








February

Februzry 29

March 1-3

March

March

March

March

¥arch

31

Statewent of assistance in determining mobile
svstem coverags submitted to ITS. (M12)

¥eeting with ITS nersonnel to further define
mobile tasks, (M13)

Attendad IEER Microwave Mobile Radio
Symposiun, (M14)

Meeting with Mandanis, Lane, and Hatfield on
SAT Mobile Contract, (v13)

Participmatesd i T bhriefing at OTP on their
Docket 18262 f£il
Reguest submnitted to Wi

1 Dean to relsase
freguency data regarding mobil

e study., (M17)

Interim Renort on mobile prozram procress  in
Tas¥ks I, IT; and TIT submnitted to Cooke. (M18)

(o818

Mobile cost data reguested form Motorola,
(M19)

\






















Draft
12-29-71 DNH

M4

PILAN OUTLINE

Economic Benefits of Mobile Radio Systems
BACKGROUND

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,
proposcd solutions of the former type may hurt broadcasting interests -
and the genecral 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 cc;_sts of goods and services, or
decrecased 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 déta available for considering the economic benefit of one type
of LMR service. The techniques developed in the study should be useful
in analyzing othef types of services as well. Previous studies in this
particular area, while uscful in indicating the possible magnitude of the
benefits, are quéstionable 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 OB ECT VES
‘The specific objectives of this study are to: |
(1) develop a rhethodology for providing more precise
estimates of the eco;lorﬁic benefits from the use of

mobile communications system, and






















Date:
Reply to
Attn of:

Subject:

To:

January 28, 1972

U.S.0OEPARTMI ° OF COMMERGE
Office of Telscommunications M7

INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boulder, Colorado 80302

PSD/DNH

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

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,

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.

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

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

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

// & '/;i"}- /// U/ ///

Dale N. Hatfield
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Date:

Reply to
Attn of

Subject:

To-

U.S. DERPARTMI " OF CCMMERCE
Offica of Telacommunications

INSTITUTE FOR TELECOMWMUNICATION SCIENCES
Boulder, Colorado 80302

February 9, 1972

PSD/DNH

Trip Report

R. K. Salaman

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) Reccived 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 projed/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.

q{ 4 A /_g/f — /

Dale N. Hatﬁeld/
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PROGRAM PLANNING SUMMARY
MOBILE COMMUNICATIONS

This summary represents an initial effort to define a program
which will provide analytical support in the arca 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 (projeccts) have been identified. These are:

I. Technical Summaries of Filings

II. Mobile Communications Demand

III. 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 wi . be done through a contract with SAI.
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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 arc 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) 15 June 1972

6. Manpower:

Engineer/OR Analyst 3 man-months

Support 1 man-month
7. —udget: § 2K

2




TASK IIL

Mobile Communications Supply

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

(capacity)

of various proposed technologies and alternative industry

structures to meet all LMR service nceds 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 communications and there are many

different technical configurations and industry 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 spectrum efficiency. The complexity of these alternatives precludes

the use of ordinary

analytical methods and requires the adaptation/deveclopment

of a suitable simulation model.

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

has been divided into a number of subelements:

(a)

Identify and describe a number of repres entative alternative
systems ased on a study of the filings and discussions with
OTP, OT, and industry personnel.

Develop or adapt a computer simulation model for evaluating
the types of systems identified in (a) either indiv dually or in
combination. This model will predict the system performance
(e.g., probability of blockage, average delay, maximum number
of channels required, etc.) as a function of the number of
mobile units, the geographic distribution of base stations and
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 deveclop cost information.
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(¢) 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.,

(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.




5. Milestones:
(a) Alternative Systems/Configurations Identified and
Model Requirements Determined r 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 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.




TASK IV

IEconomic and Social Benefits

1. Objective: To determine economic (and other) benefits to LLMR
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 scrvice 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 ; et 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
sc¢ vice calls per day (appliance repair service), or number
of prospccts visited per day (insurance salesman). Inputs

6
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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.

Programmer

7. Budget: $60K.

(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.

() Preparc a final report describing the model and the analytical
results.

4. Milestones:
RFPs Distributed 1 March 1972
Proposals Received 1 April 1972
Contract Awarded 1 May 1972
Preliminary Report 15 June 1972

‘ Model Completed 15 August 1972

Analysis Completed 1 October 1972
Final Report 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 data for
consideration in any further spectrum recallocation plans.

6. ManIEower:
Engineer /OR Analyst

12 man-months

3 man-months




TASK V

Technological Alternatives and Implications

1, Objective: To determine the technical feasibility of advanced
sy~tem applications and to estimate the probability of their timely,
economic development and implementation,

2. Reguirements: 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
adequatc 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, Iterfaces: This project will receive data from Tasks I and IT and

it will make use of Task III to evaluate the more promising alternatives., '
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5. Milestones:

Advanced Alternatives Identified
and Described
Evaluation Completed
Final Report Issued
6. Manpower:
Engineer

Support

7. Budget: $25K.

15 March 1972
15 May 1972
15 June 1972

6 man-months

2 man-months




TASK VI
Inter-Agency LMR Working Group Support

1. Objecctive: The objective of this task is to assist OTP in the leadershin
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 18 Feb 1972
Second Meeting 1 Mar 1972
Third Meeting 5 April 1972
Draft Report 3 May 1972
Final Report 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 2 1/2 man-months
Support 1 man-month

7. Budget: $12K

10
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TASK VII

Evaluation of Rechannelization Alternatives
for Increased Spectral Efficiency

1. Objective: To identify and recommend alternative proposals for tre
rechannelization of public user groups in existing LMR bands, towara
ional efficiency, as a function of: staggsrez
and other pertinent

optimizing spectral and operat
peak busy periods, holding time, waiting time,
technical and economic parameters.

There have been some arguments made that the
shortage of frequencies for Land Mobile Radio could be relieved by
better frequency management techniques using essentially the existing
technology. These arguments have been based on actual measurements
and the observation that some channels were overloaded at times ~when
other channels were only lightly loaded. In another geographic area the
reverse might be true. A complete evaluation of the issues under
Docket 18262 and a full understanding of the LMR problems in general

techniques to rechannelize user groups in &

2. Requirements:

requires an evaluation of
more efficient fashion.

3. Work Statement: This project will include the following elements:

Identify and gather data on LMR channel usage that have been

co =cted 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 holcing
times, sensitivity to waiting time, etc.

3. Develop estimates of increased spectral efficiency possible
through rechannelizing by exercising the model developed
in Task III using the data from elements 1 and 2 above.

4, Milestones:

1 Previous studies identified and 15 April 1972
2 §§r§é?§1§agatgaa’§ﬁgﬁgfied 15 May 1972
3. Preliminary results available 5 June 1972
4 Decision to increase data sample 1 July 1972

11




f e AT vavmmee——

5. Data basc expanded
6. Analysis Complected
7. Final Report

5. Manpower:

Engineer /OR Analyst
Support

6. Budget: $60K

1 Oct 1972
1 Nov 1972
15 Dec 1972

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 carlier 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. Requircements: 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 cfficiency, and
spectrum efficiency, must not be overlooked. he 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 reviewcd and any further issues identified in the other
tasks will be added as they are available,

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 (Monthly)
Compilation of Policy Issues

Completed 1 Mar 1972
Preliminary Results Summarized 15 Mar 1972
Report Issued 15 June 1972

6. Manpower

Economist 5 man-months
Engineer 2 man-months

7. Budget: $25K
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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 Telephor.s
Systems in the U.S. This is another piece of information that is neeces
to serve as a benchmark for the analysis of new systems proposed for
900 MHz. Such coverage is now provided by the wireline common carriz-:
(WCCs) and radio common carriers (RCCs). 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
WCCs provide coverage so the overlays will be needed to show multinle
coverage. Emphasis should be placed on the coverage in the top 27 m
although information on nationwide coverage is also desired. There
some maps alrcady available from the RCC industry group (NARS) but CT=
seemed to feel that they were inaccurate in terms of actual coverzage,

The task will be divided into two phases. The purpose of Phase !
will be to study the availability and form of existing data. From this
preliminary study, an estimate of the effort requirad to actually prez
the coverage maps in Phase II will be made. A decisicn on whether to
continue with Phase II will be made at the end of Phase I. A short memc
wi. be required at the end of Phase I and a short report describing the
maps will be required at the conclusion of Phase II.

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

effort.
















SESSION II - SYSTEM ORGANIZATION - Wednesday, March 1, 1972
1:30 - 5:00 1N

Chairmian: D. O. Reudink, BTL, Holmdel

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

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

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

D. C. Cox and D. O. Reudink, Becll 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.

MOBILE TELEPHONE COMMUNICATIONS AT MILLIMET KR
WAVELENGTHS.

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

5. THE EFFECTS O LOCATION CAPABILITY ON DY \MIC:
CELIL SYSTIIMS.
J. J. Mikulski, Motorola, Schaumburyg, 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 Meecting, 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. .
Dinner at 7:00 p.m.

TELECOMMUNICATIONS AT THIE FEDIERAL LISV L: SOMI
F OBLEMS AND IFUTURIT PROSPISCTS.
T. F. Rogers, Vice President, Urban Atfairs, Mitre Corporation
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MICROWAVE MOBILE RADIO SYMPOSIUM
SESSION I
910 MHZ URBAN MOBILE RADIO PROPAGA TION: MULTIPA TLi

TIME DELAY MEASUREMENTS IN NEW YORK CITY. D. C. Cox.
Bell Telephone Labs., Holimdel, N. J.

