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EXECUTIVE SUMMARY

The Second Report and Qrder in the proceedings relating to Docket No. 18262 published by the
Federal Communications Commission (FCC) in 1974 promised relief of the long-standing frequency
congestion problems of the law enforcement communications community. Concurrently, fundamen-
tal revisions to the procedures and policies by which Taw enforcement agencies obtain access
to the 900 MHz portion of the spectrum were made. ‘

These proceedings allocated 30 MHz for all elements of the land mobile communications commun-
ity, including law enforcement. Of the 600 channels possible in this portion of the spactrum,
100 were allocated for conventional systems, 200 for “trunked"l/ systems, and the remaining
300 held in reserve. New ground rules were established for the assignment of these frequencies.
Block assignments reserving specified frequencies for designated classes of users such as law
enforcement agencies were not authorized in this band. No provisions were made for local fre--
quency coordination. The procedures at 900 MHz call for the FCC staff to use a first come,
first served assignment technique based upon Commission-established standards of channel load-
jgg. kTgﬁ Commission also mandated that all systems requiring more than five channels be
runked".

These and related concepts were developed by the Commission in recognition of the rapidly
expanding spectrum requirements of the land mobile communications community. Its. stated
intention was to apply modern technology to the problem-of the growing demand for a finite
amount of spectrum. But the impact of these policies, together with the eéngineering:questions
pertaining to the technical suitability of this newly available spectrum have, heretofore, not
been considered in light of the specialized communications needs of law enforcement agencies.

In February 1977 the Law Enforcement Assistance Admipistration (LEAA) recognized that many
technical, economic and managerial questions about this newly available spectrum and related
frequency assignment philosophies must be answered before the potential benefits inherent in
Docket No. 18262 could be fully available to the law enforcement community. Under LEAA Grant
No. 77 SS 992 6009 the Associated Public-Safety Communications Officers, Inc. (APCO) was re-
quested to analyze these problems, make appropriate recommendations for future actions, and .
describe a program to demonstrate the potential capabilities of these new concepts. :

In this study (called Project 16), APCO has determined that these frequencieé do, in fact,
present the opportunity for significantly improved spectrum availability and.communications
system performance for law enforcement agencies. Conventional type 900 HHz equipment is now
available. It is relatively cost effective and functionally suitable for installation, main-
tenance and operation by many law enforcement agencies. The 900 MHz spectrum offers a major -
opportunity to alleviate much of the spectrum congestion that has long afflicted the public
safety communications community. . :

On the other hand, the present regulatory environment for 900 MHz as established in Docket

No. 18262 poses certain difficulties that may impede the effective utilization of this vital
portion of the spectrum. The absence of block allocations, coupled with the elimination of the
requirement for local area coordination, can seriously ‘jeopardize the implementation of inte-
grated and cooperative systems. The first come, first served frequency assignment pol”” .
threatens potential access to these frequencies by the tax-supported members of the la... .obile
community. The rate &t which the business and other economically flexing elements of the

larid mobile community are moving 'to these firequencies raises- serious questions regarding the
eventual availability of frequencies for law enfarcemegt agencies. that are faced with the time-

" consuming financial processes that must be complied with by tax-supported entities. . 2

Vi

The question of trunked system implementation by public safety agencies has proven to be highly
complex. The potential for improved spectrum utilization that might result from trunked system
technology in the law enforcement sector has not been demonstrated in light of the specialized
law enforcement operational needs; nor is the responsibility of the taxpayer ta support these
‘potentially more costly systems, even if perhaps they are more spectrum-efficient, been.estab~ ”
Tished. o : S e » ,

e

1/ See Chapter I for definitions. & : (1f S o ’ e
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While improved spectrum efficiency may result from such systems, the degree of improvement
attainable seems largely dependent upon the number of units invelved in the system. Trunking
systems with fewer than 300 mobiles offers Tittie improvement in spectrum utilization. Trunk-
ing larger systems, under present standards of loading, offers only marginal improvements in
possible channel availability.

Little spectrum-related benefit derives from trunking heavily loaded channels. Improved spec-
trum utilization is not likely to resuli from trunking the existing number of channels of a
major metropolitan system that is currently loaded with 100 or 150 mobile units per channel.
Overall increased spectrum utilization, while maintaining @ present or an improved level of
_service in such systems, is more likely to occur in large municipalities if multi-agency sys-
‘fems can be developed. Systems in which the communications needs of several (or all) agencies
of a given unit of government could be united, such that 1ightly loaded channels can be com-
bined with the heavily loaded law enforcement channels {incorporating the time phase difference
of periods of peak loading), could provide opportunities for improved spectrum utilization by
using trunked techniques. Similarly, the combination of several agencies of different but
contiguous units of government also offers the possibility of providing the system size and
channel availability needed to make possible improved spectrum utilization through trunking.
Both of these options present significant management, political and economic probiems.

A most important result of this study has been the identification of significantly improved
operational possibilities that are inherent in the trunked system concept. Such systems, em-
ploying digital address and control channel techniques, make possible system configurations
that offer greatly increased flexibility, multiple address system organization, automatic
priority designators, multiple system control points, channel redundancy, fiexible system ex-
pansion capabilities, and other advantages yet to be identified. These techniques can greatly
enhance the functional capabilities of law enforcement communications systems. The trunked
system concept currently wandated by the FCC offers the possibility of satisfying law enforce-
ment communications needs for the next several decades.

Project 16 recognized that the technologies required to implement these trunked systems exists

today. The principal impadiment to their immediate application is the need to identify those

necessary functions that this technology can provide and to configure a system that demon-

strates the improved operational capabilities that are possible. Project 16 concludes that

the federal government should provide the initiative needed to develop a demonstration system

that will make potential users aware of its capabilities and resolve those engineering ques- §

tions inherent in the implementation of new technologies.

The study recommends that the federal government initiate a program to develop a model trunked
system demonstrating those operational featyres having particular application to law enforce-
ment communications needs. It also recommends that the feideral government absorb the costs
associated with system development, test, and technology transfer, and that the selected model
community bear those cgsts associated with hardware manufacture and installation.

Project 16 has answered many of the questions relating to the opening of the 900 MHz spectrum
to law enforcement communications needs. It has pointed out certain regulatory areas that need
modification if these frequencies are to be most effectively used. It has shown that the
equipment needed for conventional, traditional type 900 MHz systems is available today. But
perhaps of most importance, it has pointed out the potential of trunked, 900 MHz systems to
exploit existing technologies in a way that will provide new systems configurations that will
accommodate the operational needs of law enforcement agencies during the coming decades.
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INTRODUCTION

The opening of the 900 MHz spectrum for use by The lana mobile radic community

by the Federal Communications Commission in its proceedings in Docket No. 18262 *
was a landmark event in the history of mobile radic in the United States. By"©

this action the FCC almost doubled the amount of spectrum available to the land

mobile radio services, offering a long-awaited hope of relief from constraints

on system design caused by the Timited number of available freauencies. ) @

In this proceeding the Commission laid a foundation for the future of mobile
radie. It authorized the development of "cellular systems" which may scme day
make possible the establishment of a mobile radio system able to serve-the gen--
eral public much as the public telephone network does today. It set aside ~

40 MHz for the development of these cellular systems.

The Commission provided for the growth of private Tand mobile radio systéms by
establishing two 15 MHZ bands (806 MHz to 821 MHz for base only, and 851 MHz

to 865 MHz for mobile only)l/ for use by the Tand mobile radio services. This
30 MHz provides sufficient spectrum for the eventual assignment of 600 two-way
voice channels in the land mobile radio service. N B
In this action the FCC did much more than authorize much needed spectrum’for -« .
Tand mobile use. It radically altered many of its long-standing concepts’of how
this spectrum would be managed and how these frequencies would be assignedy The
Commissiogn did away with block allocations at 900 MHz. That concept, long in
use in the lower bands, reserved specific frequencies or groups of frequencies
for use by specific services, to the exclusion of other users. 1In lieu of this
block allocation concept, the Commission established a "first come, first o
served" frequency assignment procedure whereby all authorized users, regardless
of service, would be assigned frequencies by the Commission staff in the order
of the sequence of their license applications, based upon channel loading stan-
dards establisined by the Commission. . .

€y

The Commission also mandated that the larger systems (those with loading re-
guirements justifying the assignment of more than five channels) must employ -
trunked 2/ system technologies. These trunked systems would be based upon
automated computer controiled switching technologies that could instantaneously
select an unused channel from among any of those assigned to the system, rather
than rely upon discrete assignments of channels to individual mobile units or
groups of units.

The Commission explained in the Second Report and Order restulting from Docket
No. 18262 that it was pursuing these policies in the interest of increased .
"spectrum efficiency” and improved spectrum management. It made clear in publi¢
statements made in connection with Docket No. 18262 that it foresaw a great
growth in the demand for mobile radio systems, and that in view of the finite-
Timits of the available spectrum, the Commission was detérmined to exploit the
resources of technology and management policy to best use the available spec-
trum. : T > :

The Commission recogrized that the trunked technologies it had mandated are
1ikely to be expensive and, in some cases, might only be justified by some form

1/ This newly available spectrum has been referred to by Several appellations during the
- development of Docket No. 18262. Technically, it is a portion of the UHF band and. cur- -
rently it is frequently referred to as the "800 MHz" band or the "860 Mi{z" band. During much
of the period in which Docket No. 18262 was active, the entire portion of the spectrum under
consideration in that Docket was widely referred to as the "900 MHz" band. In deference to
this historical precedent, this Report will continue to use that term to designate that portion
of the spectrum available for land mobile radio service use between 806 MHz and 870 MHz.

2/ For definitions of this and similar terms used extensively in this Docket, see Chapter I.
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of cooperative or common user management organization. To this end it author-
1zed the establishment of Special Mobile: Radio Systems, or SMRSs. These SMRSs
would not be licensed as common carriers regulated by State Publiic Utilities
Commissions. They would be authorized to provide base station services to only

“those users who are individually licensable in their own right.

The compiexity of the Docket No. 18262 proceeding§ posed significant questions

.concerning the Commission's policies affecting spectrum management. While these

innovative policies had leng been discussed in the near decade of argument
preceding the publication of the Second Report and Order resulting from Docket
Mo. 18262, the impact of these new policies upon the special needs of the public
safety sector, including the specialized needs of law enforcement communica-
tions, was not clear. What are the effects of the elimination of block fre-
quency allocations? O0f first come, first served frequency assignments? Does
the Commission have the resources to support the frequency assignment program?
Will frequencies be available when tax-supported agencies have finally obtained
funds for system implementation?

As with any innovative technology, engirneering questions need answers before new
systems can be installed. What are the propagation characteristics of these
frequencies? Is equipment availabie and what will it cost? <Can it be maintain-
Edlgsg?g?available skill Tevels and test equipment? 1Is it safe to operate?
elfable

The mandating of trunked systems technology raises additional problems for those
considering designing large systems. What are the potentials for improved spec-
trum utilization? How many trunked channels will be adequate to replace a given
number of conventional channels? What is the availability of the equipment?

How will such systems work, and what will they cost? What will it cost to. de-
velop and demonstrate the technclogy and who should pay for it? What role will
the SMRSs play and how can they be &applied to public safety needs?

& related family of questions of special interest to law enforcement and other
public safety agencies springs from the operational potentixlities of trunked
systems. Given the development of this concept of mobile sommunications system
design, what are the possibilities of new approaches to equipment design and
system configuration to improve the operational capabilities of the using agen-
cies? Considering the developmental "break point" inherent in the introduction
of trunked systems, are there other technological or conceptual innovations that
might be introduced concurrently?

The Law Enforcement Assistance Administration (LEAA)} recognized that these and
related questions must be resolved before the newly allocated 900 MHz frequen-
cies can be fully applied to the introduction of modern law enforcement communi-
cations systems that are responsive to the growing demands being imposed upon
them. LEAA also recognized that the adaption of the technological potential to
the command control needs of the law enforcement community would likely call for
a comprehensive, formal development program that included schedules, budgetary
estimates, and identified management, fiscal and technological responsibilities.

In February 1977 the LEAA provided Grant No. 77 SS 99 6009 to the Associated
Public Safety Communications Officers, Inc. (APCO) to develop answers to these
and related questions. APCO was also called upon to outline the objectives,
schedules and costs associated with a program to demonstrate thée operational
and technological capabilities inherent in the trunked system concept.

APCO, as the oldest and largest association of public safety communications
supervisors, operators and technicians, possesses special capabilities in this
area. With its voluntary membership that includes system user responstsilities
operational experience, and technical expertise, it is in a unique position to
provide policy level insights and technical judgments, unbiased by economic
self<interest, moderated by the awareness that its members will be those most
affected by the conclusions reached.

I-ii
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To accomplish this task, APCO established a task group comprised of the Board

of Officers assisted by the Association’'s Executive Director and the Project
Directar, %o provide overall project supervision and policy-level representa-
tion of the Association's membership. A second task group, made up of members
selected for their engineering skills and operational experience, was. organized
to provide technical guidance. Seminars were conducted during the regularly
scheduled Regional Conferences of the Association during which the membeghip
participated in discussions with Project personnel to provide insight into the
issues presented. A mail survey of the vendor community was made to determine _
the status of equipment development and 1ikely projected costs. Project person-
nel participated in conferences with representatives of the engineering and man=
agement staffs of several major vendors to determine the status, costs, poten-.
tial problems, and opportunities that they believed might be associated with
“trunked system implementation. APCO's retained legal firm of McKinnon, Wilkin-
son and Kittner provided a summary of the regulatory background considerations
and an overview of the final Report to assure conformance with regulatory con=,
cepts. A Project Director was assigned to the National Office of APCO, working
under the general supervision of APCO's -Executive Director.

The Report is presentied in five Chapters that describe the current regulatory
eryironment, analyze the applicability of 900 MHz to law enforcement communica-
tions, present the conciusions and recommendations that result, and recommends

a program for demonstration of a working system. The first Chapter presents the
historical, regulatory and 1itigatory background of Docket No. 18262, The sec-
ond preésents those factors, peculiar to the 900 MHz spectrum and the regulatory
environment created by Nocket No. 18262, affecting the applicability of this
spectrum to the satisfaction of law enforcement needs.. Chapter III describes
the operation of a law enforcement communications system and how trunked commun-
ication systems work. This discussion provides a basis for understanding how
these new technical and regulatory concepts relate to law enforcement systems .
needs. Chapter 1V 1ists conclusions developed by APCO regarding these issues,
and the recommendations associated with these conclusions. For the reader's
convenience, the recommendations are summarized at the end of the Chapter. The
fifth Chapter establishes the objectives to be attained by a demonstration sys-
tem, and describes a five-phase demonstration and technology transfer program,
inciuding cost estimates and schedules. :

The scope and complexity of the material presented in this document makes com-
plete assimilation at one time difficult. Each Chapter has therefore been pre-
pared such that it may be read alone. While this approach results in some -
redundancy, it is hoped that it will improve its usefulness as a source of
reference material. : .

Since the initiation of this Project, the Commission has seen fit to recognize

a number of the regulatory and spectrum management issues that now affect the
land mobile community. In its Docket No. 21229, published in June 1977, it
asked a number of gquestions regarding spectrum management proceedings, frequency.
coordination, and similar issues. APCO's response to this Docket, included as
Appendix I to this Report, presents a comprehensive overview of its position on
these subjects. ' i

The following document provides APCO's response to,,the issues and opportunities
presented by the proceedings of FCC Docket No. 18262 as viewed from the perspec-
tive of the public safety community in general and the law enforcement commun-
ity in particular. It is directed toward the management level. communications
system executive. While it is written in non-technical language, it assumes
familiarity with fundamental mobile communications concepts. A Bibiiography is
included to provide source material for those interested in pursuing the tech-
nical analysis upon which the report is based.
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CHAPTER I
THE 900 MHz REGULATORY BACKGROUND AND ENVIRONMENT

1. INTRODUCTION

1.1 . GENERAL

In a proceeding titled "An Inquiry Relative to the Future Use of the
Frequency Band 806-960 MHz", the Federal Communications Commission. took
steps to open a major segment of the radio spectrum for public safety -
communication systems and other members of the land mobile radio com-
munity.1/ Within the new spectrum allocatjon, the Commission determined
to require innovative engineering techniques and methods of frequency
assignments among radio systems as well as to continue some features of-:
established technology and spectrum management systems. The stated pur-

pose of these FCC actions was to devise and implement radio systems angd

technologies that would use the newly available spectrum-with hitherto

unachieved efficiency while offering a wide range of choices to eligible .

spectrum users.

Tq this end, the FCC did not limit the availability of 900 MHz frequen-
cies to the conventional individual and cooperative type of systams now

prevalent in other mobile bands - although such use is permitted at 5

900 MHz. Rather, the Commission encouraged the use of “"frunked" or
computer-switched technology in private dispatch systems, in which many.
users can share a number of frequencies by use of computer controlled
channel switching. Since these trunked systems might be more complex
(and t..refore more expensive) than single radic users might need or
desire, groups of eligible users and new, profit-making "Specialized
Mobile Radio Systems" (SMRS) were encouraged to design and operate
multi-user systems. For public mobile telephone service 2/, the FCC
mandated the provision of public mobile telephone service in the "900
MHz" band by sophisticated "cellular" systems that featured simultaneous
use of frequencies by small cells distributed throughout an-urban area.

The Commission's past practice has been to allocate b1ocks'of the radio
spectrum to radio services and then rely upon private radio service
coordinating committees for the actual frequency selection. In the case

1/ The land mobiie radio community includes all users of mobile radio or portable radio units-
which communicate with base stations at fixed locations or with other mobile units. In
addition to public safety radio users, major members of the land mobile community include bus-

iness and- industrial users, taxicabs, railroads and transportation companies, petroleum and
energy companies, all of whom use radio for their internal needs. Telephone companies and -
rag;q common carriers also offer mobile radio service and one-way radio paging service to the
public. f

2/ The distinction between public mobile telephone service and private-dispatch service is a' ’
constant refrain in the 900 MHz area. Public mobile telephone service offers two-way com-
munications between a mobile unit and any landline telephone or other mobile unit; generally,
public mobile telephone service is-used for personal or business conversations of 3-4 minutes
or more. Public service is offered by common carriers who are regulated under Title II' of the

Communications Act and Part 21 of the FCC Rules. Private dispatch service, on the other hand, .

is a valuable tool in the internal management of a business or government organization, and it
is used only for communication among officers and employees of the organization. :

Typically in dispatch service, a controller at a dispatch center communicates with a fieet -~
of vehicles or employees in very brief (roughly 5-8 seconds) transmissions related to the
business at hand. - Private radio systems may be operated by any eligible organization, as
specified in Parts 89 (Public Safety), 91 (Industrial), and 93 (Business and Land Transporta-
tion) of the FCC Rules, provided a license is obtained from the FCC under the applicable pro-
bisions of the Rules. : e B
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of 500 MHz applications, the Commission determined to have its staff
make all the frequency assignments froi one common pool of frequencies;
including those channels to be shared by licensees, where such sharing
might be necessary to achieve the level of channel usage, in terms of
the number of mobile units, it has set as feasible and desirable.l/

The Commission's decisions for the 900 MHz band were the result of a
concerted effort by the regulatory officials, with substantial support
from the land mobile industry, to go beyond the patterns of the past in
“the hope of achieving a more effective and efficient use of the 900 MHz
band. In particular, the authorization of the profit-making private
entrepreneurs (SMRS) to provide multi-user service and the selection of
all frequencies in Washington were decisions by the FCC designed to
shape the technical and organizational future of land mobile radio
use.2/ ’

Because of the broad scope of the 900 MHz proceeding, however, the FCC
did not explore or deternine the precise applicability of its decisions
to any particular radio service such as the public safety radio field.
In this study the Associated Public-Safety Communications Officers, Inc.
(APCO) proposes to evaluate the effect of the policies established by
the FCC for the 900 MHz band, including the applicability of the new
system and technology contemplated by the FCC for use in that band,

on tax-supported public safety radio users. It will evaluate the util-
ity of "trunked" technologies for multi-channel systems and the poten-
tial of non-profit and profit-making suppliers that might be set up to
provide these trunked systems. In additicn, it will evaluate the prac-
tical effect of the decision to abandon block or pool frequency assign-
ments to particular radio services and to remove frequency assignment
and coordination from the private radio committees which have been an
integral part of public safety radio planning and use.3/ As part of
this latter point, attention will be given to the staff method of
selecting frequencies by "vertical stacking" of systems on each channel
in turn and the resulting "first come, first served" licensing apparent-
ly without detailed consideration of the systems to be placed on each
channel. 4/

1/ The basic plan for the 806-960 band was announced in the Second Report and Order, Docket

No. 18262, 46 FCC 2d 752 (1974) and affirmed in a Memorandum Opinion and Order on Reconsid-
eration, 51 FCC 2d 945 (1975). The United States Court of Appeals for the District of Columbia
Circuit upheld the FCC in National Ass'n of Regulatory Util. Comm‘rs v. FCC, 525 F 2d 630 (D.C.
Cir. 1976). The Supreme Court refused to review the Court of Appeals decision, leaving it the
final word from judicial authorities on the FCC decisions in Docket No. 18262. (Cert. denied,
425 U.S. 922 (1976).

2/ Subsequently, however, the Commission has apparently reversed its decision to delete the

rule of the local frequency coordinator in its entirety. Practices and Procedures for
Spectrum Management in-the Land Mobile Services are governed by Parts 8%, 91, and 93 of the
Commission's Rules and are the subject of Docket No. 21229, Notice of Inquiry, released May 17,
1977. For APCO's Comments on this Docket, see Appendix I. o

3/ APCO performs the frequency coordination work for many public sdfer,” and local government
. radio systems applying for channels in the 150 MHz, 450 MHz, and 470 MHz bands.” In Docket
No, 21229, however, the FCC has begun a broad inquiry into frequency assignments in all land
mobile radio bands and into. the role of frequency coordination efforts. Notice of Inquiry, FC.
77-287, released May 17, 1977. ‘

4/ See, Chicago Spectrum Force 'Will Be Disbanded', Donal D. Kavanagh, The APCO BULLETIN,
August, 1976. '
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Chart 1.1 shows the principal frequency allocations authorized in the =
800 MHz to 1,000 MHz portions of the spectrum. : : .

1.2 DEFINITIONS OF TERMS

Through this publication, several terms-appear which'déSCFibe parts -
of yhg ECC plan for radio systems in the 900 MHz band. The following
definitions are provided for the convenience of the reader. '

Community repeater: a radio base (repeater)-station and antenna sys-

tem I/ built and operated by an equipment vendor or other party who is

..... o x

not licensed by the FCC. The base station and antenna -facilities are °
leased to organizations eligible for licenses under the FC{ rules, and
these eligibles obtain a license for the base station and antenna, as
well as mobile units and a control point from which the eligible's radio
system will be operated. Since the community repeater equipment may be
licensed to more than one eligible organization, the arrangemepnt is also
called “multiple Ticensing" of facilities for’private radio systems.

Radio common carrier (RCC): an entrepreneur who obtains a license for
base station, antenna, mobiles and control points from the FCC and then
offers mobile telephone service and one-way paging service to the pub-
1ic. In concept, the RCC s required to offer service to anyone who
crders it, and this public offering distinguishes an RCC.operation from
the private land mobile systems operated for the internal s~business com-
munications of the licensee. As'a general matter, RCCs and telephone
companies who offer public mobile telephone service and paging service
are regulated by state utility commissions as to their rates and terms
of service and by the FCC (under Part 21 of the Rules) for technical
aspects of service. ‘ ~

Specialiied mobile radio system (SMRS): accprdiﬁg to the Reconsider-
ation decision: . ;

Under this category we will license base station
facilities and make thHeir use available (under certain
restrictions and limitations) to persons eligible in
the Public Safety, Industrial and Land Transportation
Radio Services. The SMR system licensee may, in turn,
make these facilities available to either an eligible
individual or to a number of eligible individuals in
one or more of -the service groupings set out at
Sections -89.801 and 89.802 of the Rules.

Bt}

SMRSs are expecited to provide trunked systems for 6 to 20 channels;

mobile units and control points used with SMRS are to be licensed separ-

ately to eligible organizations. The differences between SMRS and com~
munity repeaters are the requirement for trunked operations with SMRS
and the direct licensing of the SMRS to operate the base station. and

- antenna facilities as opposed to licensing the community repeater cus-
tomer for the shared base station and ‘antenna facilities. The primary
difference between SMRS and RCCs is the requirement that SMRS ‘serve
only eligibles in Parts 89, 91, and 93 and not the general public, a
characteristic of SMRS operation that removes it from state and federal
common carrier regulation. : » : s SRR LI

o : o . . . "‘.‘
Conventional 'system: a conventional system <in the Commission's defin-
ition is: e ' : C g

1/ The base/repeater station is called a mobile felay station in ihe FCC Rules.
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A method of operation in which one or more radio frequency
channels are assigned to mobile and base stations but are
not employed as a trunked group. An "urban-conventional
system" is one whose transmitter site is Tocated within N
15 miles of the geographic center of any of the first 50
urbanized areas (ranked by population) of the United
States. A "suburban-conventional. system" is one whose
transmitter site is located more than 15 miles from the \
geographic center of the first 50 urbanized areas. '

Section 89.602 of the FCC Rules.

A conventional system must be operated by an eljgible organization or a
group of eligibles under Parts 89, 91, and 93 of the FCC Rules (the
private land mobile radio services), but some equipment may be supplied
and operated by an equ1pment vendor as a community repeater facility.
If more than one channel is involved, a conventional system operates by
discrete assignment of channels for specific periods of time by manual
means. A conventional system at 900 MHz is limited to five or fewer
channels under current FEC Rules; larger systems must use "trunked" or
computerized channel switching equipment,

Trunked system: The Reconsideration opinioh gives this definition:

- In simplest terms, a "trunked" radio system is a
radio communication facility employing between
five and twenty channel pairs. Channel access by
any user at any time is controlled by a computer
which assigns that user the first available channel
or places the “call" in a waiting line until a cir-
cuit becomes available.

~Trunked technology can be used with any system of two or more channels.

The FCC has required all systems at 900 MHz with more than 5 channels
to use trunked technology, based on the view that the switching tech-
nology is faster and more efficient than other systems.

Cellular system: a high capacity system in which a geographical area is

divided Tnto a number of smaller areas called cells. Radio channels are

assigned to each cell, and non-adjacent cells share channels in order tc

1imit the total number of channels needed by the system. When a mobile

unit using the system travels from one cell to another, its frequency &
is automatically switched by the base stations to accord with the fre- -
quencies -assigned to each cell. Under FCC Rules, cellular technology

must be proposed for any public radiotelephone system planned for

900 MHz frequencies. Developmental applications and s1mp11f1ed call or

pre-cellular: applications will be accepted in the early stages of the

900 MHz program.

Planned system: A planned system refers to a telecommunication network

configured to integrate the policies, procedures, equipment, and person-
ell required to fulfill the communication requirements of tax-supported
public safety entities. Such systems normally involve extensive time

for requirements definition, design and funding approvals, procurement,
implementation, test and cut-over. They are usually designed to satis-

fy-the total communications requirements of one or more tax-supported

agencies. They frequently involve coordination of responsibilities of
several agencies or levels of government and require the commitment of
financial and spectrum resources for protracted periods of time.
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2. THE DEVELOPMENT OF DOCKET NO. 18262 CONCEPTS

2.1 THE INQUIRY PERIOD ~ 1968-1974

The frequency band 806-960 MHz was originally assigned for use by UHF-
TV, certain industrial equipment, and government experiments.l/ By the
mid-1960's, however, investigations began into the use of the UHF-TV
frequency band and the government frequencies for the relief of crowded
lTand mobile radio services. The land mobile community had outgrown

original allocations in the 25-50 MHz and 150-160 MHz bands, even~thougm

the initial channels were split several times to achieve 1631 channels
in the same spectrum space.2/ Channels in the 450-470 MHz band were
allocated in 1949, split in 1966, and still crowded by 1968.37 The -
need for additional spectrum for long-term relief was voiced in Coh>
gressioral hearings, to the Executive Branch and to the‘FCC.4/

The search for new radio space to accommodate land mobile needs quickly
centered on the broad allocation given to UHF-TV, then a small and un-
successful service struggling with the preeminence of VHF-TV stations.5/
After considerable promoting from Tand mobile users and its .internal
Advisory Committee, the FCC announced two inquiries, one proposing
shared use of the lower portion of the UHF-TV band mext to the 450 MHz
land mobile channels and one proposing to reallocate the range of 806- -
89? MHz in the upper UHF-TV band for long-term land mobile spectrum
relief.

In the first inquiry, Docket No. 18261, the Commission proposed to allow
land mobile users access to one or two of the lower UHF channels (chan-
nels 14-20 or 470-512 MHz) in the ten largest urban centers.6/ The

1/ The UHF-TV assignment of 470-890 MHz was made in 1951. The band 915 MHz + 25 MHz (890-94C

MHz) was allocated for use of cértain industrial, scientific and medical (ISM) equipment in
1947. The government also used portions of the 890-942 MHz band beginning in 1958. At this
time, land mobile users shared bands. See generally, Frequency Allocations.25-890 Mécs, 39" FCC
5?7 %19643; Notice of Inquiry and Notice of Proposed Rulemaking, Docket No. Z, CC 2d
312 (1968). ; :

2/ Docket 18261, Second Report and Order, 19 RR 2d 1585, 1591-92 (1971}); U.S. Dept. of
Commerce, Electromagnetic Spectrum Utilization - The Silent Crisis at 12-13 (1966). The

expedient of making two channels from one was possible because of technical improvements to- <~ _

radio’ equipment that made it less Tikely to transmit and/or receive signals removed from the
assignment channel. , ’ .

3/ See, Channel~-Splitting in the 450-470 Mc/s Band, 11 FCC 2d 628 (1968). In this timé period <

Tand mobile users grew from 12,000 licensees (1949) to 290,000 1icensees operating three
million transmitters. Docket No. 18262, Reconsideration, 51 FCC 2d at 963.

