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Mobile Communications

November 24, 197i Meeting with Thornell, Cooke, Hatfield, Lowe,
Polishuk.

Stated desire for in-depth analysis or
proposals and comments due in Spring in
response to FCC Docket 18262.

Would like demand study for mobile service as
a function of cost, technology, and social
factors, and data concerning Government use of
mobile.

Deferred formal requests until December 13
meeting with Mr. Whitehead. (Ml)

December 19 Hatfield
on action

Hatfield
potential
(N2)

notified Mr. Whitehead in agreement
in the mobile area.

assisted in OTP interviews for
contractor to study Docket filings.

December 22 Hatfield and Millie obtaining backgrouna
information in anticipation of OTP activities.
(M3)

December 28

January 3, 1972

January 25

January 27

February 9

February 10

February 23

February 24

Background paper on -Economic Benefits or
Mobile Radio Systems- was prepared. (M4)

Meeting with Thornell and Polishuk to proceed
on mobile program development. (M5)

Meeting with Thornell, Cooke, Polishuk, Black,
and Salaman to discuss OTP's expectations ift
mobile area. (m6)

Attended Motorola briefing on mobile
communications at OTP. (M7)

Meeting with Cooke and Hatfield concerning SR1
mobile data, and revised project descriptions.
(MB)

Revised program summary for mobile
communications submitted to Cooke. (M9)

Work on mobile area with ITS initiated. (M10)

Work statement on mobile area received from
Thornell.

Obtained mobile
Motorola. (11)

simulation program from

 Nig
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February 28 Statement of assistance in determining mobile
system coverage submitted to ITS. (M12)

February 29 Meeting with ITS personnel to further define
mobile tasks. (M13)

March 1-3 Attended IEEE Microwave Mobile Radio
Symposium. (M14)

March 7 Meeting with Mandanis, Lane, and Hatfield on
SAI Mobile Contract. (15)

March 14, 15 Participated in AT&T briefing at OTP on their
Docket 18262 filing. (M16)

Narch 23 Request submitted to Wil Dean to release
frequency data regarding mobile study. (M17)

March 24 Interim Report on mobile proqram progress in
Tasks I, II, and III submitted to Cooke. (M18)

March 31 Mobilr, cost data requested fora Motorola.
(M19)



Date: November 30, 1971

To: R. K. Salaman

From: D. N. Hatfield !\

•

U.S. 13LIJAPTIVIENT OF COMMERCE
Office of Telecommunications
VVastungton. D.C. 20230

Subject. Meeting on 24 November 1971 with Messrs Thorne11 and Cookeof OTP

and Messrs Lowe and Polishuk of OT-Washington

The subject meeting was held in Jack Thorne11's office at 2:00 pm and

lasted about one hour. The purpose of the meeting was to discuss the

Mobile Communications program area and the support PSD could

provide.

They started out by talking about the importance of the Mobile area in

general and, in particular, about several decisions that will be made

in the near future that will have significant impact on Mobile Communi-

cations over the next decade or more. The specific example they

referred to is FCC Docket 18262 to which the carriers are to respond

to by December 13 of this year. They stated that they are interested

in an in-depth analysis of the proposal(s) and comments which are due

next spring. The analysis would consider such things as economic

efficiency, spectrum efficiency, and effects on industry structure.

Along this line they noted their scheduled trip to Whippany, N. J., on

December 12 to hear the Bell System presentation.

MI

In terms of specific types of aid, they noted a possible need for specialists

in Communications, Computers, Network Simulation, Marketing, Economici.--,

Systems Engineering/OR, and Government Regulation. If we cannot s'apply

these types of specialists in the proper time frame, they would like for

us to get contract studies clone. The program management functions

would be shared.

They noted that this shr,uld be considered somewhat exploratory until

after their program review with Mr. Whitehead on December 13.

•



R. K. Salaman - 2 - November

In addition to the in-depth analysis of the respon
ses to Docket 182v2,

they mentioned two specific studies in this area
. One would involve a

study of the demand for mobile service as a fun
ction of cost (i.

would be the demand for mobile radio if the cost co
uld be reduced to

equivalent of home service), technology, and soci
al (e. g. , increa=z;n:-

crime) factors. The second is a data gathering project to determine

government use of mobile systems.

I believe we have the capability to offer help on all
 three problem=, an

I so stated. I recommend that we should prepare work statements f^r

early submission.

II
ii



Date:

Reply to
Attn of:

Subject:

December 21, 1971

PSD/DNII

Mobile Communications

To: R. K. Salaman, Chief

Boulder Section, PSD

U.S. DEPARTMENT OF COMMERCE

Of ficu of Tolocommunications
INSTITUTE FOR TELECOMMUNCATION SCIENCES
Bou:der, Colorado 80302

As you know, our full participation in the Mobile Communication area

has been kept on the "back burner" waiting for the OTP program to

get better defined. Last week Jack Thorne11 and Art Cooke met with

Mr. Whitehead regarding the Mobile Area. They indicated informally

to me that they had been given the go-ahead. Their immediate concern

is FCC Dockets 18261 and 18262 dealing with the reallocation of

spectrum near 900 MHZ to common carrier and private land mobile

use. Filings under Docket 18262 were due today (December 20).

Because of the limited time OTP will have to look at the policy issues

presented by the filings and since we are not yet fully staffed, Thorne11

and Cooke are looking for possible contractor support. So in the last

few days they have been conducting interviews with prospective con-

tractors. I sat in on five of these interviews while I was in Washington.

As they explained it, the need for contractor effort would depend upon

the amount of additional material that must be gathered and analyzed--

ie., in addition to the filings. They indicated to the prospective con-

tractors that OT was represented at the meetings because the contract

might be let by us and that we might be concerned with the day-to-day

monitoring of it. In response to my direct questions, Art said that the

OT role would be more precisely defined after the filing deadline. Thus

our role is  still not clear. I would like to study the filings in some

detail so that we can contribute to the task of defining issues.

One of the basic issues that I am interested in is the economic and

social value of mobile communications. I am interested in determining

the increase in efficiency that results from the use of mobile radio by

a taxicab company, for example. To get a start in that direction, I

contacted several groups concerned with Land Mobile Radio.

I talked with Val Williams of the National Association of Business and

Educational Radio (NABER), John Sodolsky of Electronics Industry



R. K. Salaman - 2 - December 21, 1071

Association (EIA), and Len Kolsky of Motorola, regarding this topic.

They generally indicated that there have been no really good, complete

studies. They have plenty of "I couldn't do without mobile radio"

testimonials but not much in the way of real economic analyses. They

have agreed to send me various papers which relate to this area.

X-•(-61// 
Dale N. HatfielA
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Date:

Rept), to
Alto of:

Subjoct:

December 22, 1971

13PSD/DNII

Mobile Communications Tasks

To Paul Polishuk

11ca of Icl:xdorninuniznio-.1-.)
INSTITUTE FOR TELECCV.M.'...NO.AT!:DNSOE
Balder. Colorado 00302

Attached is a brief description of the work that might be started
immediately to support our analysis of the filings and issues
presented by FCC Docket 18262. It should be useful to us_ in later
discussions with OTP when other tasks are developed and it would
also save considerable time in getting a contractor "up to speed'
if OTP wants to go that route. Time is fairly critical because of
the FCC imposed deadlines.

Dale N. Hatfielp

cc: LABerry
RKSalainan

Attachment

-



Mobile Communication

Preliminary Tasks to Support Analysis of the Issues in FCC Docket 18262

Jack Thorn ell and Art Cooke are concerned with developing an OTP

position on Docket 18262. Filings were due on December 20 and comment

arc to be filed by June. In order to insure a timely response to the forth-

coming request for assistance from OTP, certain steps should be under-

taken immediately. These include:

1. Getting copies of all pertinent FCC material, leading up to the

December 20 deadline--in particular, the Notice of Inquiry and

Notice of Proposed Rulemaking.

2. Getting copies of the December 20 filings by AT&T, Motorola, etc.

This would involve getting a list at FCC of those who have filed and

then calling them. Dick Gabel can probably be of assistance in

determining the rnost efficient way of going about this.

3. Preparing short summaries of each filing including their position

on the major issues. Without knowing the number and size of the

filings, it is not possible to indicate how much effort will be

required. As a minimum the filings should be indexed.

Art Cooke indicated that he would like to have a meeting in late January

to discuss possible outside contract effort and our role. By accomplishing

the above tasks and holding an in-house OT meeting to discuss (1) the

issues and (2) required analyses, we should be in a good position to

contribute to the later meeting.



PLAN OUTLINE

Economic Benefits of Mobile Radio Systems

1. BACKGROUND

Draft

12-29-71. DNIi

M4

The demand for mobile radio services is growing at a rapid pace

and this growth has put substantial pressure on the spectrum resources

allocated to it. Solutions--either in increasing the allocations or in

using the existing allocations more intensively—are expensive and the

effects are complex. In the Land Mobile Radio (LMR) area for example,

proposed solutions of the former type may hurt broadcasting interests

and the general public through a decrease in the number of available TV

channels. The latter solution may involve more costly equipment and

regulation, the expense of which must be borne by the general public

through increased taxes, increased costs of goods and services, or

decreased level of service.

One difficulty in resolving this complex resource allocation problem

is the lack of definitive data on the economic and social benefits of the

competing services. The overall purpose of this study is increase the

quality of data available for considering The economic benefit of one type

of LMR service. The techniques developed in the study should be useful

in analyzing other types of services as well. Previous studies in this

particular area, while useful in indicating the possible magnitude of the

benefits, are qujstionable because they rely largely on unsubstantiated,

general claims of increased efficiency. In some instances they were

conducted or funded by groups with a vested interest in the results.

2. SPECIFIC OBJECTIVES

The specific objectives of this study are to:

(1) develop a methodology for providing more precise

estimates of the economic benefits from the. use of

mobile communications system, and



(2)

- -

use the methodology developed in (a) to analyze severe:

representative systems in the Business Radio Service.

3. APPROACH

Using Operations Research/Systems Engineering methods, a model

of a fleet of vehicles in an industrial setting will be developed. 71-.e mode

would predict the productivity of the fleet in terms such as ton, of goods

delivered per day (package delivery service), ratio of revenue mile= to

total miles (taxicab service), or number of service calls per day (TV —

repair service), for example. A typical existing model is - described in

a paper entitled "Cargo Vehicle Productivity" by RObert McQuie. Inputs

to such a mode] would be such factors as average speed, loading and

unloading time, MTBF (mean time between failures), NITTR (mean 1-:—e

to repair), probability of having proper repair part in the inventory

carried on the vehicle (e.g., TV repair), average distance between s

etc. Certain of these factors are affected by the presence and performan:e

of a mobile radio system. It should be apparent how such a system will

increase productivity. The dispatcher can rapidly send the nearest unit

to a location thereby decreasing the average distance between stops. A

mobile unit can immediately notify the dispatcher of a mechanical break-

down, minimizing the time required to return' a vehicle to service. is

may be especially important if the item carried is perishable (e.g.,

mixed cement). A TV repairman in the field may request advice from

a more experienced man in the shop, decreasing the average duration

of a service call. The model will be designed to predict the increase

in productivity from basic parameters such as type of business and

area covered.

Following development of the model, data will be gathered for it

by observing a number of typical fleet operators. Similar businesses wit'a

and without radio systems will be analyzed or, if all businesses of a
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certain type use radio in an area, the operation will be analyzed in

sufficient detail so that good estimates can be provided for changes in

the parameters if mobile radio had not been used._ The data will be

used to verify the model and provide precise information on the actual

increase in productivity for the typical businesses observed.

Finally the economic benefits to typical users will be computed

using labor rates, mileage costs, etc. If the model can be made

sufficiently general, gross estimates of the total economic benefit

of the Business Radio Service will be made using available statistics.

4. STUDY BENEFITS

The techniques developed and the data gathered in this study will

be of direct use to ana lysts in the spectrum policy area. It should increase

both the quality and quantity of the information they have available. It will

be of immediate benefit in studying the issues in FCC Docket 18262 dealing

with spectrum reallocation near 900 MHz. It will be of direct use in

estimating latent and future demand for business radio systems and it

should serve as a starting point for the analysis of other services which

are more complex because they involve publicsafety. It will provide data

for evaluating the non-economic benefits of mobile radio such as decreasing

the number of commercial vehicles on streets and highways.

A side benefit is that it would provide less sophisticated business

users with a relatively simple method of determining the increas—e in

productivity and return on investment they might expect from LMR systems.

5. TASKS

The following tasks are proposed to accomplish the study. A prelim-

inary estimate of the man-months of effort required for each task is shown

in parentheses.
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1. Review and summarize the results of previous studies

directly related to the economics of mobile communication.

(1 mm)

2. Review and skimmarize previous methods and models for

business fleet management. (1 mm)

3. Interview several typical LMR users for preliminary data

to be used in model development. (1 mm)

4. Develop a model relating productivity to basic parameters

such as type of business, area covered, number of mobile

units, radio performance (dead spots, channel delay times).

(4 mm)

5. Collect detailed data from typical users. (3 mm).

6. Test, evaluate, and revise model using data collected in 5.

(2 mm)

7. Exercise model to show ranges of savings possible for

different businesses and compare the results with previous

estimates.

8. Prepare final report including complete documentation of

model. (1 mm)

The estimated total effort based on the above is 14 mm at a total cost of $501K.

6. SCHEDULE

By paralleling certain of the tasks outlined in 5, the study could be

completed in 6 months.



January 13, 1972

Roger Salamat)

Paul ro1ish12?_

M5

LI.S. DEPARTMENT OF COMMEncE
Office of Teitcbmmunitaticriz
Was 

Mee Li JHO Today with Jack, Thonieie
on th7MobI1iAma and Technoingy

With reards to tho mobile area--hcl discussed
it with Tom WhItkthcad and he has apDrrwit.d the
program and Jack would like to aet LognOirly:
with us Lo dcuss our role, at the becTinning
of next week,

In Lhe tetchnology area, Jack nhowea me a letter
he had written Lo Tom. The attached Nhcet
cont:ain!_4 the six topic!: discussed. The only
question was on Item 2, which they felt was
too broad. Jatkts feling was Chelt !;inci, they
had not given approval, they had not given
diapproval, so we woutd use the other five
items as a basis of a Lechnolc)qy program.

p.s. Talked Lo Thornttll's office today (1/14)
and have set up appointment for Thursd.ly

(1/20) at 1:30 p.m. -



O 1 FORM 10
(1-71) OFFICE OF I ELECOMMLJN[CATIONS

January 25, 1972

PSD/RKS

Toward establishment of mobile communication program

Dale N. Hatfield

Paul Polishuk, Sharon Black, and Roger Salarnan met with Jack Thorne11
and Art Cooke on January 20 to discuss Joint OTP/PSD activity in the
mobile area. Jack Thorne11 stressed three points. 1. Primary interest
is on supply and demand rc..lation in the market, generally unrestricted by
spectrum shortage. 2. Demand study is being performed by a contract
with System Application Incorporated (a 6-month contract). 3. The
supply study and economic analysis is to be performed by OTP and PSD.
The contract with SAI is to be completed by mid-June. OTP wishes to
present comments to the FCC by late March and therefore would like to
have information for this purpose early in March. It was stressed that
the program should not be geared entirely to the FCC Docket 18262;
however, this did present some time constraints.

Concerning the SAI contract, they apparently had done some market
surveys for CE in 1968. This work for OTP is to be an update of that
work adding the current proposals in the telephone area. OTP realizes
that at best this demand study will provide only guesstimates.

The rest of the program, supply and economic analysis, on which we are
to place our emphasis, is to develop a system model for recommending
policies in the mobile area. Several tasks were suggested. There needs
to be an analysis of the systems proposed and implied in FCC Docket
18262 both from a technical and economic standpoint. It was suggested
that the economic analysis might be performed by grouping similar
proposed mobile concepts and performing an analysis for the group
rather than for any specific system. Another analysis might be of the
current imbedded cost of existing frequency compatibility. A third might
be an analysis of institutional alternatives. How can the services be
provided and what are these services? What are associated costs? In
order to answer these questions it wrs suggested that data needs to be
obtained on the cost of current systems, the cost of equipment, and so
on, for the proposed systems.

OTP is in the process of establishing an interagency working group to
Integrate the requirements witriln tbrzN,QxEccutiVeD4-tralAch. ElgifiNANfampi DATE

FILE C PY
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the Department of Transportation has five programs concerning mobile
communications, the requirements for which have apparently not been
provided to the FCC.

It was agreed that the supply and economic study cannot be devoid of the
demand size. It was proposed that OTP and PSD mutually agree upon
the market size to be addressed. This could be done in conjunction with
the information from SAI. Growth demand beyond the urban environment
should be considered. For example, on and off highways across the
country. Questions were raised as to whether it was appropriate to
have one supplier provide service in high demand areas and someone
else where there is sparce population.

Specific questions raised included: What is the market penetration versus
cost? In pursuing the ICS system, will the system be overdesigned?
What would be the lowest cost to the user by 1985? Can there be a system
which would cost on the order of $6.00 per month to the user? Based on
the proposed markets, what is the cost to the user and what are the system
alternatives? With the available cost data how should the equipment be
depreciated, how should the system and service distribution be depreciated?
Is it possible to triple the uae of the available spectrum? If AT&T obtains
the total 75 MHz what services will and can be provided in terms of
dispatch, telephone service, and others? What are the institutional
alternatives? Should current wire line carriers, radio common carriers,
private services be utilized? Is there need for other common carriers?
Flow is it possible to make the market grow? Is it necessary to grow?
Is it necessary to have a national mobile system cross country? What are
the possibilities for deregulation? How does system cost depend on
technology? And what are the technological trends? Are there any real
at-contrnies of scale?

Art Cooke will provide the primary contact in the mobile communications
area with OTP. It was suggested that a further discussion of the mobile
program be held at OTP during the first part of the week of January 24.
A meeting has been tentatively scheduled for Tuesday, January 25.

.11.1.MOMMIONNI 

Roger K. Salaman

cc: Carlos Rozo



Date:

Reply to
Attn of:

Subject:

t.%

January 28, 1972

PSD/DNH

Trip to Washington, D. C. January 25-27, 1972

U.S. DEPARTMr 'OF COMMERCE
Office of Telecommunications
INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boulder, Colorado 80302

To: Roger K. Salaman

These are my abbreviated notes from the subject trip:

1. Discussed the Ross TEC report with Lasher and Nelson at OTP.
Evaluated comments of Kelleher.

M7

2. Called Sam Fordyce at NASA regarding their report on DOMSAT
Orbit/Spectrum Utilization for FCC. He appeared hostile but agreed
to send copies to WRH and us.

3. Discussed the mobile area with Hal Millie and got his notes on
previous meeting you attended. I will start detailed project
planning steps and technical summaries.

4. Prepared material for use in Contract Procurement on Mobile
Economic Benefit Study and discussed it with Mr. Bull of DOC
Procurement Group.

5. Attended Motorola briefing at OTP with Millie and Polishuk. I
was very impressed with the discussion led by George Mansur.

/7,-7
Dale N. Hatfield /



Date:

Reply to
Attn of:

Subject:

February 9, 1972

PSD/DNH

Trip Report

To: R. K. Salaman

Of

U.S. DEPARTMF • OF COMMERCE
Office of Telecommunications
INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boulder, Colorado 60302

1) I submitted DOMSAT Orbit/Spectrum paper on Monday and

began review of complete OTP, OR, Ross TEC, and SRI

paper.

2) Wrote two project descriptions for WRH.

3) Received copy of letter from Jack Kelleher to SAL regarding
DOMSAT paper.

4. Talked with Art Cooke and he said he had paved the way for
me to contact SRI about their computer simulation model and
mobile communications data base. I agreed to submitting
revised project/task descriptions by Wednesday or Thursday.

5. Had lunch with WRH and discussed his visit next week. Also
discussed my future role in mobile versus help to him. He
said he would discuss it at OT-OTP Tuesday meeting.

Dale N. Hatfield/

M8
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Revised

PROGRAM PLANNING SUMMARY

MOBILE COMMUNICATIONS

This summary represents an initial effort to define a program

which will provide analytical support in the area of mobile communi-

cations. It is based upon (1) discussions held with OTP on November 24,

1971, January 20, January 28, and February 2, 1972, and (2) a prelim-

inary review of the submissions under FCC Docket 18282. Eight basic

tasks (projects) have been identified. These are:

I. Technical Summaries of Filings

Mobile Communications Demand

Mobile Communications Supply

IV. Engineering and Related Economic Benefits

V. Technological Alternatives and Implications

VI. Inter-Agency LMR Working Group Support

VII. Evaluation of Rechannelization Alternatives

VIII. Basic Policy Implications

The time frame constraints have been set by the desire to submit

preliminary comments to the FCC in March and by the FCC's deadline for

comments in June. The above tasks should be regarded as both a response

to the specific issues raised by Docket 18262 as well as a response to

longer range questions relating to mobile communications. In the sections

which follow each of the above tasks (except II) is described in more detail
and preliminary budget, manpower, and schedule estimates are provided.

Task II is not described because it will be done through a contract with SAl.



TASK I

Comparative Technical Summaries of Filings

1. Objective: To compile an LMR Program data base of pertinent FCC

Docket information and filing summaries and other technical/economic

concept information as a foundation for analysis work to be accomplished

under Tasks III, IV, and V.

2. Requirements: The filings under Docket 18262 are sufficiently

voluminous that summaries are required to aid study team personnel in

efficiently assimilating the material contained therein.

3. Work Statement: Each of the current filings under Docket 18262

will be summarized. In addition, previous filings and relevant technical

papers which provide additional detail on the filings will be collected and

cataloged. Subsequent filings, trade journal articles, technical papers,

and other pertinent materials will also be collected and summarized as

required. The filings will be compared and contrasted in order to highlight

the features and limitations of each.

4. Interfaces: This task will supply information to all other projects
on a continuing basis.

5. Milestones: This project is currently under way. Copies of the
current filings have been obtained and are currently being summarized.
The remaining milestones are--

Summaries Completed 1 March 1972

Information Base Documented
(Catalog)

6. Manpower:

Engineer/OR Analyst

Support

7. Budget: $12K

2

15 June 1972

3 man-months

I man-month



TASK III

Mobile Communications Supply

1. Objective: To determine, through supply analysis, the application

(capacity) of various proposed technologies and alternati
ve industry

structures to meet all LMR service needs as a function
 of: cost, spectral

efficiency, and performance.

2. Requirements: There are many types of services
 to be provided

under the general heading of mobile communicatio
ns and there are many

different technical configurations and industry s
tructures that can provide

such services. Many of these alternatives are addressed in the filings

and others (possibly more innovative) are possible. So
und policy decisions

require the analysis of these alternatives in ter
ms of cost, performance,

and spectrum efficiency. The complexity of these alternatives precludes

the use of ordinary analytical methods and requir
es the adaptation/development

of a suitable simulation model.

3. Work Statement: Since this is a fairly large study, t
he work statement

has been divided into a number of subelements:

(a) Identify and describe a number of representative alternative

systems based on a study of the filings and discussions with

OTP, OT, and industry personnel.

(b) Develop or adapt a computer simulation model for evaluating

the types of systems identified in (a) either individually o
r in

combination. This model will predict the system performance

(e.g., probability of blockage, average delay, maximu
m number

of channels required, etc. ) as a function of the number of

mobile units, the geographic distribution of base stations a
nd

mobile units, and message statistics. It will provide data on

the number and length of wireline facilities, the number 
of

transmitter/receiver combinations, and other information

necessary to develop cost information.

3



(c) Gather cost information on existing systems and systems

proposed in the filings. This information will be developed

as a function of frequency range, number of channels, power

output, number of lancilines, etc., so that it can be readily

included in the model. Maintenance, administrative, and

other operating costs will also be obtained. The cost

information supplied in the filings will be analyzed in detail.

All cost data will be organized for publication as a separate

part of the report. This will include breakouts of current

base station and in-car equipment costs as well as the sunk

costs in current systems.

(d) Evaluate the alternatives outlined in (a) using the model

developed in (b) and the cost data from (c). This will include

studies of (1) the current system, (2) systems proposed in

the filings, and (3) other innovative systems or combinations.

A primary output of this task will be curves showing costs

versus number of users for the alternative systems. These

curves will show the lowest cost technology (configuration)

for different levels of demand. They will also indicate

economies of scale.

4. Interfaces: This project will receive inputs from Tasks I and II.

Task I will provide general background information and Task II will

provide information on innovative services and the range of demands

that must be considered. This project will provide information to Task VIII

which is concerned with broader economic issues. For example it will

provide information on the economies of scale associated with the various

alternatives. Furthermore it will provide insight into the reliability and

sensitivity of the conclusions presented in the filings.

4



5. Milestones:

(a) Alternative Systems /Configurations Identified and

Model Requirements Determined 1 March 1972

Computer Simulation Model
Available*

Evaluation of Alternative Configurations

Completed and Interim Results

Report Issued

15 April 1972

15 May 1972

1 July 1972

6. Manpower:

Engineer /OR Analyst 6 man-months

Programmer 6 man-months

Support 3 man-months

7. Budget: Labor $35K

Computer 2K

Other 3K 

$40K

*This estimate is based on the assumption that existing model or models

can be acquired from the applicants or other sources. Preliminary steps

to acquire the Motorola model have already been taken because of the

critical time constraints.

5



TASK IV

Economic and Social Benefits

1. Objective: To determine economic (and other) benefits to LMR -

users under various institutional structures resulting from several

system application concepts.

2. Requirement: A major problem in rationally allocating the spectrum

resource is the lack of definitive data on the economic and social benefits

of competing services. This particular project is required to increase

the quality of data available for estimating the economic benefit of one

type of LMR service but the techniques developed should be useful in

analyzing other types of services as well. Previous studies in this

particular area, while useful in indicating the possible magnitude of the

benefits, are questionable because they rely largely on unsubstantiated,

general claims of increased efficiency. In some instances they were

conducted or funded by groups with a vested interest in the results. The

methodology and representative data collected will be used as one factor

in (1) evaluating the economic benefit of LMR use of the radio spectrum,

(2) estimating the sensitivity of these benefits to the performance of the

radio system, and (3) analyzing latent and future demand for commercial

and governmental LMR systems.

3. Work Statement: This study has been divided into the following

elements:

(a) Review and summarize previous studies directly related to

the economics of mobile radio and fleet management.

(b) Develop a model of the productivity of a fleet of units in a

commercial/governmental setting (dispatch service). It will

predict the productivity in such terms as tons of goods

delivered per day (package delivery service), ratio of

revenue miles to total miles (taxicab service), number of

service calls per day (appliance repair service), or number

of prospects visited per day (insurance salesman). Inputs

6



to such a model might include the type of business, area

covered, number of mobile units, average vehicle speed,

duration of stops, etc. Most importantly the inputs would

include the performance of the LMR system, e.g., dead spots,

channel delay time and message statistics. The model will then

be extended to include more innovative uses of LMR.

(c) Collect detailed data from typical LMR users and test,

evaluate, and revise the model developed in (b). Exercise

the model to show ranges of savings possible and compare

with previous estimates. Estimate demand at various cost

levels by determining possible savings.

Prepare a final report describing the model and the analytical

results.

4. Milestones:

RFPs Distributed

Proposals Received

Contract Awarded

Preliminary Report

Model Completed

Analysis Completed

Final Report

(d)

1 March 1972

1 April 1972

1 May 1972

15 June 1972

15 August 1972

1 October 1972

1 November 1972

5. Interfaces: This project will provide data for the demand analysis

(Task II) and Task V. On a longer term basis it will provide

consideration in any further spectrum

6. Manpower:

Engineer/OR Analyst

Programmer

7. Budget: $60K.

reallocation plans.

data for

12 man-months

3 man-months

er • st•••••• • -



TASK V

Technological Alternatives and Implications

1. Objective: To determine the technical feasibility of advanced

system applications and to estimate the probability of their timely,

economic development and implementation,

2. Requirements: OTP has indicated concern that the decisions in

Docket 18262 may preclude the development of more advanced system

concepts in the future. For example, they were concerned whether
adequate attention had been paid to digital-voice systems using time-

division multiple-access techniques. Such techniques would alleviate

problems associated with using a single amplifier or antenna to handle
many signals at a base site. The significance of allocating 75 MHz of

spectrum for the development of a high-capacity system with a large

capital investment requires assurance that (1) all current technological
alternatives have been adequately investigated and (2) the decisions will
not unduly restrict future options.

3. Work Statement: The subelements of this task are:

(a) Identify advanced technological alternatives based on inputs
from Task II, material inthe filings, technical papers, and

discussions with OTP, industry, and government personnel.

(b) Evaluate the alternatives identified in (a) in terms of (i)

their performance advantages and disadvantages (in particular

whether the system would be "transparent" to users), (ii) the

current state-of-the-art, (iii) reason for rejection by current

applicants if applicable, (iv) problems of future implementation

if current proposals are accepted, (v) costs, (vi) changes in the

future state-of-the-art that may affect any of the foregoing, and

(vii) their overall probability of implementation.

(c) Prepare a report describing the results and containing
recommendations.

4. Interfaces: This project will receive data from Tasks I and II and

it will make use of Task III to evaluate the more promising alternatives.

8
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1
5. Milestones:

Advanced Alternatives Identifie
d

and Described

Evaluation Completed

Final Report Issued

6. Manpower:

Engineer

Support

7. Budget: $25K.

9

15 March 1972

15 May 1972

15 June 1972

6 man-months

2 man-months



TASK VI

Inter-Agency LMR Working Group Support

I. Objective: The objective of this task is to assist OTP in the leadership

of the Inter-Agency LMR Working Group, consisting of representatives

from OTP, FCC, HUD, HEW, DOT and LEAA.

2. Requirement: Decisions made by the FCC under Docket 18262 may

have an impact on the successful implementation of programs of the

various participating agencies. For example, Automatic Vehicle

Monitoring systems may have spectrum requirements that must be met

by assignments in the frequency bands that are the subject of the FCC

Docket. Another example is the systems to telemeter medical information

from ambulances to the emergency room of the hospital. The Inter-Agency

Working Group will submit comments to the FCC on the impact of these

requirements. OT will supply the secretarial and technical staff support

required by the Working Group.

3. Work Statement: This task will include (1) preparation of agendas

and minutes, (2) collection of reports dealing with proposed systems,

(3) technical analysis and synthesis of requirements under the direction

of the Working Group, and (4) other activities as required.

4. Milestones: Milestones will be determined by the meeting and report

schedule adopted by the Working Group. A preliminary schedule is as

follows:

First Meeting

Second Meeting

Third Meeting

Draft Report

Final Report

18 Feb 1972

1 Mar 1972

5 April 1972

3 May 1972

1 June 1972

5. Interfaces: This project is essentially complete in itself. Portions of

the results will be directed toward Task VIII.

6. Manpower:

Professional

Support

7. Budget: $12K

10
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1 man-month



TASK VII

Evaluation of Rechannelization Alternatives

for Increased Spectral Efficiency

1. Objective: To identify and recommend
 alternative proposals for the

rechannelization of public user groups 
in existing LMR bands, toward

optimizing spectral and operational effici
ency, as a function of: staccere.4

peak busy periods, holding time, wait
ing time, and other pertinent

technical and economic parameters.

2. Requirements: There have been some arg
uments made that the

shortage of frequencies for Land Mob
ile Radio could be relieved by

better frequency management techniq
ues using essentially the existing

technology. These arguments have been based on actual measur
ements

and the observation that some channels
 were overloaded at times when

other channels were only lightly load
ed. In another geographic area the

reverse might be true. A complete evalu
ation of the issues under

Docket 18262 and a full understanding
 of the LMR problems in general

requires an evaluation of techniques
 to rechannelize user groups in a

more efficient fashion.

3. Work Statement: This project will include the fo
llowing elements:

1. Identify and gather data on LMR channel usage that ha
ve been

collected in previous studies.

2. Categorize by type of business the public users of LMR and

collect data on their usage by time-of-day, average 
holding

times, sensitivity to waiting time, etc.

3. Develop estimates of increased spectral efficienc
y possible

through rechannelizing by exercising the model
 developed

in Task III using the data from elements 1 an
d 2 above.

4. Milestones:

1. Previous studies identified and

available data gathered

15 April 1972

2. Sample data gathered 15 May 1972

3. Preliminary results available 15 June 1972

4. Decision to increase data sample 1 July 1972

11



5. Data base expanded 1 Oct 1972

6. Analysis Completed 1 Nov 1972

7. Final Report 15 Dec 1972

5. Manpower:

Engineer/OR Analyst

Support

6. Budget: $60K

12

9 man-months

6 man-months



TASK VIII

Basic Policy Implications

1. Objective: There are two objectives under this task: first, to identify
basic policy issues which emerge from earlier tasks (I through VII);
second, to obtain and document preliminary and final conclusions,
recommendations, and results of analyses, derived during the course
of the overall study effort.

2. Requirements: It is likely that additional policy issues will surface
during the course of the other investigations. Furthermore, certain
non-quantifiable issues which are not inherently considered in analytical
studies of performance (quality of service), economic efficiency, and
spectrum efficiency, must not he overlooked. The purpose of this task
is to identify these issues. It is also necessary to collect in a single
document the principal results, conclusion, and recommendations of
the several other studies in this program area.