SUMMARY: Amplitude and time delays associated with mu ipath 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 antcnna by intcrvening buildings., The
measuring system, which was described at the 1971 'SNC/URSI
spring meeting, measures the 910 MHz complex bandpass impulse
response (amplitude and phase of the multipath propagation) with

a resolution of 0. Iy sec in time delay. Individual power delay
profiles illustrate that freq :ntly morc than ) pat 5 wi signifi-
cant amplitudes (less than 6 dB below the strongest path) exist,

A multitude of weaker paths also are cvident., Often the multi-
path structure is significant at excess delays as large as 10 g scc,
The strongest paths arc {requently a microsccond or morce delayed
from the shortest path obscerved, Local statistics for vehicle
travel distances of about 100 fect, such as average power delay
profiles and distributions of signal amplitude at fixced delays,

are presented, RF doppler spcctra associated with some par-
ticular delays (cross sections of delay-doppler scattering
functions) are illustrated,

MOBILE RADIO PROPAGATION STATISTICS AT 900 Mllz IN
NEW YORK CITY. J. Shefer, G. S. Kaplan, and S. N.
Honicknan®*, RCA Laboratorics, Princeton, N, J. (#Now i
Mitre Corp., McLean, Va,)

SUMMARY: With mounting frequency spectru congestion in urban
efforts are under way to utilize the newly allocated frequencices

in the high UHFE band at maximum cfficiency., This paper
describes a series of propagation experiments in New York City
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SESSION TI

A SIMULATION STUDY OF SOME DYNAMIC CHANNIL, ASsiors
ALGORITHMS IN A HIGIT CADPACITY MOBLLE TN PRHON . ==~
L. G. Anderson, Bell Telephone Labs., Columbus, Obhic

SUMMARY: High Capacity Mobile Tclephone System (HCNTZ) i
the name given to a system that has been proposed by BTL to mizze
the increased demand for mobile telephone service. A large
number of radio channels are provided for such a syster:. Z:Ificic.
use of the radio spectrum required for these channels is attairnes
by providing multiple base stations and limiting coverage of =

cell. Radio channels are assigned to cells which are suiiici
separated so that co-channcl interference is reduced to accepizsi-
levels. Assignment may be on either a permanent basis, fixed

channel assignment, or the assignment can be made only ror !

duration of the call. The latter method has been called duvnaric

channel assignment.

This paper reports an investigation to determine the ind rease in
traffic capacity provided by dynamic channel assigmment s cuon
to fixed channel assignment. Of the many dynamic channcli ass
ment procedures one could choose, this work has been limmited
those which use a fixed channel assignment as only a nominal or
first choice channel assignment. When none of these non-inal
channels are available for usec in a cell, an attempt is made tG

borrow a channel which is nominally assigned to some other cell.

[N
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A system layout containing 21 cells arranged in a hexagona
was used in the study. It was assumed that traffic was bi-hiv cor-
centrated in the center cells of the system. For study purpos-cs

it was assumed that traffic grows proportionally in cach ccll,
channel reuse criterion of six cell radii was assumed. That ‘s,

a radio channcl can be simultancously used by several base =taii_ . -
if they are separated by at least six cell radii. Assuming the ba-
station is located at the cell center, the cell radius is the nsi-
mum distance from a base station that a mobile is permitied ©o =z
that base station. With fixcd channel assignment, reusc « rite:

ment of twelve sets of radio channels to completely cover the
If all cells had the same amount of traffic., assigning channels
to the twelve channel sets and then to cells would be a trivial
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matter. However, when there is substantial cell-to-cell variation
in offered traffic, some traffic capacity may be gaincd by assigning
channels to cells at distances greater than the minimum required.
This technique has been called fixed borrowing. Prior to cvaluating
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 21 hexagonal cells has been performed. In addition

to simulation efforts, an analytica modcl has been formulated
based on the well known Erlang B formula for blocking probability.
This results in a system of N simultancous nonlinear equations
where N is the number of cells. An efficient iterative procedure
for solving these equations has been developed and tested. Sc 1-
tions are compared to the simulation results above, showing good
agreement.

The main effcct of handoffs is to cause a reduction of cell-to-c¢ 1
variation in the amount of offercd traffic. These cffects 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 = ¢ cffectiveness of at least
some of the possible approaches for doing this.

PERFORMANCE OF DYNAMIC CHANNIL ASSIGNMIINT IN
SIMULATED HIGIT CAPACITY MOBILIE RADIO SYSTIINS.
D. C. Cox and D. O. Reudink, Bell Telephone Laboratories
Holimdel, N.J.

SUMMARY: Iligh 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 todav.
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In order to make efficient use of frequency spectrum, radio
coverage of these proposed systems would be lmited to small

zones and channcls would be reused several times within a particular
urban area. Computer control of such a system certainly would be
necessary. Bounds _on 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 trectable. This paper presents a comparison of some
performance characteristics of dynamnic channel assignment and
fixed channel assignment mobile radio systems obtained by
simulation on a high-spced digital computer. In the dynamic
assignment system a channcl is assigned to a requesting vehicle

and its covering base station by methods which consider the channcls
in use at that instant at that base station and at base stations within
some region surrounding the vehicle. Once a channel is assigncd

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 gencrates
the demand on the mobile radio system. The second part operatces
on that demand with a given channel assigmment strategy. In the
first part, requests for service arc initiated as a Poisson process

in time. The locations of the mobiles initiating calls arc distributed
uniformly in space. These calls which are eventually assigned a
channel by the second part of the program arce 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 adcquate coverage to the
vehicle and that this base station is known, and (3) that all channcls
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 arca
boundary and causes co-channel interference, a scarch is made lor

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

call is terminated.
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Table 2

B U raTrie Carviead T
‘f_@jv_'_e_z'.;_:»-:;;';_:;} Lo On Per s Shgt Tong
Fixel ( Dynomic o o1
Blocw!in: Charnsl r_-‘-\'::'q;'"’."-_.'i.’”{’F'j’5‘ Sy ben
of HNew Call|fAsciunons one Two
Attempts (D) Sysuems Dimension | Dineeasion
1 b,y 6.3 6.25
3 5.4 6.75 §.5
10 6.75 7.34 6.70
30 8.3 8.0 7.1
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NEW MOBILE COMMUNICATION SYSTEMS USING REPEATERS AT
THE SAME FREQUENCY. (AN ALTERNATIVE TO SMALL CI1L1L
COVERAGE)

Henry Magnuski, Consultant, Glenview, Il1.

SUMMARY: Inmobile commmunications omnidircctional antennas
are used and prohibitive RF power is required to extend the
communication range, especially at microwave frequencices.
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 simultancously. 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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MOBILE TELEPHONLE COMMUNICATIONS AT MILLIMETER
WAVELENGTHS.
C.L. Ruthroff, Bell Telephone Labs, Holmdel, N.J.

ABSTRACT: There are approximately 100 million cars and trucxs
in the United States without telephones. While important services
exist and are planncd at frequencies below 1000 megahertz, the
use of these {requencies for genecral telephone service is severel:
restricted by one or both of the following fundamental limitations.
(i) 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.
(ii) 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 illimeter waveleng . s;
above 30 GHz sufficient bandwidth is available {for a widespread
mobile telephone system. With respect to the sccond limitation,
high quality transmission can be achicved 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 ‘ecle-
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-o:f
during a call in progress are also described.

As already sugge sted the system would operate at a frequency
above 30 GHz. The effects of rain attenuation and atmospheric
a sorption loss will be discussed and exanmiples 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 e
techniques of manufacturing integrated circuitry at millimeter
wavelengths have reached the point where it is now possible ..nd
reasonable to realize the apparatus required to do the job. Circuits
for performing the required functions at millimeter wavelengths
will be described. .
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The purpose of this paper is to describe our results for the radio
signal coverage factor. Recent experimental work by V. II.
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 paramecters.

The electromagnetic propagation model used in our description of
radio signal coverage is based on the work of Okumura, et al.
Preliminary results {rom 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 ef: =t
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, cach basec 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 paramecters, R and D, -
presented in terms of service-quality phase diagrams for = : two
system plans. These diagrams relate the fraction of uscrs who
consider a given SNR or SIR to achicve 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. Fina lly, the value

of R 1is shown to be larger, and the value of D shown to be
lower, for Plan B than for Plan A when the same qu ity of service
is provided.
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WHEN ARE HIGHLY CORRELATED

RAYLEIGH SIGNALS
CORRELATED ENOUGII? L. Schiff, RCA Labor

Princeton, New Jer sey

atorices,

SUMMARY: When a fixed pilot signal is sent al

carrier to a mobile radio, and the frec
close, the two signals recej

ong with the modylzzea-

ved are Rayleigh distributed and
highly correlated, This correlation can be exploited in a number
of ways. As an aid to understanding and invention one usually
thinks of the limiting casc in which the correlation s perfect,
But how dependent is the System, derived this way, on the high
correlation and how does performance degrade as the correlation
coefficient is reduced from unity? We show, with the aid o- two
specific examples, that this critically depends on the type of
system considered., Both examples are considered with the
context of the mathematical mode] of Clarke!l

-

The first example is the use of the pilot signal and multiple
antennas to obtain maximal ratio combining, As describeq by
Jakes”, the explanation for the working of thi

S system depends
on perfect correlation betw

¢en pilot and carrier at each antern-
and independence betwecen signals at different

antennas, Lee 3
has considered the case of lack of indcpendem‘e betwe
at different antennas as well, We consider the othe
coin, i, e., independencce betwoe

a pilot that is not perfectly

en signals

r side of the
¢n signals at different antenns - Bt
correlated with the signal,  We sk
that even when the corrclation coefficient is not high considers Bl
improvement is obtained und a coefficient of , 9 gives eSsentially
all the gain to be obtained. This ¢xample, then, illustrates =
situation in which when the correlation is reduced, from the idenl
value of unity, the results are still sub

stantially the samce, Tre
next example illustrates quite the

contrary,

Consider the case in which two sig
mobile radio and interferc with ope another - the undesired signad
having the smaller average value, Assume further
is accompanied by a pilot and that the recciver
pilot of the desired from the pilot of the unde
the pilot from one station is at the UPPer end of the modulation
band and the pilot from the other station is at the lower end),

in the limiting case of perfect corrclation,
pilot to the undesired pilot is exactly the

nals (Carriors) may arrive at the

that cach carpioy
can distinguish the

sired (for example, 17

Nu
the ratio of the desired
same as the ratio

juency of the pilot and cirrie~ . -.
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SESSION IV

WIDEBAND MEASUREMENTS OF MAN-MADIS NOISI.