4/ The Silent Crisis, supra; FCC, Report of the Advisory Committee for the Land Mobile Radio
Services (1967): Hearings on. the Allocation of Radio Frequency and ts Effect on Smal]‘Bﬁsz
iness, before Sub-committee 5 of the Select Committee on Small Business, 90th congress, 2d
Session §1968); Report=of the President's Commission on Law Enforcument.and Administration of
Justice (1968. ' ' : S

483 to augment the VHF

5/. In 1951, the FCC allocated 42b MHz to UHF-TV, set up as Channels"¥ : ¥
Channels 2-13. By 1964, however, only some 200 of the 1550 availabje UHF channels “liad ‘been
applied for. Frequency A}locations 25-890 Mc/s, supra, 39 FCC-at 5950 ' -

6/ Docket No. 18261, Notice of Proposed Rulemaking, 14 FCC 2d 297, 299 (1968). The 1owet

.channels, 470-512 MHz, were chosen for limited, immediate relief because of theirwproximjtig’

to land mobile channels in the 450 MHz band and the ready availability of land mobile equip--
ment for that band. With the remaining 69 UKF channels, moreover, the loss of one or two = =
chamels to Tand mobile use was nct considered fatal to UHF-TV movement.
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Commission stressed; however, that the 470 MHz channels would provid
only limited spectrum relief. To insure efficient use of the shared
channels, the Commission insisted upon frequency allocations to pool
of kindred services rather than discrete allocations to each radio s
vice.1l/ In addition, the Commission pledged a larger role for the
staff in selecting channels from the pools and enforcing certain opt
levels of mebile units for each channel (channel loading standards
Notw1thstand1ng these efficiency measures, the FCC and land mobile p
ies recognized the need for extensive long-<term relief through broad
allocations and more efficient radio technology. These objectives w
set as the goal of the Second Inqu1ry, Docket No. 1826Z, reallocatio
the 900 MHz band. ,

e

s
er-
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2/
art-
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In the First Report and Second Notice of Inquiry in Docket No. 18262,

the Commission rejected a determined defense of the upper channels b
broadcasting interests.3/ A tentative allocation gave 75 MHz of sp
trum to the wireline common carriers, primarily AT&T, for the develo
ment of "cellular" mobile telephone systems that could serve entire

metropolitan areas.4/ An additional 40 MHz of spectrum was tentati
allocated to the private lTand mobile systems of Parts 89, 91, and 93
long-térm spectrum relief and the impliementation of 1nnovative sys-

tems.5/ In making its initial allocations, however, the Commission
stressed the intended use of the new spectrum for new and more effic
technological systems, desp1te the zost and effort required in devel
‘ing the new equipment:

1/

government, etc.) was known as the "block grant" method.

y
ec-

p_

vely
for

ient
0p-

Docket No. 18251 Second Report and Order, 22 RR 2d 1691, 1693-95 (1971). The system of

Jdiscrete ass1gnments of a number of channels to each rad1o service (po]1ce fire, local

Its virtues were the assurance of

channe]s for - immediate use and for long-term planning by eligible organizations. Since some
services grew more quickly than others, however, the biock grant system produced a checkered

pattern of relative feast and famine unt11 all channels were filled.

The service pool concept

was meant to insure more flexible use of frequency assignments by'the sharing of spectrum among

related services.

Docket No. 20909, FCC 77-226, released March 31, 1977.

2/

In May, 1977 the remaining unassigned channels in the service pools were

. aggregated into a General Access Pool open to all private radio serv1ces Report and Order,

Id at 1698-1705. Notwithstanding this greater staff role, the radio service frequency

coordination efforts which facilitated channel assignments in the 150 and 450 MHz bands

were spec1f1ca11y endorsed for continued service with 470 MHz channels. Id. at 1704-05.

“as rapidly as expected, that its growth could be accommodated by more efficient spectrum use

19 RR 2d 1663, 1664-68 (1970). The broadcasters, represented chiefly by the Assoc1at10n

of Maximum Serv1ce Telecasters (AMST), argued that Tand mobile service was not growing .

and that the upper channels would eventually be used for broadcasting auxiliary stations.

supra; Frequency Allocation 25-890 Mc/s, supra.

Id. at 1665-67, ]673 As early as 1950, AT&T had begun arguing for a 1arge allocation
the UHF band for a broad-band, multi- channel, high-capacity system. UHF Allocations,

3/

* mob1le serv1ce was d1scussed in The S11ent Cr1s1s and the FCC's Adv1sory Committee Report.

19 RR 3d at 1665- 66.
1.6
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~ AMST studies were rebutted by The Silent Crisis and other studies cited, supra, and the Com-
m1ss1on reJected the AMST position. '
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The cellular concept for high-capacity public



“‘mon carriers,

The Commission is hopeful that AT&T, as well as -

others, will undertake a_comprehensive study of oo

market potentials, optimum system configurations
and equipment design louking toward the develop-
ment and implementation of an effective, high
capacity common carrier service in the band 806-
881 MHz.1/ Parties intending to undertake such
studies are requested to so indicate to the Com-
mission within 180 days of the release of this
action, including therein their estimates as to
when such studies will be completed.

Interested parties are encouraged also to submit
proposals within 180 days, with respect to the
manner in which the frequency bands 881-902 and
928-947 MHz can be most effectively used in meet-
ing the needs of the private land mobile users.
We are ltooking particularly for innovative tech-
niques applicable to bands thus far uncluttered
by land mobile systems. .

19 RR at 1676-77 (emphasis supplied).

The period 1970-1974, between the Second Notice of Inquiry and the

Second Report and Order, 46 FCC 2d 752 (1974), was one of study, debate,

and development for the Commission and interested parties. AT&T pur-
sued its plans for a cellular system that would allow city-wide mobile
service by re-use of a number of frequencies.2/ :

A key aspect of the AT&T plan was a comprehensive syshtem for all mobiie
services including dispatch services, and the carrier argued strongly
for an allocation of 75 MHz for cellular systems effering public tele-
phone, air/ground and dispatch service on a common carrier basis.3/
Non-carrier parties stressed the beneficial role of the present com-
petitive system for both public and private service and argued as
strongly that the wireline carriers should not.be permitted to extend
their monopolies over all mobile telephone service and dispatch sevvice
by means of the unprecedented 75 MHz allocation and the monopoly re-
sources of the Bell System.d4/ 9 :

1/ The band 806-881 MHz was tentatively allocated to the pub]timgpiTe service because the
Commission considered its location away from the 915 MHz ISM band essential to an inter-

ference-free public service. Second Notice, 19 RR 2d at 1674-75. : T

2/ AT&T Comments and Technical Report, Dec. 20, 1971; AT&T Comments, July 20, 1972. The
cellular approach as discussed by AT&T envisions dividing a city intc many small cells,
each with a portion of.the radio.channels assigrad to the system. Each geographic cell would
be assigned the number of freq ®r.ies it was most likely to use efficiently. These frequencies

would not be assigned to adjacerit cells. Calls would be switched from cell to cell (and
frequency to frequency) by central computer switching~faéi]ities:connggted‘by‘wire]ines‘to the
base stations serving each cell. The base stations would opeérate at\Yow power levels ta pre-
vent interference and allow re-use of freduencies by other cells. AT&T's original cel!u]aﬁﬂ»’
plan envisioned the offering of public telephone, air/ground, and dispatch service, using at
least 74 MHz of spectrum. Motorola, Inc. and RCA submitted studies and proposals for cellutar
systems on a more modest scale than AT&T's. : ’ ,

° e :
3/ AT&T Comments, July, 197i.

4/ Comments of General Electric Company, RCA, and Motorola, Inc., Dec. 20, 1971; Comments of
GE and the Land Mobile Section of the Eiectronic Industries Association (EIA), July, 1972.

Comments of the Justice Department and the Office of Telecommunications Policy (OTP), filed

August 17, 1973, were instrumental in persuading the FCC against the Z§ MHz grant to the com-
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"Within the private land mobile community, the debate centered on the
method of encouraging most afficient use of frequencies while providing
the users' needs. HMotorola and the Elactronics Industries Association
(EIA) argued for a continuation of single user systems and a specific
allocation of frequencies for them on the grounds that single user sys-
tems would bring immediate relief to the bulk of land mobile users.i/
Motorola also defended the "community repeater" type of multi-channel
operation in which base stations are used by several licensees in con-
nection with their own dispatching facilities or control points.2/

General Electric and RCA saw a role for larger single-user systems but
argued that the more numerous medium and small-sized single-user sys-
tems would be served most efficiently through shared, multi-=channel
systems. The RCA system followed a cellular model and offered a high
capacity system for a given block of frequencies.3/ General Electric's
proposal involved trunked or computer-switched channels that could
accommodate up to 3000 mobiles per MHz with only 10 seconds of waiting
time for access.4/

Speaking as a major user of private systems, APCO argued that the trend
of private systems in the public safety radio field testified to a need
for significantly more radio spectrum and greater flexibility in its
use. In its oral presentation to the FCC, the APCO representative sum-
marized the statistical studies predicting heavy growth for public safe~
ty radio use and focused on the varied tasks and systems contemplated
for public safety radio services: responses to the "911" emergency
number; computer-assisted call dispatching; automatic vehicle location;
use of personal radios for foot patrolmen; mobile teleprinters, and
facsimile equipment; use of automatic alarm and signalling devices;
roadside emergency call boxes and highway monitoring systems.5/ Other
Tand mobile users echoed APCO's presentation of the need for a suffic-
ient allocation to the private services and the premature nature of a
75 MHz grant to the common carriers.6/

2.2 SECOND REPORT AND ORDER

The Second Report and Order which set forth the permanent allocations in

1/ Motorola Comments, Dec. 20, 1971; EIA, July, 1972. The EIA is a group of equipment manu-
facturers.

2/ Motorola Comments, Dec. 20, 1971, at V-4 - V-6, The community repeater base station,

shared by a number of private systems, is defined in Section 1.2. See also, Multiple
Licensing Safety and Special Radio Services, 24 FCC 2d 510 (1970). .

3/ RCA, Dispersed Array System, Dec. 20, 1971.

4/ General Electric, Dec. 20, 1971. The General Electric system would operate like a tele-

phone exchange where channels are assigned when a user calls in and reassigned at the ter-
mination of the call. With computer switching, GE maintained, a shared, multi-channel system
can achieve great effeciencies over analogous multi-channel systems that are switched by oper-
ators manually or with automatic terminals. :

5/ Argument on Behalf of APCO and International Association of Chiefs of Police (ICAP), by
James R. Cooke, May 15, 1973, Tr. 774-84,

6/ Land mobile parties appearing at the Oral Aigument were the National Association of Busin-

ess and Educdtional Radio, Inc. (NABER) and Special Industrial Radio Service Association,
Inc. (SIRSA). Equipment manufacturers, wirgline common carriers, radio common carriers, and
.broadcasters also argued before the Commission.
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the 900 MHz band reflected all of these views plus the cons1derab1e \ | 1%
internal study of the FCC staff.

2.2.1 The Allocation Decisions: The Second Report and the Opinion on Recon-
sideration

In the Second Report and Order, 46 FCC 2d 752 (1974), the Commission_
adopted AT&T's proposal for cellular systems for pub11c mobile telephone
service, ru11ng that oniy cellular systems operated by wireline .tele-
phone companies would be licensed for pudlic service at 900 MHz. . The
cellular systems were given 40 MHz w1th which to provide two-way mob1le
telephone serv1ce, one-way paging service to individuals, and some dis-
patch service to individuals, but not the "fleet dispatch" commonly em-
ployed in private systems.1/ The Commission determined that the ex-
pense, spectrum requirement, and wide coverage of a mature cellular sys-
tem dictated that only one system in each urban area would be feasible.
To meet the concerns of radio common carriers and others who feared the
competition of comprehensive, subsidized cellular systems, the Com-

" mission limited telephone companies to one cellular system, which must
be provided by a separate subsidiary of the wireline carrier.2/

For private systems, the Commission authorized 30 MHz of spectrum, two
technologies, and four means of obtaining service.3/ The technologies
were "trunked" (or computer-switched) systems and "conventional" ‘sys-
tems as used in the lower bands.4/ The trunked systems were clearly
encouraged, however, as the Commission allocated 25 MHz to trunked
app]ications and only 5 MHz to conventional applications.5/ Standards
were set forth for both trunked and conventional systems, governing
antenna. height, power, emission, and other operating parameters.t/

For purposes of separating co-channel systems and the establishment of
standards for channel loading, conventional systems were further classi-
fied into urban and suburban systems depending on the location of the
base station.7/ In addition, "channel lcading standards" or specified

1/ 46 FCC at 760-61. "Fleet dispatching", in which a base station contacts all mobile units
simultaneously, was not allowed in cellular systems, since fleet dispatching involved
radio use inimical to the one-on-one communications with which re-use of frequencies Dy/CE]]S
is most feasibje. Dispatch service of all kinds, however, had been a staple of the smaller,
compet1t1ve radio common carriers and private radio systems, not the moropoly-based wireltine
companies, and the entry of the monopoly carriers 1nto the d1spatch market was sirongly

opposed by non-wireline parties.

2/ 46 FCC 2d at 760.
3/ The four'methods are discussed at Section 4.1.2.

4/ Corventional systems may have more than one channel @nd, may be shared by severdl users by D
_ means of an automatic terminal or a manual dispatcher. The differences” between. conven-
tional and trunked systems are discussed in Section 1.2,

5/ Because the Comm1ss1on viewed trunked systems as more efficient, conventional systems
seem to have been considered interim systems pending the ava11ab111ty of econom1c
trunked systems. 46 FCC 2d at 754-55, 771-72. , <o

6/ - The final technical rules are embodied in Subpart S of Part 89. A summary of the tech-
T npical requirements are discussed below at §2.2.2. o ;

3

, & o :
7/ 46 FCC-2d at 774=75.  Because of the anticipated trunked technology and improved -radio
equipment, and because of the 45 MHz base-mobile separation, thé Commission determined
that adjacent channel protection would not be given to trunked systems or the “1nter1m" con-

/vent1ona1 system. Id. at 773 ; L . N
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2.2'.2
2.2.2.1

2.2.2.2

numbers- of mobile unlts per channel were adopted as the primary
mechanism for assuring efficient use of each channel. 1In the %00 MHz
band, channels were to be selected by the FCC staff from a single pool
of frequencies, and each channel in a geographic area was to be loaded
with applicants up to its maximum number of mobiles before the next
channel in the pool would be assigned.

Licensing Criteria

General
The FCC has adopted regulations guiding the allocations of channels to

potential users. A summary of these rules, as they apply to the public
safety users of the 900 MHz spectrum follows.

Limitations on Power and Antennae Height

The Commission has established tables of antennae heights v. effective
radiated power (ERP) for base station operation. For trunked systems

- and urban conventional systems the ERP shall be no greater than 1000 W.

2.2.2.3

and the antenna heights no greater than 1,000 feet above average ter-
rain (AAT). For suburban conventional systems, the maximums shall be
500 W. and 500 feet AAT. Depending upon the required radius of cover-
age, these figures must be scaled down in accordance with the Com-
mission's tables.

The maximum power output of the transmitter for mobile stations is
100 W.

For the definition of "urban area" sec the list of the fifty major
metropolitan areas in Section 89.751(h) of the Rules.

Channel loading Criteria

In conventional type systems, channel loading criteria for public safety
systems are as follows:
Police and Fire Other Services

Single license user 50/100 1507300
2 to 5 licensees/users 40/80 1257250
over 5 licensees/users 30/60 1007200

Numbers indicate the number of mobile units per channel/number of port-
ab]e units per channel. For the purposes of channel loading, the Com-
mission considers one mobile unit the equivalent to two portable units.

The number of mobile units required per system 1in a trunked system is:

5-channel 10-channel 20-channel

system system system
Police and Fire 300 750 : 1500
Other Services 400 800 1600

For the purposes of loading criteria, no distinction is made in trunked

systems between mobile and portable stations.

The following criteria pertains to the establishment of 900 MHz systems

. near the borders of Canada and Mex1co
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a) No base stations will be authorized within 100 miles of,the
Canadian/U.S. border; and between 100 and 125 miles of the

Canadian border such stations will require special arrange-- . e

ments between the FCC and Canada. Between 125 and 145 miles
500 W. ERP and 500 feet antenna height will be the maximum
allowed. Beyond 145 miles the usual rules apply. Mobile
units may not operate within 90 miles of the Canadian border
and within 145 miles are limited to 200 W. ERP., All stations
within 250 miles of the border will be authorized only on the
condition that no harmful interference to Canadian TV results.

b) Presently, base stations are authorized within 85 miles of .
the Mexican border in California, but not within 100 miles : ¥
in Texas, New Mexico and Arizona. The attenae heights and
power restriction are in effect in California between 85 and
and 125 mites and between 100 and 125 miles in the other States.

2.2.3 Frequency Assignment and Coordination

To accommodate the enlarged FCC staff role in assigning and loading
channels, the procedures for processing applications were modified from
practices that have been followed with applications for the Tower radio
bands. Because of the tremendous volumes of applications under Parts
89, 91, and 93 of the Rules, the FC({ staff relies on certain technical
criteria and voluntary frequency coordination efforts to eliminate non-
compliant or non-compatible applications. Applications far licenses in
the 150 MHz, 450 MHz, and 470 MHz bands are checked against specific
rules for power, emission, antenna height, numbers of mobile units and
the 1ike, and non-conforming submissions are usually returned. The re- |
mainder are granted on a fairly routine basis since competitive protests
are not allowed and most technical or frequency problems are solved by
the service's freauency coordinator or advisory committee.l/ ¢

o

The Commission proposed to adopt the same system at 900 MHz because of
its familiarity, but with the important differencs that the staff would
make the frequency assignments, including shared assignments, from one

pool of frequencies, rather than relying upon the tentative assignments . o

from a service pool of frequencies recommended by the volunteer fre-
quency coordinator.2/ : .

The matters of frequency assignments, mandatory shared channels from:one
lavge pool, and the "first in/first out" processing system, were, in
fact, larger changes in the licensing procedure than the Second Report
appeared to have recognized. - At the lower bands, frequency selection
and sharing of channels-are worked out largely by coordinating com-
mittees of users in the various radio services, working with pools of
available frequencies. While these committees have an ddvisory roles

in practice their frequency selections are made after considegable work
with the applicant and are normally . accepted by the FCC staff who the%; ,

1/ In the Tower bands;, most services have an association of licensees who perform frequency

T selection advisory services for new applicants: The Commission has_recognized the value
of private frequency coordinating organizations such’as APCO and has relied on them for help in
resolving interference problems. Docket No. 18261, Second Report and Order, 22 RR 2d 1691, ,
1704-05. : ' : o ; ~

2/ 46 FCC 2d at 769:70. Recently the FCC has undertaken a review of frequency coordination . - .

procedures “for the 900 MHz band to consider, among other things, whether the user-provided
frequency coordinator Should not be accorded a greater role than was originally contemplated. |
See also, Notice of Inquiry, Docket No. 21229, FCC 77-287, May‘17,¢1977.. §gg_Agpend1x‘Is ,

o El wi N o
® .
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make the formal assignments.l/ With the staff assuming responsihility
for all frequency selections at 900 MHz and assigning the frequencies
from one large pool rather than from service pools or blocks, appii-
cants may find themselves without the detailed planning and support ser-
vices rendered by the frequency coordinator. The "first in/first out"
processing system and the possibility of mandatory sharing of channels
by compatible systems may result in a mixed pattern of radio systems
and services on the same and adjacent channels.2/ Unlike the system
long in use in the lower bands, users will have 1ittle assurance as to
which frequency will be operated in their geographic or spectrum vicin-
ity and therefore what possibijlities for future growth are available.

Finally, this procedural system is to be applied to the four means of
providing service authorized by the Second Report.

Methods of Service

As in the lower bands, individual organizations eligible for licenses
under Parts 89, 91, and 93 of the Rules can apply for ~he or mure dis-
crete channels for a single-user private system,3/ Eligible organiza-
tions can also apply for channels as a group proposing shared use of the
facility and its management by one of the sharers or a non-profit radio
service entity.4/

As a third alternative, eligibles can procure service from an entre- ,
preneur called a Specialized Mobile Radio System (SMKRS), who is licensed
to offer base station service on a profit-making basis.5/ SMRS entre-
preneurs are to stand in the shoes of their eligible customers regarding
compliance with technical rules and use of the facilities. However, no
regulations will be made regarding rates charged to SMRS customers, and
SMRS will not be considered radio common carriers. According to the
Commission, the authorization of a profit-making SMRS would attract cap-
jtal needed for trunked systems and the radio expertise needed but un-

-1/ These coordinating committees, including APCO, are normally established within geographic
regions so that local users work together to achieve the best use of the frequencies allo-

cated to their services in the area.

2

The only modification from the “first in/first out! assignment plan seems to be in the case
of community repeater systems, as discussed below.

3/ The reader should recall that the trunked or conventional technologies apply to the number

of channels in the radio system, regardless of the means of providing the system. .Under

the current Rules, Section 89.805, any radio system needing more than 5 channels must use
trunked technology. T

4/ 46 FCC 2d at 762-63.
5/ An SMRS is an equipment supplier or other entity which designs and builds base station

facilities to be used by one or more private radio stations. The differences between SMRS,
community repeaters and radio common carriers are ¢:scussed in Section 1.2.
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av§i1ab1e to many smaliler eligibles.1/ However, the Commission re-
quired the SMRS applicants to show that the control points and mobile
units used with SMRS would be owned and operated by eligible individuals
or organizations.2/

The fourth alternative is service from a traditional comimunity repeater

operator who supplies base station facilities that are licensed to a
number of eligible organizations.3/

2.3 THE RECONSIDERATION DECISION

Virtually every aspect of the Second Report was contested in petitioﬁs
for its reconsideraticn. The decision to license only wireline carriers
to operate cellular systems was attacked by non-wireline carriers 4/
while AT&T objected to the reduced allocation for cellular systems and
the requirement of a separate corporation to offer the mobile service,
designed to protect competing carriers from a subsidized cellular Sys-
tem.5/  The decision to license SMRS to offer service for profit but
not to reguiate them as common carriers was also controversial, with a
number of parties arguing that the Commission had no authority to ab-
stain from common carrier-type regulation of any entity offering com-
munications service to others.

Other parties urged the error of federal preemption of state regulatory
actions “in the 900 MHz area,6/ the ambiguity of the "ancillary" dis-
patch services allowed by cellular systems, the restrictions en the num-
ber of trunked systems operated by equipment companies,7/ the failure
to provide for non-voice communications and limited fixed cgerations and
the mechanisms to facilitate the movement of users frow lower bands to
900 MHz in phases.8/ The problem of reallocating UHF-TV thannels for
land mobile in the U.S. while TV systems operated on the same channels
in Canada and Mexico was also brought out.

1/ 46 FCC 2d at 764-67, 781.

2/ 46 FCC 2d at 769, 789. An SMRS offering service to the pubiic at large rather than to
only a few eligible organizations would be in competition with the radic common carriers

whose rates are regulated by the state requlatory commission. Limitations on the number and

type of customers served by SMRS are therefore key to their unreguiated status. :

3/ Community repeaters are discussed extensively below. See Section 4¢1.2.5.

4/ Petitions for Reconsideration of Airsignal Internationq1; Inc., NARS, AT&T. “Motorola
advocated restricting cellular systems to an initial 12.5 MHz grant until the developmental

phase proved the viability of the concept and sufficient demand for the service developed.

5/ Petition for Reconsideration of AT&T,

6/ The Commission determined that orderly and efficient development of the 900 MHz spectrum-

required a nationwide plan. Accordingly, its federal powers were asserted to prevent any

contrary state attion such as regulation of SMRS as radio common carriers.” 46 FCC 2d at 766-67.

The National Association of Regulatory Utility Commissioners (NARUC), an organization of state
regulatory officers, challenged this point in"particular. : "

1/ Petitions for Reconsideration of Motorola and tand Mohjle,Communications Couhcilé‘an orgah;

ization representing mobile radio users. .

8/ Petition of Land Mobile Communications Council. S R
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The decision on reconsideration answered most of these competing con-
tentions and set the initial working rules for 900 MHz applications.

The cellular system approach was modified so that applications would be
accepted from any group that could meet rigorous technical and financial
criteria for building a developmental system. The separate corporation
requirement was affirmed for wireline carriers building cellular systems
but developmental systems were exempted from its strictures.

For private systems, the Reconsideration decision also affirmed the
option of taking service from a profit-oriented SMRS. In the Com-
mission's view, it possessed sufficient authority to adjure common car-
rier rate regulation of SMRS where technical regulation would suffice
and competitive forces would control prices.l/ The decision pointed
out that the direct licensing of mobile units and control stations to
SMRS customers rather than to the SMRS base station, the technical rules

. as to channel loading and use of the system, and the users' options of

f applying for individual and non-profit shared systems would keep the

SMRS in check.2/

On technical points relating to pr1vate systems, the Commission made an
accommodation in its co-channel spacing and coverage rules for the Los
Angeles area and pledged a degree of flexibility in applying its techni-
cal ruiles where other unique situations required consideration.3/ Non-
voice communications were allowed in single-user systems and in “trunked
systems if used for estab11sh1ng and maintaining communications within
the trunked system, and other minor technical revisions were made.4/

On other policy issues, the Commission stuck by its decision to encour-
age trunked systems over conventional systems 5/ and to require
efficient use of all assigned channels through the mandatory loading of
channels with mobile units shortly after licensing.6/ The decision to
have the FCC staff assign all channels from one pool of frequencies, on

-1/ 51 FCC 2d at 959. Appéndix B to the decision gave a further legal defense of the SMRS
option.

2/ 51 FCC 2d at 961. In this passage the Commission affirmed the intent to Ticense SMRS with-
out regard to the need for the service or economic protection to other entities. The bene-
fits to be derived from the open-entry SMRS policy were set out at 962-72.

3/ Id. at 979-80. The geography of the Los Angeles area was said to frustrate the urban-

. suburban spacing scheme for conventional systems, and the rules were modified to allow
"wide area coverage: by stations exceeding the normal technical Timits, one kilowatt of power
and an antenna placement over 1000 feet above average terrain.

4/ .1d. at 980-82. Non-voice or digital communications are used in certa1n vehicle location
. systems, and tone-only paging systems. It is expected that public safety systems will "
incorporate additional digital communication features.

5/ Conventional systems are limited to five channels; larger systems must use trunking tech-
: nology. -1Id. at 983-85,

6/ 1d. at 983. The decision requires a private system to be loaded with 70% of the mobile
units specified on the application within 8 months from Ticensing. If channels are not 70%
““loaded within the time 1imit, other applicants can be assigned to the same channel until its
Toading maximum is reached. Additional channels may be assigned to a system when 90% of the
mobile un1ts specified as the channel maximum have been placed on the channel.



a "first in/first out" basis, was also affirmed although limited modi-
fications were made.l/ The Commission acknowledged the problem of
incompatible land mobile and UHF TV systems operating along the Canadian
border, and its Rules provided that U.S. land mobile systems should
operate on a secondary basis teo any- Canadian or Mexican TV stations.2/
At the same time assurances were given of further effort at coordination
at some time in the future.3/

2.4 THE COURT APPEALS

In court appeals of the Second Report and Reconsideration, parties
challenged the allocation of 40 MHz rather than 64 MHz to cetluVar sys-
tems, the authorization of SMRS en a non-common carrier basis and- feder-
al preemption of state actions in the 900 MHz area.4/ The United

States Court of Appeals for the District of Columbia circuit affirmed

the FCC on all points, although reluctantly in the case of several
aspects of the 900 MHz plan. For example, the cellular system approach

and its 40 MHz allocation were challenged as granting the Bell System an '

effective monopoly aover the Urban radio-telephone market including dis-
patch services.5/ The Court found the GCommission's 40 MHz allocdtion
decision to be “prec1se1y the sort that Congress intended to leave to
the broad discretion of the Commission, by imposing a broad pub11c con-
venience, interest or necessity standard."6/

The SMRS decision also drew a lengthy analysis from the Court, address~ ~
ing the nature of common carriers and the application of common carrier
principlies and regulation. - The Court held that the single mosld distin-
guishing characteristic of a common carrier is an undertaking or "hold-

ing out" to serve all members of the public without discrimination.zﬁ

1/ For examp]e the Commission limited amendments to applications wh1ch proposed a substant1a1 .
change in ownership of systems, so that applicants could not sell a place in the processing
Tine. ,

»

2/ 1d. at 949; Section 83.751(g) of the Rules.

3/ The border problem was also discussed in Docket No. 18261, 22 RR 2d 1691, 1710; and it re-

mains unsolved. The FCC is currently engaged in preparatlon for the 1979 world Administra-
tive Radio Conference (WARC) at which the internaticnal and Western Hemisphere allocations in
the 900 MHz band will be discussed. See, Fifth Notice of Inquiry, Docket No. 20271, FCC 77~
349, May 23, 1977. o

S K h
4/ NARUC v. FCC, 525 F. 2d 630. (D.C. Cir. 1976). The Court 1n1t1a11y stavoa the effect1ve—f
ness of the Commission's decisions to license SMRS pending review by~tﬁ//Court The stay:

was lifted when the Commission was affirmed, and the Supreme Court refused to stay the FCC

action further. v

5/ 1ld. at 636-39; see also, Brief for Pet1t1oners NRS and I]]1no1s Association of Rad1ote1e-

phone Systems

6/ 525 F. 2d at"636. At the same time the Court acknow1edged the pro-monopp1y aspects of *
‘cellular systems and held open the prospect of future antitrust challenges to the - systems

if their anti-competitive potent1a1 came to fru1t1on Id. at 647.

