wireless Office Products, could possibly be accommodated
within these allocations as spectrum requirements shrink
in the years after 1996.

The spectrum requirements as summarized in Tables 5, 6
and 7 are based on the forecast growth in demand for
services and the gradual phasing in of advanced spectrum
efficient technologies. As a result, although the total
number of subscribers increases by 13:1 over the ten year
period from 1991 to 2001, the spectrum requirements grow
by a more modest 2:1 in metropolitan areas and only 1.5:1
in urban areas.
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A comparison of the spectrum requirements of the

different geographic areas clearly indicates that
spectrum requirements are greater in larger metropolitan
areas. Extrapolation from the reference city of 600,000
to say Toronto at 2.5 million, the spectrum width
requirement will increase (by the year 2001) from 307 to
approximately 408 MHz. '
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1.0

INTRODUCTION

The availability of mature, low cost components, such as the

microprocessor and large scale integrated circuits, has had

a major impact upon the cost, size and user friendliness of
mobile radio communications. This has had an impact on both
the radio equipments and the system infrastructures within
which they operate. As a consequence, there has been a
significant increase in the use of mobile radio which now
encompasses many businesses and user convenience services as
well as the emergency, law enforcement and essential services
which have previously dominated the market. This 1is
especially true in the case of Cellular Telephony, which has
been experiencing dramatic growth since its introduction a few
years ago. This growth, and that of mébile radio services in
general, is expected to continue at the present rates for the
foreseeable future.

The growth in the use of the different mobile radio services
will continue to place increasing demands on the frequency
spectrum that is allocated to these services. The planned
introduction of new services, such as Public Cordless
Telephony, is expected to place additional demands on this
very limited resource. In order to ensure that sufficient
frequency spectrum is available to satisfy present and future
demands, there is a requirement to forecast the traffic
densities resulting from the current and anticipated use of
the various types of mobile radio services.

PURPOSE

The purpose of this study was to determine the frequency
spectrum required to satisfy the expected traffic densities
of various types of mobile radio services over the next ten
years in metropolitan, urban and rural areas. The types of

mobile radio services that were considered are:
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a) cellular telephony; -
b) public cordless telephony;

c) wireless office products;
d) two-way radio dispatch;
e) aeronautical mobile;

£) maritime mobile;
g) paging; and
h) mobile data.

TERMS OF REFERENCE ‘
This study was carried out for the Department of
Communications in accordance with contract #36100-9-0428 and

the methodology outlined in the ADGA letter dated January 30,
1990. '

METHODOLOGY

The previous ADGA study "Market and Technology Trends in Radio
Communications" showed that many of the mobile radio services
specified in Section 2.0 will continue to experience rapid and
sustained growth for the next 5 to 10 yeafs. Major growth
will 1likely derive from an increased penetration of each of
the potential user groups. The continued penetration will be
driven by the lower cost of operating mobile radio and the
greater competitiveness attained from the more efficient

operation and/or enhanced services provided by a company.

Eventually each user group will saturate. This will be at a
level largely determined by the total population in eachAgroup
of users.

A spreadsheet was developed to assist in forecasting the
growth in the number of subscribers of each type of mobile
radio service over the next ten years, and to determine the
spectrum bandwidth required to satisfy the traffic densities
(in Erlang per square kilometre) resulting from the use of
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5.0
5.1

these services. The growth in the number of subscribers was
estimated based on the growth of each mobile radio service
and certain user groups, and on the estimated maximum market
penetration of these services within each user group. The
spectrum bandwidth requirements were determined using the
formula developed by CCIR Interim Working Party (IWP) 8/13,
where applicable.

Statistics Canada census data on Census Metropolitan Areas
(CMAs) and Census Agglomerations (CAs) was used to develop
appropriate models for typical metropolitan, urban and rural
areas, and to forecast the population of each user group over
the next ten years. These models and growth forecasts were
used in the spreadsheet described above to determine the
spectrum bandwidth required in each area and for each type of
mobile radio service.

A more detailed description of the methodology outlined above
can be found at Annex A.

DISCUSSION

General

The methods used in estimating the growth in the number of
subscribers and in determining the spectrum bandwidth
requirements relied heavily on obtaining sufficient and
accurate data. During the course of the study it was found
that some of the data was difficult to obtain or was not
available. It was also found that vastly different results
could be obtained depending on the initial conditions that
were used in the various calculations. The situations where
this occurred are described in more detail in the discussion
which follows.
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5.2

Growth of Mobile Radio Services
Most of the information on the anticipated growth of the

different mobile radio services was obtained from the previous

ADGA stﬁdy "Market and Technology Trends in Radio
Communications"”. 1In the case of Public Cordless Telephony
the growth rates for Cellular Telephony were used because of
the many similarities between the two services, and the
possibility that this service could experience the same type
of dramatic growth as Cellular Telephony. For the
Aeronautical and Maritime Mobile services conservative growth
rates were used based on the continued use of these services
by government, industry and certain types of consumers (ie.
such as pilots and boaters). The minimum and maximum annual
growth rates for each type of service are shown in Table 1.

TABLE 1

Annual Growth of Mobile Radio Services
Minimum Growth|Maximum Growth
. Cellular Telephony 20% 30%
Public Cordless Telephony 20% 30%
Wireless Office Products 20% : 30%
Two-way Radio Dispatch , 10% 20%
Aeronautical Mobile : 5% 10%
Maritime Mobile 5% ©10%
Paging : | 20% 25%
Mobile Data ‘ ' - 20% 30%
4
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5.3

Identification and Growth of User Groups

The industry groups as defined by Statistics Canada’s Standard
Industrial Classification (SIC) Codes for 1970 were used to
identify and categorize all possible users of the different
mobile radio services. The various categories were combined

into major user groups similar to those that are used by
equipment and service suppliers. These user groups are listed
in Table 2.

The DOC license data for Hamilton was used in the models for
metropolitan and rural areas since the population of this city
Closely correlated with the average populations that were
calculated for these areas. Similarly, the license data for
Orillia, Ontario was used, where possible, in the urban area
model because of the comparable population sizes of these two
areas. This data was used to determine the present usage (ie.
number of subscribers) of the Two-way Radio Dispatch,
Aeronautical Mobile, Maritime Mobile and Mobile Data services.
The license data for Hamilton and Orillia is shown in Table
3.

For the remaining services approximate figures were used to
determine future spectrum requirements. These figures were
based on an estimate of the number of subscribers that will
be present in each user group in 1991 and that will result in
the saturation of each group by the year 2001.

The growth in the number of subscribers/users of each type of
mobile radio service over the next ten years was estimated by
using information obtained on the anticipated growth of these
services. The forecast in the number of subscribers/users was
used to determine the traffic densities resulting from the use
of the various mobile radio services by these users.



TABLE 2
Major User Groups'

SIC Codes| Major User Groups Types of Users
N/A Consumers ‘Adults (15 yrs & over)

001-099 Primary Industries
001-021 Agriculture
041-047 Fishing and Trapping
031-039 Logging and Forestry
051-099 Mining and 0il
101-399 | Manufacturing
404-421 Construction
501-519 Transportation
543-579 Communication/Utilities
602-886 Service_Industries
602-629 " Wholesale Trade
701-721 Finance & Insurance
735-737 Real Estate/ins Agent
851-869 Business Services
801-809 Education
821-828 Health & Social Svcs
881-886 Accommodation & Food
902-951 Government Services

Note: 1970 Standard Industrial Classification (SIC) Codes
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TABLE 3
Mobile Radio Licenses
Major User Land Mobile Aeronautic Maritime
Groups
Hamilton Orillia Hamilton Hamilton
Consumers 0 0 5 2503
(Adults)
Primary 162 40 7 0
Industries
Manufacturing 3245 151 11 0
Construction 1642 65 20 0
Transportation 2035 228 354 196
Communications 765 134 1 0
& Utilities
Service 1610 286 55 0
Industries
Government 8431 490 9 42
Services :

(Data as of February 1990)

Notes

1)

2)

3)

# Channels - Each license is equivalent to one simplex
channel that has been authorized for use.

Land Mobile - The license information was used for the
Two-way Radio Dispatch service, and at 10% for the Mobile
Data service. 1In both cases the figures for Hamilton
were used for metropolitan and rural areas. The figures
for Orillia were used for urban areas.

Aeronautical - The license information was used for the
Aeronautical Mobile service. The figures for Hamilton
were used for metropolitan and rural areas, and at. 6%
for urban areas (based on the population ratio between

urban and metropolitan areas).

7
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4) Maritime - The license information was used for the
Maritime Mobile service. The figures for Hamilton were
used for metropolitan and rural areas, and. at 6% for

- urban areas (based on the population ratio between urban
and metropolitan areas).

Cross Impact of Different Services

5.4

In order to examine the cross impact between services, it is

necessary to define the basic nature of the mobile

communications services. These are:

a) Two-way Radio Dispatch, usually typified by a highly
'centralized communication service within a localized area
in which the predominant traffic is between one or more
dispatchers and a 1large group of users. Calls are
frequently 20 seconds or less;

b) " Mobile Telephony, an extension of the public switched
network in which the traffic is highly distributed.
Calling times are generally in excess of 1 minute;

c) Mobile Data, usually overlaid onto mobile dispatch
systems; and ’ '

d) Paging, a one way calling system either from a
predesignated telephone location or, with added messaging
capability, from any location.

5.4.1 Two-way Radio Dispatch - Mobile Telephony

Historically, dispatch radio equipments have always been
cheaper than the equiValent radio telephone. Hence as
the service quality, coverage and cost of radio telephone
services improve, migration to dispatch from radio
telephony is considered to be highly unlikely.
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Conversely, many people have postulated that there will
be a migration from dispatch to radio telephony. The
degree of migration will, however, be influenced by
factors such as:

a) amortized cost of fixed equipment and maintenance
versus service charges for cellular radio;

b) call set-up time versus message length and traffic
loading; '

c) spectrum availability; and

d) traffic routing.

Based upon the typical traffic loading of .005 Erlangs
per mobile and cellular service charges of $ 0.50 /minute
(local calls), the service charge for cellular telephone
is $360.00 per subscriber per year. Assuming $5,000.00
for base station, antenna and a small tower with a 10
year life the amortized cost, including interest charges,
is of the order of $1,200.00 per year. Therefore, any
dispatch radio system with more than four subscribers or
higher traffic loadings than .005 Erlangs per subscriber
is potentially more economical than cellular telephone.
It is therefore unlikely that many dispatch radio users
will migrate for reasons of cost.

Call set-up times for radio telephony involve a number
of sequential activities. Neglecting the delay time due
to called party response, delays are typically of the
order of five seconds. In many dispatch systems, (eq,
taxis) the average message length is between 12 and 20
seconds. Thus the effective capacity of a radio
dispatcher is reduced by 25 to nearly 50% when compared
with the voice calling or selective calling used in
dispatch systems. This would mitigate against migration
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on large systems but would not be a significant factor
for small systems.

The availability of spectrum, approximately 4560 x 25KHz
channels, is a serious limitation to potential users of
radio systemé within a metropolitan area in which
frequency reuse is impractical. Except for cellular type
systems, the total number of allocated channel slots is
greatly reduced. Assuming 50% of channels are assigned
in adjacent suburbah and rural areas and a mix of simplex
and dupléx systems, then a total of only 1000 channels
may be available within a metropolitan area. With fully
ldaded, (50 subscribers per channel) or'trunked channels=.
(150 subscribers per channel) the 1000 channels cou::
support the expected ‘demand through to thé‘year 1996.
In reality many channels will be more lightly loaded at
no more than 10 to 20 mobiles per channel in which case
the existing subscriber base, approximately 18000 in the
average metropolitan area, will effectively consume all
channels. New users of radio communications will
therefore tend to be forced towards the use of

telephone type systems based upon cellular fregquency
reuse.

Radio users requiring a single point of contact can
satisfy their communication requirements through the use
of dispatch radio. Many small companies, however,
‘bperate with only part time office personnel. The sales
and operational functions are combined in a few staff who

are generally out of the office. These companies can

benefit greatly through the use of radio telephony to
provide instant contact with potential customers. Those
companies in this category currently using dispatch radio
could be expected to migrate to radio telephony.

10
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5.4.2

Paging - Mobile Telephon
Paging currently offers the lowest cost and physically

smallest, (a wrist watch pager has just been announced)
means of contacting personnel away from the office. To
be effective, however, the called party must be able to
respond through physically reporting or through access
to a telephone.

As radio telephone units become smaller and more
economical, the convenience of instant two way
communication to the called party is expected to be
sufficiently attractive that some users of paging will
migrate to public cordless and personal communication
forms of radio telephone. Such migration is unlikely to
occur until a wide-spread infrastructure is in place.
Therefore, the effects of migration are unlikely to be
seen much before the year 2001.

Voice - Data

Many advocates of mobile data services have emphasized
the reduced air time required and the potential spectrum
savings. These concerns are seldom of interest to the
user unless it results in a reduction in cost. Given the
increased cost of the mobile equipment, any savings are
generally derived through improved efficiency in the use
of dispatch personnel. This is most evident in systems
with a large number of mobile subscribers and a high
volume of routine or preformatted type messages. The
most notable examples are taxi and police operations.
More generally it has been found that mobile data is
complementary to, rather than a replacement for, voice
communication. In many cases this occurs since mixed
voice and data over single multiple subscriber radio
channels creates access control difficulties which are

frequently resolved by providing separate channels for

11
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voice and data. = Therefore, if only one channel was
previously required for a group of mobile subscribers,
then the addition of data may in fact increase the total
channel requirements, and savings in channels may only

occur for systems previously requiring 3 or more voice
channels.

Market Penetration of Mobile Radio Services

In order to ensure that the number of subscrlbers/users of a
particular mobile radio service did not exceed the saturation
level for each user group, it was necessary to estimate the
maximum market penetration‘of that service within each group.
The market penetration of each type of service was estimated
based on information obtained from equipment and service
suppliers, and from the results of a survey conducted with 9
different industry associations. These figures are listed in
Table 4 and are explained in the following paragraphs.

Market Penetration of Radio Telephony
The market penetrations of Cellular Telephony, Public

Cordless'Telephény'and.ultimately'Personal Communications
are highly interrelated since they all are variants of
the same basic service. '

The predominant variant today is cellulaf telephony, a
service currently available in both mobile and portable
versions. The low cost of equipment and the dramatic
service ' improvements provided by today’s cellular
telephone have created a very high growth rate of 30% in
a previously virtually non-existent service. This growth
has primarily occurred in business applications involving
either sales and services, and operations.tdo small to
justify the cost of dedicated systems.

12
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At first sight the rapid reduction in price of mobile
and portable cellular radios could be expected to result
in a continued rapid penetration of potential market.
High service charges are, however, expected by both
CANTELL and BELL CELLULAR to remain in effect for the
foreseeable future. It is claimed that this is necessary
to finance <continued expansion of the network
infrastructure in both coverage and capacity. These high
service charges will tend to mitigate against the use of
cellular radio by many potential users. The nature of
operations of some businesses will also mitigate against
the use of radio telephony versus dispatch and/or paging
categories. of mobile service.  These include those
operations requiring a high volume of communications
between users in a well defined geographic area, as well
as those users requiring multiple short communication
transactions, eg, Taxis.

The above factors, together with estimates of the number
of employees within a business group for whom mobile
communication would be necessary, were used to estimate
the ultimate penetration of cellular telephony into
business operations. These ultimate penetrations are
assumed to occur by the year 2001. This is consistent
with a maximum penetration of 20% due to an expansion of
30% annually from the current penetration levels of
around 1.5%.

Since cellular systems involving mobile equipments tend
to use higher powers and larger cells than public
cordless telephone systems, they are less spectrally
efficient. The study has therefore assumed the current
growth rate of 30% annually would not be exceeded for
the much larger consumer group class of users. The total
market penetration by the year 2001 would therefore also
be 20%.

13
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Public cordless telephones are forecast to cost less than
25% of the cost of cellular radios. Recent filings by
the MILCOM Group in USA suggest a price of $70.00 US.
At this price cost-of-ownership is insignificant to most
of the Canadian population. We have therefore assumed
a total penetration of 50%.

The service cost pricing structure is, however, likely
to have a large impact upon.the utilization of public
cordless telephones. If the pricing structure mirrors
existing telephone services then a high utilization can
be expected. 1If, however, a service charge is made for
each local call then the existing wireline telephone will
continue to be utilized even where a subscriber has
access to a public cordless radio. This will
significantly affect the spectrum requirements and so
must be considered in future pricing poiicies.

Market Penetration of Wireless Office Products

It was difficult to estimate the maximum market
penetration of Wireless Office Products since these types
of products are not yet commercially and widely
available. 1In many applications wired office products
provide the required services in a highly cost effective
manner. Only where construction and frequent recabling
costs are high are Wireless Office Products likely to
replace wired products. Once suitable products are

‘available it is believed that the major users of this

technology will be the Service Industries and the
Government. One survey respondent felt that the use of
these types of products in a"competitive business
environment would depend on the degree of reliability and
communications security that these products could
provide. ' '

14
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5.5.3

Market Penetration of Two-way Radio Dispatch
Two-way radio dispatch will continue to remain attractive

primarily with the Transportation and Utility Industries,
and the Government. This type of service is expected to
reach a maximum market penetration of 100% in those user
groups that rely on this service to remain competitive,
such as the Trucking, Courier and Taxi Industries.

Market Penetration of Aeronautical and Maritime

The total market of Aeronautical and Maritime Mobile
services is expected to be relatively small due to the
specialized applications of these services and the
limited number of potential users within most groups.
It is believed that the only major users of these two
services will continue to be the Transportation Industry,
and to some extent certain types of Consumers.

Market Penetration of Paging
The continued growth of Paging services is expected to

lead to a market penetration of between 5% and 10% for
this type of service within certain user groups, such as
the Construction and Service Industries. 1In spite of the
relatively low prices for paging devices, it is believed
that this type of service will remain a business tool
since one-way communications do not satisfy the

consumers’ requirement for basic communications.

Market Penetration of Mobile Data

It is believed that the use of Mobile Data will continue
to be limited to the Transportation Industry, which
includes the Taxi and Urban Transit Industries, and the
larger Police forces. There is a possibility that some
businesses, such as Computer Service and Repair
Companies, will make use of this technology to provide

15



their field technical support representatives with the
capability of performing on-site maintenance of faulty
equipment. To most users this service offers few
advantages over voice communications and is expensive as
compared to other types of mobile radio services. Except
for the rare circumstance when spectrum is unavailable,
~users do not appear prepared to péy a premium for the
spectrum efficiency but only for the operational
efficiency of data services.

16
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Cell - Cellular Telephony

Pub - Public Cordless Telephony

Wire - Wireless Office Products

Disp - Two-way Radio Dispatch

Aero - Aeronautical Mobile

Mari - Maritime Mobile

Page - Paging

Data - Mobile Data

X - Indicates negligible market penetration

17

TABLE 4
Maximum Market Penetration of Mobile Radio Services
Major User Mobile Radio Services
Groups
Cell Pub |Wire [Disp |Aero |Mari |[Page |[Data
Consumers 20% 50% X X 1% 5% 5% X
(Adults)
Primary 5% 5% X 10% 1% 1% X X
Industries
Manufacturing 5% 5% 5% 25% 1% X 5% X
Construction 5% 20% X 25% 1% X 10% X
Transportation| 20% X X 50% 10% 5% X 25%
Communications 5% X 5% 50% 1% X 5% X
& Utilities
Service 20% 5% 10% 10% 1% X 10% 5%
Industries
Government 5% 5% 10% 50% 1% 1% 5% 5%
Services
Legend
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5.6

Technolo Transition

Until the introduction of cellular telephony most changes in
mobile radio equipments and services have been of a
evolutionary nature. They have had modest cost impact and
for the most part have been backward interoperable with
existing systems. 1In addition, radio spectrum availability
has been sufficient that new services and systems could be
introduced in parallel with existing services. As a result,
the transition from one technology to another was Qefy gradual
and typically exceeded the economic life of equipment.

Note: For mobile systems the economic life is normally
considered to be 7 to 10 years, whereas for fixed
equipment up to 15 years can be anticipated.

The changes identified in ADGA’s study "Market and Technology
Trends in Radio Communications" are of a more revolutionary
nature. The systems are highly, if not completely digital,
they compete for spectrum with existing assignments, they are
not backward interoperable and fufthermore they are forecau:
to be much more economical. ADGA Dbelieves that the
combination of factors will lead to a much more rapid phasing
in of the new technologies than hitherto has been experienced.
In practice the duration of the transition period is more
likely to be controlled'by the production capability rather
than by any other factors. Even in the existing cellular
infrastructures the transition from today’s analogue to
tomorrow’s digital can be accomplished Trapidly and
economi¢ally through the exchange of only the base station
transmitter and receiver. The antenna system including towers
and multicouplers, the baseband equipment, switching system
and the intersite communications links would not require to
be changed by the technology transition in the cellular radio.
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Therefore, we assume that service providers will rapidly
attach a digital service channel or channels within the
existing analogue system infrastructure.

For these reasons we have considered that once one of the
major new technologies is introduced then the majority of new
sales will be of the new technology. ‘There will be stock of
existing equipments which will be unloaded at bargain prices
and some owners of large private systems will continue to
purchase existing technology for purposes of growth or
replacement of damaged units. However, within the economic
life of mobile equipment (typically seven years), we
anticipate that virtually all of the existing technology will
be phased out.

The biggest uncertainty is likely to be the introductory date.
This must take account of technical factors, including an
adequate period for proving of the technology at the system
level, regulatory factors, which in the case of the first
generation cellular took over ten years to resolve, and
economic factors.

The most optimistic dates for introduction of services are
derived from promoters of the various systems. These dates
have been used to calculate the spectrum requirements as shown
in Tables 5.10.1-1 and 5.10.4-1. A more conservative
introduction date is based upon a five year slippage. The
calculated spectrum requirements based upon the five year
slippage are shown in Tables 5.10.1-2 and 5.10.4-2.
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5.7
5.7.1

F

reguency Reuse Criteria

Dispatch Systems
Dispatch-orientated mobile radio systems are predominant

in the VHF and low UHF frequency bands. Cost
considerations generally require maximum coverage
attainable from a few desirable base station sites
located at high points within the terrain prevailing in
the required coverage area. Terrain variations and the
consequential uncertainty due to path losses requires a
system margin to be included in the radiated power of
transmitters. This margin ranges from, typically 10 dB

~for 90% coverage probability, to 30 dB for 99.9% coverage

probability. The excess power results in extended
coverage outside of the desired coverage area and creates
interference to co-channel users in adjacent areas.

Within dispatch systems the curréntly available
modulation techniques provide little protection to co-
channel interference and therefore the co-channel reuse
area must be defined based ‘upon an interference
probability. This is usually taken aéllo% but in high
priority safety-related operations the interference
probability can be as low as 1%.

For the general case of 90% coverage probability and 10%
interference probability the effective path loss
difference is 20 dB. Hence over a "plane earth", Egli’s
formula can be used to show a ratio of 1:3 in coverage
versus interference range, For dispatch systems
operating at up to 40 kilometres the frequency reuse
distance is therefore 120 kilometres.  Although the
ranges indicate a 1:9 ratio of covetage areas, this can
be translated into a frequency reuse factor, or cell
cluster size, of 7 by considering a cellular type
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arrangement. The coverage range of the centre cell is
40 kilometres. The first ring of cells provides an 80
kilometre boundary and the next ring allows frequency
reuse.

Trunked Systems

Trunked systems provide service to many more users per
channel and can in many cases be operated from multiple
sites to provide extensive coverage while requiring
smaller path loss margins. Ranges therefore tend to be
more typical of "line-of-sight" rather than "plane earth"
path loss conditions. Under line-of-sight conditions a
20 dB power difference translates into a 1:10 range
difference. Real conditions more generally result in a
coverage versus interference range difference of 1:5
which would normally require a frequency reuse factor of
21. To reduce the frequency reuse factor to 7 or less
a more rigorous modulation mode is employed which
requires a smaller co-channel protection margin.
Analogue cellular systems typically use 10 kHz deviation
compared to 5 kHz for dispatch systems and future digital
cellular may employ coding techniques to increase the
protection margin.

Aeronautical Systems
Aircraft operations from near ground level to many

thousands of feet presént considerable difficulties to
efficient frequency management if reliable interference-
free communications are to be provided. To simplify the
frequency management problem it is generally considered
appropriate to subdivide the traffic into three groupings
with typical ranges of 25, 60 and 150 miles. FEach range
uses different frequencies.
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At the lower altitudes safety requires a 99% to 1% or
better signal to interference probability. This requires
a 40 dB signal margin which over "plane earth" signal

- paths requires a 10 to 1 range difference for frequency

reuse. This implies a cell cluster size of 100.

At higher altitudes a higher interference level could be
tolerated and the predominantly line-of-sight propagation
paths allow smaller signal margins. Hence, for the 60
and 150 mile ranges cell cluster sizes of 25 and 7
respectively are probably adequate.

Assuming an equal division of traffic between the
different service altitudes, and as a result of service

ranges, the average cell cluster size is 44.

Maritime Systems

The operation of Maritime Mobile is generally performed

through a manned coastal station using a scheme of
"calling" and "traffic" channels. There are normally
five traffic channels for every one calling channel.
This system provides a form, albeit inefficient, of
trunking. It is therefore considered appropriate to use
a weighted-Erlang formula for calculating the number of
channels required to service a given volume of traffic
at a predefined blocking rate.

"'This type of service typically is only 50% efficient and

requires a minimum of one extra channel for calling
purposes. A Blocking Probability of 10% is higher than
desirable, but is probably more realistic than 2%.
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5.8
5.8.1

Although the Maritime Mobile service offers a form of
trunking, it is more appropriate to use the frequency
reuse criteria for Dispatch Systems due to the relatively
low efficiency of this service. 1In this case a cell
cluster size of 4 is used rather than 7 due to the semi-
circular coverage area provided by the coastal stations.

Subscriber Density Factor

Cellular Systens

Peak requirements tend to be generated in the city core
under peak traffic (vehicular) conditions. At these
times, city streets are effectively saturated with cars
moving at 20 km/hour or less. The average vehicle
spacing is around 15 metres and assuming four-lane
highways in a grid pattern and roads spaced 200 metres
apart, there would be 2666 vehicles/square kilometre.

These vehicles would be populated with cellular phones
and dispatch radios in roughly the same proportion as
predicted for an average population density of 217
people/square kilometre for metropolitan areas. The peak
factor, or subscriber density factor, 1is therefore
12.3:1.

Note that in urban areas the peak traffic will exist over
a much smaller area than the average cell size. This
corresponds to a vehicle spacing of about 30 metres and
two-lane highways for a total of 666 vehicles/square
kilometre. In this case a subscriber density factor of
between 3 and 5 is appropriate. For rural areas where
the subscriber population is spread out over a very large
area a density factor of one is more suitable.

23



adga

5.8.2 Wireless office Products

Wireless Office Products are likely to be implemented
within individual buildingé. It is therefore appropriate
to examine the possible population within a typical large
downtown office block. ‘

Office accommodation is normally recommended at between
10 and 12 square metres per person. Thus for a 50 storey
building at 50% occupancy with a 50 metre square base thé
total population is 12,500. This 1is equivalent to
approximately 2 million people/square kilometre. Based
on a population density of 217 people/square kilometre
in a metropolitan area thié relates to a subscriber
density factor of about 10,000. |

For an urban area it 1is appropriate to use the same
figures but for a 5 storey building at 25% occupancy.
In this <case the subscriber density .factor is
approximately 500. For rural areas where the subscriber
population is spread out over a very large area a density
factor of one is sufficient.

5.8.3 - Dispatch Systems

‘ In respect to metropolitan areas the coverage area of a
single station is smaller than that of the subscriber
base. It 1is therefore appropriate to consider the
subscriber density within the coverage area of a single
station. ' A

-In general the dispatch type service, which includes the
Mobile Data service, is well distributed within a
metropolitan area. This also applies to the Paging
service which enjoys a very large subscriber base.
However, sbme_allowance must be made for peak densities
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which may apply to certain services, for example taxis
which tend to concentrate in the core area.

It has not been possible to quantify the peak loading
with any great certainty, however, it is suggested that
a subscriber density factor of between 2 and 5 be
considered as the likely extremes. The higher figure is
appropriate for metropolitan areas where a greater
concentration of subscribers could be expected in the
core area as compared to urban areas. The figure of 2
is therefore more suitable for urban areas. 1In the case
of rural areas where the subscriber population is spread
out over a very large area a density factor of one is
sufficient.

Aeronautical Systems
For Aeronautical Mobile the average subscriber density

does not apply over the full service area due to the
different altitudes at which aircraft operate and the
various communication distances involved. However,
because of the very large service area it is probably
appropriate to take into account the total number of
subscribers due to two or more metropolitan areas plus
ten or more urban areas.

For metropolitan areas this corresponds to a subscriber
density factor of .4 based on the ratio of the total
metropolitan area to the cell size. A factor of .02 is
obtained for an urban area using the same method. For
rural areas where the subscriber population is spread
out over a very large area a density factor of one is
considered to be more appropriate.
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5.8.5

5.9

Maritime Systems

As described in Section 5.7.4, Maritime Mobile operators
make use of coastal stations to establish communications
between ships. The traffic presented to the coastal
stations is dependent wupon the total number of
subscribers in the coverage area. Since the coverage
area is greater than the collective area of subscribers,
the peak traffic should not be based wupon an
extrapolation of the subscriber density over the service
area. Rather, it should be based on the same method as
that used for the Aeronautical Mobile service.

For metropolitan and urban areas the subscriber density
factors are .5 and .05 respectively. In the case of
rural areas where the subscriber population is spread

.out over a very large area a densitywﬁactor of one is

considered to be more appropriate.

Summary of Assumptions ‘

The following general assumptions were made in estimating the
growth in the number of subscribers and in determining the
spectrum bandwidth requirements:

a)

b)

‘The anticibated growth of a particuiar mobile radio

service is the same for all user groups.

- The anticipated growth of a particular mobile radio
'service is the same in each type of area (metropolitan,

urban and rural) where this service is available.
Realistically, the anticipated growth is not likely to
be the same for all user groups and in each type of area,
however, since this type of detailed informatipn was not
readily available from the previous ADGA study or from
discussions with equipment and service suppliers, it was
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necessary to use general growth figures in determining
the spectrum bandwidth requirements.

c) The forecast growth of a particular user group is the

same in metropolitan, urban and rural areas.

d) The estimated maximum market penetration of a particular
mobile radio service within a user group is the same for
that group in metropolitan, urban and rural areas where
this service is available.

e) The transition period from one technology to another for
equipment  that is used in a particular mobile radio
service is approximately 10 years. A particular
characteristic of communication systems is the need to
simultaneously provide services based upon old and new
standards as systems transition from spectrally
inefficient to spectrally efficient technologies. The
transition period should be based upon the economic life
of the large inventory of equipment in service, typically
7 to 10 years.

During this time total spectrum requirements must be based
upon a mix of various technologies. The services expected to
undergo the most radical change over the next ten years are
the Cellular and Two-way Radio Dispatch communication systems.
Distributions between technologies for these services are
shown in Sections 5.10.1 and 5.10.4.