3. Work Statement:

(a) Basic policy issues which were identified in previous meetings
will be reviewed and any further issues identified in the other
tasks will be added as they are available.

(b) Preliminary results of the other tasks will be documented for
use in initial comments to the FCC.

(c) Regular progress reports and a final report will be prepared.

4. Interfaces: This task will receive data from all other studies in the
program area. It will provide information to the other projects as the
policy issue definitions are refined.

5. Milestones:

Program Progress Reports
Compilation of Policy Issues

Completed

Preliminary Results Summarized

Report Issued

(Monthly)

1 Mar 1972
15 Mar 1972
15 June 1972

6. Manpower

Economist 5 man-months
Engineer 2 man-months

7. Budget: $25K

13
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Task/Milestone 1 Feb 1 Mar 1 Apr 1 My 1 June 1 July 1 Aug 1 Sept 1 Oct

I. Technical Summaries

Summaries Completed

Data Base Documented

II. Demand

III. Supply

Alt. Systems and Model

Req. Identified

Computer Simulation

Model Available

Eval. of Alt. Systems

Completed

Report Issued

IV. Economic and Social

Benefits
Contract Awarded

Preliminary Report

Model Completed

Analysis Completed

Report Issued

V. Basic Policy Issues

Is sues Compiled

Preliminary Report

Analysis Completed

Final Report Issued

VI Technological Alternatives

Alternatives Identified

Evaluation Completed

Report Issued

A

A

A

A

A

A

A

A

A
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III. Supply

Alt. Systems and Model

Req. Identified

Computer Simulation
Model Available

Eval. of Alt. Systems
Completed

Report Issued

IV. Economic and Social
Benefits

Contract Awarded

Preliminary Report
Model Completed

Analysis Completed
Report Issued

V. Basic Policy Issues
Issues Compiled

Preliminary Report
Analysis Completed
Final Report Issued

VI Technological Alternatives
Alternatives Identified
Evaluation Completed
Report Issued

Manpower gz Budget

Professional Support Budget
Task I 3 mm 1 mm $12K
Task II

Task III 6 e 3 40K
Task IV 12 3 60K
Task V 5 2 25K
Task VI 6 2 25K
Totals 32 mm 11 mm $162K

A

A

A

A

411=P
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Date: February 23, 1972

Reply to
Mtn of: PSD/DNH

(

11" EX= CO,T.'.12.":.!Ca
Office of Telc.:,.....)rnunon3
INSTITUTE FOR TELECCMMUNZATION SCIENCES
Boulder, Colorado 00302

subiect: Mobile Communications Program Area

To: George Haydon

Acting Associate Director, ITS

As you know I have been working with Jean Adams and Don Lucas to
better define ITS support for PSD in the subject program area.

M10

One thing that needs immediate attention and which is a logical extension
of work done by Hoke Willis is to gather information on the tariffs and
costs for existing Mobile Telephone Service (MTS) as provided by both
the wireline and radio common carriers. This information was explicitly
requested by OTP and is useful for several reasons: (1) it provides a
"benchmark" for comparison with the new proposals in Docket 18262,
and (2) these systems using existing VHF and UHF allocations may be
used even after the 900 MHz band systems are operational and thus a
complete analysis must include them. Wes Harding has already started
some work in this area and I would urge that he and Hoke get together
regarding base station equipment and operator costs, etc. Wes has
information on mobile unit costs and Mountain Bell tariffs for MTS. A
possible source of cost information for the non-wireline common carriers
is the filing by the National Association of Radiotelephone Systems (NARS).
They or their contractor (Kelly Scientific Corporation) could also be
contacted directly. As soon as this is completed a full scale cost study
of the new proposals will be needed.

A second area which will need attention almost immediately is in computer
model development. I have arranged to stop at Motorola in Chicago to
get a briefing and copy of their model. I will also get the model developed
by Systems Applications Inc. if I can. This model will determine equipment
requirements for a given level of performance for different system/industry
configurations. I have received a memo from Pete McManamon regarding
a mathematical model that may be useful. I am a little doubtful about its
complete applicability because of (1) the mix of regular telephone and
dispatch messages with different calling rates and holding times on the
same channels, (2) the necessity to simulate geographic dispersion, and
(3) the importance of simulating "handoffs" in cellular systems. I haven't
had a chance to discuss this with Pete but I will as soon as I know the
requirements and capabilities of the computer models.

ii



George I-Iayclon

ts

- 2 - February 23, 1972

Both of the above would fall under Task III of the OT/PSD Mobile Program

Planning document which you have received.

A third relatively minor task is to become familiar with the Bell System

Electronic Switching Systems (ESSs). Such a system will be an important

technical and cost item in the Bell system. A good reference is "No. 2

ESS", Dell System Technical Journal, 48, No. 8, October 1969. I would

like someone in ITS with good hardware and software experience to

become acquainted with this switching computer, perhaps by arranging

for a briefing at the Denver Bell Lab/Western Electric facility that is

building some of the gear. Cost and performance comparisons with

other suitable equipment would be useful.

/4  /2 41-Ydifirii

Dale N. Hatfield-
/1

Policy Support. ]Division

cc: D. D. Crombie

J. E. Adams

W. B. Harding

D. L. Lucas

P. M. McManamon

Willis

R. K. Salaman7

H. Millie (Washington PSD)



Date:

Reply to
Attn of:

Subject:

February 28, 1972

PSD/DNH

Trip Report, Washington,

Chicago, Illinois Feb. 21-25, 1972
D. C. and

To: R. K. Salaman

U.S. DEPARTMENT OF COMMERCE
Office of Telecommunications
INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boulder, Cdorado 60302

1. You are aware of the results of the OT meetings during the week

so I wonrt repeat them here.

Z. In a meeting with Art Cooke on Thursday, Paul Polishuk, Hal

Millie, and I informally received the revised work statements

1 f •

on the Mobile Program. The remaining tasks and dollar

amounts are as follows:

Task Title Amount Responsibility

I. Research and Data Base Preparation $12K PSD/ITS
Mobile Communications Supply 40K ITS

III. Technological Alternatives and
Implications 25K ITS

IV. Inter-Agency LMR Working Group
Support I2K PSD

V. Basic Policy Implications 25K PSD

OTP will formally send the work statements this week.

3. The meetings at Motorola on Friday were extremely useful. They

gave me (1) a line-by-line explanation of their program, (2) a listing,

(3) a paper tape copy, (4) sample runs, and (5) on-line instruction.

I met with Jim Mikulski (Section Manager, Systems Research Lab

of the Communications Division) and his programmer, Jim Engel.

A copy of their transmittal letter is attached.

C A -

Dale N. Hatfi
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February 25, 1972

Mr. Dale Hatfield
U.S. Dept. of Commerce

Office of Teleco=unications

Policy Support Division

Boulder, Colorado 80301

Dear Mr. Hatfield,

This leter accolr:4)anieL the listing and paper tape copy of the "CCC

Grid Simulation Program -- Dynamic Model". This program has been

developed by Motorola, Inc., Communications Division, and has been

described in our filing with the FCC relative to Docket No. 18262.

It is considered to be proprietary to Mptorola and is given to you,

as a representative of the U.S. Department of Co=erce, Office of

Telecommunications, for the sole use of the Department. We ask that

it not be disclosed to any other parties without our written per-

miss' en,

The program and its operation have been explained to you. We make

ne representations as to the applicability for the particular usage

you envision, that being your responsibility to determine. Similarly,

we make no statement concerning the validity of the results in appli-

cations differing from those for which the program was specifically

designed.

Accepted by , f_c
'dr. Dale Hatfield

••• • /

• /-

George Aichelc

.-.
(..!EI:icQ

ro'icy

Sincerely,
7

), /

James Mikulski
Section Manager
Systems Research Lab

z
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Mr. Fldbc!rt
Officc of T:.:.1co.;11.mlnit>:)tions

of
1. 1inc:ftorl, D.C. 20230

The Wk f;tz'.tcmcTits n-
cliwcuions bct:cen tic sta:a of PSD zznd Or:2 in (!finill
the :or porzam to bs accomp1is3afld by PSD in

trio 1.411d r1b1c Rioarci. Those b2on

and zpprovcd by Gore Eansur and this lettr reprozents

vc.Yor z-.uthority to proceed with th3 tnsk a= 6rsineci.•

ArF Co,-;Ize designzAcclS th,a Project Of5.cr for t."!I

LM zictivity zInd hc 011(1 Got Chbrou:jh will coordirInt

all tho 0T2 ctiviti.z unelcc rav ioctic: I lo'..)% -;k1rurk:1

to loninc with PSI) ana to a mccollsEul co:npletion of

cc: • Dr. MT:nslar

Ms. Pol 5.=.4huk

Er. . H7 tfiele.

11r.

Sincerciy,

/5(

Jac% Mor.7a(,11
Prjrcm 11.mczer

? : •
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PROGinM PLANNING SUMMARY
MOBILE COMMUNICATIONS

This summary represents an initial effort to define a

prograrci which will provide analytical support in the area of

mobile communications. It is based upon (1) discussions held

with OTP on November 24, 1971, January 20, January 28, and

February 2, 1972, and (2) a preliminary review of the sub-

missions under FCC Docket 18262. Five: basic tasks (projects)

have been identified. These are:

I. Research and Data Base Preparation

-
Mobile Communications Supply -

Technological Alternatives and Implications

IV. Inter-Agency LMR Working Group Support

V. Basic Policy Implications

. The time frame constraints have been set by the desire to

submit preliminary comments to the FCC in March and by the

FCC's deadline for comments in June. The above tasks Should

be reciarded as both a response to the ;specifi..: issues raised
•

.by Docket 18262, as well as a response to longer range ques-

tions relating to mobile communications. in the sections which

follow each of the above tasks is described in more detail and

preliminary budget, manpower, and schedule estimates are provjd=,d.

All tasks exceptTask I require Interim feedback in late March.

I i



TASK I

Research & Data Base Preparation

1. objective: To compile an INR Program data base of per-

tinent FCC Docket information an
d filing summaries and other

technical/economic concept information as a found
ation for

analysis work to be accomplished under
 Tasks II and III.

2. Reauirements.: The filings under Docket 18262 are suffi-

.

ciently voluminous that summaries are req
uired to aid study

team personnel in efficiently assimila
ting the material con-

tamed therein.

3. Work Statement: Each of the current filings under Dcdc',:==_,

18262 will be summarize
d. In addition, previous filings and

relevant technical papers
 which provide additional detail on

the filings will be col
lected and cataloged. Subsequent

filings, trade journal articl
es, technical papers, and other

pertinent materials wil
l also be collected and summarized L=

required. The filings will be compared and contrasted i
n

to highlight the fea
tures and limitations of each. An impor- : -

'task to be performe as a part of the database preparation isd 

to identify the 27 1.
1ajor MR market areas, and those

institutional organizations presently r
equiring spectrum

,
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within each of these areas, i.e., wirelipe companies,

RCCss and private business users. Also, there should a

similar copilation which shows major highways and rural

areas and those using sectrum in these areas.

4. Interfaces: This task will supply information to all ctT-

projects on a continuing basis.

5. Milestones: This project is currently under way. Cop;=,'

of the current filings have been obtained and are currently

being summarized. The .remaining milestones are--

Summaries Completed- l'March 1972

Information Base Documented 15 June 1972
(Catalog)

• .6. Manpower:

Engineer/OR Analyst

• Support

Budget: $12K

3 man-months

• 1 man-month
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TASK II

Mobile Communications Supolv

Objective.: To determine, through supply analysiS,. the

application (capacity) of various proposed technologies and

alternative industry structures to meet all LMR service needs

as a function.of: cost, spectral efficiency, and performance.

2. Requirements: There are many types of services to be pr-

vicleci under the general heading of mobile communications and

there are many different technical configurations and iridust

structures that can provide such services. Many of these

alternatives are addressed in the filings and others (possibly

more innovative) are possible. Sound policy decisions require

the analysis of these alternatives in terms of cost, performance,

and sp:,,ctrum efficiency. The complexity of these alternati7s

precludes the use of ordinary analytical methods and require:

the adaptation/development of a suitable simulation model.

3. Work Statement: Since this is a fairly large study, the

.wor.k statement has been divided into a number of sub-elem:

(a) Identify and describe a number of representative

alternative systems base:d on a study of the filings, the SI

study work, and discussions with OTD, Om, and indust,--v ner..-on7=1



(b) Develop or adapt a computer simaation for

evaluating the types of systems identified in (a) either

individually or in combination. This model will predict the

system performance (e.g., probability of blockage, average'

delay, spectrum required) as a function of market size, the

geographic distribution of base stations and mobilr, units, and

message statistics. It will provide data on the number and

length of wreline facilities, the number of transmitter/

• receiver Combinations, and other. information necessary to

develop cost information.

(c) Gather cost information on existing systems and

systems proposed in the filings. This information will be

developed as a function of frequency range, number of channels,

• power output, nuMber of landlines, etc., so that it can be

readily included in the model. Maintenance, administrative,

and other operating costs will also be obtained. The cost

• 'information supplied in the filings will be analyzed in detail.

•
All cost data will be organized for publication as a separate

part of the report. This will include breakouts of current

base station and in-car equipment costs, aS well as the sunk

costs in current systems.
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(d) Evaluate the alternatives outlined in (a) using /-1 -

fflodel developed in (h) and the cost data from (c). 
This will

include studies of (1) the current system, (2) syste
ms pro-

posed in the filings, and (3) other innovative systems
 or

combinations. A _primary output of this task will be curves

showina  _costs versus  number of users for the alternative

?stem. These curves will show the lowest cost technology

(configuration) for different levels of demand. They will

also indicate economies of scale.

4. Interfaces: This project will receive inputs from Tasks I

and SA'. Task I will provide general background inform
ation

and S.::a - will provide information on innovative services

'and the range of demands that must be considered. This project

will provide information to Task V _which is concerned with-

broader economic issues. For example, it will provide informa-

tion on the economies of scale associated with the various

'alternatives. Furthermore, it will provide insight into the

reliability and sensitivity of the conclusions presented in

the filings.
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5. Milestones:

(a) Alternative Systems/Configurations Identified and

Model Requirements Determined I March 1972.

(b) Computer Simulation Model 15 April 1972
Available*

•

(c) Evaluation of Alternative Configurations

Completed and Interim Results ' 15 May 1972

(d) Report Issued .1 July 1972

6. Manpower:.

Engineer/OR Analyst•

. • Progran-traer

Support

7. Budciet  : Labor $35K

Computer 2K

Other 3K
• $ 40K

• .6 man-months

6 man-months

3 man-months

*This estimate is based on tha assumption that existing model'

or models can be acquired from the applicants or other ,.ol,ircec-.

Preliminary steps to acquire the Motorola model have al:-- Ldv

been taken becaust., of the critical time constraints.
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TASK III

.
Technological Alternatives and Implacations

1. 02Apstive: To determine the technical feasibility of

advanced system applications and to estimate the probability

of their timely, economic development and implementation.

2. Reauirements: There is a concern that the decisions in

Docket 18262 may preclude the development of more advanced

system concepts in the future. For example, has adequate

attention been paid to digital-voice systems using time-

division multiple-access techniques? Such techniques would

alleviate problems associated with using a single amplifier

or antenna to handle many signals at a base site. The sig-

nificance of allocating 75 MHz of spectrum for the development

of a high-capacity system with a large capital investment

requires assurance that (1) all current technological alter-

natives have been adequately investigated, (2) the decisions

will not unduly restrict future options, and (3) that the

future systems will not be functionally inflexible.

3. Work Statement: The sub-elements of this task are:

.(a) Identify advance-CI technological alternatives based on

inputs from SAI material in the filings, technical

I papers, and discussions with OmP, industry, ane governmo.n'

personnel.
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(b) Evaluate the 'alternatives identified in (a) in

terms 6 (i) their performance advantages and disadvantages

(in particular whether the system would be "transparent" to

users), (ii) the current state-of-the-art, (iii) reason for

rejection by current applicants if applicable, (iv) problems
•

of future implementation if current proposals are accepted,

i.e., EMC, (v) costs, (vi) changes in the future state-of-

the-art that .may affect any of the foregoing, and (vii) their

overall probability of implementation.

(c) Prepare a report describing the results and containing

recommendations.

4. Interfaces: This project will receive data from Tasks I

and the SAT study and it will make use of Task IT to evaluai-r,

the more promising alternatives.

5. Mile.TAonc_L:

Advanced Alternatives Identified
and Described

Evaluation Completed

Final Report Issued

6. Manpower:

Engineer . G 1-c,an-litornf:

Support

7. Budget: $25K.

15 March 1972

15 May 2_972

15  June 1972

2 )•,:7:-
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TASK Iv

Inter-Agency LMR Working Group Support

1. objective: The objective of this task' is to assist OTP

in the leadership of the Inter-Agency LMR Working Group,

consisting of representhtives from OTP, FCC, HUD, HER, DOT

and LEAA.

2. Requirement: Decisions made by the FCC under Docket 18262

may have an impact on the successful implementation of programs

of the various participating agencies. For example, Automatic

Vehicle Monitoring systems may have spectrum requirements

.that must be met by assignments in the frequency bands that

are the subject of the FCC Docket. Another example is the
•

systems to telemeter medical information from ambulances to

the emergency room of the hospital. The Inter-Agency Working

Group will submit comments to the FCC on the impact of these

requirements. OT will supply the secretarial and technical

staff support required by the Working Group.

.3. Work Statement: This task will include (1) preparation of

agendas and minutes, (")) collection of reports dealing with

-proposed systems, (3) technical analysis and synthesis of

requirements under the direction of the Working Group, and

(4) other aci*,- ties as recurred.
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4. Milestones: Milestones will be detex:2-mined by the meeting

a'nd report schedule adopted by the Working Group. A pre-

liminary schedule is as follows:

First Meeting 18 Feb 1972

Second Meeting 7 Mar 1972

Third Meeting 5 Apr 3972

Draft Report:

Final Report

.3 May 1972

i Jun 1972

5. Interfaces: This project is essentially complete in itself.

. Portions of the results will he directed toward Task

6.Manpower:

Professional

Support

. Budget: $12K

man-months

man-month
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TASK V

. Basic Policy implications

1. Objective: There are two objectives under this task:

first, to identify basic policy issues which emerge from

. earlier tasks (I through-IV); second, to obtain and docu-

ment preliminary and final conclusions, recommendations, and

results of analyses, derived during the -course of the overall

study effort.

2. Requirem=ts: It is likely that additional policy issues

will surface during the course of the other investigations.

Furthermore, certain non-quantifiable issues which are not

- inherently considered in analytical studies of performance

(quality of service), economic efficiency, and spectrum

efficiency, must not be overlooked. The purpose of this task

is toidentify these issues. It is also necessary to collect

in a Single document the principal results, conclusion, and

recommendations of the several other studies in this program

I.

area.

3. Work Statement:

(a) Basic policy issues which were identified in previous

neetings will be reviewed and any further issues identified

the other tasks will be added as they are available.

-
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(b) Preliminary results of the other tasks will be

documented for use in initial comments to the FCC.

(c) Regular progress reports and a final report will be

prepared.

4. Interfaces: This tash will receive data from all other

studieq in the program area. It will provide information to

the other projects as the policy issue definitions are

• refined.

5. Milestones:

Program Progress Reports (Monthly)

Compilation of Policy Issues

Completed 1 Mar 1972

15 Mar 1972Preliminary Results Summarized

Report Issued.

.6. Manpower:

'Economist

-7. .Budclet: $25K

15 Jun 1972

5 man-months

2 man-months
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Draft Work Statement

Mobile Telephone System Coverage

The Office of Telecommunications Policy (OTP) has noted that

it does not have information on the present coverage of Mobile Telephone

Systems in the U.S. This is another piece of information that is needed 

to serve as a benchmark for the analysis of new systems proposed for

900 MHz. Such coverage is now provided by the wireline common carriers

(1,VCCs) and radio common carriers (R CCs). Both provide for the inter-

connection of mobile units with the nationwide telephone network.

OTP has specifically requested this task. The objective is to

provide a series of maps (overlays) showing the existing coverage of

WCC and RCC Mobile Telephone Systems. In many areas both RCCs and

WCCs provide coverage so the overlays will be needed to show multiple

coverage. Emphasis should be placed on the coverage in the top 77

although information on nationwide coverage is also desired. There are

some maps already available from the RCC industry group (NARS) but OF

seemed to feel that they were inaccurate in terms of actual coverage.

The task will be divided into two phases. The purpose of Phase I

will be to study the availability and form of existing data. From this

preliminary study, an estimate of the effort requir-_!(.1 to actually Dre-_-are

the coverage maps in Phase II will be made. A decision on whether to

continue with Phase II will be made at the end of Phase I. A short memo

will be required at the end of Phase I and a short report describing the

maps will be required at the conclusion of Phase TI.

It is estimated that Phase I will require about 1/2 man-month of

effort.
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Reply to
Attn of:

Subject:

March 1, 1972

PSD/ DNB

Meeting with 1TS

To: R. K Salanaa.n

rt i C.c

regarding Mobile

of Tclur,.nmir.t. -,ti.,:mn
INSTITUTE FOR 1 ELECOM;',2\7.7.A1 LN S2.
f3ou!der, Cc:racio 63302

•

Program Area

On Tuesday, February 29, I held a meeting with ITS personnel who
will be working on the Mobile Program. The purpose of the meetin7
was to (1) introduce the project team to each other, (2) familiarize
them with the overall problem, and (3) make preliminary assignments
of people to tasks.

We arrived at the following tentative assignments:

Scotty Hart Current MTS coverage, subscribers,
industry structure (Task 1)

Wes Harding

Jean Adams

Judy Stephenson

Gene Ax

Current MTS and Dispatch costs, prices,
and technology (Task I) and costs of 900
MHz Mobile and Base-station equipment

Computer Model (Task II)

Technological Alternatives (Task III)

I still need help in analyzing processor and landline requirements and
costs for cellular systems. I have contacted George Sugar in NBS
regarding the processor analysis and have scheduled a meeting Ler
8:30 AM Friday to discuss it further. I also have the name of
consultant here in Boulder that has expertise in this area. I am still
looking for help on landline costs.

/
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Dale N. Hatfield,'
fr/
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MICROWAVE MOBILE RADIO SYMPOSIUM

Department of Commerce Laboratories

Boulder, Colorado 80302

March 1 - 3, 1972

Sponsored by the IEEE Vehicular Technology Group, the IEEE

Communications Society, the Denver Section of the IEEE, and

the Institute for Telecommunication Sciences of the Department

of Commerce.
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General Information: Technical sessions will be held at the Radio

Building, Department of Commerce Laboratories, Boulder, Colorado.

Registration will be held in the lobby of the Radio Building. Registration

cost for the Symposium is $6. 00; checks should be made out to the

Denver Section of the IEEE. Tickets for the dinner meeting (spouses

are cordially invited) at the Greenbriar Inn will be available at the

registration desk; the cost is $5.50 per person.

This brochure includes a list of the technical sessions and titles of the

papers to be presented. Additionally, paper abstracts or outlines, if

available, are given. A formal Symposium Record will not be published,

but the speakers are invited to present their material for publication

in the technical journals of the sponsoring Groups.
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PROGRAM FOR MICROWAVE MOBILE RADIO SYMPOSIUM

SESSION I - PROPAGATION - Wednesday, March I, 1972, 8:30 - 12:00

Chairman: A. J. Rustako, Jr., BTL, Holmdel, N. J.

Introductory Remarks by Officials of Sponsoring Groups

1. 910 MHz URBAN MOBILE RADIO PROPAGATION:
MULTIPATH TIME DELAY MEASUREMENTS IN

NEW YORK CITY.

D. C. Cox, Bell Telephone Labs., Holmdel, N. J.

2. MOBILE RADIO PROPAGATION STATISTICS AT
900 MHz IN NEW YORK CITY.

J. Shefcr, G. S. Kaplan, and S. N. Honicknan*, RCA

Laboratories, Princeton, N. J. (*now at Mitre Corp.,
McLean, Va.).

3. MULTIPATH AND MOBIT_,E, ANTENNA GAIN.
N.H. Shepherd, G. E., Lynchburg, Va.

4. THE DETERMINATION OF SERVICE AREA FOR UH-

UHF
-

UHF LAND MOBILE AND BROADCAST OPERATION
OVER IRREGULAR TERRAIN.
A. P. Barsis, Inst. for Telecommunication Sciences,
Boulder, Colorado.

5. THE ELEVATION ANGLE OF MOBILE RADIO SIGNAL
ARRIVAL.

W. C. Y. Lee, Bell Telephone Labs., Holmdel, N. J.

6. RESULTS OF SUBURBAN I3ASE STATION SPATIAL
DIVERSITY MEASUREMENTS IN THE UHF BAND.
S. B. Rhec and G.I. Zysman, Bell Telephone Laboratories •
Whippany, N. J.



SESSION II - SYSTEM ORGANIZATION - Wednesday, March 1, 1972
1:30 - 5:00 I'M

Chairman: D. 0. Reudin.k, BTL, Hoh-ndel

1. A SIMULATION STUDY OF SOME DYNAMIC CHANNEL
ASSIGNMENT ALGORITHMS IN A HIGH CAPACITY
MOBILE TELEPHONE SYSTEM.

L. G. Anderson, Bell Telephone Labs, Columbus,
Ohio.

. PERFORMANCE OF DYNAMIC CHANNEL ASSIGNMENT
IN SIMULATED HIGH CAPACITY MOBILE RADIO
SYSTEMS.

D. C. Cox and D. 0. Reudink, Bell Telephone Labs,
Holmdel, N. J.

3. NEW MOBILE COMMUNICATION SYSTEMS USING
REPEATERS AT THE SAME FREQUENCY. (AN
ALTERNATIVE TO SMALL CELL COVERAGE)
Henry Magnuski, Consultant, Glenview, Ill.

4. MOBILE TELEPHONE COMMUNICATIONS AT MILLIMETER
WAVELENGTHS.

C. L. Ruthroff, Bell Telephone Labs, Holmdel, N. J.

5. THE EFFECTS 01,' LOCATION CA PA MI.ITY ON DYNAMIC
CELL SY ST EMS.

hilotorola, Schaumburg, Ill.

6. RADIO SIGNAL COVERAGE AND THE ESTIMATION OF
BASIC SCALE PARAMETERS IN CELLULAR MOBILE
RADIO SYSTEMS.

L. J. McDonald, Bell Telephone Labs, Holmdel, N.J.

Dinner Meeting, Greenbriar Inn, Foothills Highway (U.S. 36) N of Boulder

at intersection with Left Hand Canyon Road.

Wednesday, March 1, 1972 - Informal Get-together at 6:00 p. in.
Dinner at 7:00 p.m.

TELECOMMUNICATIONS AT THE FEDERAL LEVEL: SOAH.:
PROBLEMS AND FUTURE PROSPECTS.

T. F. Rogers, Vice President, Urban Affairs, Mitre Corporation

2



S ESS IQ N HI - PROPAGA'r ION - Thu rsday, Ma. rch 2, 1972., 8:30 -

Chairm a n: A. P. Barsis, OT/ITS, Boulder, Colorado

1. COHERENCE BANDWIDTH IN MOBILE RADIO.
M. J. Gans, Bell Telephone Labs, Holmdel, N. J.

2. STATISTICS OF X- BAND PROPAGATION IN AN
URBAN ENVIRONMENT.

G. S. Kaplan, J. Shcfer, and S.N Honicknan*, RCA
Laboratories, Princeton, N.J. (*now at Mitre Corp. ,
McLean, Va.)

3. MOBILE PROPAGATION EXPERIMENTS AT MILLI-
METER WAVE FREQUENCIES.
L. U. Kibler, Bell Telephone Labs. , Holmdel, N. J.

4. COMMUNICATION CHANNEL CHARACTERIZATION
AND MEASUREMENT.
H. Salwen and P. A. Bello, Signatron Inc. , Lexington,
Mass.

5. THE DURATION OF LONG-TERM MOBILE RADIO
SIGNAL FADING CAUSED BY SHADOW EFFECT.
W. C. Y. Lee and Y. S. Yeh, Bell Telephone Labs,
Holmdel, N. J.

6 WHEN ARE HIGHLY CORRELATED RAYLEIGH SIGNALS
CORRELATED ENOUGH?
L. Schiff, RCA Laboratories, Princeton, N. J.

SESSION IV - NOISE AND INTERFERENCE  - Thursday, March 2, 1972.
1:30 -

Chairman: J. Tary - NBS, Boulder, Colorado

1. WIDEBAND MEASUREMENT OF MAN-MADE NOISE.
R. Buck, Transportation Systems Center, DoT,
Cambridge, Mass.; R. Esposito, Raytheon Research
Division, Waltham, Mass. ; P. Yoh, Transpo rtation
Systems Center, DoT, Cambridge, Mass.

3
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Session IV
Continued

2. STATISTICAL-PHYSICAL MODELS OF MAN-MADE

RADIO SIGNALS AND INTERFERENCE.

D. Middleton, Physicist and Applied Mathematician,

New York, N.Y.

3. UPPER UHF AND L-BAND METROPOLITAN

INCIDENTAL MAN-MADE RADIO NOISE.

E. N. Skomal, Aerospace Corp., San Bernardino

California.

4. BASEBAND PERFORMANCE OF A PILOT-DIVERSITY

SYSTEM IN THE PRESENCE OF RAYLEIGH-FADING

SIGNALS AND CO-CHANNEL INTERFERENCE.

R. E. Langseth, Bell Telephone Labs, Holmdel, N. J.

5. SUBJECTIVE VOICE-CIRCUIT QUALITY MEASURE-

MENTS IN THE PRESENCE OF MULTIPATH FADING.

V. H. MacDonald, Bell Telephone Labs, Holmdel, N. J.

6. THE AMPLITUDE AND TIME STATISTICS OF
ENVIRONMENTAL MAN-MADE NOISE AT 821 MHz.

H. L. Hanig, Bell Telephone Labs, Whippany, N.J.

SESSION V - RADIO SYSTEMS AND TECHNIQUES - Friday, March 3, 1972
8:30 - 12:30

Chairman: Harold Staras, RCA Laboratories, Princeton, N. J.

1. A MOBILE RADIO, SINGLE FREQUENCY "TWO-WAY"
DIVERSITY SYSTEMS USING ADAPTIVE RETRANS-
MISSION FROM THE BASE.

H. H. Hoffman, Bell Telephone Labs, Holmdel, N. J.;

J. S. Bitler, Bell Telephone Labs, Merrimack Valley,
Mass.; C. 0. Stevens, Bell Telephone Labs, Holmdel,

N. J.

2. ON THE USE OF PHASE-LOCKED LOOP DEMODULATORS

IN THE PRESENCE OF RAYLEIGH FADING.

R. E. Langseth, Bell Telphone Labs, Holmdel, N. J.

4



Session V

Continued

3. A UHF MOBILE TELEPHONE SYSTEM USING
DIGITAL MODULATION, PRELIMINARY STUDY.
J. S. Bitler, Bell Telephone Labs, Merrimack Valley,
Mass.; C. 0. Stevens, Bell Telephone Labs, Holmdel,
N. J.

4. A 900 MHz MULTIPLE ACCESS F1 F1 REPEATER
MOBILE COMMUNICATION SYSTEM.
P. F. Sielrnan, AIL, Deer Park, L.1., N.Y.

5. A NUMERICAL METHOD FOR THE SYNTHESIS OF
CIRCULAR ARRAY ANTENNA PATTERNS WITH APPLI-
CATIONS TO MOBILE RADIO SYSTEMS.
Thomas H. Zachos, Bell Telephone Labs, Holmdel, N. 3.

6. MULTIPLEXING PROBLEMS IN CENTRAL TALKOUT
TRANSM1TT ERS.

C. N. Lynk, Motorola, Schaumburg, Ill.

7. ANTENNA SITE MANAGEMENT, VOLLMER PEAK
PROJECT, A PROGRESS REPORT.
J. R. Hall, Microwave Associates, Sunnyvale, Calif.;
J. Watson, Watson Communications, Inc. , Lafayette,

5
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MICROWAVE MOBILE RADIO SYMPOSIUM

SESSION I

910 MHZ URBAN MOBILE RADIO PROPAGATION: MULTIPATH
TIME DELAY MEASUREMENTS IN NEW YORK CITY. D. C. C.
Bell Telephone Labs. , Holmdel, N. J.

SUMMARY: Amplitude and time delays associated with multipath pro-,--
gation have been measured between a base station antenna on top of
400-foot building in New York City and a vehicle moving along
streets up to two miles away. The vehicle usually was shadowed
from the transmitting antenna by intervening buildings. The
measuring system, which was described at the 1971 USNC/URSI
spring meeting, measures the 910 MHz complex bandpass impulse
response (amplitude and phase of the multipath propagation) with
a resolution of 0. 1µ sec in time delay. Individual power delay
profiles illustrate that frequently more than 10 paths with signifi-
cant amplitudes (less than 6 dB below the strongest path) exist.
A multitude of weaker paths also are evident. Often the multi-
path structure is significant at excess delays as large as 10 p sec.
The strongest paths are frequently a microsecond or more delayed
from the shortest path observed. Local statistics for vehicle
travel distances of about 100 feet, such as average power delay
profiles and distributions of signal amplitude at fixed delays,
are presented. RF doppler spectra associated with some par-
ticular delays (cross sections of delay-doppler scattering
functions) are illustrated.