7/ 1ld. at 641 -42. The act of “fiolding out" or offering servxce to the public 1ndtscr1m1nateiy
distinguished common carriers from private carriers, in the Court's analysis, although ° ?ﬂm

both may serve specialized portions‘of the public and Targe clienteles. The common carrier's Wg{ﬁ

holding out to the public gave rise to the common law doctrine of -a duty to serve all comers up

‘to the capacity of the system, 1n contraat to pr1vate carriers who may choose their. customers

525 F. 2d at 642. A
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Since the SMRS, as projected, would solicit and serve only a few custom- i
ers on a long~-term contract basis, the Court approved their classifica- |
tion as non-common carriers.l/ However, the Court added, "our holding !
is subject to future challenge should SMRS in practice behave as common ‘
carriers."2/ The Supreme Court refused to review the Court of Appeals

decision, Teaving it the law of the land regarding the deliberations of

Docket No. 18262.3/

3. REMAINING ISSUES

3.1 LINGERING LITIGATION

Following the Court of Appeals decision, the focus of litigation shifted
to the FCC. 1I11inois Bell Teiephone Co. (IBT), an AT&T affiliate, pro-
posed to build a developmental cellular system in the Chicago area.  The
IBT plan involved 21 MHz of spectrum and $23.5 million for a system to
cover an area over 48 miles.4/ The IBT proposal was attacked by a
group of Chicago radio common carriers as beyond the guidelines set out
by the Commission for developmental systems and prohibitively expensive
and expansive for an initial model system.5/ The Commission agreed
with the criticism of the IBT plan and suggested its revision.6/ utti-
mately, a compromise was reached between the FCC and AT&T, and the re-
vised IBT proposal was approved as a two-phase plan for equipment and
service tests and then commercial operation.7/

1/ 1d. at 643, the Court said:

The nature of the dispatch services which SMRS will primarily offer appear
necessarily to involve the establishment of medium-to-long-term contractual
relations, whereby the SMRS supply the needs of users for dispatch facil-
ities for a period of time. In such a situation, it is not unreasonable
to expect that the clientele might remain relatively stable, with termin-
ations and new clients the exception rather than the rule. It might even
be that the turnover will be su¢ficiently minor that, except for the com-
mercial mode of operation, SMRS will be much 1ike non-profit community
repeaters.

2/ Id. at 647.
3/ NARUC v. FCC, 425 U.S. 992 (1976).

4/ Application of IT1inois Bell Telephone Co. for Authority to Construct a Developmental Cellu-
lar System at Ten Sites at Various Locations in the State of Illinois, filed July 21, 1975,
File No. 20115-CD-P-76.

5/ The criticisms were directed to the size of the cells (8-mile radius), the height of an-
~ tennas and the minimal frequency re-use proposed. Petitions to Deny or cujections were
filed by Rogers Radio Communications Service, Inc., NARS, Radio Relay Corp.-I1linois, Motorola
and the I1linois Association of Radiotelephone Systems, Inc.

6/ Letter of July 15, 1976, from Vincent J. Mullins. Secretary, FCC to I11inois Bell Telephone.

: The FCC required the use of only 12.5 MHz in two blocks of 6.25 MHz each and suggested a
two phase approach of tests and then full-scale operation. The Bell System and other parties
petitioned for reconsideration of this latter decision.

7/ Ovrder, FCC 77-166, (March 10, 1977). Appeal pending, NARS v. FCC, 77-1357, (D.C. Cir. fil-
~ -ed April 11, 1977). The Commission accepted a plan for independent tests of equipment if
the Chicago system were scaled down to 10 cells and 135 mobile units during the Phase I tests
of equipment and service. I1linois Bell was further required to obtain authority for com-
-mercial operation of its system following the test phase and to file detailed financial reports.
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for private systems, more serious litigation centered on the role of
community repeaters in the 900 MHz plam. NARS and General Electric
petitioned for clarification of the Reconsideration opinion on-this _
point, arguing that the similarity of unlicensed community repeaters/
to the licensed SMRS caused great confusion in the industry and in Jhe
Court appeal challenging SMRS.1/ General Electric maintained that/few
entrepreneurs would develep and offer the efficient, trunked SMRS sys-
tems, under FCC licensing, if unlicensed community repeaters could offer
shared services to single-user and conventional systems free of all re-
strictions.2/ In a brief Memorandum Opinion and Order, 55 FCC 2d 771
(1975), the Commission replied that the community repeater option would
be available at 9C0 MHz since it seemed to meet the needs of many
users.3/ However, the Commission noted the method of "first in/first
out” frequency assignments by the staff, plus the mandatory sharing of
channels until maximum numbers of mobile units are reached, as probable
Timitations on the utility of community repeaters:

(W)e acknowledge that the practice may have 1limited
application at 900 MHz. There we plan to assign-
frequencies on a 'first in-first out' basis and

there will also be "verticie" loading (mandatory
sharing). These features will for practical reasons
restrict 'multiple licensing' of 'community repeaters.’

52 FCC 2d 773.

Oy
/

The question of accommodating community repeater operations with the
staff frequency selection rules iTlustrated the conflicts between the
new rules and those radio systems hdving unique requirements as to who
they serve and how service is rendered, such as public safety systems.}/
That is, frequency assignments by the FCC staff on the "first in/first
out" basis could result in shared frequencies between repeater and non-
repeater customers, preventing economic loading of the repeater base
station. For multi-channel community repeater operations, the problem
of mechanistic frequency assignments by the FCC would remove assurance
of enough customers to pay for the facilities. With these practical .
difficulties, the Commission seemed ‘to suggest that the spectre of un-
licensed community repeaters undercutting expensive but efficient SMRS

1/ NARS, Petition to Refrain from Granting Licenses Pursuant to Applications Filed for Author-
. izatYons in the 900 MHz Band Involving Entrepreneurial Community Repeater Operations,

June 19, 1975; General Electric Co., Petition for Clarification Or, Alternatively, for a Declar-

atory Ruling, May 23, 1975, and related pleadings. - . o ‘

2/ General Electric Petition at 6-8, 11-14; Supplement to Petition at 1. A key assumption of
~  the parties was the expense anticipated for computaer-switching base stations. = A full com-
puterized system was assumed to be economical for eligible users only if it was large enough
to accommodate several thousand mobile units on at least five channels. The few single-user
systems large enough for trunked operations were considered sophisticated enough to operate
their own systems, and the entrepreneiirs pegged their hopes on shared systéms for many smaller
eligibles. :

3/ The Commission acknowledged some problems with community repeaters which‘were‘at issue in '
' Docket No. 18921. 55 FCC 2d at 773.

4/ As discussed in detail below, public safety radio systems have unique requirements for long- °
term planning and growth and for designation and use of* channels by function (special

squads or patrol areas, for example) rather than by numbers of mobile units. Neither the long-

‘term planning need nor functional designation of channels is consistent with a rigid applica-

'tion of "first in/ first out" frequency assignments or by maximum loading of channels by arbi-

travy numbers 6f motile units. ‘ : , g .

a
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would recede.l/

3.2 THE "CLARIFICATION" |

In November, 1976 the Safety and Special Radio Bureau released a lengthy
“Clarification of New Policies and Practices Governing the Assignment
and Licensing of Conventional Systems of Communication at 900 MHz,"2/
which discussed the practical steps in assigning frequencies to commun-
ity repeaters, customers, and other radio applicants. The Clarification
explained the processing system for conventional systems, the urban-
suburban distinction, eligibility, restrictios on use, channel loading
requirements and frequency assignments. Of particular interest was the
announcement that a degree of flexibility would be used in assigning
frequencies, including accommodation of community repeater operations by
assigning five channeis for the use of repeater customers in a given
area.3/ This accommodation of formerly rigid standards to the unique
needs o«f individual systems may be of significance to public safety sys-
tems planned for the 900 MHz band. The Clarification emphasizes that
"in every case each proposal will be examined to determine the require-
ments of the applicant" and that "consideration will be given to the
mode of operation planned and the purpose for which it is to be used,
and . . . other factors, includ(inrg) the technical features of system
design. (I)t is provided that applicants in one service group will not
be required to share with applicants in other service groups." The
Clarification also affirmed that the "Commission may take into consider-
ation any other factor which might enable the persons licensed to use a
given channel in more efficient and effective ways."4/

In a Petition for Relief of December 27, 1976, however, the National
Association of Radiotelephone Systems (NARS) asked the Commission to
nullify the Clarification as a substantive modification of the Com-
mission's Orders and beyond the authority of the Safety and Special Bur-
eau Chief. NARS argued that the "back door" assignment of five channels
to community repeaters would firmly establish that practice at 900 MHz
with all the problems of its unlicensed operation, and discourage any
lTicensed SMRS from the more expensive trunked system.5/ Motorola
opposed the NARS Petition, arguing the utility of community repeater op-
erations for single-user systems and the propriety of a statement from
the staff explaining actual processing matters.6/ The NARS petition is
still pending before the Commission, but processing of 900 MHz applica-
tions is proceeding in the meantinme.

1/ Community repeater defenders point out its efficiencies and shared nature as consistent

' with the 900 MHz plan. Without direct control over the base station, however, it is not
clear that the Commission can force channel loading to maximum levels by community repeaters
o: remove a possible incentive to monopolize desirable antenna locations and available frequen-
cies.

2/ FCC Public Notice 73035, Nov. 24, 1976, (hereinafter cited as "Clarification").

3/ Clarification at 8.

4/ 1d. at 9, quoting Sec. 89.803(c).

5/ NARS Petition at 15. It was assumed that the 900 MHz community repeaters would operate
conventional systems, possibly with some switching, but that the Commission would have no

means of forcing larger community repeaters to use trunked technology when the five-channel
maximum for conventional systems was reached.

6/ Motorola Opposition, Feb. 4, 1977. A major user group, the National Association of Busin-
Fek éis agg Educational Radio, Inc. (NABER) also cpposed the NARS Petition. Opposition,
eb. 4, 1977. '
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4. PRESENT STATUS

As a result of the Clarification and other policy initiatives, signifi-
cant leeway has apparently been introduced into the. "first in/first out"
channel assignment process. Far example, SMRS are given two years in
which to build and 1oad their systems, and no non-SMRS applicants will
be assigned to the SMRS block of channels during the two-year period:l/
In addition, competing SMRSs will be licensed in the same area, and o
SMRS will be required to serve any unaffiliated applicant even though
the applicant may be compatible with the existing SMRS customer. A sim~
ilar flexible attitude has evolved regarding trunked systems; while the
FCC will require trunked technology fov any single system of more than
five channels, there is apparertly no bar to an application for a second °
or third conventional system by the same licensee.2/

4.1 SUMMARY OF SYSTEMS CURRENTLY AUTHORIZED AT 900 MHz ; : :

The result of nearly ten years of litigation in the 900 MHz area is the
authorization of three technologies for radio systems and five types of
§er§ige? for the systems. Each system and service is briefly summar-

ize elow. ‘ oo

4.1.1 Technologies

4.1.1.1 Cellular Systems

Cellular systems featuring city-wide services, re-use of frequencies -

among many cells, computer-switching and very high capacities are re-

quired for public mobile telephone systems. Public systems may offer )
two-way, paging and ancillary dispatch service. There appears to be no 0
reason why the Commission would not also consider cellular technology

for private systems, if the appropriate technical criteria 2an be met,

although the Commission's decisions do not discuss this use.3/

4.1.1.2 Trunked $ystems

Trunked technology authorized for private systems also involves computer
switching among five or more channels. In contrast to cellular systems,

et

4

1/ Non-SMRS applicants are required to build and Toad their systems with 70% of the mobile units
specified in the application within 8 months. Section 89.802. '

2/ The rules are not explicit on this point, but appear to be consistent with such an inter-
pretation. At least the Commissicn has not indicated a different view although obviously E

policy considerations could be raised. In fact, the channel assignment system may encourage a @

licensee to apply for a second conventional system rather than a larger trunked system, because

the frequencies given trunked systems are far removed from those for tonventional systems., If

a conventional system has grown and needs more channels, it faces the choice of receiving five

or  more channels '} a trunked system and relinquishing its initial channels because they are

incompatible with (e trunked channels or because the applicant cannot justify both the conven-

tional and the trunked channels, or of designing a second conventional system in order to re~

ceive channels near its initial assignment. \ - Lo

3/ The RCA Dispersed Array System, fof example, proposed a dispatch operation using cellulan
technology. RCA Comments, Dec. 20, 1971. . : ; .

\ . E - o L e
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trunked systems function by frequency .re-use on an instantaneous time
basis rather than the geographic re-use inherent in the cellular system
concept. Trunked technology is required for private systems using more
than five channels up to a 1imit of twenty channels per system. FCC
Rules prescribe antenna heights, power, emission, short-term and long-
term channel loading standards in numbers of mobile units 1/ and
eligible users for trunked systems. -

4.1.1.3 Conventional Systems

Conventional systems at 900 MHz will be authorized to eligible users to
operate as singile channel or manually switched multi-channel systems
analogous to systems in the Tower friquency bands. According to the
Cilarification, conventional systems may use automatic terminals and
trunking techniques if desired, but trunking will not be required.
Efficient use of conventional systems will be encouraged by short-term
and long-term channel ioading requirements and shared frequency assign-
ments, made by the FCC staff, where necessary to load a channel in a
particular location.

4.1.2 Services

4.1.2.1 Common Carriers

Common carriers will be authorized to provide cellular mobile service to
the public. If the carrier is a wireline telephone company, its commer-

“cial (not developmental) system must be provided by a separate subsid-
iary corporation whose costs and revenues are distinct from the monoply
base of the parent carrier. Non-wireline carriers may operate cellular
systems without a separate corporation, and joint applications from
groups of carriers will be accepted.

4.2.2.2 Private Systems

For private systems, eligible organizations under Parts 89, 91, and 93
of the Commission's Rules may apply for single-user systems. If more
than five channels are needed in one system, trunked technology must be
proposed. ‘

4.1.2.3 Shared Systems

Eligible users may also apply for a shared system to be managed by one
of the sharers or by a non-profit coordinating committee or organiza-
tion. In the case of shared systems, the channel loading criteria will
follow the highest level of mobile units of the services invelved, and
trunked technolegy will be required if more than five channels are

1/ The phrase "short-term and long-term" channel loading requirements refers to the requirement
that applicants be prepared to load channels with 70% of the mobile units applied for within
. elght months of grant of the application. The long-term channel loading standards require an -
applicant to show that the channel handles 90% of the mobiles specyfied in the Commission's
Rules as the maximum-for the use inade of the channel before additional channels are assigned.
Channel loading criteria differ from trunked and conventional systems and by radio services --
public safety, business and industrial, taxicab, land transportation, etc. See Section
89.801-803 of the Commission's Rules.
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needed by a single system. A shared system managed by a non-profit en=
tity will stand in the shoes of its members in terms of use of the Sys~
tem, technical criteria and the like. '

4.1.2.4 SMRS

Eligible users may take service from a (possibly) profit-making managér 7

called a Specialized Mobile Radio System entrepreneur or SMRS. The §MR$;/
will be licensed only for base station facilities; its customers must
submit applications for control points and mobile units specifying an
agreement to use the SMRS service. Further, the SMRS base station lic-'
ensee is bound to offer trunked téchnology if more than five channels

are needed, and to follow the Rules for technical criteria and use of

the system prescribed for single-user and non-profit shared systems.

4.1.2.5 Community Repeater

A final type of supplier is the traditional community repeater vendor
who provides base station facilities that are licensed in the name of
the customers. A community repeater customer normally applies as a
single-user for base station, mobiles and control points under the
single-user, conventional system procedures. To accommodate community
repeater service, the FCC staff may set aside a five channel group of
frequencies for assignment to community repeater customer-applicants.l/
Short-term channel loading standards will be applied to the applicants,
but the requirement of trunked technology for systems of more than E&ive
channels is uncertain. The Clarification seems to indicate that additi-
onal five-channel groups will be assignhed to users of community repeater
systems, without regard to trunked technology, if the first five-chan-
nels are 90% filled. '

5. THE REMAINING REGULATORY ISSUES

5.1 For public safety radio users, a number of questions remain regarding
the legal framework set up for 900 MHz systenis.- For example, will the
requirement for trunked technology with SMRS systems or any operations
of more than five channels be suitable for public safety systems?2/

For example, fleet dispatching requires a call to all mobiles, inter-
rupting other conversations_ if necessary. MWill trunked systems have the
ability to handle fleet calls as well as individual calls to the base
station and other mobiles? A :

5.2 A second major question is t~ what extent would an SMRS type of opera- °
tion be usable by public safi.y entities? “Does the fact that an SMRS
operator might be an "outside™ business entity make a difference to the
public safety entity? Or, to what extent would an-SMRS-type fggi]ity; .
operated by a governmental entity for its varied communication®vieeds, be
desirable? Is the SMRS option, as created by the FCC, advaptageous from.

. 1/ As noted earlier, this procedure.is not-subject to-cbjection-in-a-petition filed by MARS.
pending before the- FCC. ‘ sy

.2/ Indeed, APCO has expressed. grave doubts whether trunked systems'WiTI,eier,reaCh‘fhéir

efficiency poterzial with the unique and varied requirements of public safety radiO‘sys-V;”‘°":’j'”'”

tems. See APCO Reply Comments, Docket No. 20271, March 4, 1977, p.3.
) ‘ n I 1 . ‘ ‘ i
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5.4

5.5

a public safety viewpoint?
What will be the role of cellular systems or technology in serving pub-
1ic safety radio systems? Can cellular. technology be adapted to all or

«sqmie of The communications needs of an urban public safety system? - Will

the 20-channel 1imit on private systems or other technical requirements
for private systems frustrate the development of private systems? Could
the dommon carrier cellular system offer_ a cost-efficient means of serv-
ing some or all of public safety radio requ1rements?

_ How does the 900 MHz regu1atory scheme accommodate the long-term blan-

ning requirements and other unique aspects of public safety systems?
The "first in/first out” frequency assignment method determined for
900 MHz applications removes the assurance of a related block of fre-
quencies for the growth of radio systems. At the same time, public
safety radio systems have seen steady growth in the size, complexity

- and sophistication of communications systems. The prospects for the

future indicate even larger systems -- many operated in conjunction with
other local government entities. These comprehensive systems call for
detailed planning, budgeting, approval by appropriate local authorities,

“and poss1b1) phased cut-over from oider radio systems. - In short, they

require extensive and intricate planning by state and local agencies as
well as implementation over a long period of time as compared to smadl
private systems. If the "first in/first out" assignment system, the
short-term channel loading criteria, and the mandatory channel sharing
option are applied rigorously by the FCC staff, will such comprehensive
system planning and implementation be possible?

The need for channel assignments by function rether than by strict num-
bers of mobile units is also unique to public safety systems. The use
of a particular channel by one part of the police force or another func-
tional group may be vitally important to evfective use of radio in the

tasks of a public safety agency. In former block or pool allocation

schemes, the designation of one or more channels to a particular func-

“tion could be accommodated, but the channel assignment and loading plan

at 900 MHz seems to preclude functional designations.

The €larification promised a rule of reason and a degree of flaxibility
in frequency assignments, but the potential for mechanistic rules and
mandatory loading requirements is troublesome to radio system planners.
In order to assure the implementation of long-term planning, should
there be some Torm of "block" ailocation in the 800 MHz band to ensure
the future availability of needed spectrum? How should the FCC take
into account state or local plans for coordinated radio use? How should
the need for functional designations of channels in public safety sys-
tems be accommodated.l/

The role of APCO and other service frequency coordinators in planning
and -assisting: 900 MHz applications is also open to question. For appli-

.cants seeking frejuencies in the radio bands, frequency coordination

committeeées are recognized by the FCC as the primary mechanism for
selecting frequencies and working with applicants to design interferenqe

‘free systems.2/ 0ften this frequency coordination work entails con-

s1derab]e t1me adv1s1ng applicants, med1at1ng between possibly con-

1/ “For deta1]ed discussion of conclusions regard1ng these and related questions, see APCO's

Comments on Docket No. 21229 in Appendix 1.

2/ Docket No:. 18261, Second Report and Order, 22 RR 2d 1691, 1704-06.
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flicting proposals, and encouraging the.redesign of systems where un-
foreseen interference creates problems.

Tie FCC staff's role in frequency assigsmments to 900 MHz systems and the
contemplated method for staff assignment of frequencies may well suffer
from the absence of the counseling, designing, and mediating functions
performed by the volunteer coordinators. Even if APCO and the other

service coordinators were to continue in advisory roles, the lack of in-

formation as to frequency assignments made by the FCC staff could effec~
tively frustrate their efforts. It is difficult to believe that the FCC
has the resources available on a nationwide basis, needed to perform the
counseling and mediation often required by smaller, local applicants.

In sum, the 900 MHz decisions leave a large hole in the application
process formerly filled by the service frequency coordination committees
and the lack of full frequency coordination work may disadvantage many
appiicants and burden the FCC staff. It is for reasons such as these
that the FCC is taking a further look at its poiicies governing fre-
quency. coordination in the 900 MHz band.]l/:

Finally, an issue that pervades the whole future of 900 MHz systems is

the ability of thée FCC staff to carry out the processing and enforce-

ment role assigned to it. The enforcement of technical rules, channel

Toading standards and license cancellations by defunct systems at the
Tower bands has been haphazard at best. With the help of frequency
coordination committees, the FCC has barely kept abreast of the flood of
applications it receives. For 900 MHz systems, the FCC:-staff proposes
to make all frequency assignments, presumably to enforce the eight-month
deadline for channel loading and the 90% loading prereguisite for
assigning additional channels, etc.. Although the growth of 900 MHz sys-
tem may be slow in the beginning years, even an optimistic-observer must
have concerns as to the availability of the FC& staff to take on these
varied tasks.2/ ‘

Y

Thé topic of staff resources and efforts in spectrum management is now under consideration '
, in a broad inquiry, Docket No. 21229. Notice of Inquiry, FCC 77-287, May 17, 1977.
Frequency coordination methods are also considered in some measure,

N

2/ See Docket No. 21229. Notice of Inauiry, FCC 77-287, May 17, 1977.
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spectrum. Each of these moves to higher frequencies was accompani

CHAPTER II

FACTORS AFFECTING 900 MHz SYSTEM PERFORMANCE
ELEMENTS OF THE 900 MHz CONCERT

INTRODUCTION

Chapter I describes the regulatory history of Docket No. 18262 and the
background that led to the opening of the 900 MHz spectrum for use by
the land mobile radio services. it also describes the present regula--
tory environment and presents some of the unresolved issues that affect
the application of this spectrum to the needs of public safety communi-
cations systems., ’ :

This Chapter describes those engineering, economic, and management-

related factors, peculiar to the 900 MHz environment, that also affect
the application of this newly available spectrum to public safety, and
in particular law enforcement, communications systems. This presenta-

/

I

tion is not intended to be an exhaustive discussion of all the elements L

of law enforcement communications system design, nor is it meant to=he

a rigorous, engineering analysis. It is intended to present those con-*
siderations of law enforcement communications system design and. opera- /

tion that are, or may be, pecutiar to the 900 MHz portion: of the spec-
trum under the conditions by which it has been made available to the /

public safety community. It will describe those system-related factors

that affect system planning, operation, and implementation decisions.

A discussion of 900 MHz propagation considerations 75 presented to~
yield insight into the probability of coverage throughcut a given area.
Concepts employed in the presently envisioned trunked system designs
are discussed to provide a basis for the discussion in Chapter IIIl re-
garding the roles such systems might play “in the public safety environ-
ment. Design considerations for 900 MHz equipment are presented to
provide an appreciation of the system-related factors of cost, avail-
ability, maintenance, and training that may affect 900 MHz system im-
plementation decisions. . '

This discussion is designed to assist the executive Tevel public safety
communications system managers' decision-making process. The technical
aspects of propagation phenomena, noise levels, information handling,

trunking theories, and similar related topics are presented in a sum- -

~mary, non-rigorous form. It is intended to be a managerial level sum-
~mary of the work done by authors listed in the Bibliography, the* tech-

nical inputs -of the APCO project staff and-the APCO Task Groups I and
I1I. For more rigorous, academic treatment, the reader is referred. to
the Bibliography. ’

900 MHz COVERAGE CONSIDERATIOQNS

The history of land mobile communications during the ]ast 25 years has
been marked by the opening of higher and higher portions of the RF
uncertainties. ' How will the new frequencies work?. What coverage can
be expected? What equipment problems will develop?: ¥ill different

base station locations, more repeater installations, dﬁfferent,netWka

designs, be required? Will authorized-antennae heights and.power out-

puts permit the coverage of the required geographic areas with the

needed degree of certainty? c
o v o - : >

The opening of the 900 MHz spectrum is no different in this regard. =,
Prior to the Report and Order resulting from Docket No. 18262, little
operatignal experience had been gained using these,frequgnc1es»1n a
civilian, land mobile, law enforcement,type of environment. Even &5

. : 2. o : , ,
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questions relating to trunked system concepts, equipment costs and
avajlability, and system management problems must be considered, the
basic question of whether or not these frequencies will permit the re-
quired reliability of communications throughout specified environments,
using practical systems configurations, must be answered.

The following section of this report discusses those inherent proper-~

ties. of the 900 MHz portion of the spectrum that affect its usefulness
for law enforcement communications system design.

2.2.1 900 MHz Antenna Performance

The area of coverage provided by a 900 MHz system is determined by those
same parameters that determine coverage of lower frequency systems. As
in any radio communications system relying on 1ine of sight transmission
paths, transmitter power, transmitter and receiver antennae heights and
relative gains, system noise, generated either internal or external to
the system, receiver sensitivity and band with characteristics and the
nature and length of the path between the transmitter and the receiver,
are among .the more obvious factors that determine whether the system
will pass an intelligible signal between two points. For rigorous
treatment of these considerations and for additional discussion of the
more subtle considerations affecting radio frequency system design, the
reader is referred to the Bibliography. '

O0f special interest to those considering 900 MHz applications are those
particular factors that result from the characteristics of the shorter
wave]engths that are characteristic of these frequencies.l/

A basic, physical consideration, and one that has long inhibited the
application of the 900 MHz portion of the spectrum to mobile/portable
applications, is the reduction of the effective capture area of 900 MHz
systems' antennae, as a result of the use of these higher frequencies.
As frequency increases; the wavelength of the radiated energy decreases
_proportionally and, therefore, the physical length of a resonant antenna
decreases. As the physical length of the antenna gets less, the area
throughout which it captures energy from an electromagnetic wave gets
smaller. Therefore, the receiving antenna picks up a smaller share of
the energy radiated by the transmitting antenna.

For example, a quarter wavelength antenna designed for a 900 MHz system
would ahsorb only one fourth the amount of energy from a 1000 watt

900 MHz transmitted signal that a quarter wavelength antenna designed to
work in a 450 MHz system would absorb from that radiated by a similar -
powered transmitter -- other factors being constant. In many types of

.- systems, such frequency-dependent losses can be compensated for by in-

~creasing the gains 2/ of the smaller antennae, i.e., since higher fre-
quency means smaller antenna element length, antenna can have increased
numbers of elements or increased electrical length for a given physical
size with a resulting dincreased gain. This gain can be used to compen-
sate for the frequency-dependent reduction of capture area.

1/ MWavelength in meters = 300 where f is expressed in megahertz. Practical consideration of

system design usually requires that antenna length (either transmitting or receiving) be an
integral function of 1/4 of a wavelength. Therefore, as operating frequencies become higher,
the physical length of an antenna becomes less. At 806 MHz a typical 1/4 wavelength antenna is
approximately 3%" Tong.

. 2/ "Gain" in this-context loosely means the amount of energy a given antenna captures

{or radiates) in a desired direction in comparison to some standard radiator, usually a
half wavelength dipole. _ | S
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But mobile/portable system operation places limits on thq/amodnt of gain 0
that can be tolerated. Antenna gain can only be provided by concentra-

tion of available energy, i.e., increasing directivity. : Mobile and-

portable units must normaily be nearly omnidirectional in a_horizontal

plane and can only use limited directivity in the vertical plane if an-

tenna pointing is not to become an operational.problem.

Base station antennae can normally employ larger figures of,ver¥ica1
directivity, with resulting increased gain. In some instances where the
needed coverage is not uniformly distributed around the antenna, dir-
ectivity, with resulting increase in gain, can be tolerated in the hori-
zontal plane. = : e ‘

Normal engineering practice calls for system designs that employ the °
maximum directivity, and associated gain, that the system gbometry will
allow. Therefore, in moving from a lower frequency to the 900 MHz band,
system designers may not be able to rely on increased antenna gain, over
that used in lower frequencies systems in the same location, to compen-; o
sate for the reduced eriergy capture that results from shorter wave- ‘
lengths, i.e., the Jower frequencies system is already using as much

gain {directivity) as the systems' geometry will permit. :

This fundamental system-related problem has, to a large extent, been
overcome in recent years by advances in receiver design technology.-

A characteristic of the 900 MHz ‘portion of the spectrum is the signifi-
cantly reduced level of noisée that normally exists in the environment in ' 5
which the desired signal must be received. Without delving too deeply

into what constitutes noise generated by sources external to a radio

system, it is sufficient to point out that those noise sources (when

added to noise generated within the system) establish the minimum ampli-

tude of a usable signal, i.e., if a signal is any weaker' than the noise,

it will not be intelligible. As a result, even a very weak signal at T
900 MHz, one whose amplitude is such that it would be no stronger than :
the noise arriving at the receiver in a lower frequency system, can be

copied by a receiver having adequate, and currently available, technical
characteristics. : - ‘ ,

The technological advances of the past several years that now make

900 MHz a viable approach to mobile communications system design is the
development of receivers having usable sensitivities at these frequen-
cies in the order of .25 to .5 microvolts and that are capable of being
mass-produced at costs comparable with existing equipment. :

“The above discussion has béen presented with two objectives in mind: )
first, to show the importance of technology in making the 900 MHz por-

ticn of the spectrum available for use;_the second is to illustrate the

need to maintain a noise-free environment for 900 MHz systems. ~Should

poorly selected frequencies rasult in significant intermodulation {(m) .
products, chould spectrally "dirty" transmitters be permitted, even at e
frequencies well removed from systems under construction, or should; C
other ill-conceived, or uncoordinated operations be permitted, exploita-.

tion of the system sensitivities made possible by modern 900 MHz tech-

nology will be imposéible, and the usefulness of the-900 MHz spectrum ,
for law enforcement and other public safety needs seriously compromised. - .