Additional assumptions were made, where required, for each

type of mobile radio service. These assumptions are stated
in the relevant parts of Section 5.10.
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5.10

calculation of S ectrum Bandwidth Requirements

The spectrum bandwidth requirements for each type of mobile
radio service were calculated using the CCIR formula described
in Annex A. The values that were assigned to each variable
in this formula are specified in the following sections, along
with an explanation of why these values were used. Printouts
of the spreadsheets that were used to calculate the spectrum
requirements are attached as Annex B.
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5.10.1 Cellular Telephon
The values that were assigned to each variable in the
CCIR formula are based on those specified by IWP 8/13
and are as follows:
$5.10.1-1 Cellular Telephony -
Early Technology Transition
Generation: 1st 2nd 3rd -->
Variables 1986 1991 - 1996 2001

1.Cell Diameter- M 5,000 3,000 850 850

(metres) - U 5,000 3,000 850 850
- r| 8,000 8,000 8,000 8,000
2.Cell Type Hexagonal Hexagohal Hexagonal [Hexagonal

3.Traffic load/ .02 .02 .02 .02
user (Erlang)

4 .Subscriber - M 12.3 12.3 12.3 12.3
Density - U 3 3 3 ‘ 3
Factor - R 1 1 1 1

5.Blocking 2% 2% 2% 2%
Probability

6.Effective Single 30 15 5 5
Channel Band-
width (kHz)

7.Effective Cell 21 9 24 24
Cluster Size

8.#Frequencies/ 2 2 2 2
Channel

Spectrum - M 12.6 25.6 28.5 7.5
Bandwidth - U 6.3 9.6 11.2 3.1
(MHz) - R 1.3 2.8 3.5 1.3

M - Metropolitan

U - Urban

R - Rural
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5.10.1-2 Cellular Telephony -
5 Year Delayed Technology Transition
Generation: 1st 2nd 3rd =-->
Variables 1986 1991 1996 2001
1.Cell Diameter- M 5,000 3,000 850 850
(metres) - U 5,000 3,000 850 850
‘ - R 8,000 8,000 8,000 8,000
2.Cell Type Hexagonal |Hexagonal |Hexagonal |Hexagonal
3.Traffic load/ .02 , .02 .02 .02
user (Erlang)
4.subscriber - M| 12.3 12.3 12.3 12.3
Density -U 3 3 3 3
Factor - R 1 1 1. 1
5.Blocking 2% 2% 2% 2%
Probability
6.Effective Single 30 15 5 5
Channel Band- :
width (kHz)
7.Effective Cell 21 9 24 . 24
Cluster Size »
8 .#Frequencies/ 2 2 : 2 2
Channel .
Spectrum - M| 12.6 30.2 71.6 8.0
Bandwidth - U 6.3 11.3 22.8 25.5
(MHZ) - R 1.3 2.5 3.1 3.8
M - Metropolitan
U - Urban
R - Rural
Notes

1) Cell Diameter - The cell diameters used for 1986 and for
rural areas are based on typical values. The anticipated
reduction in cell size to 1.5 km radius was used as the
basis for the cell diameter for 1991 in metropolitan and

The values for 1996 and 2001 are the same

as those specified by the CCIR.

urban areas.
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2) Subscriber Density Factor - The Subscriber Density
Factors are based on the criteria outlined in Section
5.8.

3) Channel Bandwidth - Effective single channel bandwidth
is based on an optimistic projection of future
technology.

4) fFrequencies/Channel - Value of two used to represent
duplex voice channel.

5) Technology Transition - The distribution of subscribers
between the three technology generations is based upon
1991 as the first fielding of second generation and 1996
as the first fielding of third generation systems. Using
the 30% growth rate the resultant distribution is:

1986 1991 1996 2001
1st Generation 1 0.7 0.18 0
2nd Generation 0 0.3 0.52 0.14
3rd Generation 0 0 0.30 0.86
6) Delayed Technology Transition - Based upon a five year

delay in the initial technology transition the resultant
distributions is:

1986 1991 1996 2001
1st Generation 1 1 0.7 0.18
2nd Generation 0 0 0.3 0.52
3rd Generation 0 0 (0] 0.30
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5.10.2 Public Cordless Telephony . _
The values that were assigned to each variable in the

CCIR formula for both Personal Outdoor and Personal

Indoor communications are the same as those specified by

IWP 8/13 and are as follows:

Generation:

Personal Outdoor

1st -->
Variables 1986 1991 1996 2001

1.Cell Diameter- M T ) 200 200

(metres) - U 200 200
- R N/A N/A
2.Cell Type Square. Square

3.Traffic load/ .02 .02
user (Erlang)

4 ,Subscriber - M 100 100
Density - U 50 50
Factor - R N/A N/A

N/A —— N/A

5.Blocking 1% 1%
Probability

6.Effective Single 25 25
Channel Band-
width .(kHz)

7 .Effective cCell 16 16
Cluster Size

8 .#Frequencies/ 2 2
Channel

Spectrum - M 4 8
Bandwidth - U 3 6
(MHz) - R | i N/A N/A
M - Metropolitan
U - Urban
R - Rural
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Notes

1) Cell Diameter - Values for metropolitan and urban areas
the same as those specified by the CCIR. It is believed
that Personal Outdoor communications will not be
economically suitable for use in rural areas due to the
extremely low population densities in these areas.

2) Subscriber Density Factor - The subscriber density
factors are based on the criteria outlined in Section
5.8.

3) #Frequencies/Channel - Value of two used to represent
duplex voice channel.
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Personal Indoor

Generation: 1st -->
Variables 1986 1991 1996 2001

1.Cell Diameter- M t t 30 30

(metres) - U : 30 30
- R 30 30
2.Cell Type Square Square

3.Traffic load/ .05 .05
user (Erlang)

4 .Subscriber - M| 10,000 10,000
Density - U 500 500
Factor - R 1 1

N/A —}— N/A

5.Blocking : .5% .5%
Probability

6.Effective Single 25 25
Channel Band-
width (kHz)

7.Effective Cell 21 21
Cluster Size

8 .#Frequencies/ 2 2
Channel

Spectrum - M 14.7 36.8
Bandwidth - U 3.2 5.3
(MHZ) - R l ! <1 <1
M - Metropolitan
U - Urban
R - Rural
Notes

1) Cell Diameter - Cell diameter for the UK "Telepoint"
System used for metropolitan, urban and rural areas.

2) Subscriber Density Factor - The subscriber density
factors are based on the criteria outlined in Section
5.8. ‘

3) #Frequencies/Channel - Value of two used to represent

duplex voice channel.
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5.10.3 - Wireless Office Products
The values that were assigned to each variable in the
CCIR formula are based on those specified by IWP 8/13
for Personal Indoor communications and are as follows:

Wireless Office Products

Generation: 1st -->
Variables 1986 1991 1996 2001

1.Cell Diameter- M 1) : ) 30 30

(metres) - U 30 30
- R 30 30
2.Cell Type Square Square

3.Traffic load/ .05 .05
user (Erlang)

4 .Subscriber - M 10,000 10,000
Density - U 500 500
Factor - R 1 1

N/A —— N/A

5.Blocking .5% 5%
Probability ‘

6.Effective Single 25 25
Channel Band-
width (kHz)

7.Effective Cell 21 21
Cluster Size

8.#Frequencies/ 2 2
Channel

Spectrum - M 4 8
Bandwidth - U 2 3
(MHz) - R i i 1 1
M - Metropolitan
U - Urban
R - Rural
35



Notes

1)

2)

3)

4)

Traffic Load/User ~ The traffic was assumed to be the
‘same as that for voice traffic for Personal Indoor
communications. ,

Subscriber Density Factor -~ The subscriber density
factors are based on the criteria outlined in Section
5.8. ,

Blocking Probability - The blocking probability was
assumed to be the same as that for Personal Indoor voice
communications. |

#Frequencies/Channel - Value of two used to represent
duplex voice channel.
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5.10.4 Two-way Radio Dispatch

The values that were assigned to each variable in the

modified CCIR formula are based on typical values for

this type of service (as described below) and are as

follows:

5.10.4-1 Two-way Radio Dispatch -
Early Technology Transition

Variables 1986 1991 1996 2001
1.Cell Diameter- M| 25,000 25,000 25,000 25,000
(metres) - U 25,000 25,000 25,000 25,000
- R 40,000 40,000 40,000 40,000
2.Cell Type Circular Circular Circular Circular
[[3.Traffic load/ .005 .005 .005 . 005
user (Erlang)
4.Subscriber - M 5 5 5 5
Density - U 2 2 2 2
Factor - R 1 1 1 1
5.Max Traffic - N .25 .25 .25 .25
Capacity/cell - T .75 .75 .75 .75
6.Effective Single 25 25 25 25
Channel Band- 12.5 12.5
width (kHz)
7.Effective Cell 7 7 7 ' 7
Cluster Size
8.#Frequencies/ 2 2 2 2
Channel
Spectrum - M Not 104.9 121.9 123.7
Bandwidth (MHz) - U(Calculated 56.0 60.0 55.1
Non-trunked - R 0.8 0.9 0.9
Spectrum - M Not 1.8 25.4 55.0
Bandwidth (MHz) - U|Calculated 1.0 12.5 24.5
Trunked - R 0 0.2 0.4

M - Metropolitan
U - Urban
R - Rural

N - Non-trunked Systems
T - Trunked Systems
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5.10.4-2

Two-way Radio Dispatdh -

5 Year Delayed Technology Transition

Variables 1986 1991 1996 2001

1.Cell Diameter- M 25,000 25,000 25,000 25,000
(metres) - U| 25,000 25,000 25,000 25,000

.~ R 40,000 40,000 40,000 40,000
SRy

2.Cell Type Circular Circular Circular Circular

3.Traffic load/ .005 . 005 .005 .005
user (Erlang) ' '

4 .Subscriber - M 5 5 5 5
Density - U 2 2 2 2
Factor - R 1 1 1 1

5.Max Traffic - N[ .25 .25 .25 .25

Capacity/cell - T .75 .75 .75 .75

6.Effective Single 25 25 25 25
Channel Band- » 12.5 12.5
width (kHz) :

7.Effective Cell 7 7 7 7
Cluster Size

8.#Frequencies/ 2 2 2 2
Channel

Spectrum - M Not 110.4 241.3 197.9

Bandwidth (MHz) - U{Calculated 59.0 118.6 81.2

Non-trunked - R 0.9 1.7 1.3

Spectrum - M Not 0 4.2 41.2

Bandwidth (MHz) - U|Calculated 0 2.1 18.4

Trunked - R 0 0 0.3

M - Metropolitan . N - Non-trunked Systems
U - Urban ‘T - Trunked Systems

R - Rural
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1)

2)

3)

4)

5)

6)

7)

8)

ell Diameter - Cell diameter of 25 km is based on radio

coverage provided by a central repeater/base station in
a typical metropolitan or urban area. Diameter of 40 km
is based on the increased range that can be expected for
communications in a rural area.

Traffic Ioad/User - Traffic is based on an average

message length of 16 seconds and an average message
frequency of 1 message/busy hour.

Subscriber Density Factor - The subscriber density
factors are based on the criteria outlined in Section
5.8.

Maximum Traffic Capacity/Cell - The maximum traffic

handling capacity per cell (in Erlang) is based upon the

FCC recommended loading of 50 mobile subscribers per
single channel for non-trunked systems and 150
subscribers for trunked systems. The maximum capacities
are therefore 0.25 and 0.75 Erlangs respectively.
Channel Bandwidth -~ The effective single channel
bandwidth of two-way radio equipment could be reduced in
the foreseeable future by channel splitting.

Effective Cell Cluster Size -~ Cell cluster size of 7 is
based on the frequency reuse criteria outlined in Section
5.7.

#Fregquencies/Channel - Value of two used to represent

two frequency simplex channels used via repeaters.

Technology Transition - The distribution of subscribers

between trunked and non-trunked systems is based upon a
current distribution of 5% and 95% respectively with
future subscribers being equally divided between the two
systems. The effective distributions for the two systems
are shown below:

1991 1996 2001

Non-trunked (25 kHz spacing) 0.95 0.26 0
Non-trunked (12.5 kHz space) 0 0.44
Trunked (25 kHz spacing) 0.05 0.30

[eNe]
>
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5.10.5 Aeronautical Mobile
The values that were assigned to each variable in the

modified CCIR formula are based on typical values for

this type of service (as described below) and are as

follows:
Aeronautical Mobile
Variables 1986 1991 1996 2001
1.Cell Diameter- M| 100,000 100,000 100,000 100,000
(metres) - U| 100,000 100,000 100,000 100,000
‘ - R| 240,000 240,000 240,000 240,000
2.Cell Type Circular | circular | Circular | Circular
3.Traffic load/ .0025 . 0025 . 0025 . 0025
., user (Erlang)
4.Subscriber - M .4 .4 .4 .4
Density - U .02 .02 .02 .02
Factor - R 1 1 . 1 1
5.Maximum Traffic .1 .1 .1 .1
Capacity/cell
6.Effective Single 25 25 25 25
Channel Band- '
width (kHz)
7.Effective Cell 44 ' 44 44 44
Cluster Size ‘
8.#Frequencies/ 1 1. 1 1
Channel
Spectrum - M Not 14 23 37
Bandwidth - UfCalculated 1 1 2
(MHZz) - R 3 5 8
M - Metropolitan
U - Urban
R - Rural
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Notes

1)

2)

3)

4)

5)

6)

7)

Cell Diameter - Cell diameter of 100 km for metropolitan

and urban areas is based on the maximum range at which
communications take place between a control tower and an
aircraft that is preparing to land. Diameter of 240 km
is based on the maximum range at which communications
take place between a control tower and an aircraft that
is on- route.

Traffic Ioad/User - Traffic is assumed to be half of that
for two-way radio dispatch. This corresponds to an

average message length of 16 seconds and an average
message frequency of 0.5 messages/busy hour.
Subscriber Density Factor - The subscriber density

factors are based on the criteria outlined in Section
5.8!

Maximum Traffic Capacity/Cell - The maximum traffic

handling capacity per cell (in Erlang) is based on a
Blocking Probability of 10%.
Channel Bandwidth - The effective single channel

bandwidth of aeronautical radio equipment is not expected
to be reduced in the foreseeable future due to
international interoperability requirements.

Effective Cell Cluster Size - Cell cluster size of 44 is
based on the frequency reuse criteria outlined in Section
5.7.

#Frequencies/Channel - Value of one used to represent
simplex voice channel.
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5.10.6 Maritime Mobile
The values that were assigned to each variable in the
modified CCIR formula are based on typical values for
this type of service (as described below) and are as
follows:
Maritime Mobile
Variables 1986 1991 1996 2001

1.Cell Diameter- M 75,000 75,000 75,000 75,000

(metres) - U| 75,000 75,000 75,000 75,000
- R 75,000 75,000 75,000 75,000
2.Cell Type Circular Circular Circular Circular

3.Traffic load/ .0025 . .0025 .0025 .0025
user (Erlang)

4 .Subscriber - M .5 .5 .5 .5
Density - U .05 .05 .05 .05
Factor - R 1 1 1 1

5.Maximum Traffic .1 .1 .1 .1
Capacity/cell

6.Effective Single 25 25 25 25
Channel Band-
width (kHz)

7.Effective Cell 4 4 4 4
Cluster Size

8.#Frequencies/ 1.2 1.2 1.2 1.2
Channel

Spectrum - M Not 6.5 10.5 16.9
Bandwidth - U|Calculated 0.7 1.1 1.8
(MHz) - R 0.2 0.3 0.5

M - Metropolitan

U - Urban

R - Rural
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Notes

1)

3)

4)

5)

6)

7)

Cell Diameter - Cell diameter of 75 km is based on the

maximum range at which voice communications take place
between a coast station and a ship using the VHF
frequency band.

Traffic IL.oad/User - Traffic is assumed to be half of that
for two-way radio dispatch. This corresponds to an
average message length of 16 seconds and an average
message frequency of 0.5 meséages/busy hour.

Subscriber Density Factor - The subscriber density
factors are based on the criteria outlined in Section
5.8.

Maximum Traffic Capacity/Cell - The maximum traffic
handling capacity per cell (in Erlang) is based on a
Blocking Probability of 10%.

Channel Bandwidth - The effective single channel
bandwidth of maritime radio equipment is not expected to
be reduced in the foreseeable future due to international
interoperability requirements.

Effective Cell Cluster Size ~ Cell cluster size of 4 is
based on the frequency reuse criteria outlined in Section
5.7 for a cell that provides semi-circular coverage.
#Frequencies/Channel - Value of 1.2 used to represent
one calling channel for each five traffic channels.
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5.10.7 Paging
The values that were assigned to each variable in the
modified CCIR formula are based on typical values for

this type of service (as described below) and are as

I

follows:
Paging
Variables 1986 1991 1996 2001
1.Cell Diameter- M 25,000 25,000 25,000 25,000
(metres) - U 25,000 25,000 25,000 25,000
- R 40,000 40,000 40,000 40,000
2.Cell Type Circular | Circular | circular | Circular
3.Traffic load/ .00002 .00002 .00002 .00002
user (Erlang)
4.Subscriber - M 5 5 5 5
Density - U 2 2 2 2
Factor - R 1 1 1 1
5.Maximum Traffic .02 .02 .02 .02
Capacity/cell
6.Effective Single 25 : 25 25 25
Channel Band- ‘
width (kHz)
7 .Effective Cell 7 7 7 ' 7
Cluster Size
8.#Frequencies/ 1 o 1 1
Channel
Spectrum - M Not . 1 3 9
Bandwidth - U]Calculated <1 1 3
(MHz) - R <1l . <1 <1
M - Metropolitan
U - Urban
R - Rural
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Notes

1)

2)

3)

4)

5)

6)

7)

Cell Diameter - Cell diameter of 25 km is based on radio

coverage provided by a wide-area paging system in a
typical metropolitan or urban area. Diameter of 40 km
is based on the increased range that can be expected for
communications in a rural area. For the purposes of this
study in-~house paging systems were not considered
separately since wide-area paging systems are thought to
be the "worse case" scenario in terms of spectrum usage.
Traffic Load/User - Traffic is based on an average
alphanumeric message length of 320 bits and an average
message frequency of 0.1 messages/busy hour for a éystem
operating at 512 bps. :

Subscriber Density Factor - The subscriber density
factors are based on the criteria outlined in Section
5.8.

Maximum Traffic Capacity/Cell - The maximum traffic
handling capacity per cell (in Erlang) is based on a
Blocking Probability of 2%.

Channel Bandwidth =~ The effective single channel
bandwidth of paging equipment is not expected to be
reduced in the foreseeable future, although there is a
possibility that the bandwidth may eventually be reduced
as a result of advances being made in data modulation
techniques.

Effective Cell Cluster Size - Cell cluster size of 7 is
based on the fréquenby reuse criteria outlined in Section
5.7.

#Frequencies/Channel - Value of one used to represent
simplex data channel.
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'5.10.8 Mobile Data
The values that were assigned to each variable in the
~ modified CCIR formula are based on typical values for

this type of service (as described below) and are as

follows:
Mobile Data
Variables ’ _ 1986 1991 1996 2001

1.Cell Diameter- M 25,000 25,000 25,000 25,000

(metres) - U| 25,000 25,000 25,000 25,000
. - R| 40,000 40,000 40,000 40,000
2.Cell Type Circular Circular Circular Circular

B _

3.Traffic load/ .005 .005 .005 . 005
user (Erlang)

4 .Subscriber - M 5 5 5 5
Density - U 2 2 2 2
Factor . - R 1 1 1 1

5.Maximum Traffic 1.0 1.0 1.0 ' 1.0
Capacity/cell

6.Effective Single 25 - 25 12.5 12.5
Channel Band-
width (kHz)

7.Effective cell 7 7 7 7
Cluster Size

8.#Frequencies/ 2 2 2 2
Channel ' : '

Spectrun - M Not 1.9 2.4 - 5.4
Bandwidth ~ U|Calculated 1.1 1.5 3.9
(MHz) - R <1 <1 <1
M - Metropolitan
U - Urban
R - Rural
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Notes

1)

2)

3)

4)

5)

6)

7)

Cell Diameter - Cell diameter of 25 km is based on radio

coverage provided by a central repeater/base station in
a typical metropolitan or urban area. Diameter of 40 km
is based on the increased range that can be expected for
communications in a rural area.

Traffic Load/User - Traffic is assumed to be similar to

that for two-way radio .dispatch since for most
applications mobile data provides the sole means of
communications. This corresponds to an average message
length of 360 bits and an average message frequency of
60 messages/busy hour for a system operating at 1200 bps.
Subscriber Density Factor - The subscriber density
factors are based on the criteria outlined in Section
5.8.

Maximum Traffic Capacity/Cell - The maximum traffic
handling capacity per cell (in Erlang) is based on a
loading of 200 mobile subscribers per single channel.
Channel Bandwidth - The effective single channel

bandwidth of mobile data radio equipment is likely to be
reduced in the foreseeable future as a result of advances
being made in Cellular Telephony technology.

Effective Cell Clustef Size - Cell cluster size of 7 is

based on the frequency reuse criteria outlined in Section
5'7.

#Frequencies/Channel - Value of two used to represent
duplex data channel.
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6'0

6.1

DESIRABLE SPECTRUM CHARACTERISTICS .

From the perspective of the mobile and personal communications
systems considered by this study, the characteristics and
suitability of the various parts of the electromagnetic
spectrum vary a great deal. The variances occur not so much
as a result of the basic communication requirement, which is
for a 3 KHz speech or equivalent data channel, but from the
mode of operation and infrastructure requirements. These
requirements are briefly summarized for each of the
communication categories identified in the study in the
following paragraphs. o

Cellular Telephony
Cellular telephony is, in Canada, primarily a mobile mode of
communication within cities and within the connecting

corridors between cities. The potential high volume requires

an efficient infrastructure in which control and traffic

channels separated by tens of megahertz, provide essentially
identical propagation characteristics. Within city cores
achieving 100% covetage is usually dependent upon multipath
reflections from buildings. However, efficient coverage in
rural areas necessitates the use of frequencies in which
propagation losses through vegetation and over rolling terrain
are minimal. '

For purely mobile modes of communication the 400 MHz band
probably provides a good compromise between the somewhat
conflicting requirements described above. However, the high
congestion of this band for use by non-cellular services have
resulted in cellular services being implemented'in the 800 to
900 MHz band. Although initially selected due to the low
congestion, this band has the advantage of a smaller antenna,

smaller fading interval and very low probability of anomalous.
propagation. It therefore perﬁits-the use of small handheld
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units (due to antenna lengths of only a few centimetres), the
use of space diversity to minimize multipath fading and

efficient frequency reuse on a non-interfering basis.

The 800 to 900 MHz band typically allows a coherent bandwidth
in excess of 100 KHz since multipath spreads seldom exceed 10
microseconds. This readily permits high quality analogue FM
channels or digitalized speech channels; it suggests the use
of time division duplex operation to ensure a high correlation
between the fading on forward and reverse traffic channels.
However, the frequency division duplex mode currently
implemented would likely experience poor correlation between

forward and reverse channels.

Public Cordless Telephony

Personal communications are largely considered to be the
functional equivalent of cellular communications, however,
they will differ as a result of small cell sizes. The small
cell sizes are necessary to permit the use of hendheld units,
in which low transmit powers are used to minimize battery
requirements, and to allow frequent geographic reuse of
frequencies.

Neglecting the cost or availability of the enabling
technologies the 60 GHz band could be considered ideal since
it provides a huge unoccupied bandwidth, propagation losses
which are high and independent of weather conditions, and high
reflectivity from small structures. It therefore allows good
coverage within buildings and very small fading intervals,
thereby permitting antenna diversity to be used to counter

multipath fading.

49



c’:c:llgc

6.4

In practice - technological and cost constraints probably
preclude the use of the 60 GHz band in the immediate future
so that a frequency between about 1 GHz and 10 GHz is

necessary. The lower end is dictated by the need for small

antennas and small fading intervals, whilst the upper end is
decided by the need for propagation losses independent - of
weather conditions. The 10 GHz limit is generally considered
the lowest frequency at which absorption losses in rain or fog
become excessive.’

" Wireless Office Pfoducts

The characteristics required of wireless office products are
for the most part the same as personal communications. The
exception occurs in the event that high speed data
communications are required to be superimposed upon the voice
communications. In this case the Very low error rates of 1
in 10°® required for-data will necessitate the use of powerful
error correction coding. As a result, the transmission
bandwidth is likely to exceed the data .bandwidth by a factor
of 2:1 or greater. To counter fading frequency diversity, as
well as or in place of antenna -diversity, may well be
necessary. The use of low transmitter powers and fréquencie¢
exhibiting higher losses will 1likely preclude multipath
spreads in excess of about 1 microsecond (equivalent to 300
metres). The minimum coherent bandwidth of 1 MHz should
support most data communication requirements.

Two-way Radio Dispatch

The two forms of two-way dispatch, non-trunked and trunked,
are both operated on a centralized basis in which a small
number of base station sites provides extensive coverage to
the mobile users. '
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The extended coverage, particularly over rolling terrain is
best achieved through the use of lower frequencies, nominally
30 to 150 MHz. At the lower end, 30 to 50 MHz, anomalous
propagation (E layer refraction) quite frequently causes
unacceptable interference from distant stations. It has
therefore fallen into disfavour with many users. In addition,
the long antennas required for efficient transmission make the
lower part of the band impractical for use in systems
involving portable subscribers.

With the advent of modern signal processing it is likely that
many of the interference problems associated with the 30 to
54 MHz band could be overcome. For purely mobile
applications, particularly in rural éreas, the future use of
the 30 to 54 MHz band could be encouraged. Elsewhere the
existing 136 to 174 MHz band is the technically most suitable.

Aeronautical Mobile

The 118 to 136 MHz band allocated to this service is allocated
on a world wide basis. The primary use for air traffic
control requires that all aircraft are fitted with radios in
this band. A change in either frequency band or modulation
format would be extremely difficult to implement.

For the emerging aeronautic public telephone services two
modes of operation are likely to be required. Satellite based
services will be necessary over oceans and sparsely populated
areas but terrestrial based services may prove more economical
in much of North America and Europe.
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To ensure efficient use of the satellite orbit, directional
antennas will be reQuired on the aircraft. This suggests the
use of frequencies above about 1 GHz if antenna size is to be
suitable for use on small as well as large aircraft. For
terrestrial based services, (which are more likely to be used
in small aircraft) directional antennas will reduce the
requirements for spectrum. However, cost considerations may
require the use of omnidirectional antennas. In this case,
size is not a major concern and almost any available frequency
band could be allocated.

Maritime Mobile

Marine services to commercial vessels are in many ways similar
to aeronautical services since they are required to be
internationally co-ordinated. The existing VHF bands
supplemented by the use of the "L" band (INMARSAT) services
are likely to predominate for these applications.

For inland waterways many recreational boaters have adopted

the cellular radio for public correspondence. This has the
advantage of 1low blocking probability and direct dial
features. ‘It also avoids the 1licensing requirements

assoclated with the VHF marine service.

Paging

Paging systems are required to provide wide coverage and good

penetration of buildings. Fortunately the one-way service
allows this to be achieved through the use of a high power,
centrally located transmitter. The receive-only paging device
allows the use of electrically short antennas‘ so that
operation in almost any segment of the frequency band is
practical. Even if low VHF frequencies are used the unique
coding of each transmission effectively overcomes co-channel

interference during anomalous propagation conditions.
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7.0

REVIEW OF SPECTRUM BANDWIDTH REQUIREMENTS

The spectrum requirements as summarized in Tables 5, 6 and 7
are based on the forecast growth in demand for services and
the gradual phasing in of advanced spectrum efficient
technologies. As a result, although the total number of
subscribers increases by 13:1 over the ten year period from
1991 to 2001, the spectrum requirements grow by a more modest
2:1 in metropolitan areas and only 1.5:1 in urban areas.

Currently Canadian frequency allocations to the Land, Mobile
and Maritime Mobile services amount to 176 MHz, only 13% more
than the total spectrum required in metropolitan areas in
1991. Since annual growth is close to 30%, it is no surprise
to find industry and service providers clamouring for
additional spectrum. This demand for additional spectrum can
be expected to increase over the next five years at which time
the impact of new technologies and the beginning of the phase-
out of older technologies should stabilize spectrum
requirements.

As an interim step during the analysis, the requirements for
Cellular spectrum based entirely upon more advanced
technologies were calculated. Although impractical to
implement, the ultimate bandwidth requirement for metropolitan
areas of 3.6 MHz, compared with 7.5 MHz due to a mix of
technologies, clearly demonstrated the advantage of
introducing spectrum efficient technologies. Similarly, a
calculation of the spectrum requireménts of Dispatch radio
based only on single channel, rather than a mix of trunked
and non-trunked systems, gave a spectrum requirement of 206
versus 178.7 MHz. This clearly indicated the essential need
to enforce the use 6f spectrally efficient technologies.
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A comparison of the spectrum requirements of the different
geographic areas clearly indicates that spectrum reqﬁirements
are greater in larger metropolitan areas than either rural or
high density, but smaller, urban centres. Insufficient data
exist to provide a strict mathematical relationship between
either 6ity size or population density. However, as a first
approximation the required spectrum appears to vary with the
log of the population size. Hence, extrapolation from the
reference city of 600,000 to, say Toronto at 2.5 million, the
overall spectrum width requirement will increase (by the year
2001) from 307 to approximately 408 MHz.
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Metropolitan Spectrum Requirements (MHz)

TABLE 5

1991 1996 2001

Cellular Telephony 25.6 28.5 7.5
(Delayed Technology

Transition) (30.2) (71.6) (80.0)
Public Cordless - Outdoor - 4 8
Public Cordless - Indoor - 14.7 36.8
Wireless Office Products - 4 8
Dispatch - Single Channel 104.9 121.9 123.7
(Delayed Technology

Transition) (110.4) (241.3) (197.9)
Dispatch - Trunked 1.8 25.4 55.0
(Delayed Technolog

Transition) ' (0) (4.2) (41.2)
Aeronautical Mobile 14 23 37
Maritime Mobile 6.5 10.5 16.9
Paging 1 3 9
Mobile Data 1.9 2.4 5.4
Total (in MHz) 155.7 237.4 307.3
(Delayed Technology

Transition) (164.0) (378.7) (440.2)

(Based on a Metropolitan Population of 600,000)
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TABLE 6

Urban Spectrum Requirements (MHz)

1991 - 1996 2001
Cellular Telephony 9.6 11.2 3.1

(Delayed Technology

Transition) (11.5) (22.8) (25.5)
Public Cordless - Outdoor - 3 6
Public Cordless - Indoor - 3.2 5.3
Wireless Office Products - 2 3
Dispatch - Single Channel 56.0 60.0 55.1
(Delayed Technology '

Transition) (59.0) (118.6) (81.2)
Dispatch - Trunked 1.0 12.5 24.5
(Delayed Technology

Transition) (0) (2.1) (18.4)
Aeronautical Mobile 1 1 2
Maritime Mobile 0.7 1.1 1.8

. /‘r‘n”\'n
Paging 0.5 1 3
Mobile Data 1.1 1.5 3.9
Total (in MHz) 69.9 96.5 107.7
(Delayed Technology ' :
Transition) (73.8) (156.3) (150.1)

(Based on an Urban population of 36,000)
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TABLE 7
Rural Spectrum Requirements (MH2)

1991 1996 2001
Cellular Telephony 2.8 3.5 1.3

(Delayed Technology

Transition) (2.5) (3.1) (3.8)
Public Cordless - oOutdoor - -
Public Cordless - Indoor 0.3 0.3
Wireless Office Products 1 1
Dispatch - Single Channel 0.8 0.9 0.9
(Delayed Technology

Transition) (0.9) (1.7) (1.3)
Dispatch - Trunked 0.2 0.4
(Delayed Technology :

Transition) (0) (0) (0.3)
Aeronautical Mobile 5 8
Maritime Mobile 0.2 0.3 0.5
Paging 0.5 0.5 0.5
Mobile Data 0.3 0.3 0.5
Total (in MHz) 7.6 12.0 13.4
(Delayed Technology

Transition) (7.4) (12.2) (16.2)

(Based on a Rural Population

of 600,000)
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CONCLUSIONS

Current Canadian spectrum allocations are barely able' to
accomodate the projected requirements in 1991. A further
rapid increase in spectrum requirements is likely to occur
over the subsequent five years until such time as the impact
of new technologies can take effect. 1In the years 1996 to
2001 growth will be small and could decline if more dispatch
services are forced into the use of trunking techniques.