11-2 MOBILE RADIO PROPAGATION STATISTICS AT 900 MHz IN
NEW YORK CITY. J. Shefer, G. S. Kaplan, and S. N.
Honicknan*, RCA Laboratories, Princeton, N. J. (*Now at
Mitre Corp. , McLean, Va. )

SUMMARY: With mounting frequency spectrum congestion in ur1),In
efforts are under way to utilize the newly allocated frequencies
in the high UHF band at maximum efficiency. This paper
describes a series of propagation experiments in New York City

I-1



in which a number of parameters pertinent to mobile radio

communications were investigated. While these propagation tests

were conducted in such a way as to find answers to problems

arising in a conventional mobile radio system at 900 MHz, they

were also aimed at providing system design data for a novel

approach to mobile radio communications in which a given fre-

quency is concurrently used in a number of sub-zones of an urban

complex. Specifically, tests had to provide data for the deter-

mination of so called speech-to-noise ratios not only in the

presence of thermal and man-made random noise but also in the

presence of a large number of interfering transmissions.

In the tests, a CW wave at 892 MHz and 16 watts power was

omnidirectionally radiated from an 8 dB gain antenna. The vehicle-

mounted receiver used a 5 dB gain omnidirectional antenna and had

a sensitivity of -110 dBm in a 25 kHz bandwidth, accommodating

a maximum path loss of 165 dB and a dynamic range of 80 dB.

Signal amplitudes were stored on FM magnetic tape, then converted

to digital format for analysis, with an overall effective frequency

response of DC to 2 kHz and a 256 level resolution. The basic

computer analysis output was an amplitude probability distribution

of the received signal, acquired either while standing or moving

in a prescribed zone for one or two minutes duration. These

zones were laid out such that expected free-space propagation

variations within a zone were less than 1 dB. The levels at which

signals were exceeded 1%, 10%, 50%, 90% and 99% of time are

presented in the form of contours, showing path loss as a function

of distance for zones strung out at intervals on a radial line

originating at the transmitter.

Data are presented for two transmitter antenna heights. One height

is a more or less conventional rooftop location (135 ft) where the

aim is for maximum coverage. The other height is only 30 ft

which may be a more suitable height for small-zone coverage and

maximum blocking of out interference.

Signal statistics were obtained for three directions originating

at a downtown Manhattan transmitter site. The directions chosen

were north, into uptown Manhattan and the Bronx, south, including

downtown Manhattan and parts of Brooklyn, and east into Queens.

Good signals were measured out to ranges of 8 to 10 miles.

1. H. Staras and L. Schiff, "Spectrum conservation in the land mobile

radio services", IEEE Spectrum, July 1971, pp. 28-36.

I-2
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Samples of amplitude probability distributions, both for moving and

standing vehicles, will be shown, as will also the amplitude

statistical data as a function of distance in the different directions.
Some implications for mobile radio systems in the 900 MHz band

will be discussed.

1-3 MULTIPATH AND MOBILE ANTENNA GAIN, N. H. Shepherd,

General Electric, Lynchburg, Virginia

SUMMARY: Multipath signal waves between the base transmitter and

mobile receiver causes a disturbance in the audio output which is

somewhat similar to impulse noise. The rate of disturbance

increases directly with both the operating frequency and speed

of the mobile. As its rate increases, each individual disturbance

decreases in length, thus partially compensating from change

in interference. Recordings will be presented at various speeds

and frequencies of 450 and 900 MHz to allow subjective comparison

of the effects of frequency and speed.

Mobile gain antennas have been used under various multipath

conditions. Statistical comparisons will be made between X/4

dipole and mobile gain antenna at 900 MHz for various multipath

conditions such as, line-of-sight, diffraction path, and shadow

path. Comparisons will be based on signal level distributions of

500 ft runs.

1-4 DETERMINATION OF SERVICE AREA FOR VHF/UHF LAND

MOBILE AND BROADCAST OPERATIONS OVER IRREGULAR
TERRAIN. A. P. Barsis, Office of Telecommunications,
Institute for Telecommunication Sciences, Boulder, Colorado.

ABSTRACT: In this paper we define service area of VHF/UHF land

mobile and broadcast stations and demonstrate graphical and computer

methods to determine and present such areas as a function of known

equipment parameters and of a propagation model derived largely

from an extensive measurement program over irregular terrain.

I-5 THE ELEVATION ANGLE OF MOBILE RADIO SIGNAL ARRIVAL,

W. C. Y. Lee, Bell Telephone Laboratories, Holmdel, New Jersey.

ABSTRACT: The elevation angle of arrival of mobile radio signals

in two polarizations, vertical and horizontal, has been investigated

while the mobile unit is moving on the streets in an urban area. We

have used two high gain antennas mounted on the roof of a mobile unit:

1-.3



a colinear (3-element) half wave in-phase antenna with a gain

4 dB above a whip antenna for receiving a vertically pola riicd

wave, and a 5-element cloverleaf antenna with a gain dli

a loop antenna for receiving a horizontally polarized wave. As

we compared the signals received from these two antennas with

those from two standard ones, the average field strengths

received from the two high gain ant ennas were higher for most

streets. This observation indicates that the signal arrival is

concentrated in elevation angles near the horizontal for both
polarizations. We may also predict that the signal arrival is

concentrated along the horizontal in a metropolitan area by

adapting the waveguide concept to the streets. Hence we sug,i:.,,!est

that a 4 dB high gain vertical polarization antenna may .be used !:o

replace the whip antenna in a diversity combining system in order

to gain signal strength in addition to the advantage of the diversi,_- ,

scheme. We also suggest that a high gain horizontally polarized

antenna with simple structure could be designed especially for use

with polarization diversity.

I - 6 RESULTS OF SUBURBAN BASE STATION SPATIAL DIVERSITY

MEASUREMENTS IN THE UHF BAND. S. B. Rhee and C. I.

Zysmann, Bell Telephone Laboratories, Whippany, New Jersey

ABSTRACT: Base station spatial diversity measurements in the UHF

band were performed in the Whippany, New Jersey area using directic7..1

antennas. Antenna pairs were separated by 3. 4, 6. 6, and 10

wavelengths. The cross correlation coefficients between th.•

signals received by two antennas were computed as a function of

antenna height, antenna separation, and signal polarization. Both

vertical and horizontal antenna spacings were employed in the

measurements. The antenna azimuthal beam widths were

typically 100 degrees at the half-power points.

The cross-correlation coefficients were obtained by measurements

in seven different probing areas. The following table indicates

variations obtained in these sites.



1

1

Antenna

Height

Polari-

zation

Antenna

Spacing

Correlation Coefficients

Range I Mean

10 X 0.Z85 - p. 8 3 5 0.5Z

100 ft Vertical 6. 6 X 0.445 - 0. 890 0. 674

3. 4 X 0.760 - 0.910 0.8Z8

The variations occur as a function of vehicle location and the

particular terrain features between the mobile transmitter and

the base station receiver. We feel that most of the diversity

advantage may be realized with an antenna spacing of approxi-

mately seven wavelengths in a suburban environment.
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SESSION II

II-1 A SIMULATION STUDY OF' SON.11.: DYNAMIC CI IA NN
ALGORITHMS IN A HIGH CAPACITY MO llLI T VLF:1'110Ni.. -
L. G. Anderson, Bell Telephone Labs., Columbus, Ohio

SUMMARY: High Capacity Mobile Telephone System (I--ICMTS)
the name given to a system that has been proposed by BTL to mer::
the increased demand for mobile telephone service. A large
number of radio channels are provided for such a system.
use of the radio spectrum required for these channels is attained
by providing multiple base stations and limiting coverage of each
base station to a relatively small area termed a radio cove raze
cell. Radio channels are assigned to cells which are sufficiently
separated so that co-channel interference is reduced to acceplal.-)1_
levels. Assignment may be on either a permanent basis, fixed
channel assignment, or the assignment can be made only for ̀ .he
duration of the call. The latter method has been called dynamic
channel assignment.

This paper reports an investigation to determine the increase in
traffic capacity provided by dynamic channel assignment as compa:ci
to fixed channel assignment. Of the many dynamic channel assin-
ment procedures one could choose, this work has been limited to
those which use a fixed channel assignment as only a nominal or
first choice channel assignment. When none of these nominal
channels are available for use in a cell, an attempt is made to
borrow a channel which is nominally assigned to some other cell.

A system layout containing 21 cells arranged in a hexagonal arra-.
was used in the study. It was assumed that traffic was highly cc_.n-
centrated in the center cells of the system. For study purposes.
it was assumed that traffic grows proportionally in each cell.
channel reuse criterion of six cell radii was assumed. That is,
a radio channel can be simultaneously used by several base stat
if they are separated by at least six cell radii. Assuming the 'Jaz.:
station is located at the cell center, the cell radius is the maxi-
mum distance from a base station that a mobile is permitted to U5 -

that base station. With fixed channel assignment, reuse criteric:n.
of six cell radii in a hexagonal array of cells implies a require-
ment of twelve sets of radio channels to completely cover the arra
If all cells had the same amount of traffic, assigning channels
to the twelve channel sets and then to cells would be a trivial



matter. However, when there is substantial cell-to-( ell variation

in offered traffic, some traffic capacity may be gained by assigning

channels to cells at distances greater than the minimum required.

This technique has been called fixed borrowing. Prior to evaluating

dynamic channel assignment, the maximum capacity attainable with

fixed borrowing Must be found. A procedure for doing this has

been developed which utilizes the concept of mutual interference

sets of cells. A side result of this effort is an upper bound on

the increased traffic capacity obtainable from dynamic channel

assignment.

A more complex question is the effect handoffs have on probability

of blocking and how much the traffic in each cell is modified. As

before a transit time distribution is computed. This enables one

to study the problem by computer simulation. Simulation of a

system of 2.1 hexagonal cells has been performed. In addition

to simulation efforts, an analytical model has been formulated

based on the well known Erlang B formula for blocking probability.

This results in a system of N simultaneous nonlinear equations

where N is the number of cells. An efficient iterative procedure

for solving these equations has been developed and tested. Solu-

tions are compared to the simulation results above, showing good

agreement.

The main effect of handoffs is to cause a reduction of cell-to-cell

variation in the amount of offered traffic. These effects are of

sufficient magnitude to cause substantial changes in the probability

of blocking in each cell. By adjusting the amount of equipment

provided each cell the probability of blocking can be made uniform.

It is probably desirable to reduce the probability of blocking for

handed off calls below that for new calls. No methods for doing

this have been investigated, but the analytical model developed

should provide a tool for investigating the effectiveness of at least

some of the possible approaches for doing this.

PERFORMANCE OF DYNAMIC CHANNEL ASSIGNMENT IN

SIMULATED HIGH CAPACITY MOBILE: RADIO SYSTEMS.

D. C. Cox and D. 0. Reudinh, Bell Telephone Laboratories

Holmdel, N.J.

SUMMARY: High capacity mobile radio systems with large numbers

of radio channels are being studied as a way to relieve the over-

crowded conditions existing in mobile radio communications today.
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In order to make efficient use of frequency spectrum, radio

coverage of these proposed systems would be limited to small

zones and cihannels would be reused several times within a particular

urban area. Computer control of such a system certainly would be

necessary. Bounds 2011 the behavior of simplified systems have been

obtained previously but the problem of determining the performance

of these complex systems by rigorous analytical methods does not

appear tractable. This paper presents a comparison of some

performance characteristics of dynamic channel assignment and

fixed channel assignment mobile radio systers obtained by

simulation on a high-speed digital computer. In the dynamic

assignment system a channel is assigned to a requesting vehicle

and its covering base station by methods which consider the channels

in use at that instant at that base station and at base stations within

some region surrounding the vehicle. Once a channel is assigned

it will generally stay with the vehicle for the duration of the call

which may involve the assignment of other base stations to that

channel as needed to cover the vehicle. In the fixed assignment

system only certain specified channels are available at each base

station. The assignment of a channel to a mobile within the coverage

area of a base station must be made from the specific channel set

allocated to that base station.

The simulation program is broken into two parts. The first generates

the demand on the mobile radio system. The second part operates

on that demand with a given channel assignment strategy. In the

first part, requests for service are initiated as a Poisson process

in time. The locations of the mobiles initiating calls are distributed

uniformly in space. These calls which are eventually assigned a
channel by the second part of the program are moved about with

random velocities for random lengths of time. The model at this
stage assumes the following: (1) the existence of a reuse distance
beyond which co-channel interference may be neglected, (2) that only

one base station is required to provide adequate coverage to the
vehicle and that this base station is known, and (3) that all channels
can be generated and received at all base stations and by all vehicles.

The assignment strategy chosen for this simulation attempts to pack
channel assignments as close together as possible, but it never

allows a channel to be used at base stations less than a reuse interval

apart. If, during operation, a mobile crosses a coverage area
boundary and causes co-channel interference, a search is made for

a new channel. In the simulation, if no channel is available the

call is terminated.

11-3
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Computer simulations were run for a one-dimensional system
with uniform base station spacing and for a two-dimensional
system with base stations positioned uniformly on a rectangular
grid. The parameters for the two systems are listed in Table 1.

Compared to fixed channel assignment systems with 10 channels
allotted per base station, the dynamic channel assignment systems
perform better (more traffic carried per channel) when operating
at blocking rates below about 10 percent. Table 2 shows some
relative comparisons for the three systems.

At low blocking, dynamic channel assignment systems are able to
supply additional channels to meet the peaking demands of the
Poisson call initiation process. At high blocking, the fixed channel
assignment system forces channel reuse to be optimum and thus
carries more traffic.

Table f

Parameter
System

One Dimension Two Dimension

Number of Base
Stations 24 27x27

Base Station _..
Coverage Area 2 mi. 2 mi.x2 mi.

Channel Reuse
Interval 8.mi. 8 mi.

Total Number
of Channels 4o 16o
Average Number
of Channels
Per Base
Station 10 10

Vehicle Truncated Truncated
Velocities Gaussian Gaussian

Distribution Distribution
Maximum Maximum
Velocity Velocity
= 60 mph = 60 mph•
a = 30 mph a = 30 mph

Call Duration Gaus6ian and Exponential
Exponential Mean =
Mean = 103.5 sec
103.5 sec
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BlockInj,
f New Call
ttempts (5)

Table 2

Traffic Carr i.ed
3 On Pel. 1 )

Fixed
Channcl

Assinr1.?!It
System3

Dynmiy (!lia!ln .q

Gne Two
Dimen3ion DI7,-;1313n

1

3

10

30

4.4

5.4

6.75

8.3

6.3

6.75

7.34

8.0

6.25

6.5

6.70

7.1
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11-3 NEW MOBILE COMMUNICATION SYSTEMS USING REPEATERS AT
THE SAME FREQUENCY. (AN ALTERNATIVE TO SMALL CELL
COVERAGE)

Henry Magn.uski, Consultant, Glenview, Ill.

SUMMARY: In mobile communications omnidirectional antennas
are used and prohibitive RF power is required to extend the
communication range, especially at microwave frequencies.
Systems using chains of small, on-frequency repeaters will
permit unlimited range extension with low power transmitters.
The problem of interference between adjacent repeaters is solved
by arranging the transmission and reception periods to be less
than half of the time, so that the mobile vehicle never receives
the two signals simultaneously. The main advantages of such
systems are: low transmitter power, good spectrum utilization and
uniformly good voice communication regardless of distance, since
digital modulation is used.
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11-4 MOBILE TELEPHONE COMMUNICATIONS AT MILLIMETER
WAVELENGTHS.

C. L. Ruthroff, Bell Telephone Labs, Holmdel, N.J.

ABSTRACT: There are approximately 100 million cars and truckc,

in the United States without telephones. While important service
exist and are planned at frequencies below 1000 megahertz, the

use of these frequencies for general telephone service is severely
restricted by one or both of the following fundamental limitations.

There is not enough bandwidth available at these frequencies
for the large number of circuits necessary to provide mobile
telephone service to the general public.

Transmission between the base station and the mobile

unit is via a scattered signal which fades deeply and rapidly

and makes it very difficult, if not impossible, to achieve
commercial grade telephone service most of the time.

The first limitation does not exist at millimeter wavelengths;
above 30 GHz sufficient bandwidth is available for a widespread
mobile telephone system. With respect to the second limitation,

high quality transmission can be achieved with a combination of
narrow-beamwidth antennas and line-of-sight transmission.

The purpose of this talk is to describe a model of a mobile tele-
phone system with a potential capability of connecting all cars
and trucks in the country to the existing telephone network. This
potential mobile network is the same order of size as the present
fixed telephone network. To obtain this enormous capability,
multiplexing of the circuits in the mobile-base station link is
required and will be described. Acquisition, tracking, and hand-off
during a call in progress are also described.

As already suggested the system would operate at a frequency
above 30 GHz. The effects of rain attenuation and atmospheric
absorption loss will be discussed and examples of the expected
signal-to-noise ratios will be presented.

The viability of the system model depends very strongly upon the
hardware realization. Solid state device technology and the
techniques of manufacturing integrated circuitry at millimeter
wavelengths have reached the point where it is now possible and
reasonable to realize the apparatus required to do the job. Circuit=
for performing the required functions at millimeter wavelengths
will be described.
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11-5 THE EFFECTS OF LOCATION CAPABILITY ON DYNAMIC CELL

SYSTEMS.

James J. /vIikulski, Motorola, Inc., Schaumburg, Ill.

SUMMARY: A simulation program has been described
' 

which allows

the study of traffic capabilities for communications systems providing

an area coverage by means of an organized cell structure. It has

the ability to reassign channels dynamically based on call location

and a given D/R ratio, or based on a fixed buffer area criterion.

The effects of these two criteria, reflecting the requirements on

a vehicle location system, as they affect the traffic handling

capabilities of a typical cell system, have been studied and will be
discussed,

1
Jan-les Mikulski, "A Central Coverage Cell System - An Approach

for Multi Service High Capacity Radio Systems, " IEEE-VTG

Conference, December 1971.

11-6 RADIO SIGNAL COVERAGE AND THE ESTIMATION OF BASIC SCA:_..
PARAMETERS IN CELLULAR MOBILE RADIO SYSTEMS.

L. J. McDonald, Bell Telephone Labs, Holmdel, N. J.

SUMMARY: The mobile radio systems considered here are based

on the reuse of radio frequency channels in small geographical

areas called cells. To obtain complete coverage, the cells need onl
cover the entire service area, but to achieve maximum frequency
reuse capacity the cells must be packed together closely.

Two basic scale parameters are needed to specify a given system:
(1) the maximum radius, R, of a cell and (2) the minimum
distance, D, between the centers of cells of radius R using the
same radio frequency (i.e., "co-channel cells"). The estimation
of these two scale parameters is essential to the economic analysis
of different system plans. However, the two parameters each
depend on three independent but fundamental factors; (1) the trans-
mission service objective, (2) the listener response and (3) the
radio signal coverage. The first factor simply specifies the quality
of service to be offered to the user. The second factor represents
the subjective evaluation, by a random sample of listeners, of
voice-circuit quality for different radio frequency signal-to-noise
ratios (SNR) and signal-to-interference ratios (SIR). Finally, the
radio signal coverage describes the distributions of SNR and SIR
associated with different values of the scale parameters in each

system plan. In other words, the two parameters, R and D,

can be expressed in terms of the service objective once the listener

response and radio signal coverage factors are known.

11-7



The purpose of this paper is to describe our results for the radio
signal coverage factor. Recent experimental work by V. H.
MacDonald at Bell Laboratories (BTL) describes the listener
response to voice-circuit quality in the presence of Rayleigh fading.
We also use his results together with our results to obtain estimates
for the two basic scale parameters.

The electromagnetic propagation model used in our description of
radio signal coverage is based on the work of Okumura, et al.
Preliminary results from recent experimental measurements at
BTL confirm much of Okumura's work. Our propagation model
is constructed around Okumura's observation that the mean of the
Rayleigh distributed local signal strength is a log-normal random
variable. Parameters for this log-normal distribution are taken
from BTL data and include variations with distance. The effect
of Rayleigh fading is already included in MacDonald's work on
listener response, leaving only the log-normal variation of the
local mean to be considered in this paper.

Radio signal coverage is expressed in terms of probability distri-
bution functions for SNR and SIR random variables. Such distri-
bution functions are calculated directly from the electromagnetic
propagation model, for a given system plan. The results for two
system plans are presented here. In one plan (Plan A), one base
station transceiver is located at the center of each cell. The
second plan (Plan B) has three base stations for every cell. They
are located at alternative corners of the cell and provide selective
signaling. However, each base station serves three cells, so
that both plans use the same number of base stations. The distri-
bution functions for Plan B are shown to yield significantly better
signal coverage when compared with Plan A.

Estimates of the two basic scale parameters, R and D, are
presented in terms of service-quality phase diagrams for the two
system plans. These diagrams relate the fraction of users who
consider a given SNR or SIR to achieve a given quality of service
(for a specific mobile radio system), to the fraction of time they
experience that quality of service. This assumes the user is
equally likely to be at any point in the cell. Finally, the value
of R is shown to be larger, and the value of D shown to be
lower, for Plan B than for Plan A when the same quality of service
is provided.
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SESSION III

III-1 COHERENCE BANDWIDTH IN MOBILE RADIO. M. J. Gans,

Bell Telephone Labs, Holmdel, N. J.

ABSTRACT: Due to scattering of the radio frequency waves from obstF.

located mainly in the vicinity of the mobile station, the propagation

of microwave frequencies between a mobile station and a base

station consists of paths of various lengths; i. e., time delays.

The various scattered paths often as not contribute as much or more

to the signal strength than does the direct wave between mobile and

base stations. The spread in time delays ranges from 1/4 micro-

second at 860 MHz in suburban areas to 5 microseconds at 450 MHz

in urban areas. The spread in time delays determines what

might be termed a coherence bandwidth. Signals separated in

frequency by more than the coherence bandwidth are not correlated

in the statistical properties of their propagation through the random

scattering medium between land and mobile stations. Thus, the

coherence bandwidth is the largest frequency separation between

pilot and signal which allows the pilot to correct antenna phasing

for coherent reception or retransmission of the signal with an array.

Also transmission of signals whose bandwidths exceed the coherence

bandwidth results in signal distortion.

Measurements, in New Providence, New Jersey, of the phase

between elements of a receiving array on the mobile unit were

made simultaneously at two frequencies near 836 MHz. Frequency

separations of 50 kHz, 100 kHz, 200 kHz, 500 kHz, and 1 MHz were

used. Plots of the measured probability distribution of phase error

(phase shift between two antenna elements at one frequency minus

phase shift at the other frequency) are presented for each separation

frequency, at various locations for wide and close antenna spacing.

By assuming an exponential shape for the probability distribution

of time delays, the measured rms phase errors are related to .

coherence bandwidth 150 kHz), spread in time delays ('-'1/2

microsecond), amplitude correlation, and loss in diversity gain

due to decor relation between pilot and signal.



III-Z STATISTICS OF X.-BAND PROPAGATION IN AN URBAN
ENVIRONMENT. G. S. Kaplan and J. Shefer, RCA Laboratories,
Princeton, New Jersey

SUMMARY: Recent developments in solid state technology indicate that
potentially inexpensive and reliable power sources and microwave inte-
grated circuitry at X-band are becoming available. Spectrum congestion
at the lower frequencies and the availability of a new technology
for utilizing the 10 GHz and higher frequencies indicate that these
frequencies will be of increasing importance. Effective use of the
higher frequencies depends on the knowledge of signal propagation in
the operating environment. Although there has been some previous
experimental effort at X-band in urban areas, there are gaps in
our knowledge of propagation effects at these frequencies especially
for low transmitting antenna heights. The series of experiments,
which is the subject of this paper, was conducted within various
areas of New York City at a frequency of 10. 6 GHz. The trans-
mitter locations (nine in all) were chosen so as to give as varied
a sample of urban environment as possible, and also, exhibit a
unique and well defined feature for each. Tests were run in the
downtown Wall Street area encompassing tall buildings and wide
streets, hilly areas, areas with and without trees, commercial
and residential areas. The urban environment is not completely
random as to shape of reflecting objects, their orientation and
movement. There is a preponderance of flat vertical planes of
reflections stacked in characteristic patterns along street lines,
together with a (usually) continuous horizontal plane - the roadway.
These reflections could conceivably behave differently for
different polarization of the incident signal. Therefore the experi-
ment was designed to allow vertical, horizontal and circular
polarizations at both the receiver and transmitter so that polari-
zation effects could be studied. Four antennas were used, one at
a time, to measure the field at the receiver. These were an
omnidirectional vertically polarized monopole on a ground plane
and three open waveguide (3 dI3 gain) antennas for each of the
polarizations.

At each of the transmitter sites, a transmitting antenna was placed
at about 25 feet above street level. Three basic types of
experiments (or runs) were performed:
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1) A "straight run" with the receiver moving at 10-15 mph a-.;.a..y

from the transmitter and mostly within line of sight. These runs

were normally terminated whenever the signal dipped consi,:ently

below noise level (about -105 dBm) or where the street turn i..1 wat

of line of sight.

2) A "standing run" with the receiver stationary at a locatic,n.

3) A "corner run" with the receiver out of line of sight of the.

transmitter.

Due to the multiplicity of both moving and stationary reflector-:.

well as vehicle motion itself, the electromagnetic environmeri':

which a vehicle receives an rf signal is perhaps best characteriz--::.

as random. Accordingly the received signal is itself random and

therefore the most appropriate descriptions are stitistical in

The cumulative probability distribution of the X-band path loss v•-,- -as

computed as a basic measure of propagation conditions. (Path 1..,:ss

is defined as the loss between the input to the transrnittinL antenna

and the output of the receiving antenna mounted on the mobile

vehicle. ) The experimentally determined cumulative probability

distributions of path loss are presented for a variety of test

conditions and environments. These measured distributions te:

(although not always) follow either a Rayleigh or Ricean

Substantial variations in received signal were measured even for

a stationary receiver within line of sight of the transmitter.

III-3 MOBILE PROPAGATION EXPERIMENTS AT MILLIMETER WAVE

FREQUENCIES. L. U. Kibler, Bell Telephone Laboratories,

Holmdel, New Jersey

ABSTRACT: Millimeter wave frequencies hold the promise of

the bandwidth necessary to accommodate present and foreseeable

communication services. The development of a millimeter wave

mobile system requires a study of the propagation at these fre-

quencies in the mobile environment. This mobile environment

consists of both city streets bounded by tall buildings and the

relatively open spaces of the suburban and rural areas.

The mobile system envisioned provides for fixed concentrators

(transmit-receive units placed about 25 feet above the road)

spaced about one mile apart along the streets or roads of the
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various areas. A mobile unit moving between concentrators

transmits or receives a direct signal and signals scattered by

fixed and moving objects in this radio path. Experiments were

conducted to measure two properties of this received signal; the

doppler frequency shift of scattered signals relative to the direct

signal, and the fading statistics of the signals.

The results of these experiments showed that the difference in

doppler shift between the direct and scattered signals ranged from
approximately 170 Hz to a few hertz. The largest frequency

difference occurred for vehicles crossing the radio path at about

45 mph. Vehicles traveling at speeds less than 45 mph along the

radio path or at small angles to it (less than ZOO) produced doppler
shifts which ranged from 40 Hz to a few hertz.

In a rural area, signal fades seldom exceeded 3 dB. On rare

occasions, the presence of a large truck or bus would cause a

10 dB signal fade. In the urban areas with both transmitter and
receiver fixed, fades exceeding 10 dB occurred 5% of the time,

while with a moving transmitter and a fixed receiver, fades
exceeding 10 dB occurred 20% of the time. In this first urban case
above, the signal fell below the measuring limit of -52 dBm 2%

of the time, while in the second case, this limit was exceeded

7% of the time. Fades exceeding the measuring limit represent

a fading depth of at least 15 dB.

This fading of the signal below the measuring limit was documented
in each case as being due to a large truck or bus near the trans-
mitter or receiver directly blocking the signal.

111-4 COMMUNICATION CHANNEL CHARACTERIZATION AND
MEASUREMENT. H. W. Salwen and P. A. Bello, Signatron Inc.,
Lexington, Massachusetts.

SUMMARY: SIGNATRON is currently carrying out a number of contractual

efforts in the area of communication channel characterization and
measurement. One of these efforts requires the measurement and
characterization of the land mobile channel in the urban environment

in the frequency range from 100 MHz to 1 GHz. A channel playback
apparatus will be constructed which simulates the channel propagation
characteristics. It will be controlled from data collected in a field

test program. A similar effort is being carried out for characterization.
measurement, and simulation of the VHF tactical channel.
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111-5 THE DURATION OF LONG-TERM MOBILE RADIO SIGNAL FADING

CAUSED BY SHADOW EFFECT. W. C. Y. Lee and Y. S. Yeh,

Bell Telephone Labs, Holmdel, New Jersey.

ABSTRACT: The received signal strength in mobile radio can be character-

ized by rapid Rayleigh fadings with a slowly varying mean signal strength.

The first and the second order statistics of the Rayleigh fading

encountered in mobile radio had been adequately reported in the

literature. This knowledge had been proved to be extremely helpful

in system design considerations.

The slow or the long-term variation of the mean signal strength

are generally attributed to the shadowing effect caused by building

structures and had been reported by numerous investigators that

the first order statistics of the mean value obey a log normal

distribution with a standard deviation depending on the general

propagation environment. In this paper we attempt to explore the

possibility of obtaining some understanding of the second order

statistics of the long-term fading. The interesting parameters

here would be the level crossing rate and the density of the duration

of fades. This information would be very helpful in the system

concept of the high capacity mobile radio systems.

The experiments were performed at 860 MHz. A setup for receiving

the fading signal at the mobile radio unit in two suburban areas

which were within 3 miles from the UHF transmitter was done.

The data, then, were passed through a low-pass filter with proper

time constant to eliminate the fast Rayleigh fading so that a good

estimate of the mean signal strength could be obtained. We first

observed that the long-term fading was stationary as long ;is the

general structure of the area where we took data remained the

same.

A theoretical investigation indicated that the average duration of

fades and the rate of level crossing can be expressed in terms of

several simple parameters and the functional form of the level
crossing rate resembles that of a Gaussian distribution.
Experimental results were processed and indicated quite close
agreements to the theoretical predictions.
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111-6. WHEN ARE HIGHLY CORRELATED RAYLEIGH SIGNALSCORRELATED ENOUGH? L. Schiff, RCA Laboratories,Princeton, New Jersey

SUMMARY: When a fixed pilot signal is sent along with the modulate:carrier to a mobile radio, and the frequency of the pilot and carrierclose, the two signals received are Rayleigh distributed andhighly correlated. This correlation can be exploited in a numberof ways. As an aid to understanding and invention one usuallythinks of the limiting case in which the correlation is perfect.But how dependent is the system, derived this way, on the highcorrelation and how does performance degrade as the correlationcoefficient is reduced from unity? We show, with the aid of twospecific examples, that this critically depends on the type ofsystem considered. Both examples are considered with thecontext of the mathematical model of Clarke'.

The first example is the use of the pilot signal and multipleantennas to obtain maximal ratio combining. As described byJakes
2
, the explanation for the working of this system dependson perfect correlation between pilot and carrier at each antennaand independence between signals at different antennas. Lee3has considered the case of lack of independence between signalsat different antennas as well. We consider the other side of thecoin, i. e., independence between signals at different antennas buta pilot that is not perfectly correlated with the signal. We shov.that even when the correlation coefficient is not high considerableimprovement is obtained and a coefficient of .9 gives essentiallyall the gain to be obtained. This example, then, illustrates asituation in which when the correlation is reduced, from the idealvalue of unity, the results are still substantially the same. Thenext example illustrates quite the contrary.

Consider the case in which two signals (carriers) may arrive at themobile radio and interfere with one another - the undesired signalhaving the smaller average value. Assume further that each carrieris accompanied by a pilot and that the receiver can distinguish thepilot of the desired from the pilot of the undesired (for example, ifthe pilot from one station.is at the upper end of the modulationband and the pilot from the other station is at the lower end). Nov.in the limiting case of perfect correlation, the ratio of the desiredpilot to the undesired pilot is exactly the same as the ratio
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of the desired to the undesired signal. If the ratio of the two

pilots is greater than 0 dB, then the signal to interference ratio is

greater than 0 dB and vice versa if the pilot ratio is less than 0. Thi
can form the basis of a switch diversity scheme in which, when

the ratio of the pilots falls below 0 dB, you switch to a diverse

path (i. e., different receiving antenna or different transmitting

antenna if feedback to the transmitter is used). But how well

does this function when the correlation is not perfect? We show that

the system works quite poorly and, in fact, extraordinarily high

correlation coefficients are needed to extract any performance

gain from this type of system.

The two examples taken together indicate that there is no simple

answer to the question raised in the title.

1. R. H. Clarke, "A Statistical Theory of Mobile Radio Reception"

BSTJ, Vol. 47, July 1968, 957-1000.

2. W. C. Jakes, Jr., "A comparison of specific space diversity

techniques for reduction of fast fading in UHF mobile radio",

IEEE Trans. Veh. Tech., Vol. VT-20, November 1971, 81-93.