~ 2.2.2 Shadow Effects ) i ‘ : L s e » o

Electromagnetic radiation is normally envisioned as traveling in . -

straight 1ines, much like light rays. As a result of this linear path,
 shadows ofiten exist behind objects that either reflect or absorb the
“incident rays. Close observation of the edges of these shadow areas

ki
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2.2.3

2.2.4

“

will show that these boundaries are not perfectly defined. There is a
region of transition between full illumination and shadow at the border
(called the Fresnel zone). As the wavelengths become shorter, the
region of transition between illumination and shadow becomes more sharp-
1y defined. The width of this transition region is a function of

(among other things) the wavelength and is ‘inversely proportional to
thes frequency.

It is this transition region that permits much of our line of sighf

.radio cammunications; however, as noted above, as frequencies increase,

the borders between usable signals and unusable signals become more
distinct.  Above the UHF. region shadows can exist in which the movement
of a receiving antenna by only a few feet can result in severe signal
degradation. Tests 1/ at 900 MHz have shown that individual varia-
tions from the mean transmission loss at these frequincies can be as
fiigh as 30 db. These tests have also shown that the amplitude of the
variations from the mean path loss is, to some degree, a function of the
absolute field strength and that the variations become larger as the
mean value of the path loss increases. This observation suggests that
higher energy densities, §.e., more effective radiated power (ERP) than
is normally indicated necessary by theoretical calculations, may be re-
qiuired in some environments to minimize the operational problems that
may be caused by these large path loss variations. -

Scattering effects

Another phenomenon affecting the usefulness of the 900 MHz band for
urban, mobile/portable communication systems is the increased reflectiv-
ity of these frequencies. The short wavelengths involved make energy at
these frequencies more easily reflected by the typical concrete/steel
structures encountered in an urban environment. This reflection, or
scattering effect, caused by the multitude of buildings and other struc-
tures normally existing in a typical city, can result in a distribution
of energy throughout what normally would be expected to be shadow areas.
Experimental data 2/ supports the theoretical conclusion that this
scattering effect throughout an urban community can greatly increase

the percentage of coverage in the zcne of interest by "filling in" holes
normally caused by the shadow effects described in Section 2.2.2.

These scattering effects are of great interest to the designer of urban
law enforcement communication networks. Tests in a typical urban en-
vironment show that this scattering phenomena can have a significant
beneficial effect on overall system performance by providing increased
coverage within buildings, tunnels and throughout the highly compli-
cated propagation paths existing in a typical urban community.

This scatt@ring,‘however, is not a completely unmixed blessing. As

cited above, there can be variations as much as 30 db from the mean

propagation loss ‘throughout the area of coverage.  However, these
studies have concluded that coverage will be generally adequate for land
mobile communications, and in some cases superior to that available on
Tower frequencies. However, "holes" can and will exist. ‘

Building Penetration

The attenuation of electromagnetic energy passing through natural or
man-made structures is a major problem in portable law enforcement

io agation i ' i1 jons rtical Polariza-
1/ UHF Radio Wave Propagation in Dallas, Texas Base to Mobiie Stations for Vertical
~  tion, by N. H. Shepherd, GE Mobile Radio Products Dept., March, 1975.

2/ Ibid.
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system design. The literature indicates that 900 MHz frequencies:
penetrate average structures with propagation losses in the order of

10 db to 20 db per 100 feet. As a result, massive structures can cause
shading that prevents usable transmission or reception inside of build-
ings or similar structures. Though somewhat frequency-dependent, this
phenomenon exists at all frequencies. However, evidence exists that the
scattering effects of 200 MHz systems described above significantly im-~
prove the coverage inside buiidings and tunnels. i

Foliage Loss ‘ .

The short wave lengths at 900 MHz are susceptible to serious attenuation
from foliage. This problem is particularly difficult to treat analyti-
cally due to the many variables encountered. The losses can be much
greater in summer when trees are in leaf than in winter when they are
barren. Moisture after a rain increases losses noticeably. Different
kinds of vegetation have different amounts of attenuation: A number
often used is 1.5 db loss per meter of vegetation for “"average" attenu-
ation. Of more significance, perhaps, is the estimate that foliage .
1esies at 900 MHz are probably about 25% greater than those experienced
at 450 MHz.

Site Selection Considerations

The generation and transmission of radio frequency power at 900 MHz is
more expensive than at the lower bands. Transmission 1ine loss is of
somewhat greater system-significance at 900 MHz. <Conventional RG8/11U.
transmission line has a loss of 2.8 db per .100 feet at 150 MHz. Its
loss at 900 MHz is 6.8 db per 100 feet. 7/8" copper foam flex has a
toss of 1.7 db per 100 feet, and air dialectic coaxial cabies {with
their attendant ex{2nsive pressurization systems) cause loss in the
order of 0.5 db.per 100 feet at 900 MHz. This implies that if the
transmission loss between the traonsmitter and the antenna is not to be
exhorbitant, transmission line runs must bé kept reasonably short.

These loss characteristics indicate that fixed sites must be selécted
with some degree of care. As a rule of thumb, the radius of the area of

coverage is directly proportional to the square root of the antenna .~

height. Antenna height v. ERP is a basic trade-off consideration in
systems design. Practical considerations prevent the radius of cover=
age from being increased to a great degree by increasing the height of .
the mobile or portable receiving antenna. Therefore, base station
heights usually pust be the maximum possible, consistent with terrain
and area of coverage requirements. In the typical system, the need for
maintenance accessibility and structural cost consideratians prevent
the location of RF generating and receiving equipment at the antenna

near the top of a tower, Therefore, at 900 MHz sites must be selected
at which the transmitting and receiving equipment can be located reason-

ably close to the radiating elements of the antenna, such as the roof
of a tall buiiding or a strategically located mountain top. o

It is perhaps unfortunate that a “strategically located mountain top"
for a 900 MHz system is - very“often dlso one for other systems.’ This
can result in a number of antennae, serving many different systems,
operated-by many different users, being located in close& proximity to

each othér. The potential for intermodulation (IM) products seriouslty. .

degrading~system~peﬁformance under such conditions is great.. Thisﬁ“§
degradation can be minimized by careful system design. Frequency seléc-
tion must be based upon careful evaluation of system performance needs

and the frequencies, modes of operation, power outpit, and user service .

of other collocated or proximate system installations carefully evalu-
ated. . - ‘ , R
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As noted in Par. 2.2.1, the inherently greater path loss experienced at
900 MHz can be overcome by the lower ambient noise existing at these
frequencies, permitting full exploitation of modern receiver usable
sengitivity. This factor must be kept in mind in selecting sites, and
then protecting these sites from electromagnetic pollution. In addition
to the IM considerations described above, site selection should . include
surveys for possible sources of noise, such as high power TV stations

on nearby channels, high powered control stations directed toward the
site, and major industrial or medical installations nearby that radiate
with significant levels of spectral impurity.

Physiological Considerations

The portion of the RF spectrum in the vicinity of the 900 MHz band has
been used for various industrial and governmental purposes since YWorld
War II. These frequencies are only slightly above the UHF television
channels and are below government radar and telemetry frequencies.

Many of those systems have long used radiated power levels in excess of
hundreds of thousands of watts.:

Despite this experience, there is an everepresent concern about the pos-
sible physiological effects that these frequencies may have on equipment
users. Such concerns are particularly appropriate when considering the
employment of portable equipment. Although such equipment is normally
very Tow power, i.e., 1 to 5 watts RF output, normal usage often places
the antenna only inches away from the head and eyes of the user when
talking into a microphone mounted on the portable unit.

Despite periodic studies by the Department of Defense during the past
quarter century and more recently by governmental consumer protection
agencies, 1ittle specific information exists pertaining to the poten-
tial physiological effects of 900 MHz radiation in the type of environ-
ment that might be encountered in the law enforcement field. The Chief
Engineer of the FCC has stated that 1/ the FCC is now studying these
problems and intends to provide a definitive report in the future. He
further stated that the potential extent of the problem is not known but
recommended that, pending pubtication of the results of the Commission's
findings, personnel working in the proximity of such systems exercise
reasonabie care.

Since the maximum power level authorized for base stations, 1000 watts,
is considerably lower than that long in use by television stations at
similar frequencies, it is not tikely that base station personnel will
be subjected to a measurable level of risk due to electromagnetic radi-
ation. By the time portable equipment becomes available, it can be
expected that the results of the FCC's investigation will be public
knowledge. As recommended by the FCC's Chief Engineer, 800 MHz system
designers and managers should keep abreast of published information

.retating to this consideration.

. Summary

The phenomena described above are similar to those experienced at lower
bahds, varying only in degres. Certain characteristics of 900 MHz
propagation seem advantageous while others offer problems. None have
proved to be unacceptably detrimental to.communications system perfor-
mance. Most are simply the inherent considerations encountered in the
design of communications systems. Engineers compensate for their
effects by other coverage calculations or empirical judgment and thereby

l/k Presentation to the 43rd APCO National Conference, August 24, 1977, Chicago, I1linois.
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~configuration of their systems, they also consider spectrum usage

~opment has been made possible by the introduction of high speed switch-

determine the number of “fi1l in* repeaters, antennae heights, or the
ERP required. The degree to which special measures may be required in
the 900 MHz band is a function of the operational impact that the anom- i
alies predicted may create, Full appreciation of the impacts that -
900 MHz coverage phenomena will have on operational systems design can
only be determined by experience. Analysis shows that there are no
insurmountable difficulties inherent in 900 MHz system implementation.
Empirical data, acquired by observations of practical’ systems, will pro-
vide the guidance needed for future system designers to configure their
designs in ways that best overcome the problems and exploit the advan-
tages offered by 900 MHz propagation phenomena. s

THE TRUNKED SYSTEM CONCEPT /

General /- b
, /

The Second Report and Order resulting from Docket No. 18262 has made f

mandatory the use of trunked system techniques in those systems at ‘ /

300 MHz that require more than five channels. While a form of trunking

has been in use by the mobite telephone service for some time, all users/

of the 900 MHz band with requirements in the excess of five channels /

are now required to employ trunked techniques. /

The Commission based this policy on its determination to assure the ‘ /

most efficient use possible of the 900 MHz portion of the spectrum. / 1
White public safety agencies with their specialized operational require-
ments {see Section 3.2) are required to consider many factors in the

/
This Section will describe the basic principles of how trunked syitém%
operate. This description is npecessarily generalized, as it represenﬂ:

efficiency as being one of the more important. :

a synthesis of several approaches now under development by the vendor |
community. While significant differences ¢f ‘engineering specifics maﬂ
exist, these systems have many basic characteristics in common. The |
differences do not dilute the usefulness of a generalized description

of system operations to help understand how trunked systems can be = |
applied to public safety communication needs. . ‘ 5

oA

Trunking is not a new concept. The national public switched telephone
service is based upon this technology. As stated, the mobile radio

telephone service has long used a trinked type of system. -But-this sys - —=
tem, the Improved Mobile Telephone System (IMTS), uses an automatic,
sequential frequency stepping approach. It is slow; as much as 20 sec-
onds can be taken to obtain access to a channel. Such a system would
be of 1ittle use to law enforcement networks wherein the typical trans-
mission may average less than 3 aor 4 seconds. Therefore, thecfollowing .
discussion is limited to those, high speed, flexible »systems whose devel

ing equipment and rapid, remotely controlled freguency change capabil-
ities in modern mobile radio equipments. ~

Trunked System "Spectrum Efficiency" .

The presumptive objective of the introduction of trunked concepts is to|
increase spectrum usage efficiency. For the purpose of this study,
"spectrum efficiency" (a widely used misnomer) has been defjned?as the
ratio of the actual number of users assigned in a defined portidn of
the spectrum to some (not specified) theoretical maximum number of
users that could be assigmed to that portion of ‘the spectrum, helding
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the level or quality of service constant, within a defined area. Since
the theoretical maximum number of users that could be assigned in a
given area, and a quantifiable measure of "level or quality of service"
‘is not available, the term “spectrum efficiency” is not very precisely
defined. However, it does have useful meaning in a relative, non-
quantifiable way. Intuitively, we feel that techniques that permit more
users to fit into a fixed amount of spectrum or conversely, that permit
a fixed number of users to be accommodated in a smaller portion of the
spectrum, without 1mped7ng their communications effectiveness, improve
Yspectrum efficiency”.

From this concept springs the corollary that unused air time is an indi-
cation of spectrum usage inefficiency. This idea is based upon the
reguiatory principle. that anyaone meeting minimum established require-
ments has a right to exercise his privilege to utilize air time (*use"
being defined as an authorized transmission).

This concept might have validity if all users of the spectrum ".ve the
same vrequirements and made equal contributions to the puriic’s interest,
convenience or necessity. If that is not the case, then ©he idea of
unused spectrum and thevefore the term “spectrum efficiescy" may have
1ittle meaning. The possibility exists that the worth ¢¥ unused spec-
trum, by simply being available, may be greater than thkg¢ worth of spec-
trum fully occupied by Tess essential services.

As an example, the worth of the "hot 1ine" between the White House and
the Kremlin is not measured by the number of messages transmitted. 1Its
worth lies in its guaranteed; instant availability wheén needed for the
good of the community at large.

Keeping in mind the above cautions regarding-the general applicability
of the term "spectrum efficiency", several analyses of the possible
‘contributions of trunking techniques to “spectrum efficiency” zve avail-
able. These studies, deriving from telephone experience, show that
trunking techniques can be expected to significantly reduce the prob-
ability of delay in a system of a fixed number of trunked channels.

Chart No. 2.3.1 shows the probabjlity of delays that have been calcu-
tated for various numbers of trunked channels under various conditions
of lpading. A single channel system is included (see dashed line) to
illustrate a boundary condition. For example, a 4-channel system, each
channel .Toaded 40%, would present an overall probability of delay of
40% to any user if the system were operated in-a conventional mode.

{See dashed line. Each channel has the same probability of delay as a
singie channel System.)} The chart shows that this Jelay probabi1ity
would be reduced to 9% if those same four channels, each 40% loaded,
were connected in a trunked system. A 16- channe] system, with all chan-
nels loaded 40%, would provide any user with a .1% probability of delay
if operated in a trunked mode. Similar calculations are possible show-
ing. the theoretical reductions in waiting times, rather than probability
gfadel?y, that can result from trunk1ng available channels. (See Chart

2

The applicat1on of these generalized conclusions to a specific mobile
radio service presents certain difficulties. The calculations from
which the above charts are derived assume a telephone type environment,
wherein a large number of randomly selected callers are attempting %o
communicate with a large number of receivers over a limited number of
channels. A similar situation may or may not exist in the various ser-
vices that constitute the land mobile communication community.

U. Subsequent descriptions of law enforcement systems operat1ona1 needs
(Section 3.2) shows that this analysis does not exactly represent law
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enforcement operations. In those types of systems, generally a single
caller (the dispatcher) must communicate with a large number of simul-
taneous recipients (the patrol units) or one (or more) of the patrol :
units must communicate with a dispatcher. o

Since the number of system users at one part of the system (the dis-
patchers) is relatively small compared to thz number of users at the
other part (the patrol units), the basic mathematical formulations used
to develop Charts Nos. 2.3.1 and 2.3.2 should not be applied too 1iter-
ally to the public safety service. For example, the nature of ‘the law
enforcement operational procedures may cause the probabilijty of delay to
be not only a functjon of the number of radio channe]s, but also a func-
tion of average message length, time required to service a message, the
number of units per channel, and other similar factors.

These observations are not intended to negate -the possibility of spec=
trum-related benefits that might be derived from trunking. They are
offered to show that the present popular calculations of potential
benefits are based upon assumptions that do not precisely pertain to the
public safety service. They are not likely to provide a highly exact
basis for determining the increase in "spectrum eff1c1ency“ that might
derive from trunking public safety radio systems;-nmor calculating the:
number of trunked channels that will provide a required level of ser-
vice.

"
If one is to assume some relatively large sized system, for example, one e
having 10 patrol areas with 10 dispatchers, it is possible that the num- :
ber of channels needed can be reduced from the 10 channels, required ir a
conventional mode to some smaller number if the system is operated in a
trunked mode. Just how much of a reduction may be possible cannot be
determined from these figures. Law enforcement communicatien systems
designers must provide near absolute asslrance that the systems will
support the level of service required to satisfy the law enforcement
mission under peak load conditions. Theréfore, the possible reduction s
of channel needs that might result fram the use of trunked systems. in e
law enforcement can be deéetermined, with the credibility necessary for e
future system design, only from practical experijence.

2.3.3 Trunked System Operational Concepts . R o U;
2.3.3.1 General : o » | : é;%
A trunked commun1cat1on system i1s one 1h which users at either term1n34/// )

of a multiple 1ink path have access to all the circuits between the” two
~terminals. In the classic telephone case, & small-nuriber of ¥ fes may G
connect two exchanges. A caller from one exchange can/peach th~ -ther . 7 =
exchange via any one line. The next caller to use the same circu,t is
given the next ‘unused 1ine, and so on, unt11//11/tﬁe 1ines are occupied.

In" this way no one caller exper1ences a busv/ 1gna1 unti? a1l the lines

are in use. I o o

The ant1thes1s of this approach/ns the "conventional" system, wherein

one or more of the customers at.each end are- assigned one Ypecific cir-
cuit. In this case, as-soon as a circuit is'placed.in use, the rest of
the customers aSSIQHEd to that circuit must, wait unti the call=is com- o
\1eted even though the’ rema1n1ng c1rcu1ts between the two exchanges
m1ght not be busy. - O < e o e

" Traditional frequency assignment concepts in the 1and mobile radio ser-
vice have constrained operat1ons to this ‘tatter ,type of conventional . ..
service. Users assigned to a given frequency must await the ava11- o

7z,
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ability of that frequency to initiate their communications. Even though
nearby frequencies assigned to others may not be in use, they are not
available to non-assigned users.

Current concepts of trunked system operation overcome this difficulty by
assigning several frequencies (5 to 20 two- frequency channels are now
considered by the FCC to be a pract1ca1 number in a single system) to a
Targer number of users. Users are given specific frequencies by auto-
matic switching techniques so that no one user experiences a "busy" con-
dition unless all the frequencies assigned to the system are in use at
the same time.

The nature of a trunked system is such that it derives its spectrum
efficiency benefits by combining the RF channels into a common pool for
use by all users of the system on either a first come, first served
basis or in accordance with some prearranged scheme of priorities.

Components of Trunked Systems

The techniques for‘accompliishing this automatic switching involve a num-
ber of system elements described below.

a) The base site transmitters and receivers. The base station install-
ation includes a number of transmitters and receivers equal to the
number of channels assigned to the system, each operatlng on a
designated frequency These transmitters and receivers ave individ-
ually conventional in operation and are connected to primary power,
sources and antennae just as if they were elements of a standard,
conventional system. These units can be switched on and off by a
collocated (usually) electronic control unit.

"b) The portable mobile transmitter/receiver unit. This unit operates

similar to a conventiopnal mobile or portable unit. In addition,
however, it incorporates a frequency change capability that can be
cogntrolled by a data command signal, A data controlled frequency

" synthesizer is a possibility; however, a multi-channel crystal ex-
citer might serve the function also. Incorporated in the portable/
mobile unit is an address logic capability, i.e., the logic ability
to recognize its assigned unit designator or address, and to comply
with frequency assignment commands.

c) The control channei. This is the heart of a trunked system's oper-
ation. It includes a separate transmitter and receiver at the. f1xed
site, operating continuously on a fixed frequercy,’ send1ng varidus
items of control information to all portable/mobile units or system
control points. Portable/mobile units monitor or reply on this
channel whenever not transmitting or receiving on an assigned chan-
nel in response tn a command.

d) - The system's language. Here is included the many system features
that dictate how the system operates. It includes the data system
concepts that establish what the system does and how the system

= functions. It is made up of a digital data stream transmitted on

the control channel that addresses each portable/mobile unit to pro-
vide information regarding RF channel assignments for each addressed
‘portable /mobile group or unit. The composition of this language
and the constitiuent elements of the instructions contained therein
directly determine system functional performance.

e} System control points. One or more transmit/receive units, usually
fixed but can be mobile or portable, in the system having the abil-

.® . ity to- direct the control channel. By so doing, these points can

initiate calls to designated units or groups of units or in other

2.10



¥

0

ways exercise control over the system.  Such a unit would normally
be assigned to a dispatch center. There can be more than one con-
trol point in a single trunked system, each serving different users
and generally unaffected by each other's operation.

2.3.3.3 Trunked System Configuration

Each mobile and control unit of a trunked system is assigned an address.
This address includes a group designator in addition to the discrete
unit address, similar in concept to a seven digit telephone number. The
base station control channel constantly transmits c¢oded instructions
that include address information and frequency assignment information.
A1l mobile units assigned to the system monitor this channel whenever
they are in a stand-by mode. , 5

. N

When a dispatcher initiates a call to units in a patrol area, the con-
trol channel carries instructions to the units in that patrol area (by
addressing them all via their group designator) and directs them to move
from the control channel to a frequency that the central control -unit
has determined to be unoccupied at that time. A1l units in the desig-
nated group hear the fixed site (and a rebroadcast of the mobile trans-
mission if the systein is. so configured). Al1 units of other groups re-
mqig on. the command channel or on a working channel if they are occu-
pied.

When mobile units have moved to & working frequency, a "hand shake"
takes place by transmitting ‘check' signals that assure that the mobile
units are on the same working channel as the fixed station. This all
takes place in small fractions of a second. Depending upon system or- .
ganization, a working channel may be held for the duration of a message
or of just a single transmission. Upon completion of the traffic ex-
change, the units revert automatically to the command channel. -

Stiould a member of a group wish to initiate a call, he automatically -
queries the central controller via the command channel by simply de-
pressing the microphone switch. The automatic controller selects an
available frequency and directs the mobile unit to move to the channel
selected. This command information c¢an also be received by other mem-
bers of that group and their units automatically moved to the channel
selected so that they would monitor the communications.

Should mobiles be required to communicate with other mobiles or units
other than the dispatcher, both units would switch to a designated new:-
address.  For example, if a unit from Group 123 was required to communi-
caté with a unit from Group 321, each could be directed to switch to a
common group address 456. The control unit would recognize this as just
another group call. : : g

The command channel is:a data .1ink, suitable to a standard 3-KHz voice
channel band width. Data can be transmitted at a rate that permits com-
plete command information transfer in small fractions of a second.. As

a result, all.of the automatic channel switching takes place

it takes the operator to depress the mike button.

There are two important benefits to be derived from these 'techniques.

- The first is the reduction of probability of delay resulting from the
advailability of all RF channels to ali users at all times.” (See_ .
Section 2.3.2.) The second may be of even greater importance. .The sys~
tem's operational configuration is 'no-longer 1imited by channel avail-
ability. Special functions can be accommodated by“setting up special
group addresses rather than through the useiof discrete channels. The
potential value of this latter tool in configuring systems to provide
complex, user-oriented functions is difficult.to fully appreciate at
this time. 5 E ' o ‘
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Present trunked system concepts allow the command language.to provide
more items of information than merely address and frequency instruction.
Priority instructions can be incorporated. Status information can be
transmitted with the address group permitting direct interface with com-
puter aided dispatch systems. Only careful analysis of user functional
needs will determine which of the many possibilities inherent in this
concept should be incorporated in a given system design.

‘Because of the random frequency selection problems, it 1s impractical to

use remote repeater configurations having fixed frequency offsets to ex-
tend coverage throughout areas beyond the coverage of a single trans-
mitter location. Trunked systems can be used in repeater type systens
where repeat transmissions are on the same frequency as the primary
transmission. This technique, called "simulcasting", has been used on
occasion at the lower bands. Very close tolerances of RF carrier fre-
quency and audio envelop phase shift are required to prevent interfer-
ence in the zone where signals from both transmitters can be reéeceived.

‘Such frequency control has not been demonstrated in practical systems

at 900 MHz at this time.

This -1Timitation does not apply to satellite receiver sites. Should re-
mote receiver capabilities be required, as in the case of portable sys-

. tems, each satellite installation would have equipmerit required to moni-

tor all frequencies available to the system, each connected to the cen-
tral control unit through appropriate voting systems by the usual land
line or microwave systen.

The above description of trunked systems is sparce. 1t does not des-
cribe various specific system functions considered proprietary by those
vendors now developing such systems. It does show the critical elements
of 'such systems and how they function. It is intended only to provide
familiarity with the basic system operation so that judgments can be
made regarding the potential applicability of these techniques to speci-
fic user requirements.

CELLULAR SYSTEMS FUNCTIONING

General

The concept of cellular systems contained in Docket No. 18262 poses one
of the most far reaching innovations in.the history of radio communica-
tions. The ultimate objective of this concept is to make mobile tele-
phone service available to the general public in much the same way that
the public switched telephone service, using fixed wireline connect-
ifons, is used today.

The problem that has prevented the development of such service in the
past is the lack of the huge number of frequencies that would be re-
quired to serve the large number of general public customers, if present

day techniques were to be employed. In a. given service area, using a

normal coverage pattern (perhaps 25 to 50 miles in radius), thousands of
separate channels would be required to service the hundreds of thousands
of mobile customers that might reasonably be found in the area of cover-
age. :

Modern computer technology, coupled with the capture effect phenomena
inherent in a frequency modulated radio system, offers the potential

for overcoming these difficulties. The possibility now exists that such
service can be provided using a reasonable, and now available at

900 MHz, number of RF channels. Several techniques have been proposed
to provide these services. Development programs are under way in Chica-
go, I1Tinois and Newark, New Jersey. License applications have been
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filed for additional developmental cellular systems in Baltimore, Mary-
land. These systems vary in techniques and geometry, all having a com-
mon objective, i.e., wide-based service to the general public using
computer-aided switching and repeated use of frequencies within a
defined area of coverage. The following description of the technical
concepts is not intended to be an in-depth description of any one sys-
tem. It is intended only to present the general principles upon which
such systems operate. S

Cellular System Organization S

The basic principal of operation of cellular system operation s/ %he
division of the overall area of desired coverage (for the purposis of
this discussion it will be assumed that the desired area of coverage

is a single city, though this limitation is by no means necessary) +into
& number of smaller geographic areas, or cells. ~Radio coverage of each
cell is provided by low power {(relatively) transmitters and fixed re-
ceivers. Typical sizes of such cells may be“only a few miles across.
(The optimum size of each cell is a subject of controversy and one of
the differences between the various competing -developmental systems.)
While each cell has its own transmitters and receivers, operating on
assigned frequencies, adjacent cells will have different frequencies,
but frequency conservation occurs by repeating frequencies-in c&lls 5
separated by other cells. As mobile vehicles move from cell to cell

the capture effect, i.e., an FM receiver's capability of responding to
the strongest signal on frequency and ignoring others, and the relative-
ly Tow power of the fixed transmitters, prevents interference.

As the mobile unit moves from cell to cell, its received frequency of
operation can be automatically switched as needed by techniques inher-
ent in the system concept.  Central computer switching provides con-
tinuous connection of the cell in use by the mobile to the system inter-
face, usually but not necessarily the wireline telephone system.

By such a system, the number of simultaneous conversations possible ‘&
within a cell is 1imited by the number of frequencies assigned in" each
cell. Mobile units receive continuous service as they pass from cell .
to cell through centralized switching of the cells in contact with the -
mohile unit. A reasonable number of frequenciées can be used to support
a large number of customers through multiple repetition of frequency
usage.

The objective of such systems is to provide telephone type, customer-to-
customer service, throughout a designated service area. There is signi-
ficant technoTogical development and economic investment needéd before
such systems becone widespread. It is clear that it will be many years
before such systems will have demonstrated their cdpability and reli-
ability to the degree necessary to make them a viable consideration in
serving public safety communications “eeds.

900 MHz EQUIPMENT AVAILABILITY

>
.

General . ' : : S

At the time this study was initiated, none of the vendors in the land
mobile community listed base station or mobile equipment suitable for
900 MHz use in the public safety service as standard catalog items. O
Since that time several major vendors have advertised complete lines of
base and mobile equipment. Other vendors have equipments.in development
and promise full availability in the near future. By the beginning of
1978 a full Jine of base and mobile equipment should be available‘from-
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most of the vendors in the public safety field.

Costs closely track with those at 450 MHz. Vendors claim that 900 MHz
equipment will cost initially between 10% and 20% more to manufacture
than similar units designed for the 450 MHz bands.

At the time of writing, there is no 900 MHz portable equipment on the

“market, although most vendors observe that tihnis is due to the lack of an

)

2.1

2.2

immediate market rather than because of technological difficulties. No
equipment specifically designed for use in public safety trunked systems
is available. The following Section provides a description of these
equipments and relates them to past experiences on lTower bands.

Description of 900 MHz Equipment

Convéntiona] Base and Mobile 900 MHz Equipment

The most apparent difference between present day 450 MHz equipment and
the available 900 MHz hardware is the need for an additional stage of
multiplication in the transmittér exciter and receiver local oscillator

chains. Designs now baing offered by major vendors ircorporate existing

chassis, IF strips, audio boards, and exciter chains. An additional
doubler stage is added, and a new final power amplifier for transmitters
and new reéceiver front end are needed. Solid state RF devices, able to
provide required levels of power output, are readily available at a cost
only slightly higher than for those at 450 MHz. Oscillator stability
must be improved to meet FCC standards but this has proved feasible.

Stripline circuit layout techniques, long used in the lower bands, find
similar ‘application at 900 MHz, the principal difference being the
changed size of the circuit and the resulting need for greater precision
in fabrication and handling.

A noteworthy characteristic of the 900 MHz equipment nhow available is
that full coverage of both the transmit and receive bands is possible
without retuning. The bandwidth of the front end circuits is such that
full coverage of the authorized band is possible by only changing the
oscillator frequency.

Portab]é Equipment

No conventional portable equipment has been announced or promised for
use~at 900 MHz. Vendors are in general agreement that this is due to
Tack of a present market to justify the research and development invest-

.ment. There are some inherent difficulties in the design of a conven-

tional 900 MHz portable transceiver, but none that appear to be beyond
state of the art resolution.