R. Buck, Transportation Systems Center, DoT, Cambridge, Mass,
R. Esposito, Raytheon Rescarch 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 MiHz. The
conceptual design of the experiment and the necessary hardware
will be discussed together with the data processing philosophy and
some preliminary measurements.

STATISTICAL-PHYSICAL MODELS OF MAN-MADE RADIO SIGNA LS
AND INTERFERENCE.
David Middleton, Physicist and Appliecd Mathematician, 127 E. 91 St.,
New York, N.Y. 10028

SUMMARY: Man-madec electromagnetic signals and interference

(or noise) have become a 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 s0, a major limiting factor on the successful function-
ing of communication systems, not only * wurban environments but
over large regions as well. IIffective analysis of system performance
and design requirements demands tractable models of these noisc

and signal mechanisms, so that the st i1dard 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 arce inherently
random in time and space. On the other hand, since these processes
are gencrated in the real world, for ¢ 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 interferer e: (1) "unintelligent"
noise, produced by the radio emissions from, say, mobile land
vehicles {(e. g., automobiles, trucks, buses, etc.) and (2) '"intel-
ligent' noise, which may appcar in a communication link because of
unwanted spectral overlap with, and physical proximity to, other
communication links. The general models are e same, b the
specific characteristics of the interfering signals, e.g., their
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waveforms, f{requencies, durations, source distributions and
movement, geometries (location, beam patterns, etc.) are
usually quite different. (Desired) signals and their statistical
properties arec constructed in precisely similar fashion.

Technically, what has made a quantitative treatrment very
difficult in the past is the fundamentally nongaussian character

of these classes of noise and signals. . 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, devoted primarily to atmosplheric
models are given by Furutsu and Ishida, the critical study of Hall,
and more recently, the investigation of Giordano, who establishe
among other results the justification of the quasi-phenomenolozgic
distribution derived by Hall. The new results presented here are
obtained by taking advantage of the above, and gspecially, 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 pgrmit, to simpler, equivalent analytical forms of the
Hall type™ (the so-called equivalent statistical model (ES)M)).

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 sigral
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 differer:
emissions, as well as combinations of source-geometries, e.z. .
volume distributions (ground-air; air-air, ground-satellite, etc.).
and/or essentially surface distributions (mobile land transpor::
ground-ground).

The basic statistical model (BSM) we choose is fundamentezlly
Poissonian, in that the locations in space of signal sources (anc
receivers) are Poisson distributed. Because of the finite velociz:
of propagation, this necessarily produces in a typical receiver
ultimately a Poisson time process, X(t), consisting of the var:

desired and undesired emissions. The received process ''densitv

is proportional to the actual physical density of sources in space.

-
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Our approach is [irst to construct the characteristic function of

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

of the physical modcl, seck 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 naturec of the model, and is different, for example, for
vehicular noise and signals vis-a-vis ocecan reverberation processes,
or atmospheric noise. A kecy result of our approach is that it yields
manageable, explicit analytic expressions for the first-order
probability density W_(X,t) and distribution D_(X,t) of the
instantancous amplitudes of the received interference. Tractable
second-order results have also been found. These expressions
involve convergent sums of weighted ({first-order) gaussian densitices
with increasing variances, wherc 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
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 1s zero probability of zero amplitude: there are
no ''gaps'' in time for X(t).

'""'noise, there is a non-zero probability of zero

lMiddletOn, D., "Statistical-Physical Models of Urban Radio-Noise
Environments. I. Foundations, ' Tech. Rpt. on Contract
DOT-TSC-70; Jan. 31, 1971, {from the Transportation Systeis

Center {Dept. of Transportation) 55 Broadway, Cambridge, Mass.
02142. Paper to be published inI.E.E.E. Trans. on Electromagnetic
Compatibility, May, 1972.

ZMiddlcton, D., Multidimensional Detection and E» raction of Signals
in Random Media, Proc. 1.E.E.E., Vol. 58, No. 5, May , 1970,
PP- 696-706.

3Middleton, D., "Statistics of Low Density Ocean Reverberation, !
rescarch in progress, Contract N0014-70-C-0 98, Office of Naval

Resecarch.
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UPPER UHF AND L-BAND METROPOLITAN INCIDENTAL MAN-
MADE RADIO NOISE.
E. N. Skomal, Acrospace Corp., San Bernardino, California

SUMMARY: Metropolitan arca incidental man-made radio noise
measurements in the upper part of the UHF and in the lower micro-
wave band have recently revecaled a frequency variation of mican
noise power significantly diffcrent 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 Lo
values in excess of - 50 dB per decade above 800 Mllz. This
occurrence is attributable, at least in part, to a roll-off in the
automotive ignition noise spectral density.

BASEBAND PERFORMANCE OF A PILOT-DIVERSITY SYSTISM IN

THE PRESENCE OF RAYLEIGH-FADING SIGNALS AND CO-CIHHANNET,

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

SUMMARY: Since the amount of RI 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
interve . The baseband performance of a given radio system is
further deteriorated by rapid Rayleigh fading caused by multipath
propagation cffects at miicrowave frequencies. One method of
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combating such fading is to use some form of diversity recepio -
This paper prescnts some results on the performance of & par-
ticular diversity system: in the presence of Rayleigh facdine <i -0
and interference. This system requires the transmiscion of
separate pilot-carrier, which is used to co-phase the oulputs <
the several antennas used in the space-diversity receiver. -
using laboratory-generated fading carriers, several meoasure: = -
of baschand SNRs were made for various RI carrier-to~1olze =~ -
signal-to-interference ratios, and for various bandwidth exp :

ratios, These results demonstrate the advantages of this diwve
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 dB in the requiz-:
average RFE signal-to-interference ratio for a 20 dB base¢band
SNR when the RF CNR is 24 413, Alternatively, with a signzi-1. -

interference ratio of 15 dB and a CNR of 24 dB, the use of divers-

can reduce the RF bandwidth requirement by an order of mngnit oo

for a 20 dB baseband SNR. Some tape recordings will be plaves .

demonstrate some of these effects.

SUBJECTIVE VOICE-CIRCUIT QUALITY MEASUREMENTS IN T:iC

PRESENCE OF MULTIPATH FADING.
V. H. MacDonald, Bell Telephone Labs., Holmdel, N.J.

P
t

SUMMARY: Two key parameters of the proposed High-Capaci
Mobile Telephone Systems are the maxinium call radivs = nd =)
minimum separation between cells using 1e same frequencies.
The cell radius is limited by the necessity of providing an ac cens-
able signal-to-noise ratio on the voice channels at all points in—
the cell. Similarly, a minimum is imposed on the ratio o! the
co-channel cell separation to the cell radius by the need 1o 1ot -
tain an acceptable signal-to-interference ratio on voice chanmel- .

Prior to the experiment described in this paper, therc seonied -
be no definitive guidelines as to what RF signal-to-noise or
signal-to-interference ratio is required to produce satistactory
voice channels in the presence of rapid, severe fading. Conse-
quently, a subjective listening experiment was undertaken, in
which 20 listeners rated the voice-circuitl quality of a series of
36 different fading radio-channel conditions. These conditicns
included various values of local-mean RI E/N or E/ 6 or 1.0 = -
peak deviation, and one or two bra ches of receiver diversity.
(The term "local mean' designates the mean of a R*"‘ch’if—fll-dét;_—_;
amplitude, observablce over an arca on the order of hundreds
square yards.) A pilot-tonc diversity system was used. and
fading rate was sect to correspond to a vehicle speed of 70 1m0, p. =
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The results are presented in the form of the percentage of
listencrs who rated each condition as good or better. Ior a
fixed peak deviation and a fixed number of receiver diversity
branches, one can detcrmine the local-mean RF S/N or S/1
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/N and S/I must have the values
indicated below:

Branches of Peak Dev. S/N S/
Diversity (kHz) (dB) (aB)
2 12 16 19
2 6 22 21
1 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 &
reduction of about 3 dB in signal power and about 6 dB in S/l
without any loss of customer satisfaction. Similarly, doubling
the peak deviation from 6 kHz to 12 kliz was obscrved to permit
roughly a 3 dB reduction in signal power and a 6 dB reduction

in S/I.

Although the number of listeners and the number of different
values of S/N and S/I 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
reg_arde,d as reliable guidelines for determining necessary levels
of S/N and S/I.

It is outside the emphasis of this paper to discuss the many
possible approaches to determining the maxinium 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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TIIIE AMPLITUDIS AND TIMIZ STATISTICS OIF ENVIRONMENTA I,
MAN-MADX NOISE AT 821 Mllz,
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. Mecasurements
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 yicld the amplitude distribution of
man-made noise, the mecan 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 : d 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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SIESSION V

A MOPBILE RADIO, SINGLE FREQUENCY "TWO-WAY!
DIVERSITY SYSTEM USING ADAPTIVE RETRANSMISSION
FROM THE BASE. -

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

j.S. Bitler, Bell Telephone Labs, Merrimack Valley, Mass.;
C. O. Stevens, Bell Telephone Labs, Holimdel, N.J.

SUMMARY: This paper describes an adaptive retransmission
system capable of providing a UHF (1 GHz) mobile radio channel
with "two=way diversity' through the use of time division. The
system is unique in that all signal processing associated with
the diversity combining is done at the base station. The mobile
transceiver is, therefore, desirably simple. A two branch
prototype of the system, without modulation, was field tested

to determine its adaptive retransmission performance.