Y. Lee, "A study of the antenna array configuration of

an M-Branch diversity combining mobile radio receivers",

IEEE Trans. Veh. Tech., Vol. VT-20, November 1971, 9i-I04.
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SESSION IV

IV-1 WIDEBAND MEASUREMENTS OF MAN-MADE NOISE.

R. Buck, Transportation Systems Center, DoT, Cambridge, Mass.

R. Esposito, Raytheon Research Division, Waltham, Mass.

P. Yoh, Transportation Systems Center, DoT, Cambridge, Mass.

ABSTRACT: This talk will describe in detail an experimental

program in progress at the Transportation System Center, DoT,

Cambridge, Mass. for the wideband measurement, recording and

analysis of man-made noise in the frequency bands of interest to

land mobile communication, namely 150, 450, and 900 MHz. The

conceptual design of the experiment and the necessary hardware

will be discussed together with the data processing philosophy and

some preliminary measurements.

IV-2 STATISTICAL-PHYSICAL MODELS OF MAN-MADE RADIO SIGNALS

AND INTERFERENCE.

David Middleton, Physicist and Applied Mathematician, 127 E. 91 St. ,

New York, N.Y. 10028

SUMMARY: Man-made electromagnetic signals and interference

(or noise) have become p. problem of great concern in the telecom-

munications community, particularly in the face of finite available

bandwidth resources. Such signals and noise are also, and will

become more so, a major limiting factor on the successful function-

ing of communication systems, not only in urban environments but

over large regions as well. Effective analysis of system performance

and design requirements demands tractable models of these noise

and signal mechanisms, so that the standard methods of Statistical
Communication Theory (SCT) can then be employed for the desired

system evaluations. Our models are necessarily statistical, on

the one hand, since the processes they describe are inherently

random in time and space. On the other hand, since these processes

are generated in the real world, for an adequate description we must ,

also include the appropriate physics of the propagation and reception. -

Accordingly, we shall construct first-order probability distributions

for some typical classes of man-made interference: (1) "unintelligent"

noise, produced by the radio emissions from, sayl mobile land

vehicles (e.g., automobiles, trucks, buses, etc. ) and (2) "intel-

ligent" noise, which may appear in a communication link because of

unwanted spectral overlap with, and physical proximity to, other
communication links. The general models are the same, but the
specific characteristics of the interfering signals, e.g. , their
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waveforms, frequencies, durations, source distributions and
movement, geometries (location, beam patterns, etc.) are

usually quite different. (Desired) signals and their statistical

properties are constructed in precisely similar fashion.

Technically, what has made a quantitative treatment very

difficult in the past is the fundamentally nongaussian character

of these classes of noise and signals. 
3
However, with new tech-

niques and recently developed models this difficulty can be
overcome. There appears to be little detailed earlier analytical

work regarding man-made noise (and signals) of this type.
Important exceptions, however, devotei primarily to atmospherics
models are given by Furutsu and Ishida, the crqcal study of Hal1.

and more recently, the investigation of Giordano, who establishes.
among other results the justification of the quasi-phenomenological
distribution derived by Hall. The new results presented here are
obtained by taking advantage of the above, and 2specially, the
current studies on ocean reverberation models. Thus, we show

that useable statistical-physical models of man-made noise
environments, including desired, or "intelligent" signals, can

be constructed. These can be related also, when the circum-
stances pfrmit, to simpler, equivalent analytical forms of the
Hall type (the so-called equivalent statistical model (ESM)).

The critical features of our analytical probability models are that

(1) they incorporate the governing geometry and kinematics
relating sources and receivers, including beam patterns, relative
motion (doppler), propagation distributions; (2) they include signal
structure, e. g., waveforms, duration, level, as determined and
modified by the physics of the channels through which they
propagate; (3) they allow for classes and mixtures of different
emissions, as well as combinations of source-geometries, e. g.
volume distributions (ground-air; air-air, ground-satellite, etc.),
and/or essentially surface distributions (mobile land transport:
ground-ground).

The basic statistical model (BSM) we choose is fundamentally
Poissonian, in that the locations in space of signal sources (and
receivers) are Poisson distributed. Because of the finite velocity
of propagation, this necessarily produces in a typical receiver
ultimately a Poisson time process, X (t), consisting of the varic-..:s
desired and undesired emissions. The received process "density'.
is proportional to the actual physical density of sources in space.
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Our approach is first to construct the characteristic function of

the (received) Poisson process and then, with the essential help

of the physical model, seek a form of this characteristic function

which yields tractable results upon Fourier transformation. The

precise form of the characteristic function depends in each case on

the detailed nature of the model, and is different, for example, for

vehicular noise and signals vis-A-vis ocean reverberation processes,

or atmospheric noise. A key result of our approach is that it yields
manageable, explicit analytic expressions for the first-order

probability density WI (X, t) and distribution D
1
(X, t) of the

instantaneous amplitudes of the received interference. Tractable

second-order results have also been found. These expressions

involve convergent sums of weighted (first-order) gaussian densities
with increasing variances, where the weights depend on (i) the
"Impulse Index" - the effective number of sources active at a given
time (t) in the overall source domain, and (ii) the fourth- (and
higher-) order moments of the basic Poisson process. Character-

istic of "impulsive" noise, there is a non-zero probability of zero
amplitudes (X = 0), representing finite periods of time during
which there is no waveform present. As the Impulsive Index gets
larger, however, these tend to disappear, and as expected, the
densities, etc. become asymptotically gaussian. In the second order
cases, a similar development is obtained, where now one has
weighted second-order gauss densities, including the correlation
function of the received process. The corresponding distributions
are directly available upon integration. The structure and signifi-
cance of the various moments depend on the physical model chosen.
Their details are a direct consequence of the propagation model
and the Poisson character of the statistical mechanism. Additive
mixtures of gauss and Poisson interference are handles in the
same fashion and yield the same form of results, except that now,
as expected, there is zero probability of zero amplitude: there are
no "gaps" in time for X(t).

'Middleton., D., "Statistical-Physical Models of Urban Radio-Noise
Environments. I. Foundations, " Tech. Rpt. on Contract
DOT-TSC-70; Jan. 31, 1971, from the Transportation Systems
Center (Dept. of Transportation) 55 Broadway, Cambridge, Mass.
02142. Paper to be published in I. E. E. E. Trans. on Electromagnetic
Compatibility, May, 1972.

Middleton, D., Multidimensional Detection and Extraction of Signals

in Random Media, Proc. I. E. E. E. , Vol. 58, No. 5, May, 1970,
pp. 696-706.

3Middleton, D., "Statistics of Low Density Ocean Reverberation, "
research in progress, Contract N0014-70-C-0198, Office of Naval
Research.
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Furutsu, K., and T. Ishida, "On the Theory of Amplitude Distri-
bution of Impulsive Random Noise," J. Appl. Phys., 32, No. 7,
July, 1961, pp. 1206-1221.

5
Hall, H. Ni. , "A New Model for 'Impulsive Phenomena: Appli-
cation to Atmospheric-Noise Communication Channels, " Stanford
Electronics Laboratories (SEL), Report SEL-66-052, August,
1966, Stanford University, Stanford, California.

6
Giordano, A.A., "Modelling of Atmospheric Noise, " Doctoral
Dissertation, Dept. of Electrical Eng., Univ. of Pennsylvania,
1970.

IV-3 UPPER UHF AND L- BAND METROPOLITAN INCIDENTAL MAN-
MADE RADIO NOISE.

E. N. Skomal, Aerospace Corp., San Bernardino, California

SUMMARY: Metropolitan area incidental man-made radio noise
measurements in the upper part of the UHF and in the lower micro-
wave band have recently revealed a frequency variation of mean
noise power significantly different from that demonstrated in the
HF, VHF and lower UHF bands.

The frequency decrement for urban area, surface, inCidental radio
noise power typically - 10 to - 25 dB per decade change in fre-
quency at and below 600 MHz undergoes a marked increase to
values in excess of - 50 dB per decade above 800 MHz. This
occurrence is attributable, at least in part, to a roll-off in the
automotive ignition noise spectral density.

IV-4 BASEBAND PERFORMANCE OF A PILOT-DIVERSITY SYSTEM IN
THE PRESENCE OF RAYLEIGH-FADING SIGNALS AND CO-CHANNEL
INTERFERENCE.

R. E. Langseth, Bell Telephone Labs., Holmdel, N. J.

SUMMARY: Since the amount of RF spectrum available for micro-
wave mobile telephony is limited, a given frequency channel must
be reused several times in a given geographical area resulting in
co-channel interference limits on the geographical frequency reuse
interval. The baseband performance of a given radio system is
further deteriorated by rapid Rayleigh fading caused by multipath
propagation effects at microwave frequencies. One method of

IV-4



combating such fading is to use some form of diversity receptic::
This paper presents some results on the performance of a par-
ticular diversity system in the presence of Rayleigh fading sin
and interference. This system requires the transmission of a
separate pilot-carrier, which is used to co-phase the outputs of

the several antennas used in the space-diversity receiver. By

using laboratory-generated fading carriers, several measurerne:-.:z
of baseband SNRs were made for various RF carrier-to-noise a:-.:
signal-to-interference ratios, and for various bandwidth expansi:.7.
ratios. These results demonstrate the advantages of this cliyer.zi:
system in maintaining a useable baseband signal in both noise-
limited and interference-limited regimes. For example. the us
of diversity can result in a reduction of over 10 c113 in the requir-:
average RF signal-to-interference ratio for a 20 dB baseband
SNR when the RF CNR is 24 d13. Alternatively, with a signal-tc--
interference ratio of 15 dB and a CNR of 24 dB, the use of diver.
can reduce the RF bandwidth requirement by an order of rnaon.-1 -
for a 20 dB baseband SNR. Some tape recordings will be played
demonstrate some of these effects.

IV-5 SUBJECTIVE VOICE-CIRCUIT QUALITY MEASUREMENTS IN 
PRESENCE OF MULTIPATH FADING.

V. H. MacDonald, Bell Telephone Labs., Holmdel, N. J.

SUMMARY: Two key parameters of the proposed High-Capacity
Mobile Telephone Systems are the maximum call radius and the
minimum separation between cells using the same frequencies.
The cell radius is limited by the necessity of providing an accep:-
able signal-to-noise ratio on the voice channels at all points in
the cell. Similarly, a minimum is imposed on the ratio of the
co-channel cell separation to the cell radius by the need to main-
tain an acceptable signal-to-interference ratio on voice channel,.

Prior to the experiment described in this paper, there seemed
be no definitive guidelines as to what RF signal-to-noise or
signal-to-interference ratio is required to produce satisfactory
voice channels in the presence of rapid, severe fading. Conse-
quently, a subjective listening experiment was undertaken, in
which 20 listeners rated the voice-circuit quality of a series of
36 different fading radio-channel conditions. These conditions
included various values of local-mean RF S/N or S/I-, 6 or 12 1,1:7.=
peak deviation, and one or two branches of receiver diversity.
(The term "local mean" designates the mean of a Rayleigh-distri'z
amplitude, observable over an area on the order of hundreds of
square yards.) A pilot-tone diversity system was used, and the
fading rate was set to correspond to a vehicle speed of 70 m. p.

1
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The results are presented in the form of the percentage of

listeners who rated each condition as good or better. For a

fixed peak deviation and a fixed number of receiver diversity_
branches, one can determine the local-mean RF —S/I\I or S/I

required to obtain any desired percentage of good-or-better

ratings from the customers. For example, in order for 75

percent of the customers to consider a voice channel to be

good or better, the RI' S/1\1 and S/I must have the values

indicated below:

Branches of Peak Dev. -S7N -§/f

Diversity (kHz) (dB) (dB) 

2 12 16 19

2 6 22 21

I 12 22 21

1 6 30 24

From the results of the experiment, one can extract the effect

of receiver diversity and increased peak deviation on customer

reaction. It was found that two branches of diversity allow a

reduction of about 3 dB in signal power and about 6 dB in S/I
without any loss of customer satisfaction. Similarly, doubling

the peak deviation from 6 kHz to 12 kHz was observed to permit
roughly a 3 dB reduction in signal power and a 6 dB reduction

in S/I .

Although the number oi listeners and the number of different

values of —S/N and VI — investigated were relatively small, it is

unlikely that a more detailed experiment would substantially

alter the results. A different diversity system or a different
receiver would presumably shift the results by at most a few dB.

We therefore assert that the results of this experiment can be
reLarded as reliable guidelines for determining necessary levels

of SM and VI.

It is outside the emphasis of this paper to discuss the many
possible approaches to determining the maximum cell radius and
minimum co-channel transmitter separation, but all the approaches

require the use of the type of subjective customer reaction obtained

in the listening experiment.
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iv-6 THE AMPLITUDE AND TIME STATISTICS OF ENVIRONMENTAL
MAN-MADE NOISE AT 821 MHz.

H. L. Hanig, Bell Telephone Labs, Whippany, N. J.

ABSTRACT: The amplitude and time statistics of environmental
man-made noise have been examined at 821 MHz for various
vehicular traffic conditions in an urban environment. Measurements
were made in the spring of 1971 in Philadelphia, Pa. using a
mobile receiver having 10 kHz IF bandwidth, 5 dB noise figure,
and 80 dB dynamic range.

This data has been analyzed to yield the amplitude distribution of
man-made noise, the mean noise power and its standard deviation,
and the average noise pulse width and its associated standard
deviation as functions of received power. The results indicate
variations in the mean noise power and sigma from 9 dB above
KTB with a sigma of 5 dB for heavy traffic, to 4 dB above KTB
with a sigma of 3 dB for light traffic conditions. The time
statistics indicate a maximum average noise pulse width for
heavy vehicular traffic of 170 microseconds with a sigma of
120 microseconds, these numbers decreasing as the traffic
intensity decreases.
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SESSION V

V-1 A MOBILE RADIO, SINGLE FREQUENCY "TWO
-WAY"

DIVERSITY SYSTEM USING ADAPTIVE RETRANSMISSION

FROM THE BASE.

H. H. Hoffman, Bell Telephone Labs, Holmdel,
 N.J.;

J. S. Bitler, Bell Telephone Labs, Merrimack
 Valley, Mass.;

C. 0. Stevens, Bell Telephone Labs, Holmdel, N.
J.

SUMMARY: This paper describes an adaptive ret
ransmission

system capable of providing a UHF (1 GHz) mobile 
radio channel

with "two-way diversity" through the use of time div
ision. The

system is unique in that all signal processing associ
ated with

the diversity combining is done at the base station. 
The mobile

transceiver is, therefore, desirably simple. A two b
ranch

prototype of the system, without modulation, was field 
tested

to determine its adaptive retransmission performance
.

The performance of a high capacity mobile radio sy
stem operating

at a frequency near 1 GHz is severely affected by th
e multipath

propagation medium through which the transmitted signal 
must

pass. As a vehicle moves about in this medium the 
amplitude

and phase of the received signal vary randomly. The 
effect is

usually observed as deep fading in the received signal envel
ope.

It has been shown that this multipath fading can be 
decreased

considerably by the use of a space diversity receiver. The

system described here offers duplex operation with a reduc
tion

of fading at both the mobile and base station receivers that 
is

comparable to that previously obtained with mobile diversity

receivers. An experimental program was set up to test the

principles and assumptions involved in the system design.

In typical operation, the mobile station transmits a pulse of FM

signal at a carrier frequency, f . Due to multipath effects, the

signals arriving at each base staiRon antenna contain additional

random phase modulation. Within each base station branch, this

random phase modulation is removed and the signals brought to

a common phase in a cophasing network. The outputs of the

cophasers are combined and fed into a receiver to extract the

audio information. Each cophase has an additional output which

contains the conjugate of the random phase introduced by the

medium. The conjugate phase is impressed on the transmitter

along with the base station audio for return transmission to the

mobile station at a carrier frequency fi„. The signal from each

base station antenna then add in phase alf the mobile station

receiver where the signals are demodulated. The system is

adaptive in that changes in the environment, i. e. , chan
ges in the

random phase modulation, are cancelled out for both the 
mobile

and base stations.
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Adaptive retransmission on widely separated frequencies, as in

the original STAR concept, is not possible because of the very

highly dispersive medium that one must deal with at UHF and

microwave frequencies in populated areas. The phase coherence

bandwidth in urban areas is approximately 150 kHz. An extremely

high receiver 0, greater than 6000, would be required to transmit
and receive simultaneously within the phase coherence bandwidth.

It was, therefore, necessary to transmit and receive on exactly the

same frequency, but at different times.

Sampling rate is determined by consideration of the phase distortion

in the transmission medium and the need to satisfy the sampling

theorem in reconstructing the signal at the receiver. Operating

range limitations are dictated by propagation delay and choice of

pulse duty cycle.

For prototype tests in the field, the transmitter generated 10 W

pulses of 15 /I sec duration, every 100 Psec, at 836 MHz. Receivers
operating at levels as low as -110 dBm, used logarithmic ampli-

fier outputs to drive tape recorders. Un-modulated pulses were

used and envelope fading statistics were recorded at both mobile

and base stations. The base station used a 60 foot antenna tower

and the mobile unit was driven at constant speeds through several

areas located up to 2-1/2 miles away. Some tests of envelope

fading were made while switching from one to two channel operation.

The results of these tests indicate that the statistics of the fading
envelope at both the base and mobile stations closely agree with
those predicted by theory for an equal gain combiner with correla-
tion between the branches. The reduction in both number and
depth of fades, as indicated by cumulative distribution curves
proves the effectiveness of this two-way diversity system.

ON THE USE OF PHASE-LOCKED LOOP DEMODULATORS IN THE
PRESENCE OF RAYLEIGH FADING.

R. E. Langseth, Bell Telephone Labs, Holmdel, N. J.

SUMMARY: In addition to the use of diversity to improve the
baseband SNR in the presence of Rayleigh-fading signals, it would
appear that threshold-extension demodulators could also provide
some improvement. Indeed by properly adjusting the loop band-
width of a PLL to be just sufficient to pass the baseband modulation,
baseband SNR improvements of 5-10 dB have been obtained in the
threshold region, resulting in a like saving in the required RF CNR.
Effects of loop damping and of limiting prior to the PLL will be
demonstrated. It appears that in contrast to the nonfading case,
limiting does not have a detrimental effect here, and may actually
be helpful.
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V-3 A UHF MOBILE TELEPHONE SYSTEM USING DIGITAL MODT.:-

LATION, PRELIMINARY STUDY.

J. S. Bitler, Bell Telephone Labs, Merrimack Valley, Mass.;

C. 0. Stevens, Bell Telephone Labs, Holmdel, N.J.

SUMMARY: With the increasing interest within the Bell System

in digital transmission and high capacity mobile telephone c_loinz

toward higher frequencies, digital modulation for mobile telep.r_on-.

has been considered by Rustako. Rustako showed that a very

simple and effective diversity receiver could be constructed

on-off keying was used in place of FSK or PSK. Exponential

could be used, but only at the expense of more bandwici:h

and a more complicated diversity receiver.

It is the purpose of this paper to describe an experimental system

which was designed to test the use of digital modulation for ob

telephone. The system was field tested in suburban areas near

Holmdel, New Jersey and in an urban environment in New York

City. In this preliminary report, only a qualitative discus sic.

of the test results is available.

The digital code is supiyied by an adaptive delta coder described

by Bosworth and Candy. The decoder generates, at each sample

time, weighted step sizes which depend upon the sequence of the

last five bits received. With a clock rate of 50 kHz, or about 16

times the highest audio baseband frequency, a maximum audio

RMS signal-to-noise ratio of approximately 30 dB is achieved.

A clock rate of 50 kHz implies a digital baseband bandwidth of

at least 25 kHz. However due to the multipatla nature of the

medium, a full raised cosine roll-off was used, increasina the
bandwidth to 50 kHz.

The recovery circuit employs a comparator which compares the

digital baseband signal with a variable threshold. The variable

threshold, derived from the digital baseband signal, has the

capability of following the short tern-i fading. The comparator

output is fed into a modified phase lock loop (PLL). The PLL is

modified to increase its flywheel action during strings of "one- or

zero.
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Bosworth, R.H. and Candy, J. C. , "A companded One-Bit

Coder for Television Transmission, " BSTJ Vol. 48, No. 5,

May - June, 1969.

V-4 A 900 MHz MULTIPLE ACCESS F
1 
F. REPEATER MOBILE

COMMUNICATION SYSTEM 
I

P. F. Sielman, AIL, A Division of Cutler Hammer, Deer Park,

L. I. , N. Y .

SUMMARY: AIL has devised a system of two-way highway com-

munications which utilizes low power, provides digital and

emergency voice communications and depends on a Location

Division Multiple Access scheme that is very conservative of

spectrum in the 900 MHz band. AIL has implemented such a

system using F
1
F
1 
Repeaters with 4/10 mile spacing on the

Sagtikos Parkway in New York. Under DoT sponsorship AIL

has been condudting propagation experiments and operational

tests of such a system as reported at the VTG Conference in

Detroit on December 8th.

Of particular interest are the results of propagation tests

conducted between the roadside repeater source and the vehicle

antenna. Data has been collected which relates propagation

losses to distance (100-4000 ft), mobile antenna height and

repeater antenna height. Initial tests indicate significant

losses above free space loss, and these are being correlated

with geometry and avialable reference material. The effect

of transceiver design on propagation and the resultant ERP

requirements for roadside-to-vehicle and vehicle-to-roadside

communications will be presented.

V-5 A NUMERICAL METHOD FOR THE SYNTHESIS OF CIRCULAR

ARRAY ANTENNA PATTERNS WITH APPLICATIONS TO MOBILE

RADIO SYSTEMS.

Thomas H. Zachos, Bell Telephone Labs, Holmdel, N. J.

SUMMARY: This paper presents a new method that uses optimization

theory to synthesize arbitrarily shaped power patterns of circular

array antennas. Although the method can be utilized in a variety of

applications, it has been specifically devised to synthesize many of the

antenna beam shapes in azimuth that may be required in a proposed

High Capacity Mobile Telephone System!

V-5



The pattern synthesis is carried out numerically by a computer

program, herein called MRA (Mobile Radio Antenna). This

program implements both the conyentional radiation character-

istics of a circular array3antenna and certain successive
approximation techniques which find minima of functions of

many variables. In addition to using these results from antenna

and optimization theories, MRA also employs a set of data which

guides the searching process that is inherent to optimization

theory. Because of the fixed nature of this set, the program

input is merely the shape of a desired pattern. The MRA algo-

rithm accepts this simple input information and then determines
electrical excitations which, when impressed on the antenna
elements, produce a radiation pattern that closely approximates

the desired pattern.

The synthesis method is illustrated by several examples that are
given for an array which has 7 elements and a 0.4-wavelength
radius. Subsequently, the program is employed to shape antenna
beams for the purpose of improving radio coverage in mobile
radio systems.

In two previously proposed small-cell
4 
coverage plans

1, 5
it is

desirable uniformly to illuminate, at a given radius, the interior

of each cell (or cell sector). The uniform illumination assures
that every mobile transceiver within the required coverage area
will receive a certain minimum signal strength, and also
reduces "spillover" into nearby cells which may be using the
same channels.

The conventional way to illuminate a coverage area is to transmit.
from an antenna having an omnidirectional (or sector-shaped)
power pattern. However, this approach generally provides very
nonuniform signal strength within the cell, especially if the
terrain is not smooth.

In order for the mean signal strength to be more nearly uniform
within the cell, R. E. Fisher has proposed that the antenna free-
space pattern be shaped so as to beam more power to those cell
regions that are shadowed by obstructions and less power to the
open areas. Classical methods of providing this beam shaping
usually involve "cut and try" procedures with consequent great
expenditure of time and effort.

It is the purpose of this paper to show how this beam shaping
might be implemented by the automated, systematic: technique
which is presently summarized.
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The beam-shaping procedure would begin by transmitting a

continuous carrier from an omnidirectional antenna and measur-

ing the resulting illumination in the coverage area of interest.

The measured data, in conjunction with an assumed radio propa-

gation law, would then be used to determine a free-space pattern

that the antenna must generate if the cell interior, at some

particular radius, is to receive approximately uniform illumin-

ation in all applicable directions. The pattern of signal strength

versus azimuth would finally be programmed into MRA, \vlaich

would determine the phased array radiator current magnitudes

and phases that generate the required free-space pattern.

1
R. H. Frenkiel, "A high-capacity mobile radio-telephone

system model using a coordinated small-zone approach, " IEEE

Trans. Vehicular Technology, vol. VT-19, pp. 173-177, May 1970.

2
See, for example, S. Ramo and J. R. Whinnery, Fields and Waves

3

4

in Modern Radio. New York: John Wiley, 1953, ch. 12.

The steepest descent and least square techniques are used, which

are described in standard textbooks on optimization theory.

See, for example, D. J. Wilde and C. S. Beightler, Foundations

of Optimization. New Jersey: Prentice-Hall, Inc. , 1967, ch. 7.

These two optimization techniques are combined and implemented

in a BTL program (Suprox), originally written by J. A.

Moraller and subsequently modified by R. F. Jessup and J. A. Kelly,

Jr.

H. J. Schule, Jr., and W. A. Cornell, "Multi-area mobile

telephone system, " IRE Trans. Vehicular Communications,

vol. VC-9, pp. 49-53, May 1960.

5
P. T. Porter, "Supervision and control features of a small-zone

radiotelephone system, " IEEE Trans. Vehicular Technology,

vol. VT-20, pp. 75-79, August. 1971.

v - 6 MULTIPLEXING PROBLEMS IN CENTRAL TALKOUT TRANSMITTER.

C. N. Lynk, Motorola, Inc. , Schaumburg, IlL

SUMMARY: This informal paper will concentrate on the problems

of combining transmitters on a single antenna. The two main topics

of discussion will be the use of FIDM/FM (SSB) multiplex modulation,
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and the low power combining of a multiplicity of narrowband FM

transmitter into a common power amplifier. A brief discussion

of the applicable theory of a FDM/FM (SSB) will be presented

followed by both laboratory and field results of an experimental
system. A brief summary of a theoretical model and the resulting
analysis of a common amplifier system along with its effects on
adjacent channel interference will conclude the paper.

V-7 ANTENNA SITE MANAGEMENT, VOLLMER PEAK PROJECT, A
PROGRESS REPORT.

J. R. Hall, Microwave Associates, Sunnyvale, Calif.; J. Watson,
Watson Communications, Inc., Lafayette, Calif.

ABSTRACT: This paper presents a report on a long range antenna
site management program which is a joint undertaking between a
communication equipment manufacturer and a company which owns
and operates many two-way radio antenna sites in the San
Francisco Bay area.

It is a well known fact that in addition to channel congestion in
major metropolitan areas the antenna site itself is a major contri-
butor to spectrurn pollution. In many areas good antenna sites are
at a premium and are therefore usually crowded with as many
antennas as is physically possible to put on the site. Many trans-
mitters operating with closely spaced antennas will create many
intermodulation products which can decrease or Eestroy communi-
cations on other channels.

The approach to be discussed in this paper is one in which the
antenna site is analyzed from two view points. The first view is
to clean up the interference from the site so that existing communi-
cations are relatively clean. Secondly to maximize the number of
communication channels on the site.

To accomplish these objectives we ,q3proached the Vollmer Peak
site from two angles. First a technical analys.,,s as to the condition
of interrnod and interference and an estimate of what could be
done considering the conditions. Secondly a buniness analysis to
determine equipment costs, computer costs, la..or costs, etc.,
as opposed to advantages gained and increased site revenue.
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Since this project is still underway this paper is intended as a

progress report and will detail findings to date including computer

programming and data on intermod reduction. In addition future

plans will be discussed which include microwave linking several

sites together for improved VHF-UHF radio coverage; site

frequency lists which, from computer analysis, indicate the best

channels available on existing antenna sites for frequency use

planning; and other possibilities for better antenna site management.

V-9
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Date:

Reply to
Attn of:

Subject:

To:

U.S. DEPARTMENT OF COMMERCE
Office of Telecommunications
INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boutler, Cobrado 130302

March 9, 1972

PSD/DNH

Trip report, Systems Applications Inc.

(SAI), Los Angeles, March 7, 1972

Roger K. Salaman

Some weeks ago Art Cooke suggested that I meet with SAI for the
purpose of coordinating our efforts in the Land Mobile Radio (LMR)
area. On March 7 I had a day-long meeting with George Mandanis
and Richard Lane. Mr. Mandanis is the Chairman of SAI and project
leader. Dr. Lane is their communications and modelling expert.

M15

I was very impressed with the capability and work exhibited by SAI.
The computer model that they have developed is considerably more
sophisticated than the Motorola model that we are using. On the
basis of this evaluation, I see the role of PSD-ITS in a slightly
different light. I would suggest that we de-emphasize our own
modelling effort and concentrate on monitoring the SAI effort. In
doing so, we can use an extended version of the Motorola model.
By limiting ourselves to confirming the spectral efficiency results
of their analysis, we can put more emphasis on cost models (economic
efficiency) and technological alternatives. SAI says that they will
have the supply/spectral efficiency analysis largely completed by the
end of this month. They supplied me with descriptions of each alternative
system they were considering and they briefed me on their techniques
for evaluating spectral efficiency.

The following are brief descriptions of subject areas we discussed:

Cost Data. SAI provided me with an outline of cost items to be considered
in evaluating the costs of alternative systems. They were unable to
provide some of the actual cost data since it was developed under a
contract with and is considered proprietary to the sponsor. They also
described a model to combine these costs to give costs per user per
month. I have given this material to Wes Harding of ITS to aid him in
his cost collection effort. They (and I) are particularly interested in
synthesizer cost as a function of number of channels.
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Innovative Uses and Technology. One of the principal uncertainties in
forecasting LMR demand is the impact of innovative uses in such areas
as law enforcement, emergency health services, fire prevention, mass
transit, highway safety, municipally owned utilities, and environmental
monitoring. The LMR Inter-Agency Working Group chaired by OTP
will be a help in this, but it was agreed that all project personnel should
be alert to such uses so that they can be included in the demand model.
Likewise it was suggested that project personnel aid in identifying any
promising new system alternatives.

Price Elasticity. Another critical factor in LMR analysis is estimating
demand and especially estimating demand as a function of price. SAI
discussed the possibility of our aiding in a survey in this area. I pointed
out the limitations on Federal Agencies in sending out questionnaires. I
discussed the possibility of OT doing the analysis of a survey conducted
by them. We would need to check (1) the "legality" of this approach
and (2) the work statement in their contract since we do not want to do
what they are contractually required to provide.

Electromagnetic Compatibility Analysis (EMC). SAITs modelling is based
on certain assumptions regarding required Signal-to-Interference Ratios
(SIR). Since these assumptions significantly affect spectral efficiency,
it would be well for us to review them in some detail. I will ask Gene Ax
of ITS to do so as part of his review of the EMC aspects of the filings.

Commerce Support 

Mr. Mandanis suggested two areas where DOC might have some relevant
information. One is in identifying alternative suppliers of LMR equip-
ment, particularly foreign suppliers. Because of labor cost differentials
these suppliers might have a significant price advantage that should be
taken into account. Foreign suppliers could not supply the service (I
presume) but they could supply major pieces of equipment just as they
are now doing with PBXs. Regardless of the desirability of this arrange-
ment these suppliers could significantly affect demand (because of price
elasticity) and industry structure. Another possibility is the DOD/DOC
concern of shifting the large defense and aerospace contractors into
civilian markets. Questions to be answered include: (1) Are these
companies aware of the opportunities in supplying LMR services and
equipment?, (2) Is there any funding to subsidize their entry?, (3)
Would such a subsidy be in the public interest? I feel we have a role
in these questions both from an OTP support role and our DOC mission.
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FCC Regional Frequency Management Centers

If certain of the system and industry structure alternatives actually
evolve, they will have an impact on the FCC Regional Frequency
Management concept. Likewise their evolution will affect the LMR
industry pattern. Mr. Mandanis pointed out the necessity for dis-
cussions with the FCC in this area. Is anyone in ITS closely following
the development of these regional center concepts?

Automatic Vehicle Locating/Monitoring (AVL) Systems. Cellular
systems require information on the location of the mobiles. DOT
and others are interested in AVL systems for other applications in
mass transit and law enforcement. If AVL is done separately for
LMR systems, it will impact on the spectrum efficiency of the cellular
concept. These lead to such questions as: (1) What is the spectral
efficiency of AVL systems? (2) Is it in the public interest to have
separate AVL systems for LMR, mass transit, etc? (3) If not,
should it be done by a single franchised firm? (4) Should Bell provide
it to all as a separate part of the LMR system since they would
undoubtedly be the major user?

Mobile System Compatibility_: This centers around the question of
standards for LMR mobile units so that (perhaps) they could be used
in both private and common carrier systems depending upon the
immediate requirements of the user. It also concerns the requirements
for nationwide compatibility. For various industry configurations,
what should be the government's role in developing and enforcing these
standards? What standards are required?