New services such as Public Cordless Telephony and Wireless
Office Products will not be dominant factors within the.next
five years but will become significant over the subsequent
five years unless highly efficient spectrum techniques are
employed as these services are first introduced.

Assuming adequate spectrum can be found for growth of current
dispatch services over the next five years, then new services,
such as Public Cordless Telephony and Wireless Office
Products, could possibly be accommodated ‘within these

allocations as spectrum requirements shrink in the years after
1996.

Alfhough Aeronautical and Maritime Mobile requirements are
presently not excessive, they could become significant by the
year 2001. Since large coverage areas from single base
stations are inherent to these services, spectrum efficient
techniques will 1likely be required to be based upon the
reduction of modulation bandwidth. This will cause
interbperability problems which should be addressed as soon

as possible before the user base becomes too large.
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DETAILS OF METHODOLOGY

GENERAL

The frequency spectrum requirements for each type of mobile
radio service in metropolitan, urban and rural areas were
determined by:

a) identifying present and potential users;
b) estimating the growth of the subscribers/users;
c) calculating the expected traffic densities of the

subscribers/users; and _
d) calculating the spectrum bandwidth required to satisfy
the expected traffic densities.

The steps outlined above are described in detail in the
following sections.

IDENTIFICATION OF PRESENT AND POTENTIAL USERS

In order to determine the frequency spectrum requirements, it

was first necessary to:

a) identify the present and potential users of each type of
mobile radio service;

b) estimate the maximum market penetration of these services
within each group of users; and

c) determine the degree of use of these services within each
group of users.

The industry groups as defined by Statistics Canada’s Standard
Industrial Classification (SIC) Codes for 1970 were used to
identify and categorize all possible users of the different
mobile radio services. The maximum market penetration of each
type of service was estimated based on information obtained
from equipment and service suppliers, and from the results of
a survey conducted with 9 different industry associations.

The degree of use (ie. number of subscribers) of the different
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mobile radio services in certain regions of the country was
determined by analyzing the DOC license data and service
supplier data that was obtained for this purpose.

GROWTH OF SUBSCRIBERS/USERS ,

The next step was to estimate the growth in the number of

subscribers/users of each type of mobile radio service over

the next ten years by using information obtained on the
anticipated growth of these services. In order to ensure that
the estimated number of subscribers/users of each type of
service did not exceed the number of employees in each user
group (based on the maximum market penetration of the
different services within each group), it was also necessary

to: ,

a) forecast the growth of the different‘industry'groups
representing the present and potential users of each type
of mobile radio service; and

b) determine the average number of employees (as a
‘percentage of population) per industry group in
metropolitan, urban and rural areas.

Information on the anticipated growth of the different mobile
radio services was obtained from the previous ADGA study
"Market and Technology Trends in Radio Communications". The
growth of each indﬁstry group was forecast based on an
analysis of Statistics Canada data on the past growth of the
number of employees in each group for each province and for
Canada as a whole. .The average number of employees (as a
percentage of population) per industry group for major urban
centres and smaller cities was determined based on an analysis
of Statistics Canada census and industry data.
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The growth figures for each industry group were applied to
the average number of employees per industry group to estimate
the anticipated number of employees per industry group over
the next ten years. These figures were compared to the
estimated number of subscribers/users per industry group to
ensure that the market penetration of a particular service did
not exceed the estimated maximum penetration rate for that

service.

TRAFFIC DENSITY

The expected traffic density for each type of mobile radio
service was calculated by multiplying the number of
subscribers in a given area (in square kilometre) by the
estimated traffic load per subscriber. This was done for each
type of service in metropolitan, urban and rural areas. The
traffic density was multiplied by a Subscriber Density Factor
to obtain the peak traffic resulting from the possible
concentration of subscribers in a given area. The figures for
peak traffic density were then used in the formula developed
by CCIR Interim Working Party (IWP) 8/13, where applicable,
to determine the spectrum bandwidth requirements.

SPECTRUM BANDWIDTH FORMULA

The following formula was used to determine the minimum
frequency spectrum bandwidth required to satisfy the estimated
traffic densities for each type of mobile radio service:

B = (0.001) *m * b * n * ¢c
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where B

spectrum bandwidth in MHz

m = number of channels per cell

b = effective bandwidth in kHz per simplex channel

n = effective cell cluster size

c = number of frequencies per channel (simplex = 1,
duplex = 2)

‘'The number of channels per cell '"m" was obtained from the
expression below (based on the assumption that channels are
preassigned to the cell):
m = £ (Ec, Pb)
where Ec= traffic load per cell in Erlang

Pb= blocking probability

f = Erlané B formula

The traffic load per cell "Ec" was obtained from the following
expression: '
Ec = Ep * a
where Ep= peak traffic load per square kilometre in Erlang
a = cell area in square kilometres
a =0.5 % (4 * 4)/1,000,000 for equal-size square cells
= 0.65 * (4 * 4d)/1,000,000 for eqgual-size hexagonal cells
= 0.78 % (4 % 4)/1,000,000 for circular cells
. where d = cell diameter in metres '

The peak traffic load per square kilometre "Ep" was obtained
from the following expression: '
Ep = E * Ds |
where E = uniformly distributed. average traffic- load per
square kilometre in Erlang
Ds= Subscriber Density Factor
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The traffic load per square kilometre "E" was obtained by

determining the number of subscribers in a given geographical

area, and multiplying this number by the estimated traffic

load per subscriber/user. The Subscriber Density Factor was
a ratio based on the estimated peak number of subscribers in
a given area versus the total population of subscribers in a
metropolitan, urban or rural area.

Different values were used for the variables in the formula
for "B" to take into account the differences between each type
of mobile radio service and any changes resulting from the
planned use of new and/or improved technologies. For the Two-
way Radio Diépatch, Aeronautical Mobile, Maritime Mobile,
Paging and Mobile Data services the variable "m" (for number
of channels per cell) was modified as4follows:
m = Ec/Tc
where Ec= traffic load per cell in Erlang

Tc= maximum traffic capacity per cell in Erlang (per

simplex channel)

The maximum traffic capacity per cell "Tc" was based on the
Blocking Probability of the cell. The traffic load per cell
"Ec", and the remaining variables, were obtained in the same
manner as shown previously for the original formula.
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ANNEX B
Spreadsheet Printouts



REMPLOYEES - CENSUS METROPOLITAN AREAS (CMAs) h
ST.JOHN'S HALIFAX ST. JOHN
5IC POTENTIAL $EMPLOYEES AS $EMPLOYEES AS $EMPLOYEES AS
CODES USER GROUPS $ENPLOVEES 1IPOPULATION BEMPLOYEES XPOPULATION $EMPLOYEES IPOPULATION
CONSUMERS
N/A  Adults (15 years & over; 121,435 73.02 232,925 78.69 92,470 76.23
INDUSTRIES ]
001-021 Agriculture 450 0.28 303 0.17 380 0.31
041-047 Fishing & Trapping 425 0.26 445 0.15 145 0.12
031-039 Logging & Forestry 1Ho 0.07 230 0.08 310 0.26
051-099 Mining & 0il 815 0.50 1,045 0.3% 235 0.19
001-099 Primary Industries 1,800 f.11 2,228 0.75 1,070 0.88-
101-399 Manufacturing 5,385 3.33 10,920 3.69 7,895 6.51
404-42{ Construction 4,290 2,63 10,210 3.45 3,840 .17
' 501-519 Transportation 3,460 2.14 7,510 2,54 3,060 2.92
543-579 Coamunications & Utilities 3,135 1,94 6,690 2.26 3,378 2.78
602-629 Wholesale Trade 4,200 2.39 7,365 2.49 2,945 2.4;-
701-72! Finance & Insurance 2,345 1.45 6,950 2.35 1,785 1.47
733-737 Real Estate/Insure Agents 1,570 0.97 | 3,390 1.2t 1,085 0.89
831-B69 Business Services . 3,993 2,22 7,465 2.52 2,060 1.70
801-809 Education 7,225 4.46 12,395 4.19 3,380 2.19
§21-828 Health & Social Services 8,805 J.44 15,585 5.27 6,060 5.00
881-886 Accoamodation & Food Svcs 4,155 2.57 9,995 3.38 3,650 3.0l
602-886 Service Industries 31,893 19.70 63,345 21,40 20,965 17.29
GOVERNMENT
902-951 Governaent Services 11,090 6.83 27,620 9.33 3,720 3.07
- POPULAT 10N 161,901 295,990 %
AREA (SQUARE KILOMETRES) 1130.0 2508.1 2904,8
POPULATION DENSITY 143.3 118.0 41.7

Source: StatsCan - 1986 Census



{ENPLOYEES ~ CENSUS METROPOLITAN AREAS (CMAs)

- — 1

JONQUIERE HONTREAL - QUEBEC
5IC POTENTIAL §ENPLOYEES AS SENPLDYEES AS §ENPLOYEES AS
CODES USER 6ROUPS 1ENPLOYEES 1XPOPULATION SENPLOYEES 1XPOPULATION #EMPLOYEES XPOPULATION
CONSUMERS
) N/A  Adults (15 years & ove.r) 119,609 75.48 2,344,765 80.26 476,170 78.93
INDUSTRIES '
001-021 Agriculture 795 0.50 71,425 0.25 2,300 0,38
041-047 Fishing & Trapping 25 0.02 95 0.00 45 0.01
031-039 Logging & Forestry 695 0.44 980 - 0.03 7635 0.13
031-099 Hining & 0il 260 0.16 2,180 0.07 480 0.08
001-099 Primary Industries 1,775 1.12 10,680 0.37 3,590 0.60
101-3'99 Hanufacturing 12,973 8.19 310,705 10,64 27,200 4.51
404-421 Conétruction 3,700 2.35 70,673 2.42 14,080 2.3
501-519 Transportation 1,980 ‘lf25 77,240 2,64 | 9,310 1.58
543-579 Coamunications & Utilities 2,050 1.29 55,020 1,88 7,995 1.3
602-629 Wholesale Trade 2,210 1.43 82,230 2,81 11,730 1.94
701-721 Finance & Insurance 1,970 1.24 . 65,960 2.2 16,810 2.79
735-737 Re'al Estate/Insure Agents 793 0.50 28,635 0.98 3,160 0.86
851-869 Business Services 2,240 1,41 88,195 3.02 13,745 2.28
801-809 Education 6,305 4.10 95,605 3.31 24,780 4.1
821-828 Health & Social Services V5,995 3.78 131,003 4,48 31,675 525
881-886 Accomsodation & Food Sch 3,915 2.47 80,110 2.74 20,590 3.4
£02-886 Service Industries 23,690 14.95 572,740 19.61 124,490 20.64
GOVERNHENT |
902-951 Government Services 5,970 .77 82,220 2.81 ’ 48,795 8.09
POPULATION 158,468 2,921,357 603, 267
AREA (SQUARE KILOMETRES) 1723.3 3508.9 3150.3
POPULATION DENSITY 92.0 - 832.6 191.5

Source: StatsCan - 1986 Census
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4ENPLOYEES - CENSUS NETRUPOLITAN AREAS (CNAs)

SHERBROOKE

TROIS RIVIERES

HANILTOR

§1¢ POTENTTAL 4ENPLOYEES AS §ENPLOYEES AS 4ENPLOYEES AS
CODES USER GROUPS $EMPLOYEES IPOPULATION 4EMPLOYEES IPOPULATION $EMPLOYEES IPOPULATION
CONSUMERS
R/A  Adults (15 years & over) 100,530 71,33 101,890 79.03 441,310 79.23
INDUSTRIES | -
001-021 Agriculture 803 0.62 890 0.69 3,200 0.93
041-047 Fishing & Trapping 40 0.03 23 0.02 90 0.02
031-039 Logging & Forestry 200 0.13 139 0.10 125 0.02
051-099 Mining & 0il 70 0.03 10 0.03 635 0.12 -
001-099 Primary Industries 1,113 0.86 1,120 0.87 6,070 1.09
101-399 Manufacturing 11,930 9.18 11,830 - 9.19 80,970 14.54
404-421 Construction 3,443 2.83 3,920 3.04 16,873 3.03
501-519 Transportation 1,510 i.16 1,738 1.35 8,820 1.58
543-379 Communications & Utilities 1,760 1,35 2,480 1,92 6,263 1.12
602-629 Wholesale Trade 2,093 1.61 1,965 1,52 14,540 2.61
70i-721 Finance & Insurance 1,810 1,39 1,930 1,30 10,105 1.81
735-737 Real Estate/Insure Agents 753 0,38 679 0,952 3,873 1.03
831-869 Business Services 2,393 1.64 2,029 1.97 11,610 2.08
801-809 Education 7,000 9.39 5,020 3.89 20,220 3.63
821-828 Health & Social Services 8,190 6.30 5,910 4.59 23,990 4.31
881-886 Accommodation & Food Sves 4,050 3.12 3,845 2,98 16,230 2.9
602-886 Service Industries 26,295 ) 20.23 21,370 16.58 102,590 18.42
GOVERKNENT
902-951 Government Services 3,745 2.88 3,435 2.67 12,195 2.19
POPULATIOR 129,960 128,888 397,029
AREA (SQUARE KILGMETRES) 915,19 871.9 1358.3
POPULATION DENSITY 141,9 147.8 410.0

Source: StatsCan - 1986 Census
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$EMPLOYEES - CENSUS METROPOLITAN AREAS (CMAs)

'KITCHENER LONDON DSHAWA
5IC POTENTIAL $EMPLOYEES AS §ENPLOYEES AS JENPLOYEES AS
CODES USER GROUPS EMPLOYEES IPOPULATION #EMPLOYEES ZIPOPULATION H#EMPLOYEES XPOPULATION
CONSUMERS |
N/A  Adults (15 years & over) 240,140 77.17 269,000 78.59 135,030 76.16
INDUSTRIES
-001-021 Agriculture '2,510 0.81 4,485 1.31 1,860 0.91
041-047 Fishing & Trapping 10 0.00 75 0.02 b] 0,00
031-039 Logging & Forestry 35 0,02 95 0.03 25 0.01
051-099 Mining & 0il 225 0.07 235 0.07 135 0,07
001-099_Prilary Industries ;,‘800 0.90 4,890 1.43 2,025 0.99
1017599 Ranufacturing 57,525 18.49 36,345 10.62 34,145 16.78
404-421 Construction 9,970 3.20 10,385 | 3.03 3,290 2.60
501-319 Transportation 3,730 1,20 5,900 1.61 3,980 1.76
543-579 Cosaunications & Utilities 3,275 1.05 5,795 1.69 5,615 2.78
602-629 Wholesale Trade 7,895 2.47 8,990 2.63 4,160 2,04
701-721 Finance & lnsuranc‘e 7,225 2.32 8,625 2.’52 3,530 1,73
135-737 Real Estate/Insure Agents 3,230 4 1,04 3,375 0.99 1,630 0.80
851-869 Business Services | 6,255 2,01 8,180 2.39 4,345 2.13
801-809 Education 13,480 4,33 14,740 4.31 5,975 2.74
821-828 Health & Social Services f0,480 3.37 '21,590 6.31 7,775V 3.82
881-886 Accosmodation & Food Svcs 9,055 2.9 11,880 3.47 5,670 2.79
- 602-886 Service Industries 57,420 18,45 » 77,380. 22.61 32,6895 16,06
GOVERNMENT
902-951 Government Services 5,525 1.78 8,600 2,51 5,640 ‘ .7
POPULATION ---;I1,195 342,302 203,545
AREA (SQUARE KILOMETRES) 823.6 2105.1 894.2
POPULATION DENSITY 371.8 162.6 227.46

Source: StatsCan - 1986 Census




$ENPLOYEES ~ CENSUS NETROPOLITAN AREAS (CMAs)

OTTAWA-HILL ST CATHARINES-NIAGARA SUDBURY
sIC POTENTIAL “§ENPLOYEES AS $ENPLOYEES AS §ENPLOYEES AS
CODES USER GROUPS $ENPLOYEES 1POPULATION 4ENPLOYEES IPOPULATION #EMPLOYEES XPOPULATION
CONSUNERS
“-I-J;A Adults (15 years & over) 649,035 79.22 272,710 79.45 114,420 76.86
) INDUSTRIES
001-021 Agriculture 4,490 0.55 6,285 1.83 370 0.25
041-047 Fishing & Trapping 95 0.01 45 0.01 40 0.03
031-039 Logging & Forestry 733 0.09 15 - 0.03 485 0.33
051-099 Mining & 0il 480 0.06 390 0.11 7,885 5.30
001-099 Primary Industries 5,800 0.71 6,835 1.9 8,780 5.90
101-399 Manufacturing 31,735 3.87 44,506 12.96 6,665 4.48
404-421 Construction 27,360 3,34 9,925 2.89 3,780 2,54
301-519 Transportation 12,230 1.49 6,330 1,90 2,595 1.74
943-579 Communications & Utilities 18,150 .22 3,875 L3 2,313 1,55
602-623 Wholesale Trade 12,775 1.96 6,005 1.75 2,900 1.95
701-721 Finance & Insurance 14,270 1.74 4,035 1.18 1,890 1.27
735-737 Real Estate/Insure Agents 8,359 1.04 2,420 0.7t 1,000 0.67
851-B69 Business Services 32,980 4.03 9,983 1.74 1,805 1.24
80t-809 Education 32,380 3.95 9,750 2.84 6,310 4.4
821-828 Health & Social Services 35,819 4,37 13,029 3.79 5,810 3.90
881-886 Accoamodation & Food Svcs 25,9935 3.17 15,105 4.40 4,750 3.19
602-886 Service Industries 162,730 19.86 96,329 16.41 24,465 16.43
GOVERNNENT
902-95! Governaent Services 115,590 14,11 7,795 .27 6,875 4.62
POPULATION "E;;;,_;;B 343,258 148,877
AREA (SQUARE KILOMETRES) 5138.3 1399.8 2612.1
POPULATION DENSITY 159.4 245.2 97.0

Source: StatsCan - 1986 Census




§EMPLOYEES ~ CENSUS METROPOLITAN AREAS (CMAs)

THUNDER BAY

TORONTO

NINDSOR

SIC POTENTIAL SEMPLOYEES AS {ENPLOYEES AS EMPLOYEES AS
CaDes USER GROUPS §EMPLOYEES 1POPULATION 4EMPLOYEES 2XPOPULATION #EMPLOYEES ZPOPULATION
’CONSUHERS -

N/A  Adults (15 years & over) 95,610 78.23 2,732,350 79.73 198,470 78. 14
INDUSTRIES
001-021 Agriculture 670 0.55 13,320 0.39 1,655 0.65
041-047 Fishing & Trapping ‘30 0.02 3435 0,01 10 0,00
031-039 Logging & Forestry 1,910 » 1.36 710 6.02 35 0.0t
051-099 Mining & Dil 300 0.25 4,375 0.13 4335 0.17
001-099 Primary Indﬁstries 2,910 2.38 18,750 0.53 2,135 0.84
101-399 Manufacturing " 9,075 7.43 443,450 13.00 41,650 16,40
404-421 Construction 3,840 3.14 107,780 3.14 5,340 2.10
301-519 Transportation 5,355 4.38 13,755 2.15 4,205 1.66
543-579 Comunications & Utilities 2,010 1.64 72,075 2.10 2,700 1.06
602-629 Wholesale Trade 2,760 2.26 122,050 3.36 3,650 144
701-721 Finance & Insurance 1,360 1.1 118,635 3.46 3,480 1.37
733-737 Real Estate/Insure Agents 880 0.72 48,240 t.41 - 1,810 0.71
B31-869 Business Services 2,000 1.64 130,433 4.39 4,815 1.90
801-809 Education 4,775 3.91  -108,920 3.18 8,040 3.17
821-828 Health & Secial Services 5,435 4.45 128,630 3.75 10,3/00 4.06
881-886 Accommodation & Food Svcs 4,650 3.80 107,675 3.14 9,210 3.63
602-886 Service Industriss 21,860 17,89 784,605 ,22.89 41,305 16.26
) BOVERNMENT

902-951 Governaent Services 4,883 4.00 94,705 2.76 4,715 1.86

POPULATION ""“1_;;:217 3,427,168 | 233,988

AREA (SQUARE KILOMETRES) 2202.6 3613.7 86,7

POPULATION DENSITY 33.5 610,35 294.4

§

ource: StatsCan - 1986 Census




$ENPLOYEES - CENSUS METROPOLITAN AREAS (CMAs)

WINNIPEG

REGINA

SASKATOON

SIC POTENTIAL $EMPLOYEES AS $ENPLOYEES AS $ENPLOYEES AS
CODES USER &ROUPS $ENPLOYEES XPOPULATION H#ENPLOYEES YPOPULATION ®ENPLOYEES XPGPULATION
CONSUNERS
N/A  Adults (13 years & over) 492,165 78.7% 140,995 75.39 151,765 75.63
INDUSTRIES
001-021 Agriculture 3,435 0,55 2,575 1.38 3,710 1,89
041-047 Fishing & Trapping 135 0.02 5 0.00 30 0.0t
031-039 Logging & Forestry 243 0.04 KH] 0.02 70 0.03
051-099 Mining & 0Oil 365 0.09 530 0.28 2,715 1,35
001-099 Primary Industries 4,380 0.70 3,145 1.69 6,525 3.25
101-399 Manufacturing 48,735 7.79 - 6,890 3.69 9,785 4.88
404-421 Construction 18,843 3.01 b,345 -3.51 7,383 3.78
501-319 Transportation 23,250 .1 3,735 2.01 4,900 2.44
343-379 Communications & Utilities 12,590 2,01 6,333 3.40 3,030 1.51
602-629 Wholesale Trade 18,580 2.97 5,220 2.80 6,340 3.16
701-721 Finance & Insurance 14,475 2.31 5,370 2.88 3,290 1.64
733-737 Real Estate/Insure Agents 6,415 1.03 1,990 1.07 2,070 .03
831-869 Business Services 14,245 2,28 4,520 2.42 4,820 2,40
801-809 Education 23,040 3.68 B,245 3.35 9,763 4.97
821-828 Health & Social Services 31,763 5.08 9,325 5.00 10,140 5.05
881-886 Accommodation & Food Svcs 21,690 3.47 6,480 .47 8,370 4,17
602-886 Service Industries 130,210 20,82 39,150 20.99 44,795 22.32
GOVERNMENT
902-951 Governaent Services 29,245 4.68 11,630 6,24 7,190 3_. 38
POPULATION ;25,304 186,521 200,665
AREA (SQUARE KILOMETRES) 3294.8 3421.6 4749.4
POPULATION DENSITY 189.8 54.5 42.3

Source: StatsCan - 1986 Census
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$ENPLOYEES - CENSUS METROPOLITAN AREAS (CMAs)

CALGARY

EDHONTON

YANCOUVER

) (S POTENTIAL §EMPLOYEES AS ~ HEMPLOYEES AS $EMPLOYEES AS
CODES ~ USER GROUPS $EMPLOYEES XPOPULATION 8EMPLOYEES XPOPULATION- #EMPLOYEES XPOPULATION
CONSUMERS
N/A  Adults (15 years & over) 520,075 77.47 598,355 76.18 1,108,600 80.29
INOUSTRIES B -
001-021 Agriculture 4,730 0.70 9,300 1,18 9,555 0.69
041-047 Fishing & Trapping 90 0.01 3 0,00 2,615 0.19
031-039 Logging & Forestry 170 0.03 745 0,09 3,605 0.26
051-099 Wining & 0il 33,855 5.04 i2,855 1,64 2,830 0.20
001-099 Primary Industries 38,845 5.79 22,935 2.92 18,605 1.35
101-399 !-'I;nufacturing 34,-;;5 5.08 39,285 5.00 | 87,880 6.36
404-421 Construction 25,690 3.83 33,270 4.24 44,355 3.21
301-519 Transportation 19,175 2.86 22,435 2.86 44,675 3.24
543-579 Cosmunications & Utilities 13,525 2,0t 17,360 2,24 26,350 1,91
602-629 Wholesale Trade 19,845 2,96 22,635 2,88 40,345 2.92
701-721 Finance & Insurance 15,'560 2,32 14,990 1.91 33,125 2,40
735-737 Real Estate/Insure Agents 9,820 1.46 9,963 1,22 19,410 1.41
831-869 Business Services 32,990 4.91 22,195 2.83 149,150 3.56
801-809 Education 24,770 3.69 31,935 4.07 40,710 2,95
821-828 Health & Social Services 30,020 4.47 38,380 4.99 58,860 4,26
881-886 Acconnodatioﬁ & food Svcs 24,710 3.68 29,425 3.75 97,670 4.18
602-886 Service Industries 157,718 23.49 169,125 21,93 299,270 21.67
GOVERNMENT
902-951 Government Services 22,4735 3.39 41,680 3.31 37,895 2.74
POPULATION 671,326 785, 463 - 1,380,729 B
AREA (SQUARE KILOMETRES) 50596.0 11396.7 2786.3
POPULATION DENSITY 132,8 68.9 495,93

Source: StatsCan - 1986 Census




$ENPLQOYEES - CENSUS METROPOLITAN AREAS (CNAs)

VICTORIA TQTAL § AVG HEMPLOYEES ~ STANDARD
§IC POTENTIAL $EMPLOYEES AS ENPLOYEES IN  AS IPOPULATION  DEVIATION
CODES USER GROUPS $ENPLOYEES XPOPULATION EACH INDUSTRY IN EACH INDUSTRY (XPQPULATION)
CONSUNERS
N/A  Adults (15 years & over) 207,493 81.20 11,977,333 78.0 1.7
INDUSTRIES
001021 Agriculture 1,380 0.62 89,280 0.7 0.3
041-047 Fishing & Trapping 843 0.33 9,743 0.1 0.1
031-039 Logging & Forestry 1,670 0.63 14,555 0.2 0.3
031-099 Mining & 0il 295 0.12 73,915 0.7 . 1.4
001-099 Primary Industries 4,390 1.72 183,195 1.6 1.4
101-399 ;l;;ufacturing 1,073 .71 1,420,635 8.4 4.6
404-421 Construction 1,360 2.96 458,339 3.0 0.3
301-519 Transportation 4,333 1.70 354,830 2.1 0.8
343-379 Comaunications & Utilities 3,239 L2 287,005 1.8 - 0.6
602-629 Wholesale Trade 3,365 1.32 416,635 2.3 0.6
701-721 Finance & Insurance 3,370 .32 362,895 1.9 0.6
733-737 Real Estate/Insure Agents 2,930 1. 19 171,480 1.0 0.3
851-869 Business Services . 6,879 2.69 484,943 2.4 0.9
801-809 Education 8,330 3.34 532,093 3.8 0.7
821-828 Health & Social Services 13,515 3.29 668,080 4.7 0.7
881-886 Accommodation & Food Sves 10,810 .23 499,665 3.4 0.3
602-886 Service Industries 49,395 19,33 3,135,819 19.4 2.4
GOVERNMENT
902-931 Governaent Services 22,310 8.713 625,943 4.3 2;9
STANDARD
TOTAL AVERAGE DEVIATION
PQPULATION 235,347 19,195,493 - 606,220 814,987
AREA (SQUARE KILQOMETRES) 1954.1 72,378 2,893 2,240
POPULATION 'DENSTTY 131.0 217.0 190.4

Source: StatsCan - 1986 Census
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$EMPLOYEES - CENSUS AGGLOMERATIONS (CAs)

TOTAL # AVG 3EMPLOYEES ~ STANDARD
SI1C POTENTIAL EMPLOYEES IN  AS APOPULATION  DEVIATION
CODES USER GROUPS EACH INDUSTRY IN EACH INDUSTRY (XPOPULATION)
CONSUMERS
N/A  Adults (13 years & over) 3,085,310 75.8 2.4
INDUSTRIES
001-021 Agriculture 47,555 1.2 0.9
041-047 Fishing & Trapping 5,420 0.2 0.4
031-039 Logging & Forestry 27,900 0.8 1.0
051-099 Mining & 0il 47,060 1.6 3.3
001-039 Primary lndustries 127,935 3.7 3.2
101-399 Manufacturing 337,505 8.5 4.8
404-421 Construction 114,330 2.7 0.7
301-519 Transportation 79,895 2.0 1.0
943-579 Coamupications & Utilities 58,540 1.4 0.6
602-629 Wholesale Trade 76,020 1.8 0.6
701-721 Finance & Insurance 48,503 1.2 0.4
733-737 Real Estate/Insure Agents 28,205 0.7 0.2
851-869 Business Services 53,995 1.3 0.5
801-809 Education 134,690 3.2 0.8
821-828 Health & Social Services 178,503 4.3 1.2
881-886 Accoamodation & Food Svcs 139,225 3.5 0.7
602-886 Service Industries 659,103 16.0 2.8
GOVERNHENT
902-951 Governaent Services 148,345 3.3 2,0
] STANDARD
TOTAL AVERAGE ~ DEVIATION
POPULATION 4,066,027 35,667 25,287
AREA (SGUARE KILOMETRES) 235,578 2,242 8,873
POPULATION DENSITY 223.1 321.4

Sources StatsCan - 1986 Census



§EMPLOYEES - RURAL AREAS

TOTAL #  AVG SEMPLOYEES  STANDARD
§IC POTENTIAL EMPLOYEES IN  AS ZPOPULATION  DEVIATION
CODES USER GROUPS EACH INDUSTRY IN EACH INDUSTRY (ZPOPULATION)
CONSUMERS
N/A  Adults (15 years & over) 4,511,660 74.6 1.6
INDUSTRIES
001-021 Agriculture 372,425 6.5 3.1
041-047 Fishing & Trapping 35,070 1.4 1.8
031-039 Logging & Forestry 70,465 1,2 1.1
051-099 Mining & 0il 69,480 1.1 1,0
001-099 Primary Industries 947,440 | 10.2 9.1
101-399 Manufacturing 436,690 6.4 2.8
404-421 Construction 183,730 3.0 0.3
501-519 Transportation 128,395 2.2 0.4
943-579 Comsunications & Utilities 69,030 1.0 0.2
£02-629 Wholesale Trade 91,305 1.3 0.3
701-721 Finance & Insurance 2,790 0.8 0.2
735-737 Real Estate/Insure Agents 25,773 0.4 6.1
851-869 Business Services‘ 48,325 0.7 0.2
801-809 Education 168,390 2.9 0.3
821-828 Health & Social Services 192,135 3.0 0.5
881-886 Accommodation & Food Sves 164,520 2.7 0.7
802-888-S§rvice Industries 743,240 12,0 2.3
GOVERNNENT
902-951 Government Services 187,670 3.4 0.8
STANDARD
TOTAL AVERAGE . DEVIATION
POPULATION 6,027,266 602,727 481,480
AREA (SBUARE KILOMETRES) 5,097,424.3 309,742 400, 045
POPULATION DENSITY - 3.4 4.0

'Source: StatsCan - 1986 Census
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PROJECTED % ANNUAL GROWTH OF POPULATION

T ANNUAL % ANNUAL % ANNUAL
GRONTH  GRONTH  GRONTH

PROVINCE 1986 1991 199 2000 1986-1991 1986-1996 1986-2001
Newfoundland “sss,aoo 638,900 671,800 698,000 2.41 171 .42
Prince Edvard Island 126,600 132,900 138,700 143,500 1.0 0.9% 0.81
Nova Scotia 873,200 SI1,100 930,700 943,000 0.9% 0.6% 0.5%
New Brunsvick 709,400 757,900 783,200 801,700 1.3 1.0z 0.81
Quebec 6,532,461 6,786,100 6,878,700 6,903,500 0.87 0.5% 0.4%
Ontario 9,101,700 9,627,400 9,948,700 10,160,800 111 0.91 0.71
Manitoba 1,063,000 1,122,900 1,137,500 1,135,100 1:11 0.7 0,41
Saskatchevan 1,009,600 1,095,300 1,143,700 1,182,200 1,61 1.31 111
Alberta 2,365,800 2,373,800 2,446,800 2,514,400 0.1% 0.3% 0.4%
British Coluabia 2,883,400 3,091,200 3,191,200 3,253,800 1,41 1.0% 0.81
Yukon 20,600 22,000 24,400 26,500 1,31 1.7% 171
Northvest Territories 51,700 53,400 53,700 3,800 0,61 0.4% 0.31
Canade 25,305,761 26,612,900 27,349,100 27,816,400 1. 0% 0.8Y 0.6%

Source: Statscan

Notes - Projections based largely on continuation of existing trends -
= (Fertility of 1.4 children per voaan)

- (International migration of 50,000/year net gain)

- (Internal migration pattern - continuation of current trends)

- Annual growth for 1986-2001 (Canada) used in all spectrum requirement spreadshests.