The main difference between existing 450 MHz and 900 MHz equipment is
the need for an additional stage of doubling, both for the transmitter
exciter and for the receiver local oscillator chain. This requires
additional space, and also adds to the battery drain. If units are to
meet the 5-5-90 duty cycle for an 8-hour shift, then portable power ouft-
put must be kept as low as practical, keeping operational needs in mind.
Estimates are that a 2 watt 900 MHz portab]e might have a size and power
drain s1m1]ar to that of a 4 to 5 watt 450 MHz unit.

Ancillary Equipment

‘Antennae, coaxial cables, duplexers, connectors, and similar equipment
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are now available for 900 MHz.land mobile systems. A variety of anfgﬁr,m_,
nae configurations have been devetoped so that systems designérs have
flexibility of choice. Low loss coaxial cable, while relatively expen-
sive, is available. ‘

The matn distinction of 900 MHz ancillary equipment is the degree of

care with which it must be handled. A poorly installed coaxial connect-_
or that would cause loss of several db at Tower frequencies can render
a 900 MHz system compietely inoperative. ‘

Trunked System Equipment

There are no trunked systems currently in operation, nor.do any of the
known vendors offer such systems as standard items. Several of the
vendors describe breadboarding such systems. Such breadboard models are
being used to develop and evaluate system concepts. Many of the,system
elements have long been in existence or have been developed for use in.
other types of systems. - Remote control or switching of transmitters and
receivers represents ‘nothing new to the land mobile field. High speed
switching of oscillators is well developed. Frequency synthesis tech-.
niques are well along. While there are many pitfalls possible between:
the availability of a technology and its dimplementation in a practical
system, trunked systems do not require the resolution of yet unsolved
theoretical probliems.

As of this time no definitive requirement, specifying the functional
needs of a law enforcement trunked system, has been prepared. It is
only to meet such-a specific set of needs that a specific system can be
designed. It is estimated that the design and implementation of such a
iyg%emhwou1d require 18 to 24 months after the specific needs were es-
a is;Edo ’ R ’ :

Portable operation poses more difficult engineering procblems in a

trunked system. The trunked, portable unit has the same basic design
requirements as the conventional portable destribed above. This means

increased doubler circuitry and resulting battery drain. To,the trunked”’
portable must be added a multichannel exciter, either crystal contrplled

or frequency synthesized, plus the logi¢ circuitry needed to decode o
address and frequency instructions on the command channels. . No vendor =
has published .any indication of the early development of units with . o
these capabilities that meet normal operational requirements for size, ;
weight and battery life. : s

This implies that near term trunked system development would involve B
mobile only systems or some form of hybrid system using trunked mobiles R
with conventional portable units. Depending upon the operational needs

of the agency invelved, such systems could be configured by having the-

portable work conventionally through a trunked mobile unif in a repeater
or-relay type mode, having a separate conventional network for portables

that interfaces with a trunked mobile system, or other*suitable config-

uration. - ) ~ ' ‘

“
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MANAGEMENT INNOVATIONS‘

-
=

General

The -regulatory environment established by the FCC for operation of land
mobile systems in the 900 MHz band includes a new concept of systems
management not heretofore permitted. Community repeaters and radio’

common carriers have long been in use by the bu§§ness com@unlty at ‘the

lower bands and are also authorized at 900 MHz. "~ In addition, the Com- -
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mission has authorized the establishment of Special Mobile Radic Systems
(SMRSs) whose organizational concepts were recognized as necessary to
fully exploit the advantages of the trunked system technoiogy. (For
définition of these terms and detailed discussion of their regulatory
roles, see Chapter I.)

As described in Section 2.3 of this Chapter, the spectrum efficiency
advantages believed to result from the trunked system concept spring
from a conceptual scheme involving a multitude of callers, randomly
seeking access to a multitude of call recipients. Statistical analysis
shows that the degree of 1mproved spectrum efficiency resulting from
such a system configuration is dependent upon the number of channels in
the "grab bag" of channels that is randomly available. The theoretical
advantage of such a system is therefore largely dependent upon the num-
ber of users that can be combined into a single system. In a major

‘metropolitan area this need could be satisfied by the requirements of a
.single agency due to its size. However, in those communities having no

one agency Targe encugh to fully exploit the inherent capabilities of
the trunked concept, it might prove spectrally advantageous, and econom-
ically necessary, to combine the communications requirements of a number
of agencies into one municipal system. In this case, the SMRS concept
provides a system management structure suitable to support the needs of
all users.

The SMRS Concept

It seems heuristically evident that the typical community could improve
spectrum efficiency and enjoy the operational benefits of a sophisti-
cated trunked system if several different community agencies, each now
requiring an individual communication network, could pool their avail-
able channel needs in such a manner that the individual channels would
"lose" their identification with the {individual agencies and beconme
available for the use of the entire community.

The objective of establishing SMRS was to make such a system more
attractive from an economic and managerial point of view.  An SMRS, as

. conceived by the Commission, is ar economic entity established by an

entrepreneur, on a profit-making basis (this profit-making element is
authorized but it is not an inherent requirement under the Rules), to
provide services to those mobile communications users WHO WOULD NOR-
MALLY BE LICENSABLE "IN THEIR OWN RIGHTS. An SMRS has two uniquely
distinguishing characteristics. These are: (a) the SMRS is authorized
to prov1de fixed radio services (under current rules the users of these
services must ow.. the control points and mobile units themselves) to
Tand mobile users who are in themselves licensable under the existing
regulations: of the Commission; (b) the SMRS is not authorized to pro-
vide services to the public in general and therefore is excluded from
regultation as a common carrier by the individual states. All regula-
tory authority over the SMRS resides in the FCC.

This new concept was the cornerstone of much of the controversy. regard-
ing the promulgation of the present 900 MHz requlations under Docket

No. 18262. Chapter I discusses the legal ramifications of this concept
and presents some.of the questions still to be answered. Chapter III
discusses the possible applicability of this concept to the law enforce-
ment communications community showing some of the problems and the
opportun1t1es presented.

7 The:-existence of such an entrepreneurial function provides the commun-
“ ity .leaders with the possibility of contracting the fixed portion of

their community's tax-supported communication network, in whole or in
part, through competitively selected contractural arrangements. Super-
f1c1a11y, it might seem that such arrangements would reduce the tax-
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supported manpower requirements of the community government provwde for
increased efficiency through the consolidation of resources, and permit
greater managerial efficiency through the competitive contractural

selection process. However, the possible pitfalls of such a simplistic-

view should not be overlooked. R

Such entrepreneurial functions should not be confused with "telephone |
type" service. As po1nted cut above, one of the distinguishing charac-
teristics of an SMRS is, unlike the public telephone network, its exemp-
tion from state regulation. Such organizations are prohibited from pro-
viding services to the public as a whole. It seems, therefore, that
many of the economics of scale now enjoyed by the telephone services
might not be available to an SMRS. R v

Because existing restrictions on SMRSs preclude them from owning ‘the

control points and mobile installations, the procurement and maintenance
problems encountered by a tax-supported agency would not be significant-

ly reduced. Finally, the degree of “compet1t1ve procurement” that might
actually take place seems questionable. It is unlikely that, withina -
typical community, sufficient capital would exist to prov1de a s1gn1f1-

cant number of bids competitive with an established SMRS onre its equ1p-

ment has been installed and amortized. /
On the other hand, there is nothing in the existing re'\]mt1ons that
precludes the establishment of SMRS by governmental agenc1es. Should a
community decide that its mobile communication service fould best be
provided through a single fixed station management entjty, it now has
available under the Rules the mechanism to establish such an entity.
Whether this service would be required to operate in g conventional
mode or as a trunked system would be a function of channe] load1ng and
the Commission's regulations. ﬁ

The previous Sections of this Chapter describe trunk#ng concepts, the .
status of equipment therefor, and the functional 1mp|1cat1ons of this o
technigue. These discussions have significant bearing upon any decis- T
ions regard1ng the desirability and costs of establishing SMRS. The s
reader's attention is invited to discussions in Chapter III which deal

with the operational considerations and the functional requirements of
communication systems in support of the Jaw enforcement mission. These

basic mission-oriented needs must be the dominent considerations in the

selection of any communication system management teLhn1que
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effective, whether or not the risks of development can be borpe by thel.

o

CHAPTER TIII
OPERATIONAL SUITABILITY OF'THE 900 ‘MHz SPECTRUM

INTRODUCTION

Chapters I and 11 of this report have described the background of the
opening of the 900 MHz band for land mobile communications. They have.
presented the regulatory, managerial, technological and economic facto
that affect the way in which this new portion of the specirum can be
made available for law enforcement communications?’” "This Chapter pre-~
sents a generalized description of the operation of law enforcement |
communications systems and the system needs that derive therefrom. Thi
description provides a basis for the analysis of how the 900 MHz spec%
trum, as now made available, may or may not contribute to meet1ng thej

|

J

needs.

The grOW1ng demands for public safety services by the genera> pub11C'
and the 1ncreas1ng requiremént for the application of soph1§k1cated
technologies in support of lTaw enforcement objectives, have(1mposed Jn-
creasing demands upon the capab lities of law enforcement cSmmun1cat1on
systems. These demands are, in turn, imposing new and stringent re- |
quirements upon Taw enforcement communication systems performance.- pey
are placing even greater requirements upon the electromaghetic spectwum

The advance of technology has recently presented new opportun1t1es to $
alleviate these problems. It is now feasible to produce equipment th}
can operate at 900 MHz in a practical, day-to-day environment. This
technological development, recognized by the FCC in its Docket No. 18ﬁ62
proceedings, has nearily doubled the amount of spectrum available to th
1and mobile community. !

Trunking techniques, as defined in Chapter 1 and described in Chap-
ter 11, offer the possibility of significant improvement in spectrum
efficiency and a hope for dincreased spectrum availability.” These tech
niques also offer opportunities for new approaches to systems management
that may yield significant improvements in the way public safety com-
munication systems can respond to the needs of their users. The pur-
pose of this Chapter is to analyze the extent to which these technoles -
gies can contribute to the solution of law enforcement's present and
future communication problems. To do this, it will identify those
special requ1rements of a law enforcement communication system aad.
thereby point out the major functional capabilities that systems con-
figured under Docket No. 18262 requ1rements must provide. »

The experxence of the last severa] decades indicates the naivete of
stating that such-and-such a requirement cannot be satisfied because of:
technological limjtations. A technical solution can eventually be prao-
vided to almost any technological problem. ™ But these solutions may be|
long in coming, and they are inevitably expensive. Thé . present proble

faced by community, municipality and state governments demand near ter

solutions, It is insufficient merely to assert that such-and- such-a
capability "can be done" simply because it is techpologically feasible},
Whether or not it is realistically feasible, whezher or not it is cost

taxpayer, are all questions that demand clear-cut answers, Thej efore,
a study such as this must deal with the real world of that wh1ch s
practical now, as well as in the future. . ,

However, in the urgency of today's problems and the pressnng needsofor
their solutions, we should recaognize that 900 MHz represents the thresh-
old of @ new era in communication management. While. principles ahd ,
peiicies established in the coming months and years w111 be the o &
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precedents for decades to come, today's decisions must accommodate the
near term needs Jf the public safety communications community as well as
its long term-goals.

As described in Chapter II, trunked systems represent a significant ad-
vance in technology. As of this writing a trunked system fully satis-
fying the needs of the public safety community has not been demon-
strated.- The FCC has, in Docka2t No. 18262, promulgated a policy
intended to lead to the eventual use of trunked systems throughout the
major portion of the 900 MHz spectrum. The law enforcement community,
long awaiting the spectrum relief offered by the 900 MHz band, is now
looking toward the development and demonstration of trunked systems that
meet both the Commission's goal of increased spectrum efficiency and the
community's needs for cost effective, increased operational capabil-
ities.

Those responsible for the expenditure of local tax funds have specific
responsibilities. Research and development, and the risks attendant
thereon, are not normally parts of this responsibility. While the
federal government can, and probably should, take such risks to advance
the state of the art on a national basis, it is clearly“not the role of
the taxpayer of a local community to engage in the high risk and high
cost research and development programs needed to develop theoretically
possible but still unproven technical concepts. A local community, to
solve its problems, must rely upon proven techniques and established
concepts. The Tocal community must look to the vendor to assume tech-
nological responsibility. The Tocal community must define its require-
ments in terms of the technology that the vendor is w11]1ng t0 produce
and guarantee.

Therefore, this study will evaluate the technologies and concepts of the
900 MHz band in 1ight of those equipments currently offered by the ven-
dor community, or those technologies that the vendor community asserts
will be available in the near future.

FUNCTIONAL DESCRIPTION OF LAW ENFORCEMENT COMMUNICATION SYSTEMS

General

Public safety, and particularly law enforcement, communication systems
have a common cnaracteristic that distinguishes them from other services
in the land mobile communication community. This characteristic is
simply that they deal directly with the safety of the public. The
agencies these systems support are directly responsible for the protec-

. tion of the 1ife and property of the citizen. In the performance of

this responsibility the individual members of many of these agencies
have as routine an element of risk to their personal safety seldom
known to the rest of the land mobile communication community.

These systems, therefore, must have performance characteristics tail-
ored with this consideration in mind. The safety and the protection of
1ife and property bears with it a responsibility far.beyord that of
public convenience, entertainment, profit or mere economic efficiency.
Since the risk element of, and the dangers to, members of the agency
are unpredictabfe factors never precisely foreseeable far in advance,
the system must be tailored to satisfy both normal and peak require-
ments on an instantaneous, 24-hour a day basis.

These considerations are not theoretical in nature. They have véry

practical aspects in the development of public safety communication sys-
tems design. While these systems must obtain maximum utilization:of

3.2
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the limited spectrum, they must also maintain the required degree of
performance at the least cost to the taxpayer. Above all, they must
guarantee to those responsibie for the agency's performance that the
system will work as needed to fulfill that agency's respons1b111t1es
under all reasonab]y foreseeable conditions.

These systems must be cost efficient to operate in the routine mode, but

they must also have the capability to handle peak loads in a highly

effective, operationally efficient manner. They must satisfy local

needs while also supporting regional and national systems requirements.

They must be capable of expanding to meet growing community requiremerits -
while also able to operate at reduced levels under conditions of man- - o
made or natural disasters. s

The safety considerations and the operational procedures established by
Taw enforcement agencies must be the basic criteria for design and
planning decisions in the development of public safety;communication
networks. Channelization plans cannot be drawn solely on the basis of
regulatory channel loading standards. Channel utilization, measured in
terms of percentage of occupancy, is not the only cr1ter1on of the
effectiveness of design. .
While it is valid to consider }oading standards as a'measurement consid-
eratign when designing a routine dispatch network, the public safety.
system planney must always keep in mind the fact that life and property
can be Jjeopardized by inadequate communication fac111t1es The effici-
ency of the pub11c safety system ds measured not by liow many mobiles can - p
be placed on a given number of channels, but rather how effectively the STy
system supports the performance and safety of their personne] as they

fulfill their rasponsibilities for the protection of'the public.

The managers of ‘law enforcement communication systems are responsible
to the elected officials of the community. This responsibility cannot
be delegated to a regulatory body. Nor should it be diluted by regula-
tions ovr gu1de11nes perpetrated for adm1n1strat1se conven1ence

The following description of the general operatignal- character1st1cs of -
typical municipal law enforcement agencies is prdv1ded to assist the

reader. in understanding the role that must be pepformed by & 900 MRz

law enforcement communication system. For more detailed explanation,

the reader is referred to the B1b11ography 1/ i _ "

3.2.2 Law Enforcement Agency Operational Phi1050phy

Any analysis of the suitability of a part1cu1ar commun1cat1on technique
for a particular law enforcement function must be based upén an under-
standing of the role that the communication sysitem must fulfi®]. oThe
first step, therefore, in determining the operational suitabirity and
the technical adequacy of the new ‘900 MHz band jis to understand the way
that law eaforcement communication systems support law enforcement
agencies' operat1ona1 needs. . ;

4
i

While & great port1on of a law enforcement co munication system s air
time -is spent in what appears to be “"dispatch' type oporations, it
should be recognized ‘that there are profound differences between law
enforcement communication functions and those of other users of the
land mobile spectrum. AU

1/ Police Telecommunication Systems, 1971. Product of Project Three, Phase Three of the :
Project Series Foundation of the Associated Public-Safety Communications Officers, Inc. g

prepared by ITT Research Institute under @rant No. NI 70-091 from the U.S. Department of Jus-

tice, LEAA-NILECO. ,
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The first and most obvious difference is the fact that protect1on of

life and property of the public and of the individual-golice officer are

dependent upon the speed and accuracy of the communication network.
zWhile these-priority-considerations might be difficult to relate to

spectruni allocation: concepts, they must nonetheless- be kept in mind when

"eva!uat1ng ttie degree of compromise with whi¢h public safety communica-
tion users can view trade-offs between system performance and spectrum
‘tonservation.

The term "d1spatcher" as applied to a law enforcement communication net-
work may be an unfortunate misnomer. It may lead those not familiar
with 1aw enforcement operations to confuse the functioning of a law en-
forcement system with the more widely used and perhaps better understood
"dispatch" systems found in other portions of the land mobile communjca-
tion community. "In a law enforcement radio system, the dispatcher is

an extersion of the command authority needrd to supervise and coordin-
-ate the activities of the deployed forces on duty. As such, the dis-
patcher does- far more than merely d1rect mobile units to spec1f1c loca-
txons.

There is an 1terative communication process between the dispatcher and
the patrol uniss, It is through the total prevision of all available
information.to the patrol unit, in even the mosi routine case, that the
‘patrol officer is able to properly plan his actions upon arrival at the
scene of an jncident. This prior preparation and employment of optimum
techniques sditable to the sijtuation are vital to the safety of the off-
icer-and the fulfillment of his responsibilities to the citizen.

A .further requlrement of this Taw en.OWCement network imposed by the
need for command/control type operation, is the capab111ty for instan-
taneous substitution of thn routine d1spatch function by that of a
supervisory level officer. As incidents increase in level of severity,
the communication network ceases to resemble a dispatch type function
and assumes & command/control nature. The communication network must
make possible reliahle, multiple communications between commanders and

- selected units in the field. The duty supervisor must have the ability

. to receive information deployed from units and to issue instructions to
those selected -

Inheréht in the functioning of a law enforcei>nt patrol force is the
concept of mutual support. Each officer keepy abreast of developments
within his area of patrol responsibility by monitoring the dispatch
¢hannel. This is the primary means by which he learns of developing
situations and can be prepared to render assistance to other officers
in a minimum amount of time.

"The patrol element is the cornerstone of most law enfortement agencies'
.. functional procedures in the fu1f111ment of their responswb111t1es for

Q;the SafEtV and welfare of the p"b??”‘ - pat.ul element is USUally
“one-man (sometimes two) vehicle ass1gned for a given period of time to
‘patrol throughgut a designated geographical section of the community.
This geographical area may vary during different times of the day or
different days of the week. ‘The number of vehicles assigned to a given
area may also be a variable, adjusted in accordance with operatwonal
“and -managerial decisions of supervisory officials.

o

The 11“911ne of this patrel officer is his communication link with the
dispatcher In the case of routine complaints, the dispatcher is ad-
viSed of the nesed for service via a telephone call received by the
telephone answering desk, or in some cases by the dispatcher himself,
Information obtained during this telephone conversation: (frequently

- from a disturbed or highly emotional citizen) is then rélayed to the
patrol vehicle. most appropriate to”respond to the complaint. Based
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upon the nature or the severlty of the 1nc1dent, more than one vel

In many of the larger systems much of the comp]exlty of the d1spatch
function is assisted by computer storage and information-processing.?
These systems not only improve resource allocation through optimum
use of manpower; they also provide additional information to the off-
icer, thereby contr1but1ng to his ability to effect1ve1y d1scharge h1s
respons1b111t1es PR .
”‘IL I
In @ routine case, the patro1 officer rece1v1ng not1fscat1on of the
need for service makes judgments based upon the “information received >
regarding the most appropriate manner for him to respond to the situ-
ation. The decision made at this time can greatly affect the safety of
the citizen and the officer involved.  Should an officer ‘arrive at the
scene of a disturbance unprepared to handle an armed cr1m1na1,{h1s 1ife
may well be in jeopardy. On the other hand, over-reaction to a routine
family disturbance can waste a community's resources and gause undue
embarracsment to a normally law- ab1d1ng citizen.

Normal. resource,management requires a flow of 1nformat10n between the
dispatcher and units in his patrol area. Status reports and updatmng,
including such items as in.or out of serv1ce, repQrt on scene, assign-
ment complete, étc. from each unit as appropriate, provide a continuing
picture of the activities and resource 'siteation throughout the patro]
area needed to make neécessary management decisions.

As a situation develops, instances occur that require an iterative,
series of transmissions between the dispatcher and the patrol vehicle
in order to exchange necessary information. If the officer reguires
the assistance of additional vehicies to properly contain an incident,
this information and any needed guidance regard1ng their disposition is
relayed to the dispatcher. . If-an.incident grows in scope, the commung=
cation 1ink can then be switched to a watch officer, a senidr super-
visor on duty who is capable of providing 1nghdent management and h1ghe
level supervision. .

“ .
g

Depending upon the procedures of the. agency 1nvo1ved commun1cat1ons

between patrol units may be required to coordinate the1r _responses to
an event. Such flexibility of communication cap be vita¥® in providing
rapid, coord1nated aupport to units 1nvo1ved dn critical” s1tuat1ons.

“

While one maJor incident may be in progress and consum1ng siguificant

portions of air time, the other routine agenty activities throughout
the rest of the community must continue to be supported. = The, routine

- ‘dispatch channels in support of other requests for assistance must be

unimpeded by the focus of attention on any o%_\e1gn1f1cant”event

‘<l=vﬂeﬂwJaw eﬁfn“cementﬂagencaesealscmha'°nsp304lﬁusquads prov.a,ng on-

going services in support of special investigations and other law
enforcement activities, Special squads for part1cu1ar surve111a1ce

)

act1v1t1es ‘may be estab119hed I o

(‘.

Major publxc act1V1t1es, i, e, parades or other gather1ngs, may requxre~ﬂ

the organization, coordxnat1on and command/contro] of a specialized
group of officers for limited per1ods of time. Mass demonstrations or
publlc disturban¢es “such as riots may occur reguiring large concentra-
tions of law enforcement act1v1t1es, coordinated and managed from a
sing1e control unit. At times of a large public d1sturbance or wide

area“disaster, extenspve coordination may be required among Taw-enforce

ment agencies. and between them and other public safety -agencies. Exper
jence has often shown the need for @ separate command chdnnel, open to:
the®overall/emergency activity supervisor and those subordipate unit
commanders k1rect1y’respons1b1e:fq\h1mg Ava1lab311ty of-such a, channe]

L'[ )
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“may be assigned to service the complaint o /
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reduces confusion by 1nsur1ng communications flow that fo]]ows the
chain of command, thereby 1nsur1ng the orderly dissemination of
instructions.

The -introduction of modern digital and computer techniques into the

“¢riminal justice~system has provided a new and valuable tool for the

routine processing of law enforcement complaints. Mobile and portable
digital terminals in the hands of the individual patrol officer are
now giving him the capability for direct access to state and natioenal

criminal history files. These wide-area information systems are rapidly

becom1ng an inherent part of the operation of modern law enforcement

-agencies.. The ability to check license plates and drivers' licenses

against state filés has become a major contribution to increased appre-

-hension rates. Routine checks for stolen articles and vehicies.in

national files nave contributed significantly to the recovery rates and
apprehension. of wanted criminals,

The .above generalized description of law enforcement communication sys-
tems operation applies broadly to the majority of municipal law_en-
forcement agencies. While the basic principles illustrated apply to all
systems, there ‘are many local variations in techniques. For example,
some agenc1es may have incoming calls received by one complaint taker
who, in turn, makes the initial dispatch of a patrol car to the inci-

dent and then relays control of the incident to a separate dispatcher

to monitor activitijes in the patrol area. Other agencies may have
individual dispatchers receiving calls for assistance and then dispatch-
ing the needed assistance. In larger systems complaint calls are
received by one individual (or one of a group of individuals designated
to receive complaint calls) and appropriate information passed to a
dispatcher who maintains radio contact with units in his issigned

patrol area. But in any event, there must be one centralized point
where kgow]edge of the act1v1t1es within a designated patro] area is
centere

Law enforcement systems can have many additional operational require-
ments that affect the organization of the communication network.
Depending upon geographic and political requirements of the agency,
many factors affect the design of the system. Some agencies reqguire
mutual aid channels, area coordination channels, interagency coordina-
ation channels and various intra-organization links. TheSe coordina-
tion links can_often be provided by relays through a central communica-
tion center. This techn1que is prevalent in the larger municipal areas.
Also, a number of agencies have a need for interagency communications °
between the mobile units of many separate activities. In suburban and
county type agencies, each car needs not only to-communicate with its
central dispatch and control points but frequently must also have facil-
ities for car-to-car communications with such agencies as highway
patrol fire, and other public safety activities.

This functional descr1pt1on is -intentionally sparce. 1Its purpose is to
give the-vreader a basic understanding of the nature of iaw enforcement
communication networks. It is intended to show some of the special
characteristics of these networks and how thedr functional characteris-
tics d1ffer from a typical business or 1ndustr1a1 Tand mobile communi-
cation sysitem. Public sdafety systems are not purely dispatch systems
wherein a central office broadcasts general information of interest to
any one or to all recipients. They are complex command/control systems,
providing for the inter-relationship of diverse emergency-oriented

“activities throughout the community. The efficiencies of these sys-

tems are nat measured only in terms.of dollars or by sonme standard of
channel 16ading. The efficiencies of these systems are measured 1n
the 11ves saved and the numbepr of cr1m1nals apprehended.
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3.2.3  Minimum Functional Needs s IR o e e

Law enforcement systems have certa1n minimum .functional requ1rements in-
common. They are: i

a) Certainty of communication.

This concept includes requirements for total coverage of the desig-

nated area of responsibility, reliability of equipment, 1nte\J1g1-

bility, and immediacy. The role of the law enforcement communica- : :

tion system in the preservation of 1life and property and the appra- &

hension of criminals places high em(ﬁas1s on_ these character1stﬂcs S
- of the system. =

b) Multiple user monitoring;cApabilities AR

it

The operat1ona1 procedures of most agencies require that0a11 desig-"-
nated units in a given area monitor designated. communications with-

in that area at all times. This is necessary to assure 1nformed, P

flexible, mutual support when needed. . s /
c) Discrete, sub-unit channels. %

Various designated groups and/or activities require communicat1ons

independent of the basicudispatch channei. Special squads, such as’

detective, narcotics, etc., or special events such as riots or o

crowd control, require individualized communications, controllable - . .

from a field and/or centra) point, sﬂmu1taneous to but not 1nter-

fering with the routine dispatch systems .

d) Interagency coord1nat1onvcqpab111t1es

Mutual aid requirements between adjacent agencies, and coord1nat10n
and (-goperation-needs among different law enforcement networks and

between related public safety agencies, demand often comp]ex and
flexibile interagency communications intérfaces. 7
This summary is not intended to be a comprehensive T%st of system
requirements. ‘Ideas such as cost effectiveness, re11eb111ty, main-
ta1nab111ty and operability certainly are important. Many different
agencies W1th different spans of responsibility will have other

vital needs. It does represent, however, theofundaments], 1rredmp- ;
~ible minimurd~ requ1rements that any regulatory scheme ar: techno]og- , b
ical capability must accommodate _ ;

3.3 TECHNOLOGICAL APPLICABILITY | : R |

3.3.1  General ' g I B - L o

Thig Section. discusses the téchnical capab111t1es "0f the=900 MHz spec~-

“trum as they relate to public safety communication systems needs, It ./ °
deals with inherent 900 MHz phenomena as applied to public safety needs (RXEERRL
For the.sake of clarity, the analyses Gf this Section are limited to, e
c¢onventional type systems. For those cons1derat1ons pecu11ar to
trunked technologies, see Section 3.4 below.

03.3.2 ~Re1at1onsh1p of” Propagat1on Phenomena to Law Enforcement Requirements

«

The propagat1on phenomena assoc1ated w1th the 900 MHz spectrum des-~
cr1bed in Chapter II. 1nd1cates severa] character1st1cs of’ swgn1f1cant

13

3.7

&
=

Cal 0 R Q




3.3.2.7

importance to the pubTic safety law enforcement community. . The most
obvious of these are path loss calculations, scatter1ng phenomena, and
noise characteristics.

Path Loss Considerations

Propagat1on calculations show that a "normai® 900 MHz system design,
involving usual or readily obta1nab1e mobile and base station powers,
antennae heights and gains fand FCC I1m1tat1ons), in an environment
where e1ectromagnet1c poilution has not been permitted to develop,
results in an urban coverage radjus of 15 to 25 miles. These figures
indicate that the 900 MHz band might be quite suitable for typically

~urban and, in many cases, suburban systems

"On the other hand, "normal" VHF high band systems using 51m11ar standard

or readily ava11ab]e components can be expected to provideicoverages

with radii in the order of 50 miles. Therefore, the VHF high band can

usually be expected (other considerations not dominant) to provide more
economic systems for rural or wide area coverage, such as statewide or *

.countywide systems. It must be emphasized, however, that this is not a

hard and fast rule but rather a broad genera11ty There are many other

.variables that can affect specific systems designs. Spectrum avail-

3.3.2.2

ability, interagency coordination concepts, topographical factors, are
Just a few of the considerations that must be evaluated to determine
the optimum frequency band to be used in a specifi¢ application.

A varijable, of yet incompletely defined operational effect, is the sus-
ceptibi]ity of the 900 MHz frequencies to foliage attenuation. Variouy
stuaies have discussed this phenomenon but no known analysis has

yielded definitive data regarding its impact on urban operational sys-
tems. In regions with heavy foliage, coverage has been found to vary
with seasons :as trees shed or grow their leaves. In the typical urban
environment this phenomenon can be expested to have little impact. How-
ever, f011ated areas such as park located near the extremities of the
area of ‘coverage, may well vequire more than the usual levels of signal
strength to assure reliable communication at all times.