Monitorino (Channel Statistics) The models that SAI and others have
developed and used assume certain theoretical statistics for calling
rates, message durations, etc. Certain of these are pretty well
substantiated while others are open to more doubt. For example, on
a busy single channel system two mobiles may be waiting for the end
of another transmission so that they can initiate a transmission. They
may do this simultaneously such that one interferes with the other and
extra transmissions (repeats) become necessary. Also, if the channel
is very busy, two or more mobiles may initiate a transmission
simultaneously by pure chance. Thus the amount of information trans-
ferred may increase at a decreasing rate with total channel utilization
due to repeats. This must be considered when comparing multi-
channel trunl_ed and cellular systems with single channel systems.
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Another alternative would be automatic control of the single channel

system so that "doubling" would be prevented and additional mobiles

could be handled at high gross utilization rates. On the other hand,

it is pretty well established that holding times decrease with increasing

utilization on single channel systems because the operators sense the

crowding and shorten their transmissions. SAT suggested the possibility

of us gathering some of this type of data since it is outside the scope of

their contract.

I plan to discuss these items with Messrs Cooke and Thorne11 next

week. I would appreciate your comments.

, 

Dale N. Hatfield

Policy Support Division

cc: Art Cooke, OTP

Hal Millie, OT/WPSD

Jean Adams

Gene Ax

Wes 1-larding

Scotty Hart



Date: March 16, 1972

Reply to
Altn of: PSD/DNIi

Subject: Trip Report, Washington, D. C.

March 13-15, 1972

To: Roger Salaman

U.S. DEPARTMENT OF COMMERCE
Office of Telecommunications
INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boulder, Colorado 80302

1. On Tuesday morning I attended the AT&T briefing on their Docket
18262 filing (proposal). On Tuesday afternoon I met with Jack Thornell
and Art Cooke regarding the project status and my trip to SAI. Later
in the afternoon I attended the meeting with Walt Hinchrnan, Les Berry,
Tom Mustin, and Lockett Wood. I also discussed the Pacific Communi-
cations study with Walt and Torn. I have started a project file with the
material they gave me. On Tuesday evening I met with SAI to discuss
strategy for the Wednesday meeting with AT&T.

M16

2. On Wednesday I attended the meeting with AT&T in which we asked
questions about their system. The meeting seemed to go very well
from both sides. We got additional information on the demand and cost
factors which had been concerning us. Another meeting will be scheduled
later. I used the remainder of the day to talk with Dick Gabel about
Docket 18262.

d,,te 27.
Dale N. Hatfield
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Questions Regarding the AT&T 1-1CMTS

1. Fleet calls in the Automatic Dispatch Service would normally
require that the dispatcher wait until there is an available
Channel in each cell where he has a mobile unit. Even though

• the average wait is only 2-3 seconds, his transmission c6uld be
delayed considerably more, as governed by the "worst" cell.
is servicing fleet calls on a priority basis really an adequate
solution? Wouldn't a dispatcher quickly learn this and make
unnecessary fleet calls even when he really needs to communi- ,
cati: with just a single mobile? In the simulation in Section 4
of the Technical Report, what percentage of calls are fleet calls?

2. How is the presence or absence of freeways considered in the
formula for density of offered traffic on page 1-10?

3. Is there documentation that supports the minimum cell size (one
mile radius)? What "advances in data processing" (page 2-3) are
necessary to decrease this further?

4. On page 2-35 reference is made to continuing studies of the
optimum value of frequency deviation. Does the 12 kIIz value
still seem optimum?

5. In several places reference is made to intermodulation effects
when the mobile unit is very near a base station. A system for
automatically reducing the transmitter power to decrease over-
loading is mentioned. How severe is this problem? To what
extent will it affect sp,ectral efficiency?

6. On page 5-2 it is stated that "the combined coverage areas will
cont•Din about 63u:o of the United State.- population," What per-
centage of the geographic area of the contiguous U.S. will this
,'"enresent?
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7. In the reference example on page 4-5, the co5t of shared equipment

for the ADS user is 37% less than that for MTS. What specific

items account for this• difference? The MTS user ,generates more

than seven times as much traffic as the ADS user. Could the

shared costs be broken down by the base station, landline facility,

and processor categories for the reference example?

8. Is there additional information available on the study leading to

the development of the Vehicular Density model for the Philadelphia

arca?

I.

•••
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March 23, 1972

Will Doan

Jack Thornell

Roquest for Assiatance to PSD

The Policy Support Division of OT is attempting to
determina the eNtent of mobile radio taler,hone service
in the U.S. One approach to this is to plot the
coverage of FCC licensed base stations of the Radio
CoAlmon Carriers and Wireline Common Carriers. The
FCC has offered to proviee them with computer tapes
containing the assignments.

However, considering that the Frequency Management area
already has these data on tape which can be eaLlily
plotted using the OLP 1103 computer, I would appreciate

your permission to have your group in OT provide

support to PSD. The Cear:ibility of the approach has
already been discussed with Jean Adams in Boulder and

G-4,orcy. Garber in Washington.

We are concerned only with assignments in the um area

and it does not involve classified data.

CC: rElle Hatfield

Art Cooke
Hr.rold Nillie



Date: March 24, 1972

Reply to
Alto of: PSD/DNII

U.
Offi,..:o of To:=ornn-mrticntiorc.3
INSTITUTE FOR 1 ELECO;v1MUNCATIONI SCIENCES
Bou Cordo 60302

Subject: Interim Report - OT/PSD LIVIR Study Effort

To: Art Cooke, OTP

We are currently working on all five tasks assigned to us in the
February 24, 1972, letter from Jack Thorne11. The purpose of this
memorandum is to report on our preliminary efforts in each task.
Because of the interim nature of these results, they are presented
very informally.

Task I Research and Data Base Preparation 

1. Hal Millie (Washington PSD) has completed summaries of the
filings under FCC Docket 18262 and he will separately transmit
copies of these to you.

M18

2. Burgette Hart (Boulder OT/ITS), under the direction of Hal Millie,
has started to compile coverage information for current LMR
systems (WCC, RCC and Private). Initially she has been concerned
with developing geographic coverage maps for the WCCs. Attach-
ment 1 is an informal log of contacts she has made. It also contains
other data on Continental Telephone, United Utilities, and GTE.
We have also initiated an effort to get coverage data from the FCC
assignment tapes.

Task II Mobile Communications Supply 

1. Wes Harding (Boulder OT/ITS) has collected cost information
on conventional private LMR systems operating at 150 and 450
MHz. He has also gathered tariff information on LMR services
offered by common carriers. He is currently working on providing
similar cost data for 900 MHz systems. A brief description of the
data he has collected so far is contained in Attachment 2.

2. A preliminary analysis of LMR Spectrum Requirements and
Implications" was undertaken for the Tulsa, Oklahoma, area.
Tulsa was chosen because of its moderate size and bec‘ause it
was referred to in the AT&T filing. A report on the initial
findings is contained in Attachment 3.
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3. A LMR computer simulation program was obtained from Dr. James
Mikusky of Motorola. Jean Adams and his group at ITS has converted
it for running on the Boulder Laboratories' XDS-940 timesharing
computer system. It is now available for remote access from your
office and, within the next few days, it will be made available to
you through the Telecommunications Services Center. A sample
printout obtained on the Boulder computer is contained in Attach-
ment 4.

4. Dr. James Crary (Boulder OT/ITS), assisted by Carlos Rozo
(Boulder PSD), is undertaking a very limited study of vehicle
densities in major metropolitan areas since these distributions
have a significant impact on system design and spectrum require-
ments, especially for cellular systems.

Task III Technological Alternatives

1. Gene Ax (Boulder OT/ITS) has been given primary responsibility

for this task. A short paper summarizing the major technological
alternatives and implications considered in the filings is contained

in Attachment 5.

Tack IV Inter-Agency LMR Working Group Support 

1. Hal Millie has been providing this support and I am sure you are
aware of the status.

A major part of our effort so far has been concerned with establishing the

projects and getting people "up to speed" on the problems. The pace

should pick up significantly from here on. Please let me know your

questions and comments.

4

Dale N. Hatfield

Policy Support Division

Enclosures (5)

Hal Millie (with enclosures)

J. E. Adams (with enclosures)

G. G. Ax

B. Hart

H. Crary

RKS/mobile file

D. D. Crombie

cc:



ATTACHMENT 1

INFORMAL LOG. OF CONTACTS MADE AND MATERIALS REVIEWED

TO: D. N. Hatfield
FROM: B. A. Hart
PERIOD: March 1-17, 1972

1. John Tary thought theo31ectronic Market Data Bookfimight have some mobile
radio and telephone data. Called

Electronic Industries, Association
2001 Eye St., NW
Washington, D. C. 20006

202 659-2200
to see if 1971 yearbook was available. It was, but cost $15, so located one
here in the Boulder Laboratories (Ben Gray). No common carrier data on radio
or telephone.

2. Five data books on land mobile radio assignments (private, not common
carrier) had just arrived in the library. Wondered if SWIG were available on
common carriers, so called

Arcata Communication Information:
561 National Press Building,
Washington, D. C. 20004

202 783-2482.
They referred me to office currently handling mobile communication data

Action Radio Information Systems, Inc.
Silver Springs, Maryland

(Mr. Ed Gordon)
301 587-0558.

Mr. Gordon said they have not compiled (nor, to the best of his knowledge, do
they intend to compile) data on either land mobile telephone service or land
mobile common carriers. However, he said they had had several previous requests
for these.

3. Called
Statistical Information

Common Carrier Bureau
Washington, D. C.

202 632-7084
on March 15 to ask for their latest copy of"StatistA.es of Comf:unications Co—r,on
Carriers' (current through Dec. 31, 1969). Enclosed are data from the 19(8 book,
which may be useful for comparison purposes.

4. Borrowed 'Exchange Service Telephone Rates': published by the National i*iso-
ciation of Regulatory Utility Commissioners from Ben Gray. It gives figures on
total telephones, as of June, 1970, in cities of 50,000 or more (1960 census)
or the state capital plus the largest city if, like no city popula-
tion is greater than 50,000. Listings are per state from 21 Bell companies and
10 independent telephone companiessand range in number froN 2 (for 16 state:);
to over 50 in California.



5. Noted the statistics from the annual report of USITA,

United States Independent Telephone Association

438 Pennsylvania Building

Washington, D. C. 20004

(Exec. Vice-president, Admiral William C. Mott).

Hal Millie has asked them for individual (11 in numbe
r) state maps of inde-

penden'e t-iephone company rovera:!. The annual report indicated that

reportin companies (repr, enting 92% of the telephones in service of the

total 1894 independent companies) show 18,045,000 te
lephones (represent

about 13 million subscribers).

6. Telephones in use, by states and separated into two ca
tegories, ownrA

by Bell companies or owned by all others (also listed 
per 100 population)

are given on page 484 in "Statistical Abstract of the 
United States 1971“.

have a copy from the U.S. Government Printing Office 
Bookstore in Denver.

7. Maps of U.S.A. area coverage by General Telephon
e System and United

Telephone System (enclosed) were copied from 'Moody's
 Public Utility Mnnu21

1971". Phoned (212 267-3)00, FTS 212 460-0100) Robert W. Burke's
 office

to find out if any more maps were available. Was told these two systems

(each involving 20 to 30 individual companies) were the
 only telephone

companies who had included maps with their financial stat
us reports. Sent

xerox copies (March 16) to Hal Millie.

8. I reviewed the 1971 monthly copies of the Public Affair
s Information

Bulletin and recent copies of Public Utilities Fortnightly 
and the Bell

Journal of Lanagement and Science. Items which might be of interest were!

a. The October 8, 1970 issue of the Fortnightly was devoted 
to the

independent telephone industry, but the papera were more gencra'l

than specific, and had very little statistical data.

b. H. R. 12150 (Feb. 23-25, 1970, 91st Congress, 2nd session, se
rir.1

number 91-81) by subcommittee on communications and power is 
con-

cerned with role of interstate and intrastate common carriers.

c. One article mentioned that Bell system has recently doubled 
circuit

capacity of major microwave systems (6000 to approximately 12,00
0)

and circuit mile costs have dropped by about $20 in last 10 y
ears.

d. Xeroxed an article "A generalization of the logistic curves and

long-range forecasts (1966-1991) of residence telephones"; the

statistical approach might suggest ways to project future usa
ge of

mobile telephones.

9. Found out that Mr. Reinking (phone 266-7507) is the Bell mo
bile tele-

phone representative in Denver--suspect he would have data on a
ll

Colorado land mobile common carriers; however, these data can a
lso be

obtained from listings at the Colorado PUC (1845 Sherman) as a 
consist-

ency check on the machine listings (which Jean Adams will extra
ct from

the FCC tapes),if Jean feels this might be worthwhile.
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10. Checked Telep'!es's Diree'ory of the Tolephone Industry at the CU Bu: eee
Library. he latee(eey they had wae 190. Gives fairly complete listing of
telephone t.tbecrib(ee with both Bell and independent companies. Called

Telephony l'eblishing Corporation
608 S. Dearborn Street
Chicago, Illinois 60(05

312 922-21435.
Was tole 1971 Directory (eicea curreee through April, 1971) is available
for is';) (, if you eee connce' r' with the telephone industry) from

Miss Vivian Rydan
Telephony PublishieL Corporation
53 W. Jackson Blvd.
Chicago, Illinois 60604.

Asked Shirley Alldredge from cur library to contact the Denver Bell Telephone
Libra's.; to 300 if a copy could Lc borrowed, but they didn't have the directory.
I sent e, 0* .ck to Tephony on :rch 17, asking for a receipt so I could turn
it in with a purchaee roquisitien to Art Stewart. (If he orders, the check has
to cl,:e;r reekville, in a delay of approximately six weeks.) .kIrSg
Alldred - e has ordere.:1t a 1972 col;, (whici" All arrive in June or July) for the
library reference s!)elves.

I thlek thi3 directory has the haformation needed to plot company franchis
coverage for all states in the U.S. The exchanges are given by town and city,
but small towns of less than 500 population seem to be included; so this should
outline the areas fairly well.

11. Have been checking semi-monthly 1971 and 1972 NTIS Government Reports
Announcements for reports which might provide information on, or maps of,
the U.S. telephone company coverages. The fields I am reviewing are

5B Documentation and Infezeetion Technology
5C Economics
5K Sociology
17B Communication.

This search will continue. So far no reports have been found which would be
helpful to me on the telephone wire-line coverage maps, but a number have been
found on related items, such as new technology in the mobile radio and radio-
telephone mobile units. I will xerox some of these and give them to Gene Ax,
in case he's interested.

12. Have corresponded with William J. Hamm, Special International Assistant to
GT and E in the past year; so called him at

General Telephone and Electronics International Incorporated
Suite 900-1120 Connecticut Avenue, N.W.
Washington, D. C. 20036

202 293-2800
to ask him who might have information on the telephone subscriber coverage of
GT and E. He said he knew they had franchised areas in about 35 states and
gave me the Commercial Service Director's name as someone who might know of
coverage naps. So I called

Er. Donald G. Prigmore
212 551-1567

in Eew York City. He was out of town, but Mr. Hamm had called his office, and
his secretary had contacted Mr. Hu:ries (eYtension 1491), who had located a
map which they will copy and send to me this week.
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Notes The following pages (beginning with this one) give
company listings and raps for some of the major
telephone corporations. The information is always
preceded by a page, listing the source.
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• NORTHEAST DIVISION

1 Syracuse, New York

Maine
MAINE STATE TELEPHONE
MAINE TELEPHONE
r:ASH TELEPHONE
UN!ON TELEPHONE

TELEPHONE
C-AMA WESTERN TELEPHONE

He,ra'shire
HAMPSHIRE TELE PRONE

TUFTCNBORO TELEPHONE

UNION TELEPHONE

i.-G0I.JADILLA TELEPHONE
IRO-T: ...CIS TELEPHONE
SOUT:ERN COUNTIES TELEPHONE
WESTERN COUNTIES TELEPHONE

Pennsylvania
—BIG—tb5Y TELEPHONE
CENTRAL PENNSYLVANIA TELEPHONE
CHAPmAN LAKE TELEPHONE•
KEYSTONE STATE TELEPHONE

TELEPHONE
ER STATE TELEPHONE

L
S:EUBEN TELEPHONE

•
Wrrnoe't • ,
VERMONT STATE TELEPHONE
VERMONT TELEPHONE

C.anaila
CLAIjCEViLLE RURAL TELEPHONE
CENTRAL COMMUNITY TELEPHONE
CONT U1.NTAL TELEPI IONE, LTD.—

(!!: 1;1.0
I!! •-•1 i I• i

!

CONTINENTAL TELEPHONE CORPORATION

SOUTHEAST DIVISC,'N
Amharst, Virginia

Atohnma .
ALABAMA TELEPHONE

Fl rt a.
FLORIDA STATE TELEPHONE

Ge_crgia
GEORGIA STATE TELEPHONE

Indiana
EUREKA TELEPHONE
HOOSIER STATE TELEPHONE

Kentucky
KENTUCKY TELEPHONE

tf,rtt, Caralina_ _
1ELEPHONE

WES f ERN CAROLINA TELEPHONE

South Carolina
ELLOREE TELEPHONE
HOME TELEPHONE OF SIMPSONVILLE

Tennessee
TENNESSEE TELEPHONE

Virstnio •
CON FINENTAL TELEPHONE OF

VIRGINIA
FIRST COLONY TELEPHONE

.__\12.5_LKiro in ia 
W. VIRGINIA TELEPHONE

MIDWEST DIVISION
St. Paul, Minnesota

Colorado
HAXTUN TELEPHONE

Iowa
BELLAMY TELEPHONE
FOWLER TELEPHONE
HAWKEYE STATE TELEPHONE
IOWA TELEPHONE
TWIN CEDARS TELEPHONE

Minnasota
GOPHER STATE TELEPHONE
LAKE STATE TELEPHONE
LITTLE CROW TELEPHONE
MINNESOTA TELEPHONE

Nebraska
CORNII1JSKER STATE TELEPHONE
DESHLER TELEPHONE

_Nprth Dakota
NORTH DAKOTA TELEPHONE

South Dakota
BISON STYE TELEPHONE

BADGER TELEPHONE
FREDERIC TELEPHONE
LAKELAND TELEPHONE
OSCEOLA TELEPHONE
POPLAR TELEPHONE
SOLON SPRINGS TELEPHONE

_Vyom
MONA SHORT .LINE TELEPHONE

  HEADQUARTERS
S. Lco..

/

Wentzville, Mit,SOwri

Illinois
DcKALB•OGLE TELEPHONE
IL LIN ST:,TE: TEL —11C:s;E
iLLIOIS TEJ_Eri

lonso
AMERICAN COMMUNICATIONS
KANSAS TELEPHONE

DREXEL TELEPHONE
MISSOURI CENTRAL TELEPHONE
MISSOURI STATE TEt EPHONE
MISSOURI TELEPHONE

1-WESTERN DIVISION

LLo..-,, f C,Yorn;c,

:`-......-1;;',VEST DI,
Doc, Texas

A-
!' • TELEPHONE

-',KANSAC TELE ri!:'•'

'CLN1 LOUISIANA TELEPHONE

OI:loborna_
OKLAHOMA STATE TELEPHONE

WEJIKCL 1ELEPHONE
NAssAy BAY TELEPHONE
TELE Pi IC::ES, INC.
TEXAS TELEPhONE
WEST TEXAS TELEPHONE

1 ,\TE ELEPIICV
JL)..‘l LAU Z.‘'‘ i%C'JGLAS 1 EU:PI iCNE

Arizon.o.
GOLDEN WEST TELEPHONE
WESILRN STATES TELEPHONE

Califnrnic
CONTINENTAL TELEPHONE OF

CALIFCF;NIA
GOLDEN V. LST ILLEF'HONE

lcaIi
IDAHO TELEPHONE

Montano
TR-EASURE STATE TELEPHONE

Nr•ye do
CONTINENTAL TELEPHONE OF

Ni VADA

litf. I !::.4 i Al I lilt Ii NE.

1 (1.,,,,..
I I '; If!! PI lo!II

7. • , ::,i'l \:,',.; : , •

Ir., I,
t .1 ArilII!

• I I

I ‘1.
( t I

•

1;1,;;

I i!•111 0,11

t• TELEFIV,:E
TELEPHONE

JAMAICA TELEPHONE
TRINIDAD& 1A3AC0 TELEPHONE

.r!•71,0•,: 7_
A:,..):3 TRANSMISSION &

TELEPHONE
GRAND BAHAMA TELEPHONE
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*:UNITED UTILTTILS , INCORPORATED

DATA ON 
MANUFACTURING , SUPPLY AND SERVICE 

AFFILIATES

FOR TUE YEAR 1970

1 * In early 1972 this name ;as changed to 
•

UNITED TELECOMMUNICATIONS, INCORPORATED
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I '

I I MIDSTATE
TELEITONE COMPANY

IT:=.'
cc:.:r,...Ny or

"

1.7:-..77.D TELT:P:1.0:72
• CDMPANY OF

 [ UN:TED 7.LEPI:0NE

! Ca:M.71,17Y OF Ta7. WEST

'?:ONEER-,UNT 7ED TELZP7ONA

COM2ANY

•
TELE PHONE

CO: TANY
1007.

A=N01TA T:Lcrrom

CA3 LE COMPANY
  100% 

UNITED UT:LITITS, INCORPMATZD
DecTScr 31, 1970

EA.5•17-.^N

• COLD:"".•

NEW .7.7SEY
TELEMNE COMPANY

1CC7.

FEC777.S-UNITOD
TZLEFir NE COMPANY

ICO%

C.!:ITED TET.21".:3!:F. comp/oil .

o:2

—IUN !TED TELEPE= C0MPAN 1 !
OF NEw .TERSEY

S OLT. !TEAS TE r.N

' GREEN:MO Ls: -UNITED
TEL raYss COMPANY

IC07.

UNITED IR-MOUNTAIN
TEL.:PI:ON!: COMPANY

1007.

UNITED TEL7PHCNE COMPAN

OF TEE CAROLTNAS

CA^7._ -A 77' =NE &

lOC7.

IUNITED TELE rITY: COM0AN40 F F:,07:7A
I •'•:-,'.

uNIT7.7, -•
o: ANA

CIJLF STAT -T0
COM7ANY

12r.

rAt'ASOTA
COMTA'
100%  

I

PALEST:NE TELEPH0N7 I
COMPANY
:On

KELLER 7ELI-Ti:0NE
COMPANY
100% 

!ZORTI.PZEST

r
• ITED TzLEr:ioNE COMPANY
OF Tin NO 7 TWAT S T

99.96% 

CALIFOP 'IA -Cr.E.SON . 

TELEPEONE COMPANY

10

•••

•

'41

NDY TTI.r7Tcr, C77.7.1V7

CITC07.:, INC.

I= C:77- ''s• - 27

1 

7F.7.
EL7.C77.1C.•.-.. :17

:7

I UN:77D co::':':
S7:477,7.

10—

•

UNITED 7=73.5
C=7:77A-7 TsT-7

1RIXON ELECT7.0NICS, :„.

C D I INC.
351: 

i •

1

I NcnIT ELECTRIC
COXPA::7
1 C tr.

NOR CORPORATION

."" 
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Telephone Company
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1 Bell Telephone Company o
f Pennsylvania

2 The Chesapeake 
and Potomac Telephone Company

3 The Chesapeake a
nd Potomac Telephone Company

4 The Chesapeake an
d Potomac Telephone Company

5 The Chesapeake 
and Potomac Telephone Company

6 Cincinnati Bell I
nc.

7 Diamond State 
Telephone Company

8 Illinois Cell Telephone Com
pany

9 Indiana Bell Telephone Compan
y, Inc.

10 Michigan Bell Telephone Compa
ny

11 Mountain States Telephone &
 Telegraph Company

12 New England 
Telephone & Telegraph Company

13 New Jersey Bel
l Telephone Company

14 New York Telephone Com
pany

15 Northwestern Bell Telephone Comp
any

16 Ohio Bell Telephone Com
pany

17 Pacific Telephone & Telegra
ph Company

18 Pacific Northwest Bell Teleph
one Company

19 Southern Bell 
Telephone & Telegraph Company

20 South Centr
al Bell Telephone Company

21 Southern New England Teleph
one Company

22 Southwestern 
Bell Telephone Company

23 Wisconsin Telephone Compa
ny

(D.C.)

of 6.1arylond

of Virginia

of West Virginia

Figure US-3 Operating Areas Server! by Bell Telephone Com
panies
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Figure US-5 Locations of Independent Exchange Areas in the United States

TABLE US-4

PRINCIPAL INDEPENDENT TELEPHONE HOLDING COMPANIES

Holding Company

General Telephone &

Electronics

United Utilities

Continental Telephone

Central Telephone &

Utilities

Mid-Continent Telephone

Corp.

Rochester Telephone Corp.

Puerto Rico Telephone Co.

Lincoln Telephone & Telegraph

Co.

Commonwealth Teicphone Co.

Florida Telephone. Corp.

Next Ten

Source: USI IA

Headquarters

New York City

Kansas City

St. Louis

Lincoln, Nebraska

Hudson, Ohio

Rochester, N.Y.

San Juan

Lincoln, Nebrw•ka

Dallas, Pa.

Ocala, Florida

IPCI 510 111:—.:

Percent of Cumulative Per of

Independent Telephones Independent Teeres

46.13 46.13

11.42

6.68

4.58

57.55

64.23

68.81

2.54 71.35

2.53

1.41

1.06

0.63

0.51

2.95

73.88

75.29

76.35

76.9E

77.49

rop



S.

TAliLL: US-11

DELL AND INDEPENDENT TELEPHONES IN
 THE UNITED STATES BY TYPE OF SERVICE

Systems Independent Telephone Companios2

1970 19Th Thc.3 1967 1066 1970 1969 1963 1967 199'.;

(thousands and p:-2rcnt)

Total 'lc 95,55 i P.2,(.•Cii 23,762 79,933 19,094 17,961 16,749 15,462 14,616

45,592 11,2J:0 42,722 41,312 39,949 10,820 10,315 9,782 9,217

Exten5io• 23,618 22,031i 2;,),91 2 18,770 17,390 3,505 3,146 2,806 2,353 2,124

PBX 54 61 64 65 71

Business: Main 8,114 7,870 7,517 7,225 7,004 1,522 1,444 1,356 1,262

Extension 5,741 5,490 5,151 4,855 4,603 1,382 1,282 1,182 1,070 1,036

PBX 10,185 10,075 9,725 9,334 9,115 1,681 1,600 1,460 1,398 1,257

Centrex 3,267 2,926 2,516 2,151 1,767

Percent Distribution

Residential: Man: 47.2 47.7 48.5 49.3 50.0 53.0 57.5 58.3 59.5

Individual 39.5 30.1 33.8 334 37.8 28.7 27.1 25.4 23.7

2 Pat y 5.5 6.2 7.0 8.0 9.0 6.7 7.0 7.2 7.5

4 Party 1.0 1.0 1.1 1.2 1.3 12.2 13.0 14.1 15.3

Multiparty 1.1 1.3 1.5 1.7 1.9 9.1 10.4 11.8 12.8

Extension 24.5 23,8 23.1 22.4 21.7 18.3 17.6 16.8 15.2

PBX 0.1 0.1 0.1 0.1 0.1

Business: Main 8.4 8.5 8.5 8.6 8.8 7.5 8.0 8.1 8.1

Extension 5.9 5.9 5.9 5.8 5.8 6.9 7.2 7.1 6.9 7.1

PBX 10.9 10.9 11.0 11.2 11.4 8.4 8.9 8.7 9.0 8.6

Centrex 3.4 3.1 2.9 2.6 2.2

Percent Iricrei, (Deer!: -,.(-•-) Over

Priot Year

Residential: Main 3.1 3.5 3.4 3A 3.8 4.9 5.3 6.1

Extension 7.2 8.5 8.2 7.9 9.0 11.4 12.1 18.6 11.3

PBX (11.3) (4.7) (1.5) (8.5) 1.4

Business Main 3.1 4.7 4.0 3.2 3.1 5.6 6.2 7.1

Extension 4.4 6.2 6.1 5.4 6.1 7.8 8.5 10.3 3.2

PBX 1.1 3.6 3.6 3.0 4.3 5.0 9.6 4.3 12.0

Centrex 11.6 16.3 17.0 21.7 20.0 -

Total 
4.2 5.3 5.1 4.8 5.3 5.8 6.6 7.1 6.3

Coin Telephones
1,468 1,447 1,415 1,395 174 165 155 145 130

Touch-Tone3 Telephones4 
11,000

(included above)

7,500 4,500 2,500 1,000 160 90 40

Public Mobile Telephones
30 27 25 23 10 9 8 7 6

Percent Capable of Direct 
95 94 93 91 90 80 77 73 67 64

Distance Dialing

1. Excluding Southern Ne
w England Bell and Cincinnati Bell in which ATT

 has only minority interest.

2. Includes data fur 
indewndent telephone compan

ies mporting to USITA; these account for 93% of all independent telephone
s

3. Registered trademark of 
ATT

4. Estimated

Sources: ATT, USITA.
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ATTACHMENT 2

PRELIMINARY LMR COST, COVERAGE, AND TARIFF DATA

Wes Harding

March 24, 1972

In order to make recommendations in the area of Land Mobile

Radio, it is necessary to be aware of the performance and costs of

Tcurrent 150 and 450 MHz systems. he history of LMR and the basic

characteristics of current systems are discussed in a paper by Dr. Hoke

Willis. Portions of the paper are contained in the summary document

which is being prepared under another task. The cost and performance

features of current systems are important because these systems will

compete with new 900 MHz systems in areas where spectrum conges-

tion is not yet critical. This will impact on the rate at which new

systems are introduced and thereby delay the completion of a truly

national system.

The cost data collected in this task were obtained from manufac-

turers' catalogs and conversations with suppliers. The data have been

reduced and plotted on several graphs. Figure 1 shows the cost of 150

and 450 MHz mobile transceivers as a function of transmitter power

output. Note that the costs for a seven-channel transceiver for 150

MHz RCC use is on the order of $1,500 while an eleven-channel,

150 MHz IMTS transceiver would run about $1,700. The revenue

requirement for these transceivers alone is $500 or more per year.

Corresponding base station transceiver costs are shown in Figure 3.

Portions of this data were used to develop the plot in Figure 4 which

shows the cost per mobile as a function of the number of mobiles in the

fleet for a typical 150 MHz single-channel system.

Figure 5 indicates the nature of the cost trade-offs between

privately owned LMR systems and service offered by common carriers.

Curves showing base station and mobile capital investment costs

amortized over 3-, 5-, and 7-year periods on a per mobile per month



2

are given. Also plotted is the line corresponding to leasing the mobile

transceivers and obtaining service through a common carrier. With

allowance for operating expenses the break-even point appears to be

in the range from 1 to 3 mobiles.

Since costs depend upon the coverage area required, Figure 6

was prepared to show the range versus antenna height at two power

levels for 150 and 450 MHz. A curve corresponding to 900 MHz cover-

age was also added. It is based on curves contained in the Motorola

filing. Note that a 150 MHz system would cover over twice the distance

as a 900 MHz system with the same basic characteristics.

Tariff information for mobile telephone service was obtained

from the Colorado Public Utilities Commission. This information is

summarized in Table 1. It is planned to obtain similar information

from other areas.



NM ON- 111111 1111117- -mos„ Imo Bum, am sjum.: UI„am „, ims am ow

1.9.0

go

4c

r 7

-

ti [H -i  1r i 7-- -I  11 

▪ 
L±I !

-1 IT ; 1-111:

L
TE 

fa -",fiet • -;te • ---_, (•••
11 ,F ,!!!,,,,, • 1

;_ I -- -.470 I r'
' • • • .• ! 14,4 _4 44_

• • , ; --1-1-1 7 1 _1_2; _i__; _•_ .-.71 H1
W!. 

-4 ;--4 ; - 1---!--;- • - - • - •-•-
; • 74 ' '- . -;•! r--. •

,. -
. 

_
li;•.I.•'

4 , ,

- • •

- '

I 

7I 
i•

-11

'
-4 L  ,  1 • • - ;_•__• .

 - +- 'Aso, SY. /1 "f.d/7/4
•• ; T .

/'- i1,
- .1 /IV t'e • ,

1 r I1
- 7.- • -.1+H - ....

I • ; ; i ' : • ; - I 1 1; i ; 1 t. 1
! , ! • 

44a.

et

•
s
A
 s
l
s
o
D
 w
a
t
u
d
I
r
t
b
H
 

• !I..;

• ' 1 -
; - . • .

--- - , •

1- 7-1-f -- [---

[-r-, - --, --IT --

- -1.---1,- ---1
1 .
1•4',--4- - -
i 1---rt---

11-4,----I--[ , ;, ,--, -"-
,, _•.4. i_ . -
1 ;4 • __
1--i--,--1--1-- ' I ; _ •; . ; __ _ 1
, ! 1
i.l. .,..

_i

:--;-----I----
'I

.. 1

... : I I_ _1 , 1 1 a, •

I,

H H i I- 1, 1 _ ._
- - -- - i-,.----i-i-r-- -s-

i

-'-. -1-_- 1_-_ 121 I -1----

L i 1 , 1 _
._,_ i_q_i__

- --1-H-14-1 1-,
---1--i---1--r--

i ! .