The performance of a high capacity mobile radio system operating
at a frequency near 1 GHz is severely affected by the 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 envelope.
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 reduction
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 station 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. FEach 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 f . The signal from each

asec station antenna then add in phase a? the mobile station
receiver where the signals are demodulated. The system is
adaptive in that changes in the environment, i.e., changes in the
random phase modulation, are cancelled out for both the mobile
and base stations.
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Adaptive retransmission on widely scparated 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 arcas. The phase coherence
bandwidth in urban areas is approximatcly 150 kHz. An extremecly
high receiver Q, greater than 6000, would be required to transmit
and receive simultanecously within the phase cohercence bandwidih.
It was, thercfore, necessary to transmit and receive on exactly the
same {requency, but at different times.

Sampling rate is determined by consideration of the phase distortion
in the transmission medium and the need to satis{y 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 usec duration, every 100 usec, at 836 MHz. Rcceivers
operating at levels as low as =110 dBm, used logarithmic ampli-
fier outputs to drive tape recorders. Unmodulated pulses were
used and enveclope fading statistics were recorded at both mobile
and base stations. The basc station used a 60 foot antenna tower
and the mobile unit was driven at constant speeds through scveral
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 buth 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 TIII
PRESENCE OF RAYLEIGH FADING.
R. E. Langscth, Bell Tclephone Labs, Holmdel, N.J.

SUMMARY: In addition to the usc of diversity to inmprove 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 1e required RF CNR.
Effects of loop damping and of limiting prior to the PLL will |
demonstrated. It appears that in contrast to the nonfading casec,
limiting does not have a detrimental effect here, and may “tually
be helpful.
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A UHF MOBILE TELEPHONE SYSTEM USING DIGITAL NCI -
LATION, PRELIMINARY STUDY.

J. S. Bitler, Bell Telephone Labs, Merrimack Valley, Niuss.;
C. O. Stevens, Bell Telephone Labs, Holmdel, N.J.

SUMMARY: With the increasing interest within the Bell Svster
in digital transmission and high capacity mobile telephone golirz

toward higher frequencies, digital modulation for mobile telennone

has been considered by Rustako. Rustako showed that a ver:s
simple and effective diversily receiver could be constructed i

on-off keying was used in place of FSK or PSK. Lixponential ro oo

lation could be used, but only at the expense of more bandwicii
and a more complicated diversity recciver.

It is the purpose of this paper to describe an experimental stz
which was designed to test the use of digital modulation Zor w2zils
telephone. The system was ficld tested in suburban arezs
Holmdel, New Jersey and in an urban environment in New
City. In this preliminary report, only a qualitative discussi
of the test results is available.

3
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The digital code is supplied by an adaptive delta coder descrive-
by Bosworth and Candy. The decoder generates, at each szmplz
time, weighted step sizes which depcend upon the sequernce of
last five bits received. With a clock rate of 50 kllz, or abou! l¢
times the highest audio baseband frequency, a maximunr zudic
RMS signal-to-noise ratio of approximately 30 dB is achicved,

A clock rate of 50 kHz implies a digital baseband bandwidih o:
at least 25 kHz. However due to the multipath nature of the
medium, a {ull raised cosine roll-off was used, increasinz the
bandwidth to 50 kHz.

The recovery circuit employs a comparator which compares e
digital baseband signal with a variable threshold. The variabdle
threshold, derived from the digital baseband signal, has the
capability of following the short term fading. The comparzator
output is fed into a modificd phase lock loop (PLL). The FPLL is

modified to increase its flywheel action during strings of "one <=

zero.
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The base station consists of a coder and transmitter. Input to
the coder was a tape of a male voice reading a technical paper,
The transmitter was capable of providing up to two watts of power
at 836 MHz. -

The mobile station consists of a four branch diversity receiver and
a decoder. Overall receiver noise figure is about 6 dB. The
recciver could be configured to employ one, two, three or four

branch diversity.

The system was tested both in the laboratory, using a fading simu-
lator, and in the field. Field tests were conducted in both
suburban and urban areas.

The laboratory tests consist of counting the average idle channecl
click rate in the audio baseband as a function of input power and
diversity order. The simulator fading rate was equivalent to a
specd of 60 MPH. Threshold was determined subjectively. The
single branch system was considered unusable. The two branch
system is poor with an average signal-o-noise ratio of 19 dB.
However, the three and four branch systems performed quite well
with thresholds of 14 at 12.5 dB respectively.

The suburban tests were made near Holmdel, New Jersey with the
base station on Crawford Hill, The mobile station was in a van
which was driven at normal driving speeds. Tield strength
measurements were monitored simultancously with the received
audio signal. Threshold was determined subjectively and the
field strength noted. System thresholds determined in this
fashion were very nearly the same as those determined from the
laboratory tests.

The urban tests were made in the southeastern section of Manhattan
in the financial sector. The base station was located on top of AT&T
Headquarters at 195 Broadway. In general the aduio quality was very
good for the three and four branch receiver. However isolated casle '
of degradation was noted when the signal level was well above
threshold.

We believe that this system demonstrated that digital modulation
for UHTF mobile telephone is possible.

1 : '
Rustako, A.J., Jr., Private Communication.
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The pattern synthesis is carried out numerically by a computer
program, herein called MRA (Mobile Radio Antenna). This
program implements both the congentional radiation character-
istics of a circular array._antenna and certain successive
approximation techniques  which find minima of functions of
many variables. In addition to using these results from antennz
and optimization thcories, 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 mercly the shape of a desired pattern. The MRA algo-
rithm accepts this simple input information and then determine s
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 elemnents and a 0.4~wavelength
radius. Subsequently, the program is employed to shape a;tenna
beams for the purpose of improving radio coverage in mobile
radio systems.

In two previously proposed small-cell4 coverage plansl’ 5it is
desirable uniformly to illuminate, at a given radius, the inte;ior
of ecach cell (or cell sector). The uniform illumination assurcs
that every mobile transceiver within the required coverage a r;"x
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 transriis
from an antenna having an omunidirectional (or sectol._shap;d)~ 11t
power pattern. However, this approach genecrally provides very

nonuniform signal strength within the cell, especially if th; ™

terrain is not smooth.

In order for the mean signal strength to be more nearly uniform
within the cel R.E. Fisher has proposed that the antenna {rec-
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 arcas. Classical methods of providing this beam shaping
usually involve "cut and try' procedures with consequent greaz
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 mcasur-
ing the resulting illumination in the coverage area of interest.
The mecasured 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, which
would determine the phased array radiator current magnitudes
and phases that generate the required {ree~space pattern.

lR. 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.

ZSee, for example, S. Ramo and J. R. Whinnery, Fields and Waves
i Modern Radio. New York: John Wiley, 1953, ch. 12.

3The steepest descent and least square techniques are used, which
are described in standard textbooks on optimization theory.

Sce, for example, D. J. Wilde and C. S. Beightler, Foundations

of Optimization. New Jersey: Prentice-Ilall, Inc., 1967, ch. 7.
ﬁe-gg 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.

4
H. J. Schule, Jr., and W. A. Cornell, "Multi-area mobile

telephone system, " IRE Trans. Vehicular Cormmunications,
vol. VC-9, pp. 49-53, May 1960. N
5 .

P, T. Porter, "Supervision and control features of a small-zonc
radiotelephone system, ' IEEL Trans. Vehicular Technology,
vol. VT=20, pp. 75-79, August 1971.

MULTIPLEXING PROBLIEMS IN CENTRAL TALKOUT TRANSMITTERS.
C. N. Lynk, Motorola, Inc., Schaumburg, Ili.

SUMMARY: This informal papcr will concen rate on the problems

of combining transmitters on a single antenna. The two main topics
of discussion will be the use of I:‘DM/FM (SS3) nultiplex modulation,
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and the low power combining of a mualtiplicity of narrowband I°M
transmitter into a common power amplificr. A bricef discussion
of the applicable theory of a FDM/IFM (SSB) will be presented
followed by both laboratory and ficld results of an experimental
system. A brief summary of a theoretical model and the resulting
analysis of a comimon amplifier system along with its effects on
adjacent channel interfercnce will conclude the paper.

ANTENNA SIT1Z MANAGEMENT, VOLLMER PEAK PROJECT, A
PROGRISS REPORT.

J. R. Hall, Microwave Associates, Sunnyvale, Calif.; J. Watson,
Watson Communications, Inc., Iafayette, Calif.

ABSTRACT: This paper presents a report on a long range antenna
sitec management program which is a joint undertaking betwceen 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 congecstion in
major metropolitan areas the antenna site itself is a major contri-
butor to spectrum 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 rnanyh
intermodulation products which can decrease or cestroy communi-
cations on other channels.

The approach to be discusscd in this pPaper is onc in which the
antenna site is analyzed from two view points. The first view i

. . > s
to clean up the interference from the site so that existing communi
cations are rclatively clean.  Sccondly to maximize the number of
communication channels on the site.

To accomplish these objectives we wpproached the Vollmer Pealk
site from two angles. First a technical analys.s as to thcﬂ Con((IiZion
of intermod and interfercnce and an estimate of what could Bc

done considering the conditions. Secondly a business analysis to
determine equipment costs, computer costs, laibor costs, etc

as opposed to advantages gained and increased site revenue. -




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 VHIF-UHF radio coverage; site
{requency lists which, {rom computer analysis, indicate the best
channels available on existing antenna sites for frequency use
planning; and other possibilities for better antenna site management.

LSLOMM - FRL
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Date:
Reply to
Attn of:

Subject:

To:

U.B. DERARTMENT OF COMMERCE
Dffice of Tolecommunications

INSTITUTE FOR TELECOMMUNICATION SCENCES o -
Bouider, Coorado 80202 Aflo

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 (LNMR)
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.