1 ANNUAL GROWTH OF USER GROUPS

CANADA 1 ANNUAL % ANNUAL I ANNUAL
SIC POTENTIAL $EMPLOYEES #EMPLOYEES $EMPLOYEES  GROWTH GROWTH GROWTH

CODES USER GROUPS 1971 1981 1986 1971-1981 19B1-1986 1971-198%
INDUSTRIES ’

001-099 Priaary 720,145 839,935 845,930 1,61 0.1% 1L
Industries

101-399 Manufacturing 1,707,330 2,219,380 2,153,965 2.7% -0.6% 1.6
Industry

404-421 Construction 538,220 752,370 731,940 3.4% -0,51 2.1%
Industry

501-519 Transportation 403,735 934,835 969,045 2,91 1.2% 2.3%
Industry

306-307 Trucking & Taxi 135,730 185,910 199,070 3.21 1.4% 2,61

512‘ Industries

943-579 Communications & 231,035 378,490 373,280 4,21 -0.31 2.71%
Utilities : :

£02-886 Service 2,329,715 3,946,720 . 4,432,990 9.4% 2.4% 4,47
Industries C
GOVERNMENT

902-95! Governaent 637,275 884,880 948,370 3.3% 1.41 2.7
Services '

Source: StatsCan - 1971/81/86 Census
Notes - Annual growth for 13971-1986 used for projected growth for 1986-2001
- Annual grovth for Trucking and Taxi Industries not used since these groups were
not identified separately in the spectrua requiresent spreadsheet,

In this case °

* the annual growth for Transportation Industries vas used to include these industries.




TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUN REQUIREMENTS

Cellular Telephony
Netropolitan Area (Census Netropolitan Area - CNA)

TOTAL POPULATION = 600,000
POPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KN) = 2,765.0
GROWTH OF MOBILE SERVICE = 30 1 PER YEAR
SIC POTENTIAL #ENPLOYEES % ANNUAL  MAX X MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS X OF  GRONTH OF PENETRATION OF GROMTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 78.0 0.6 20,0 # Adults 468,000 482,209 496,850 511,936
(15 years & over) # Subscribers 2,000 7,426 27,5712 102,372
Market Penetration 0.41 1.5X 3.9X 20,01
INDUSTRIES
001-099 Prinary 1.6 1.1 3.0 ¥ Eaployees *9,600 10,140 10,710 11,312
Industries § Subscribers 1 41 152 363
Market Penetration 0.1X 0.41 1.41 3.0%
101-399 Manufacturing 8.4 1.8 5.0 & Eaployees 50,400 54,563 39,070 63,949
Industry # Subscribers 62 230 855 3,174
Market Penetration 0.1X 0.4X 1.41 5,0X
404-421 Construction 3.0 2.1 5.0 # Eaployees 18,000 19,971 22,158 24,584
Industry # Subscribers 24 89 331 1,228
Narket Penetration 0.1 0.41 1.92 3.0%
301-319 Transportation 2.1 2.3 20.0 # Eaployees 12,600 14,117 15,817 17,722
Industry # Subscribers 70 260 963 3,944
Narket Penetration 0.62 1.81 6.12 20,02
943-579 Comsunications & 1.8 2.7 5.0 & Esployees 10,800 12,339 14,097 16,108
Utilities # Subscribers 16 59 221 805
Narket Penetration 0.11 0.51 1.6 3.0%
£02-886 Service 19.4 4.4 20,0 # Esployees 116,400 144,363 179,043 222,055
Industries # Subscribers 876 3,253 12,076 44,411
Market Penetration 0.82 2.3 6.7% 20.0X
GOVERNNENT
902-951 Governsent 4.5 2.7 5.0 # Esployees 27,000 30,847 35, 243 40,264
Services § Subscribers 39 145 338 1,99
Market Penetration 0.1 0.51 1.5 3.0%
TOTALS # Adults & Eaployees 712,800 768,550 832,988 907,928
# Subscribers/Users 3,098 11,503 42,709 158,094
Subscriber Distribution - {st Generation 100.0 70.0 18.0 0.0
- 2nd Generation 0.0 30.0 52,0 14.0
- 3rd Generation 0.0 0.0 30.0

86.0




FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUN REQUIREMENTS

TYPE OF MOBILE SERVICE:  Cellular Telephony
CITY/CENSUS AREA: Netropolitan Area (Census Metropolitan Area - CNA)

SPECTRUM REQUIREMENT FORECASTS ~ tst Generation 1986 1991 1996 2001
Cell Diaseter (metres) - "d° : 5,000 5,000 5,000 5,000
Hexagonal Cell Area (square kilometre) - *3" (a=0.65%d+d/1,000,000) 16.25 16.23 16.25 16.25
-Traffic Load/user (Erlang) 0.02 0.02 0.02 0.02
Traffic Load/square kilometre (Erlang) - "E* 0.02 0.06 0.06 0.00
Subscriber Density Factor - *Ds* 12.3 12.3 12.3 12.3
Peak Traffic Load/square kiloaetre (Erlang) - *Ep* (Ep=E#Ds) 0.3 0.7 0.7 0.0
Traffic Load/cell (Erlang) - "Ec’ (Ec=Ep*a) 4.5 1.6 it.1 0.0
Blocking Probability (%) - "Pb" 2.0 2,0 2.0 2,0
# Channels/cell (using Erlang B Formula) - "a" 10 19 " 18 0
Effective Single Channel Bandwidth (kHz) - "b* 30.0 30.0 30.0 30.0
Effective Cell Cluster Size - *n* 2t 21 2] 1
f frequencies/channel - *c* 2 2 2 2
Spectrua Bandvidth (MHz) - *B* (B=0.001#a#bn#c) 12.6 23.9 22.7 0.0
SPECTRUM REQUIREMENT FORECASTS - 2nd Seneration 1986 1991 1996 2001
Cell Dianmeter (metres) - *d" ‘ 3,000 3,000 3,000
Hexagonal Cell Area (square kilometre) - *a* (a=0.65#d#d/1,000,000) 5,89 5.85 5.85
Traffic Load/user (Erlang) 0.02 0.02 0.02
Traffic Load/square kilometre (Erlang) ~ °E* 0.02 0.16 0.16
Subscriber Density Factor - *Ds" 12,3 12.3 12.3
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=ExDs) 0.3 2.0 2.0
Traffic Load/cell (Erlang) - “Ec* (Ec=Epta) 1.8 1.6 11.5
Blocking Probability (X) - *Pb* ' 2.0 2.0 2.0
$ Channels/cell (using Erlang B Foraula) - “a* 6 19 18
Effective Single Channel Bandvidth (kHz) - *b* 15.0 15.0 15.0
Effective Cell Cluster Size - *n" 9 9 9
# Frequencies/channel - "c* 2 2 2
Spectrum Bandvidth (MHz) - *B* {B=0,001#a#b#n%c) 1.6 5.1 4.9
SPECTRUM REQUIREMENT FORECASTS - 3rd Generation 1986 1991 1996, 2001
Cell Diaseter (metres) - "¢" : 850 850
Hesagonal Cell Area (square kilosetre) - *a° (2=0.65xd#d/1,000,000) 0.47 0.47
Traffic Load/user (Erlang) - 0.02 0.02 -
Traffic Load/square kilosetre (Erlang) ~ °E" 0.09 0.98
Subscriber Density Factor - “Ds" 12.3 12.3
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E#Ds) 1.1 12.1
Traffic Load/cell (Erlang) - "Ec* (Ec=Ep#a) 0.5 5.7
Blocking Probability (1) - *Pp* 2.0 2.0
¥ Channels/cell (using Erlang B Forsula) - "a* 3 ST
Effective Single Channel Bandwidth (kHz) - *b* i . 5.0 5.0
Effective Cell Cluster Size - "n* ' 24 24
§ Frequencies/channel - *c* 2 2
Spectrua Bandvidth (MHz) - *B* (B=0.001%axb#n#c) 0.7 2.6
Total Spectrus Bandvidth (MHz) 12.6 25.6 28.5 7.5




TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

Cellular Telephony
Urban Area (Census Aggloseration - CA)

TOTAL POPULATION = 36,000
POPULATION DENSITY = 223.1
TOTAL AREA (SQUARE kM) = 161.4
GRONTH OF MDBILE SERVICE = 30 ¥ PER YEAR
SIC POTENTIAL $EMPLOYEES 1 ANNUAL  MAX X MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS 2 OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MODSILE SERVICE
CONSUNERS
N/A  Adults 75.8 0.6 20.0 ¥ Adults 27,288 28,117 28,970 29,8350
(13 years &k over) 4 Subscribers 117 434 1,613 5,970
Market Penetration 0.41 1.52 J.61 20,02
INDUSTRIES
001-099 Primary 3.7 1.1 3.0 # Eaployees 1,332 1,407 1,486 1,570
Industries # Subscribers 2 7 28 78
Harket Penetration 0.2 0.5% 1.91 3.0%
101-399 Manufacturing 8.5 1.6 3.0 & Esployees 3,060 3,313 3,586 3,883
Industry # Subscribers 4 15 33 194
Harket Penetration 0.11 0.41 .52 3.01
404-421 Construction 2.7 2.1 5.0 ¥ Eaployees 972 1,078 1,197 1,328
Industry # Subscribers 2 7 28 66
Market Penetration 0.21 0.71 2,31 5.0%
301-519 Transportation 2.0 2.3 20.0 & Eaployees 720 807 904 1,013
Industry # Subscribers 4 15 39 203
Harket Penstration 0.61 1.81 6.1% 20,02
543-579 Comaunications & 1.4 2.7 3.0 & Esployees 504 376 658 752
Utilities # Subscribers { 4 14 38
Market Penetration 0.21 0.61 2.11 5.01
602-886 Service 16.0 4.4 20.0 ¥ Esployees 5,760 7,144 8,860 10,988
Industries # Subscribers 43 160 393 2,198
Market Penetration 0.7% 2,21 6.7% 20,01
GOVERNNENT
902-951 Governaent 3.5 2.7 5.0 ¥ Esployees 1,260 1,440 1,643 1,879
Services # Subscribers 2 7 28 L
Harket Penetration 0.2% 0.51 1.7 5.0%
TOTALS & Adults ¥ Eaployees 40,896 43,880 47,309 31,261
§ Subscribers/Users 178 650 2,413 8,841
Subscriber Distribution - Ist Generation 100.0 70.0 18.0 0.0
~ 2nd Generation 0.0 30.0 52. 14.0
- 3rd Generation 0.0 0.0 30.0 86.0




FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

TYPE Of MOBILE SERVICE:
CITY/CENSUS AREA:

Cellular Telephony

Urban Area (Census Agglomeration - CA)

SPECTRUM REQUIREMENT FORECASTS - 1st Generation 1986 1991 1996 2001

Cell Diaseter (aetres) - "d* 5,000 5,000 5,000 5,000
Hexagonal Cell Area (square kilometre) - *a" (a=0.65¢d#d/1,000,000) 16.23 16.25 16.25 16,25
Traffic Load/user. (Erlang) 0.02 0.02 0.02 0,02
Traffic Load/square kilometre (Erlang) - °E° 0.02 0.06 0.03 0.00
Subscriber Density Factor - "Ds* 3.0 3.0 3.0 3.0
Peak Traffic Load/square kilosetre (Erlang) - *Ep* (Ep=EtDs) 0.1 0.2 0.2 0.0
Traffic Load/cell (Erlang) - *Ec* (Ec=Ep#a) 1.1 2.7 2.6 0.0
Blocking Probability (X) - "Pb® 2.0 2.0 2,0 2.0
§ Channels/cell (using Erlang B Forauta) - "a* 3 7 7 0
Effective Single Channel Bandwidth (kHz) - "b* 30,0 30.0 30.0 30,0
Effective Cell Cluster Size - "a® 21 21 21 21
§ Frequencies/channel - *¢* 2 2 2 2
Spectrum Bandvidth (MHz) - *B" (B=0.001ta¥bensc) 6.3 8.8 8.8 0.0
SPECTRUN REQUIREMENT FORECASTS - 2nd Generation 1986 1991 1996 2001

Cell Diameter (metres) - *¢* 3,000 3,000 3,000
Hexagonal Cell Area (square kilometre) - *a* (a=0,65td#d/1,000,000) 5.83 5.83 5.83
Traftic Load/user (Erlang) 0,02 0.02 0.02
Traffic Load/square kilometre (Erlang) - "€° 0.02 0.16 0.13
Subscriber Density Factor - "Ds® 3.0 3.0 3.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E#Ds) 0.1 0.5 0.9
Traffic Load/cell (Erlang) - *Ec* (Ec=Ep#a) 0.4 2.7 2.7
Blocking Probability (X) - *Ph* 2.0 2,0 2.0
§ Channels/cell (using Erlang B Formula) - "a" 3 7 7
Effective Single Channel Bandvidth (kHz) - *b* 15.0 15.0 15.0
Effective Cell Cluster Size - *n* 9 9 9
# Frequencies/channel - *c* 2 2 2
Spectrum Bandvidth (MHz) - *B* (B=0.001 tatb#nic) 0.8 1.9 1.9
SPECTRUN REQUIRENENT FORECASTS - 3rd Seneration 1986 1991 1996 2001

Cell Diaseter (metres) - *¢° 850 850
Hexagonal Cell Area (square kilometre) - *a’ (a=0,65%d#d/1,000,000) 0.47 0.47
Traffic Load/user (Erlang) 0.02 0.02
Traffic Load/square kilosetre (Erlang) - “*E* 0.09 0.94
Subscriber Density Factor - *Ds® 3.0 3.0
Peak Traffic Load/square kilosetre (Erlang) - "Ep* (Ep=E#Ds) 0.3 2.8
Traffic Load/cell (Erlang) - *Ec*® (Ec=Ep#a) 0.1 1.3
Blocking Probability (X) - *Pb* 2.0 . 2.0
§ Channels/cell {(using Erlang B Foraula) - 'a* 2 ]
Effective Single Channel Bandvidth (kHz) - *b* 5.0 5.0
Effective Cell Cluster Size - "n" 24 24
§ Frequencies/channel - *¢* 2 2
Spectrua Bandvidth (MHz) - *B* (8=0.001 #atbintc) 0.3 1.2
Total Spectrum Bandvidth (MHz) 6.3 9.6 11.2 3.1




TYPE OF MOBILE SERVICE:

CITY/CENSUS AREA: Rural Area

TOTAL POPULATION = 600,000
POPULATION DENSITY = 3.4

FORECASTS OF SUBSCRIBER GRUHfH AND SPECTRUM REQUIREHENTS

Cellular Telephony

TOTAL AREA (SQUARE kM) =  176,470.6
GROWTH OF WOBILE SERVICE = - 30 1 PER YEAR
SIC POTENTIAL $ENPLOYEES 1 ANNUAL ~ MAX 1 MARKET SUBSCRIBER 1986 1991 1996 20014
CODES USER GROUPS AS 1 OF  GROWTH OF PENETRATION GF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUNERS
N/A  Adults 74.6 0.6 20,0 # Adults 447,600 461,190 475,193 489,621
(15 years & over) # Subscribers 1,913 7,103 - 26,372 97,919
: Market Penetration 0.4 1.5% - 5.9 20,02
INDUSTRIES
00£-099 Primary 10.2 1.1 5.0 § Esployees 61,200 64,641 £8,275 72,114
Industries § Subscribers 70 260 965 3,583
Harket Penetration 0.1 0.4 1,41 5.0%
101-399 Manufacturing , 6.4 1.6 5.0 & Eaployees 38,400 41,572 \ 45,006 48,723
Industry % Subscribers 48 178 862 2,436
Harket Penetration 0.4% 0.4 L3 5.01
404-42t Construction 3.0 2.1 5.0 & Eaployees 18,000 19,971 22,158 24,564
Industry § Subscribers 24 89 - 33 1,228
Market Penetration 0.11 0.4% 1.5% 3.0%
301-519 Transportation 2.2 2.3 20,0 # Eaployees 13,200 14,789 16,570 18,566
Industry . # Subscribers’ 73 21 1,006 3,713
Harket Penetration 0.6% 1.81° .11 20,01
543-579 Cossunications & 1.0 2.7 5.0 § Eaployees 6,000 6,855 '7,832 8,948
Utilities § Subscribers. T KK 124 447
Market Penetration 0.21 0.5% 1.61 5.01
£02-886 Service 12,0 4.4 20,0 § Eaployees 72,000 89,297 110,748 137,354
Industries " & Subscribers 537 1,994 7,403 27,471
Market Penetration 0,71 2.21 8.7 20,01
GOVERNNENT
902-951 Governsent 3.4 2.7 5.0 § Esployeses 20,400 23,1307 26,628 ' 30,422
Services § Subscribers 30 11 a4 1,52
Narket Penetration 0.12 0.5% 1.61 © 5,01
TOTALS & Adults & Employees 676,900 721,622 772,410 ‘ 830,33t
t Subscribers/Users 2,704 10,040 37,217 138,319
Subscriber Distribution - {st Generation 100.0 70.0 ©18.0 0.
- 2nd Generation 0.0 30.0 52,0 14.0
~ 3rd Generation 0.0 0.0 30.0 86.0




FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

Cellular Telephony
Rural Area

SPECTRUM REQUIREMENT FORECASTS - 1ist Generation 1386 1991 1998 2001
Cell Diameter (metres) - “¢* 8,000 8,000 8,000 8,000
Hexagonal Cell Area (square kilometre) - *a* (a=0.63%d#d/1,000,000) 41.60 41.60 41.60 41.60
Traffic Load/user (Erlang) 0.02 0.02 0.02 0.02
Traffic Load/square kilometre (Erlang) - "E* 0.0003 0.0008 0.0008 0.0000
Subscriber Density Factor - *Ds® 1.0 1.0 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - “Ep* (Ep=Etds) 0.0003 0.0008 0.000 0.0000
Traffic Load/cell (Erlang) - *Ec* (Ec=Ep#a) 0.01 0.03 0.03 0.00
Blocking Probability (1) - *Pb* 2,0 2.0 2.0 2.0
# Channels/cell (using Erlang B Formula) - "a" 1 2 2 0
Effaective Single Channel Bandvidth (kHz) - *b" 30.0 30.0 30.0 30.0
Effective Cell Cluster Size - "n* 21 21 21 21
% Frequencies/channel - *¢* 2 2 2 2
Spectrua Bandvidth (NHz) - *B* (B=0.001¢atb#n¥c) 1.3 2,3 2.3 0.0
SPECTRUN REQUIREMENT FORECASTS - 2nd feneration 1986 1991 1996 2001
Cell Diameter (metres) - *¢° 8,000 8,000 8,000
Hexagonal Cell Area (square kilometre) - *a° (a=0.65¢d#d/1,000,000) 41,60 41.60 41.60
Traffic Load/user (Erlang) 0.02 0,02 0.02
Traffic Load/square kilometre (Erlang) - "E* 0.0003 0.0022 0.0022
Subscriber Density Factor - *Ds® 1.0 1.0 1.0
Peak Traffic Load/square kiloaetre (Erlang) - "Ep* (Ep=EsDs) 0.0003 0.0022 0.0022
Traffic Load/cell (Erlang) - *Ec* (Ec=Ep#a) 0.0t 0.09 0.09
Blocking Probability (1) - 'Pb* 2.0 2.0 2,0
# Channels/cell (using Erlang B Formula) - "a* i 2 2
Effective Single Channel Bandvidth (kHz) - *b* 15.¢ 13.0 19.0
Effective Cell Cluster Size - *n* 9 9 3
$ frequencies/channel - *¢* 2 2 2
Spectrua Bandvidth (MHz) - *B* (B=0.001%atb#nic) 0.3 0.5 0.3
SPECTRUM REQUIREMENT FORECASTS - 3rd feneration 1986 1991 1996 2001
Cell Diameter (metres) - "¢" 8,000 8,000
Hexagonal Cell Area (square kilometre) - *a* (a=0.6514#d/1,000,000) 41.60 41.60
Traffic Load/user (Erlang) 0.02 0,02
Traffic Load/square kilometre (Erlang) - *E* 0.0013 0.0133
Subscriber Density Factor - "Ds® 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - *Ep" (Ep=EiDs) 0.0013 0.0133
Traffic Load/cell (Erlang) - "Ec* (EcsEpta) 0.05 0.56
‘Blocking Probability (1) - *Pb* 2,0 2.0
§ Channels/cell (using Erlang B Foraula) - *a" 2 3
Effective Single Channel Bandwidth (kHz) - "b* 3.0 3.0
Effective Cell Cluster Size - "n® 24 24
§ Frequencies/channel - *¢* 2 2
Spectrua Bandwidth (NHz) - "B* (B=0.001satbtn#c) 0.3 0.7
Total Spectrum Bandvidth (MHz) 1.3 2.8 3.5 1.3




TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROMTH AND SPECTRUM REQUIREMENTS

Cellular Telephony (Delayed Technology Transition)
Metropolitan Area (Census Metropolitan Area - CHA)

TOTAL POPULATION = 600,000
POPULATION DENSITY = 217.0
TOTAL 'AREA (SQUARE KM) = 2,765,0
GROWTH OF MOBILE SERVICE = 30 1 PER YEAR
SIC POTENTIAL §EMPLOYEES % ANNUAL  MAX 7 MARKET SUBSCRIBER 1986 1991 199 - 2001
CODES USER GROUPS AS 1 OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUNERS
N/A  Adults 78.0 0.6 20,0 # Adults 468,000 482,209 496,850 511,936
(15 years & over) § Subscribers 2,000 7,426 27,572 102,372
Market Penstration © 0.4 1.51 5,52 20.01
INDUSTRIES
001-099 Priamary 1.6 1.1 9.0 § Eaployees 9,600 10,140 10,710 11,312
Industries ' # Subscribers 11 S | 152 563
Markat Penetration 0.17 0.41 . 1.4% 5.0%
101-399 Nanufacturing 8.4 1.6 9.0 § Employees 50,400 54,563 39,070 63,949
Industry § Subscribers 62 230 853 3,174
Market Penetration 0.11 0.4% 1.41 3.0%
404-421 Construction 3.0 2.1 5.0 § Esployees 18,000 - 19,971 22,158 24,584
Industry § Subscribers 24 89 33 1,228
Market Penetration 0.1; 0.41 1,52 5.07
301-519 Transportation 2.1 2.3 20,0 % Employees 12,600 14,117 15,817 17,722
Industry § Subscribers 70 260 965 3,944
Narket Penetration 0.61 1.81 6.1% 20,01
543-579 Coasunications & 1.8 2.7 " 5.0 ¥ Esployees 10,6800 12;339 14,097 16,106
Utilities $ Subscribers 16 59 221 803
Market Penetration 0.1%. 0.9% 1.61 9.0%
602-886 Service 19.4 4.4 20.0 # Esployees 116,400 144,363 179,043 222,055
Industries § Subscribers 876 - 3,283 12,076 44,411
Markat Penetration 0.8%- 2,31 6.7% 20,01
GOVERNMENT
. 902-951 Governaent 4,5 2.7 5.0 § Esployees 27,000 - 30,847 35,243 40,264
Services # Subscribers 39 143 338 1,996
Market Penetration 0.1% 0.9 1.51 5.0%
TOTALS 4 Adults & Eaployees 712,800 768,550 832,988- - 907,928
§ Subscribers/Users 3,098 11,503 42,709 158,094
Subscriber Distribution - Ist Generation’ 100.0 100.0 70.0 18.0
~ 2nd Generation 0.0 0.0 30.0 .
- 3rd Generation 0.0 0.0 0.0 30.0




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE: Cellular Telephony (Delayed Technology Transition)
Netropolitan Area (Census Metropolitan Area - CNA)

CITY/CENSUS AREA:

SPECTRUN REQUIREMENT FORECASTS ~ Ist Generation

1986 1991 1996 2001
Cell Diameter (aetres) - "d* 3,000 3,000 5,000 3,000
Hexagonal Cell Area (square kilometre) - "a° (a=0,65+¢d%d/1,000,000) 16.29 16,25 16,29 16.25
Traffic Load/user (Erlang) 0.02 0,02 0.02 0.02
Traffic Load/square kilometre (Erlang) - "E* 0.02 0.08 0.22 0.21
Subscriber Density Factor - "Ds* 12.3 12.3 12.3 12.3
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E#Ds) 0.3 1.0 2.7 2.5
Traffic Load/cell (Erlang) - "Ec* (Ec=Ep#a) 4.3 16.6 43.2 4.
Blocking Probability (X) - "Pb® 2,0 2,0 2.0 2.0
$§ Channels/cell (using Erlang B Foramula) - ‘a’ 10 24 54 ]|
Effective Single Channel Bandwidth (kHz) - *b* 30.0 30.0 30.0 30,0
Effective Cell Cluster Size - "p* 21 2 21 2t
# Frequencies/channel - “¢* 2 2 2 2
Spectrum Bandvidth (NHz) - *B* (B=0.001 taxb¥n¥c) 12.6 30.2 68.0 64.3
SPECTRUN REQUIREMENT FORECASTS - 2nd Generation 1986 1991 1996 2001
Cell Diameter (metres) - *d" 3,000 3,000 3,000
Hexagonal Cell Area (square kilometre) - *a* (2=0,63+d#d/1,000,000) 5.85 3.85 - 583
Traffic Load/user (Erlang) 0.02 0,02 0.02
Traffic Load/square kilometre (Erlang) - *E° 0.00 0.09 0.59
Subscriber Density Factor - *Ds* 12,3 12.3 12.3
Peak Traffic Load/square kilometre (Erlang) - *Ep" (Ep=E#Ds) 0.0 t.1 7.3
Traffic Load/cell (Erlang) - “Ec" (Ec=Ep#a) 0.0 6.7 42.8
Blocking Probability (X} - "Pb* 2.0 2.0 2.0
# Channels/cell (using Erlang B Formula) - *a* 0 13 33
Effective Single Channel Bandwidth (kHz) - "b* 15.0 15.0 15.0
Effective Cell Cluster Size - "n* 9 9 9
# Frequencies/channe] - "c* 2 2 2
Spectrua Bandwidth (MHz) - *B* (B=0.001 #ath#n#c) 0.0 3.3 143
SPECTRUM REQUIREMENT FORECASTS - 3rd Generation 1986 1991 1996 2001
Cell Diameter (metres) - "d" 850 850
Hexagonal Cell Area (square kilosetre) - *a* (a=0.65#d#d/1,000,000) 0.47 0.47
Traffic Load/user (Erlang) 0.02 0.02
Traffic Load/square kilosetre (Erlang) - "E° 0.00 0.34
Subscriber Density Factor - *Ds® 12,3 12.3
Peak Traffic Load/square kilometre (Erlang) - *Ep* (Ep=E#Ds) 0.0 4.2
Traffic Load/cell (Erlang) -~ “Ec* (Ec=Ep#a) 0.0 2.0
Blocking Probability (1) - *Pb* 2.0 2.0
§ Channels/cell (using Erlang B Formula) - "a* 0 )
Effective Single Channel Bandwidth (kHz) - *b* 3.0 5.0
Effective Cell Cluster Size - *n*® 24 24
§ Frequencies/channel - "c* 2 2
Spectrum Bandwidth (MHz) - *B* (B=0.001 xath#n¥c) 0.0 1.4
Total Spectrum Bandwidth (NHz2) 12.6 30,2 .6 80.0




TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROMTH AND SPECTRUN REQUIREMENTS

Cellular Telephony (Delayed Technology Transition)
Urban Area (Census Aggloseration - CA)

TOTAL POPULATION = 36,000
POPULATION DENSITY = - 223.1
TOTAL AREA (SQUARE KM) = 161.4
GROWTH OF MOBILE SERVICE = 30 % PER YEAR
sIC POTENTIAL $ENPLOYEES 1 ANNUAL HAX % NARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS % OF  GROMTH OF PENETRATION OF GROWTH FORECASTS ‘
POPULATION USER GROUP MOBILE SERVICE
CONSUNERS -
N/A  Adults _ 75.8 0.6 20.0 § Adults 27,268 28,117 28,970 29,850
(15 years & over) # Subscribers 117 434 1,613 3,970
Narket Penetration 0.4 I.SZ 9.6 20,01
INDUSTRIES
001-099 Priaary 3.7 1.1 5.0 # Eaployees 1,332 1,407 1,486 1,570
Industries # Subscribers 2 71 28 78
Harket Penetration 0.2% 0.5% 1.9% 5.0%
101-399 Manufacturing 8.5 ‘1.6 5.0 ¥ Eaployees 3,060 3,313 3,38 - 3,883
Industry ‘ 4 Subscribers 4 13 35 194
Market Penetration 0.12 0.41 : 1.5 5.0%
404-421 fonstruction 2.7 2.1 5.0 § Eaployees 972 1,078 1,197 1,328
Industry 4 Subscribers 2 7 .28 66
Market Penetration 0.2% 0.7% 2.3 5.0%
901-519 Transportation | 2.0 2.3 20.0 # Eaployees 720 807 904 1,013
Industry # Subscribers 4 15 55 203
‘ Market Penetration 0.6% 1.8% 6.17 20.0%
543-579 Cosaunications & 1.4 2.7 3.0 # Eaployees 504 576 638 752
“Utilities ' ¥ Subscribers 1 4 4 38
Narket Penetration 0.21 0.6% 2,11 5.0%
£02-886 Service 16.0 4.4 20.0 ¥ Eaployees 5,760 7,144 8,860 10,988
Industries ' # Subscribers 43 160 393 2,198
Market Penetration 0.7% 2.21 6.7% 20.01
GOVERNMENT
902-951 Governaent 3.5 2.7 5.0 & Eaployees 1,260 1,440 1,645 1,879
Services’ t Subscribers 2 7 28 94
Narket Penetration 0.21 0.51 1.71 5.0%
TOTALS # Adults & Esployees 40,89 - 43,880 47,305 51, 26!
¥ Subscribers/Users 175 650 2,413 8,84t
Subscriber Distribution - 1st Generation 100.0 100,0 70.0 18.0
~ 2nd Generation 0.0 0.0 30.0 52.0
- - 3rd Generation 0.0 0.0 0.0 30,0




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

Cellular Telephony (Delayed Technology Transition)
Urban Area (Census Agglomeration - CA)