- --,-- -1--- --i 7

--1... _I__ _i_;_l_ i_ _
1-- • - -

I I I

- -

I -

,

•-•-••••.-

I  
-1+1-4 --I-

I I

_Lii  

1 -

1--
J:-.._ 1 1 I 

T 
1

-71 I 
-- --r1-1-1----

... -I-. .I ,..;•_-_1

.., . 1 ........
Li

ir . 1
'  ; 1

_ t . J.___t_i__- _1_1 __;__ i _ 4 . ._;• __ ____;_._;,.. ;__ ; __',_4_.. ..__,..., .._.._1. ; . ... _..... ._ .. -__. ..._. .... .
- _ t___ E 1 .4 ! , , L 1/I.. _.!._•_!._•_ ..._2___L_;_•_ ..•_ .:._ . .._____.: •' ... I •• .i ! .  ,_-} -AT-I-H-1,17 ..i.- :,, -:;1- 1- 11 -1,--4-i--.-i --•!- -1- .,.- ---,, -7.--:--; -.,---4: ---•--, - , ..1-. ..._ ... _ ,_; _ , .-____,_____:

I y --I ,
-11-1-_, -1-1__-Tr__T_ y..i_i_. I . 1 I ; •

; • ; , . ' -1. 4 --,,_.-.--„,- --.- • -

•-' ' f-4---

-- *-1- --. i_i_ 
' ( , ' 1---- . r:' •----1- -i-i----,- • , t

__I • ' ' 1  !  1- ' ' ' 1 
-II ; - 

--1--1-1-1--;.'-'4-1-----
!--17-',--,- , 1 -.1------ - -- • ---t----- --4--'---"--------- -- -ii , , , ,  , ,

- :I__ t_ l'i 1141._' ' '!ir.!.il_ L',__;'...i__ • _4, ._•___7_ __'. ' ., 1_4_ .__; L ,. 1_,_. 4 _.  
-r_r_ii _ i 1_1 . 1 .1 ; ___I r- --i-H-i-t-y 1 , 1 ,
HHH ___t . :IT- . .1-i. -..LII-1-11 i i ' , '' ' 1 ' ' ! i ! , _ ' ,...!._ ........__._ ' : : : ' .  „ .., _--H- TT- 11 -117: . ',.___._1-  -.,---i- - ;--1-.----4---t- --- ---1 1-__-,--. , , , 1 1 , , . , - ,
t r--;- __I....! . .. i._!____J__',. __i_i___.i..4...' ';._t__1 : ; .4i :-•----:-•-•-- ,--- 7 - •.--;--7--t--7- -- ••7 -

li ,--1- __ ..--1.-- /: . , i - 1 -1--I ' L 1,--1--4- • -,----;---i-- --'--.-1-- t-'---1--t-
; ! , ; .

--4.___
, ; ; , , ; . , ' ' _ : _ ,...• ...:._ I _;,, 7_7; ..1......__.._ i

._ _ .. „ _i_ _•._.! ._ .._!.... 4 .__•..._...._,;;___..,  , _„______I

; 1

_,...i_ H' ___LI._;__L ______;_._•_i__•____ _:________ . . , • .

; 4• I i ---, 1- T- 
f_l I I

' 1 i 1 , • 1

''..-. -1 -..-1.̂ ...,-... -1---4 

 I . , _,___.__E_,__,_,_._._-;.-:---
;-.-' -I-, . . - -f--1,-,-- .---:---:----- _

--il 1 -1- t 1-1 i--;-H, -i -1--,--,--, T , • ,. ,__1 7-7-f-','--II-I-1.--1-1- ------'--7--.---------------i ;-,_ 4 --, - 4 . -...1 .. i.- .---,1....-........--......-.. -.. ----... -

1 , ' 1 , ' , ,

14 ..1. ...,
_.. 1 , . ,.. , _....4.(..1 ...._...4 .4,1 ...,_ i i 1.... _,_..... _....:=1„. _ : . .......i.._. _ i . 

1_1_. 

-1 ...„...........' . i 7._.:7 .' .....;,__. . . ....... .... . 
--...--1

1 ! 1 -1. 7.-1 a- 

'17 , 

I ,
1 • . 

' ......... _. ._ . _ . . .--...1

1 H

1 I ir . _i i7 i : :, ,•,,,, . : •_,--1-1--- I t 1 t ' 
I --: 1 1 I _ •___ • ; . : .
-1_1 _.1 I _•• I ; _: ._:__

_: ; • - 1 I. I, 1 i.. :
.1_...i_ I. _1 . •.._. _ ;__;_- I_1 

-1_1. I _ : _ ! ; • .
- i 1 _ , • • • __

- -
. _ ; _ __ ; _ 7 _ _ . _ _ 7._ : . _ _ • •

_1_1 • -

,. •

; . .

; • 7 
-j t

• .
_ ; ... ; ... . •

•

/

-^

T ,
! 1

i 1 
! •; I

i • 1
1 1 I 1

11 II 
I

i
/.(i, 'ir.)•'''/- /-. 

_1
'..-.: .;:. ,\/ ;/i2

. '__•___ __....__ ..4 .1_1. ._:_.

•

- - 1

-
1 1

• !

•

I •



s u, •
mil CS- side ii3111a01 X aNIVROS "itac.;no ismOdtiOall03 NIB an ami



IVJ!

1 1

/
6
(

1
1/
0

/
 P
-
0

/
0
 0

?
C
)

6CL,

-
I

- I-

-

—

_
...

_.

7
1
-
-

.-_ -

-

i
- - i

.1-
1
7

i-r -1-
I-

I -

_

ili -
-

1-- -

---' 
T
T

, I. _
._ 

,--J
-.

-
 - - 1

.
 _-

II__
__ _

____
,

r
i

i 
1

- ii•

, 
I

!
 

I 
i
l
l

, 
, 

L
i
it

.
-•( 

T 
, 

;
!_ 1 /

I 
. I 

I/

I

i

v
Lr

1
1
,
1
1
1
1

. T
T
 -i
-
r- I--

- --i-1
-1,- I-1 

1' 1
i -I- r -i 1 -r" 

1-
1-

I 
-1 

i f I-
 -1
-

1-
1-
 

1 
i 

r 
T,--j___

,

I 
1-

I-
1 ------

-
I-
F
T

- F
r
-- -

_-_-17:1-
i -1 -;-- -_-_-_:. r--

.. . _
_

1
-
-

1 -1.
. 

, _
-

-
-

_-
-- -

--
-
-

_- -
- 

,-i ---1-

j-----
--

1-i
-J

-.I -

J 
. i.

- 
-

- - 
-

i I _ ,
[-I - 1

-F
-

-
 I -1-

---i

-_-1-1,j_
1
1

-- L
E
 -

1 
I -

_ I 
I i,

1
;
 

i,
i 

i 
,,7 !-

I- 
-' -

_

-
___
j
- 1 

i 
1- i 

I 
1

--[[ 
i
--[

,---1- ,
1 "1 ---

__[_- _T_I:
-
L
I
L
L
_

r-_-
 

_ ._.
I 

i 
-

.1..
-

-
 1

-_-_
-_-.-_-_

-
.-1--_-_-[_.-

-'...____._i_

-11

—

--
__T -H
--I- - -

1
-

-
-
 -. _

------_---

.±-1-
-

______L_

1-

-
—
I
-
_
-
  - -_i_
__.__

-
__

--J--..--- ______

--_-_ -_
-
 -,

i
f

-1.--
_

_T.:
_ _

11-1._
1

,
1 
'

_

_i__
1 

1- 1
1-
I

_

-
-

_
L
T
n

F -1-1-1I

17__L---  
-

_
-
1
-
T. --7-7----)

1 
! 

1
1 

1 -I- 
•

—
F
T

_n
__

1
I 
-

1

_IT-
. 

__J
.1

__I _i_
I 

I 
 

7
-
1--- 1

_
1
1

-
-

1-

_ _
L 

.
r

_ ...
_ --:1 

i__
1 

1

n

s
--I

-
 

- i
i

-̀-

-
 -
-__-r_

-
 -

__ 
---
-
 -
 -
-
.

-
 -
 -

--
—

---
f

-
-

I--
--

I-
-
-I

- -
-

-
-:--3 - ,

i
1-_-_-_-_

-
:

-
-_-_rit-L-[---.

--
-
 

[-
I-----

-
;

-
 -

- - -1_-__-i
 __ -

-
 _1__

_ __
_

.
- 

--
--

-1-
-
 -
 --
-
 -----1,-.I-

7. - I
_

-
-
-

-- -
-
 -
-
-I---

-
 7

I 
I

1
_i1-r -

-
-11T:'

-1
-
-

--r-i
-- ---- -

---1-
--F
t

I
-

-1
-
J
A

I--
1-
-
-
-

r
1-F

._ -
T
-

- -1
T -r-0

]
-
 r

i
r
-J

i
-

1 , , I ,
- ---

-
1-----

. . - -
-1

-7
1-

-
--

/-1
-
-
 -

t-j-
-

1----
/
 -
-
 -1-

--i-
-
r

--- -1-
T---1-

I
T

_

- [-a
---i---7 -

-
-

---1---
1-11-

I---
'
 ---- -

-
1 -
-
1
-
-

_

-
_1_1_1

-r
-

1
t
r

-
F
T
 1

1 ••
I
T
T

_
. 1
-

+
_
1
-

- 1
-
-
-
-

li
i -
 -
 -

1
A
T
T
-
F-

1-
1_1

r
T
_

r- T
T

-_-I-1
F--

I----I
-

'-'-1-
1
/
1
-

--_!-T-
_
_
_
 __L_

7
1
!

__-11_-1_
-- -

-
I
- -I

---
--
1

-
—

_a
I

_
_T

1
-
-
-
—

T
i

1
i 

1
r. ,

1
i
I

T
- 1

I
t

:,..
t

1
•

1
I

'
,
,
,
,
.
 

___]
I

1--
i 
n

T
1

H 1
H

4
"
 ' 

.1
-1

'
• 

1 
, 

'
-

--1-
n
n

7
1 
-

1---
' 

1
'
 • 

1
r

Fr
i

_
,

[-
r-T

, , ,
-T
-1

/
/ 
r

i
,

-
-
-
-1-._- [_i_r_i

-
r-
r
j
_ --1--

-
I

-yr',,
1----,

I
F
T
-

1
-1-

1
1 

,
1 .1-

ri
, 
;---1--I- 1

-
I

-1 --r
r-r- ]

-1
, 

,
-7
1 , 

---I
k

1-1
-11

r-ff-
1

i)„
1 

1
i

1-1
---

-T
r 

_hi
F
T

F
T
 

I
,

__
-

it 1--
-
 r

,
1

-r-
r-- 

, 
1

1
1

-
-
i
.

L._
1

-f,-21-
1--

1
-

1-1
-1

--I
1

I
I
T
 FT
 I

I
--I

:
1
+

•
- T
i
i
r
•

r 
.
_

i
,

1
•
1
1
1

i
+
1
---

-
1

._
-•

1.
-
.
.
.

-
1

r_i_j_L 
:

1
N
E
M

1 
1

_
_
_

M
R

I
I
I
I
I
1
N

N
M
I

i 
;

&
-

1—
t
", t

1
N
M

,-
M
R

1
1 

1
1 

1 
!

1
1
I
i

•
i

1111111111111111
I 

r
.

1
-
-
-
-
-
-
-
-
-

1
-

I-
, 

I
,

i_
t i 

,
,

1
 
'

'
'-'-

l-
r

i
, 

1

-
-
-

__'7_1- :1-1.
_

r
-1
L

r
 -

1-
-
H

_T_r_
1-1-

-
- ,

,--1- 
,
4

-
,

I
hi

r_
, 

1-
-

1
F
.

I
-F-

1
-
I
-
-

t-T , i
I 

i j-f
l

, I 
.

I 
I
r
'

1 
!
1

-
I.-L

1 
i 

1
I

1 
1

---N-r
i 1 ;-

1-
1

1-1
1 

1
-T.

I
-r- 

i
•

, , 
1

7
1..y.

1--1 iI
I 

I
1 

4
,.1-

•
I 

1 
I 

I
I 

1
5
1
•
1
1
t
.

----r
-1-

1-7- 1
I

-T
-1-

H
-
.4
-
.

I 
I

--1-- 
I

p
i 

I
1

1
)

-T-T
1 

'
Is 

r
-T1-1--

I 
1

-
L

It
[
7

r-,
fr--

T 
1

1
j
 

I
E
T

il
-T

l
 
!

-
/-1

--
-----

I- 
I

--.- 
--4
'

I
'

r
i

1---1
_

l
i
r

_
_I_____

I 
i
t
 

1 _
I

___I 
T
-

I
i 

i
I

I
1 

•
i

1 
1 

-
I

____I
I
I

I
I
 

I 
I

1
i
t
 

! 
L
,

i
I
I
I
.

1
1

_II
r
 

7 4)-)
, --c
 o
z
p
i
x
=
-
/_-_ -

,
 1 - i--- ---.1- 27Fyl_f_L

F
-- 4-., r_N-

H
1

I
1 .i7--

T
-
-
(

.----f--
i- 1 

1 
1 

1
I 

1 
, 

i 
I

1 
i 
F
iji 

I 
I
,
,
.
.,

1___-
; 

I
______

___I
T-LiLT-r-

_Li_f„
_
F
 _

7
r

•
 Ir

- ;_,,z...
_t__

---iii,,,
:
 
o
_
4
.1 )5,./.z.,.1,----

__ _.
_4 _[
 

,t/
i
,

1
_.,

I
_c_r,eziffitz._.4.z/

__,1_2_4_2:
-- 1
,
,
,
,

,
_iii_i_i

L
1 

i t
!

Fr
--i__

,,,,
/

I  
1.

Fv.
- 0_ 
L - (

L
A
I
D

1
I 
m
i
l
!
 
i
n

L
L
I
I
1
,

1 [
 I

I
, 

.,f__
.,

I
•

i
l
l

;
1
 
i
i
i
i
r

I 
1
1
1
1
1
1
 
1
1

1
1
_
1
1
t
i

_
1_,1 L

-f-
-
I- 

r-
L
i
 
1
-.1

_II 
I

7
/

I
I
I
 

I
I
I

1
1
-1
1

-1
, 
-

1-
1-
!
I
i
i
.
 

l
i

i
i
i
.
i

,
_

_

',

t
__,

il !
 
r

; 
r
i

L
i
 

I 
1 

1
1
_- _
_
i
i
!
l
t
r
 

I
I

r--- T-
+

i 
, 

. 
•

-
„

1
4
4

-4
1
'
T

--1-1
,

i'-'--- 
.

I
i

I
I
 

i
l
l

1 
i
i
I
I
I
I

--- "
,

,
,
;
,
,

_..„
'
,
I

i
I
,

!---C:g -E- :c_-/_-_../ r--;1\,' 
,.•1 ;.

-=
.
7
7
:

.
_
_
I
„

A
i___

+
-

, 
1

1.1 
c
_
.
 , _,_ 

4 
I.
_4:
 '
 I._I_

L__. C.
.

_i_
_FI

___I__J
_t_i 

...._,.,,_.... 
)

,!, 
T

I7 ___L_I___I.

—
-T
-E
i
i
i
 

-1--1,--_-
-i --f-

-
 1--ri

r_ -;'
I 
_
I
]

,-.1.___L---[-1----T-1-,
I___'

E
H
 
ti EY

, _flit' ..,!- :_i.f.,: ,1-1.1::- .1
:
7
;
7
7
2-..-Tirzi---

-- 1
-
L
4
7 7,-

_-_1 -
i 

-7
I--r-.
- f-

r
-T-

7
-
-
-
-
-

_Li._
1.

i
t

,
 , 

i 
'
t
i
n
 

 
 

; 
i
t
,
 

 i
*

L
I
 

i 
i-, !

 I 
I 

I
 

 __i f
_
r
r

1
-
1__Li1-11- 

I 
E
 
7-L

1
1
 L
F
_
L
L
E
 -1__!_l__' 

I 
I 

1
I

i
i
i
l
 
- ,--i- 

,
1
,
1
1
1
,
H
,
 
i
_
i
i
r
T
- T
i

r
,

-I -5
-5

- /
O

fil- 
IH

Lii ..,
--1--F

T
-i

_
_1-_.1-_____ -- .=_

1I
11- 1

- -1-r
-
- __

_l_l__
_i _i_
,

_
L
I
_

1 
1 

, 
-,

r-- 1 --
, -r

-r
4
A

-f
r
 ̀

.17
P
i
 i 

i! 
/./%, F

-
7-

17
8
 - ;-- t - .i •`. '

 • , - .1-'
 -
7
-
r

- i ---1-- i - i' F
T
-1 

- i" 
7 ---.-----77

" --r
! 

•
-
 .-
F
 

I 
1 
'
 -
-
-
-
-
-
-

I 
,
 
L
L
L
 

i., 1
1
 

L_
I 
L

'
 

1-7-2'
?
 

'--
(
: -
-
(:)-77-F

- q--- k-T-. iZ_;_a_i./6117.-_-_-P-__.:. _Ii__ _1_1_1_

-----i
-
-
 

_
_

L
1 

' 1 '
 

1 
I

1 
/-

.

11-1,-
[. 

1,--: 
Ii

1
-----4

-
-
-
_
,
i

t-[----,-
1-1-]

__Fri
1 

I 
i 

.t--{
1, T.

ij1.--Ir-I
I

7
i
t
i-L

i
- i
i
 

; 
I 

1 
1 

1-
 i

i--1
 

---1---,-iii
. 

._E_
,

I
t
'

L
i

L
i

F
i
g
u
r
e
 
3
.
 

B
a
s
e
 S
t
a
t
i
o
n
 A
n
t
e
n
n
a
 T
o
w
e
r
 C
o
s
t
s
 v
s
.

-- -
-
-f

I_ 
i--
i

--
_ r
j
 f

- -
H
e
i
g
h
t
1

I 
t .

i
 

 1
-
1-

1-
1-1

1 
I 

--I-__T
[
1

-1- 
-H
1
 i 1 
w
:

---H
-
F-

F-
i-

i•-
i-i

-
1-

i -
-
-1-

1-i
-- 1-

1-- i-
1--1 -

-
-,-t

-i-
i--1-

t-
i
i --1-

1-1
-i-

i--t---t--1-
-
-
- --i 

---,-Th
.1 

L_ •-: ------

CI, 
C
 

I
A
'
 

r; 
n
r
--N

/
0



/g)

1 Ut

/a

r- 7

I

71 I-
- ••• • t -T--

, " -I

7 -71- 7-
t---r-

, i-- 7- 7- ; . 1 , • 7" j-E-7-7-" 7- . --T

v:) / A! V .:7 5.. •r Al r,--_. ?.-r .. :PER. I Al. elf. ',. !.=. i: ' fi' c ri
1

FO 1'. .4 . / I if , .'- -- . cu 1 ( ;-`-'11,1 __'-':" .. /..c?"f 7 .''..7. . %(;
. ! i : • ' I

7r. , ,C F7 , , . VA
.
. -

, I : - • cjr/9 'I,,S•,` .;-; ;-• : ::: ..5.-- r,,,-,--:! 7 ; . - "i7 -AT i.) .C.: '. 1 L r-7..7 • . • . . _ _ -,

_1. .. • •
t ; " •

ILL IJJ_HILr
-7

1 ,

t f-:

I- • - • i-- i ' - 1 - r 7 - ' - 7 - ' -

217_

_,___; • 1 ! 1 t
, _.... , iii
lItICT-1.7.71-1.-7- itt-,____..

. 1 I ', I • • ;
----; --- - --T- 1.- - --
' I 1 -7-1- L , 1
-7-H:---t i t - - -- --1 1 /
-H

---4 
i-
-1---r- - 
---4!-

-
---t - 

-# - 
-;-
4-

I 1  4
• • , i / __ 4- ,
--'-7.--- i--1- ;1 F

I

t114.111

I ,

-n 1-

1 I I, 
I _LI 7- I

; I
r

• ;

; • . .

, • , 1-7 .

1 1 ;

• : 1741-7:Tr-1-7t,

--777-411 

T-7

• •
•;;;t1-71 ;

•  

i7377 7-- 7- r
-I-77i Ts I•  •

,1 • ,
• • ;

—rri4__.'_ 1 t i i L
Q-  " -'. il  ,,1-.,

T7
 1 1 I 

,r__,_ , ,--TT -7--' 7-'1-- --I-7-T -

I I , I i , 1 ;
f•-•---- .----, •

.....1. --r-r-1--r7- r I
1 i 1 I I , r

• I-17 .•  1 1 

---i-L\ ',---114-\--1-L1--; -1 ;; 1---1----7-7- i . 1: T-7-1 1.--i7

' LLLU.

LLLL

1 
-
  \

--;
1 

,

,
-  - 1

", .  i- -  
i
1

  \
 I

•„_1.

•
• ! ! . ;
11/1! 1 111
! ; , ; 1 •

;

• • 1, I  ; ; ; •

• 1 1 •

•
!..rr

7i-r, • -7-7-4-7

.;____1___ 1._ _j__I__
/!ilt. /

, -F- ; - -,--i -1-I

t I. ; , •. • 1 1  _

11 1,1'.11
1 ' •

Ii' 

t I ;
11 1 1

1 1

 7777 ; • : • . •

L •  I ' •! • : 
•• • — 

• 
• ,. • • 1 

i

I I I

, I • ; • • ; I
, • • • •

t • • ' , ',11:Li
tLLLLU

I

II ,'  IIIli.•,It

, , • ! I

I
f- •

, ri •
,_ •

„11!1,•••,

,• T-1 

• I 1 • t_ •
t ; 1

, ; 7
' 1_1

 •

Figure 4.

7 7777-.
'

; • 1 . 1 ; •

•

r

1   

System Cost per Mobile
.1-- - --•-•-•• .4 . _, __,_ ._. , , : •

,-- -," --7-; -1-1-112. r 1 r .• , .___. _, .-/- ,,-- -•

LLLI._ ,i,__I _ 4_ ,‘'.______ . _ , .._ , .•.___,,__ ..___,...__...
;  i ; 1 ! 1 1 1 t, I _i_ 

_iIi

t  . i ! i ; , ,_ i__L__L ;11'i.
-.7. 17:_i'LL

_.......... ... _.........,_

,- 11-.4 -t--i-i--L---1-'r-'4'-'4.---' I- -1  II „.._i' .:_i ___H_. .4.4_4_1..: .,....i._: 1i-.--  r . ,_ I i__1 _ , 1 -' '- - 
1_1_4_L.1_t_ _:__

1 _ __:_,L. I. i .: _ i .. , ,[-I -. , i 1 1 -1---r-t-'.--
; , i • / , , i .

._,___. _i_. _.__;._:.._.. 1-- :.
_r_F.I__ /._i_._ -4 •, • '

-1_ L.--iwp-/>ii ,----E• .0,---Vflir. •:.;.-';':/.--C.S :._ :: --, ,-.-- . • . : - :'i . -: 7--r-i .. . • . ;

4

i 1
1 t

_ r_
- - -

'0" /1



7-7

NMI NMI NIB 11111111:f1T-111111,T,-,2 MIR .paitr,,,,„••• „,„,misi, NIB x io 111111 111111. .Ac 1 - •

t•- -

• r.

;---‘ 1 • -
‘._. 1 .7 X L-

• • •, r

- - t

•
I-I.-

'. ---, _

1 i , ; I 1- it, I I 1 .1 L T. , i t i , i 1 -,. i___1._ itli.1 -1'1: 1 4,- '_1 • .1 T,•• 4,- • !• 1-1" . ., 1 • • 1 ',- . • , i

''', 41), P"'''':;7-171- /9/4/ 7- L1.7/Yl//,t, [47: ,FLIJAZ:f50--- i eis,,,,,,,,..:-du-7---.,./.).-: ,../.3,:-..-)::: ,2-• -,---.7.",f- /.1,22:..7.'__7.- .1..C.,...7:;1-.L.----7
..•..7,-, . ,„, .:./.7!--i, -1„..-m-.5 , S 7.77ir

I I

7- :6-4E),' i7-.71r-i;.-. /2,..8.-f,-\' 1, -1,:1(-1,",'.2.-i..- ''., ... '. .... .:.-1 7: r--i 7. . ' .
' • . . I ; ' i ". i , .i  ' ; • ; • 

, . 
! . 1 , 1 . • . ' • 1_;_...,

• 1

t

'1.." , •',' I''lli..11 , ',,';.• • t .

.:./1 MO .i.-F '7:4 1.7:. -L;4- 'f1/1./i__7'117t/' .̀: ": 1. 1' 7" ' C . 1 'P _t ' * ' ' - r''''''' e' . ' I". '  ..--1 ' ', .. .. ,. . ,..- ,. , . ,, ....- ,•••,.. ., - 4..4 i \ i l•11. .4 t 4,,, i 4 .11 as, 4' 4 ' ': ' 4 ' i , '71' • 1 . ' ' 1 
• ' i ; , ,

. I - 1.-- i- .1 4-..,, • , . •

. l' ,i',11'1',;;,1 '...,:,•,;:•;: .1 c: " .•.:1 •••••''--'- i.'•'t
;

• :'• ., ,.. ,I”., • ... •.: ,,, . a r••• ..., " " ' • • ., • ,...4 rot ...„1.._ ., .4 A.. ... • • ̂-.... t--. t...-- es r. "-I.; ..-,,i ,...-1 • . 
. , , , . . .., 

L- . • - '.-
'e`i,t''.; ••Di‘.. ,1- t 4.- .z.-:. 1-- . -1 W ,i i::: - ...4 l'; If I -(2., :i ' ,I 14. ,.',' 11,2 -1- F., A': .....-. IPE r.1/.<143/N/ -F-,,

L2 ,r_,...._P-_,___, i-e -i•,./ t--: -- '1,4r-Pr ,..',,t • i". _1,211. \''' 1 17-: 1 -7 i - ' -1. '7 ', : -7 L : • ; 7' H-1-- 1----4-
7.- I ry r„,...,-Y1 - • *J. ,...• t r 4-1..., • . , . j„,„ r., ....,.., 1 • , . I I , '

• 4 ,-- 4' i ' 1 ! ' ' ! ; I : ! ,' I 1 I " ; i 1 • . 
1

1
. - . - +. , - -. - .. - -. .. - I i - - . - -, - .... 

I . e ,

.- --I
, . . . . • . ' ,u j .: . • • , ; -

./•!:,"' !: i LC4: i 771, ? 15 11:74 7 :11' - irf r /2, • ' /..%/1/ . f. ..4:;;. / i,•-'%.....'17 f .R• /4. - 0/ f): - ‘Id .. E-''''..A", tI/ i C, inT 1- I • I : • . 1 : 1 i _ .'' ' .
' I I ' - I ' j . 

• 
r ---. ,

1 
. _i_,.__Li 4_ , __;___; I__ i___1....;__; __; ______, • ___. __ t___, _,--.___..r1._, -.. ._... , . . ._ ii . _.:- . ____-. ,--.i--- - 7. 111---" \I  -: :77-- -- !..-

, _J.. i i _i__i _; J . .. , I..: _LI 4 1 1 - . ' .1 t -I H 4 .1_4 i _ .,_.:_i L_I.._l__H._;_i_,_„__.L....:
i ; - 1 l-  ..1. _.. J.

._'.   : .., -4' - - - i - t . .1 , i - • - -
, . . • , , 

- . ...
•._-_____ _______

'
• . I • , , , 1

i
i 1 -  1 4

1_ 1, , „ i__,„ , i
-
TL,, „.  I__.,,. ... _• ,__.,_ ,_, ______,___.......____:__ _.._______.__:_____.,________.,_, ,..,. , ,_:,

__r_t_,,,_,{__t_4_1_•f_l_.----4 -1, , j __1-,-- 1 1, 1 1 1_] 1._J • ., l-. ' -"---' --H _f_Ti, ;...__;—":-_; --:--:-. L -' -, : ' ' : 
. . • • I 1

.;_. '._.

1

•1---; ---; - -1-i -4 1 ' - I - / I- . • I . r-. -i 4 --,. • . -. __; .._ . 
,

/- 1-i. !....: -4--1-_, ' ; ' ' 1 ' ' ! ! , : : • ; 1 4 • - : • 
.

•

. " . • ,..- . _ I

i----.---. -1--1- 4 --- 1, -A-. 11 244:- -I.. -.4. 1..- . _..4 .- ., ....4. -,- -; . .. -I -, -....- l'. --T. -.4 - -, _ i.--'.. -_. _ . ...--.-- i ---..-. _._.--_ 4 ' ..-4--_...-..:

; i • ;

\ __I ; ; i ; ''. ' i ; ; • •• ; .. t ' 1 4 ' ' .; . 1 ' • - '; • 1 ' I 1 ••••• I " 1 t I

---.4 -/- - , - ' - 1-t-•-• - • ---.. --7 .,--.-;,----.., 1---, - .---..--; 4"7---• \ — . .• - 4-----. . 
• ...• — __ ,

t i , , , •

.  _-_,__.. •—•-•---1—........ 

' -

i . . i

:
T 7

1_-_L.
,

I •

'I - /-17- 'I . 41 ' '.•• 1 t 1 i ' I 1--
-- t---- •---1 -1-1.-

1'. . -- - ----77;-- -• ' .. - 1- ; 1-1-- ' -- • ' - •• - 1 -1 I - ---;- 4- ..1 it -- i•

' ._ .__.._ ' ' _,___. _;,._ ; _ ; t • ; ;
\ , -7r 1 , ' -' -7 \---;--',71,--1-7,- •-1,---..--1-- _:A1--- v.\ -i-",—.1.--4_.,.__4_ _„._ • ._4._.•__1. . _.,_____ _i_,--, —,--'.r , I. , l. . :, 1 1
f 0
r -- • ... - --.-- 1--1"--- !- -I - r -t-- ---,--, -,-- ii.-...---,-, .-- .._.., -...._,.......1_4_ .,--.. 1

I - -. • —..---!---.-4--1 - • ' ! ' ' ' ' ' ' ' . ' ! I f i_ I ,_1_4-...._

77—nr—FT71 .

0

; .
.-r-T7
ij i; r- ,
;TlH, • -

•ke -!--14-44-- - 4-1-!--1 -4 -14 ' '4-L-4+1

‘--
4-

114_4 11_4

1- 1- 4.t . -f-
f-r-f

t

_I
I ;
_4 ,_•• , ,• ____. '

-, 4---- -4- ---.-- • • --- _.i. ___;.__ ,___, 7 _ __ ,._____,...._7_ __..t • _ .i _i___T_H___,__._;- .,---.. .,
i ' - ; ; -; ' - , -- I --!- - ' • : - - ! I ; - , . . , ..... ___ .......L • .. 

1

'

' .

\ \ .,...,-;  . ; ; __,_I, \  ' ' ' '  T. • '  1 ' 1 - 7
1 1 ' 

L.1 , '. _::,___L4_ ._!,___. '-___L_. , ;---,- `• - ----,-- — t l' .
1 ,,,,, ____, .,__;.__k___.14 ......,_. _•._i_2... i .1._.1;____ .__ ___:___.,.....i , • _____._____,._ , _... _,-... . • _ i 

_ .
,•

, .," .  1 .4 --,L_

..._..,...._______•._,_— , - _ , __,_— ___ -______,t .- ;---I / I 1-4,-;' t- I ,__i' I •_; 1 ;__;_. ,, , , ,-, , 1 , -I
, ,,, :„...._,_....,_,._..,....., 7; -.;--.. - —; __ „;.__._• ___,..„,.......: __,'„ __

7----1—,---4,---1---1-2,1-TH--H---,,1 4 •' H____r_r_i_i_J--;_l_

.----1- -hi.--1.-i--f-i--i---i- -i-t-- , --,--' `--, i. . 
i-'-_ 

; i 1 1, i i .; 1 • ; i ' . • 1 ' ' : ' ! ' ' ' [

' . • - '..—_ i

.---1-4„ 7 _I-_, _.1 __, _ I _ r___ .._ i 1 _. i __. _ . _ _. __ • _,_-_ . _.__, __;—_, _;___.7_,_ ; _ i___._____._...,_. _ _ - -_ .._:._ . _ _ . _ __ _ ___ ;

--
--t-

- t-- ' - -;-- -; 1---

1 1 •.-- - , 1--   - :11'.: 
---it:i,.':-_,7___,,,_"...r.,'.::__.1._:::_.....,

L, '--4_..,_J __1_4______i__HH_!_. 4_4_ •_1___L,_ , __J

T . A --11 ' i 4 -..--,--, ----• ,_4 , , t___• • _, , , . . . . I . 1

t_1 .,___._i- .  I i_.4 _.!...,__./... , , , ,-7 , /-1-77-1-r-r-F-!7--: -t-/-7---r- --;.--:-- - - -7-j-if- , --.;--H-:-4-'-4-7 — - • - .-----,---- --- -I

• r

.1-1-
: . 7 • 1,— . 'H _...... - i-, --, - , - -1.•-[---.1-4--"--1-- - 1 - • -1 -1 --1 -17- ?? 1-7-, I '  " 1 14-1__r_--,0 -777 ''t r ,-- T 7-1-' 1 '., -t,- 1-1- '1-'1 ; 

C1.-., , i ; , • , , i, L . ,,,, ,,_. - --e.-4--1-7-1----4-4- '
..',/i --'' --

i l'-..1 t  \ \ -3/4 ,: ._ ..., 

7
 --t-n 1 I-1-7-',--1:-

. _, ,  _ _ J ,---t--7-  • ------'---t-l-t
--i r--77-1 I. . t - r--1 ,-- --1---4-1--i-_____, - . • r-t---f--11-,i- t- 1-4-!---'.• .1 '

--i-- --;-` - 4 -4,--;--11--n 4 -'
• , 1 ; 1 , _L.....__:

;  ------------------ ; . •\, ._, , , ,;-- 4; - -• -I- ., - . -4-- t -, - t- ,  ,
- 1-' -1--'1"...7-1--1 - 7 -t , ...._ ' ie

i

-4 ----1- --% -} -;- ef - } ----1
! _I_ 1_, _L_:-.--, •

i t i_ , . . er•-, 1 ' ' '
.. '

• .5-7 -,-• - ; • • .