Scattering Effects

One of the most importani phenomena associated with 900 MHz that affects
its applicability to public safety systems is the scattering effect
demonstrated by these'shorter wavelengths. Theoretical considerations
and experience to date have shown that the short wavelengths of 900 MHz
radiation are randomly reflected by man-made structures normally found
in a typical urban environment. This scattering has the beneficial

“effect. of filling in “holes" or dead spots that often exist in Targe

o

metropolitan areas when using Tower frequency systems. These holes can
cause serious coverage problems at the lower bands.

The end product of this phenomenon is an as yet imperfectly defined
propagation characteristic. No formal propagation model fully account-
ing for -these effects “is known.. - Experience to date indicates that
coverage throughout a g1ven area can be significantly better than the
theoretical projections using classical propagation analysis. While
the coverage radius of'a 900 MHz system may be somewhat 1ess far a
fixed amount of power than that of the lower bands, the pwobab1l1ty of

coverage throughout the total area of interest may, in fact, be greater.

Aﬁbaroilary of this phenomenon is that 900 MHz signals algo-appear to
give improved penetration within man-made structures. Evildence to date

-and results described in Chapter II indicate that communications within

i
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and through buildings, tunneis, etc., may, in fact, be befter than that
possible with the lower bands. These two phenomena suggest. that 900 MHz
radiation may have characteristics particularly suitable for the public
safety communications in more densely populated urban areas.

o

Noise Immupitx

Theoretical calculations and observed physical measurements indicate
that the level of ambient noise existent in the 900 MHz portion of the

spectrum is normally negligible. Noise caused by thunderstorms, solar -

temperatures, and other natural phenomena does not affect system per-
formance at these high frequencies. Man-made noise such as ignition,

neon signs, electrical motors, etc., has also less noticeable effect at -

900 MHz. As a result, in densely populated urban areas in which ‘the

ambient noise level constitutes a major consideration of system design
at lower frequencies, 900 MHz can enjoy a measurable systematic advan-:
tage in that full benefit can be taken of the sensitivity and }qg noise
figures possible in modern receiver designs. : :

Foliage Effects

There are two characteristics of the 900 MHz spectrum that may cause
operational difficulties. As stated, the shorter wavelengths of 900 MHz
are susceptible to attenuation by foliage. Studies by the Department of
Defense have shown such attenuation can be significant while at the

same time difficult to predict. <Credibie engineering answers regarding
the extent of this problem in a typical urban environment have not been
developed. Systems¢ _are now being installed, and the measurement of the -
operational characteristics experienced can provide the basis. for future
systems design calculations. ‘ » o -

Picket Fencing Effects . ' )

Another phenomenon associated with these shorter wavelengths is the

characteristic called "picket fencing”. The reflection of these shorter

wavelengths from terrain and structures causes randonm reinforcement and’

.cancellation of signals arriving at the receiving antenna. - This results -

in areas of greater than expected signal strength followed by severe
signal loss only several wavelengths away. To the system user passing -

through such a field of coverage in a vehicle, these rapidly fading and

reinforced signals may pose difficult problems of intelligibility.

This "picket fencing" phenomenon is particularly pronounced at the outer
reaches of coverage. Researchers have dndicated holes in which signal
strength may vary'as much as 30 db from the projected mean path loss. -
As of this time no reports have been .developed detailing the effects 0%

this phenomenon on -the day-to-day operations of a public safety communi- .

cation system. . e A .
There appear to be several solutions to this problem. The first would
be to define the operational area of coverage somewhere“within a radius
in which the phenomenon did not cause significant performance degradas
tion. Another approdach would be to s¥gnificantly over-design the 8ys-

~ tem power:level for the radius of coverage needed and thereby "brute

force” the coverage to maintain a level of signal sufficient for receiv-
er 1imiting at a1l times. (This approach is seldom satisfactory.) A
third solution might be to provide fill-in repeater -systems.” A fourth®
possibility is, to incorporate significant advances in tne sophwst1cg-

tion of receiver design. , : : e

These probTEﬁs do not appear to be unsoivable, They are merely engin-
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”-Anténna Tocations and heights of fixed stations are important in 900 MHz

eering difficulties to be overcome in any given system design.

Operational Suitability

Improved building penetration and fill-in resulting from 900 MHz scatter

- effects suggests that these frequencies have a potential for an improved

level of service in urban areas. The increase in the probability that

communications will be maintained with agency personnel throughout the

assigned area can contribute to the safety and effectiveness of the law
enforcement officer.

As this report shows, however, there may be gaps, or holes, in coverage

due to propagation anomalies. The absence of documented operational

experience with these frequencies makes it difficult to fully evaluate

the impact of such gaps.  Experience with lower frequency UHF systems

indicate that coverage problems resulting from such gaps can often be -
minimized by operational procedures. .

Once practical experience has been obtained using operational systems,
it is reasonable to expect that empirical engineering data will be
acquired that will permit system design techniques that will reduce the
effects of such gaps to acceptable levels.

Cost Unknowng

As to be expected of a developing technology, 900 MHz system costs can
not be projected with a high degree of accuracy until considerable ex-
perience has been acquired by both the vendor and the user communities.
However, general cost projections are now possible. At the current
state of the art, and as described in Chapter II, prices for conven-
tional 900 MHz equipment are somewhat higher (about 10% to 20%) than for

~ lower bands.

These cost projections are based upon individual elements of hardware.
They do not incorporate all the ramifications of overall system design.
Until such time as more system experience has been obtained, calcula-
tions as to the numbers and locations of remote receivers and repeater
equipments must be based upon estimates. Depending upon the experiences
gained in evaluating "picket fencing” and foliage losses, there may be

a need for a greater number of repeater and satellite receiver install-

ations than those experienced in similar lower frequency systems. This

problem may be particularly significant when personal portable system
configurations are considered. (See Section 3.3.6}

Considerations for Site Selection

system design.  The loss characteristics of transmission lines at those

~frequencies make it necessary to locate transmitters and receivers
~reasonably close to their antennae. While the cost of low loss trans-

mission line is somewhat greater than more conventional Tine, it is
§ti11 within the normal budgetary constraints of public safety communi-
cation systems. Site selection must be done with care and cable runs
kept as:short as practical. However, there are no inherent technical
characteristics.at these frequencies that differ greatly from those ex-
perienced in the 450 MHz band.

Considerations for Conventional Personal Portable System Design

" The introduction of personal portable radios in law enforcement communi- ;

3.10:
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cation systems is a major trend of the future. More and more of tﬁe_ﬁ
metropoiitan agencies are using this concept to provide continuous -

‘communications with the patrol officer. This system configuration, how-

ever, requires special attention for the 900 MHz system designer.

Present personal portable system design is based upon a network of sat-
ellite receivers sited throughout the area of interest, connected to the
command center by either dedicated telephone lines or microwave gystems.
Low power personal portable transceivers can receive messages from '
either a high-powered central transmitter or through remote repeater
transmitters. However, the limitations on the ‘amount of energy a port-
able battery carn store, and the need to have the unit operable through-
out an 8-hour shift, 1imit the portable's output power to usually be-
tween 1 and 5 w. Reliable coverage is provided by the relatively large |
number of satellite receivers. The portability of the unit itself de- . "
mands that it be light weight and that the dntenna be as small and non- T,
directive (therefore with relatively low gain) as possible. :

The present state of the art of receiver design, coupled with the low
ambient noise of the 900 MHz region, indicates that overall system per-
formance at 900 MHz will be comparable to that achieved in the 450 MHz
region. The potentially greater efficiency of the small, higher fre-
quency antenna, and the likelihood of more effective ground plane pro-
vided by the portable unit itself and the body of the user, appear to
approximately compensate for any overall path-loss deficiencies.

Another consideration in portable system design is the ﬁClto RF conver=-
sion efficiency, i.e.., the efficiency with which the power amplifier in

‘the portable converts battery power to ‘900 MHz RF energy. At the pres-

ent state of the art, the conversion efficiency of the final amplifier
is only slightly less than that experienced at 450 MHz. An additional
stage of multiplication is currently used to provide the higher fre-
quency excitation to the amplifier stage. This means that it takes a
greater amount of battery energy to generate the same amount of RF out-
put power. : ~ ' »

o

These considerations indicate that no significant, fundamental problems
confront the designer of conventional personal portable systems- at

900 MHz. The number of satellite receivers may have to be increased in
some cases, If the power output is to remain the same as at lower
bands, there may be a need to improve battery lTife or reduce battery
bulk and weight through the use of more advanced battery technigues.
Future portable systems might also provide for recharging facilities
during the patrol shift.

The cost and system design implications of these factors cannot be
determined with precision until such time as specific personal portable ©

unit characteristics are identified by the vendor community. However,

there appears to be no techn?ca}~reasaw:why»ﬁﬁﬁveﬂi?anﬁ%&%ﬂGwMHi;pr%&ﬁfzxasx##
units that satisfy the public safety market’s needs cannot be developed,
once the user demand justifies their development costs. :

OPERATIONAL APPLICABILITY,OF TRUNKED' SYSTEMS

Ny l..f}

General

In view of the rate of development of modern technology, it s not a R
very prnqductive exercise to question whether this or that law enforce- Tt
ment communication system requirement can or can not be satisfied by :
trunked technology. There is no inherent characteristic of the trunking N

concept that makes it theoretically unsuitable for the law enforcement R
need -- given the right assumptions. ' : : "
3.11%
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There dare. however, such real world questions to be answered as: what
benefits accrue to the using agency from the use of trunked technology?
What benefits accrue to tke community as a whole? What costs are in-
volved? What technological and procurement risks exist? What manage-
ment problems are involved?

Perhaps the most important question is: Will these unresolved questions
delay solutions to the urgent, present day problems? WI11 a debate over
trunked systems and their operational applicability, their costs and
status of development, only obscure the need for immediate solutions to

-immediate problems? We should take all possible steps to assure that

this does not happen.
The following discussion addresses these questions in light of system

operational needs, current levels of technology, budgetary limitations,
and existing political and managerial concepts.

Trunking for Spectrum Efficiency

The reason stated by the FCC for the application of trunked systems to
large scale systems (over five channels) is the degree of improved spec-
trum utilization (efficiency) that may be expected. The spectrum, when
viewed in its entirety, must be carefully managed if all the evergrow--
ing, competing demands placed upon it are to be accommodated. Without
careful management, vital services and valuable public needs may be con-
strained or unfulfiiled because of crowded spectrum conditions on Some
frequencies while others remain unused.

This can be true of the entire spectrum -- not just one part. Unused TV
channels  for example, are as much in need of modernized spectrum man-
agement techniques as are overcrowded land mobile radio channels.

In the world of present day spectrum management, the objective of "in-
creased spectrum efficiency" means making more spectrum available to
more users, withimn a given geographic area, at some defined level of
service. At the present time, for want of a better standard, "level of
service" in the land mobile radio service translates into channel load-
ing which is currently measured by numbers of mobiles assigned to each
channel.  Chapter I of this study describes present Commission standards
of loading in terms of mobile and portable units per channel at 900 MHz.
These standards vary from service to service. They differ depending
upon whether the system is operated in the conventional or trunked mode.

Under the Commission's present rules, the decision of a public safety
agency to operate in a conventional mode or in a trunked mode has only
limited effect on the availability of spectrum for other users. Tt
affects primarily the level of service experienced by that agency.

By way of illustration, assume that a municipal law enforcement agency
has 300 mobile units. Under existing loading standards (in public safe-

“ty, the standard 'is 50 mobile units per channel for a conventional sys-

tem), that agency could apply for six channels (assuming the Commissicn
would allow six conventional channels for the sake of discussion). Once
these six channels are assigned, the total remaining 900 MHz land mobile
allocation (including reserve) of 594 channels are available for event-
ual assignment to other authorized users within the same area of cover-
age. Should the agency be permitted to operate these channels in a
conventional mode, it would enjoy one level of service. Should funds be
available (and technology permit) for the agency to operate a trunked
mode, a level of service attendant therewith would be attained. But

. since the loading standard established by the Commission for trunked

Systems is 60 units per chamnel, the number of channels required would
be six: five for the mobiles plus one channel for contrel of the

3.12
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trunked system. There would still be only 594 channels -available for
use by the rest of the land mobile community. The decision, therefore,
might affect the level of service attained, but would have:.-little effect
upon the amount of spectrum left for use by others. '

Y
S

We should not be misled by the fallacy of measuring public safety com-
munication system channel requirements by some relatively arbitrary
standard of "mobiles per channel™. While this term may have some use
in configuring a heavily populated "dispatch" channel, it takes little
account of the functional needs for interagency communication channels,
special forces channels, and aother complex, operationally based system
design needs. (See Section 3.2.) .

The discussion supports two very useful observations. The first obser-
vation is that trunked techniques yield 1ittle improvement in spectrum .
efficiency unless they are applied to relatively large systems. As the
above discussion shows, no meaningful increase in available, spectrum o
results from trunking a 300 unit system. A similar example applied to a
system supporting 1200 mobile units would yield seven channels for use
b¥'ot2er§/when configured in a trunked mode rather than in a convention-
al mode. : ; .

A second conclusion is that the degree of improved spectrum efficiency
to be expected from trunking is related to the number of mobile units
that can be accommodated on each channel, at a given level of service,
when the system is operated in a trunked rather than a conventionatl
mode. While estimates of this figure can be made, no firm figures wiil
be available until evaluation of an operational system has been made.
(See Section 2.4.)

Trunking for System Capabilities

Trunked System Capabilities

The arguments pro and con regarding the potential for spectrum efficien-
¢y inherent in the trunked system concepts should not obscure the other
potential benefits of this idea. It is, perhaps, easier to understand
these potential benefits if the system is viewed more as a "controlled"
system rather than as a "trunked" system.

The existence of a continuously operating control channel, directing
specifically addressed (with such unit addresses changeable at will)
units .of a system to any available frequency offers opportunities for
greatly enhancing a commupication system's effectiveness. By carefully
matching the system's organization to the needs of the user, unique
opportunities for increased operational flexibility, improved reliabil-

a

ity, and a significantly increased level of service are presented. The
following is but»a partial list of the kjnds of‘function§*that can be

performed by a trunked system. i’

a) +Flexible organizational response. “The abi]ity‘%o“address”indivf@-
ual units or groups of units within the system is inherent in the
trunked system concept. This ability permits the comfigufation-of.
groups of mobile units, each monitoring all communicatipnf“between '
that group and its control point, but independent of the ‘other
groups in the system. If a given patrol area is identified by a

Y/ Preseht stahdards call for channel Toadings of 75 mobiles ﬁér channel in systemgnusing over -
ten channels. 1200 units would require 24 conventional channels or 16 trunked ¢hannels .

plus one control channel in a trunked system. Theﬁgha?ﬁél saving theoretically possible, g;g i;1
therefore, is 24 less 17, or 7 channels. & ; :
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b)

f)

9)

particular group address, then all the units in that patrol area
could monitor all communication in that area, ‘but not other areas.
However, should a unit need to be reassigned to another area, it
would only need to switch its group address to that of the other
area. For special or #ictical type communications, the mobile unit
need only switch its address to a tactical group code and then be
in contact with those units part1c1pat1ng in that tactical group
et at that time.

Priority designations. The address format can contain priority
identifications permitting designated groups to seize access to RF
channels regardiess of their use by other, lower priority users.
This feature can include several levels of priority to include an
emergency alarm.

Automatic ID and status information. Each unit control channel
response can include status and ID information needed to interface
with Computer Aided Dispatch systems.

Improved system privacy. The automatic frequency changing that
occurs with each message increases the lTevel of system pr1vacy
While total system security {secure techniques can also be incor-
porated) would not result, the nature of the frequency changing
makes monitoring by casual observers difficult.

Selectable "lockout". At the discretion of the system controller,
unwanted units or groups can be "locked out" of the system. For
instance, a stolen unit could be permanently Tocked out. Should

an emergency crea%e an unusual communication requirement by one or
more groups, less essential groups can be "locked out" of the sys-
tem to minimize channel loading by those groups not involved in the
emergency.

High re11ab11ity. Loss of a sing1e channel only raises the occu-
pancy level of the remaining channels. As such, the probability

of increased waiting times may increase but the system continues

to operate otherwise normally. Under normal conditions, the sys-
tem users would probably not be aware of the outage. The need for
maintenance could be made known by automatic alarms, lights, print-
outs, or other selected means.

Management information availability. The nature of the system con-
trol . mechanism provides a readily available source of needed man-
agement data. Printouts describing the individual channel usage
could provide system users with data describing the number of calls
vs. the time of day, total system loads, number of calls per chan-
nel, and similar items useful in making management analysis of sys-
tems performance. This feature is of particular value during the
test and evaluation phase of systems implementation as it can pro-

- yide factual data on channéel occupancy vs. channel loading, amount
- of waiting time vs. number of channels available, peak loading fac-
= tors, and similar data needed for the design of future systems.

‘System adaptability. A1l mobiie units of a system can possess the
capability of participating in all activities of the system, sim-
ply by chang1ng their address codes to that of other groups. For
instan'ce, maintenance vehicles included in the system might have
their own group address. As such, their communications would be
between members of their maintenance group. However, should the
need arise, the céntral system controller would add their group
address to those involved in handling an emergency so that the
ma1ntenance vehicles could provide an add1t1ona] resource for use
\1n response to an emergency.

Lt
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Orderly growth capability. A trunked system lends itself to an
orderly growth process. As system requirements increase, addition-
al system control capacity and needed additional fixed site capa-
bility can be added without outmoding existing equipment. The in-
herent design of the frequency selection process in the mobile
units could permit any frequency in the designated section of the
spectrum to be selectable on command. This capability makes pos-
sible the development of a total public safety or local government
service communication system, having each element operating within
its own group and unaffected by the participation of other groups.
Such an approach would distribute the channel occupancy peaks be-
tween the busy times of the various users while preserving the
priority status of the emergency services through priority desjg-
nation and the optional, selectable lock-out features of Items b)
and e) above. ’

These operational possibilities, and others that may be developed
as the result of operational experience, are not without cost.
Following are several of the more dominant factors that must be
evaluated in making a decision regarding the suitability of trunked
technologies for a given community:

1) Single site coverage. The complex frequency selection process.-

inherent in trunked systems limits presently practical system
configuration to a single fixed transmitter site. The needed
control and switching complexity that would be necessary to
permit remote repeater type operation would raise the system
complexity and cost to a level not now considered realistic.
“Simulcasting"” or simultaneous broadcasting by two or more ¢
transmitters is a possibility; however, the degree of trans-
mitter frequency and audio control necessary has not yet been
demonstrated at 900 MHz in a practical public safety systenm.
While such precision is within the scope of development, at
the present time practical application of trunked systems
appears to be limited to those localities that can be covered
from a single fixed transmitter site. '

It should be noted that this limitation does not apply to
satellite receiver systems. Thest man be remotely located just
as with conventional systems, and."the audio resulting from a
voting process relayed to the fixed site via microwave or land
lines in a normal manner. i

2) Developmental risk. No operating public safety trunked systems
have been demonstrated as of -this time. While the individual
components of this technology have all been in hand for some
time, i.e., frequency selection systems and digitally con-
trolled systems, no system ihcorporating all these elements. has
been built as of late 1977. Therefore, until an operational

system has been instaiTed and tested in—the practical worid; — ==

there exists a finite level of vrisk in®building the first one.
This degree of risk is difficult for an individual public safe-
ty agency, or even a local unit of government, to assume.

3) Costs. Mhile the inherent operational capabiliti€s of trunked

systems make price comparisons with "like type" conventional

systems difficult, they are likely to be somewhat more expen-
sive. A "bare bones", five channel trunked system might not
cost any more than a conventional system of like capacity,

j.e., a six or seven channel system. However, a “"bare bones" .

trunked system does not appear capable of satisfying the pub-
1ic safety users needs. Nor does it seem, in light of the .
greatly enhanced capabilities of a somewhat more sophisticated
‘system, to be a particularly cost effective chaice. SR
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Relative system costs are difficult to establish since they

are highly sensitive to factors such as numbeérs of mobiles,
site preparation costs, numbers of channels, and other consid-~
erations. Such cost estimates are made even more tenuous due
to the lack of actual experience. However, gross estimates
available at this time indicate that trunked systems might cost
about 1% times to a maximum of 2 times as much as a convention-
al system, the amount of difference being a function of the
degree of sophistication and capability required.

4) Lack of portable equipment. Just as 900 MHz conventional port-
able equipment is not available, no trunked portable equip-
ment is on the market. -The development of such trunked equip-
ment is sure to be more difficult than the development of con-
ventional equipment.  Logic circuits must be configured to fit
in the portable package with power drains that are compatible
with existing battery life requirements. While such develop-
ments are Toreseeable, it can be assumed that a lTarge market
will have to exist before the vendors can be expected to ven-
ture the development costs recessary. This is certainly sev-
eral years in the future. Therefore, early trunked systems can
be expected to operate in a mobile only mode initially.

5) Inter-system incompatibility. There are a number of trunked
system concepts now being proposed. It can be expected that
units for one vendor's system will not be compatible with
another vendor's system. .As a result, vehicle to vehicle com-
patibility between different systems is not 1ikely. Such com-
munications will require point to point links between the sys-
tem's fixed control or dispatch locations or the ability of
elements of the system to operate in a conventional mode when
$0 required.

From the above summary of trunked system considerations, both positive
and negative, it can be seen that these systems can, in fact, satisfy
the public safety users needs if they are carefully configured to meet
these needs. There are certain elements of technological risk to be
faced. But this has been true of every advance in communication sys-
tems capability. In some ways the risk associated with trunked system
implementation is no greater than that already taken in moving from the
VHF high band to UHF, or in implementing computer-aided dispatch sys-
tems, integrated data networks, or other sophisticated technological
tools. It also appears that system costs may be somewhat greater, at
least initially. However, considering the greatily enhanced capabilities
possible, and also the possibility of the eventual consolidation of num-
evous municipal systems ‘into consolidated, flexible, mutually support-
ing systems, long term costs may eventually be less.

Trunked System Applications

The heterogenous nature of their public service activities is character-
istic'of most communities. Highway maintenance can be a function of
state government; emergency medical services can be provided by private
hospitals, individual entrepreneurs,-or community government; fire ser-
vices can be provided by volunteer groups or local governments.

This mix of services and political responsibilities is due to the var-
ied political and sociological structure of the nation's communities
and municipalities. They can and do use large numbers of frequencies
in support of specific functional requirements. '

In such cases the concept of trunking may offer significant improvement
in spectrum utiliZation, in addition-to increased operational flexibil-
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i@y: One can conceive of an entrepreneur or governmental agency pro-
viding a single centralized trunked System which serves several agercies
of more than only one political entity as customers {or in trunking
terminology, groups). Should trunked repeater or simulcast systems be-
come ' practical, one can also conceive of a significant improvement in
spectrum utilization by combining such resource demands throughout a
geographical region of independent communities. Analysis of the mini-
mum numbers of units and/or agencies needed to be combined to justify
the capital outlay required for trunked systems would have to be con-
ducted. Such a study, of course, would include considerations of equip-
ment cost, equipment avajlability, terrain, geography, and political
re]gtionships, in addition to the primary consideration of functional
needs. R

If such a concept were to be pursued, it seems reasonable to believe
that the managerial and system planning problems attendant thereon would
be as great if not greater than the technological problems that must be
overcome. Research has indicated that the technology for a trunked sys-
tem is proceeding apace, The organization, planning and cooperation
necessary to develop and provide support of such a system throughout
compiex political and bureaucratic divisions would pose a procedural
challenge of significant dimensions.

The Targe numbers of mobile and portable units presently involved in the
law enforcement communication systems of the major metropolitan areas
might seem to make them likely candidates for the early implementation

of trunked systems. The problem of obtaining the economies of scale are _

quickly solved in such systems. However, the question of operational
suitabiiity is not so easily laid to, rest.

Channel loadings on presently used dfspatch channels in the major metro-

politan areas are already so great that they offer 1ittle hope for gﬁﬁmh
nificantly increased operational efficiency through trunking of onef 1%
agency's system. (New York City Police Department's channel loading™:
standard is 150 mobile units per dispatch channel; Chicago's is 100
mobile units per dispatch channel.) Making a channel from Area A avaid-
able to units in Area B offers 1ittli hope for improved communications
if Area A and Area B channels are both fully loaded practically 100% of
.the time or at least at the same tima. o

As theoretical studies discussed in Ghapter II show, 1ittle improvement
can be expected from a trunked system when all the available channels
assigned to that system are fully lodded. The opportunity presented by
the trunking concept is that enough ¢hannels can be made available to
relieve this dense channel lcading by combining channels currently
assigned to other municipal agencies whose utilization is not as great.
Such an approach takes advantage of ‘trunking's ability to "level put”
the load. ‘ ;

Technological, operationaT and economﬁc cohsi%aints prévent many of the
major urban areas from moving their public safety communications to the ,

900 MHz band in the immediate future., However, the same constraints are

not affecting the other eligible users of this band.

The very population density of these urban areas %hat creates the need
fyr large public safety requiremghts also generates the greater number
of non-public safety ysers of this spectrum. In the absence of block

allocations to assure“fhe public safety users the :availability of chan-

nels when needed, serious consideration 'must be given to the possibility

that sufficient channels will not be available when circumstances permit
public safety agencies in the major metropolitan areas to move to the
900 MHz band. Should this prove true; then the samecshigh level of in~
‘dividual channel loading can be expected, with the resulting lack of .
improvement in level of service, whethér the system is trunked or con-
ventional, - 3.17 ‘ -
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3.5  SPECTRUM MANAGEMENT CONSIDERATIONS

n 3.5.1 General

The concept of spectrum management used by those respeonsibie for the

: ! management of this valuable resource determines level of “spectrum

e efficiency” tnat will he attained. Advances in technology notwithstand-
' ing, the management corncepts used will determine the extent to which the
spectrum will be available to satisfy the public's needs, interests,
convenignce, ov necessity.

U The introduction of Docket No. 18262 revolutionized the spectrum manage- ’

- ) ment concepts that the Federal Communications Commission has followed

ER ' for the past four decades. Recognizing some of the inherent inconsis-

c B tencies and inefficiencies in the block allocation concept, the FCC

IR launched a new and ‘innovative approach to the assignment of frequencies

y in the 900 MHz band. ‘It allocated i00 channels on a nationwide basis

for use by conventional systems, 200 channels for trunked systems, and
held 300 channels in reserve. Section 3.5.2 of this Report will treat
these spectrum management policies and their effects upen the law en-
forcement community. ,

3.5.2  Conventional System Spectrum Managemen?

Having dispensed with the concept of block allocations, the Commission
announced, in its Second Report and Order in Docket No. 18262, that
frequencies in the 900 MHz band would be assigned to applicants on a
first come, firs%t served basis and that each channel would be Toaded in
accordance with Commission standards based upon fiumbers of mobile units
N per channel. (For detailed discussion see Chapter I.) The Commission,
e , in its early public announcements regarding spectrum management at

900 MHz, said that no further use would be made of service~oriented

coordinating comtiittees and that their services would not he required,

since the selection of frequencies would be done by the Cemmission.

Full utilization of the 900 MHz spectrum's potential is more demanding
of careful spectrum management than any other segment available to the
land mobile community. Futl1l use of the low noise, sensitive receiver
front ends that makes possible the neaded range of communication is
dependent upon preservation -of a low nois2 envirvonment in &hr vicinity
of the receiver antenna. This requires that conscious efforts be made
to prevent electromagnetic poliution of potential antenna locations.
Careful selection of frequencies, based upon intermodylation calcula-
tions, is necessary at each common installation site. Adeguate cone
sideration of such important engineering needs are not Tikgly to result
from a mechanistic frequency assignment process.

The Commission, the Land Mobile Communicatien Council (LMEC). and APCO
. subsequentiy acted %o clarify and refine these policies and make them
more responsive to the spectrum management needs of the land mobile
communications community. As a result, the Commission re-visited %fhe
subject of spectrum management at 900 MHz. Subsequent "clarifica-
. tions™l/ and other pruncurcements by the Commisgich have indicated
that the Commission intends to assure that these “channel assignments
will be made aon a non-mechanical, reasonable basis.

In April, 1977, the Commission published Doﬁket No. 21229 soliciting

PR
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comments to assist it in arriving at a spectrum management ph%ﬂéSophyi
that will satisfy the needs of the land mobile communications cgmmunity
and at the same time ensure proper protection of the public's vested
interest in spectrum efficiency. 1In pursuit of solutions to these pro-
blems, the Commission has shown a growing sophistication in its undér-o
standing of the complexities of frequency allocations in the public®
safety sector. While the ultimate results of these deliberations cannot
be projected at this time, every evidence indicates that the Commission
is Teaning toward again relying upon service-oriented frequency coordin-

ators to assist in the complex task of relating frequency assignments to

user needs.

Concurrent with the Commission's development of growing awarenéss of 'the
complexities of spectrum management in the field of public safety, has
been its recognition of a major increase in planning sophistication
resulting from the stimulus provided by the LEAA. APCO's Projects 13
and 13-A have developed planning guidelines for the development of long-
range plans that can result in dintegrated, mutually supporting, compat-
ible public safety systems. The complexity of public safety communica-
tions and the need for integrated activities and operational coordina-
tion has mandated a modern, management-oriented approach to, communica-
tion system design. States are now developing goa]-oriente@ statewide

plans in response to these guidelines. The objective of these plans is

to stimulate development of systems that match the growing technology
and management needs of the public safety agencies at ail levels on a
statewide basis. These pians are not only intended to recognize the
particular needs of individual communities but also to accommodate the
mutual support respensibilities of agencies throughout a State.