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 comy :ted 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:

Cos* Mata. 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 :r
month., I have given this material to Wes Harding of ITS to .d 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 uncertaintics in
forecasting LLMR demand is the impact of innovative uses in such areas

as law enforcement, emergency health services, fire prevention, mass
transit, highway salcty, municipally owned utilities, and cnvironmental
monitoring. The LMR Inter-Agency Working Group chaired by OTP
will be a help in this, but it was agrced that all project personnel should
be alert to such uses so that they can be included in the demand model.
Likewisec it was suggested that project personnel aid in identifying any
promising new system alternatives.

Price Elasticity. Anothcr 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,

Electromagnctic Compatibility Analysis (EMC). SAI's 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 cquip-
ment, particularly foreign supplicrs. 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 markects. 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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Another alternative would be automatic control of the single channel
system so that '"doubling' would be prevented and additio;al mobiles
could be handled at high gross utilization rates. On the other hand

it is pretty well established that holding times decrease with incre:j.sino
utilization on single channel systems because the operators sense the -
crowding and shorten their transmissions. SAI suggested the pos sibility
of us gathering some of this type of data since it is outside the scope ofl

their contract.

I plan to discuss these items with Messrs Cooke and Thornell next
week. I would appreciate your comments. ‘

l’;

Dale N. Hatiield

Policy Support Division

cc: Art Cooke, OTP
Hal Millie, OT/WPSD
Jean Adams
Gene AX
Wes Harding
Scotty Hart
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Reply to
Attn of:

Subject:

To:

U.S. DERPARTIVIENT OF CONIMIERCE
Oifica of Telscommunications

INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boulder, Colorado 80302 MI16

March 16, 1972
PSD/DNH

Trip Report, Washington, D. C.
March 13-15, 1972

Roger Salaman

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 Hinchman, Les Berry,
Tom Mustin, and Lockett Wood. T also discussed the Pacific Communi-
cations study with Walt and Tom. 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.

2. On Wednesday I attended the meeting with AT&T in which we asked
questions about their system. The meecting 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.
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Questions Regarding the AT&7T 1 CMTS

Fleet calls in the Autonmatic Dispatch S(ervﬂice would normally
require that the dis: poatclier wait until there is an available
channcl in cach cell where he has a mobile unit. Even th'Ough
the average wait is only 2-3 scconds, his transmission ébu)d Le
delayed considerably more, as governed by the "worst! cell,
Is scervicing fleet calls on o priority basis really an adequate
solution? Wouldn't 2 dis patcher quickly learn this and malie
unnecessary fleet calls even when he really needs to communi-

-

cate with just a single mobile? In the simulation in Section 4

1 Report, what percentage of calls are flect calls?

™

of the Techn
How is the prescnce or abscence of frecwvays considered in the
formula for density of offered traffic cn page 1-107?

Is there docwmentaiion that s Supports the minimum cell size (one

mile radius)? What "advances in data Processing' (page 2-

(_,)

) are
. . ) P } : s
necessary to dccrcase this {fu ther? .
On page 2-35 reference is made to continuing studies of the
optirnum value of f ‘requency deviation. Does the 172 2 kIlz value
still scem optlimum ?
In several places reference is made to mtumodmauon effects
wiien the mobile unit is very near a basc station., A system for
automatically »oducing the tra nsmitter power to decrease over-
r1-~ o e 4 [EP | v - -y 2 % ) . R _
londing is mertioned, How severe 1s this probleran? To what
Oun page £-2 it iz statcd that 'the cembined coverage areas will
contais about £3% ¢ the United Stetos population, ' What per-

centage of the geographic arca of (he contizguous U.S. wiil this




- 7.

In the reference example on page 4-5, the cost of shared cquiprment
for the ADS uscr is 37% less than that for NTS. What specific
items account for this difference?  The MTS user generates more

than scven times as muach traffic as the ADS user. Could the
sharcd costs be broken down by the base station, landline facility,

and procecssor categories for the reference example?
L4
Is there additional information available on the study leading to
the development of the Vehicular Density model for the Philadelphia

- v

arca?
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swieet Interim Report - OT/PSD LMR 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 Thornell. The purpose of this
memorandum is to report on our preliminary efforts in ecach task.
Becausc of the interim naturc of these results, they are prescnted

very informally,

Task I Rescarch and Data Base Preparation

1.

Hal Millie (Washington PSD) has completed summaries of the
filings undcr FCC Docket 18262 and he will separately transmit
copies of these to you.

Burgctte Hart (Boulder OT/ITS), under the dircction 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.

Wec 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 a 1450
MHz. He has also gathered tariff information on LMR scrvices
offercd by common carrijers. He is currently working on providing
similar cost data for 900 MHz systems. A brief description of e
data he has collected so far is contained in Attachment 2.

A preliminary analysis of LMR Spectrum Requirements and
Implications' was underteken for the Tulsa, Oklahoma, arca.

. ) 2 ]
Tulsa was chosen becausc of its moderate size and becausc it
was referred to in the AT&T filing. A report on the initial
findings is containcd in Attachment 3,
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3. A LMR computer si ati .
. : I][ {. ullmul;hon program was obiainced from Dr. James
ikusky of Motorola, : ;
e y o ! @ ) can Adams and his group at ITS has converted
it for running on the Boulder Laboratorics' XDS-940 timesharing
- . ] she g
c?)nputcldsy tc}m It is now available for remote access from vour
office an within the - d: . .
tl ,] : - the next few days, it will be made available to
you through the Telccommunications Services Center., A sample
prmto:t obtaincd 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
dC”SiﬁCS: in. major mectropolitan arecas since these distribul‘ions
have a significant impact on system design and spectrum rc uire-
ments, especcially for cellular sysiems, 4

Tocl JI1 echnological Alternatives

1, Gene tAX (Boulder OT/ITS) has been given primary responsibility
four thxst.task. ?.sholrt paper summarizing the major technological
alternatives and implications considered in the fili i a3
e e filings is contained

Tack IV Inter-Agency LMR Working Group Support

1. Hal Millie has becen providing this su
S ort and I -
aware of the status. PP B am sure you are

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 pac
should pick up significantly from here on. Please lect me .k pace
questions and comments. now your

// ??_Z | ‘

Dale N Hatfleld
Policy Support Division

Enclosures (5)

cc: Hal Millie (with enclosurecs)
J. E. Adoms (with enclosurcs)
G. G. Ax
B. Hart
H, Crary

RKS/mobile file
D. D. Crombie




ATTACHNMENT |
INFORMAL LOG OF COUNTACTS IADw AND FATERIALS ReuVIEWED

TO: D, N, Hatfield
FROM: B, A, Hart
PERIOD: March 1-17, 1972

1. John Tary thouzht the"Slectronic Market Data Book''might have some mobile
radio and telephone data. Called

Electronic Industries, Association

2001 Eye St,, N

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 (EBen 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 somc 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 l;nd
mobile common carriers. However, he said they had had several previous requests
for these, aues

3. Called

Statistical Information

Common Carrier Bureau

Washington, D. C.

202 632-708%

on March 15 to ask for their latest copy of "Statisiics of Comsuni Cons Ce.m
Carriers' (current through Dec. 31, 1969). iZnclosed ~re data f;Z;ciE;OEOf;VBQzQ
which may be useful for comparison purposes. o !

L, Borrowed "Exchange Service Telephone Rates) published by tt National isso~
ciation of Regulatory Utility Commissioners from Bea Gray, It gives figures on
total telephones, as of June, 1970, in cities of 50,000 or moreo(1960 census)
or the state capital plus the largest city 1f, like Wroming, no city porula-
tion ic grezter than 50,000, Listings are per state from 21 Bell companies :nd
10 independent telephone companies.and ranje in number from 2 (for lé‘stitC»j
to over 50 in Czlifornia. v




5, MNoted the statistics from Lho annual report of USITA,

United States Independent Telephone fissoclation

14373 Pennoylvanic Building

Wwashington, D. C. 2000%

(Exec. Vice=-president, Admiral William C. Mott).
Hal }illie has acked them for individual (11 in number) state maps of ince-
penderi t¢lephon® COmpany =OVETar ‘The annual report indicated that °7
revoriing ¢ompanles (rep~ ienting 924 of the telephones in servico of i
total 1£9% independent cc..panies) show 18,045,000 telephones (representi:
sbout 127 million subseribors).

6. Telephones in use, by states and separated into two categories, owncd
by Bell ¢ npanies or owned by all others (also listed per 100 populatic:n)
are given on page Lol in Yotatistical Abstract of the United States 1971".

I have a copy from the U.C. Government Printing Office Bookstore in Denver.

7. Maps of U.S.A. area coverage by General Telephone System and United
Telephone System (enclos~ ) were copicd from'Moody's Public Utility Menwol
1471,  rhoned (212 26700, FTS 212 460-0100) Robert W. Burke's officc
to find out if any more maps Were available, Was told these two systens
(cach involving 20 to 30 individual companies) were the only telephone
companies who had 5nelud-d maps with their financial status reports. Sent
xorox copies (March 16) to Hal Millie.

8, I reviewed the 1971 monthly copies of the Public Affzirs Information
Bulletin and recent copies of Public Utilities Fortnighly and the Bell
Journal of Lsnagement and Science, Items which might be of interest weret

a. The October 8, 1970 issue of the Fortnightly was devoted to the
independent telep.one industry, but the papers were more genci: .
than specific; anc had very little statistical data.

b, H. R. 12150 (Fet. 23-25, 1970, 9lst Congress, 2nd session, scurinl
number 91-81) by subcommittee on communications and power is con-
cerned with role of interstate and intrastate common carriers.

One article mentioned that Bell system has recently doubled cirouit
capacity of major microwave systems (6000 to approximately 12,000)
and circuit mile costs have dropped by about $20 in last 10 years.
reroxed an articlc A generalization of the logistic curves and
long-ranze forecasts (1966-1991) of residence telephones'; the
statistical approach might suggest ways to project future usage of
mobile telephones.