• 1 ,,,, - ., ! • - I

(-771 -I- ;LC) ' 4Li
--7-" - — ; .' 1 - 4 ri '--1 -- -' ii-- --1 -, ,-,-, i ,,---1-. 1 ; ,. - 4 I - i - -4

Figure 5. Cost Tradeoffs- Private vs. -
44_ •

- •

, 511
L I)

• 
I_ I 1 Li 14_1_1_ ' '

4'

Common Carrier Servi,

• , I CT- ; , ;, • 
• 1

_ ,•.. ,i7.7
__._ f '1 _7:1_ __11__Lf 1_  ; ; ; •

- -, _ , 
1 

'

• 1• • , t 1 "  • • ,  •
_1.7,A .2.1 1_ 

1 . _

! I 
:
t

1 
. , 

+ 471 r ; 4 41 , 
•

I 'r_t_r  !._. _ _ . , .
- rh-...j -4 -; ;_ - - -;-- :; _ _ _ _ . _ • •_. _ _4_ „:_ri- ; . _ . _

-- • 
; II 1  ', 

- • . • 
. . •

. •

f 

lJI
1. -1 71ii .11 ..1,17t 

. L.:: • • - . I .. • • • •

I

• .+H I —1-1 I
• / ; • - 1 - ,• -I - • • „ ,„.,„

I PI • •11' a• 
' •

; '

-; 
.......... • .1• 

\ I  
H  (,)13.  c



1

I

,..:,

111 ,........
I,....

1

1 •-- .

•' '
. . .

• .

.

•

.

• '
•

_

 •
1_

' 1 •

': _

_

_

. . .

_ _.:
-.

--

i
-.-!

-

- -

• : .
- - • • t-

. ,

: :
-- - - .

• . ::. .

-

: : :
: ... .:

.
. .. _

•..
_ _: ..

. .". .
; •._ .. -

-.

..

.

-

.

• -

.
•

.
• •

.
-_,

. .
. . .
. .. .

. .-----. .
. .

_i_____ _L__

.- •.
,

.:

Figure

- •

6

• • 1-

Coverao-t..,e

, for 150 

- • • I

Rano-eb
450 and,

vs.

900

. . . .

Antenna

MI-1z

_ .

Height

. .
I.: :

- •
, •_. •• -

:,

7
.••

.

.

.. .
. .
-. .
 -

• ..
. . .

- •

.

.

. . .

. . . . ... . .
- •

. . . , . . . .

-• • ;
.
. , ..." . . .

_
- --------

"• - -
' • A A/

----

i f-LEIrt/{4_16..)4

-

• - I
fit, ._.

-. . .,-)
_.l.(74..

. I f -.:_ 0 :c.:. _
' ' '
. .-__ ----_ _

• - • '-
7 .T -. 7 7-

- ' • 7 -
' • • 7

- ,.- • •
. • '

_

- ' -- -4.
' 7 7 7

- -- • 7 7
'

.
. ' 7

- .
......._, - - - - -

• 7 --7.,..... . -
C.. E 1 V

-:--;- -- -- i •
1.-77- I.) . All Ids a,C'i I
1- • ..- i • - • - i -

r3, r ././.-.,1 7:4: . ,•
• • • -- -
-0-- - ' • --T-'•-:-.

r). ,f.A. ! c-:•::
••• •

-) vo
- - - • 

ii T,s• - -
- -•

--- -- --
- - - •

; : , -
• ' :-.--

- - . ;
----... '• :

--; : - : ,,_
--- -

----: --

• • - --
---•'--

-- //f...-77.77:1- '2777,r- ;1 - - -I-- ; p f:- 7,-- / .,-.7
--)--;-------/-4,C. • --

• • • i . • ."•-•- . 0o-r,./:-. .) . .:....-
- '/- vv#Y- i

• • • • • : : ....,. 6 (7./4 /

;•••---"----7-.-/ (...),--
.; : .---".-(5 . ai:.-.!...-/-

, R-I .
1 : .-A

-.--.- - .7 ---i-, 1. E-,
--- .- .:...-1it.:::,-,,,,.

.-7-.)-- i.,-,---,--..1 „ 
-. : . .! i 7.,)--..-:

r-, ---.---7.--.7-7 • pa
- . _.-.• i - •/.:, . : pa

.. ,
_---': :z.t.., L--

• •,- - •-- •
:- :-:-: ••:. - • - -•: 7: -•---'

7 7
- -' • - '_ . _ . . .

•

- -
.

• - -t - -• • - • • • "
T -: ' ' -

7 ' : ' ; - , ;

. •
-4 4. • ,

, i. • - -'•--
. .. : .4 -

- ' - 7 - r - - - • -
i • • ' ' - ; - - - -7 ' : ' . ' -,

- - ,.

: - 7.
. _ :

.

- .

, , _
. ._ . . .- . .
. ___ r ..,__
. . -

• •
. _ ..
• 1
' - •. -

- -

.

.

•

. . .

. _ . .

. . - • -

,

-.- .

- - •

- - -- • -
- • - - -7 ' -
-.4.- - ,

' - ' • -

• - •• -•- • -

• -

• •

- • - • --

-- •

. . -

• -- .4

- . - .

- • --

-

• - 7- - - - ---

. _ _._

. - .

• • •

.. ...-..

- - .. - •

.- .

-- 1- ---

•-----

.„

. . , - . -
- .., - .- r-..- : - -...-.1.

- ,

- ...- . ..-7 7 .

- .. -•• •

. - .--

`-----"-- 7

- • -

------ 7-7 --

- •

- 7 . - --. -' -T - r- - : - 1_ 1 _ -- ' -_: ---'. :Li

- - • - - 7 - • -
. .. .__

• -- -

--,-----

--- • 7 -

.

_i__:_: .. .
-I-4- _:---1 ,

.. __.

.
, _t__- , ; - - 7j--t -

- ' -; • - -. -ITT:•- -r - - • - --I- ---i- - i
, - •- -'---;-- - -t- -T-

- 7' --`---,---; - - I-1. -7 -7-
-7' -7-_i____"--7,-; 7 -;• -ITT"
- --!' '-' " ; " " -77, :r -,--,--
- - ' ' .- ' i , I -4

. • * - -7-

: - 7 - ' ; ---1-1----, - , - , 7 - -

'--71- r - f-.- 7
-

--t-- 7-• '

, : 1.: 1
- --".7-1-T •

- - • - -r---- • 7 -
.4-7' 7 .1--

- - - - 7 • -4 -
-- 7 •• • - •:• -

; -

t- -7- -- -
- 

--
T--- . 7- ..

- - • -

; • ' _ .___4 -,--t _ _i ___1 _ . _....._ • -1-• f --- t -• • !--, 4 --., -- -;
__ ......

,  -1 --1---,- - 1-4-' 4 .--_-t. - --t
--- 

 - !•• . -- t, /_ .: . .1 76. . t 4_-_,---.-_..
. .

.
. i---!-- -.• - ••-•-•'•

_ .:

--•.• - •-•••••• - --, - .• -

.

••- • -..•-••••1 •

t

4---,-..

it ,

.

. -., _-_ ..--..-

.

, - - -... --- ---.: --t.;_--

'_L4._
.

--1-1-7- --
•--,--..-.--.

--7 --: - -- • -

-6. - -........

. '

-4

-

- --1- -..i....-!.....

.___LI, . ' _ _ 1___i_..-

_: --:. --i• ' -7.7-H -
- .. - -'. " - - --' - t-__ __I i ; ' -i- :- ,

.....--..• .....--,.  . -.,--..-. i , , I .- --;-- ..-- -1-i -:-•
- -"' . --L, - - - +- - . - ---
-;,--!---,-- - - -.. --i----

- . -L.. -•L-•-,, , ,
,--•-----•-•--,
----' ' 4-- -7

'.. : •

•--

. ' -....--, .
-7-1 .

.,-
-I- 4 - -V
I .- •-•, . ‘

.,..... - • -

. 1. - - - : - 6-.•

.
' , .... -I.-.

-.. - - .....--,..

--.-- .- . .... -j......, ,

- 4. .,.. _I_ 4 _ #.-.

. ...I . ..... -..

-..: • f __...,.._-___.-L._. ....r:___:.--
L... _,... : .

- -...-i - ..---..., --; - -...-

__:__;_
.

_'-..! _.: _. _

... ....... -• --

777't

.
• - 7- --7--; - \-/- i

i
•--------'• --7--.-:-",--T"'

-7
-i - •

--7-'sc-

-,---.---1---i-
I 1,. , I , i I . ' • • i ' - - 7. -;.,- \' . : - --,--7, -: '---7-7-1-' • 

, . ________T
,.._...„.

-1-71- --,----i------1- -1_, ,-----t____, , ; 1 ..1.4% • - --; I 1.-;-• • -, 1-t-7 T-7.• , •---:./'
I I : . , . •

.__i_ ,
I ' I I ' . 1 1

' ---1-7
1 . : I i --Ft

71' -", ' i

-1-1 7 • - -1- 1. , • - ---,-- 7 -
'.

--• t - ----1 -
:_!..___;._

-- 7- 7  , ,
_T-1----r-1--_____r. 7., 

--
, --4--..--7- -r-

I ' ' , _• 1 _4_ _i__1_,...1 I 
i_

' '
..,..._ : ._

-1 I
, i .L.-i _ ..,, _ -i -

'
_ _,- .- _I___.:.__ .

; ; 1 I
__;_r____`
I I . '

.
 /Ca

. i 1 , '_.:_4__,_,,._ ' - , , I - -I- p__1___- --LI

,

,./...___ ________L_....._.--1-7-7- ---,4 -. 4 4 4._ H-1. -,.-r---- ;,.
-

i i iift
-i -t- - - .--';

I 7-

---.T-1---  
, _i; . . - ; '

-'7- . ' - '
1 ! [ 1
-;

4 - .4i0
.,-,-: vc

__.',.....4'._ .
. ; ! .

_.: i__4__
. ! .. 1 , 1 ; ----.--r----,-- -f ---„------

-
c-i-T--1 - -7-- 7--- 1 r !--1----•••• - 1-----7-- -1-- -;• ---t - ,

1,1-1-,;''"" - ' - - -"- 7 1., ; . ' 7---* -2 - ------
1-7, ;

7 7 --r - 7
.••+, t , '
--t--- --r- •-----.--

i ---: -7.- 7
---,-- !!- i.-- --'1!---

- 7.1- 77 I-
- ,---f- - -,-- -,

1,77-1 --t-7- -1-77T 7 ./-
- - -7 - ' -7, -7 - 7 " • -7 '. , 7

,--• L
--'7 - • "7 7••

•
• 1 -1-- -4 - - _: • --,-- ,' -

, . ,

----r----- .-----4-.
4

/ .__....
• . .4,-;-.

- t-r---- .1--- -
__ ___ _ .. __ _

_____.
, i
...._ ; __: _

.
4- - 

• ' ' '

, '

. ... - - ____._
• r;f ri ,i
.._ _ „...,.__. __.  ,__!„__,....

., _ .../._ _i____i_

- .. ...
: .

____ ____

.. _ _"__.

_!.._

- --:......_:___
.__,___ __ ..:.

i I •

' . ,

, ,T,
• -_ 1_
,!

_1-

1 ! ! 1

1 ,,i---•
__, __I ....1 _
;!11

' ; .

-T,
_ ; ..: -_
11!

• . .

T ; , /
_ : ___

- - - --
. ____. _ _

• [ • '

:
----,1 , .-.-: •.- - ---. -

1 I • I .

-9- - i- -•-•-• - ' -4 - -

l!ti
-,2 - -,-- -- . , ------'

: I i :
- -7-!--7 '

,_
. .f• !
- / ..--.:-

• / :

;III
--..---...__. '

1 1
-

• ;

i ! I

' --,----- •

. .:, ,

I ! ; 1

--+-4.---1--

. .4..

i 1 1 ;

-r --4----

•••• , .: f • •

r 1 i 1 I : i

-:".---i--•-• -1-

.

I '

i i •r
7-1-

' '
.1 7 , , T-- ---4--

! ! i 1 c 0
---t- 

i ' • r i { 1 ' t ' : ;

! ! ! • :
- :•-- -- . 7

, , 1

7 r--- ;• 1
,, !1!/

. ../ ;
• !I !ill

, ; , 7
l'I'

, ! I
?I,

• , . , : i . : 4 , ' ! I

:
• -I- -7 -
i I 4

,

i .

, I I

7 ; ,

,

7.-*.

 '

•

- -1.--r-1--
II!i

. ! f
1- T---- 1.-- --;
,11 ;

i , .__L_ i
--; , --/-
III.

/ • I
--;--: - -7 7-
.,.

...- .

: I •
, 1 - r --r-
Iii ' .- I ,:____.___-- - - - - -• - . -t --r

LI
-T T -,--.- T• -
--.- - 1 Z- -  -

.
1 fit ._;_ i_...._.,

, •
..I. ! I 1__

-,--1.-1---i--

. It 1 I
..--..-

It - 
--. - ..- - ,--7.,- ...

, I 1 I

. .:_ ..._____
1_,_1 1 L. . I 1 I , I

• . 1 , •, • • :• r ;.._ L-- _ . _ -
•

. ....___., __. - .
.,. _..,

-f. ,
' !- - • - "!,r : ; !

. -_t--!--
,I
t .

,

_____. .
i

'.'

I I,/ 1
-r1- -/ i I ;

 - 

,
I I
4 •4- -4

• ,..
:_ _,,..r._.._, t.1
/ /I

1 i 1
' -- 11-:-•;, • • ': ;

--
I
4--

_.._._.------

,
_

• . , , ,
'./il :II!
f • - ..- i • ---4. ,

I
:- .• -..,- •

, 1;,----,-,:,• 1 ,1 1 ,
!iii . i--.1___,._

-:,- , ; -...-'...,, -
! A /\ -/_2,::A/

'Ili' ! „
____

'HI.... :. _i ,...__,_ ,

';!'
, . ., • ;;;•- •;--- ---i ;;,

...1...

,....."? ,: /4-
• '! ' ;
f .---.t

 , , ,
pl_i_

illi
1 7-r-. . , ,;;.;--/- :----

illi
---1.. 1
TT-T, r

,.-..jr 
.i,. ,

._

, ,
II!'

1
" -r 1 '! , ,-,-,./;--••,,,---L,-•

tillr !
1-1-;,- -

IT__]
.

•1;1 i

i-_.

VII'. _ ,,...7 _ ...,_ .,_
, I'll
- H. 77, --t-
.H---•  . ,.-_r___,-_-_,,t-,--r-,--,
rs.ov.,F
1 ! ! 1 I
_1

• ,.__ _ . _
!!!!
-17 '-'• +Tr ';;- ---,--

7,,,,
, -
. 6 R
! • I

r___

i___r _
;

- 7,--
7 --

„
p,..!-,_

_ :1

___•,_.__.:._

ip Lli t! .__ , - _____
. i I • . • '

LI .1.! 11I;
t - I 7 1---7,-  -- t. - 
- * - !-- T -; -7 - ̂ -7- !• - 7 •' , ' s , •,,, ,,,,, . nr-rt.,
it_ \ /• ). . _ ,,r i _ ,. 0 i, ;

I
ii - - 

5

3

2

CO ,

r

'7•••
•%

7-1
v.-. 7.

tC•



:-1-_. I--
 

`
V
 :1-- 

11 
I- •

;_,. 
C
:
 
(
 

::._.1._' 
%,--". 

t
.
 C
)

L
i
 el,. 

,....; (1) 
r
 F
:

E
i
 1.---; 

0
 -
 
•
 

.... -
.

0
r
 

L
T
.: 

t
r
i
 

,
-
3

'
;

I l
l

I
A
 

1-
4

t
-i

S
U
B
F
C
R
I
 TIER 0`,/•;NED

E
Q
U
I
R
I
N
 T

0
 
0
 

H0•0
 

I
N
S
 T
A
L
L
E
D
 
B
Y

o
 

S
U
B
S
C
 R
I
 i3E

c;
\.1- 1

•
•

•

0
0

0
0

0
0

mvu s'samina 

00

SIVII SS2NISfIg 

O
P
T
I
O
N
A
L

O
P
T
I
O
N
A
L

C
P
 T
i
 CN,,L

5-ti ;...., 
F-

--- c
)
 

:1-: ---'. 
r ci

t7 to 
o
 co 

t-i F
 •

1-1 t-
1
:-.-e: :--: 

t-i -
C
l
-1  

ti 
t,,, 

F-3
0

r
l

t---At-
1/4_0

\
f
t

0

0-

C
O
M
P
A
N
Y

N
A

C.CNED
o
 

C
O
 S
 T
A
.
O
N
 T
H

co
0•
 

I
N
 S
T
A
L
L
A
 T
I
 O
N
 
C
H
A
R
G
E

c) 
C
D
 

0
C
D
 

CD 
0

H
H
 
•
 
H

t
o
 %.0 

H
 -
4

•
 
•
 

vii •
•.71 ‘..n 

"
......vri 

H
0
 0
c
)
 o
 

vi 
L
A
N
D
 
R
A
D
I
O
 
S
E
R
V
I
C
E

-....,......, 
.
 ..., 

.
H
H
 

0
 

cosT/EaTH
0
 

r-, o
 

0
o
 P
 
0
 P

pi • 
p3 •

M
A
I
N
T
E
N
A
N
C
E
 I
N
 
A
R
E
A

C
O
S
T
/
r
O
N
T
H

C
D
 

M
 A
I
N
 T
 
1
5
Y
1
 
B
E
Y
=

cosTA:ON T
H

SIVII SSaNI6f1EI 

M
A
I
N
 T
 .
 E
A
.
 
A
D
D
.
 
15!I:_

C
O
 S
T
/
Y
O
N
 T
H

T
E
L
E
P
H
O
N
E
 C
O
S
T
S
 I
N

T
O
L
L
-
F
R
E
E
 
A
R
E
A

T
a
b
l
e
 
1
.
 

T
a
r
i
f
f
 I
n
f
o
r
m
a
t
i
o
n
 f
o
r
 L
M
R
 S
e
r
v
i
c
e
s

(
C
o
l
o
r
a
d
o
)



"ir:HNIF,N1

Land Mobile Radio Spectrum
Requirements and Implications

Tulsa, Oklahoma Area

Dale. N. Hatfield
Marul: 23, l97Z

Summary 

Proje ions of demand for LMR services in 1980, 1990, and 2000

foi the Tulsa, Oklahoma SMSA were made by extrapolating from

data contained in the AT&T and Motorola filings. The-se projections

sho-,v .1 range or estiy--;:ltes between 13,000 and 40,000 users by 2000.

The spectral efficiency required to handle this demand could be

easily met with a system similar to the current IMTS configuration

which gains spectral economy through trunking. The estimated

spectrum requirements for 2000 range from 12 MHz to 60 MHz.

Since the spectrum efficiency is gained through trunking and since

most of this is gained with as few as 16 channels, several com-

petitors could he accommodated without a significant increase in

the total spectrum requirements.

It is clear that the fixed (shared) costs of such systems will be less

than for a cellular system covering the same area. Hence fewer

subscribers are required to reach the point where all significant

economies of scale are realized. It can be surmised that the

several competitors permitted on the basis of spectrum efficiency

might also be allowed without a significant economic penalty when

compared with a single monopoly supplier. Quantitative confir-

mation of this will be undertaken in a subsequent analysis.



1. Introduction

As part 01 the OT/PSD effort to provide analytical support to Cr.,-

OTP in the matter of FCC Docket 18262, a preliminary analysis of

mobile communications for the Tulsa, Oklahoma, area was undertake.

Tulsa was chosen because (1) there is some question as to whether

complexity of the High Capacity Mobile Telecommunication System is

required on the grounds of spectral efficiency in moderately and small - 7

sized cities, (2) the lack of a serious spectrum constraint may

greater degree of competition, and (3) it was considered in the —
analysis.

2. Tulsa Demography

According to the 1971 Statistical Abstract, the Tulsa Standard

Metropolitan Statistical Area (SMSA) had a population of 477,000 in 1C•7:"

The Tulsa SMSA is composed of Creek, Osage, and Tulsa counties and
covers a total of 3,781 square miles. It ranks 68th in terms of SN`c-=,A
population. The city of Tulsa itself had a population of 332,000 and covers

171.9 square miles. For reference purposes this data has been combined
in Table 1 with similar data for Philadelphia and Chicago.

ficant differences in population densities.

3. Mobile Radio Demand

Note the signi-

The required spectral efficiencies and the costs per mobile unit are
a function of the demand for mobile service. For the purposes of this
analysis the demand in Tulsa was estimated on the basis of the population
using data from the filings.

The population of the Tulsa SMSA was estimated as follows:



Table I

SMSA and City Areas and Population
(From 197] U.S. Stati:Aical Abstract)

SMSA CITY

Area Population Area Population
Sq. Mi.) (1000s) (Sq. Mi.) (100051

Chicago 3,720 6,979 222.6 3,367

Philadelphia 3,553 4,818 128.5 1,949

Tulsa 3,781 477 171.9 332



Population (1000s)

Year

1980 1990 2000

High Est. 556 648 750

Low Est. 528 577 620

These et;tirnates are based on projecting the 1970 Tulsa population

(477,000) at the same growth rate as the U.S. as a whole. From 1960-

1970 the population of Tulsa increased at about the same rate as the U.S.

population even though the growth rate in Oklahoma was slightly less.

The U.S, population growth was based on the Series B (high estimate)

and series E (low estimate) projections in the 1971 Statistical Abstract.

3.1 AT&T Estimates

AT&T market estimates were based on an analysis of 27 major

areas with a population of 71 million persons. By the year 2,000 they

project a combined market of between 2.5 million and.? million for these

27 major areas. The Philadelphia SMSA represented about 6. 5% of the

population of these 27 major areas in 1970. This projects to a total

market of between about 162 thousand and 455 thousand. AT&T actually

presents their projections for Philadelphia and they range from about

130 thousand to 410 thousand. (These projections are reproduced in Figure

1.) The difference can be accounted for by the more elaborate techniques

they used or, perhaps, simply by the fact that Philadelphia may not grow

as fast as some of the other major areas. The projected population

growth for Philadelphia SMSA is as follows:

Population (1000s)

1980 1990 2000

High Est. 5,600 6,770 7,580

Low Est. 5, 330 5, 840 6, 280
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Fig 1. (Fuiii ti)e 1)ec-clicier 2.0, '1 filing

of kiader Docket 18-2.62
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Using the low and high population estimates with AT&T's low and higl.

market estimates from Figure 1, respectively, gives estimates of the
number of people per mobile as follows:

Number per Mobile
1980 1990 2000

High Pop. 1,z High Mkt, Est. 40 29 19
Low Pop. & Low Mkt. Est 89 65 48

Using these same ratios with the projected Tulsa SMSA population produces
the following estimates of demand:

Mobile Users (Tulsa)
(1000s)

)980 1990 2000
High Est. 14 22 40
Low Est. 6 9 13

3.2 Motorola Estimates

Motorola provides very detailed market estimates for the Chicago
SMSA through 1980. For private LMR services they estimate a total of
233,000 transmitters by 1980 but 42,000 of these are for Public Safety
services. Excluding these and using their estimate of a 1980 Chicago
population of 7,950 thousand gives a ratio of one mobile per 42 people
(1:42). This estimate is for private systems.

In their analysis, AT&T does not indicate what percentage of the
total private, dispatch type business they hope to capture. In 1980 the
optimistic ratio derived in the previous section is 1:40. Since the amount
of MTS service is almost negligible it would appear that the two projections
arc roughly the same. This could occur in two ways. AT&T anticipates
getting nearly all of the dispatch type business (excluding Public Safety) or
that AT&T projections are more optimistic such that they count on getting
amount of new business not included in the Motorola projections. If the

former is the case, it would allow other uses to be made of part of the

40 MHz allocated for private systems (e.g., it could be used by RCC;s).
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Returning to the question of demand in Tulsa, it would appear

the projections made in the previous section are not in
consistent

projections inferred from the Motorola estimates for dispatch

Motorola also makes projections of demand for mobile tel.

s ervice in Chicago. They estimate 25,000 subscribers by 1980 ar

43,000 by 1990. These produce ratios of 320:1 and 220:1, respective:.

'The corresponding ratios for AT&T in MTS are 280:1 
and 125:1. These

latter figiires were obtained by noting that MTS represe
nted 14°,-: and 2-

of the tot-Pis in 1980 and 1990 for the "optimistic" projections (Ficure

These per(.cntages were then applied to the results in
 the previous 5

It is difficult to get the corresponding
 percentages for the "pessi--:istic •

projections because of poor resolution on the graph. However, 
the M=-5

percentage is even lower for the pessimistic case. This would tend to

narrow the difference. Because Motorola assumes a saturation ect

beyond about 1988, the difference will be greater by th
e year 2000.

Again it would appear that the Motorola near-term projec
tions are

not inconsistent with the est
imates made for Tulsa in the previous sectien.

4. Mobile Radio Supply

There are two aspects of LMR supply to be conside
red. One is

different system configuration
s and the second is the institutional arrar_c-e-

ments. These will be considered in sections 4.1 and 4.2, respecti
vely.

4.1 System Configurations

In this section, spectrum requirements for alternativ
e system

configuralions for both dispatch and telephone type service wil
l be COrIF e 7-77

first. Then combined systems for the two will be evaluated.

between dispatch and telephone service requires separat
e demand schec..,s

for each. These were obtained by applying the ratios of telephone use
rs

dispatch users in Figure 
1 from the AT&T filing to the forecasts of

users for Tulsa in 
section 3.1. The results are as follows:



ITigh Est.

Est.

-

Mobile Users - Tulsa SMSA
(1000s)

1980 1990 2000
Telephone 2 • 5 18
Dispatch 12 17 22

Telephone 0 . 5 2
Dispatch 6 8.5 11

4. 1. 1 Dispatch Services

Three system configurations for dispatch service will be conside:—

(1) conventional private systems sharing individual channels, (2) a conl:

user system with a central base station and pooled channels, and (3) a

dispersed array or cellular system. For this analysis it will be assurn-

that the (,ffered busy hour traffic per mobile is .004 Erlangs (.576 call,:

per hour CPH - and an average duration of 25 seconds) in accordance

with the AT&T assumption. The corresponding busy hour traffic for

projected number of mobiles using dispatch service is as

Tulsa SMSA

Busy Hour Dispatch Traffic (Erlangs)

1980 1990 2000
High Est, 48 68 88
Low Est. 24 34 44

4.1.1.1 Conventional Private Systems

In conventional private systems each user shares a channel Nvih

other users if he has only a few mobiles or, if he has a large fleet, he

may have exclusive use of one or more channels. For single channel

systems the blocking probability (Pb) is approximately equal to

carried in Erlangs. For a 5% blocking probability the average

time to get onto the channel is negligible and at 50% it is one message
duration or 25 seconds in this case. The number of channels required

to handle the busy hour traffic estimated in 4. 1.1 is:



Busy Hour

.1980

Tulsa SMSA

Channel Requirements

1990 2000

kst P1) • °5 960 1360 1760
Pb . 50 96 136 176

.1.,ow Est. Pb .05 480 680 880
Pb = .50 48 68 88

For two freTiency simplex operation, each with a 40 kHz bandwidth, the

ndwi(1). ,',.quired per channel is 80 kHz. Converting the above table to

bandwidth required gives:

Pb = .05
High Est.

Ph = .50

Ph -7, 05
Low Est. P = 50b

Tulsa SMSA

Busy Hour Bandwidth Requirements (MHz)

1980

76.8

7.68

38.4

3.84

1990

108.8

10.88

54.4

5.44

2000 

140.8

14.08

70.4

7.04

Note that all of projected busy hour, dispatch traffic in the year 2000 could

be handled with just 14.1 MHz of bandwidth and a blocking probability of

50%. This same traffic could be handled in the allocated 40 MHz with a

blocking probability of less than 20%.

Because of the characteristics of signal propagation at 900 MHz, it

is not always practical to cover large areas with single base stations.

This does not appear to he the case in Tulsa, however. In figure 4-2 of

their Technical Report, AT&T indicates that they will provide coverage

i
2

of about 500 square miles (mi ) n Tulsa. This is considerably less than
.2

the area in the SMSA (3, 781 mi ) but about three times the area of the
.2

city itself (172 mi ). Private system coverage for a 500 mi area area would

require a coverage radius of about 13 miles. Using figure 2.2 of the

Motorola report, this could be accomplished with a base station antenna
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height of about 300 ft and a transmitter power of 50 W. (This also

assumes a mobile antenna gain of 3 dB, a base station antenna gain of

9 dB, a receiver sensitivity of . 51-LV and 90% coverage). The required

mobile I ran(- Tniti,:r power could be reduced by a higher base statiol,

antenna or through the use of remote receivers. A map of the Tulsa

area with 13 mile and 20 mile coverage radii are shown in Figure 2.

4. 1. 1. Z Common User System with
Central 1Ths(‘ Station and Pooled Channels

In this systc-trn, each i. Obil C is equipped to operate on 2 or more

shred channels so that he has to wait only if all channels are busy.

This is similar to the current AT&T IIVITS system. Access to a number

of channels (trunking) permits a dramatic increase in traffic carried for

the same level of service. At the 5% blocking level, 16 independent

channels would have a capacity of .08 Erlangs but with trunking the

capacity would be approximately 10 El-langs. Thus if mobiles and base
stations were equipped with a 16 channel capability and users were
consolidated such that each group would offer about 10 Erlangs of busy

hour traffic then the 88 Erlangs of busy hour traffic (5% blocking
probability) projected as the high estimate for the Tulsa area in 2000
could be handled with 9 such groups or only 144 channels. Again allowing

80 kHz per channel, this would translate into a requirement for 11.52 MHz
of spectrum.

4.1.1.3 Cellular System

Since the amount of dispatch traffic for the year 2000 can easily be
handled with the available frequency allocation, the spectrum constraint
is not binding and there is no need to go to a cellular system to get
spectrum efficiency. However a modified cellular system may be

required to extend coverage to the entire SMSA.
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Figure 2. Map slao\viug coverage. of Tulsa with

radii of 13 and 20 miles.

_: ;; • • ,•• • r•I'L7 ; :•'-. -7 ,•;'..",-.• - - ..-i ' '
1.'217 -4i i .." " ;,,,(11

1-0

,..-..- 4J ' . . - ,--7. 7 - - - "-**"' • . 1'. j
tit le:.j.i.•....,...):, ::::-.., .,. , . , ..: 0 t.: ..: ....._,„

I.' ....,:e.' , .

0 
t \,_, i _c). ,,,,,:,..'....„, 

 C: N

i . •• . , ,"

1'1.'1' [ • --'" C. 
Ch,:ist•:.p-_-) . r: ' 7-:.; :::::•-: ' ''.7. ' :C.E. 1, LI /41 

• 'C'4 ,"" ...' . ci, •.;-. ,

-i.:,',.. 1 r, :7 /- 

----%
, .N , 

tii,".^.1, 
itt.!'• • , • .. • • .,,,.. 3:1

- ro,..,•

I
(_ ,/,.., -r-t. . : • ) - '-:: •1 '

( . 
I .:::::.I.

\ •-•: -?....

..\:..r..s,..:, . 1/4.11,,14,y, ,1::. c. . . , ,. ID, :.:12',s.,,...„ -7,,:, ii. L!1 ,••••'7,' -•is,..f.f) ,,-'172.1....,,11:11,"1:::i.:...L .. -..„____... - -

, ,

5'16-)f 1 ) ' . -
-4-1 i • P c• ) 

4".; .L - • 
t 

L . . N-. , 

---s:'-'s :7 ' . St': .:'-.
• ,. 
. . C i ,•,rc ,- /,‘„,..,--- Prinr „,..., , '.••• , ,:::r ._( . , , ; ..-----:,,, - 

' -' ,' . • , •-.1..7--.:4-- 's 
..,.!..,.. ..- ..„.

C - 1 2/ ,..,...)
i I I , . I 

.,..... • ..._,. 

• 
..-..17_..<;1_,,,,,.rv,,-......() ---7-2,.: ___.'::::::-:.. .:;67._-__„'

.... • , L. : r. ,, . ..- .1 , ....,._ 71 -, - ... ,:•.,:,tt / .. '',', •;,- 't t.....ic„...-
(c. ,,,.,,ipc 

;,,,,,i'•••;, .. ,-

II. . ,-.!.,i 
t c...,:-...a .1. - t(i,. , \ - 1•S_V i; , v , .,,. :- t I. 

----'--- • " i t'._,. ,r. \ r ri, ..: .. ;7.1.... 1.. L.:::i ,. N. , 4_, .

,P.,.!:.:" -,..-,.:- .,

I .