SPECTRUM REQUIREMENT FORECASTS - 1st Generation 1986 1991 1936 2001

Cell Diameter (metres) - "d° 5,000 5,000 5,000 5,000
Hexagonal Cell Area (square kilometre) - *a* (a=0.65¢d#d/1,000,000) 16,25 16.25 16.25 16.29
Traffic Load/user (Erlang) 0.02 9.02 0.02 0.02
Traffic Load/square kilometre (Erlang) ~ "E* 0.02 0.08 0.21 0.20
Subscriber Density Factor - *Ds® 3.0 3.0 3.0 3.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E+Ds) 0.1 0.2 0.6 0.6
Traffic Load/cell (Erlang) - “Ec’ (Ec=Ep#a) i.1 3.9 10.2 9.6
Blocking Probability (X) - "pb" 2.0 2.0 2.0 2.0
§ Channels/cell (using Erlang B Forsula) - *a* 3 9 17 16
Effective Single Channel Bandvidth (kHz) - *b* 30.0 30.0 30.0 30.0
Effective Call Cluster Size - "a* 21 21 21 21
% Frequencies/channel - "c" 2 2 2 2
Spectrue Bandvidth (NHz) - "B* (B=0.0012a%binc) 6.3 11.3 21.4 20.2
SPECTRUN REQUIRENENT FORECASTS - 2nd Generation 1986 1991 1996 2001

Cell Diameter (metres) - *d* 3,000 3,000 3,000
Hexagonal Cell Area (square kilometre) - *a" (a=0.65+d#d/1,000,000) 5.B5 5.83 5.85
Traffic Load/user (Erlang) 0.02 0.02 0,02
Traffic Load/square kilosetre (Erlang) - *E* 0.00 0.09 0,57
Subscriber Density Factor - *Ds® 3.0 3.0 3.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E#Ds) 9.9 0.3 1.7
Traffic Load/cell (Erlang) - *Ec* (Ec=Ep#a) 0.0 1.6 10.0
Blacking Probability () - *Pb* 2.0 2.0 2.0
t Channels/cell (using Erlang B Foraula) - *a* 9 S 17
Effective Single Channel Bandwidth (kHz) - *b* 15.0 13.0 13.9
Effective Cell Cluster Size - "n* 9 9 9
§ Frequencies/channel - "c* 2 2 2
Spectrum Bandvidth (MHz) - "B" (B=0.001 +azb¥ntc) 0.0 1.4 4.6
SPECTRUN REQUIREMENT FORECASTS - 3rd Generation 1986 1991 1996 2001

Cell Diameter (metres) - "¢" 850 850
Hexagonal Cell Area (square kilometre) - *a* (a=0,65#d#d/1,000,000) 0.47 0.47
Traffic Load/user (Erlang) 0.02 0.02
Traffic Load/square kilometre (Erlang) - °E° 0.00 0.33
Subscriber Density Factor - "Ds* 3.0 3.0
Peak Traffic Load/square kilometre (Erlang) - *Ep" (Ep=E#Ds) 0.9 1.0
Traffic Load/cell (Erlang) - “Ec" (Ec=Ep#a) 0.0 0.3
Blocking Probability (X) - "Pb* 2.0 2.0
# Channels/cell (using Erlang B Foraula) - "a* 0 3
Effective Single Channel Bandwidth (kHz) - *b" 3.0 5.0
Effective Cell Cluster Size - "n" 24 24
4 Frequencies/channel - "¢* 2 2
Spectrum Bandvidth (MHz) - "B" (8=0.001#atbinic) 0.9 0.7
Total Spectrum Bandwidth (NHz) 6.3 11.3 22.8 253.%




* TYPE OF MOBILE SERVICE:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

Cellular Telephony (Delayed Technology Transition)

CITY/CENSUS AREA: Rural Area
TOTAL POPULATION = 600,000
POPULATION DENSITY = 3.4
TOTAL AREA (SQUARE KM) =  176,470.6
SRONTH OF MOBILE SERVICE = 30 % PER YEAR
§IC POTENTIAL $EMPLOYEES 7 ANNUAL  MAX L MARKET SUBSCRIBER 1986 1991 1998 2001
. CODES USER SROUPS AS 1 OF  GROWTH OF PENETRATION OF GRONTH FORECASTS
POPULATION USER 6ROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 74.6 0.6 20.0 ¥ Adults 447,600 461,190 475,193  489,62!
(15 years & over) % Subscribers 1,913 7,103 26,372 97,919
Harket Penetration 0.4 1.9% 3. 9% 20.0%
INDUSTRIES
001-099 Primary 10,2 1.1 5.0 ¥ Esployees ' 61,200 64,641 68,275 72,114
Industries § Subscribers 70 . 260 969 3,583
Market Penetration 0.1z~ 041 L4 3.0%
101-399 Hanufacturin§ 6.4 1.6 5.0 # Eaployees 38,400 41,972 43,006 48,723
Industry # Subscribers 48 178 662 2,436
Harket Penetration 0.1% - 0.41 - 1.9% 5.01
404-421 Construction 3.0 2,1 3.0 § Eaployees 18,000 19,971 22,138 24,584
Industry # Subscribers 24 89 331 1,228
Market Penetration 0.1% 0.4% 1.5% - 5,08
501-519 Transportation 2.2 2.3 20.0 ¥ Eaployees 13,200 14,789 16,970 18,566
Industry ’ § Subscribers 73 N1 1,006 3,713
‘ Market Penetration 0.6% 1.82 6.1% 20.0%
543-979 Coamunications & 1.0 2.7 5.0 # Eaployees 6,000 6,855 7,832 8,948
Utilities # Subscribers 9 33 124 447
Market Penetration 0.2% 0.5% 1.6 3.0
6024886_ Service 12.(} 4.4 20,0°# Esployees 72,000 89,297 110,748 137,354
Industries % Subscribers 537 1,994 7,403 27,411
’ Harket Penetration 0.7 2, 2% 6.7% 20.0%
GOVERNMENT
902-951 Governsent ' 3.4 2.7 5.0 § Eaployees 20,400 23,307 26,628 30,422
g Services § Subscribers 30 {11 414 1,521
Market Penetration 0.1% 0.51 1.6% 5.01
TOTALS ¥ Adults & Eaployees 676,800 721,822 . 772,410 830,331
¥ Subscribers/Users 2,704 10,040 37,277 138,319
Subscriber Distribution - 1st Generation 100.0 100.0 70.0 18.0
- 2nd Generation 0.0 0.0 30.0 32,0
- 3rd G_eneration 0.0 0.0 0.0 30.0




FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

TYPE OF NOBILE SERVICE:  Cellular Telephony (Delayed Technology Transition)

CITY/CENSUS AREA: Rural Area

SPECTRUM REQUIREMENT FORECASTS - 1st Generation 1986 1991 1996 2001

Cell Diameter (metres) - "d* 8,000 8,000 8,000 8,000
Hexagonal Cell Area (square kilometre) - "a* (a=0.65¢d#d/1,000,000) 41.60 41.60 41,60 41.60
Traffic Load/user (Erlang) 0,02 0.02 0.02 0,02
Traffic Load/square kilometre (Erlang) - "E* 0.0003 0.0011 0.0030 0.0028
Subscriber Density Factor - "Ds" 1.0 1.0 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=EaDs) 0.0003 0.0011 0.0030 0.0028
Traffic Load/cell (Erlang) - “Ec* (Ec=Ep#a) 0.01 0.03 0.12 0.12
Blocking Probability (X) - *Pb* 2.0 2.0 2.0 2.0
# Channels/cell (using Erlang B Foraula) - "a* 1 2 2 2
Effective Single Channel Bandvidth (kHz) - *b* 30.0 30.0 30.0 30.0
Effective Cell Cluster Size - "n* 21 21 2 21
# Frequencies/channel - *¢* 2 2 2 2
Spectrum Bandvidth (MHz) - *B® (B=0.001#n#h#n#c) 1.3 2.5 2.3 2.5
SPECTRUN REBUIREMENT FORECASTS - 2nd Generation 1986 1991 1996 2001

Cell Diameter (metres) - *¢* 8,000 §,000 8,000
Hexagonal Cell Area (square kilometre) - *a° (a=0.85¢d#d/1,000,000) 41.60 41.60 41,60
Traffic Load/user (Erlang) 0.02 0.02 0.02
Traffic Load/square kilosetre (Erlang) - "E" 0.0000 0.0013 0.0082
Subscriber Density Factor - "Ds” 1.0 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=Etbs) 0.0000 0.0013 0.0082
Traffic Load/cell (Erlang) - "Ec® (Ec=Epta) 0.00 0.05 0.34
Blocking Probability (1) - *Pb* 2.0 2.0 2.0
§ Channels/cell (using Erlang B Formula) - *a* 0 2 3
Effective Single Channel Bandvidth (kHz) - *b* 15.0 15.0 15.0
Effective Cell Cluster Size - "n° 9 9 9
# Frequencies/channel - *c* 2 2 2
Spectrua Bandvidth (MHz) - *B° (B=0,001 tash#n#c) 0.0 0.3 0.8
SPECTRUM REQUIREMENT FORECASTS - 3rd Generation 1986 1991 1996 2001

Cell Diameter (metres) - “d* 8,000 8,000
Hexagonal Cell Area (square kilometre) - *a° (a=0.65+d#d/1,000,000) 41.60 41.60
Traffic Load/user (Erlang) 0.02 0.02
Traffic Load/square kilometre (Erlang) - °€* 0.0000 0,0047
Subscriber Density Factor - "Ds" 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - *Ep" (Ep=EiDs) 0.0000 0.0047
Traffic Load/cell (Erlang) - "Ec* (Ec=Ep#a) 0.00 0.20
Blocking Probability (X) - "Pb* 2.0 2.0
% Channels/cell (using Erlang B Foraula) - "»* 0 2
Effective Single Channel Bandvidth (kHz) - *b° 5.0 5.0
Effective Cell Cluster Size - *n* 24 24
§ Frequencies/channel - *c¢* 2 2
Spectrua Bandvidth (MHz) - *B* (B=0.001 #ath#n#c) 0.0 0.3
Total Spectrua Bandvidth (MH2) 1.3 2.3 3.1 3.8




TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

Public Cordless Telephony/Personal Outdoor Comsunications
Hetropolitan Area (Census Metropolitan Area - CNA)

fOTAL POPULATION = . 600,000
POPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KM) = 2,765.0
iRONTH OF MOBILE SERVICE = 30 % PER YEAR
51C POTENTIAL $EMPLOYEES 7 ANNUAL - MAX 7% MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER &ROUPS AS % OF  GROWTH OF PENETRATION OF GROMTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 78.0 0.6 50.0 ¥ Adults 468,000 482,209 496,850 511,936
(15 years & over) ¥ Subscribers . 68,940 235,968
Market Penetration 13.9% 50,07
INDUSTRIES
001-099 Primary 1.6 1.1 5.0 § Eaployees 9,600 10,140 10,710 11,312
Industries $ Subscribers 192 a64
Market Penetration 1.41 5.0%
101-399 Manufacturing 8.4 1.6 5.0 ¥ Eaployees 50,400 94,363 59,070 63,949
Industry % Subscribers ' : 861 3,197
Market Penetration 1.9% 5.0%
404-421 Construction 3.0 2.1 20.0 % Eaployees 18,000 19,971 22,158 24,584
Industry ¥ Subscribers 1,325 4,917
Market Penetration 6.0% 20,0%
901-319 Transportation 21 2.3 0,0 % Eaployees 12,600 14,117 15,817 | 17,722
Industry § Subscribers 0 0
Narket Penetration 0.0% 0.0%
943-579 Comaunications & 1.8 2.7 0.0 % Enployeeé 10,800 12;339 14,097 16,106
Utilities "~ ¥ Subscribers : 0 0
Market Penetration 0.0% 0.0%
602-886 Service 19.4 4.4 5.0 ¥ Eaployees 116,400 144,363 179,043 222,055
Industries ¥ Subscribers : 2,990 11,102
Market Penetration 1.7% .01
GOVERNMENT
902-951 Governaent 4.5 2.7 3.0 § Eaployees 27,000 30,847 35,243 40,264
Services § Subscribers : 342 2,012
Market Penetration .31 3.0%
TOTALS ¥ Adults & Enbloyees 712,800 768,530 832,988 907,928
§ Subscribers/Users : 74,810 277,760

‘ .




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

[OTAL POPULATION = 600,000
POPULATION DENSITY = 217,90
TOTAL AREA (SQUARE KM) = 2,763.0
SRONTH OF MOBILE SERVICE = 30 X PER YEAR

SPECTRUN REBUIREMENT FORECASTS

Public Cordless Telephony/Personal Dutdoor Comaunications
Netropolitan Area (Census Metropolitan Area - CNA)

1986 1991 1996 2001
Cell Diameter (metres) - *g* ' 200 200
Square Cell Area (square kilometre) - *a* (a=0.3xdxd/1, 000, 000) 0.02 0.02
Traffic Load/user (Erlang) 0.02 0.02
Traffic Load/square kilometre (Erlang) - “E° 0.54 2.01
Subscriber Density Factor - "Ds* 100.0 100,0
Peak Traffic Load/square kilometre (Erlang) - "Ep® (Ep=E#Ds) 4.1 200.91
Traffic Load/cell (Erlang) - *Ec" (Ec=Ep#a) 1.08 4,02
Blocking Probability (%) - *Pb* 1.0 1.0
# Channels/cell (using Erlang B formula) - "a* 5 10
Effective Single Channel Bandwidth (kHz) - "b* 25.0 25.0
Effective Cell Cluster Size - *n" 16 16
¥ Frequencies/channel - *¢" 2 2
Spectrua Bandvidth (MHz) - *B" (B=0.001¥n#b¥n%c) 4 8



TYPE OF MOBILE SERVICE:  Public Cordless Telephony/Personal Outdoor Comaunications
Urban Area (Census Agglomeration - CA)

“ITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REBUIREMENTS

10TAL POPULATION = 36,000
POPULATION DENSITY = 223.1
OTAL AREA (SQUARE KNM) = 161.4
-ROWTH OF MOBILE SERVICE = 30 % PER YEAR
SIC POTENTIAL $EMPLOYEES % ANNUAL  MAX 1 MARKET SUBSCRIBER 1986 1991 199 2001
CODES USER GROUPS AS 1 OF  GROWTH OF PENETRATION OF GROWTH FORECASTS :
POPULATION USER GROUP KWOBILE SERVICE
CONSUMERS
N/A  Adults 5.8 0.6 50.0 § Adults 27,288 28,117 28,970 29,850
(15 years & over) ¥ Subscribers 4,020 14,925
Market Penaetration 13.9% 50,0%
INDUSTRIES
001-099 Primary 3.7 1.1 5.0 # Eaployees 1,332 1,407 - 1,486 1,570
Industries ' § Subscribers 21 78
Market Penetration 1.41 3.0%
101-399 Manufacturing , 8.5 1.6 5.0 3 Eaployees 3,060 3,313 3,986 -~ 3,883
Industry - ¥ Subscribers : 53 194
Market Penetration 1,5% 3,0%
404-421 Construction a7 2.1 20,0 ¥ Eaployees 972 1,078 1,197 1,328
Industry $ Subscribers. : 72 266
Narket Penetration 6.0% ~  20.0%
301-319 Transportation 2.0 2,2 0.0 ¥ Employees 720 | 807 904 1,013
Industry ¥ Subscribers , 0 0
Market Penetration 0.0% 0.0%
543-579 Comaunications & 1.4 2.7 0.0 § Eaployees 504 576 658 752
Utilities : % Subscribers 0 0
Market Penetration ©0.0% 0.0%
602-886 Service 16,0 4.4 5.0 i‘Enployees 5,760 7,144 8,860 10,988
Industries ' ¥ Subscribers f 148 549
Market Penetration 1.7% 5.0%
GOVERNMENT
902~-951 Government 3.5 2.7 5.0 # Esployees 1,260 1,440 1,645 1,879
Services # Subscribers 26 " 94
Harket Penetration 1.6% 5.0%
TOTALS § Adults & Eaployees 40,896 43,880 47,305 51,261
¥ Subscribers/Users 4,340 16,106




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM RERUIREMENTS

TYPE OF MOBILE GERVICE: Public Cordless Telephony/Personal Outdoor Comsunications
Urban Area (Census Agglomeration - CA)

CITY/CENSUS AREA:

[OTAL POPULATION = 36,000
POPULATION DENSITY = 223.4
[OTAL AREA (SQUARE KM) = 161.4

SRONTH OF MOBILE SERVICE = 30 % PER YEAR

SPECTRUM REQUIREMENT FORECASTS

1986 1991 1996 2001
Cell Diameter (metres) - *d" 200 200
Square Cell Area (square kilometre) - "a* (a=0.5%d#d/1,000,000) 0.02 0,02
Traffic Load/user (Erlang) 0,02 0.02
Traffic Load/square kilometre (Erlang) - "E* 0.54 2.00
Subscriber Density Factor - "Ds" 30,0 50.0
Peak Traffic Load/square kilometre (Erlang) - "Ep" (Ep=E#Ds) 26.90 99.81
Traffic Load/cell (Erlang) - "Ec" (Ec=Ep#a) 0.54 2.00
Blocking Probability (%) - "Pb" 1.0 1.0
$ Channels/cell (using Erlang B Foramula) - "a* 4 7
Effective Single Channel Bandvidth (kHz) - "b* 25,0 25.0
Effective Cell Cluster Size - "n" 16 16
$ Frequencies/channel - "c" 2 2
Spectrum Bandvidth (MHz) - "B" (B=0,0012a#b¥n#c) 3 8



TYPE OF MOBILE SERVICE: Public Cordless Telephony/Personal Indoor Cossunications
Netropolitan Area (Census Hetropplitan Area - CHMA)

CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

- TOTAL POPULATION = 600,000
POPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KM) = 2,765.0
SROMTH OF MOBILE SERVICE = 30 % PER YEAR
- SIC POTENTIAL $ENPLOYEES % ANNUAL  MAX % MARKET - SUBSCRIBER 1936 1991 1996 2001
CODES USER GROUPS AS % OF  GROWTH OF PENETRATION OF GROWTH FORECASTS : :
POPULATION USER GROUP MOBILE SERVICE
CONSUNERS
N/A  Adults 78.0 0.6 50.0 # Adults 468,000 482,209 496,850  S11,936
(15 years & over) ¥ Subscribers 68,940 255,968
Harket Penetration 13.91% 50.0%
INDUSTRIES
001-099 Primary 1.6 1.1 5.0 # Esployees - 9,600 10,140 10,710 11,312
Industries # Subscribers 192 964
Market Penetration 1.4% 5.0%
101-399 Manufacturing 8.4 1.6 5.0 % Eaployees 50,400 54,363 59,070 63,949
Industry ¥ Subscribers sl 3,197
Narket Penetration 1.5% 5.0%
404-421 Construction 3.0 2.1 20.0 # Employees 18,000 19,974 22,138 24,584
Industry § Subscribers 1,324 4,918
Market Penetration 6.0% 20.0%
501-519 Transportation 2.1 2.3 0.0 % Eiployees 12,600 14,117 15,817 17,722
Industry ¥ Subscribers 0 0
Market Penetration 0.0% 0.0%
543-579 Communications & 1.8 2.7 0.0 ¥ Esployees 10,800 12,339 14,097 16,106
Utilities  Subscribers 0 0
Narket Penetration 0.0% 0.0%
602-886 Service 19.4 4.4 .04 Elployees' 116,400 144,363 179,043 222,055
Industries ¥ Subscribers , 2,990 11,102
Market Penetration 172 5.07
GOVERNMENT
502-951 Governaent 4.5 2.7 5.0 § Employees 27,000 30,847 35,243 40,264
Services ¥ Subscribers 542 2,012
Narket Penetration 1.5% 5.01
TOTALS # Adults & Esployees 712,800 768,550 832,988 907,928
¥ Subscribers/Users 74,809 277,759




TYPE OF NOBILE SERVICE:
ITY/CENSUS AREA:

.OTAL POPULATION = 600,000
POPULATION DENSITY = 217.0
l OTAL AREA (SQUARE KN) = 2,765.0

ROWTH OF MOBILE SERVICE =

PECTRUM REQUIRENENT FORECASTS

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUN REQUIREMENTS

Public Cordless Telephony/Personal Indoor Cosaunications
Metropolitan Area (Census Metropolitan Area - CMA)

30 % PER YEAR

1986 1991 1996 2001

Cell Diameter (metres) - *d" 30 30
quare Cell Area (square kilometre) - * (a=0,3%d#d/1,000,000) 0.0005 0.0003
raffic Load/user (Erlang) 0,05 0,035
Traffic Load/square kilometre (Erlang) - “E* 1.4 3.0
“ubscriber Density Factor - *Ds* 10,000 10,000
eak Traffic Load/square kilometre (Erlang) - "Ep" (Ep=E#Ds) 13,528.0  50,228.1
Traffic Load/cell (Erlang) - “Ec* (Ec=Ep#a) 6.09 22.60
Blacking Probability (1) - "Pb* 0.3 0.3
: Channels/cell (using Erlang B Formula) - *a* - 14 33
<ffective Single Channel Bandwidth (kHz) - *b* 25.0 25.0
Effective Cell Cluster Size - "n* 21 21
i Frequencies/channel - *¢* 2 2
Spectrus Bandwidth (MHz) - "B" (B=0.001#atb¥n¥c) 14,7 .36.8



- FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

TYPE OF NOBILE SERVICE: Public Cordless Telephony/Personal Indoor Comsunications

TITY/CENSUS AREA:

Urban Area (Census Aggloseration - CA)

+JTAL POPULATION = 36,000
POPULATION DENSITY = 223.1
OTAL AREA (SQUARE KM) = 161.4
20NTH OF MOBILE SERVICE = 30 % PER YEAR
5IC POTENTIAL $EMPLOYEES 1 ANNUAL  MAY % MARKET SUBSCRIBER 1986 1991 1996 2004
CODES USER GROUPS AS X OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE '
CONSUMERS
N/A  Adults 75.8 0.6 50.0 # Adults 27,288 28,117 28,970 - 29,850
(15 years & over) ¥ Subscribers 4,019 14,922
Market Penetration 13.91 50, 0%
INDUSTRIES
001-099 Primary 3.7 1.1 5.0 & Eaployees {,332 1,407 1,486 1,570
Industries ' # Subscribers - 2 78
‘ Narket Penetration 1.4% - 3,07
101-399 H;nufacturing 8.5 1.6 5.0 % Eaployees 3,060 3,313 3,586 3,883
Industry § Subscribers 52 193
Harket Penetration 1.4% 9.0%
404-421 Construction : 2.7 2.1 20.0 § Employees 972 1,078 1,197 1,328
Industry % Subscribers 72 266
Harket Penetration 6. 0% 20,07
501-519 Transportation 2.0 2.3 0.0 ¥ Eaployees 720 807 904 . 1,013
Industry § Subscribers 0 0
Narket Penetration 0.0% 0.0%
943-579 Comsunications & 1.4 2.7 0.0 ¥ Eaployees 504 576 638 752
Utilities. : 1 Subscribers 0 0
Market Penetration 0.0% 0.0%
602-886 Service 16.0 4.4 5.0 ¥ Eaployees 5,760 7,144 8,960 10,988
‘ Industries % Subscribers 14B 549
Market Penetration 1. 7% 5.0%
GOVERNMENT
902-95!1 Governaent 3.5 2.7 5.0  Eaployees 1,260 1,440 1,643 1,879
Services # Subscribers ' 26 94
: Market Penetration 1.6% 5,01
TOTALS ¥ Adults & Eaployees 40,896 43,880 47,305 51,261
# Subscribers/Users 4,338 16,102




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM RERUIREMENTS

TYPE OF MOBILE SERVICE: Public Cordless Telephony/Personal Indoor Comsunications

CITY/CENSUS AREA: Urban Area (Census Agglomeration - CA)
TOTAL POPULATION = 36,000

POPULATION DENSITY = 223.1

TOTAL AREA (SQUARE KM) = 161.4

ROWTH OF MOBILE SERVICE = 30 % PER YEAR

SPECTRUM RERUIREMENT FORECASTS

1986 1991 199 2001
Cell Diameter (metres) - *¢" 30 30
Square Cell Area (square kilometre) - *3* {a=0.5%d#d/1,000,000) 0.0003 0.0003
Traffic Load/user (Erlang) 0.03 0.03
Traffic Load/square kilosetre (Erlang) - *E" 1.3 3.0
Subscriber Density Factor - *Ds® 300,0 300.0
Peak Traffic Load/square kilometre (Erlang) - "Ep" (Ep=EDs) 672.09 2,49%4.72
Traffic Load/cell (Erlang) - "Ec* (Ec=Ep#a) 0.30 1.12
Blocking Probability (%) - *Pp* 0.9 0.3
# Channels/cell (using Eriang B Foraula) - "a* 3 3
Effective Single Channel Bandwidth (kHz) - *b" 25,0 25,0
Effective Cell Cluster Size - "n" 21 21
§ Frequencies/channel - *¢* 2 2
Spectrum Bandwidth (MHz) - *B° (B=0,001*atbntc) 3.2 - 3.3



TYPE GF MOBILE SERVICE:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM RERUIREMENTS

Public Cordless Telephony/Personal Indoor Communications

CITY/CENSUS AREA: Rural Area
{GTAL POPULATION = £00, 000
"POPULATION DENSITY = 3.4
fOTAL AREA (SQUARE KN) =  176,470.6
SROWTH QF MOBILE SERVICE = 30 % PER YEAR
S1C PGTENTIAL $ENPLOYEES % ANNUAL  MAX % MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS L OF  GROWTH OF PENETRATION GF GROWTH FORECASTS E
POPULATICN USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 74.6 0.6 50,0 ¥ Adults 447,600 461,190 . 475,193 489,62t
(15 years & over) # Subscribers 65,935 244,810
Market Penetration 13,91 30.0%
INDUSTRIES
001-099 Priiary 10.2 1.1 5.0 § Eaployees 61,200 b4,641 69,273 72,114
Industries % Subscribers , 9 32,603
Narket Penetration 1.4% 3.0%
101-399 Manufacturing 6.4 1.6 9.0 ¥ Esployees 38,400 41,972 45,006 48,723
Industry # Subscribers 696 2,436
Market Penetration 1.a% 3.0%
404-42t Construction 3.0 2.1 20,0 # Employees 18,000 19,971 22,158 24,584
Industry # Subscribers 1,324 4,916
Market Penetration 6.0% 20.0%
301-319 Transportation 2.2 2.3 0.0 # Employees 13,200 14,789 16,570 18,566
Industry $ Subscribers : , 0 0
Market Penetration 0.0% 0,0%
343-579 Communications & 1.0 2.7 : 0.0 ¥ Esployees 6,000 6,895 7,832 8,948
Utilities ¥ Subscribers ' 0 0
- Harkeﬁ Penetration 0.0% 0.0%
602-886 Service 12.0 4.4 9.0 ¥ Employees 72,000 89,297 110,748 137,354
Industries # Subscribers 1,849 6,863
Market Penetration LT 5.0%
GOVERNMENT
902~951 Governaent 3.4 2.7 . 5.0 ¥ Eaployees 20,400 23,307 26,628 30,422
Services $ Subscribers 410 1,321
! Market Penetration 1.51 5.0
TOTALS # Adults & Esployees 676,800 721,622 772,410 830,331
# Subscribers/Users 71,145 264,134

~e.