In addition to these operational needs for coordination, these plans
are being developed with the objective of optimizing spectrum utiliza-
tion. They are further intended to insure compatibility of equipment:
between related agencies. They have as objectives the assurance that
individual agencies throughout the various:political jurisdictions will
evolve their systems in a manner that satisfies the needs of those
agencies and their political jurisdictions in a manner compatible with,
the ultimate 2volutionary goals of the statewide system.  The intent

of these plans is to assist the individual systems. to grow so as t< be
mutually supportive of other systems, rather than in conflict with them.

Spectrum efficiency is only one, albeit vital, consideration in the
development "'of these plans. They are not written by the FCC, nor are
they.'prepared only in response to its needs. They are prepared by ifl-

dividuals responsible to the community's taxpayers and responsiyg‘t%} o

the needs of these taxpayers. These plars are by necessity of.longs .
term implementation. In addition to spectrum management and operation-
al needs, they aiso respond to legal mandates established by the Jegis-
lative T2aders of the individual communities and other statutory re-

a.

quirements often beyond the perogatives of federal agencies or, in some .,

instances, even the state government. ,

It is important that the Commission's regllatory decisions ahd proce-
dures take rotice of these plans. It is also fimportant that the Com-
mission be assured that reasonable consideration has-been given in the

development of these plannzd systems to the needs of spectrum efticien-:
cy. By mutual cooperation of the LEAA and the FCC, steps are now being -

taken .to satisfy these needs. ) e e =i,

The 900 MHz portion may be the last, frontier of the land mob4 1e..commun-

"ity. There does not appeariito be any remaining, as yet untapped, por-

‘accommodate both present and future requirements of the puglic"sﬁfety“

! I

‘tion of the spectrum that has the propagation characteristics needed to

accommodate land mobile‘communication needs. “It is vital, therefore,
that:- the spectrum management concepts employed possess the means to
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users within this portion of the spectrum.

A major objective of the public safety community, particularly at

900 MHz, is formal recognition by the Commission that arbitrary, mechan-
istic @pproaches to spectrum management cannot satisfy the complex and
highly integrated requirements for long-range planning and modern oper-
ations in public safety communications. Once this is recognized, then
the next step is to develop those new mechanisms and resources needed to

" assure orderly implementation of future planned systems.

Trunked System Spectrum Management

The current regulatory environment of trunked systems in the land mobile
radio service is sparse, since hardware is not available and experience
is, therefore, nil.

Regardless, two policies directly affect trunked systems in the Commis-
sion's present 900 MHz rules. The first reserves 200 of the 300 chan-
nels presently available for assignment to trunked systems. The second

~requires that any 900 MHz system requiring assignment of more than five

channels be trunked.

The first of these policies has little immediate impact in view of the
100 channels available for assignment to conventional systems. It does
give notice, however, of the Commission's determination to promote the
trunked systems concept. This poses a problem to the development of
long-range plans by large municipalities. In the major population cen-
ters there is concern by law enforcement agencies that the few (100)
conventional channels provided will be quickly occupied by the more Fis-
cally flexible, profit-oriented elements of the iand mobi%e communica-
tion comniunity before the future public safety communication needs for
conventional channels can be -ptanned and implemented.

This proklem is particularly troublescme in light of the possibly
questionable applicability of trunked system technology to many public
safety communication requirements. In view of the present status of
trunked system development, and in view of the cost benefit considera-
tions discussed in Section 3.4, current long-range planning must rely
on the assumption that conventional channels will ba available in suf-
ficient numbers to satisfy the communities' needs until such time in the
future as cost effective trunked systems are developed. Since 100 con-
ventional channels seem unlikely to be sufficient for the needs of the
other land mobile users in many densely populated locations during the
next decade, public safety users must rely upon eventual access to con-
ventional channels in the reserve pool at such time as their needs are
adequately demonstrated.

The mandatory requirement for trunking of those systems needing more
than five channels has a present, chilling effect. Those agencies,
long strapped for necessary communication support, now find themselves
in a "Catch-22" situation. Pressing needs spring from growing popula-
tions demanding larger and more effective communication systems. Lack
of adequate spectrum in the lower bands has prevented the needed expan-
sion of existing systems. Now that added spectrum has been made avail-
able at 900 MHz foy multichannel, high performance systems, the Commis-
sion has nevertheless mandated use of trunk«d technigues in those sys-
tems that require capabilities for such performance (more than 5 chan-

‘nels). But trunked technology is not available today, and the expected

costs, possible operational compiexity, and technological risks make it
appear to be an unattractive solution until an operational system has
been successfully demonstrated.

A further problem associated with the mandatory requirement for trunking
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of more than five channels is the inhibition it places orn the rational
growth of systems. A 5-channel system has a practical limit on expan-
sion, for if it should have to grow to more than five channels, existing
equipment might have to be replaced with trunked equipment. Such 2 '
policy, if stringently enforced, would make the 900 MHz spectrum of
little use to medium-sized law enforcement agencies (300 or so vehicles)
in the solution of their present day problems. S : o

;:;ﬁim

3.6 SPECIALTZED MANAGEMENT APPROACHES

3.6.1 Management of Conventional Systems

Technical considerations associated with implementation of conventional

type 900 MHz public safety systems present no management problems sig-
nificantly different from those presented by lower frequency systeéms.

vhe addition of still one more band using equipment that cannot cover e
lower band frequencies further complicates the existing “interagency
coordination problem. This is a sitsation long experienced at lower
frequencies. The problem is not different; only its scale has changed.

The frequency assignment policies now being foliowed by the FCC may re-

quire the development of new management relationships among channel- S
sharing agencies. Under present policy, agencies having fewer than the <.
number of mobile units necessdry to fully load a channel may be required

to share that channel with other agencies. Such sharing can ppesent

special management. problems that must be solved to assure compatible

operation on a non-interfering basis. Some agencies are now using these. 0
techniques on the VHF and UHF bands as tools to improve coordination and ¢
to reduce costs. Consolidated and cooperative dispatch centers are bei -
coming more prevalent. ' ’ B o

For many valid reasons there has been 1ittie use by publi¢ safety agen-
cies of "community repeater' type service provided by vendors or entre-
preneurs. While many of the consolidated and/or cooperative dispatch
organizations have features similar to the community repeater type of
operation, management and control 1is vested in tax-supported agencies.
The reasons for this include: responsibility to elected officials;
compliance with legal reguirements; reliability of servic’/ < and stand-
ardization of procedures, jusit to name a few. E ) : ‘

3.6.2 Management of Trunked Systems

The nature of trunked systems is such to require large.capital invest-,
ment. The hoped-for spectrum efficiencies can only be obtained by sys-
tems employing many hundreds of mobile and portable units. There is N
only a relatively small aumber of public safety agencies of such large
dimensions. , ;

The FCC recognized .this relationship between spectrum efficiency and
the size of a trunked system in its Docket No. 18262 proceedings and
established the Special Mobile Radio System. {SMRS) concept described in
Chapters I and II. Such a concept could make possible the implementa- -
tion of single, large, trunked systems that provide base station facil- .
jties for groups of licensable agencies. By serving the needs of many
using agencies through a single base station system, the needed econ- -
omies of scale may be attainable. Through such integration of users ‘the

- possibilities of increased spectrum efficiency are enhanced. However,

: . the- immediate application may be limited by the ngcéSsity of single

' - transmitter sites. (See Section 3.4.3.1, Pagée 3.75.)" o , : .

3 Ce : : . A TN . ‘ W
The nature of a trunked system, with itsccontiéhﬂusly ogerating:pontro1 ‘4{*
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channel and asscciated group addressing, permits a number of operational
possibilities heretofore not possible. Such systems would possess the
ability to configure the network to meet varying needs of the users on

a moment's notice. This can be done simply by adjusting the priority
of certain groups of users at the system control point. All of these
features allow the possibility of centralized managemer ., responsive to
the policies and direction of that level of government having overall
responsibility for and authority over all users of the system.

A special feature of the trunked system concept is the individual sys-
tem integrity and privacy possible, despite the common use of RF chan-
nels. Since system users only receive those. transmissions addressed to
units with authorized addresses, group privacy is assured by restrict-
ing address assignments so that other users of the same channels atre ex-
cluded. Thus, each user group has access to thz system as if it were
completely private and dedicated only to his organization.

The FCC authorized profit-making entrepreneurs to provide these SMRS
services but does not 1imit their licensing to only profit-making enti-

~ties. It is reasonable that a unit of government could establish a tax-

supported agency to provide SMRS services limited to theose activities
under its direct jurisdiction. No SMRS has been licensed to provide
such services to date.

Until trunked system hardware has been made available and trunked sys-
tems implementation begun, there seems little motivation to injtiate
such management approaches. Should utse of trunked techniques become
widespread, the SMRS appears to be a viable vehicle by which their capi-
tal costs could be shared by an appropriate number of using agencies.

NEEDED EQUIPMENT CAPABILITIES

General

The opening of the 900 MHz spectrum to the land mobile community pre-
sents an opportunity for the introduction of significant functional
inhovations in public safety commus-cation equipment. The step function
advance in technology initiated by the opening of this new portion of
the spectrum and the innovative spectrum utilization concepts implemen-
ted simultaneously, provide a special opportunity to incorporate a num-
ber of additional features, long sought by the public safety community,
in forthcoming equipment.

The following discussion of desired capabilities is the result of in-
depth analysis of needs developed by the professional membership of
APCO. These expressed needs are a distillation of the comments, sugges-
tions and presentations provided by representatives of the APCO member-
ship at seminars held around the country.

Needed Technblogies

Trunkéed Systems Signalling Standards

As describad in Section 2 of this Chapter, there are several currently
envisioned approaches to the development of trunked technologies. As
of the time of writing, at least two major manufacturers now propose
trunked systems equipment. It is certainly foreseeable that, in re-
sponse to the stimulus of the FCC, many manufacturers will eventually
participate in the development of trunked systems for the land mobile
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radio community. "Even though this equipment may not be ava11ab1e in the
immediate future for app11cau1on to public safety communication needs,‘ :
its ultimate wide- spread use is inevitable, barring major changes in FCC = =
policy. N

Least cost procurement is an inherent requirement uf, and a cont1nu1ng
problem to, tax- supported agencies in the public safety commun1cat1on
field. This results in a national policy to stimulate maximum vendor
competition in tax-supported procurements. ;

Competitive efforts of the several vendors now developing trunked sys-
tems are both technologically and economically helpful. It is to bg-
hoped that competition can continue to expand in the years to come.
However, this technological competition should not be permitted to de- -
velop to the point that it becomes self-defeating. Under present condi- o
tions, an agency that procures a trunked system from a vendor is for-
ever after locked into a sole source procurement position with that ven-
dor in the event of need to expand or improve its basic system. Once an
agency has procured a system from one vendor, that vendor would be the
only commercial entity in a position to provide additional equipment
compatible with its basic system.

This problem can be alleviated in the same manner the Commission has
used to stimulate competition in other services -- through the promul-
gation of technological system standards. Just as the Commission has
established television broadcasting system standards .so- that all manu-
facturers' equipments are capable of operating within the basic systam,
so should the Commission establish system technological standards for
trunked systems.

These standards, developed after extensive test1ng, ana]ys1s ‘and con-..
sultation, should define the software Ianguage and system/ operational

philosophies to assure that all vendors' equipments. cou1d be conipeti-
t1ve1y introduced into existing systems.

An ancillary but no less important need for this rtandard1zat1on is to
permit compatibility between adjacent systems.

Within the public safety field there is an- operational requirement for
immediate and intimate coordination among many ‘related services and
agencies. Should a babel-1ike plethora of technologies be permitted. to
be randomly implemented, then the ultimate result of the introduction of
trunked technology into the public safety field could ‘be the erect1on of
wwcalable technological barriers between contiguous agencies,

3.7.2.2 Portable Radios for Trunked Systems . : ‘Qg R o

If the trunked system concepts are to: be fully useful to the pub11c

safety community, portable radios meeting current physical and opera-

tional criteria must be available for use in such systems. The.tech-

nology needed to provide trunked capabilities in mobile systems is

either at hand or under deve1opment (se> Chapter II). However9 the’

incorporation of this technology in thé 'small physical size and with “the «

Tow powér consumption requ1red for portable equ1pmnnts lias not yet beenm

demonstrated. _ & o » " N
The complexity of the technical problems to be- so1ved wlll ‘be signifi- . ¢
cantly affected by the configuration of the system.in which the portable

- units must operate. The aumber of channels.gon which the portable must

W

operate, the complexity of its logic, the battery life expected, and _"1 i

other: circuit requirements will be greatly determ1ned by the organlza-

t1on of the entire trunkea system . , s :
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It is necessary, therefore, that together with basic trunked systems

development, parallel programs be instituted to assure the eventual
availability of portable units capable of operating with these systems.

Single Point Test Capabilities

The development of standardized, single point test philosophies will be
especialily compatible with the 900 MHz technology. The promulgation of
a standard plug design and pin configuration would permit the develop-
ment of universal test sets, compatible with equipment provided by any
vendor. Such a single point test philosophy would result in significant

‘reduction of maintenance costs and equipment-down times by making pos-

sible the rapid identification of defective sub-assemblies. The re-
placement of dafective sub-assemblies, with their eventual repair by
skilled technicians with specialized facilities, would greatly simplify
the routine maintenance problems associated with modern, sophisticated
equipment.

TECHNICAL CONSIDERATIONS FOR DATA SYSTEMS

There is nothing inherent within the Y00 MHz spectrum that precludes its
use for data transmission. A 900 MHz mobile data system has been in
operation (Chicago Police Department) for some time. The previous dis-
cussions regarding propagation and technology for voice systems apply
equally to data transfer systems. However, data systems are more strin-

" gent regarding continuity of coverage. A data system lacks the ability

3.9

to integrate intelligence and extrapolate between known factors possess-
ed by a voice communications network. When the data system signal drops
out the information is lost, and either an incomplete transmission re-
sults or the transmission must be repeated. Therefore, the coverage
phenomena described previously as "picket fencing" must be resolved if

i data system is to provide the degree of reliable service needed. A
reliable, high speed data system demands a degree of re11ab1e coverage
for which the system must be designed.

RELIABILITY AND MAINTAINABILITY CONSIDERATIONS

There is no inherent reason why 900 MHz equipment should be less reli-
able than equipment on the lower bands. Given a reasonable level of.
experience and system "ringing out", it can be expected that 900 MHz
systems will prove to be highly reiiable in the public safety environ-
ment. As a matter of fact, since they represent a new generation of
technology, many innovative component features are now being incorpor-
ated in such systems. A cont1nu1ng increase in use of microelectronics
and chip technology is improving the reljability of all modern communi-
cations equipment. Therefore, it can be expected that 900 MHz equipment
will be as reliable if not more reliable than present day equipment, not
because it is 900 MHz but rather because it will employ the latest tech-
niques of ever-improving technology.

Much of the 900 MHz technology is the same as in lower bands. Modula-
tion, IF, RF,”audio circuits, power and control cabling, are generally
the same as used at lower bands. However, the final transmitter RF am-
plifier, the receiver front end circuitry, and the antenna coaxial
cable concepts may involve changes. The techniques are similar to
those used at 450 MHz, if perhaps somewhat more demanding. Particular
attention will be required to RF coaxial cable connector cable install-
ations. Defects that would have minor effects at VHF and be merely a
source. of reduced performance at UHF, can make a system completely in-
operative at 900 MHz.
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Most present test equipment designed for VHF will either work at these
frequencies or can be adapted. Technicians familiar with UHF should:
have 1ittle difficulty learning 900 MHz systems.
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CHAPTER 1V
CONCLUSTIONS AND RECOMMENDATIONS

INTRODUCTION

The preceding Chapters have described the regulatory and administrative
background of the opening of the 900 MHz spectrum for use by the Tand
mobile community. They have presented the technological, economic, and
management factors that affect the application of these frequencies to
the communication needs of the public safety community, and they have
described what these needs are and how such factors can be applied to
these needs. :

This Chapter presents the conclusions and recommendations that result
from analysis of the considerations presented in the preceding Chapters
by the APCO membership as represented by their project participants and
elected officers. They relate the application of the 900 MHz spec-

trum to law enforcement communications problems, under the conditions
defined by the FCC in its Docket No. 18262 proceedings. Since law en- .
forcement communications are an inherent part of the tota' public safety

communications environment, some conclusions presented will be expressed
in terms of all public safety communications needs. This does not imply®

that such conclusions might have limited applications to Taw enforcement

systems, but rather, that they apply to the total public safety communi-

cations problem, including law enforcement needs.

There are four broad areas under which conclusions are presented. These

are the technological suitability.of 900 MHz to the Tand mobile problem,
the role of trunked systems in improving spectrum availability, the role
of trunked systems in enhancing operational capabilities, and the effect
of the present regulatory environment on 900 MHz system implementation.
Each of these areas has its own set of conclusions that pertain to
specific considerations.

Clear, absolute boundaries between the four fundamental sections are not
always possible. There are numerous finterrelationships between the :
conclusions reached under each of the four major headings. Such. rela-
tionships serve well to demonstratée how complex are the elements of this
subject. Regulatory policies regarding fregquency coordination may be
significantly dependent upon technological.considerations affecting
equipment performance. Spectrum conservation considerations resulting
from the introduction of trunked concepts may be closely related to the
degree of improved operational capability they provide and that there-
fore justifies their cost to the taxpayer. .

In the interest of brevity, each conclusion is supported by a summary
statement of the rationale leading to its development.. For complete
justification, the reader is referréd: to the preceding Chapters. The
recommendations that spring logically from these conclusions are pre-

sented following the associated conclusions. ' For the convenience of the

reader, the recommendations are summarized at the end of the Chapter. .
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CONCLUSIONS

TECHNOLOGICAL SUITABILITY OF 900 MHz

The technical characteristics of the 900 MHz spectrum are suitable for
use by public safety communications agencies. The propagation phenom-
ena associated with this portion of the spectrum, coupled with current
developments of equipment suitable for these frequencies, provide a
significant contribution to spectrum availability for pubiic safety
communications networks. Coverage achievable closely parallels that
atta’ned in the lower portion of the UHF spectrum. = (See Section 4.c.3.)

Recommendation: Public safety communications system designers consider
use of the 900 MHz spectrum in developing new systems, making additions
to present systems, and the development of future plans.

The somewhat shorter range of propagation to be expercted using the

900 MHz spectrum, compared to the lower frequencies, together with the
improved building penetration and shadow fill-in coverage atta1nab1e,
indicates that these frequencies are particuiarly attractive in urban
areas. They might also be suitable for suburban and rural areas due to
the lack of availability of lower frequencies or other system-related
considerations.

Recommendation: Those urban areas confronted with building penetration
or shadow effect problems consider planning to implement 500 MHz sys-
tems at such time as replacement of existing systems becomes feasible.
Such plans should be filed with the FCC at the earliest appropriate mom-
ent. ‘

The operational impact of the propagation characteristics of the 900 MHz
spectrum are not precisely known at this time. The effects that "picket
fencing" and deep "holes™ might have on operational procedures and the
specific engineering criteria that may be required to overcome these
problems have not yet been documented. Several law enforcement communi-
cations systems using these frequencies have been or are being imple-
mented. The experience gained with these systems will be of great
assistance to other network designers in the future.

Recommendation: A study be conducted to assemble the knowledge gained

from experience with these newly implemented systems to make this knowl-
¢dge available to all public safety agencies.

The proper performance of a 900 MHz system is dependent upon prevention
of noise pollution of the environment. If IM products and other noise
sources are permitted to proliferate, the usefulness of 900 MHz will be
sigiificantly reduced.

Recommendation: Site management programs be developed to preve,t noise
pollution that might affect use of 900 MHz systems in the future.

Technology is now available for conventional 900 MHz law enforcement
communications systems. Major vendors' catalogs now 1ist 900 MHz base
station and mobile equipment similar to that available on lower bands.
Manufacturing costs are quoted as being apnproximately 10% to 20% higher
than lower band equipment. No portable units are presently listed as-
available. "Those agencies considering 900 MHz early implementation must
therefore exclude the portable concept until portable units become

4.2
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available some time in the future, or resort to crossband operation. - ﬁ~}f

Recommendation: The vendor community proceed with the early dévelbpment
of 900 MHz portable equipment. :

The availability of optimum 900 MHz sites may be limited in a given com-

munity. High antenna locations are necessary to provide required cover-

age, while long transmission Tines between transmitters of receivers and

their associated antennae degrade system performance. Therefore, prac- P
tical considerations suggest increased emphasis upon the use of tall -
buildings and mountaintop sites for transmitter/receiver locations. - =

Recommendation: Those agencies foreseeing the possible use of 900 MHz
should pTan early to reserve necessary facilities atop existing or
planned sites and to implement appropriate site management measures.
(See Section 4.2.4.) ' L

Conventional 900 MHz equipment will not present maintenance require-
ments significantly different from those posed by UHF systums. 900 MHz
systems use technologies similar to present UHF technology, requiring
somewhat more care in their application. Those agencies familiar with
UHF systems maintenance and operation should experience little diffi-
culty in the transition to 900 MHz.

Recommendation: Agencies employing 200 MHz systems utilize ﬁiﬁsonne]

famiTiar with URF maintenance techniques.

THE ROLE OF TRUNKED SYSTEMS 1IN IMPROVED SPECTRUM‘UTILLZKTION

Precise means of determining the number of frequencies needed to provide .
a required level of service using trunked technologies has not been dem- -
onstrated. Present calculations are based on telephone experience and" :
do not necessarily reflect the unique needs of the service required

by complex law enforcement command/control communications systems.

Therefore, the number of channels needed in a trunked system cannot be-

predicted with the accuracy necessary for law gnforcement system . -design

until operational experience has been obtained.

Recommendation: Develop a demonstration law enforcement trunked system
in which different levels of system performance that are the result of
variations in the number of -trunked channels available under various
operational conditions: can be measured. ‘

G

Under appropriate conditions, trunked systems can provide significant

increased capability (see Chapter III and Section 4.4). Their costs may"

be expected to be higher than conventional systems, ‘the amount depend- '~

ing upon . design features incorporated. MHhile the individual mobile - o
units may be moré expensive, some savings can accrue frgm the reduced- :
number of base station transmitters and satellite receivers that might

result from the fewer frequencies needed, I ; “

Recommendation: Implement a demonstration program«under which actual '
cost figures can be determined. Those cost elements now associated
with development risks that are incorporated in-current trunking systems . -«

estimates could then be eliminated. o o

The amount of spectrum usage improvement tb'b@ expected from trunked
system implementation is a function of the number of users of the sys-
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tem. Very Tittle can be gained by trunking systems of 300 1/ or fewer
units. No upper limit on the number of units a trunked system might
accommodate has been demonstrated.

Recommendation: Those large, heavily loaded metropolitan systems
approaching saturation should not plan trunked systems (not considering
possible operational advantages) except when sufficient frequencies can
be incorporated in the system to reduce channel Toading below satura-
tion Tlevels. -

Heavily loaded major metropolitan systems will benefit from trunked
technologies only if less heavily loaded frequencies are incorporated.
(See-4.3.4.) Those communities with heavily loaded law enforcement com-
munications systems can be expected to derive spectrum benefit Trom
trunking if other municipal agencies, having either less heavily loaded
systems or different times of maximum utilization (peak load period) are
incorporated into the system. - :

Recommendation: Major metropolitan areas initiate comprehensive long-
range planning for the ultimate development of combined communicatiens
systems.

No one community can be expected to assume costs associated with the
research and development needed to implement the innovative technologies
assocjated with trunked systems. A selected community might provide
facilities and personnel and assume certain hardware-related costs
associated with the equipment to be used by the community. Those costs
associated with the technology transfer aspects of such systems, to in-
clude feasibility studies, functional requirements development, and

~test and evaluation, are the responsibility of the federal government.

Récommendation: The federal government participate in a development

and demonstration program of trunked systems technologies as described

in Chapter V of this Report.

Trunked public safety systems should only be installed where improved
system performance will result. The taxpayers of the individual com-
munities should not be required to bear additional costs of trunked
systems implementation solely to attain the objectives of improved
"spectrum efficiency". If the only justification for a specific trunked
system is improved spectrum utilization which, in turn, means making
available channels for some other (perhaps non-tax supported) use, then
the propriety of expenditure of these tax-provided monies is question-
able. It is even more questionable to require such expenditures in
areas where eventual spectrum congestion within the radius of coverage
of the public safety system is only remotely conceivable.

Recommendation: The decision to implement trunked technologies in a
public safety system design be based upon the needs of the system and
the community involved, not upon an arbitrary standard established for
general application.

The'deve1opment,of trunked portable equipment may be costly and time-
consuning. The physical ‘s§ize and battery 1ife constraints imposed on
portable equipments pose significant challenges to the engineering of

-

1/ Sée Section 2.3.2 fo%'analysis supporting this figure.
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such equipments. Given the foreseeable, limited market for such equip-
ments, it is likely to be some time before the vendor community risks
theteng1neering and development costs necessary to provide such equip-
ment. : " ,

Recommendation: A program be initiated by the federal government to
develop trunked portable 900 MHz equipment. Specific performance cri-

teria for these units would be determined by the demonstration program ., ...

specified in Section 4.3.6 above.

Trunked systems are presently best suited to those communities that can
be served from single base station sites. While it is not practical at
the present time to use trunked technologies in conjunction with mul-
tiple site repeater type systems, studies indicate that trunked technol-
ogies would be-compatible with "simulcasting” techniques; "simulcasting"
at 900 MHz has not been demonstrated in a practical environment. This
does not imply that satellite receiver concepts are not compatible with
trunked technologies. ’

Recommendation: A program should be initiated to demonstrate simulcast-

ing at 900 MHz in connection with trunked systems.

POTENTIAL FOR IMPROVED OPERATIONAL CAPABILITIES USING TRUNKED SYSTEMS

The digital addressing techniques inherent in currvently conceived -
trunked system concapts provide the potential for significant advances
in the operation and control of law enforcement communications systems.
Digital addressing techniques can be applied to system design in a num-
ber of ways. Many of these techniques can provide totally new approach-
es to law enforcement communication system configuration, management and
operation. A major problem with this new array of potential techniques
is the need to select for implementation those that best provide the
needed capabilities in a realistic and cost effective manner.

Recommendation: A study phase be incorporated in the demonstration
program ( see Section 4.3.2) to identify the specific functional capa-
bilities made possible using trunked techniques in a model operational
law enforcement communications system. '

A demonstration trunked system can provide information regarding chaqne]
Toading, channel utilization, peak load requirements, emergency require=-
ments, and the number of channels reguired to support a specific agency

under various operational situations. Such data could provide the basis
for many calculations, heretofore unavailable, needed to provide an ob-

jective basis for spectrum management decisions.

Recommendation: The trunked sxgtemfdemonsiration program (see Section

4,3.2) inciude a ciearly identified test program and the associated re-
sources needed to accumulate that factual data necessary to provide the
basis for future system design and spectrum management decisions.

In the absence of nationally established standards, trunked system
development by different vendors will result in noncompatible systems.
It can be expected that the current command channel languages developed
by different vendors will be incompatibie with each other. Unless the:
regulatory agencies specify a standardized language format for system
organization, the introduction of trunked technologies will eventually
result in a major problem of system compatibility, -
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4.5

4.5.1

4.5.2

4.5.3

- 4,5.4

4,5.,5

Recommendation: ‘The FCC adopt a standard command channel format for
trunked systems to assure system compatibility.

EFFECTS OF THE REGULATORY ENVIRONMENT ON 900 MHz SYSTEM IMPLEMENTATION

The implementation of the 900 MHz system requires detailed engineering

and frequency coordination. Successful use of these frequencies depends
to a significant extent upon the lack of noise poliution. The problems
of frequency selection and IM minimization .can become- extremely complex.

Therefore, RF power level, antenna locations and heights, frequency se-

ledtion and other factors must be carefully considered to suit the tech-
nical and operational needs of each instaliation.

Recommendation: The FCC Rules reflect the needs for local coordination
for each 900 MHz license application.

The role of cellular systems will not be significant in serving public
safety radio needs in the foreseeable future. MNotwithstanding the
present developmental effort, it will be a number of years before such
systems are implemented throughout much of the country. The nature of
law enforcement radio communication systems is significantly different
from the public switched telephone network. Law enforcement radio sys-
tems are configured to provide routine dispatch service and also command
control support. They must be capable of handling routine and emergency
traffic. The need to recognize the priority of public safety communica-
tions makes it impractical to share channels or facilities with users
from the general public.

Recommendation: The role of cellular systems in support of public

safety requirements be considered only when such systems have been im-

plemented and have demonstrated the degree of technical sophistication,
reliability, and capability suitable to the needs of the public safety

community.

The SMRS concept can provide a useful tool for the management of commun-
jty-wide tax-supported systems. This concept provides one more approach
to assist the present trend toward consolidated and cooperative systems.
It should receive consideration when trunked systems become more common.

Recommendation: Public safety users initiate a policy to support the

SMRS concept wherever determined appropriate. (See Section 3.6.)

The present standards for conventional and trunked system channel load-
ing fail to reflect the needs of spectrum management or the user. Cur-
rent standards are based upon unsupported estimates and founded on ad-
ministrative convenience. They do not relate to the user's operational
doctrines, philosophies or to the community's needs., They can permit
inadvertent wastage of the spectrum on one hand and inhibit agency oper-
ation on the other.

Recommendation: The FCC develop channel loading standards that reflect
those considerations needed to measure the level of service required by
the using agencies.

The requirement to implement trunkad systems now contained in the Rules

- does not reflect the needed operational capabilities, the responsibil-

jties of tax-supported agencies for cost effective design, or provide
for the flexibility needed to configure systen design to user needs.

LY
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1

Recommendation: The requirement for trunked system implementation in

the public safety sector be removed from the Rules and provisions made
for trunked systems implementation based upon a case-by-case analysis

of the needs of the using agency.

The rules pertaining to licensing of 900 MHz systems have been developed

on a generalized nationwide basis and therefore may not be optimum in a
specific application. The problems associated with licensing of such

systems vary significantly in different portions of the country. Avail-

able channels are rapidly being consumed in the densely populated urban
areas. These are the same areas of high crime rate where sophisticated
communications systems of the future will be required. On the other
hand, there are many communities whose geographic and demographic situ-
ation makes inconceivable the foreseeable saturation of the 900 MHz
spectrum. Yet both types of communities are bound by the same rules
requiring trunking systems implementation, and one-by-one ¢hannel
assignments, to attain an arbitrary standard of channel loading. (See
Section 4.5.5.)