Fou 1 out that lMr. Reinking (phone 266-7507) is the Bell mobile tele-
phone representative in Denver--suspect he wovld have data on all
Colorado land mobile common carriers; however, these data can also
obtiined from listings at the Colorado PUC (1845 Sherman) as a consisi-
ency check on the machine listings (which Jean Adams will extract frou
the FCC tapes),if Jean feels this might be worthwhile.

3.
ole]




10, Cheek 4 Teleph 's Dir- vy of the Tolephone Industry at the CU Bu: . .55
Library. e latecccoeny they nod was 1907, Gives fairly complete listings of
telephone otireribs o with boih Bell wnd independent companies,  Called

Telepliony bublisning Corporation

608 S, Dearborn Strecet

Chicaro, T1lliaols (72005

312 Qul-rh35,

War Lolo 0 2671 Directory (<. @ curren. through April, 1971) is available
for 7n 7 af you ¢ ¢ connc. < irith U0 telophone industry) from

Miss Vivi:in Rydnn

Telephony Publishi:,  Corporation

53 W, Jeckson Blvd,

Chicage, 11linois (070N,
Asked & irloy Alldradze from or library co contact the Denver Bell Telephone
Libtrory Lo sce if 2 copy could ' o borre..d, but they didn't have the directory,

I senl o o ek to & . .ephony = reh 1. nsking for a receipt so I could turn
it iw v o purcho e requisitici to Lrt Stewart., (If he orders, the check has
to claz 71 wville, ©icey To . g in o delay of approximately six weeks.) ias.

Alléyedoc nis orderc’ a 1972 ooy (which 111 arrive in June or July) for the
librasy reference shilives.

I thirie this directory has the [..formaticn needed to plot company franchisr
coverase for all states in the U.5. 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. lave been checking semi-monthly 1971 and 1972 NTIS Government Reports
Announcements for reports which might provide information on, or maps of,
the U.S, teclephone company cov.roges.  the fields I am reviewing are
5B Documentation and InTor-ation Technology
5C Economics
5K  Sociology
17B Communication. .
This search will continue. 8o fer no reports have been found which would be
helpful to re on the telephonc iiive-line coverage maps, but a number have been
found on rclated items, such as new technolozy in the mobile radio and radio-
telephone rmobile 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
Generzl Tclephone and Llectronics International Incorporated
Suite 900-1120 Connecticut Avenue, N,W.
Washington, D. C. 20035
202 293-2800
to ask him vho might have infornation on the telephone subseriber coverage of
GT and E. #He said he knew they nad franchised areas in about 35 states and
gave me the Commercizl Service Jiirector's nuame as someone who might know of
coverage rups, So I called
F¥r, Donald G, Prigrora
212 551-1567
in lew York City. le was ouvl of towm, Lut lr. Hamm had called his office, wand
his secrctary had contucted M. Humes (oviension 1491), who had located a
map which they will copy and sera to me this week,
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getl Telephone Company of Pennsylvanio

1
2 The Chesopeake 2nd Potemnc Teiephone Company (D.C.)
¢ 3 The Chesapeake and Potomac Telephone Company of Maryland
4 The Chesapeake end Potomac Telephone Company of Virginia
§ The Chesipeake and Potomae Telephone Company of West Virginia
g Cincinnai Bellinc.
7 Diarnond Stete Telephone Coinpany
g Nhnois Lull Telephone Company
g Indiznd pell Telephone Company, Inc.
10 Michigan Bell Telephone Company
11 Mountain States Telephone & Telegraph Company
12 New Englend Telephore & Telegraph Company
13 Newvs Jerosy gl Telzphone Company
14 WNew York Telephone Compeny
15 Horthwesiern gell Telephone Compezny
16 Ohio Dol Tclephent Company
{7 Facific Tclephona & Telcgraph Comipany
18 Pacilic Wortheeest Belt Ti tent.one Company
39 Southern meil Telephione & Teigren's Company
20 South Ceontre! Bell Telephone Company

21 Souihor Mew England Telephonz Company

22 Southwesturn el Telop! one Corowny
23 ANisconmin Telephone Company

Ficure us—3 Operoimg Arcas Szrvad by Bell Telephone Companics
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Ficure US—5  Locations of Independent Exchange Areas in the United States

TABLE US-4

PRINCIPAL INDEPENDENT TELEPHONE HOLDING COMPANIES

Percent of ¢ ulative P :
Rank Holding Compuny Headquarters Independent Telephones  Independent Telzzm27es
1 General Telephone & New York City 46.13 46.13
Electronics
United Utilities Kansas City 11.42 57.55
Continental Telrphone St. Louis 6.68 64.2%
Central Telephone & Lincoln, Nebrocka 458 68.81
Utilities :
5 Mid-Continent Telephone Hudson, Ohio 254 71.3%
Corp.
Rochester Telephone Corp. Rochester, N.Y. ) 253 73.8%
Pu=rto Rico Telzphone Co. San Juan 1.41 75.00
lLincoln Telephone & Telegraph Lincoln, Ncbracka 1.06 76.25
Co.
Commonmwvealth Teivphone Co. (Matlas, Pa, 0.63 J6.07
10 Frarida Telephona Carp. Ocala, Florida 0.51 77,52
ext Ten 2.95 S
Spurce:  USITA




oL Us-11

CELL AN HIDEPENDLNT TCLEFIICIIS LY HHE UNITED STATES BY TYPE OF SERVICE

B3]} Systcm]

-

Independent Telephone Cornnanics”

1970 1enr 1015 1047 1e05 1970 1969 1983 1067 1957
(th oot by veent) (thousands and puic.ni)
I SIOAN SRS ‘ i 7oA 78,000 10,004 17,961 16,749 1L402 14,010
Bl S 45,10 L v ey 29,800 i0820 10,315 9,782 0,217 -
Fate 25,010 RO s G 17,200 35065 3,146 2,806 2,003 2124
riy L 6l % £ 71
Busing s5. thzin 8,114 7,670 1o 7,225 7,004 15622 1,444 1,356 1,262
{aterion 5,744 L,A00 6,151 4,805 4,008 1,382 1,282 1,182 1,070 ;
PIA 10,507 OGO 070, 8R¥ 9.715 1,681 1,600 1,460 1,398 ,
Certrux 3,007 25u6 200060 2,107 1,767
Pueiecat Doaiuutian
Troedefo, il Do a7 A 48.5 49. 50.0 53.0 57.5 58.3 53.5
{nosoual QU 200 ”u‘ 234 37.8 28.7 2741 25.4 23.7
2 Pany b 6.r 7.0 8.0 9.0 6.7 7.0 7.2 7.5
4 Perty 1.0 1.C 1.4 1.2 1.3 12.2 13.0 141 15.3
feotoporty 1.1 1.3 1.5 1.7 19 9.1 10.4 11.8 12.8
Exgension 24.5 236 231 224 21.7 18.3 17.6 16.8 159
PBX 0.1 0.1 0.1 0.1 0.1
Business: Main 8.4 8.5 8.5 8.6 8.8 75 8.0 8.1 8.1
Extension 59 5.9 59 5.8 58 6.9 7.2 7.1 6.9 74
PBX 108 108 11.0 11.2 114 8.4 89 8.7 9.0 8.6
Centrox 3.4 3.1 29 2.6 2.2
Droeunt Incree iU -} Over
Prioe Yeu
Residentizis hiain 3.1 3.5 34 34 38 49 5.3 6.1
Extension 7.2 g5 8.2 7.9 9.0 1.4 12.4 18.6 11.3
PBX {11.3) (4.7 (1.5) (8.5) 1.4
Busincss 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 - - - -
Totz! 4.2 5.3 5.4 4.8 5.3 58 6.6 7.1 6.3
Coin Telephones 1,468 1,447 1,415 1,395 174 165 155 145 139
Touch-']’onc3 Te:T.:',r)honr:s4 11,000 7,560 4,500 2,500 1,000 160 %) 40
{includad above)
Public Mobite Telephona” 30 27 25 23 19 9 8 7 6
g5 94 83 91 90 80 77 73 67 64

Percent Copisble of Direct

Distanc. Diling
Excluding Southe
Inciuces dats for ine sondant oot

dorarh of ATT

i New England -t und Cincinazii Bell inwhich ATT hasonly minority interest
Coompanics rporting 1o USITA; these eccount for 83% of all independznt teicphoncs

Regisiered tre

Estitiwted

R

Sources: ATT, USITA.
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AT TACTIMISNT 2

PRELIMINARY LMR COST, COVIERAGE, AND TARIFE DATA
Wes Harding
March 24, 1972

In order to malke recommendations in the area of Land Mobilc
Radio, it is necessary to be aware of the performance and costs of
current 150 and 450 MJlz systerns., The 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 suimmmary document
which is being preparced under another task., The cost znd performance
features of current systems arce important because these systems will
competle with new 900 Mz systems in areas where spectrum conges-
tion is not yet critical. This will impact on the rate at which new
systems arc introduced and thereby delay the completion of a truly
national system.

The cost data collected in this task were obtainc(i 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
MIiz RCC use is on the order of $1, 500 while an eleven-channel,
150 Mz 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 pcer mobile as a function of the number of mobiles in the
fleet for a typical 150 MHz single-channel system,

Figure 5 indicates the naturc of the cost trade-offs between
privatelyAO\‘v'nCd 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




arc given. Also plotted is the line corresponding to leasing the mobile
transceivers and obtaining service through a common carricr. With
allowence for operating expenses the break-even point appears to be
in the range from 1 {o 3 mobiles,

Since costs depend upon the coverage arca required, Iigure 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 2 150 MUz systermn would cover over twice .tbe distance
as a 900 MHz system with the same basic characteristics,

- Tariff information for mobile telephone service was obinined
from the Colorado Public Utilities Commission, This information is

summarizced in Table 1. It is planned to obtain similar information

from other arcas.
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Land Mobile Radio Spectrum
Requirements and Implications
Tulsa, Oklahoma Areca

March 23, 1972

sSummary
Proje. ions of demand {for LMR services in 1980, 1990, and 2000
for the Tulsa, Oklahoma SMSA were made by extrapolating from
data contained in the AT&T and Motorola filings. These projections

show a range of estimates between 13, 000 and 40, 000 users by 2000.