TYPE OF MOBILE SERVICE: Public Cordless Telephony/Persenal Indoor Comsunications

lcm/csusus AREA: Rural Area
fOTAL POPULATION = £00,000
POPULATION DENSITY = 3.4
fOTAL AREA (SQUARE KN) =  176,470.6
SRONTH OF MOBILE SERVICE = 30 1 PER YEAR

I 3PECTRUM REQUIREMENT FORECASTS

lf:ell Diaseter (metres) - *d"
jquare Cell Area (square kiloaetre) - *a*
fraffic Load/user (Erlang)
Traffic Load/square kilosetre (Erlang) - "£°
Subscriber Density Factor - "Ds*
eak Traffic Load/square kilometre (Erlang) - "Ep*
Traffic Load/cell (Erlang) - "gc®

I Blocking Probability (1) - *Py*

* ¥ Channels/cell (using Erlang B Formula) - "a*
Effective Single Channel Bandwidth (kHz) - *b*
Effective Cell Cluster Size - "n*

} Frequencies/channel - *¢°

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

1986 1991 1996 2001
30 30
{a=0,3%d#d/1,000,000) 0.0003 0.0003
0.05 0.03
0.9 0.1
1.0 1.0
(Ep=E#Ds) 0.02 0.07
(Ec=Epta) 0.00001 0.00003
0.9 0.3
1 1
25,0 25.0
21 21
2 2

Spectrua Bandwidth (MHz) - *B"

(B=0,001+atbnc)

1



TYPE OF MOBILE SERVICE: Wireless Office Products _
Hetropolitan Area (Census Metropolitan Area - CMA)

FITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUK REGUIREMENTS

JOTAL POPULATION = 600,000
POPULATION DENSITY = 217.0
OTAL AREA (SQUARE KN) = 2,785.0
ROWTH OF MOBILE SERVICE = 30 % PER YEAR
SIC POTENTIAL JEMPLOYEES % ANNUAL  MAX % MARKET SUBSCRIBER 1986 1991 1998 2001
CODES USER GROUPS AS % OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
R/A  Adulls v 78.0 0.5 0.0 ¥ Adults 468,000 482,209  496,B50  S11,936
(15 years & over) ¥ Subscribers 0 0
Market Penetration 0.0% 0.0%
INDUSTRIES
001-099 Prisary 1.6 L1 0.0 % Eaployees 9,600 10,140 10,710 11,312
Industries ¥ Subscribers 0 0
Harket Penetration 0.0% 0.0%
101-399 Manufacturing 8.4 1.6 3.0 ¥ Esployees 30,400 34,963 59,070 63,949
Industry % Subscribers 861 3,197
Market Penetration 1.9% 3.0%
404-421 Construction 3.0 2.1 0.0 ¥ Eaployees 18,000 19,971 22,158 24,584
Industry % Subscribers 0 0
Market Penetration 0.0% 0,07
501-519 Transportation 2.1 2.3 0.0 ¥ Employees 12,600 14,117 15,817 17,722
Industry # Subscribers 0 0
Harket Penetration 0.0% 0.0%
543-579 Cossunications & 1.8 2.7 5.0 % Eaployees 10,800 12,339 14,097 16,106
Utilities § Subscribers 216 802
' Harket Penetration 1,5% 3.0%
£02-886 Service 19.4 4.4 “10.0 % Esployees 116,400 144,383 179,043 222,055
Industries % Subscribers 5,980 22,203
Market Penetration 3.3% 10,0%
GOVERNMENT
902-951 Governsent 4.5 2.7 " 10.0 ¥ Eaployees 27,000 30,847 35,243 40,264
Services # Subscribers 1,084 4,023
Harket Penetration o3 10,01
TOTALS # Adults & Esployees 712,800 768,550 832,988 907,929
3 Subscrihers(Users ' 8,141 30,227




FDRECASTS OF SUBSCRIBER GRONWTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE: Wireless Office Products

I".ITY/CENSUS AREA: Metropolitan Area (Census Metropolitan Area - CMA)
[0TAL POPULATION = 600,000
POPULATION DENSITY = 217.0
{OTAL AREA (SQUARE KN) = 2,765.0
iRONTH OF MOBILE SERVICE = 30 % PER YEAR
IiPECTRUH REQUIREMENT FORECASTS 1986 1991, 1996 2001
Cell Diaseter (metres) - *d" 30 30
jquare Cell Area (square kilometre) - "a* (a=0.3%d%d/1,000,000) 0.0003 0.0003
fraffic Load/user (Erlang) 0.03 0.035
Traffic Load/square kilosetre (Erlang) - *£* 0.15 0.33
Subscriber Density Factor - "Ds® 10,000 10,000
Ppak Traffic Load/square kiloaetre (Erlang) - "Ep* (Ep=E#Ds) 1472.2 3466.0
Traftic Load/cell (Erlang) - “Ec" (Ec=Ep*a) 0,66 2.46
Blocking Probability (%) - "Pb" : 0.3 0.3
ll Channels/cell {using Erlang B Foraula) - "a" 4 8
Effective Single Channel Bandwidth (kHz) - *b* 25,0 25.0
Effective Cell Cluster Size - "n" 21 21
II Frequencies/channel - *c* 2 2
Spectrua Bandwidth (MHz) - "B* (B=0.001ath#nic) 4 8



{YPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

«FUREChSTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

Wireless Office Products
Urban Area (Census Aggloseration - CA)

[OTAL POPULATION = 36,000
POPULATION DENSITY = 223.1
TOTAL AREA (SQUARE KN) = 161.4
JRONTH OF MOBILE SERVICE = 30 X PER YEAR
§IC POTENTIAL $EMPLOYEES X ANNUAL  MAX Y% MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS - AS X OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
' POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 75.9 0.6 0.0 # Adults 27,288 28,117 28,970 23,850
(15 years & over) § Subscribers 0 0
Market Penetration 0.0% 0.0%
INDUSTRIES
001-099 Prisary 3.7 1.1 0.0 § Eaployees 1,332 1,407 1,496 1,370
Industries § Subscribers 0 0
Harket Penetration 0.0% 0.01
101-399 Manufacturing 8.5 1.6 5.0 ¥ Esployees 2,060 3,313 3,586 3,883
Industry % Subscribers 92 193
Harket Penstration 1.4% 5.0%
404~421 Construction 2.7 2.1 0.0 § Esployees 972" 1,078 1,197 1,328
Industry ’ % Subscribers 0 0
Market Penetration 0.07 . 0.0%
. 301-519 Transportation 2.0 2.3 0.0 § Eaployees 720 807 304 1,012
Industry ‘ § Subscribers - 0 0
Market Penetration 0.01 0.0%
543-579 Comaunications & 1.4 2.7 5.0 # Eaployees 504 576 658 752
Utilities # Subscribers : 1 38
Market Penetration 1,71 3. 0%
602-886 Service 16.0 4.4 10,0 ¥ Esployees 3,760 7,144 8,869 10,988
Industries ¥ Subscribers 2%6 {,099
Market Penetration 3.3 10.0%
GOVERNNENT
902-95{ Governament 35 2.7 10.0 ¥ Eaployees 1,260 1,440 1,643 1,879
Services ¥ Subscribers 31 - 188 _
Market Penetration 3.1 10.9%
T0TALS # Adults & Eaployees 40,896 43,880 47,305 51,261
¥ Subscribers/Users 410 1,517




FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

'YPE OF MOBILE SERVICE: Mobile Data

-ITY/CENSUS AREA:

"om POPULATION = 600,000
'OPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KM) = 2,765.0

"%ROHTH OF NOBILE SERVICE = 30 % PER YEAR

Metropolitan Area (Census Metropolitan Area - CNA)

.SPECTRUH REQUIREMENT FORECASTS 1986 1991 1996 2001
ell Diameter (metres) - “d" 25,000 25,000 25,000
Circular Cell Area (square kilosetre) - "a* (a=0.78%d#d/1,000,000) 487.3 487.5 487.5

l'.'raffic Load/user (Erlang) 0.003 0.005 0,003
fraffic Load/square kilosetre (Erlang) - "E® 0.002 0.006 0.013
Subscriber Density Factor - *Ds* 5.0 3.0 3.0
Peak Traffic Load/square kilometre (Erlang) - *Ep" (Ep=EiDs) 0.011 0.028 0.064
Iraffic Load/cell (Erlang) - "Ec" {(Ec=Ep#a) 5.3 13.7 3.1
Aaximua Traffic Capacity/cell (Erlang) - "T¢" 1.0 1.0 1.0
# Channels/cel]l (based on Erlang B Formula) - "a*  (a=Ec/Tc) b] 14 31

liffective Single Channel Bandwidth (kHz} - *b" 25.0 12.5 12.5
zffective Cell Cluster Size - "n" 7 7 7
§ Frequencies/channel - "¢* 2 2 2
Spectrum Bandwidth (MHz) - "B* (B=0.001tath#ntc) 1.9 2.4 5.4



YPE OF MOBILE SERVICE: = Mobile Data
~ITY/CENSUS AREA:

' FORECASTS OF SUBSCRIBER GRONTH AND.SPECTRUM.REQUIREMENTS

Urban Area (Census Agglomeration ~ CA)

‘OTAL POPULATION = 36,000
OPULATION DENSITY = 223.1
TOTAL AREA (SQUARE KM) = 161.4 ,
GROWTH OF MOBILE SERVICE = .30 1 PER YEAR
SIC POTENTIAL $EMPLOYEES % ANNUAL  MAX % MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER 6ROUPS AS % OF GROWTH OF PENETRATION OF GROMTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 73,8 0.6 =000, Adults e 27,288, 28,117 28,970 29,850
(15 years & aver) % 4§ Subscribers - : i 0 0 0
' Market Penetration - 0.0% 0.0% 0.0%
INDUSTRIES
001-099 Primary 3.7 1.1 0.0 ¥ Eaployees 1,332 1,407 1,486 1,570
Industries $ Subscribers 0 0 0
Market Penetration. 0.0% 0.0% 0.0%
101-399 Manufacturing 8.5 1.6 0.0 ¥ Eaployees 3,060 3,313 3,386 3,883
Industry # Subscribers : 0 0 0
Market Penetration 0.0% 0.0% 0.0%
404-421 Construction 2.7 2.1 0.0 § Eaployees 972 1,078 1,197 1,328
" Industry $ Subscribers 0 0 0
Market Penetration 0.0% 0.0% 0.01
301-519 Transportation 2.0 2.3 23,0 ¥ Esployees | 720 807 904 1,013
Industry ' % Subscribers 23 83 233
Market Penetration 2.91 9.41% 25.0%
543-579. .Comaunications & 1.4 2.7 -0.0 ¥ Esplayees 504 576 638 732
Utilities : ¥ ¥ Subscribers 0 0 0
' " Market Penetration - 0.0% 0.0% 0.0%
602-886 Service 16.0 4.4 3.0 ¥ Employees 3,760 7,144 8,860 10,988
Industries $ Subscribers 29 108 400
Market Penetration 0.4% 1.2% 3.6%
GOVERNMENT
902-95!1 Gavernaent .5 2.7 5.0 % Esployees 1,260 1,440 1,645 1,879
Services ~ # Subscribers 49 82 94
Marke} Penetraﬁion 3. 4% 5.0% 3.0%
TOTALS ¥ Adults & Eaployeses 40,89% 43,880 47,305 51,261
$ Subscribers/Users 101 275 747




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

{YPE OF MOBILE SERVICE: Wireless Dffice Products

'

CITY/CENSUS AREA: Urban Area (Census Agglomeration - CA)

— 'OTAL POPULATION = 36,000
POPULATION DENSITY = 223.1

I'OTAL AREA (SQUARE K) = 161.4
RONTH OF MOBILE SERVICE = 30 % PER YEAR

l iPECTRUN REQUIREMENT FORECASTS 1986 1991 1996 2001
Cell Diameter (metres) - *g" 30 30

I iquare Cell Area (square kilometre) - "a° (a=0, ¢d+#d/1,000,000) 0.0005 0,0003
fraffic Load/user (Erlang) 0.05 0.05
Traffic Load/square kiloaetre (Erlang) - *E" 0.13 0.47

l&‘ubscriher Density Factor - "Ds" 500 500
Peak Traffic Load/square kilometre (Erlang) - *Ep" (Ep=E#Ds) 3.5 235.1
fraffic Load/cell (Erlang) - "Ec" (Ec=Ep¥a) 0.03 0.11
Blocking Probability (%) - *Pb* 0.5 0.9
I Channels/cell (using Erlang B Foraula) - "a* 2 3
Effective Single Channel Bandwidth (kHz) - *b* 25.0 25.0
Effective Cell Cluster Size - "n" 21 21
t frequencies/channel - *c* 2 2
Spectrua Bandvidth (MHz) - *B" (B=0.001 tasbin#c) 2 3



FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE: Wireless Office Products

CITY/CENSUS AREA: Rural Area
~ fO0TAL POPULATION = 600,000
POPULATION DENSITY = 3.4
TOTAL AREA (SQUARE KM) =  176,470.5
JRONTH OF MOBILE SERVICE = 30 % PER YEAR
SIC POTENTIAL $EMPLOYEES % ANNUAL  MAX % MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS % OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 74,8 0.6 0.0 # Adults 447,600 461,190 475,193 489,621
(15 years & over) § Subscribers 0 0
Narket Penetration 0.0% 0.0%
INDUSTRIES
001-099 Primary 10.2 1.1 0.0 ¥ Eaployees 61,200 64,641 68,275‘ 72,114
Industries § Subscribers 0 0
 Market Penetration 0.0% 0.0%
101-359 Manufacturing 6.4 | 1.6 5.0 % Eaployees 38,400 41,572 45,006 48,723
Industry’ # Subscribers ‘ 656 2,43%
Market Penetration 1.3% 5.0%
404-421 Construction 3.0 2.1 0.0 ¥ Employees 18,000 19,971 22,138 24,584
Industry § Subscribers o0 0
Market Penetration 0.0% 0.0%
501-319 Transportation 2.2 2.3 0.0 ¥ Eaployees 12,200 14,789 16,570 18,568
Industry ‘ $ Subscribers 0 0
. Market Penetration 0.0% 0.0%
943-5379 Comsupications & 1.0 2.7 5.0 ¥ Esployees &,000 6,853 7,832 8,948
Utilities ¥ Subscribers 120 446
Market Penetration 1,52 3.0%
£02-886 Service 12,0 4.4 10.0 § Eaployees 72,000 89,297 110,748 137,354
Industries # Subscribers 3,699 13,734
Market Penetration 3.3 10,0
GOVERNMENT
902-951 Governaent ‘ 3.4 2.7 10,0 % Esployees . 20,400 A 23,307 26,628 30,422
’ Services ¥ Subscribers 819 3,041
Narket Penetration 3.1 10,01
TOTALS # Adults & Eaployees 676,800 721,622 772,410 830,331
¥ Subscribers/Users 5,294 19,656




TYPE OF MOBILE SERVICE:
"TY/CENSUS AREA:

Wireless Office Products
Rural Area

TOTAL POPULATION = 600,000
OPULATION DENSITY = 3.4
ITAL AREA (SQUARE kM) =  176,470.6
«.ONTH OF MOBILE SERVICE = 30 ¥ PER YEAR

'ECTRUN RERQUIREMENT FORECASTS

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REBUIREMENTS

l 1986 1991 1996 2001
l"&ll Diameter (metres) - “d° 30 30
juare Cell Area (square kilosetre) - "a* (a=0,5%d#d/1,000,000) 0.0005 0.0003
sraffic Load/user (Erlang) 0.05 0.03
Traffic Load/square kilosetre (Erlang) - "E" 0. 001 0.006
I tbscriber Density Factor - “Ds* 1.0 1.0
" 2ak Traffic Load/square kilometre (Erlang) - “Ep* (Ep=E#Ds) 0.001 0.006
Traffic Load/cell (Erlang) - “Ec" (Ec=Ep#a) 0.000001  0.000003
l“\ocking Probability (1) - "Pb* 0.5 0.5
Channels/cell (using Erlang B Formula) - "s* 1 1
Effective Single Channel Bandwidth (kH2) - *b* 25.0 25.0
Effective Cell Cluster Size - "n" 2 24
l Frequencies/channel - "¢* 2 2.

Spectrus Bandwidth (NH:2) - "B* (8=0,001¢sb ¥ntc)

1

1



TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

‘Tvo-May Radio Dispatch
Netropolitan Area (Census Metropolitan Area - CHA)

TOTAL POPULATION = 600,000
POPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KM) = 2,765.0
GROMTH OF MDBILE SERVICE = ‘20 1 PER YEAR
S1C POTENTIAL © BENPLOYEES 1 ANNUAL  MAX T MARKET SUBSCRIBER 1986 1991 - 1996 2001
CODES USER GROUPS AS 1 OF  GRONTH OF PENETRATION OF GROMTH FDRECASTS
POPULATION USER GROUP NMOBILE SERVICE
CONSUMERS
N/A  Adults 78.0 0.6 0.0 # Adults 468,000 482,209 .496,850 511,936
(15 years & over) 4 Subscribers -0 0 0
Market Penetration 0.0% 0.01 0,01
INDUSTRIES
001-099 Prisary 1.6 1.1 10.0 # Esployees 9,600 10,140 10,710 11,312
Iridustries 4 Subscribers 162 403 1,003
Harket Penetration 1.6 3.81 8.91
101-399 Manufacturing 8.4 1.6 25.0 4 Elpléyées 50,400v 94,3563 59,070 63,949
Industry # Subscribers ‘ 3,245 8,075 15,987
Market Penetration 5.91 13.71 25,07
404-421 Construction 3.0 2.1 25.0 # Eaployees 18,000 19,9711 22,158 24,584
' Industry § Subscribers 1,642 4,086 6,146
Market Penetration 8.2%. 18.4% 25,01
501-519 Transportation 2.1 2.3 50,0 # Eaployees 12,600 14,117 15,817 17,722
Industry # Subscribers 2,035 5,064 8,861
Market Penetration 14,47 32,01 50,07
543-579 Comasunications & 1.8 2.7 50.0 # Eaployees 10,800 12,339 14,097 16,106
Utilities § Subscribers 765 1,904 4,737
Market Penetration 6.2% 13.5% 29.41
602-886 Service 19.4 4.4 10.0 & Eaployees 116,400 144,363 179,043 . 222,055
Industries # Subscribers : 1,610 4,006 9,969
Narket Penetration 112 2,21 4.5%
GOVERNMENT
902-951 Governaent 4.5 2.7 50.0 # Eaployees 27,000 30,847 35,243 40,264
Services # Subscribers - 8,431 17,621 20,132
Harket Penetration 27.31 50,01 50.0%
TOTALS & Adults & Eaployees 712,800 768,550 832,988 - 907,928
§ Subscribers/Users ' 17,890 41,158 66,835
Subscriber Distribution - Non-trunked Systeas (25 kHz spacing) 95.0 26.0 0.0
- Non-trunked Systeas (12,5 kHz spacing) 0.0 44.0 60.0
- Trunked Systeas (25 kHz spacing) 5.0 30.0 40.0




TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUN REQUIREMENTS

Tvo-Way Radio Dispatch

Urban Area (Census Agglomeration - CA)

TOTAL POPULATION = 36,000
POPULATION DENSITY = 223.1
TOTAL AREA (SQUARE kM) = 16,4
GROWTH OF NOBILE SERVICE = 20 1 PER YEAR
SIC POTENTIAL $EMPLOYEES % ANNUAL  NAY 1 NARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS 1 OF  GROWNTH OF PENETRATION OF GRONTH FORECASTS
POPULATION USER GROUP NOBILE SERVICE
CONSUNERS
N/A  Adults 73.8 0.6 0.0 § Adults 27,288 28,117 28,970 29,850
(13 years & over) § Subscribers 0 0 0
Market Penetration 0.0 0.0% 0.01
INDUSTRIES
001-099 Primary 3.7 1.1 10.0 ¥ Eaployees . 1,332 1,407 1,486 1,570
Industries § Subscribers 40 100 157
Narket Penetration 2.81 6.71 10.01
101-339 Manufacturing 8.3 1.6 23.0 § Eaployees 3,060 3,313 3,586 3,883
Industry # Subscribers 15t 376 9335
Market Penetration 4.61 10,51 24,11
404-421 Construction 2.7 2.1 25.0 § Eaployees 972 1,078 1,197 1,328
Industry § Subscribers 65 162 332
Narket Penetration 6.0 13,51 25.01
301-319 Transportation 2,0 2.3 50.0 & Eaployees 720 807 904 1,013
Industry § Subscribers 228 452 306
Market Penetration 28.31 50,01 30,01
943-579 Communications & 1.4 2.7 50,0 ¥ Eaployees 504 376 638 752
Utilities § Subscribers 134 N 376
Market Penetration 23.31 30,01 30,01
602-886 Service 16,0 4.4 10.0 § Eaployees 3,760 7,144 9,860 10,904
Industries # Subscribers 286 2 1,099
Market Penetration 4,01 8.01 10.01
GOVERNNENT
902-931 Governsent 3.9 2.7 50.0 § Eaployees 1,260 1,440 1,643 1,879
Services § Subscribers ’ 430 822 940
Narket Penetration 34,01 30.01 30,01
TOTALS § Adults & Eaployees 40,836 43,880 47,305 51,261
§ Subscribers/Users 1,394 2,952 4,344
Subscriber Distribution - Non-trunked Systeas (25 kHz spacing) 95.0 26.0 0.0
- Non-trunked Systess (12.5 kHz spacing) 0.0 44.0 60.0
3.0 30.0 40.0

- Trunked Systeas (23 kHz spacing)




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE: Two-Way Radio Dispatch
CITY/CENSUS AREA:

Urban Area (Census Agglomeration - CA)

1986

SPECTRUM REQUIREMENT FORECASTS - Non-trunked Systess (25 kHz spacing) 1991 1996 2001
Cell Diameter (metres) - "d" 25,000 25,000 25,000
Circular Cell Area (square kiloaetre) - *3* (a=0.78¢d#d/1,000,000) 487.50 487,50 487,50
Traffic Load/user (Erlang) 0.005 0.005 0.005
Traffic Load/square kilometre (Erlang) - "E* 0.04 0.02 0.00
Subscriber Density Factor - *Ds* 2.0 2,0 2.0
Peak Traffic Load/square kilometre (Erlang) - “Ep® (Ep=E#Ds) 0.08 0.05 0.00
Traffic Load/cell (Erlang) - “Ec* (Ec=Epta) 40.90 23.2 0.0
Maxinum Traffic Capacity/cell (Erlang) - *Tc¢* 0.25 0.25 0.25
§ Channels/cell (based on Erlang B Foraula) - "s*  (a=Ec/Tc) 160 3 0
Effective Single Channel Bandwidth (kHz) - *b" - 25,0 25.0 25.0
Effective Cell Cluster Size - "p° 7 7 7
§ Frequencies/channel - "c* 2 2 2
Spectrua Bandvidth (MHz) - *B* (B=0.001+atbén#c) 36.0 32,5 0.0
SPECTRUM REQUIREMENT FORECASTS - Non-trunked Systeas (12,5 kHz spacing) ‘ - 1986 1991 199 2001
Cell Diameter (metres) - *4° . 25,000 25,000 25,000
Circular Cell Area (square kilometre) - *a* (a=0.78#d#d/1,000,000) 487,50 487.50 487,50
Traffic Load/user (Erlang) 0.005 0.005 0.005
Traffic Load/square kilosetre (Erlang) - °E* 0.00 0,04 0.08
Subscriber Density Factor - *Ds® ’ 2.0 2,0 2.0
Peak Traffic Load/square kilometre (Erlang) - “Ep* (Ep=E#Ds) 0.00 0.08 0.16
Traffic Load/cell (Erlang) - “Ec* (Ec=Ep¢a) 0.0 39.2 78.7
Maxisus Traffic Capacity/cell (Erlang) - "Tc* 0.25 0.25 0.25
. 4 Channels/cell (based on Erlang B Foraula) - *a*  (m=Ec/T¢) 0 157 35
Effective Single Channel Bandvidth (kHz) - *b* . 12,5 12,5 12,5
Effective Cell Cluster Size - "n* 7 7 1
4 Frequencies/channel - *c* 2 2 2
Spectrua Bandvidth (NHz) - *B* (B=0,001¢atbensc) 0.0 21.5 59.1
SPECTRUM REQUIREMENT FORECASTS - Trunked Systeas (25 kHz spacing) 1986 1991 1996 2001
Cell Diaaeter (setres) - *d* 25,000 25,000 25,000
Circular Cell Area (square kiloaetre) - "a* (a=0,78%d#d/1,000,000) 487,50 487,50 487,50
Traffic Load/user (Erlang) , 0,003 0.005 0.005
Traffic Load/square kilometre (Erlang) - *E* 0.00 0.03 0,05
Subscriber Density Factor - *Ds* 2.0 2.0 2.0
Peak Traffic Load/square kilosetre (Erlang) - "Ep* (Ep=EtDs) 0.00 0,05 0.11
Traffic Load/cell (Erlang) - “Ec" (Ec=Epta) 2.4 2.8 52.5
Maxiaua Traffic Capacity/cell (Erlang) - "Tc* 0.75 0.75 0.75
§ Channels/cell (based on Erlang B Foraula) - "a*  (a=Ec/Tc) 3 36 70
Effective Single Channel Bandwidth (kHz) - *b" ' 25.0 25.0 25.0
Effective Cell Cluster Size - *n® 7 7 7
# Frequencies/channel - *¢c* 2 2 2
Spectrus Bandwidth (MHz) - "B* (B=0.001#atb¥nic) 1.0 12.5 24.5
Total Spectrua Bandwidth (MHz) 57.0 72.4 79.6




TYPE OF MOBILE SERVICE:

FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM RERUIREMENTS

Tvo-Nay Radio Dispatch

CITY/CENSUS AREA: Rural Area
TOTAL POPULATION = 600,000
POPULATION DENSITY = 3.4
TOTAL AREA (SQUARE XM) = 176,470.6
GRONTH OF MOBILE SERVICE = 20 % PER YEAR
SIC POTENTIAL §ENPLOYEES X ANNUAL  NAX X MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER 6ROUPS AS X OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 74,6 0.6 0.0 # Adults 447,600 461,190 475,193 489,62t
(13 years & over) # Subscribers 0 0 0
Narket Penetration 0.01 0.02 0.0
INDUSTRIES
001-099 Prismary 10.2 1.1 10.0 § Esployees 61,200 64,641 68,273 12,114
Industries § Subscribers 162 403 1,003
Narket Penetration 0.31 0.61 1.41
101-399 Manufacturing 8.4 1.6 25.0 § Eaployees 38,400 41,572 45,006 48,723
Industry 4 Subscribers 3,243 8,073 12,181
Market Penetration 7.8 17.91 25.01
404-421 Construction 3.0 2.1 25.0 ¥ Eaployees 18,000 19,97t 22,158 24,584
Industry § Subscribers 1,042 4,086 6,146
Market Penetration 8.21 18,41 25.01
501-519 Transportation 2.2 2.3 50.0 # Esployees 13,200 14,789 16,570 18,566
Industry § Subscribers 2,035 3,064 9,283
Market Penetration 13.8% 30.62 50.01
543-579 Comaunications & 1.0 2.7 50.0 & Eaployees 6,000 6,855 7,832 8,948
Utilities $ Subscribers 763 1,904 4,474
Market Penetration 11.21 24,31 50.0%
£02-886 Service 12.0 4.4 10.0 & Eaployees 72,000 89,297 110,748 137,354
Industries # Subscribers 1,610 4,006 9,969
Market Penetration 1.81 3.61 1.31
GOVERNMENT
902-951 Governaent 3.4 2.7 30.0 # Employees 20,400 23,307 26,628 30,422
Services 4 Subscribers 8,431 13,314 15,211
Market Penetration 36.21 50.01 50.01
TOTALS & Adults & Esployees 676,800 721,622 772,410 830,331
§ Subscribers/Users 17,890 36,851 58,266
Subscriber Distribution - Non-trunked Systess (25 kHz spacing) 95.0 26.0 0.0
- Non-trunked Systeas (12.5 kHz spacing) 0.0 44,0 60.0
5.0 30.0 40.0

~ Trunked Systeas (25 kHz spacing)




FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE: Two-Way Radio Dispatch
CITY/CENSUS AREA: Rural Area

SPECTRUM REQUIREMENT FORECASTS - Non-trunked Systess (25 kHz spacing)

1986 1991 199 2001
Cell Diameter (setres) - *g* 40,000 40,000 40,000
Circular Cell Area (square kilosetre) - *3" (a=0.78%d#d/1,000,000) 1248.0 1248.0 1248.0
Traffic Load/user (Erlang) 0.003 0.005 0.005
Traffic Load/square kilosetre (Erlang) - “E° - 0,0005  0,0003 0.0000
Subscriber Density Factor - *Ds* : 10 1.0 1.0
Peak Traffic Load/square kilosetre (Eriang) - "Ep* (Ep=EsDs) 0.0005 0.0003 0.0000
Traffic Load/cell (Erlang) - “*Ec* ] (Ec=Ep¥a) 0.6 0.3 0.0 -
Maxisus Traffic Capacity/cell (Erlang) - *Tc* 0.25 0,25 0.25
§ Channels/cell (based on Erlang B Formula) - "a"  (a=Ec/Tc) 2 1 0
Effective Single Channel Bandvidth (kHz) - "b" 25.0 25.0 25.0
Effective Cell Cluster Size - *n* ) 7 7
{ Frequencies/channel - °c* 2 2 2
Spectrus Bandvidth (MHz) - *B* (B=0.001 #atbinic) 0.8 0.3 0.0
SPECTRUM REQUIREMENT FORECASTS - Non-trunked Systems (12.5 kHz spacing) 1986 1991 1996 200t
Cell Diameter (setres) - *¢* 40,000 40,000 40,000
Circular Cell Area (square kilometre) - *3° (a=0,78%d#d/1,000,000) 1248.0 1248.0 1248.0
Traffic Load/user (Erlang) 0.005 . 0.005 0.005
Traffic Load/square kilometre (Erlang) - “€* 0.0000 0.0005 0.001
Subscriber Density Factor - *Ds” 1.0 1.0 1.0
Peak Traffic Load/square kilosetre (Erlang) - "Ep* (Ep=EDs) 0.0000 0.0005 0.001
Traffic Load/cell (Erlang) - “Ec* (Ec=Epta) 0.0 0.6 1.2
Maxisus Traffic Capacity/cell (Erlang) - *Tc* 0.25 0.25 0.25
¥ Channels/cell (based on Erlang B Foraula) - "a"  (a=Ec/Tc) 0 2 5
Effective Single Channel Bandvidth (kHz) - *b* ' 12.5 12.5 12,3
Effective Cell Cluster Size - "n* 7 7 7
{ Frequencies/channel - *¢* 2 2 2
Spectrus Bandvidth (MHz) - *B* (B=0.001#atb#nic) 0.0 0.4 0.9
- SPECTRUM REQUIREMENT FORECASTS - Trunked Systess (25 kHz spacing) 1986 1991 o199 . 2001
Cell Diameter (setres) - "¢* , 40,000 40,000 40,000
Circular Cell Area (square kilosetre) - "a* (a=0,78%d#d/1,000,000) 1248.0 1248.0 1248,0
Traffic Load/user (Erlang) . 0,005 0.003 0.005
Traffic Load/square kilosetre (Erlang) - "E® 0.00003  0.00031  0.00066
Subscriber Density Factor ~ *Ds* Lo 1.0 1.0
Peak Traffic Load/square kilosmetre (Erlang) - "Ep* (Ep=EdDs) 0.00003  0.00031  0.00066
Traffic Load/cell (Erlang) - ®Ec" (Ec=Ep#a) . 0.03 0.39 0.82
Maxisus Traffic Capacity/cell (Erlang) - °Tc" 0.75 0.75 0.73
§ Channels/cell (based on Erlang B Forsula) - "a"  (a=Ec/Tc) 0 1 !
Effective Single Channel Bandvidth (kHz) - *b* 25.0 2.0 25.0
Effective Cell Cluster Size - *n* 7 7 7
§ Frequencies/channel - *¢* 2 2 2
Spectrus Bandwidth (MHz) - "B* (B=0.0012atbin#c) 0.0 0.2 0.4
Total Spectrus Bandvidth (MHz) 0.9 1.1 1.2




TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

Tvo-Nay Radio Dispatch (Delayed Technology Transition)
Metropolitan Area (Census Metropolitan Area - CMA)

TOTAL POPULATION = 600,000
POPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KM) = 2,765.0
GRONTH OF MOBILE SERVICE = 20 1 PER YEAR
51C POTENTIAL $EMPLOYEES % ANNUAL  MAX X MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS X OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
PGPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 78,0 0.6 0.0 # Adults 468,000 482,203 496,850 511,936
(15 years & over) # Subscribers 0 0 0
Market Penetration 0.0% 0.0% 0.0%
INDUSTRIES
001-099 Primary 1.6 1.1 10.0 # Eaployees 9,600 10,140 10,710 11,312
Industries § Subscribers 162 403 1,003
Market Penetration 1.6 3.8x 8.9%
101-399 Manufacturing 8.4 1.6 25.0 # Eaployees 30, 400 94,563 59,070 63,949
Industry § Subscribers 3,243 8,073 15,9687
Market Penetration 3,91 13.7% 25.0%
404-421 Construction 3.0 2.1 25.0 & Eaployees 18,000 19,971 22,138 24,584
Industry # Subscribers 1,642 4,086 6,146
Market Penetration 8.2% 18,4 25.0%
501-519 Transportation 2.1 2.3 50.0 # Eaployees 12,600 14,117 15,817 17,722
Industry # Subscribers 2,035 5,064 8,861
Market Penetration 14,41 - 32.0% 30.0%
543-579 Comaunications & 1.8 2.1 50.0 # Eaployees 10,800 12,339 14,097 16,106
Utilities # Subscribers 763 1,904 4,737
Market Penetration 8.2% 13.51 29.41
602-886 Service 19.4 4.4 10.0 # Eaployees 116,400 144,363 179,043 222,055
Industries _# Subscribers 1,610 4,006 9,969
Market Penetration 1.11 .2% 4.5
GOVERNMENT
902-951 Governaent 4.5 2.7 50.0 # Esployees 27,000 30,847 35,243 40,264
Services # Subscribers 8,431 17,621 20,132
Market Penetration 27.3% 50, 0% + 30.0%
TOTALS # Adults & Esployees 712,800 768,550 832,988 907,928
§ Subscribers/Users 17,850 41,138 66,833
Subscriber Distribution - Non-trunked Systeas (25 kHz spacing) 100.0 93,0 26.0
- Non-trunked Systeas (12,5 kHz spacing) * 0.0 0.0 44.0
- Trunked Systeas (23 kHz spacing) 0.0 3.0 30.0




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE:  Two-Way Radio Dispatch (Delayed Technology Transition)
Ketropolitan Area (Census Metropolitan Area - CMA)

CITY/CENSUS AREA:

1986 | 1991

SPECTRUM REQUIREMENT FORECASTS - Non-trunked Systems (25 kHz spacing) 1996 2001
Cell Diameter (metres) - °d* .25,000 25,000 25,000
Circular Cell Area (square kilometre) - "a* (a=0.78¢d#d/1,000,000) - 487,50 487,50 487.50
Traffic Load/user (Erlang) 0.005 0.003 0.005
Traffic Load/square kilometre (Erlang) - "E* 0.03 0.07 0.03
Subscriber Density Factor - "Ds" 5.0 5.0 5.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E#Ds) 0.16 0.33 0.16
Traffic Load/cell (Erlang) - "Ec* (Ec=Epta) 78.9 172.3 76.6
Maxisum Traffic Capacity/cell (Erlang) - *Tc* : 0.25 0.25 0.25
§ Channels/cell (based on Erlang B Formula) - *a*  (=Ec/T¢) s 689 306
" Effective Single Channel Bandwidth (kHz) - *b* 25.0 25.0 25.0
Effective Cell Cluster Size - *n* 7 7 7
# Frequencies/channel - *c* 2 2 2
Spectrua Bandvidth (KHz) - "B* (B=0.001 tasb¥nic) 110.4 241.3 107.2