Y P .. t *- 4• -
1.,..,̀

:() ' I

V '..r, ),

7f's 71. I t-t , ::•-•

C.,:.'-"
,

'- , 

•,. j:5r;r.r.3 .

.1. '''''.4! C 4

....,Yi•...._....._!.. ,_. ?...),,7.--lt,r1:1);-.--....1.)_, J.-.C..uQ..:1:-.!..._...,, - .--:, .:71/'671)./..s.i?4 6'"L'ic:.°1101,'fr,:lazit:::-::

c. .1 I 

• • f. ...: il
r ) —  , i; —.,_----_-::,;?<;_

• . ,,,,.t. .
1"4-i,‘_. ' - --- ̀-,i A L ... . 

ii . ...--77

yo,
/)

.3.5 ',, , \ ' i • f \..: 4 
iH,L dos 

i•'-<‘.'"-2.., 
e,
I- 7

I la - - 
R ;'.

. , ..\ 1 '1_,..-_-1,,C;:•---- • i ' __,....._ _.f. • • .. - . ,, _ qs! J.: • • ,..,J . :
(.1.7'..f„,!---AT tit r r. - ..,• . v--..v IL,. :. 

J3 , 0
I ,, , ,,,, 

. I ' 
• -

1 .. _.) ',, ...' .• , . . ' ..4......'..- -.-.....-:.-....-... 
. ; c , . l', V..1 1 

7 : r 2 0...) * , -.- " • 
V '!f.i. II •- (.,‘ ..,) *Iv ' ‘,. cr,...,.i , -,,,,.• \', ,....„,,,..."-i.7.-:i.- .. "".... :::. . :::: -t-'' -.! -; ---, ---•'----- - 7- - Ltr.-- -._ .- • , :•--- ,.... ..

.,„1.e., ,,. „...,,,,-..,:..,...-_,-,A. :, ...., • • . 1, .:-,• L. .....‘ ,
Ir, :, ' : 

St,,-,.r:k j7..t.„.,

C‘.- s-•-• • • . c.: ..- I,

:. I'Lj 24'tt .1. 4 . 
_.- - "r- • ',

l',(..1.urt 1 , ;›, i L. ,......, L.,-,,,, I k. 2 Arccr 
- --- ,

_ -'.*:-X,_' ..., , i.c:-..... ,'„, 
io.'",..'.?-." '---.47 t'n" a 

' lutahasses 1;....;-:'.- ',':';.--(

Q) P --"-- - •
-.....(,,,) •••• a Atli,: i„,. , , ......, , , s ..,',.. .... • . ..-

43 - ....,Ct.• :, i

t 1'

t
1.-.-," ... v,.-=' ''

...,, , ..4:. 840. • l',': I, \ -7

..;---- •-••-r "="•' \*- 

Ilast.ti, ..,_.,

r.1 til-2P c'l.) G Et: • ii,..4- ", i.,....,!•,,, - - c....: • , -..,;)

, ., -='---"--77.- - -2 ,-'%' c' --;.:.--E, 7..-
- ,---"," • i

... .

/
1 1t..1.!•.:, ,d •

(, A) C• , -Jr 'i . . . _ - . -' •

'-- '----- r----- I Strowl . , C,Csr K,,,..1.1 ie. jf cz.._-:e.loi,:-Pilet!.•:-n C., -•_)
.• •'• V,4.-0 .

li

_P14_12L;51 1 !..d.:4-..:!,..:(.... .....L. ..4.:1_,....:, . 
.):-.......-';'31:L,,;(.:;_l ..--,,',..•isi:11.•'''fsi:r, 1

2 
'1 r1,...ie.33 

1'.......,..,1,,r

V:eti C''''''' ('' -.• •"`ii..Q4.?.1,--_b-5,-,?,-:..,;;; ' wi''''' K:.!('-'-,:,4‘ ..Z".., ' -.-!'"::-;::-: ' -I- .- .,- •
ii..,,,.„...r...43k, c—„c.,;;—• 2.: t-t U 1- G Z.0 eavrac S47...c",:•  i i .

--,...,ti: ...-....1 I: E . 
• /

(

, /el'. . S; ."  C-,,-,, ?::-.-•':‘:.:'-•*L'....''' 'r
L.4 I,---• :D1-...°4_1.,,C. --'),..t.,,,T, V__,-)1:Th V: c ti Fly,t7ItSdu$141.?:: C::)...f'CP,'1,€ ",il'FILI"7"-°c'_.':..,''cil .117":?t•'•23:--''''‘11-7.. i : --; - -Os' '1.- . --;----17::---r -1 -.-- 

.• I. . (..- : 'i 1.../1 I--; 
C.) -; .1.\. '.i ;-

5 ; 1 C .!.'1.Y ' 
I. 

• • -
f.,. : . , . •

t. - '-' .-

(:_:, ----:- 77- 
F.-• •••••,, r. • i •, 1 . ;IC . r-.1)., 

1'',. )t”, 4 .E---T-'1•7,-

;..-.-.• i ,_------
•

•I':‘,,,, 
_ . . I

.- 1 . - I- . .,, 
Pra:. r au. 54

S' .... - .,•-• 1.1 
,

\ 
• I • .. • 1. 

, 0 ,'--------,-.- .._—,..___. s,__:0:1-__ I --`-'.:=7-.--1.:_. _ '-'[ ;''t:t:1!/0":10.7:' 2/)'- ')
..,_ 1-.‘

7( ---s-'... ''•••'''''''t • N %,-;," ..ki • .) (.,7-------'„,,--_-,-,7,-t-3,_.-t,---, 5 43',.f,''''''' 4 ilf.!,.",,. ' .. '-i „...L.5 ---5!..'. 1 ._.. ( / .

... , ---.,

' A 
‘,„....).__-; . cPurr,-;,,,, 6,....iLit'....•L!:-..:„.';;-.• E 03;7,1' 'Inn. 

Crcr .-...e.1 ' .„.„...:N - ---`--'-' ---14./.).., , r, • ,, 12' .flt

v2..„ „n,e ,i,,,...,;:::::... p.,,i...„.....„(......,..:,:::::,...___:,).1,..:,,,,,...,„,_„_,,,..,. , t ,..,.., ,., _,....,:_ I ,.:

- , 5 ‘....... -.......-- S '-I4, 5.:-.._,_____,:.:.„.,•—•

:-• .. . ., .

••........ - --

„..., ?„ •..tar.:.•.3 i „,..„.1„ )--'

,

11: c. _ Va'c't

, N 
Tt-tt.r.iS'1\-:

• fi'ir.:::::..:-.11,,CiAts.°::;/....4'..-"I':;i:). i,.::. Ci: '-.....:'/*:'

-.--ii.„1.-„, -:-'• -

I 

. .
: ---- ..u - _ •_-_!,' -• .-r, . , . • .. ‘ -ii -...?

4, •--. -• i : f -...---, ......s,:::, j „..,

1 2. •'"'”; • PI ".....!..-- • • '''..** • - ----- ........,,, ,..... ‘.' Victumka .

--....... 
. . ! - -

• - r' • ' 0 
111,0 0.,- ,....,:_:kr,f....111:7,:,,,51 .... ..4,2

';',3 Virect• ‘'. , 4.41- Ard,„ , 
' [,..k,;. P.;

, . 

\ 25
-Vaud 

.;,..'egs z•-• .e,
.":';•cmcc

/ter., .

e
-_,-.:. ..g 

Cmori
\

0 f.rni  , „.,.:._. 'i .'''',.._ c --\\._-_,,',-)\,- =a") 
27 

..'ii •:-..•.::::4:-..."-----.

- -'-

‘•,:,_ >,...,:-.

IC:L.... f .t ,71,1.:-,t

/

1 C.1•%'. k...... t .2.'115 I '' 

(-3, -4---.7-7-.r. • 1 tancr
Sc:cql i .6.1,c's 

. . ••••

Lc) .Yrk I 0. : •• ..,•!, , J4 ,f):, ' , 
ircr.,..,,, Fear-wi 

01_,S71.e.:1, HddenviVe
t7

t 

c,,:','..r - I sur,.......1
..., KG ..41•4&'-",... :•' '"1:1 1 Al::::;.! ' . ''. rC, ''.1:-:;:-.,'..11',1:1 ' jP -; : ..)::;',.'1,:l. ,1---C. ':::::!...: :-..in'iPt:'  y re,,Is....)..:6'?

-_-:-..-,
.")-7-43-0-- r, i 

',-

C• ,tr ei ...,--._,...____ va-,,....,:/- - 
,

... ,-,. 
s,...,,i.5 0 .,. .,... i':.:_e_,::,,,,,,,,,

. II I 

! .%, •

S1.12a.:4.-.1,,.::. ,:tas Ec..,e ,̂..-..."; • „...f.,..F.t. 

/UAL:A

C)

23 0 c 1” ti / ,
Cdra 

jutiam laY'L.'6-1;/!\:pi\ .1:0:H1.1:r51:"t".:tr:i -(:) i" EA''''

(..:"...) 5:.. I 
Rim 

/

It. CA

1.,24 

Arsto:h. - • f, Is, rinCy- ''IN'-' • •' ' 1

'Y .

6 N "y5, ne•yood • 
-r0'

kola. :_ _ • 
Pie"' - . c.,:a.-- 1$Fi• .''ii _ 0,::ei „._ _ rua.. ,: _

FitIturg \ 2, ,00- ,-

i''

k - ....._ 

;,'• . t - csi-,-.• ..1. , , .1 , . . . ,
'------, . : , ;`• --, ....„....____

0

1.-- -, -el r--

-,..- s,

1 -. - ' ,•-• ' - •

..-

‘-' 1 -4' ._:-)-----'P rum:

),. ,,'„,-• -N... , ,

r.•:•'.'..4

Lindi'ij-':**•---.-.-------.̀--'7'-r \ ri* S'-‘')  '''i

I 
..,..,--.......,.-_- --- - '...• ,1-.;)-- - --,..,..... . -r...,s, „...0._-0_ , t •-. v.

E.c;a:.7.: C̀  fr'.2y.:••.i..:., Nc.,;. • .. 
..... ,

11 
e o v.:-r- • a,,r0ft C t, i, (;•.., V`..1

c c• :3 
Rol

I 7 

F.r,s::5-3 1.12[4:tc:17t '••k .0:T,.,.. C.:.•t;er.:: 0.,..)tit
1 -sur:f.r.:0611

, Cia 
C.,3a, 

' P

r. ..--/' m....... _ 4,- ---
. -":„.....i \

,---1.7-.•,•_•
c-- ..- ..-

-t Fir el
-- 1,3'..• c_ 1 t S.1',..

::"...e. 

C•x:11, 
" Ylv,..ey II: Lo1;11 le,s1

r1/41 
co.,•,- t.,.• 1_:::::'_1.,;

• .... 

leVe.,

, 

S:erta-A - ° "Jel ,...,34,‘',1,1 
pv4b"

ra:e:s

. el

1)
• 

1-...- ._ •

4.
'1.,' '• - c .1,,t_:,,.: zi:,r .i - 

R.. .,, •.; .... ,

--ter-J4--*------•"....- r ..•1.! . Cif i.;- •-• • L . ,.. - 4, ) ..! ! . 1...11.:' '')C"' C' L°'' ".'

,

; 2 • '2. '2., ,,„....••••""" ..1.,, . , ••••• L'i ' , 
;,.

I

rt., ri Ce...!:-.', c C.:, G --.. : ' , ‘,„,' ,.,.;• .... -.:-..roL,L'n,:,

,6.•:):r.::118 i';'. j Tr"10. - • :•-•-• 
F.;•.:-.,:ra1,..„1E-113.,,,

r .r.,,,,,t Itice:•1 pf',.,.0,z1 ,' -4 0 li.le:

51

(L..) 2 . '..,,..--- - • .".- 

; ,..6111,•.a,), 
,,,,,,c, 

.ist.,...3r3..,

. •.•.. , cf. *- -----).

Pc,••

1,,..12 -‘

Rept .1•.,..-.'

ter.r.C":1'4 
U \izi'..0j!.' .2......---...c,r •,•

I,:

1 
e...„, . ..:4n i 1 A.Ni \

11.1 C. E Gni

,,, ....... - -, --,--.; ,--•-• -11',"-_- :-. 10*... .:i ,,-,..,1, ..-; ' ') \ ..... 

Zi.15 , LAA,);;,..

c,....,,,,• '. -:
t':-.z!..; 1 

C • tici-,401, .

".':ic ..• :, I . 

:13 New, 14 [ ,',...

- . . _......-_,_.-.- ,.....,` . [6) -5 -1- li.•!str, .I.: • c C• c c : - .••• -"t t •

L.„.,,,,,,,,,...t*,1c.:10,C.•,.• _ •,...-ce---„,--.-:-,,j.-- .
69 • . I3.1..1

) Cit.) ••, ,:..,,... 0. ' : rjes
-, 4; 

.-.. Cr C:.....
- C. 1 

c cm lt.t-le,r .-......., -. • 
-` -.,,.,

!;-•-•'efs' 1)..L.'/•••• 1 'IC)
. L„ i - ..„ •• ! , •', t -4',_, - "%isle) •_'., I. I Wcdro 

 ...., . .. .. .

U;$b-

...ru.._Lr---:!".. . - , - . -CI_ .2...‘ -.,-, i . • 
". t • .. . 1....2)

Ual 1..........,1.....N1 

, : i ...,..(D......./..r., ,,,,,r7r: .,,, ,, ..Fr.: ,j, ! r ap  ., il, ......„ 
1:2/

.) _:.(7 •;-// ' \ ,i:•-:,:t .,,i 

/'

Alt pi

VcalsItys 

......---

„...,

C4r

,'-:-; ) .-N. , 3, 

''''/(•,/._.,DE /11'n ,.7.11.' . I: -::::',4
‘.. L f-,-..., .. fr u,•_.1

c - - r , . ,. •,. i ' • v l..t,
-.._ .” . - 

it..., ... ;,,,i's)..12-•,---- Go,.,..n.,:';,-..,,, • k ,

`,..,.., 
\ (, p 

i \ ' - •s•-''''' i; 
7/4 

i.'';
,

_J.).--"---,. C )7  ..,..,00'...--- -, • \. -

& 

.....,........„_,I . .. -.17:1!'t;.fi
A-r •4 o..ep ,._ ....4 ....._ .,.. ,

J.
b. A, ..... i
s ......, .., 

.."I'PlITI

n ''') ..." ,

¶1,,,. 
d'r N\ 7.,••• 1

I
- 
/ 

.i• •, ,I .1 
. 

7icitttirr•Vit•11

• . t 

Q9 11
_t 10,,`..tAtcht 

tisLis , ,:,- „,,,,:-....r̀,..,(1..,,..ty ..N.t \•-,., :

Pr.. • •.•



- ii -

The largest hexagonal cell proposed by AT&T has a radius (r) of

4.2 miles and the corresponding coverage area (A) is computed as follows:

A , r2 /3 45.8 mi22

The 500 mi
2
 area could be covered with 11 cells. Four of these could

reuse channels in other cells since the basic pattern proposed by AT (:T

uses seven channel sets. Without details on vehicle density in Tulsa, it

is not possible to lay out the cells. With an average of over 100 channel,,,

pef cell and with mobiles having an 800 channel capability, each t'ell

would be capable of handling an average of over 84 Erlangs of traffic

(5ai, blocking probability) which is approximately the total amount of

traffic under the high estimate for the year 2000.

4. 1. 2 Mobile Telephone Service (MTS)

Two system configurations for telephone service will be considered:
(a) a system with a central base station and pooled (trunked) channels

which is comparable to the current IMTS system and (b) a cellular system.

Again the AT&T assumption of offered busy hour traffic will be used. For

MTS this is .03 Erlangs per mobile. Using the projections of the number

of mobile telephone users from section 4.1 and this figure of .03 Erlangs

per mobile gives the following estimates:

Tulsa SMSA

Busy Flour Telephone Traffic (Erlangs)

1980 1990 2000
High .Est. 60 150 540
Low Est. 0 15 60

4,1.2. 1 Pooled Channel System

This system would operate in the same fashion as that described in

section 4. 1. 1. 2. The increased spectral efficiency is obtained through
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the higher utilization possible with pooled channels and multi-frequency

mobile transceivers. At a 2% blocking probability (the AT&T desicr.

goal), .han 80 channels (or (1.4 MHz) would be required to

for the (0 Vriang low estimate for the year 2000. The high estif_

540 Erialq2,:, for the same year wonl(), require on the order of 600 channe.Ls

or 48 MHz.

4.1.2.2 Cellular System

Using the same approach as in section 4.1.1.3, each of the 31 ci

could carr,- an average of over 80 Erlangs of traffic at a blockin

of 5%. This indicates more than adequate capacity for the 540 Erlani:

maximuni

4.1. 3 Combined Spectrum Requirements

Since private systems are not applicable to MTS service and since the

cellular system capacity so far exceeds the demand, only the combined

spectrum requirements for a pooled channel system will be considered in

this section. Separately the systems would require the following amour.-_s

of spectrum:

High Est.

Low Est.

Telephone (Pb = 2%)
Dispatch* (Pb = 5%)

Total

Telephone (Pb = 2%)

Dispatch* (1-'13 = 5%)
Total

Estimated

Requirements

1980

6

6

Spectrum

(MHz)

1990 200

15

9

48

12
12

0

4

4

24

2

5

712

60

6

6

::'13ased on 16 channel trunking.
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It is clear that there is adequate spectrum available in Tulsa through the

year 2000 without going to the complexity of a full cellular system. This

is still true when a generous allowance is made for channels which cannot
be assignn due to their use in the surrounding area.

4.2 Industry Structure Implications

Even though the analysis in section 4. 1 is not complete, certain
preliminary observations can be made regarding the implications for
industry structure:

There is adequate spectrum available to permit

competition.

The fixed (shared) costs of an automated, trunked system
should be significantly less than for a full cellular system

and hence fewer subscribers will be required to get the
full benefits of economies of scale.

The foregoing would imply that several competitors could
exist without total costs significantly exceeding the costs

of a single monopolist or exceeding the available spectrum.

5. Future Work

The analysis discussed in this paper will be refined and extended

in the following ways:

1. The demand estimates of section 3 will be revised based on
discussions with SAL

2. The spectrum requirements of section 4 will be confirmed

using the computer simulation model.

3. The costs of the automated, trunked system will be analyzed

o that the cost-supply curve can be compared with those of
the cellular system.
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4. Using some simplified rules of thumb for demand (i. e., the

number of telephone and dispatch users per 1, 000 of population)

the spectrum requirements for each city in the U.S. will be

e•timated and the cities requiring a cellular system because

of the spectrum constraint will be identified. This will be

done for both "optimistic" and "pessimistic" demand growth.
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CCC OR SINULATIO!, DYNAMIC MODEL
XDS940 VERSION MAY,TH 1, 1972

3-24-72 5:3

++CRID DIMENSIONS
NX 7 1
NY = 1
DS = 1

41-SPACE DIVERSITY FACTO'

RHO = 10000.

++NO. OF CHANNELS PER STATION

NC = 1

++NO. OF RECEIVERS PER STATION
NRS = 1

++NO. OF CHANNELS FOR SYSTEM

MAXCH = 100

++AVC. CALL LENGTH (SEC)

HOLD 7 19

++CALLS PER HOUR
CPH = 20

+4-QUANTIZING FACTOR
YOF = 20

++READOUT TIME (MIN)

ROT = 30

++RANDON SEED
IK =474926

QUEUE OPERATION? YES

GAUSSIAN DIST? NO
BLOCK AREA CRITERA? NO

NO SORT MODE.

TIME = 59.95 MIN.
CALLS PER HOUR:
AV. TIME ON SYS.:
COMPLETED CALLS:
TRANS. ON SYS.:
TRANS. IN QUEUE:
CALLS DIR.PLI\.:
CALLS REQ.':) WAIT:
AvG.TRN. ON SYS.:
CALLS GOING TO 0:
CALLS TO OIREC LI:
AV.TRN. IN 0:
AV. TIME IN QUEUE:
Q HIST.: 5

3KTIC 7SS
17.01
20.45 SEC.

17

0
53
13

.11
13.27
.00 7.
.01

15.42 SEC
1 2 1 2

SINCE LAST REPORT: 1
MAX. TRAN. ON SYS: 1

MAX. TRAN. IN 0: 4.75 SEC.
MAX TIME IN 0: .00
AV. TIME IN QUEUE: 4.75 SEC.
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TECHNOLOGICAL ALTERNATIVES

AND IMPLICATIONS

Gene G. Ax

1. INTRODUCTION

This f.hort paper will summarize some of the major techno
logica_

natives and implications considered by the prim3ry 
companies and assiati_.

that submitted proposals and/or filings to the FCC in 
conjunction with

Docket 1826 concerning land mobile radio communications in the 9D2

Fortiori of ];'' spectrum. In this interim paper, an attempt will be

to summard?- 1-hy the various technological alternati
ves, as expressE::

the indic-It(3 companies and organizations, are or are 
not being consif.eri--.:1

further. In the final report, I hope to offer some of my own t
houghts :-

these and other technological alternatives which have not 
been specifiaLL:.

addressed. For example, multiple-access techniques, such as RADA

will be considered along with others that may be dis
covered in the te2hnical

literature and from discussions with government and industry
 pers.I.

If it appears desirable, and can be accomplished rather 
easily, limitefl

measurements may be made. For example, it may be possible to asses:

effect of flat fading on single sideband amplitude modulati
on systems

in the 900 MHz mobile environment by sending a voice message 
through

channel simulator that ITS has.

2. AT&T

Technological alternative system ideas by this company are taken

Appendix B entitled "Alternative System Concepts" from their te
chni2a1

report [1].

2.1 Time-Division Multiplex (With PAM)

Pulse amplitude modulation (PAM) is considered to, perhaps, be

competitive with the FM system being proposed and they plan, as 
rescuTes

permit, to study it further for the following reasons:

1. Broadband pulses that can be resolved between multipath

components offer the possibility of inherent time diversity

to minimize the frequency-selective fading of the mobi
le

environment.



2. Pulse transmission techniques would add a degree of
privacy because it would be hard to synchronize to a
particular channel.

3. rardware complexities of frequency-division multiplexed
Lems with closely spaced channels could be avoided by

multiplexin in the time domain (as would be necessary
it PAM).

L. System-operating algorithms and channel arrangements could,
through software changes, adapt the timing of the system
to better match particular propagation conditions.

2.2 Deterministic Coverage Plan

plan represents a refinement of their regular contiguous hexagonal

cellular system that is based on a statistical description of the radio

propagation effects. The cell structure could be based on deterministic

measurements of radio propagation conditions in each area with some channel

reuse distances being less than those given by the statistical models

and others being greater. With this plan it should be possible to lessen

the average radio-channel-reuse distance with a resultant greater value

for mobiles/MHz/Unit area. Multiple directive antennas at each base

station could Play a part in tailoring the cell structure to each particular

area.

In a deterministic coverage plan one could make use of the known

distribution of average signal strengths throughout the cells by comparison

with the average signal strengths received from a vehicle at the base

station(s) to assign channels in a relatively interference free fashion

without the need for special vehicle-locating hardware. This procedure,

however, requires a special channel set for call attempts with a much

larger reuse interval (distance).

It is claimed that several topics need further study on this base

station assignment approach before the procedures can be outlined in

detail. These include base station layout procedures; extent and

detail of measured field strength required; accuracy and performance

of the base station assignment algorithms; size, speed, and complexity

of the system controlling computer; the landline interface; and the

economics of implementation.

2



2.3 Frequeney-P1 ision Multiplex

A comparison of required transmitter powers and spectrums for

FM/SSR, SSBP7R, and SSB/77 rultiplex s-inals is made with regard

averaf-; sl ni irwel, flat frequency-selective fading, and c:--..-,-

interforro. Their stud - aintains that conventional FM channe-__.:,

requ.ir m transmitter roY - r than any of the other three and

spectrum than for FM/FM and - SSB for the MT mobile telephone

Flat arid and frequy-selecti-ve fading af:'cets SSB/FM less serics.usLy _

does the Flat fadi, - seriously affects SSB/SSB and frec

selective r::Z11 • rules out F7/F1.1 and 1-7:/_SB for the high ca-caci7:-

Intermodulation can he, a more serious prc-a'=m

SSB/SSB, r;:/:, FM/S3 :Ince higher peak transmitter pcwer3 =r-

required. It is emphasized that these techniques are analyzed in

absence of diversity reception techniques.

It is claimed that the four types of systems considered here

common types that would normally be considered for mobile radio

_

,-e 711=

2.3.1 Spectrum and Power Requirements

They point out that if one used FM/FM, FM/SSB, or SSB/SS3 ins:ead :f

conventional SSB/FM from base to mobile that the two-way bandwidth re:-.:fred

could be reduced between 25 and 50 percent. FM/FM or FM/SSB are no-

feasbile for mobile to base transmissions and SSB/SSB suffers severe:7

from flat fading. The 25 to 50 percent bandwidth reduction, however,

comes at the expense of a peak transmitter power requirement that is fr=

15 to 20 dB greater than that required for the SSB/FM choice teinz cznside=e

The peak power advantage of SSB/FM over SSB/SSB primarily res-_117s

the signal-to-noise ratio improvement one obtains with FM over A::

the large modulation index (p,14) planned for the SSB/FM techn'cue in
high-capacity mobile radio system. Its advantage over FM/FM and

is because of the small modulation index (O.06) for the subchanne:s

FM/FM and FM/SSB would have to occupy approximately twice as much -car_71:;71f7:7_

as SSB/FM in order that the same peak powers would be required.

obtained by by the increased bandwidth would be accompanied by far

thresholds than for SSB/F::, channels.

3



2.3.2 The Effect of Flat Fading

The effect of flat fading on SSB/SSB is such that it renders it unnfl,
for mobile radio at UM.' and higher frequencies. The fading signal has the
effect of !niy.31) he time variable transmission coefficient of the medium
with the driv Inodulation. At these frequencies Doppler frequencien
(and thc:ir hfJrmoLics) are on the order of audio frequencies. Thus, the
distortion due to fading is not easily removed by AGC techniques. It is
claimed that even several branches of diversity reception does not make
SSB/SSB usable for telephone ouality communication.

The effect of flat faJinL, on FM/FM, FM/SSB, and SSB/FM is approximately
the same since their FM thresholds are about the same.

2.3.3 Frequency-Selective Fading

For appropriate modulation design parameters for a high-capacity
mobile radio system and for a time delay spread of 4 microseconds FM/SSB
and FM/FM multiplex systems would be wide enough in bandwidth such that the
intersubchannel interference would render them unsatisfactory for UHF
mobile telephony.

2.3.4 Co-channel Interference

For efficient utilization of the spectrum each channel should be
reused as often as possible geographically. This is limited, of course,
by acceptable co-channel interference. The important point here is to
note that SSB/SSB has been ruled out because of its poor performance
under the flat Rayleigh fading nature of the UHF mobile radio channel.
Under this assumption and the assumption of path loss being proportional
to the fourth power of distance the FM/FM and FM/SSB systems require,
for the same output signal-to-interference ratios, a total spectrum
space several times that required for the SSB/FM system being proposed.
If, indeed, SSB/SSB was usable in this flat Rayleigh fading environment,
its required total spectrum would only be about one half that needed
for the proposed SSB/FM system.

4



2.3.5 Rec,:ivr'r Intermodulation

It is claimed that SSB/SSB has an intermodulation interference that

]s from 115 to CO dB higher before demodulation than for SSB/FM and that

. he capture ef!'ect of SSTI'M gives it an even greater advantage. Likewise,

TM/FM and F:/SSB should be unsffected by intermodulaticn interference unless

other multiplex transmissio or approxirately equal strength originate from

the same bc station where the intermodulation interference could again

be 45 to CO dB higher than fo,• SSB/FM.

2.4 Comments

A disconcerting aspect of the whole appendix on "alternative system

concepts" is that only one direct reference is given. In fact, outside

of the above reference, I don't believe that the whole technical report

makes reference to work done outside the Bell System.

3. MOTOROLA, INC.

Alternative system concepts by this company are taken from Appendix

of their submission to the FCC on December 20, 1971 [2].

3.1 Techniques Applicable to Multi-channel Systems

They fee.] that the costly power trade offs at 900 MHz will necessitate

high transmitter sites with a consequent premium on available space such

that the luxury of one antenna per transmitter cannot be afforded. Thus,

they maintain that any multi-channel system must use a minimum number of

antennas per system. The following candidate systems are considered:

3.1.1 Combining on Single Antenna

3.1.2 Common Power Amplifier

3.1.3 FD7'1/F1,1 Multiplex

3.1.4 Single Sideband/Master Carrier System

3.1.5 Time Division Multiplex

3.1.1 Combining on Single Antenna

A common technique for combining multiple transmitters on a single

antenna is that used by the Bell System with their 14TS mobile telephone

system. This consists of several levels of approximately 3 dB isolation

5



pads; the number of pads halviLr at each stage from the transmitters -

the antenna. For possible systems at 900 MHz the transmitters were

limited to four 500 watt units on a single antenna: giving 100 watts

power from c'1: transmitter inLo the common antenna.

3.1.2 Common Power Amplifier

A twenty-channel system is analyzed here to show that the

phenomena of common power ampilifiers along with reasonable intermo4.:1=7:___

specifications for these a-:p]ifiers requires amplifiers rated at

high powers in order to maintain acceptable adjacent channel interf=--=n-:e

levels. This is true, according to the analysis, even when a guard -can4

as wide as the occupied specLram is used between the groups of chann=lz.

They maintain that there is little practical hope for a common ampl2f2--:

approach.

3.1.3 FDM/FM Multiplex

This technique of combining several SSB channels together to TY

modulate a single carrier solves the common antenna problem very ni2e:y:

however, it is not considered to be a good candidate for the mobile

telephone environment for the following reasons:

1. Frequency-selective fading produces occasional severe
distortion in the higher subchannels regardless of
transmitter power (this is characteristic of multiplicative
channel distortions).

2. Danger of interference to channels in other blocks if th=.
.deviations are not properly controlled.

3. Poor signal-to-noise ratios in the higher subchannels.

3.1.3.1 Field Tests

A field test comparing a 20 channel FDM/FM system with a corn:Doc:7=

modulation index of 0.35 with a conventional single channel narrow:sand

FM (5 KHz deviation) system was made. Receiver noise figures were

same for both systems. These field tests substantiated numbers 1 and

of the reasons given above for the FDM/FM system not being a good

candidate system.

6



3.1.4 Single r,ideband/Master Carrier System

In the interest of possible spectrum economy and erasure of the common

antenna problem an SSB multiplex system with a master reference carrier

was considered. This systcl, aas considered to not be usable for the

following reasons:

1. Flutteo interference due to fading.

2. Poor signal-to-noise ratio performance.

3.1.4.1 Field Tests

Listening tests comparing this multiplex system to the reference narrow-

band FM system were made and found to be disappointing. The tests

substantiated items 1 and 2 above. The master carrier AGC system tends to

reduce the effects of flutter fading on the lower subchannels but only

up to about 20 KHz. In any case, the noise rise in the fades was

considered to be very objectionable. Because of the poor performance,

work was discontinued on this system.

3.1.5 Time-Division Multiplex

Time-division multiplexing (TDM) voice channels utilizing either

digital or analog samples was considered. However, digital modulation

with TDM requires much greater bandwidth than analog systems for good

quality speech transmission. At least 50 kHz of bandwidth per voice channel

is required for any reasonable quality. For a well-behaved channel analog

samples of voice signals would require much less bandwidth than for digital

voice. However, when one matches this modulation to the 900 MHz mobile

environment and practical filters considerable bandwidth must be utilized

in order to reduce cross-talk to acceptable levels.

Motorola indicates that, even though the multiplexing techniques

previously mentioned above do not have merit, they have been investigating

a new multiplex technique that may be promising for the 900 MHz mobile

environment. No indication of what this technique may be is given. However,

they indicate that this technique is under investigation and is being field

tested. When the tests are complete it will be reported on.

7



EIA

This section will summarize appropriate points of the submission to

the FCC [3] concerning Doci:Pt 18262 by the Land Mobile Communicationr,

Section of the Industrial Xlectronics Division of the Electronic

Industries Association (ETA).

4.1 Frequency Modulation

They concluded that freTv-ncy modulation provides the optimum

spectrum utilization in the Jaild mobile service.

4.2 Multiplexing

MulLiplexirg and other forms of modulation have been considered as a

means of improving spectrum utilization. The Section concludes that

although other forms of modulation can theoretically increase the number

of channels in a given segment of spectrum, FM provides for optimum

spectrum utilization when sharing in time, frequency, and geographically.

In other words, it should maximize mobiles/MHz/Unit Area, a true measure

of optimum spectrum usage.

4.3 SSB at UHF

Their conclusion is that SSB, whether single channel or multiplex,

would give unacceptable performance for the Land Mobile Radio Services.

Two prime reasons for this are given. First is the required frequency

stability of 1.5 parts in 108. This, although achievable, would be

expensive. The second reason is more compelling (cannot be eliminated

by sophisticated designs). This has to do with the flutter fading of

the signal. For example, this fading rate is given to be 172 Hz for

a vehicle traveling at 60 mph. This fading rate and its first few

harmonics will be detected and will fall into the audio band. At

these high flutter rates AGC techniques cannot work without causing

severe speech envelope disLortion.

8
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