The spectral cificiency 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 {ew as 16 channels, several com-
petitors could be 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 ¢i the OT/PSD effort to provide analytical support tc tr.-

OTP in the matter of FCC Doc ket ]82(;/, a Pl‘t‘lixhinary analysis of

mobile communications for the Tulsa, Oklahoma, area was undert

Tulsa was chosen because (1) there is some question as to whether 112

complexity of the High Capacity Mobile Telecommunication System

1S

required on the grounds of spectral efficiency in moderately and smazll-»

sized cities, (2) the lack of a serious spectrum constraint may allow =

greater degrec cf competition, and (3) it was considered in the AT: —

analysis.
2. Tulsa Demog raphy

According to the 1971 Statistical Abstract, the Tulsa Standard

Metropolitan Statistical Area (SMSA) had a population of 477,000 in 1577,

L

The Tulsa SMSA is composed of Creek, Osage, and Tulsa etunties and

covers a total of 3,781 square miles. It ranks 68th in terms of SN/

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 combin

in Table 1 with similar data for Philadelphia and Chicago. Note the sicni-

ficant differences in population densities.
3. Mobile Radio Demand

The required spectral efficiencies and the costs per mobile unit

)
"t
D

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 popul

aticn

using data from the filings.

The population of the Tulsa SMSA was estimated as follows::




Table 1

SMSA and City Areas and Population
(From 1971 U.S. Statistical Abstract)

SMSA CITY
Areca Population Area Population
(Sq. Mi.) (1000s) (Sq. Mi.) (1000s)
Chicago 3,720 6,979 222. 6 3,367
Philadelphia 3, 883 4,818 128. 5 1,949
Tulsa 3,781 477 171.9 332
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Population (1000s)

Year
1980 1990 2000
High Est. 556 648 750
Low Ist. 528 577 620
These cstimates 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 Oklziioma was slightly less.
The U.S. population growth was based on the Series B (high estimate)

~

and scries E (Jow 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 7 million for thesec
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
]40\\’ ]L‘St. 5, 330 5, 840 6, 280
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Using the low and high population estimates with ATE& T's low and higl
market estimates from Figure 1, respectively, gives estimates of the

number of pcople per mobile as follows:

Number per Mobile

1980 1990 2000
High Pop. & High Mkt, Ist. 40 29 19
Low Pop. & Low Mkt. Est 89 65 48

Using these same ratios with the projected Tulsa SMSA population produces

-the following cstimates of demand:

Mobile Users (Tulsa)

(1000s)
1980 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
are 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. 1If the
1@

former is the case, it would allow other uses to be made of part of (]

40 MHz allocatcd for private systems (e, g., it could be used by RCCs).
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L=

Returning to the question of demand in Tulsa, it would appear

4 ,._‘,'..',_

the projections made in the previous section are not inconsistent

projections inferrced from the Motorola estimates for dispatch sex”

Motorola also makes projections of demand {or mobile tel- ons
service in Chicago. They estimate 25,000 subscribers by 1980 arc

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. Tre==

tter {igurcs were obtained by noting that MTS represented 147 and 2<°

ia
of the tot=1s in 1980 and 1990 for the "optimistic" projections (Figure
These percentages were then applied to the results in the previous se-~’
It is difficult to get the corresponding percentages for the '"pessimistic

AN e

projections because of poor resolution on the graph. However, tne M_.5

percentage is even lower for the pessimistic case. This would tend to

narrow the difference. Because Motorola assumes a saturation e’“ect

beyond about 1988, the difference will be greater by the year 200C.

Again it would appear that the Motorola near-term projectiors

not inconsistent with the estimates made for Tulsa in the previous s

4. Mobile Radio Supply

There are two aspects of LMR supply to be considered. One is the

different system configurations and the second is the institutional arrarge-

ments. These will be considered in sections 4.1 and 4.2, respectively.

4,1 System Configurations

In this section, spectrum requirements for alternative syster:

configurations for both dispatch and telephone type service will be consic

first. Then combined systems for the two will be evaluated. Disting=ishin:

between dispatch and telephone service requires separate demand sche

for each. These were obtained by applying the ratios of telephone user
dispatch users in Figure ] from the AT&T filing to the forecasts ol mosile

users for Tulsa in section 3.1. The results are as follows:
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Mobile Users - Tulsa S\SA
(1000s)
1980 1990 2000
b T Telephone 2 : 5 18

SRt e o 12 17 22
§ st Telephone 0 .5 2
HOW, LSt Dispatch 6 8.5 11

4.1. 1 Dispatch Services

Three system configurations for dispatch service will be consicde==--

(1) conventional private systems sharing individual channels, (2) 2 com— .

user system with a central base station and pooled channels, and (3) a

dispersed array or cellular system. For this analysis it will be assun-:
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 th=

CooT

projected number of mobiles using dispatch service is as follows:

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 with

|3

ne

other users if he has only a few mobiles or, if he has a large fleect,

may have cxclusive use of one or more channels. For single channel

syAstems the blocking probability (Pb) is approximately equal to the tra:i-
carried in Erlangs. For a 5% blocking probability the average waitin:

time to get onto the channel is negligible and at 50% it is one mess 1ge
duration or 25 seconds in this case. The number of channels reguired

to handlc (he busy hour traffic estimated in 4.1.1 is:




' :
1

Tulsa SMSA
Busy Hour Channel Requirements
1980 1990 2000

960 1360 1760
96 136 176

480 680 880
48 68 88

For two frequency simplex operation, each with a 40 kHz bandwidth, the
¢th required per channel is 30 kHz. Ccnverting the above table to
bandwidth required gives:
Tulsa SMSA
Busy Hour Bandwidth Requirements (MIlz})

1990 2000
' P .05 . 108. 8 140. 8

ioch [£st.
High E Py, = .50 . 10. 88 14.08

Py = .05 54. 4 70. 4
P, = .50 3. 84 5. 44 7.04

Low [Est.

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 be the case in Tulsa, however. In figure 4-2 of
their Technical Report, AT&T indicates that they will provide coverage
of about 500 square miles (miz) in Tulsa. This is considerably less than
the area in the SMSA (3,781 miz) but about three times the area of the
city itself (172 ﬂ’liz). Private system coverage for a 500 nﬁz 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 {t 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 | 5UV and 90% coverage). The required
mobile {ransmitter power conld be reduced by a higher base statios
antenna or through the usc¢ of remote receivers. A map of the Tulsa
area with 13 mile and 20 mile coverage radii are shown in Figure 2.
4.1.1.2 Common User System with
Central Basc Station and Pooled Channels

In this system, each niobile is equipped to operate on 2 or more
shared channels so that he has to wait only if all channels are busy,
This is similar to the current AT& T IMTS system. Access to a number
of channels (trunking) permits a dramatic increase in traffic carried for
the same level of service. At the 59 blocking level, 16 independent
channels would have a capacity of .08 Erlangs but with trunking the
capacity would be approximately 10 Erlangs. 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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Map showing coverage of Tulsa with
radii of 13 and 20 miles.
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The largest hexagonal cell proposed by AT&T has a radius (r) of

4.2 miles and the corresponding coverage arca (A) is computed as follows:

A = r2/3%45.8miz

N w

The 500 mi area could be covered with 11 cells. Four of these could
reuse channels in other cells since the basic pattern proposed by AT& T
uscs 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 channels
per cell and with mobiles having an 800 channel capability, each cell
would be capable of handling an average of over 84 Erlangs of traffic

(5% 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
Bvusy Hour 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




-
the higher utilization possible with pooled channels and multi-frequency

mobile transceivers. At a 2% blocking probability (the AT& T desien

goal), les: ‘han 80 channels (or £.4 MHz) would be required to provide
for the (0 t'rlang low estimatc for the year 2000. The high estimete of
540 Erlangs for the same ycar wonlid require on the order of 600 charrels

or 48 MHz=,
4,1.2.2 Cellular System

Using the same approach as in section 4.1, 1.3, each of the 11 cell

u

could carr, an average of over 80 Lrlangs of traffic at a blocking prohabhiliny
of 5%. This indicates more than adequate capacity for the 540 Erlang

maximum cstimate.
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 considerecd in
this section. Separately the systems would require the following amourts

of spectrum:
Estimated Spectrum
Requirements (MHz)

1980 1990 2000

_ Telephone (P, = 29%) 6 15 48
High Est. pigpatchs (P, = 5% 6 9 12
Total 12 24 60

Telephone (P = 2%) 0 2 6

Low Est.  pigpatch* (P, = 5%) 4 5 6
Total 4 T 12

#*Based 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 truc when a gencrous allowance is made for channels which cannot

be assigncd 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 spcctrum 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 SAJ,

The spectrum requirements of section 4 will be confirmed
using the computer simulation model.

The costs of the automated, trunked system will be analyzed

so that the cost-supply curve can be compared with those of

the cellular system.