SPECTRUM REQUIREMENT FORECASTS - Non-trunked Systems (12.5 kHz spacing) 1986 . 199 1996 2001
Cell Diameter (metres) - *d* 25,000 25,000 25,000
Circular Cell Area (square kilometre) - "a* (a=0.78¢d#d/1,000,000) 487.50 487,50 487.50
Traffic Load/user (Erlang) : 0.005 . 0,005 0,005
Traffic Load/square kilometre (Erlang) - “E* 0.00 0.00 0.03
Subscriber Density Factor - "Ds* 5.0 5.0 5.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=EtDs) 0.00 0.00 0.27
Traffic Load/cell (Erlang) - "Ec" (Ec=Ep#a) 0.0 0.0 129.6
Maximum Traffic Capacity/cell (Erlang) - *Tc* 0.25 0.25 0.23
$ Channels/cell (based on Erlang B Formula) - °*a"  (m=Ec/Tc¢) 0 0 518
Effective Single Channel Bandvidth (kHz) - *b* - 12.5 12,5 12.5
Effective Cell Cluster Size - *n" 7 7 7
§ Frequencies/channel - "c". 2 2 2
Spectrum Bandwidth (MHz) - “B* (B=0.001 #nkb#n¥c) 0.0 0.0 90.7

'SPECTRUM REQUIREMENT FORECASTS - Trunked Systems (25 kHz spacing) 1986 1991 1996 2001
Cell Diameter (metres) - *d° , 25,000 25,000 25,000
Circular Cell Area (square kilometre) - "a* (a=0.78¢d#d/1,000,000) 487,50 487.50 487.50
Traffic Load/user {(Erlang) ) : 0.005 0,005 0.0035
Traffic Load/square kilosetre (Erlang) - “E* 0. 000 0,004’ 0,036
Subscriber Density Factor - "Ds* 5.0 5.0 5.0
Peak Traffic Load/square kilometre (Erlang) - "Ep" (Ep=EtDs) 0,00 0.02 0.18
Traffic Load/cell (Erlang) - “Ec*® (Ec=Ep#a) 0.0 9.1 88.4
Maximum Traffic Capacity/cell (Erlang) - *Tc* 0.75 - 0,73 0.75
# Channels/cell (based on Erlang B Formula) - *a*  (m=Ec/Tc) 0 12 - s
Effective Single Channel Bandvidth (kHz) - "b* 25.0 25.0 25.0
Effective Cell Cluster Size - "n* 7 7 7
§ Frequencies/channe] - "¢* 2 2 2
Spectrum Bandvidth (MHz) - "B* (B=0,00{ tm#b¥ntc) 0.0 4.2 41,2
Total Spectrum Bandwidth (MHz) 110.4 245.5 239.2




TYPE OF MOBILE SERVICE:
CITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUN REQUIREMENTS

Tvo-Way Radio Dispatch (Delayed Technology Transition)
Urban Area (Census Agglomeration - CA)

TOTAL POPULATION = 36,000
POPULATION DENSITY = 223.1
TOTAL AREA (SQUARE KN) = 161.4 :
GRONTH OF MOBILE SERVICE = 20 % PER YEAR
SIC POTENTIAL SEMPLOYEES X ANNUAL  MAX Y NARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS X OF  GRONTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP NOBILE SERVICE
CONSUNERS
N/A  Adults 73.8 0.6 0.0 § Adults 27,288 28,117 28,970 29,850
(15 years & over) 4 Subscribers 0 0 0
Market Penetration 0.0 0.0% 0.0%
INDUSTRIES
001-099 Primary 3.7 1.1 10.0 ¥ Eaployees 1,332 1,407 1,486 1,570
Industries § Subscribers 40 100 197
Narket Penetration 2.81 6.7% 10,0%
101-399 Manufacturing 8.3 1.6 23.0 & Eaployees 3,060 3,313 3,586 3,883
Industry 4 Subscribers 15t 37 935
Narket Penetration 4.61 10.5% 24. 1%
404-421 Construction 2.7 2.1 25.0 4 Employees 972 1,078 1,197 1,328
Industry § Subscribers 63 162 332
Narket Penetration 6.01 13.91 25.01
301-519 Transportation 2,0 2.3 50.0 & Esployees 720 807 904 1,013
Industry # Subscribers 228 452 306
Narket Penetration 28,31 50,02 50.01
343-379 Conuni-cations & 1.4 2.7 50.0 ¥ Esployees 304 376 638 152
Utilities § Subscribers 134 329 376
Market Penetration 23.31 30,02 30.0%
602-886 Service 16.0 4.4 10.0 # Eaployess 3,760 7,144 8,B60 10,988
Industries § Subscribers 286 712 1,099
Narket Penetration 4,01 8.0% 10.0%
GOVERNMENT
902-951 Government 3.3 2.7 30.0 # Employees 1,260 1,440 1,643 1,879
Services # Subscribers 430 822 940
Narket Penetration 34,01 30,02 50.01
TOTALS & Adults & Employees 40,89 43,880 47,3035 51,261
§ Subscribers/Users 1,394 2,952 4,344
Subscriber Distribution - Non-trunked Systeas (25 kHz spacing) 100.0 95.0 26.0
- Non-trunked Systess (12,5 kHz spacing) * 0.0 0.0 44.0
- Trunked Systems (25 kHz spacing) 0.0 5.0 30.0




FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE:  Two-Way Radio Dispatch (Delayed Technology Transition)

CITY/CENSUS AREA: Urban Area (Census Agglomeration - CA)
SPECTRUM REQUIREMENT FORECASTS ~ Non-trunked Systems (25 kHz spacing) 1986 1991 1996 2001
Cell Diameter (metres) - "d' 25,000 25,000 25,000
Circular Cell Area (square kilometre) - *a* (a=0.78+dd/1,000,000) 487.50 487,50 487,50
Traffic Load/user (Erlang) : ' ' ' 0.003 0.005 . 0.005
Traffic Load/square kilometre (Erlang) - *E" 0.04 0.09 0.03
Subscriber Density Factor - "Ds" 2.0 2.0 2.0
Peak Traffic Load/square kilometre (Erlang) - “Ep" (Ep=EtDs) 0.09 0.17 0.07
Traffic Load/cell (Erlang) - "Ec* (Ec=Epta) 42.1 84.7 3.1
Masiaua Traffic Capacity/cell (Erlang) - *Tc" 0.25 0.25 0.25
# Channels/cell (based on Erlang B Formula) - "a"  (a=Ec/T¢) 168 33 136
Effective Single Channel Bandvidth (kHz) - *b* ' 25.0 25.0 25,0
- Effective Cell Cluster Size - "n* 7 7 7
$ Frequencies/channel - *c" 2 2 2
Spectrus Bandvidth (MHz) - "B" . (B=0.001%stb#n¥c) 59.0 118.6 47.8
SPECTRUM REQUIREMENT FORECASTS - Non-trunked Systess (12.5 kHz spacing) 1986 1991 1996 2001
Cell Diameter (metres) - "d* : 25,000 25,000 25,000
Circular Cell Area (square kilometre) - *a* (a=0.78%d*d/1,000,000) 487.50 487.50 487,50
Traffic Load/user (Erlang) 0.003 0,003 0.003
Traffic Load/square kilometre (Erlang) - “E* 0.00 0.00 0,06
Subscriber Density Factor - "Ds” 2.0 2,0 2.0
Peak Traffic Load/square kilosetre (Erlang) - "Ep* (Ep=E#Ds) 0.00 0.00 0.12
Traffic Load/cell (Erlang) - "Ec* _ (Ec=Epta) 0.0 0.0 51.1
Maximum Traffic Capacity/cell (Erlang) - *Tc* ' 0.23 0.25 0,23
¥ Channels/cell (based on Erlang B Foraula) - *s"  (a=Ec/T¢) 0 0 231
Effective Single Channel Bandwidth (kHz) - *b* 12.5 12.5 12,5
Effective Cell Cluster Size - *n® 7 ) 7
# Frequencies/channel - *¢* 2 2 2
Spectrus Bandwidth (MHz) - “B* (B=0,001#a¥bnic) 0.0 0.0 40.4
SPECTRUM REQUIREMENT FORECASTS ~ Trunked Systess (25 kHz spacing) 1986 1991 1996 2001
Cell Diameter (metres) - *4* ~ ‘ 25,000 235,000 25,000
Circular Cell Area (square kilometre) - "a* (a=0.78sdd/1,000,000) 487.50 487.50 487,50
Traffic Load/user (Erlang) 0,005 0.005  0.003
Traffic Load/square kilosetre (Erlang) - °E* 0.00 0.00 0.04
Subscriber Density Factor ~ *Ds* 2.0 2.0 2.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E#ds) - 0.00 0.01 0,08
Traffic Load/cell (Erlang) - "Ec* (Ec=Ep#a) 0.0 4.5 39.4
Maxinus Traffic Capacity/cell (Erlang) - *Tc* - 0.75 0.75 0.75
§ Channels/cell (based on Erlang B Foraula) - "s"  (s=Ec/Tc) 0 6 32
Effective Single Channel Bandvidth (kHz) - "b* 25.0 25.0 25.0
Effective Cell Cluster Size - "n" 7. 7 7
# Frequencies/channel - *¢* o2 2 2
Spectrum Bandwidth (MHz) - *B* (B=0,001 #s¥bintc) 0.0 2.1 18.4
Total Spectrus Bandvidth (MHz) 59.0 120.7 106.6




TYPE OF MOBILE SERVICE:

FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

Tvo-Hay Radio Dispatch (Delayed Technology Transition)

CITY/CENSUS AREA: Rural Area
TOTAL PQPULATION = 600,000
POPULATION DENSITY = 3.4
TOTAL AREA (SQUARE KM) =  176,470.6
GRONTH OF MOBILE SERVICE = 20 % PER YEAR
SIC POTENTIAL RENPLOYEES % ANNUAL  MAX X MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS X OF  GROWTH OF PENETRATION OF GRONTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 74.6 0.6 0.0 # Adults 447,600 461,190 475,193 489,62t
(15 years & over) # Subscribers 0 0 0
Harket Penetration 0.01 0.0% 0.0X
INDUSTRIES
001-099 Primary 10.2 1.1 10.0 & Eaployees 61,200 64,641 68,275 72,114
Industries # Subscribers 162 403 1,003
Market Penetration 0.31 0.6% 1.41
101-399 Manufacturing 6.4 1.6 25.0 # Eaployees 38,400 41,572 45,006 48,723
Industry % Subscribers 3,243 8,075 12,181
Market Penetration 7.81 17.91 25,01
404-421 Construction 3.0 2.1 25,0 # Eaployees 18,000 19,971 22,158 24,984
Industry # Subscribers 1,642 4,086 6,146
Harket Penetration 8.21 18.41 25,01
501-519 Transportation 2.2 2.3 30.0 & Eaployees 13,200 14,789 16,3970 18,366
Industry § Subscribers 2,035 3,064 9,283
Market Penetration 13.81 30.62 30.0%
543-579 Comsunications & 1.0 2.7 30.0 # Eaployees 6,000 6,855 1,832 8,948
Utilities # Subscribers 765 1,904 4,474
Narket Penetration 11.2% 24,31 30.0%
602-886 Service 12,0 4.4 10.0 # Esployees 72,000 89,297 110,748 137,34
Industries § Subscribers 1,610 4,006 9,969
-Market Penetration i.8% 3.61 7.31
GOVERNMENT
902-951 Governaent 3.4 2.7 30.0 # Employees 20,400 23,307 26,628 30,422
Services # Subscribers 8,431 13,314 19,211
Market Penetration 36.2% 30.0% 30.01
TOTALS # Adults & Esployees 676,800 721,622 772,410 830,331
# Subscribers/Users 17,890 36,851 58,266
Subscriber Distribution - Non-trunked Systess (25 kHz spacing) 100.0 95.0 26.0
~ Non-trunked Systeas (12,95 kHz spacing) * 0.0 0.0 44,0
- Trunked Systess (23 kHz spacing) 0.0 3.0 30.0




FORECASTS OF SUBSCRIBER GRONWTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE:  Tvo-Way Radio Dispatch (Delayed Technology Tramsition)

CITY/CENSUS AREA: Rural Area

2001

SPECTRUM REQUIREMENT FORECASTS - Non-trunked Systeas (25 kHz spacing) 1986 1991 1996

Cell Diaseter (ametres) - “d* : 40,000 40,000 40,000
Circular Cell Area (square kilosetre) - ®a* (a=0.78%d+d/ 1,000,000} 1248.0  1248.0 1248.0
Traffic Load/user (Erlang) 0.005 0.005 0.005
Traffic Load/square kilometre (Evlang) - "E* 0.0005 0.0010 0.0004
Subscriber Density Factor - "Ds" 1.0 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - "Ep® (Ep=EsDs) . 0.0005  0.0010 0.0004
Traffic Load/cell (Erlang) - "Ec* (Ec=Ep#a) 0.6 1.2 0.5
Haxisua Traffic Capacity/cell (Erlang) - "Tc* 0.25 0.235 0.25
# Channels/cell (based on Erlang B Formula) - "a*  (a=Ec/Tc) 3 3 2
Effective Single Channel Bandvidth (kHz) - b 25,0 25.0 25,0
Effective Cell Cluster Size - *n*® 7 7 7
§ Frequencies/channel - *¢* 2 2 2
Spectrua Bandwidth (MHz) - *B* (B=0.001#asb#nsc) 0.9 1.7 0.7
SPECTRUM REQUIREMENT FORECASTS - Non-trunked Systeas (12.5 kHz spacing) 1986 1991 1996 2001
Cell Diaseter (metres) - *d" 40,000 40,000 40, 000
Circular Cell Area (square kilometre) - "a* (a=0.78#d#d/1,000,000) 1248.0 1248.0 1248.0
Traffic Load/user (Erlang) 0.005 0.003 . 0.005
Traffic Load/square kilosetre (Erlang) - "E* 0.0000 0.0000 0.001
Subscriber Density Factor - "Ds" 1.0 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - *Ep* (Ep=Esds) 0.0000 0.0000 0.001
Traffic Load/cell (Erlang) - "Ec* (Ec=Ep#a) 0.0 0.0 0.9
Maxisus Traffic Capacity/cell (Erlang) - "Tc* 0.25 0.25 0.23
# Channels/cell (based on Evlang B Foraula) - "a*  (a=Ec/Tc) 0 0 4
Effective Single Channel Bandwidth (kHz) - "b* 12.5 12,5 12.5
Effective Cell Cluster Size - °n* 7 7 7
$ Frequencies/channel - "¢* 2 2 2
Spectrum Bandvidth (MHz) - "B" (B=0.001%atb #nic) 0.0 0.0 0.6
SPECTRUH REQUIREMENT FORECASTS - Trunked Systems- (25 kHz spaclng) 1986 1991 1996 2001
Cell Diaseter (letres) - d" : 40,000 40,000 40, 000
Circular Cell Area (square kilometre) - "a° (a=0.78%d#d/1,000,000) - 1248.0 1248.0 1248.0
Traffic Load/user (Erlang) : 0.005 0.005 0. 005
Traffic Load/square kilosetre (Erlang) - "€* 0.00000  0.00005  0.00050
Subscriber Density Factor - *Ds® o 1.0 1.0 1.0
Peak Traffic Load/square kilosetre (Erlang) - "Ep" . (Ep=E#Ds) 0.00000:  0.00005  0.00050
Traffic Load/cell (Erlang) - "Ec* (Ec=Epta) - 0.00 0.07 0.62
Maxisus Traffic Capacity/cell (Erlang) - "Tc* 0.75 0.75 0.75
# Channels/cell (based on Erlang B Foraula) - "a*  (m=Ec/Tc) 0 ¢ !
Effective Single Channel Bandvidth (kHz) - *b* 25.0 25.0 25,0
Effective Cell Cluster Size - "n* 7 7 7
§ Frequencies/channel - "c* 2 2 2
Spectrus Bandwidth (MHz) - *B® (B=0.001#atb#ntc) - 0.0 0.0 0.3
Total Spectrua Bandvidth (MHz) 0.9 1.8 1.7




lYPE OF MOBILE SERVICE:
ITY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

Aeronautical Mobile
Metropolitan Area (Census Metropolitan Area - CMA)

lum POPULATION = §00,000
JPULATION DENSITY = 7.0
TOTAL AREA (SQUARE KM) = 2,763.0
lROHTH OF MOBILE SERVICE = 10 % PER YEAR
S1C POTENTIAL $EMPLOYEES % ANNUAL  MAX % MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS X OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
l POPULATION USER GROUP MOBILE SERVICE
CONSUNMERS
' Adults 78.0 0.6 1.0 ¥ Adults 468,000 482,209 496,850 511,936
(15 years & over) § Subscribers 3 8 13
I Market Penetration 0.0% 0.0% 0.0%
INDUSTRIES
l001 099 Primary 1.6 1.1 1.0 # Eaployees 9,600 10,140 10,710 11,312
Industries § Subscribers 7 i 18
Market Penetration 0.1% 0.1% 0.2%
l101-399 Ranufacturing 8.4 1.6 1,0 § Eaployees 30,400 54,3963 39,070 £3,949
Industry ¥ Subscribers : 11 18 29
l Harket Penetration 0.0 0.0% 0.0%
404-421 Construction 3.0 2.1 1.0 # Eaployees 18,000 19,971 22,158 24,984
Industry # Subscribers 20 32 52
' Market Penetration 0.1 0.1% 0.2%
901-519 Transportation 2.1 2.3 10.0 # Eaployees 12,600 14,117 1§,817 17,722
Industry # Subscribers 34 570 918
Harket Penetration 2,51 3.6% 3.2
543-579 Communications & 1.8 .7 1,0 ¥ Eaployees 10,800 12,339 14,097 16,106
l Utilities # Subscribers | 2 3
Harket Penetration 0.0% 0.0% 0.0%
l502 -886 Service 19.4 4.4 1.0 # Eaployees 116,400 144,363 179,043 222,085
Industries # Subscribers 35 89 143
Market Penetration 0.0% 0.,0% 0.1%
l GOVERNMENT
902-951 Governaent 4.5 2.7 1.0 ¥ Eaployees 27,000 30,847 35,243 40,264
. Services § Subscribers 9 14 2
Market Penetration 0.0% 0.0% 0.1%
'TUTALS ¥ Adults & Eamployees 712,800 768,350 832,988 907,928
§ Subscribers/Users 462 744 1,198



FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

'YPE OF MOBILE SERVICE: Aeronautical Mobile

-ITY/CENSUS AREA: Metropolitan Area (Census Metropolitan Area - CHA)
“OTAL POPULATION = 600,000
OPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KM) = 2,765.0
RROWTH OF MOBILE SERVICE = 10 % PER YEAR
SPECTRUM REQUIREMENT FORECASTS 1986 - 1991 1996 2001
ell Diameter (metres) - *d* . _ 100,000 100,000 100,000
Circular Cell Area (square kiloaetre) - "a* (a=0,78%d%d/1,000,000) 7800,00  7800.00  7800.00
Traffic Load/user (Erlang) ‘ 0.0025 0.0025 0, 0025
‘raffic Load/square kilosetre (Erlang) - "E° . o ' 0.0004 0.0007 0.0011t
Subscriber Density Factor - *Ds" 0,40 0.40 0.40
Peak Traffic Load/square kilosetre (Erlang) - "Ep" (EpsExDs) 0, 0002 0.0003 0.0004
‘raffic Load/cell (Erlang) - “"Ec” (Ec=Ep#a) 1.3 2.1 3.4
faxisua Traffic Capacity/cell (Erlang) - "Tc" ' 0.1 0.1 0.1
$ Channels/cell (based on Erlang B Forsula) - "#" (ssEc/Tc) = - . 13 21 34
Iffective Single Channel Bandwidth (kHz) - *b* . 25.0 25.0 25.0
‘ffective Cell Cluster 5ize - "n" - 44 44 44
$ Frequencies/channel --"¢* | i |
Spectrus Bandvidth (MHz) - *B* . (B=0.001*atb#n¥c) ’ 14 22 7




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM RERUIREMENTS

l’YPE OF MOBILE SERVICE:  Aeronautical Mobile

~ITY/CENSUS AREA:

' OTAL POPULATION =

Urban Area (Census Agglomeration - CA)

36,000
‘OPULATION DENSITY = 223.1
TOTAL AREA (SQUARE KM) = 161.4
RONTH OF NOBILE SERVICE = 10 % PER YEAR
sIC POTENTIAL §EMPLOYEES X ANNUAL  MAX % MARKET SUBSCRIBER 1986 1994 1996 2001
CODES USER GROUPS AS % OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
l POPULATION USER GROUP MOBILE SERVICE
l CONSUNERS
N/A  Adults 75.8 0.6 1.0 ¥ Adults 27,288 28,117 28,970 29,850
{13 years & over) % Subscribers 1 2 3
l Market Penetration 0.0% 0.0% 0.0%
INDUSTRIES
l 001-099 Prinmary 3.7 1.1 1.0 ¥ Eaployees 1,332 1,407 1,486 1,970
Industries # Subscribers i 2 3
Narket Penetration 0.1% 0.1% 0.2%
l 10-399 Manufacturing 8,3 1.6 1.0 ¥ Esployees 3,060 3,313 3,586 3,883
Industry § Subscribers 1 2 3
l Market Penetration 0.0% 0.0 0.1%
404-421 Construction 2.7 2.1 1.0 ¥ Employees 872 1,078 1,197 1,328
Industry § Subscribers 2 3 3
l Harket Penetration 0.2% 0,37 0.4%
301-519 Transportation 2.0 2.3 10.0 ¥ Eaployees 720 807 904 1,013
l Industry $ Subscribers 22 35 57
Market Penetration 2.7% 3.9% 3.6%
543-579 Coasunications & 1.4 2.7 1.0 ¥ Esployees 504 576 658 732
Utilities § Subscribers 1 2 3
Narket Penetration 0.2% 0.2% 0.3%
' £02-886 Service 16.0 4.4 1.0 ¥ Esployees 5,760 7,144 8,860 10,988
Industries $ Subscribers 4 6 1
Market Penetration 0.1% 0.1% 0. 1%
. GOVERNMENT
902 951 Governsent 3.9 2.7 1.0 ¥ Employees 1,260 1,440 1,643 1,879
l Services { Subscribers i 2 3
Market Penetration 0.1% 0.1% 0.1%
' TOTALS & Adults & Eaployees 40,836 43,880 47,305 51,264
$ Subscribers/Users 33 33 86



FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

‘YPE UF MOBILE SERVICE:  Aeronautical Mobile
JITY/CENSUS AREA:

OTAL POPULATION = 36,000
'OPULATION DENSITY = 223.1
TOTAL AREA (SQUARE KM) = 161.4
CRONTH OF MOBILE SERVICE = 10 % PER VEAR

Urban Area {(Census Agglomeration - CA)

1986

SPECTRUM REQUIREMENT FORECASTS 1991 . 19% 2001
'ell Diameter (metres) - *d* _ 100,000 100,000 100,000
Circular Cell Area (square kilometre) - *a° (a=0,78#d%d/1,000,000) 7800,0 7800.0  7800.0
Traffic Load/user (Erlang) 0.0025 0.0025 0.0025
iraffic Load/square kilometre (Erlang) - “E* 0,001 0.001 0.001
Subscriber Density Factor - "Ds" 0.02 0.02 0,02
Peak Traffic Load/square kilometre (Erlang) - "Ep® (Ep=E#Ds) 0.00001 - 0.00002  0.00003
fraffic Load/cell (Erlang) - "Ec" (Ec=Ep#a) 0.1 0.1 0.2
Naxisus Traffic Capacity/cell (Erlang) - *Tc* 0.1 0.1 0.1
t Channels/cell (based on Erlang B Formula) - "a*  (a=Ec/Tc) 1 1 2
- Effective Single Channel Bandwidth (kHz} - *b* 23.0 25,0 25,0
tffective Cell Cluster Size - *n" 44 44 44
¥ Frequencies/channel - *¢* 1 1 1
Spectrus Bandwidth (MHz) - *B* (B=0,001atbin¥c) 1 ! 2




l 'YPE OF MOBILE SERVICE: Aeronautical Nobile

-ITY/CENSUS AREA:

l OTAL POPULATION =
PULATION DENSITY =

TOTAL AREA (SAUARE KN) =
Iwmnmmwx%m&=

.

Rural Area

600,000

3.4

176,470.6

10 % PER YEAR

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUN RERUIREMENTS

SIC POTENTIAL §EMPLOYEES X ANNUAL  MAX % MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS X OF  GRONTH OF PENETRATION OF GROMTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 74.6 0.6 1.0 # Adults 447,600 461,190 475,193 489,621
(15 years & over) ¥ Subscribers 3 8 13
Market Penetration 0.0% 0.0% 0.0%
INDUSTRIES
001-099 Primary 10.2 1.1 1.0 ¥ Employees 61,200 64,641 68,275 72,114
Industries § Subscribers 7 11 18
Market Penetration 0.0% 0.0% 0.0%
101-399 Manufacturing 6.4 1.6 1,0 % Employees 38,400 41,372 4§, 006 48,723
Industry # Subscribers i 18 29
Harket Penetration 0.01 0.0% 0.1%
404-421 Construction 3.0 2.1 1.0 § Employees 18,000 19,9 22,138 24,584
Industry % Subscribers 20 32 32
Market Penetration 0.1% 0. 1% 0. 2%
301-319 Transportation 2.2 2.3 10,0 # Eaployees 13,200 14,789 16,570 18,3566
Industry ¥ Subscribers 334 370 918
Harket Penetration 2.4% 3.4% 4,92
343~379 Comaunications & 1.0 2.7 1.0 ¥ Employees 6,000 6,833 7,832 8,948
Utilities § Subscribers 1 2 3
Barket Penetration 0.0% 0.0% 0.0X
602-886 Service 12.0 4.4 1.0 # Eaployees 72,000 89,297 110,748 137,354
Industries # Subscribers 33 B9 143
Market Penetration 0.1 0.1% 0.1%
GOVERNMENT
902-951 Governsent 3.4 2,7 1.0 % Employees 20,400 23,307 26,628 30,422
Services # Subscribers 9 14 2
Narket Penetration 0.0% 0.1% 0.1%
TOTALS # Adults & Eaployees 676,800 721,622 772,410 830,33
¥ Subscribers/Users 462 744 1,198




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS .

YPE OF MOBILE SERVICE: Aeronautical Mobile

_ITY/CENSUS AREA: Rural Area

“OTAL POPULATION = 600,000

OPULATION DENSITY = 3.4

TOTAL AREA (SQUARE KM) =  176,470.6

RRONTH OF MOBILE SERVICE = 10 % PER YEAR

SPECTRUM REQUIREMENT FORECASTS

1991

1988 1996 2001

ell Diaseter (metres) - *d* - 240,000 240,000 240,000
Circular Cell Area (square kilometre) - *a* (a=0,78¢d#d/1,000,000) 44928.0  44928,0  44928.0
Traffic Load/user {(Erlang) 0.0025 0.0025 0,0025
raffic Load/square kilometre (Erlang) - “E* 0.00001 0.00001  0,00002
subscriber Density Factor - "Ds® ) 1.0 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E#Ds) 0.00001 0,00001  0,00002
raffic Load/cell (Erlang) - “Ec* (Ec=Epta) 0.3 0.5 0.8
daxisua Traffic Capacity/cell (Erlang) - *Tc¢" 0.1 0.1 0.1
$ Channels/cell (based on Erlang B Foraula) - *s*  (n=Ec/Tc) 3 3 B
‘ffective Single Channel Bandvidth (kHz) - *b* 25.0 25.0 23.0
ffective Cell Cluster Size - "n" 44 44 44
§ Frequencies/channel ~ “¢* 1 1 1
jpectrua Bandvidth (NHz) - *B° (B=0, 001 ta#b¥nic) 3 'S 8




(YPE OF NDBILE SERVICE:
~ITY/CENSUS AREA:

Maritiae Mobile
Metropolitan Area (Census Metropolitan Area - CMA)

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

l {OTAL POPULATION = 600,000
= JOPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KM) = 2,763.0
IGRDHTH OF MOBILE SERVICE = 10 % PER YEAR
SicC POTENTIAL $EMPLOYEES % ANNUAL  MAX ¥ MARKET SUBSCRIBER 1386 1991 1996 2001
CODES USER GROUPS AS 1 OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
I POPULATION USER GROUP MDBILE SERVICE
CONSUMERS
I N/A  Adults 78.0 0.6 5.0 § Adults 468,000 482,209 496,350 511,936
{135 years & over) § Subscribers 2,503 4,031 5,492
' Market Penetration 0.5% 0.8 1.3%
INDUSTRIES
l 001-099 Priaary 1.6 1.1 1.0 ¥ Employees 9,600 - 10,140 10,710 11,312
Industries § Subscribers ) 0 0 0
Harket Penetration 0.0% 0.0% 0.0
l 101-399 Manufacturing 8.4 1.6 0.0 § Eaployees 50,400 54,563 59,070 63,949
Industry § Subscribers 0 0 0
l Market Pepetration 0.0% 0.0% 0.0%
404-421 Construction 3.0 2.1 0.0 # Eaployess 18,000 19,971 22,158 24,584
Industry § Subscribers 0 0 0
l - Narket Penetration 0.0% 0,0% 0.0%
301-319 Transportation 2.1 2.3 5.0 ¥ Eaployees 12,600 14,117 15,817 17,722
l Industry § Subscribers 196 316 508
Market Penetration 1.4% 2.0% 2,91
343-579 Coasunications & 1.8 2.7 0.0 ¥ Eaployees 10,800 12,339 14,097 16,108
. Utilities § Subscribers 0 0 0
Market Penetration 0.0% 0.0% 0.0%
. 502-886 Service 19.4 4.4 0.0 ¥ Employees 116,400 144,363 179,043 222,085
Industries § Subscribers 0 0 0
Market Pepetration 0.0% 0.0% 0.0%
l GOVERNMENT
an 902-951 Governaent 4.5 2.7 1.0 § Eaployees 27,000 30, B47 35,243 40,264
' ’ Services § Subscribers : 42 68 109
Narket Penetration 0.1% 0.2% 0.31
l TOTALS & Adults & Eaployees 712,800 768,550 832,988 907,928
§ Subscribers/Users 2,741 4,414 7,109




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

YPE OF MOBILE SERVICE:
«ITY/CENSUS AREA:

Maritise Mobile

OTAL POPULATION = £00,000
OPULATION DENSITY = 217.0
“TOTAL AREA (SQUARE KM) = 2,763.0

“RONTH OF MOBILE SERVICE = 10 % PER YEAR

SPECTRUM REQUIREMENT FORECASTS

Metropolitan Area (Census Metropolitan Area - CHA)

1986 1991 1996 2001
cell Diameter (metres) - *d* . 75,000 75,000 735,000
Circular Cell Area (square kilometre) - *a* (a=0,78%d#d/1,000,000) 4387.50  4387.50  4387.50
raffic Load/user (Erlang) _ 0.0025 0.0023 0.0025
‘raffic Load/square kilometre (Erlang) - "E* 0,002 0.004 0.006
~ Subscriber Density Factor - *Ds* 0.50 0.50 0.50
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E#Ds) 0,001 0.002 0.003
vaffic Load/cell (Erlang) - "“Ec” (Ec=Ep#a) 3.4 8.8 14.1
daxiaua Traffic Capacity/cell (Erlang) - *Tc* 0.1 0.1 0.1
% Channels/cell (based on Erlang B Formula) - *a* (m=Ec/Tc) T 88 141
iffective Single Channel Bandwidth (kHz) - "b* 25.0 25.0 25.0
iffective Cell Cluster Size - "n® 4 4 4
§ Frequencies/channel - *c* 1.2 1.2 1.2
jpectrua Bandwidth (MHz) - *B* (8=0,001+atbn¥c) 6.5 10.3 16,9