- 14 .
Using some simplified rules of thumb for demand (i.e., the

number of telephone and dispatch users per 1,000 of population)

the spectrun requiremcnts for each city in the U.S. will be

estimated ard 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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“ceet GRID SIMULATION  DYNAMIC MODEL
XDS S40 VERSION MARCH I, 1972
3-24-72 823

++GRID DIMENSIONS
NX !
NY !
DS 1

e o1

++SPACE DIVERSITY FACTOR
RHO = 10290,

++NO, OF CHANNELS PER STATION
NG =

++NO, OF RECEIVERS PER STATION
NRS = 1

++N0, OF CHANNELS FOR SYSTENM
MAXCH = @0

++AVG, CALL LENGTH (SEC)
HOLD = 19

++CALLS PER HOUR
CPH = 2@

++QUARNTIZING FACTOR
KOF = 2%

++READOUT TIME (MIN)D
’ ROT = 30

++RANDOM SEED
IK =474926

QUEUE OPERATION? YES
GAUSSIAN DIST.? NO
BLOCYX AREA CRITERA? NO

NO SORT MODE.

TIME = 59,98 MIN. KTIC =
CALLS PER HOUR: 17.01

AV, TIME ON SYS.: 29%.45 SEC.
COMPLETED CALLS: 17
TRANS, ON SYS.: o
TRANS, IN QUEUE: )

CALLS DIR.,PLA,: 83

CALLS REQ.N WAIT: 13
AVG,TRN, ON SYS.: 11

CALLS GOING TO O 13.27

CALLS TO A/REC LIt .0
AV,TRN, IN O: .01

AV, TIME IN QUEUE: 18,42

Q HIST,: 5 !

SINCE LAST REPORT:
MAX. TRAN, ON SYS:
MAX, TRAN, IN 0:
MAX TIME IN O

AV, TIME IN QUEUE:
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TECHNOLOGICAL ALTERNATIVES
AND IMPLICATIONS

Gene G. Ax

111 swmmarize some of the major technologicz-
primzry companies and &3
the FCC in conjunction
7 concerning land mobile radio communications in the 02
spectrum. In this interim paper, an attempt will
the various technological alternatives, as expre
further. In the final report, I hope to offer some of my own thousrz
these and other technological alternatives which have not been
sddressed. TFor example, multiple-access techniques, such as RADA
will be considered along with others that may be discovered 1
literature and from discussions with government and industry perscrt
Tf it appesrs desirable, and can be accomplished rather easily,
measurements may be made. For example, it may be possible to assecs
effect of flat fading on single sideband amplitude modulation
in the 900 MHz mobile environment by sending a voice message throush =hs

channel simulator that ITS has.

2. AT&T

tekern TrcoT

Technological alternative system ideas by this company are

Appendix B entitled "Alternative System Concepts" from their technical

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 resCuirCss
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 diversizy
to minimize the frequency-selective fading of the mobile

~ 4
1G.

environmen




Pulse transmission techniques would add a degree of
privacy because it would be hard to synchronize to a
particular channel.

Hurdware complexities of frequency-division multiplexed
systems with closely spaced channels could be avoided by
multiplexirs in the time domain (as would be necessary
with PAM

| 441

-y
1

System-operating algorithms and channcl arrangements could,

through software changes, adapt the timing of the system

to better match particular propagation conditions.
B o

2.2 Deterministic Coverage Plan

This plan represents a refinement of their regular contiguous 1}
cellular system that is based on a statistical description of the radio
propagation cffects. 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 meke 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.




2.3 Frequency-Division Maultiplex
A comparison of required transmitter powers and speciruzs Jor .0 ZLL.

FM/SSR, SSB/CS

averagc Sigui

interference. Thei -
1‘(’.(1\1"’!“.‘ les trensmitter x r than anj £ the othe three z-3 - Tazs

spectrun than for FM/FM and 7i/SSB for the UHF mobile telephcrns =zuTllizztizz.
Flat and freguency-selective fading aff'ects SSB/FM less sericusliz ~rz-

o .

does the others. Flat fadinug seriously affects SSB/SSB arni frzsusr:-

selective fading rules out F/FM and Ff/,?B for the high czpzcizi 1771z
telephone syotem.,  Intermodulation car be a more serious probls- -~

- e / . 2 o QT e R - . o oo
SSB/SSB, FM/:iil, and FA/SC; since higher peak transmitter powers =zr:
required. It is emphasized that these techniques are analyzed fr -r=

“ion technigues.

absence of dive

It is claimed that the four types of systems considered hzrz zrz --=

common types that would normally be considered for mobile radio zcroiisz=i--:.

2.3.1 Spectrun and Power Requirements
They point out that if one used TM/FM, rﬁ/gSB, or SSB/SSB i
conventional SSB/FM from base to mobile that the two-way bandwidiz rscuf-zZ
could be reduced between 25 and 50 percent. FM/F4 or FM/SSB are nzc=
feasbile for mobile to base transmissions ang SSB/SSB suffers severel-

from flat fading. The 25 to 50 percent bandwidth reduction, hcwzver,

comes at the expense of a peak transmitter power requirement *hz: s o=

15 to 20 dB greater than that required for the SSB/FM choics te esnsifzcsl
The peak power advantage of SSB/FM over SSB/SSB primerily res:l=s “r—=

the signal-to-noise ratio improvement one obtains with FI over -7 “-=

the large modulation index (~U4) planned for the SSI B/FM technizus in <hzis

is because of the small modulation index (~0.06) for
FM/FM and TH/SSE would have to occupy approximately twice as much zzni<i--
as SSB/FM in order that the same peak powers would be required. —ris rzi-
obtained %y‘ﬁhc increased bandwidth would be accompanied by far »i-r=r

thresholds thaon Tor SSB/FM channels.
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<.5.2 The FEffecct of Flat Fading

The effect of flat fading on SSB/SSB is such that it renders it unusable
for mobile radio =zt UHF and higher frequencies., Thé fading signal has the
effect of mixing the time variable transmission coefficient of the mediwnm
with the d=cir 1 modulation. At these frequencies Doppler frequencics
(and their hwrnJ;jws) are on thie order of audio frequencies. Thus, the
distortion due to fading is not easily removed by AGC techniques. It is
claimed thet even several bLrunches of diversity reception does not make

SSB/SSL wsable for telephone aunality communication.

I "

flat fading on FM/FM, FM/SSB, and SSB/FM is approximately

their FM thresheolds are gbout 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.%  Co-channel Interference
For efficient utilization of the spectrum each channel should be
reused as of'ten as possible geographically., This is limited, of course,
by acceptable co-channel interference. The important point here is to

note that SSﬁ/GSP 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 proposcd SSB/FM system.




2.3.5 Recciver Intermodulation
It is claimed that SSBE/SSB has an intermodulation interference that
is from 45 to €0 dB higher before demodulation than for SSB/FM and that
the capture effect of SSB/iM gives it an even greater adventage. Likewise,
¥MM/FM and F//SSB should be wnoffected by intermodulation interference unless
other multiplex transmissions of approxirately equal strength originate from
the same bzsc station where the intermodulation interference could again

be 45 to 60 dB higher than fcr SSB/FM,

2.4 Comments

Q

A disconcerting aspect of the whole appendix on "alternative sysiem

0!

concepts" is that only one direct reference is given. 1In 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. MOTOROIA, INC,
Alternative system concepts by this company are taken from Appendix 3

of their submission to the FCC on December 20, 1971 [2].

3.1 Techniques Applicable to Multi-channel Systems

They feel 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 FDM/FM Multiplex

3.1.4 Single Sideband/Master Carrier System

3.1.5 Time Division Multiplex

3.1.1 Combining on Single Antenna
A common lLechnique for combining multiple transmitters on a single
- Ty ]

antenna is that used by the Bell System with their IMTS mobile telephone

several levels of approximately 3 dB isolatiou




pads; the number of pads halvivg at each stage from the transmitters

LA O

4

the antenna. For possible systems at 900 MHz the transmiiters wers

S~

limited to four 500 watt units on a single antenna giving 100 wat*

o

pover frow ool transmitter inio the common antenna.

on Power Amplifier

A tvenly-channel system is aznalyzed here to show that the peasi:
phenomena of cowmon power amplifiers along with reasonable interrmos-:
specifications for these amplifiers requires amplifiers rated 2%
high powers in order to mairizin acceptable adjacent channel interz»
levels. This 1s true, according to the analysis, even when a guars ctanz
as wide as the occupled speclrum is used between the groups of
They maintain that there is little practical hope for a common

approach.,

3.1.3 FDM/FM Multiplex
This technique of combining several SSB channels together

modulate a single carrier solves the common antenna problem very nicesl-:

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 multiplicetive
channel distortions).

Danger of interfercnce to channels in other blocks if the
deviations are not properly controlleqd.

Poor signal-to-noise ratios in the higher subchannels,
3.1.3.1 Field Tests

A field test comparing a

“modulation index of 0.35 with a conventional single channel narroviz-=

FM (5 Kz deviation) system was made. Receiver noise figures were <=

same for both systems. These field tests substantiated numbers 1 =-

.ok

of the reasons given above for the FDM/FM system not being a googd

!

candidate systen:.
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Single .idcband/ﬁtstcr Carrier System

In the intercst of possible spectrum economy and erasure of the common
antenna problcom an S5B multiplex system with a master refercnce carrier
was considercd. 'his system was considered to not be usable for the
followi ng reasons:
interference due to fading.

T
2. Poor signal-to-noise ratio performance.

3.1.b.1 Field Tests
Listening tests comparing this multiplex system to the reference narrou-

g, The tests

o

band ¥M system were made and found to be disappointin
substantiated items 1 and Z sbove. 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
enviromment 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
enviromment. 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.
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h.1 BEIA
This section will summarize appropriate points of the submission i{o
. . OnCA . T . .
the FCC [3] concerning Docketl 18262 by the Land Mobile Communicalions

Section of the Industrial I'lccltronics Division of the Electronic

Industriecs Associntion (ETA).
L. I'requency Modulation
They concluded that frequency modulation provides the optimum

spectrum utilization in the land mobile service.

.2 Multiplexing
Mulliplexing and other [orms 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 distortion.
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