'PE OF MOBILE SERVICE:
TY/CENSUS AREA:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUN REBUIREMENTS

Maritise Mobile
Urban Area (Census Aggloseration - CA)

lmL POPULATION = 36,000
PULATION DENSITY = 223.1 -
TOTAL AREA (SQUARE KN) = 161.4
20WTH OF MOBILE SERVICE = 10 % PER YEAR
SIC POTENTIAL $ENPLOYEES % ANNUAL  MAX 2 MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER &ROUPS AS % OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
I POPULATION USER GROUP MOBILE SERVICE
CONSUNERS
I N/A  Adults 75.8 0.6 3.0 ¥ Adults 27,288 28,117 28,970 29,850
(15 years & over) % Subscribers 151 243 392
I Market Penetration 0.3% 0.8% 1.3%
INDUSTRIES
l)01-099 Primary 3.7 .1 1.0 & Eaployees 1,332 1,407 1,486 1,970
Industries # Subscribers 0 0 0
Market Penetration 0.0% 0.0% 0.0%
I101-399 Manufacturing 8.3 1.6 0.0 & Employees 3,060 3,313 3,386 3,883
Industry t Subscribers 0 0 -0
I Market Penetration 0.0% 0.0% 0.0%
404-421 Construction 2.7 2.1 0.0 & Eaployees 972 1,078 1,197 1,328
Industry # Subscribers 0 0 0
I Harket Penetration 0.0% 0.0% 0.0%
301-519 Transportation 2.0 2.3 3.0 ¥ Esployees 720 807 904 1,013
l Industry ¥ Subscribers 2 19 3l
Market Penetration 1.5% 2.1 311
543-579 Comaunications & 1.4 2.7 0.0 % Eaployees 504 376 658 732
l Utilities $ Subscribers 0 0 0
Market Penetration 0.0% 0.0% 0.0%
£02-886 Service 16.0 4.4 0.0 ¥ Employees 9,760 7,144 8,860 10,988
Industries # Subscribers 0 0 0
Market Penetration 0.0% 0.0% 0.0%
l SOVERNMENT
902-951 Governaent 3.3 2.7 1.0 # Eaployees 1,260 1,440 1,643 1,879
l Services # Subscribers 3 5 8
Market Penetration 0.2% 0.3% L 0.4%
TOTALS & Adults & Eaployees 40,896 43,880 47,309 91,261
# Subscribers/Users 166 267 431




FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

TYPE OF MOBILE SERVICE: Maritise Mobile
JITY/CENSUS AREA:

TOTAL POPULATION = 36,000
JDPULATION DENSITY = 223.1
TOTAL AREA (SQUARE KM) = 161.4

GROWTH OF MOBILE SERVICE = 10 1 PER YEAR

SPECTRUM REQUIREMENT FORECASTS

Urban Area (Census Agglomeration - CA)

1986 1991 1996 2001
sell Diameter (setres) - *d* : . 75,000 75,000 75,000
Circular Cell Area (square kilosetre) - "a* (a=0,78+d#d/1,000,000) 4387.5 4387.5 4387.5
Traffic Load/user (Erlang) ' 0.0023 0.0025 0.0025
Traffic Load/square kilometre (Erlang) - "E" 0.003 0.004 0.007
Subscriber Density Factor - *Ds" 0.05 0.05 0.05
Peak Traffic Load/square kilometre (Erlang) ~ "Ep* (Ep=E¥Ds) 0.0001 0.0002 0.0003
Traffic Load/cell (Erlang) - “Ec" (Ec=Ep#a) 0.6 0.9 1.3
Maximum Traffic Capacity/cell (Erlang) - "Tc® 0.1 0.1 0.1
$ Channels/cell (based on Erlang B Foraula) - "a*  (m=Ec/TC) - b S 15
Effective Single Channel Bandvidih (kHz) - "b" 25.0 23.0 25.0
‘Effective Cell Cluster Size - *n* 4 4 4
i Frequencies/channel - "c* 1.2 1.2 1,2
Spectrum Bandwidth (MHz) - "B" (B=0.001 #azb*nkc) 0.7 1.1 1.8




.YPE OF MOBILE SERVICE:

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

Maritime Mobile

~ITY/CENSUS AREA: Rural Area
OTAL POPULATION = £00,000
JPULATION DENSITY = 3.4
TOTAL AREA (SRUARE KM) =  176,470.6
'ROHTH OF MOBILE SERVICE = 10 % PER YEAR
5IC POTENTIAL $EMPLOYEES 71 ANNUAL  HAX % MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER &ROUPS AS 1 OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
I N/A  Adults 74.6 0.6 3.0 ¥ Adults 447,600 461,190 475,193 489,621
(15 years & over) § Subscribers 2,903 4,031 6,492
l Market Penetratien 0.3% 0.8% 1.3%
INDUSTRIES
i 001-099 Primary 10.2 L.t 1.0 § Eaployesas 61,200 64,641 68,273 72,114
Industries # Subscribers 0 0 0
Market Penstration 0.0% 0.02 0.0%
I 101-399 Nanufacturing 6.4 1.6 0.0 % Employees 38,400 41,372 43,006 48,723
Industry  Subscribers 0 0 0
l Market Penetration 0.0 0.0% 0.0%
404-421 Construction 3.0 2.1 0.0 ¥ Employees 18,000 19,971 22,138 24,584
Industry ¥ Subscribers 0 0 0
l Market Penetration 0.0% 0.0% 0.0%
301-519 Transportation 2.2 2.3 3.0 % Eaployees 13,200 14,789 16,570 18,566
Industry § Subscribers 196 316 508
l Narket Penetration 1.31 1.9% .74
943-379 Comaunications & 1.0 2.7 0.0 ¥ Esployees 6,000 6,835 7,832 8,948
Utilities ¥ Subscribers 0 0 0
Narket Penetration 0.0% 0.0% 0.01
£02-BB6 Service 12.0 4.4 0.0 ¥ Eaployees 72,000 89,297 110,748 137,394
Industries # Subscribers 0 0 0
Narket Penetration 0.02 0.0% 0.0%
l SOVERNMENT
902-951 Governaent 3.4 2.7 1.0 § Employees 20,409 23,307 26,628 30,422
Services $ Subscribers 42 6B 109
Narket Penetration 0.21 0.3% 0.4
TOTALS ¥ Adults & Eaployees 676,800 721,622 772,410 830,331
# Subscribers/Users 2,741 4,414 7,109




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUN REQUIREMENTS

l!PE OF MOBILE SERVICE: Maritime Nobile
'TY/CENSUS AREA: Rural Area

I')TAL POPULATION = 600,000
JPULATION DENSITY = 3.4
TOTAL AREA (SQUARE KN) =  176,470.6
'.Rnum OF MOBILE SERVICE = 10 % PER YEAR

SPECTRUM REGUIREMENT FORECASTS

EE_ SN =S _ e

1986 1991 1996 2001
211 Diameter (metres) - *d* 73,000 73,000 75,000
Circular Cell Area (square kiloametre) - "a* (a=0,78%d#d/1,000,000) 4387.5 4387.5 4387.5
raffic Load/user (Erlang) 0.0023 0.0025 0.0023
raffic Load/square kilometre (Erlang) - “E" 0.00004 0.0001 0,000t
subscriber Density Factor - *Ds® 1.0 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - "Ep* (Ep=E#De) 0.00004  0,00006  0.00010
ratfic Load/cell (Erlang) - "Ec” (Ec=Ep#a) 0.2 0.3 0.4
axisum Traffic Capacity/cell (Erlang) - "Tc" 0.1 0.1 0.1
$ Channels/cell (based on Erlang B Formula) -~ “a*  (m=Ec/Tc) 2 3 4
“ffective Single Channel Bandwidth (kHz) - *b* 23,0 25,0 25.0
ffective Cell Cluster Size - "n* 4 4 4
¥ Frequencies/channel ~ "c¢" 1.2 1.2 1.2
pectrus Bandvidth (MHz) - *B* (B=0,001*atb*n¥:) 0.2 0.3 0.9



FORECASTS OF SUBSCRIBER GROMTH AND SPECTRUM REQUIREMENTS

'YPE OF MOBILE SERVICE:
ITY/CENSUS AREA:

Paging
Hetropolitan Area (Census Metropolitan Area - CMA)

TOTAL POPULATION = 600,000
‘OPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KM) = 2,763.0
- GROWTH OF MOBILE SERVICE = 25 1 PER YEAR

5IC POTENTIAL

$EMPLOYEES 1 ANNUAL  MAX % MARKETY SUBSCRIBER . 1986 1991 1996 2001
CODES USER 6ROUPS

AS % OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE '

CONSUMERS
N/A  Adults 78.0 0.6 5.0 # Adults 468,000 482,209 496,850 511,938
(15 years & over) § Subscribers 2,748 8,386 - 25,593
Market Penetration 0.6 1.7% 5.0%
INDUSTRIES
. 001-099 Primary 1.6 1.1 .0.0 # Enployees 9,600 10,140 10,710 11,312
Industries % Subscribers Co 0 -9 0
Harket Penetration 0.01 0.0 0.0%
101-399 Manufacturing 8.4 1.6 5.0 % Employees 90,400 34,563 39,070 63,949
Industry ¥ Subscribers 343 1,047 3,194
Harket Penetration 0.6% 1.8% 3.01
404-421 Construction 3.0 241 10,0 ¥ Eaployees 18,000 19,971 22,158 24,3584
Industry # Subscribers 264 806 2,458
: Market Penetration 1.3% 3.6 10.0%
301-319 Transportation 2.1 2.3 0.0 ¥ Eaployees 12,600 14,117 15,817 17,722
Industry % Subscribers 0 0 0
Harket Penetration 0.0% 0.0% 0.0%
543-579 Comsunications & 1.8 2.1 5.0 ¥ Esployees 10,800 12,339 14,097 16,106
Utilities . ¥ Subscribers 86 262 801
Market Penetration 0.7% 1,91 3.0%
602-886 Service 19.4 4.4 10,0 % Enployees 116,400 144,363 179,043 222,055
Industries # Subscribers 2,384 1,275 22,203
Harket Penetration 1.7% 4,11 10,0%
GOVERNMENT
902-95¢ Governsent 4.3 2.7 3.0 § Employees 27,000 30,847 35,243 40,264
Services # Subscribers 216 < B39 2,012
Harket Penetration 0.7% 1.9% 5.0%
TOTALS % Adults & Employees 712,800 768,550 832,988 907,928
¥ Subscribers/Users 6,041 18,436 36,261




FORECASTS OF SUBSCRIBER GRONTH AND SPECTRUM REQUIREMENTS

'YPE OF NOBILE SERVICE: Paging
<ITY/CENSUS AREA:

"OTAL POPULATION = 600,000
'OPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KM) = 2,763.0
'%RDHTH OF MOBILE SERVICE = 25 % PER YEAR

Netropolitan Area (Census Metropolitan Area - CNA)

ISPECTRUH REQUIREMENT FORECASTS 1986 1991 1996 2001
;ell Diameter (aetres) - "d* 25,000 23,000 25,000
Circular Cell Area (square kilometre) - *a° (a=0.78xd#d/1,000,000) 487.5 487.5 487.35
ratfic Load/user (Erlang) 0.00002  0.00002  0,00002
Traffic Load/square kilometre (Erlang) - °E° 0.0000 0.0001 0.0004
Subscriber Density Factor - "Dg" 5.0 3.0 5.0
Ppak Traffic Load/square kilometre (Erlang) - “Ep* (Ep=E#Ds) 0.0002 0.0007 0.0020
Traffic Load/cell (Erlang) - “Ec" (Ec=Ep#a) 0.1 0.3 1.0
Maxiaua Traffic Capacity/cell (Erlang) - "T¢* 0.02 0,02 0.02
# Channels/cell (based on Erlang B Foraula) - "a* (e=Ec/TQ) 3 16 30
Effective Single Channel Bandwidth (kHz) - "b* 23.0 25.90 25.90
Effective Cell Cluster Size - *n® 7 7 7
# frequencies/channel - “¢* 1 1 t
Spectrua Bandwidth (MHz) - *B" (B=0,001 tatb#nic) 1 3 9



YPE OF MOBILE SERVICE:
~ITY/CENSUS AREA:

Paging

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

‘Urban Area (Census Aggloseration - CA)

‘OTAL POPULATION = 36,000
OPULATION DENSITY = 223.1
TOTAL AREA (SQUARE KM) = 161.4
SRONTH OF MOBILE SERVICE = 25 T PER YEAR
SIC POTENTIAL $EMPLOYEES 1 ANNUAL  MAX % MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS AS X OF  GROMTH OF PENETRATION OF GROWTH FORECASTS
: POPULATION USER GROUP MOBILE SERVICE
CONSUMERS
N/A  Adults 75.8 0.6 3.0 § Adults 27,288 28,117 ‘28,970 29,850
(15 years & over) ¥ Subscribers 160 488 1,490
' Market Penetration 0.6 1.71 5.0%
INDUSTRIES
001-099 Prisary 3.7 1. 0.0 ¥ Employees 1,332 1,407 1,486 1,570
Industries # Subscribers 0 0 0
Market Penetration 0.0 0.01 0.02
101-399 Manufacturing - 8.5 1.6 5.0 § Esployees 3,060 3,313 3,586 3,883
Industry ¥ Subscribers 21 64 194
Barket Penstration 0.6% 1.8% 3.0 ,
404-421 Construction 2.7 2.1 10.0 ¥ Esployees 972 1,078 1,197 1,328
Industry # Subscribers 13 46 133
Market Penetratien 1.4% 3.81 10,0%
901-519 Transportation 2.0 2.3 0.0 & Employees 720 807 © 904 1,013
Industry ' ¥ Subscribers ' -0 0 0
Market Penetration 0.0% 0.0% 0.0%
543-579 Comsunications & -1.4 2.7 5.0 ¥ Eaployees 304 576 698 732
Utilities ¥ Subscribers 4 12 37
Narket Penetration 0.7% 1,91 5.0%
602-886 Service | 16.0 4.4 10.0 § Esployees 5,760 7,144 8,860 10,988
Industries ¥ Subscribers 118 360 1,099
Harket Penstration L% 1% 10.0%
SOVERNMENT
902-931 Governsent 3.9 2.7 5.0 ¥ Esployees 1,260 1,440 1,645 1,879
Bervices § Subscribers 10 3l EX}
Market Penetration 0.7% Lot os.0n
TOTALS # Adults & Esployees 40,896 - 43,880 47,3035 51,261
§ Subscribers/Users 328 1,001 3,046




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REBUIRENMENTS

lrvps OF MOBILE SERVICE: Paging

JITY/CENSUS AREA: Urban Area (Census Agglomeration - CA)
'TUTAL POPULATION = 36,000
'0PULATION DENSITY = 223.1
- {0TAL AREA (SQUARE KM) = 161.4
|GRUHTH OF MOBILE SERVICE = 25 % PER YEAR
SPECTRUM REQUIREMENT FORECASTS 1986 1991 1996 2001
-ell Diameter (metres) - “d* 23,000 25,000 25,000
Circular Cell Area (square kilosetre) - *a* (3=0,78%d#d/1,000,000) 487.5 487.35 487.39
Traffic Load/user (Erlang) 0.00002  0.00002  0.00002
‘Traffic Load/square kilosetre (Erlang) - “E* 0.00004  0.00012  0.00028
jubscriber Density Factor - "Ds* 2.0 2,0 2.0
. Peak Traffic Load/square kilometre (Erlang) - "Ep" (Ep=EtDs) 0.000% 0.0002 0.0008
Ifraffic Load/cell (Erlang) - "Ec* (Ec=Epta) 0.04 0.12 0,37
Baxiaua Traffic Capacity/cell (Erlang) - "Tc¢® 0.02 0.02 0.02
¥ Channels/cell (based on Erlang B Formula) - "a*  (a=Ec/Tc) 2 6 18
Effective Single Channel Bandwidth (kHz) - "b* 25.0 23.0 25.0
‘Effective Cell Cluster Size - *n" 7 7 7
§ Frequencies/channel - *¢" 1 1 1
'Spectrun Bandwidth (MHz) - *B* (B=0,001+a¥b#ntc) 0.3 { 3



TYPE OF MOBILE SERVICE: Paging
CITY/CENSUS AREA: Rural Area

TOTAL POPULATION =
POPULATION DENSITY =

600,000
3'4

TOTAL AREA (SQUARE KM) = 176,470.6
23 % PER YEAR

GROWTH OF MOBILE SERVICE =

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

51C POTENTIAL IEHPLDYEES % ANNUAL  MAX X HARKET<‘ SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS A5 % OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUNERS
N/A  Adults 74.6 0.6 5.0 ¥ Adults 447,600 461,190 475,193 489,621
(13 years & over) $ Subscribers 2,628 8,020 24,473
: Market Penetration 0.6% 1,74 5.0%
INDUSTRIES
001-094 Prilary' 10.2 1.1 0.0 § Eaployees 61,200 ‘,.64,641 68,273 72,114
Industries ¥ Subscribers 0 0 0
Market Penetration 0.0% 0.0% 0.0%
101-399 Manufacturing 6.4 1.6 5.0 § Eaployees 38,400 41,572 ‘ 45,006 48,723
Industry § Subscribers 261 797 2,431
Market Penetration 0.6% 1.82 - 5.0%
- 404-421 Construction 3.0 2.1 10.0 % Eaployees 18,000 19,971 22,1358 24,504
Industry % Subscribers 264 806 2,458 .
Market Penetration 1.3% 3.6 10,0%
301-519 Transportation 2.2 2.3 0.0 ¥ Employees 13,200 - 14,789 16,970 18,566
Industry : # Subscribers 0 0 0
Market Penetration 0.0% 0.0% 0.0%
§43-579 Communications & 1.0 2.1 5.0 § Employees 6,000 6,853 7,832 8,948
Utilities % Subscribers 48 146 447
Market Penetration 0.7% 1.9% 5.0%
602-886 Service 12.0 4.4 10.0 § Eaployees . 12,000 89,297 110,748 137,334
Industries § Subscribers 1,474 4,498 13,728
Market Penetration 1.7% 4,11 10, 0%
GOVERNMENT
902-951 Governaent 3.4 2.7 5.0 % Enployees 20,400 23,307 26,628 30,422
: Services § Subscribers 163 497 1,518
Market Penetration 0.7% 1.9% 3.0%
TOTALS # Adults & Esployees 676,800 721,622 772,410 830,33l
§ Subscribers/Users 4,838 14,764 45,057




lYPE OF MOBILE SERVICE: Paging

FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

[TY/CENSUS AREA: Rural Area

lmL POPULATION = - 600,000
JPULATION DENSITY = 3.4
10TAL AREA (SQUARE XM) =  176,470.6

'RGHTH OF MOBILE SERVICE = 25 % PER YEAR

|5PECTRUH REQUIREMENT FORECASTS 1986 1991 1996 2001
ell Diameter (metres) - "g* 40,000 40,000 40,000
Circular Cell Area (square kilometre) - *a" (a=0.78%d#d/1,000,000) 1248,0 1248.0 1248.0

l'.'affic Load/user (Erlang) 0.00002  0.00002  0.00002
raffic Load/square kilometre (Erlang) - "E" 0.000001  0,000002  0,000005
oubscriber Density Factor - "Ds" 1.0 1.0 1.0
Peak Traffic Load/square kilometre (Erlang) - “Ep" (Ep=E#Ds) 0,000001  0,000002  0.000005
raffic Load/cell (Erlang) - “Ec" (Ec=Epta) 0.001 0,002 . 0,006
axiaua Traffic Capacity/cell (Erlang) - "Tc" 0.02 0.02 0.02
¥ Channels/cell (based on Erlang B Foraula) - *a"  (a=Ec/T¢) 0,03 0.10 0,32
“ffective Single Channel Bandwidth (kHz} - 'b*" 25,0 25.0 25.0
"ffective Cell Cluster Size - "a" 1 7 7
# Frequencies/channel - "¢’ i i i

pectrus Bandwidth (MHz) - "B* (B=0,001 +atbntc) 0.01 0.02 0.06

l



FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS.

IYPE OF MOBILE SERVICE:
JITY/CENSUS AREA:

Mobile Data :
Netropolitan Area (Census Netropolitan Area - CHA)

TOTAL POPULATION = 600,000
'OPULATION DENSITY = 217.0
TOTAL AREA (SQUARE KN) = 2,765.0
GRONTH OF MOBILE SERVICE = 30 1 PER YEAR
SIC POTENTIAL §ENPLOYEES % ANNUAL  MAX % MARKET - SUBSCRIBER 1986 1991 1996 2001
CODES USER G6ROUPS - AS 1 OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE
CONSUNERS
N/A  Adults 78.0 0.6 0.0 § Adults 468,000 482,209 496,850 511,936
(15 years & over) $ Subscribers 0 0 0
Narket Penetration 0,0% 0.0% 0.0%
INDUSTRIES
001-099 Primary 1.6 1.1 0.0 # Esployees 9,600 10,140 10,7190 11,312
) Industries § Subscribers 0 0 S
Harket Penetration 0,04 0.01 0.01
101-399 Manufacturing 8.4 1.6 0.0 # Eaployees 50,400 94,563 99,070 63,949
" Industry . # Subscribers 0 0 -9
Harket Penetration 0.0% 0.0% 0,0%
404-421 Construction 3.0 2.1 0.0 ¥ Eaployees 18,000 19,971 22,138 24,3594
Industry % Subscribers ' 0 0 0
Harket Penetration 0.0% 0.0% 0.01
301-319 Transportafion 2.1 2.3 25,0 % Elployeeé 12,600 14,117 15,817 17,722
' Industry ¥ Subscribers 204 757 2,812
Harket Penetration 1.4% 4,81 15.9%
943-379 Communications & 1.8 2.7 0.0 ¥ Employees 19, 800 12,339 14,097 16,106
Utilities § Subscribers 0 0 0
Narket Penetration 0.0% 0.0% 0.0%
602-886 Service 19.4 4.4 3.0 § Eaployees 116,400 144,363 179,043 222,055
Industries . ¥ Subscribers 16t 398 2,220
Harket Penetration 0.12 0.3% 1.0%
GOVERNNENT
902-951 Government 4.5 2.7 3.0 & Esployees 27,000 30,847 35,243 40,264
Services $ Subscribers 844 1,762 2,013
Narket Penetration 2.7% 3. 0% 5.0%
TOTALS & Adults & Employess 712,800 768;550 832,988 907,928
$ Subscribers/Users 1,209 17 7,045




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

'YPE OF MOBILE SERVICE: Mobile Data
ITY/CENSUS AREA: Urban Area (Census Agglomeration - CA)

'um POPULATION = 36,000

OPULATION DENSITY = 223.1
«OTAL AREA (SQUARE KM) = 161.4

'RUHTH OF MOBILE SERVICE = 30 % PER YEAR

lSPECTRUH REQUIRENENT FORECASTS 1986 1991 1996 2001
:el]l Diameter (metres) - "g" 25,000 25,000 25,000
circular Cell Area (square kilometre) - "a* (a=0,7Bed#d/1,000,000) 487.35 487.5 487.35

'Tramc Load/user {Erlang) 0.005 0.005 0.005
‘raffic Load/square kiloaetre {(Erlang) - "E° : 0.003 0.009 0.023
subscriber Density Factor ~ "Ds* 2,0 2.0 2.0
Peak Traffic Load/square kilometre (Erlang) - “Ep* (Ep=E#Ds) 0.006 0.017 0.046

'Traffic Load/cell (Erlang) - “Ec" (Ec=Epta) 3.1 8.3 22.6
faximum Traffic Capacity/cell (Erlang) - "T¢* 1.0 1.0 1.0
# Channels/cell (based on Erlang B Foramula) - *a*  (a=Ec/Tc) 3 f 23

'Effective Single Channel Bandwidth (kHz} - "b" 25,0 12,5 12,5
{ffective Cell Cluster Size - "n" 7 7 7
+ Frequencies/channel - *¢* 2 2 2

lSpectrun Bandwidth (MHz) - *B° (B=0.001 +atbEntc) 11 1.3 3.9



FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

Mobile Data
Rural Area

fYPE OF MOBILE SERVICE:
-ITY/CENSUS AREA:

TOTAL POPULATION = 600,000
'GPULATION DENSITY = 3.4
TOTAL AREA (SQUARE KM) =  176,470.6
GRONTH OF MOBILE SERVICE = 30 % PER YEAR

s1C POTENTIAL

$EMPLOYEES % ANNUAL  MAX % MARKET SUBSCRIBER 1986 1991 1996 2001
CODES USER GROUPS

AS % OF  GROWTH OF PENETRATION OF GROWTH FORECASTS
POPULATION USER GROUP MOBILE SERVICE

CONSUNERS
N/A  Adults 74.6 0.6 0.0 # Adults 447,600 461,190 475,193 489,621
(15 years & over) # Subscribers 0 0 0
. Market Penatration 0.0% 0.0% 0.0%
INDUSTRIES
001-099 Prisary 10,2 1.1 0.0 % Eaployees . 61,200 64,641 68,275 72,114
Industries ¥ Subscribers . 0 0 0
Market Penstration 0.0% 0.0% 0.0%
101-399 Manufacturing 6.4 1.6 0.0 ¥ Eaployees 38,400 41,572 45,006 48,723
Industry # Subscribers 0 0 0
Market Penetration 0.0 0.0% 0.0%
404-421 Construction 3.0 2.1 0.0 # Eaployess 18,000 19,971 22,158 24,584
Industry § Subscribers 0 0 0
Market Penetration 0.0% 0.0% 0.0%
301-519 Transportation 2.2 2.3 25.0 § Eaployees 13,200 14,789 16,570 18,566
Industry $ Subscribers 204 757 2,812
Market Penetration 1.4% 4.6% 15.1%
543-579 Comaunications & 1.0 2.7 0.0 # Eaployees 6,000 6,835 7;832 8,948
Utilities $ Subscribers ' 0 0 0
Market Penetration 0,0% 0.0% 0.0%
602-886 Service 12,0 4.4 5.0 § Esployees 72,000 ‘89,297 110,748 137,334
Industries $ Subscribers 161 598 2,220
Narket Penetration 0.21 0.5% 1.6%
GOYERNMENT
902-951 Governaent 3.4 S2.7 3.0 % Employees 20,400 23,307 26,628 30,422
Services % Subscribers 844 1,33t 1,521
Harket Penetration 3.61 3.0% 5.0%
TOTALS & Adults ¥ Eaployees 676,800 721,622 772,410 830,33
% Subscribers/Users 1,209 2,687 6,553




FORECASTS OF SUBSCRIBER GROWTH AND SPECTRUM REQUIREMENTS

.YPE OF MOBILE SERVICE: Mobile Data

ITY/CENSUS AREA: Rural Area
OTAL POPULATION = 600,000
OPULATION DENSITY = 3.4
(OTAL AREA (SQUARE XN) =  176,470.6
rRDHTH OF MOBILE SERVICE = 30 % PER YEAR
'SPECTRUH REBUIREMENT FORECASTS 1986 1991 1996 2001
ell Diameter (metres) - *g* 40,000 40,000 40,000
Circular Cell Area (square kilometre) - *3* (a=0.78%d®d/1,000,000) 1248.0 1248.0 1248.0
I"rafﬁc Load/user (Erlang) 0.005 0,005  0.005
raffic Load/square kilosetre (Erlang) - “E* 0,00003  0.00008  0.00019
oubscriber Density Factor - *Ds* 1.0 1.0 1.0
Peak Traffic Load/square kilosetre (Erlang) - “Ep* (Ep=E#Ds) 0.00003  0.00008  0.00019
l raffic Load/cell (Erlang) - “Ec" (Ec=Ep#a) 0.04 0.09 0.23
faxisus Traffic Capacity/cell (Erlang) - *T¢® 1.0 1.0 1.0
¥ Channels/cell (based on Erlang B Foraula) - "a"  (s=Ec/Tc) 0.0 0.1 0.2
“ffective Single Channel Bandvidth (kHz) - *b* . 25.0 12,5 12.9
ffective Cell Cluster Size ~ "n* 7 7 7
# Frequencies/channe]l - *¢* 2 2 2
specirus Bandvidth (RHz) - *B* (B=0.001tath#nkc) 0.01 0.02 0.04
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APPENDIX 2

PAGING SYSTEMS

(Reference: CCIR Report 900-1)

Types
B On-site: hospitals, colleges, buildings
B Wide Area: metropolitan, national

Signal Types

n Tones (alerting);

| Numeric messages (10 characters);

u Alphanumeric messages (40 characters);
|

Message length limited by channel capacity and storage
capacity in the pager receivers. Ultimate length
probably 64 characters.

Transmission Rate 512 bps (UK and CCIR standards)
200 - 600 bps (others)
u Based on transmission rate of 512 bps and 8 bits per

character, the message lengths become:

- numeric messages: (10x8)/512 = 0.16 seconds
- alphanumeric messages: (40x8)/512 = 0.63 seconds
Capacity
n Call rate per subscriber = 0.1 calls per busy hour
(UK system designed on
this)
L] Erlangs per subscriber = numeric messages:
0.016/3600 = 4.4x10° E
Calls x messadge length alphanumeric messages:
3600 0.063/3600 = 1.75x10"° E



adgag

Number of Possible Subscribers

| France suggested that, on a national basis, there is
likely to be 20 pagers for every 1000 people in the
population.

RF Channelization

u Two channel spacings are used: 25 kHz (North American)
12.5 kHz |
u The modulations ﬁsed: '
25 kHz 12.5 kHz
Peak frequency deviation '~ 4.5 KHz +2.5 KHz
RF channel bandwidth .16 kHz = 8 kHz

Modulation , . FSK ' FSK

Frequency Bands Allocated (CCIR) 26.1 - 50 MHz

68 - 88 MHz
146 - 174 MHz
450 - 470 MHz
, 806 - 960 MHz
USA use 30 MHz, 150 MHz, 450 MHz, 930 MHz
UK use - 150 MHz, 470 MHz

Bandwidth allocation is 450 kHz at 150 MHz

Future Improvements
B Use 1200 bps
n Use longer messages

Performance Criteria

= Blocking Probability = 2%
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APPENDIX 3

MOBILE DATA SYSTEMS

u Message Characteristics

The message is received in alphanumeric characters on a
visual panel;

Most messages are of a standard form which can be
generated by a code word; the sender merely presses the
appropriate push buttons which represent the code word.

| Users

dispatch services: taxis, distributors of produce or
mail, etc.
public safety: police, firemen, etc.

public utilities: public transportation, etc.

u Architecture

From dispatch office to mobile and vice versa. Mobile-
to-Mobile not generally possible except via the
dispatcher;

Therefore all mobiles transmit on the same frequency (or
group of frequencies) while all mobiles receive on
another frequency or sets of frequencies from the
dispatcher;

The direction of transmission from the mobile to the
dispatcher is called the reverse link and that from the
dispatcher to the mobile is called the forward 1link;

A particular system could consist of one channel in the
reverse link (in which case the mobiles contend for its
use) and one channel in the forward link (no contention
necessary as only the dispatcher uses it);

Large systems use trunking.
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CONTACTS

Ron Hollett

Sales Representative

Ericsson-General Electric Mobile Communications
301 Moodie Drive

Nepean, Ontario

Mike Hortie

General Manager

Christie and Walther Communications Limited
570 Industrial Avenue . 4
Ottawa, Ontario '

Kevin LeBlanc

System Engineer

Motorola Canada Limited
Communications Division

Suite 401 ‘
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