Recommendation: The Commission's Rules requiring trunked systems at

900 MHz should be revised to recognize the different spectrum alloca-
tion problems and needs in different portions of the cecuntry having
different geographic and demographic situations.

The Commission's Rules currently make little provision for the implemen-

tation of planned systems. Consequently, they inhibit Tong-range com-
municutions systems planuing. Large scale, sophisticated systems that
are configured to optimize utilization of spectrum while concurrently
satisfying the users' operational needs are time-consuming to prepare,
approve, fund and implement. They must be developed based upon the
availability of specific frequencies, and such frequencies must be re-
served so that they are available when the plan is implemented,

Recommendation: The FCC assign resources necessary to review, approve

and monitor the impiementation of long-range plans. Procedures be es-
tablished to protect the integrity of such plans by recognizing their
frequency requirements during the period of their implementation.

SUMMARY OF RECOMMENDATIONS

Technological Suitability of 900 MHz

Public safety communications system designers consider use of the
900 MHz spectrufm in developing new systems, making additions to present
systems, and the development of future plans. |

Those urban areas confronted with building penetration or shadow effect
problems consider planning to implement 900 MHz systems at such time as
replacement of existing systems becomes feasible. . Such plans should be
filed with the FCC at the earliest appropriate moment. « .-

A study be conducted to assemble the knowledge gained from experience
with these newly implemented systems ‘to make this knowledge avaijlable
to all public safety agencies, . . . '
Site management programs be developed to prevent noise pollution that
might affect use of 900 MHz systems in the future,
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The vendor community proceed with the early development of 900 MHz port-
able equipment

Those agencies foreseeing the possible use of 900 MHz should plan early
to reserve necessary facilities atop existing or planned sites and to
implement appropriate site management measures.

Agencies employing 900 MHz systems utilize personnel familiar with UHF
maintenance techniques.

Develop a demonstration law enforcement trunked system in which differ-
ent levels of system performance that are the result of variations in
the number of trunked channels available under various operational con-
ditions can be measured.

Implement a demonstration program under which actual cost figures can
be determined. Those cost elements now associated with development
risks that are incorporated in current trunking systems estimates could
then be eliminated.

In those systems in which a single agency lacks a sufficient number of

t its to justify the application of trunked techniques, give consider-
a..on to combining compatible users, other factors permitting., Such
communities foreseeing future needs for increased communications capa-
bility should begin planning for cooperative trunked system development.

Those large, heavily loaded metropolitan systems approaching saturation
should not plan trunked systems (not considering possible operational
advantages) except when sufficient frequencies can be incorporated in
the system to reduce channel l16ading below saturation levels.

Major metropolitan areas initiate comprehensive long-range planning for
the ultimate development of combined communications systems.

The federal government participate in a development and demonstration
program of trunked systems techno]og1es as described in Chapter V of
this Report.

The decision to implement trunked technologies in a public safety sys-
tem design be based upon the needs of the system and the community in-
volved, not upon an arbitrary standard established for general applica-
tion.

A program be initiated by the federal government to develop trunked
portablie 900 MHz equipment. Specific performance criteria for these
units would be determined by the demonstration program-specified in

Section 4.3.6 above.

A program should be initiated to demonstrate simulcasting at 900 MHz in
connection with trunked systems.

A study phase be incorporated in the demonstration program to identify
the spec1f1c functional capabilities made possible using trunked tech-
niques in a model operational Taw enforcement communications system.

The trunked system demonstration program include a clearly identified

‘¢test program and the associated resources needed to accumulate. that

factual data necessary to provide the basis for future system design
and spectruin management decisions.

The FCC adopt a standard command channel format for trunked systems to
assure system compatibility.
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The FCC Rules reflect the needs for local coordination for each 900 MHz
Ticense application. ‘

The role of cellular systems in support of public safety requirements be
considered only when such systems have been implemented and have demon-
strated the degree of technical sophistication, re]1ab111ty, and capa-
bility suitable to the needs of the public safety community.

Public safety users initiate a policy to support the SMRS concept where-

ever determined appropriate.

The FCC develop channel Toading standards that reflect those consider-
ations needed to measure the level of service required by the using
agencies. .

The requirement for trunked system 1mp]ementat1on in the public safety -
sector be removed from the Rules and provisions made for trunked sys-
tems 1mp1ementat10n based upon a case-by-case analysis of the needs of
the using agency.

The Commission's Rules requiring trunked systems at 900 MHz should be
rev1sed to recognize the different spectrum allocation problems: and
needs in different portions of the country having different geographic
and demographic situations.

The FCC assign resources necessary to review, approve and monitor the
implementation of long-range plans. Procedures be established to pro-
tect the integrity of such plans by recognizing their frequency require-
ments during the period of their implementation.
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5.1

5.1.

1

CHAPTER V
THE DEMONSTRATION PROGRAM
INTRODUCTION

General

The preceding Chapters of this study develop the conclusion that the

900 MHz spectrum will provide a necessary and valuable resource for
public safety communications. Propagation phenomena associated with
this portion of the spectrum offer potentially attractive characteris-
tics for its use in both urban and suburban communities. Benefits to be
derived from the application of trunked system technologies offer an
opportunity to enhance the operational capabilities of public safety
systems and the possibility of improved spectrum utilization. However,
a2 trunked system has yet to be configured and tested in an operat1ona1
law enforcement environment.

Though technology is available, the design and implementation bf an
initial system involves innovation. As with any untried technology,
engineering problems must be resolved and implementation difficulties
overcome during installation of the first operational system. The opti-
mum configuratiorn that fully exploits trunked concepts potential for
improved operational capabilities can'only be determined by designing a
system to meet a specific need and then building and evaluating that
system's performance.

The practical demonstration of an operating system will be of benefit

to all potential users throughout the United States. Development of the
operating procedures, engineering data, operational concepts, and sys-
tem performance standards associated with such systems will provide sub-
sequent systems designers with the necessary foundation upon which they
can base the design of future systems that satisfy their individual
needs.

The risks and costs assoc1ated with the 1mp1ementat1on of an initial
tranked, 900 MHz system are beyond the respons1b111t1es of an individual
local communcty Only the federal government is in a position to pro-

vide the initiative, resources, and level of responsibility nceded to

recsolve these issues in a manner hav1ng application to all potential.
users. The federal government's role in developing technologies for use

-by communities throughout the country gives it respons1b111ty for es-

tablishing the objectives of a development program, monitoring program
implementation, evaluating resuits, and disseminating the techno1oglca1
knowledge obtzined.

The nature of trunked systems is such that large amounts of redundant
mobile equipment are required in a syste@ large enough to illustrate

the principies involved and to demonstra k the objectives sought. Once
such a system has reached an operat1ona1 'Status and its test and evals.
uation have been completed, the economic finvestment involved demands
that 1% serve on-doing needs It is therafore appropriate that: the com-

erational system. On the

munity selepted for the demonstration sysﬁem bear the costs of the hard-

ware that will ultimately be used in-‘an o
other hand, the federal government should
with those program requivements peculiar to the development and demon-
stration of the new technology, its evaluation and test. : _

The follvowing program, therefore, is based upon the assumptions that a
designatad, cooperative community will bear equipment and facility-
related cosis associated with the satisfaction of its needs, and the

federal government will provide those funds associated with the develop-

ment of the. innovative technology, its test and evaluation, and: for the
techno]ogy *ransfer program needed to benef1t the rest of the country
5:1
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5.1.3

Objectives of a Demonstration Program

This study has analyzed the ability of trunked 900 MHz systems to meeu
lTaw enforcement needs and concluded that such systems are feasible and
will contribute significantly to the level of capability of law enforce-
ment agencies throughout the country. A review of technology has shown
that the capability now exists tuv implement such systems. Before indi-
vidual communities can address the significant planning, management,
funding and engineering problems associated with such innovative sys-
tems, a practical demonstration of the implementation and operation of
such systems must be accomplished.

The analysis conducted in Chapters II and III of this study indicates
that there are three objectives to be satisfied by such a demonstration
program. These are:

a) Identify the degree of increased spectrum utilization that can be
expected to result from the implementation of trunked technologies.
WhiTe analytical studies may yield evidence of spectrum savings
that might result from implementation of trunked systems, the
actual extent of such savings can only be determined with a reason-
able degree of certainty by measurements made in an operational
environment. Such factual data must be accumulated before accurate
cost benefit judgments can be made for follow-on systems.

The demonstration system employing trunked technologies should
identify acceptable channel loading standards for a trunked system
in an operational environment and compare such loading with those
standards appropriate to conventional systems.

b) Demonstrate specific operational capabilities made possible by
trunked technologies, and the effects that such operational im-
provements can have upon using agencies' capabilities. Trunked
technologies offer an opportunity for a new approach to law en-
forcement communication system design, and the potential for sig-
nificant improvements in their performance. A suitable demonstra-
tion program should develop these concepts, demonstrate their use-
fulness, and provide a functional model for other agencies to
follow in systens of their own.

¢) Resoive engineering and procedural problems. The demonstration
program should resolve possible engineering problems that can arise
in the implementation of new technologies. Procedural and organ-
izational policies that may be necessary tu fully exploit the
potential of new technology should be identified. Upon completion
of such a program, other agencies can then adapt these concepts and
technologies to their own needs.

Program Outline

The development of a new technological capability and its subsequent
application .to practical problems must follow an orderly process.

While various system development and technology transfer program out-
lines have been developed, most include similar steps. In view of con-
siderations of economy, the status of technology, and the management
structures likely to be involved in the development of 900 MHz trunked
systems, a program consisting of five phases is recommended. These
five phases are: ~
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Phase 1.

Feasibility Determination

A program to introduce untried technology or procedural concepts ‘ "
should first determine the technological and operational feasi-
bility of the ideas involved. Such a determination requires
analysis of the proposed technology and determination of its
potential applicability to the problems needing solution. Assum-
ing that the analysis indicates the feasibility of the technology,
it is then necessary to identify those questions and/or problems
that can best be resolved through practical demonstration. ~ Once
the feasibility has been established, the outline of a plan for
implementation and test of a demonstration system should be pre-
pared. :

A demonstration program requires the definitionm of specific
functional objectives to be satisfied by the demonstration system.
A site for the demonstration model must be selected and the speci~-
fic functional requirements of the system to be implemented in
that environment identified. A detailed schedule for implementa-
tion, including costs and management concepts, should be prepared.

Based upon the functional requirements and program schedule
developed in Phase 2, an organization responsible for implementa-
tion management should be designated, specifications prepared, and
procurement activities resulting in equipment design, test and
production accomplished. After successful testing of the devel-
opméntal system hardware components, full scale production and
instaliation can proceed. Once installation is complieted, the
individual components of the system can be tested to.-assure com-
pliance with specifications. This step is necessary prior to
overall system evaluation to assure that subsequent system per- ‘ o
formance measurements are uncorrupted by data clouded by faulty

The test and evaluation program has two objectives. The first is
to determine if the individual pieces of equipment perform as
specified and then to defermine if they combine properly into a
system that fulfills the functional requirements established at
the outset. The second ¢gbjective is to determine~the extent by
which these functional requirements contribute to the original
goals of the program, for example, improved agency effectiveness,
increased resource utilization efficiency, improved spectrum
utilization, etc. The tést and evaluation pragram determines how
well the system, taken .as a whole, satisfies the operational
needs. It provides a basis for cost/benefit decisions by future
users of the technology. It also provides information needed to
specify system parameters so that they can be applied by other

Phase 2. Functional Requirements [evelopment
Phase 3. Implementation Program
component performance.
Phase 4. Test and Evaluation
users in developing systems of their own.
Phase 5. Technology Transfer

oo

Data acquired during implementation, test and evaluation must be
made available to potential users of the technology. It should

therefore be developed in a manner that will provide maximum : , ,
assistance to other agencies who might benefit by application of - -

the demonstrated technologies. :
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5.2
5.2.1

5.2.2

5.2.3

5.2.3.1

The cost and duration of each of these Phases are functions of the
system to be developed and the problems to be solved. The following
demunstration program for a trunked 900 MHz Jaw enforcement telecommini-
cation system describes each of these five Phases in terms of the objec-
tives presented in Section 5.1.2. Since it constitutes the next step

of a recommended program, Phase 2, the Requirements Development, it is
presented with a degree of detail. Phases 3, 4 and 5 are each presented
in diminishing detail as they are progressively further in the future.

PLAN FOR THE DEMONSTRATION PROGRAMN

General

The following Section discusses each of the above five Phases as applied
to a 900 MHz trunked system program. The objectives of each Phase are
described, and the steps that must be accomplished to attain these ob-
jectives presented. ' Budgetary and schedule considerations are contained
in Sections 5.3 and 5.4.

The Feasibility Study

The objective of Phase 1 of the 900 MHz program is to evaluate the
feasibility of the proposed technical concepts as they may apply to the
problems presented. The analysis, conclusions and r>commendations pre-
sented in the preceding Chapters of this study constitute such a study
and represént Phase 1 of a program to develop and introduce to the law
enforcement and public safety communication communities the innovative
concepts and technical advances 1inherent in the development of 900 MHz
trunked communication systems. It has described these new technologies
and their potential to contribute to the operational capawilities of the
nation's law enforcement agencies. v concludes that such technologies
are feasible and within the present state of the art. It points out the
objectives of a practical demonstration. It provides the basis upon
which to make decisions to proceed with the next step, i.e., the need
for identification of the specific functional requirements of a demon-
stration system.

Requirements Development

The objective of Phase 2 of the demonstration program is to provide a
detaited description of the functional requirements that must be met

by the model system. This statement of specific functional requirements
should be in sufficient detail to permit accurate budgetary forecasting
and the development of contract specifications. To do this, the commun-
jty in which the model system is to be implemented must be selected.

The specific operational functions that must be performed by the law en-
forcement communications system of that model community have to be de-
fined. Phase 2 also includes an information acquisition phase during
which information pertaining to the operational impact of 900 MHz propa-
gation phenomena is accumulated. This information will be of signifi-
cant importance to those making system configuration decisions for
follow-on programs.

Site Selection

The selection of an appropriate community to be designated for the con-
duct of this demonstration program is one of the first steps.that must
be taken in this Phase. The criteria for this selection are as follows:

5.4
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a) the selected model community must be a voluntary participant in.the R
test program; o ' |

b) a new law enforcement communication network should be needed by
that community. An appropriate standard might be 'that the commun-
ity's present system be in excess of seven years old or that signif-
jcant, new requirements have developed that require the implementa-
tion of a new system.

c) The electromagnetic environment should be such that the 900 MHz
portion of the spectrum will prove suitable coverage. The need for
repeater transmitters to fill shadow areas makes the introduction of
trunked concepts technically difficult at this time and could cause
costs not directly related to the objectives of the demonstration
program. Therefore, the area of required coverage should lie within
a radius of 20-25 miles and terrain be such to permit coverage from
a single transmitter location. (This does not preclude a second
site for backup, reliability purposes, or the use of satellite
receivers.)

d) The community must be willing to commit funds needed for the capital
outlay required to support its share of the project costs. These
funds may include local monies, other Federal (LEAA Block Grant
program) funds, or combinations thereof. The community must also . a
be willing to provide project management personnel, site facilities i
and locations, and other resources necessary for such a program.

e) Officials in the community should be willing to work with the LEAA
and/ar qts designated representatives in the conduct of the test
and analysis portions of this project.

f) The community should be representative of a typical urban metropolis
that might utilize the 900 MHz spectrum. While it must be large
ernough to demonstrate the usefulness of multichannel trunked sys-
tems, it should not be so large as to require an excessive. level of
redundant hardware to produce the needed test results.. A law en-
forcement agency {or combination of agencies) employing more than
300 mobile units would be appropriate. . ,

g) Since trunked portable units are not likeily tc be commercially
available in time for the demonstratinn program, the community's ~
Taw enforcement communication operatiunal concept should be such "
that portable units will not be required for several years or that '
the requirement can be satisfied by a hybrid (trunked mobile and
conventional portable) system. ‘

The final decision regarding the site to be selected should be made by
the LEAA.

The selection of an optimum site for the demonstration of a technologi-
cally and operationally complex system is important. Much of the
success or failure of the program and the nitimate costs associated
therewith.will, to a great extent, depend upon the appropriateness of
the demonstration site selected. To assure that all suitable candi-
dates are considered, a nationwide survey to identify all cities meet-
ing the specified criteria should be conducted. The survey could be
accomplished by providing specific criteria in accordance with the con-
tents of Par. 5.2.3.1 to the Chapters of APCO. These Chapters are in

an excellent position to identify.those cities within their regions i
meeting the above minimum criteria. ’ o : : ‘ IR
From this 1ist of voluntary participants, discussions could be held .
with community representatives to further refine mutual understandings
of the opportunities and responsibilities involved. From these dis-
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5.2.3.2

5.2.3.3

cussions a list of those cities (approxinately five) willing and able to
participate would be presented to the LEAA for its final determination.

Management Relationships

Once a site has been selected, representatives of the agencies partici-
pating in the program should develop a Memorandum of Agreement defining
the roles and responsibilities of each of the participating agencies.
This Agreement should identify overall project management responsibility
(which should be vested in the law enforcement agency actually procuring
and using the system) and the areas of participation by other partici-
pants in the project. It would also outline the development program,
identify schedules and specify funding responsibilities.

Propagation Data Analysis

The feasibility study conducted under Phase 1 of this program (APC{'s
Project 16) raises questions regarding potential operational problems
that can occur under certain conditions of propagation. The extent and
nature of these problems should be determined, based upon the practical
experience of the agencies now employing such systems. Concurrent with
the site selection activity, a survey of those principal 900 MHz law
enforcement systems that have become operational as of the outset of
Phase 2 of the program should be conducted. Data describing the oper-
ational experience with these frequencies should be accumulated. Any

" information available regarding the techniques used to overcome such

5.2.3.4

&

problems should also be acquired.

This data should be available by the time the final system configuration
decisions are made. In this way the data will be available for analysis
and application to the individual requirements of the model community at
the time the functional requirements are prepared.

The Development of Functional Requirements

Once the community in which the model system is to be installed has
been selected, those functional requirements of the law enforcement
communications system that must be satisfied to meet the needs of that
city can be determined. Such functional needs must be developed in
close cooperation with the authorities of the c<ty selected. They must
recaognize the operational procedures and responsibilities of the agen-
cies involved. . They should exploit the many potential capabilities
inherent in the digitally addressed, trunked system concept that will
best serve the needs of the community, are technologically and economic-
ally practical, and serve the objectives of the demonstration program.
They must also be developed in a manner to insure the orderly transi-
tion from the existing system, with its established procedures, to the
sew system.

These functional requirements must include the need to develop pro-
cedures, train personnel, provide documentation, and define maintenance
requirements as part of the implementation of the new system. The in-
novative nature of trunked systems and their potential for new opera-
tional capabilities require that the development of the functional
requirements include concepts beyond the usual 'scope of law enforcement
systems development activities. ‘Individuals familiar with the poten-
tial capabilities of trunked systems and their operation should be
selected to participate in the development of this functional require-
ments .document. Those individuals with broad experience in Taw enforce-
ment communication systems and also having the technical background
needed to appreciate the potential benefits to be derived from such sys-
tems should be chosen.
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5.2.3.5 Summary

5.

3

5.3.1

5.

3.

2

General

ol

Phase 2 of the program will yield the fa11owing specifﬁc results:

a) selection of a community for the demonstration program and the
development of necessary management agreements; ,

b) the accumulation, consolidation and analysis of available informa-
tion regarding the operat1ona1 impact of 900 MHz propagation based
upon practical experience with 1nsta]1ed systems; o

) a functional requ1rement statement specifying those system per- E
formance requirements that must be met by the 900 MHz trunked sys-
tem to be demonstrated. .This document wiTl provide the basis. for :
the development of the statement of work and spec1f1Lat1nns for " -9
hardware development and 1nsta11at10n - '

IMPLEMENTATION PHASE

The implementation program will invelve the development of equipment
that requires new configurations of existing technologies. A complex :
portion of this program will be the develaopment of .the software {(control-
language) needed to accommodate the functional rEquirements of the sys-
tem. The statement of work and equipment specifications can be pre-

pared based upon the functional requirements document prepared in ,
Phase 2 of the program. Upon commitment of funds by responsible agen- -
cies, this statement of work can be issued to the vendor community as _
part of a request for proposals. A competitive sourse selection process -
would then be conducted to select a deve?opment and implementation con-
tractor.

A working model of the system must be demonstrated before productiofn ds
authorized to test equipment design and to de-bug the software. Thrs
can be done by spec1fy1ng a multi- phased hardware development and pro~ - V4
curement program, in which the vendor is required to demonstrate a work- -~
ing model of the system, including the control channel, command lan~-
guage, base station RF equipment, and two or more mobile units (as a
minimum) before receiving approval to proceed with production of .the
total system.

Once the system is installed, the individual components of the system

should be tested, then the ent1re system tested as a whole. Review and
analysis of the test results by the us1ng agency will provide the bas1s -
for system acceptance. ‘ Te o o

Specification Development , o e

Given the approval of the funciional requirements document deVe1op9d in
Phase 2 of the project, hardware performance specifications should be }
prepared to provide vendors with the specific technical and env1ronmenf-;~
al requirements upon which to base their proposals. These specifica~- '
tions should be prepared by“a team of individuals familiar with the
overall prograff and its goals and objectives,. representatlves of the .
model community knowledgeable in the needs of their agency, and coqsult-
ing techn1ca1 specialists qua11f1ed in RE equlpment and tyrunked system
design. . S ‘

The specifications should als¢ define thdse hardware cababi]ities and
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5.3.4

the test points or interfaces needed to permit measurement of those
individual hardware and system performance factors identified in the
test program (see Section 5.5 below). It would contain the following
sections: General Conditions, Special Conditions, Scope of the
Specifications, Equipment Specifications, Performance Verification,
Training, Maintenance, and Schedule.

The Statement of Work (SOW)

The SOW should be prepared by the same team that prepares the specifica-
tipons and incorporated as a part thereof. It should outline a phased
pribgram, i.e., demonstration of a working model {probably at the
veridor's facility), installation of the c<ystem, test and checkout of the
system, and system cutover from the existing system to the new trunked
system. The SOW should also identify the requirement to demonstrate a
working sample of the system before full scale production is authorized.
The procuring authority should have the option to terminate the contract
in the event of unsatisfactory performance of the model, at minimum
cost. An important element of the SOW will be the definition of what
constitutes an- "acceptable system™ and how it will be demonstrated.

The SOW should specify maintenance support of the system for a minimum
peripd (probably one year) after system acceptance, and include "over
the shoulder" training of maintenance personnel if in accord with the
maintenance concepts of the using agency. It should include the re-
quirement for the development of any specialized system management
and/or operational procedures tnat might be necessitated by the new
technology. It should also inciude training personnel in any new oper-
ational techniques. .

The wdrk statement should incorporate those phases of the test and eval-
uation program (see Section 5.5 below) that can best be accomplished by
the development contractor. This would include testing of individual
hardware items, jdentifiable systems, and overall system operation.

A cutover program should be defined, specifying the maintenance of the
requiréd level of operational capability by the using agency during the
transition period. Vendors should be required to submit detailed plans
for cutover as part of their proposals.

Procurement, Installation, Test and Acceptance

Procurement responsibility for the system should rest with the community

in which the demonstration system is to be installed. A procurement

team should be established, under the direction of a Project Director
who has been designated by the agency that will eventually be the user
of the system. This procurement team should include technical and oper-
ational representatives of the using agency in addition to personnel
experienced in the demonstration program itself, as representatives of
the sponsoring federal government agency.

This procurement team should act as the source selection board, super-
vise-contract activities, monitor contractor progress, review contract-
or tests, and make recommendations regarding hardware and system accept-
ance. This team should be the only group having authority to recommend
cowtract changes.

'The procurement team, under the direction of the Project Director,

should monitor installation, acceptance testing, and cutover activities.,
It should also have access to the resources and administrative channels
needed to coordinate instaltation and cutover activities.
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5.4
5.4.1

!
i,

Those members of this team representing the sponsoring federal govern-
ment agency should be responsible for preparation of and submission of
test reports that will document for future use by others, the technical
data and program-related experiences obtained during the implementation
phase of the project. *

THE TEST AND EVALUATION PROGRAM

The Overall Testing Concept

The complete test program for a 900 MHz trunked system incorporates
four levels of test and evaluation, several of which are interleaved
with other phases. The first level of tests determines the adequacy of
the basic system design and hardware configuration prior to serial pro-
duction.” These tests will demonstrate the validity of the engineering
concepts employed by the vendor and identify possible interface praob-
lems. Upon successful demonstration of this mock-up system, production
and installation can proceed. .

The second Tevel of testing, conducted by the contractor after install-
ation is complete, is a component.by-cdmponent test to demonstrate that
the individual elements of the system function in accordance with thein
design specifications. In the event that inadequacies are found, the
contractor should be held responsible for their correction. N

The third level of testing is the overall system test. This test,-also
copducted in conjunction with the implementation contractor, demon-
st

rates that the system "plays together" as designed. These tests show

that interfaces have been properly configured and the system performs
as required. ' ' ;

The fourth level of the test program provides an.evaluation of/ the
functioning of the system, showing its ability to meet those-operation-
al goals established in the functional requirements statement. This
phase of the test and evaluation program will be conducted under Phase 4
of the program. It includes analysis of data acquired during preceding
Phases to document the solutions to the problems and the answers to
questions posed at the outset of the program. Performance of the sys-
tem in the orerational environment must be monitored to evaluate the
extent by which the system meets its objectives. The test and evalua-
tion Phase should yield a document, or series of documents, suitable
for publication and future use by all who might benefit from applying
trunked system technologies to the problems of their own ageéncies.

Such documentation should include a description of the system's perfor-
mance, its technical operation, suggested operational procedures, and
any other topics that might be of assistance to those agengies who
could benefit from implementation of the concepts developed.

This evaluation phase is to be conducted after’the system has been cut
over and is functioning in an operationdl environment. The data col-
lected, as outlined in the test program, will provide a factual basis
by which the performance of trunked systems can be cOmpar#d with con=
ventional systems. This information would describe average delay times
as a function of number of units per channel and similar factors that
affect level of service. The number of RF channels avai]ﬁh]e for use -
would be varied during various conditions of operational Joading and

the effects on message delay measured. The figures recorded would show
average amount of air time vs. channel occupancy, and system and com- '

ponent reliability. The information acquired during this evaluation
will provide insight into the potential for enhanced opevational cap-
ability of trunked systems, and constitutes an important source of °

relevant datq upon which .to base future spectruym management decisions.
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5.5

5.6

A test and evaluation program as outlined must be conducted by a tech-
nically competent group, familiar with the trunked systems program and
also familiar with the operational needs of law enforcemsnt agencies.
This group would work under the sponsorship of the g»vernment agency
that provides overall direction of the program. The results of its
work constitute the source data for the following technology transfer
program. . .

TECHNOLOGY TRANSFER

Once a demonstration system has been implemented and its test and evalu-
ation completed, the remaining task of the program is to make the knowl-
edge and experience gained available to the entire community.

There are three elements to such a task. The first is to accumulate
the engineering and operational data in a manner useful to the several
Tevels of individuals involved in implementing such systems in their own

-communities. These levels include the executive personnel who make
decisions that determine the availability of implementation funding, the

operational personnel whose judgments determine functional suitability,
and the engineering personnel whose skills make possible the design and
operation of such systems.

The second requirement of a technology transfer program is pub]iéity.
The information collected will be of scant value if potential users are

unaware of its existence. A concerted effort should be launched by in-

volved government agencies to make state and local officials aware of
the results obtained from the program. This can be done by publication
in the trade press and participation in appropriate professional and
government-related association conferences, meetings and seminars.

The third element of a successful technology transfer program is the
availability of those individuals whose participation in the program
gave them experience and knowledge that would be of significant value to
other agencies contemplating the installation of trunked systems of
their own,  Such people should be considered a valuable program-related
asset, and their identity, location and availability should be provided
to potentjal system users.

SCHEDULE

Chart 5.1 shows the recommended schedule for the demonstration program.
This schedule assumes the sequential implementation of each phase of the
project to insure continuity of personnel and agency involvement. It
also assumes the availability of funds (see Section 5.7) in time to
authorize the beginning of each step of the program immediately follow-
ing the completionh of a preceding step. It further assumes that activ-
itifs necessary to secure funds and authorizations necessary *or each
pﬂqse of the program are accomplished in conjunction with the preceding
phise. :

This schedule is intentionaliy generalized. It depicts only major
phases and tasks so as to present a view of the overall scope and dur-
ation of the demonstration project.

BUDGET
The program budget is based upon the same assumptions listed under

Section 5.6, The budget presented further assumes the continuation of
present costs and a competitive source selection process for hardware

development, production and installation, and the participation of

5.10



individuals representing the model city at no cost to the project.

Costs of the program are divided between the federal government.and the
model city. The division of costs is based upon the assumption that
those program costs related to development, evaluation and technology
transfer are allocated to the federal government. Those costs involved
in the production, installatyon, and acceptance of system hardware are -
to be borne by the using commun1ty .

Under this concept, the federal government will be responsib1e ?or
Phase 1 and Phase 2 of the project. That portion of Phase 3 that in-
cludes development and test of the mockup model is also a federal
responsibility. Costs of hardware production, installation, cutover,
anhd training costs are assigned to the model city. Costs of Phase 4,
Test and Evaluation, and Phase 5, Technology Transfer, are shown as
costs to the federal government.

Phase 1, the Feas1b111ty Study, has been accomplished with the sub-
mission of APCO's Project 16 report and, therefore, funds associated
with this task are not shown. Since no date for the beginning of each
task can be reasonably assumed at this time, cost schedules are related
to the program time frame in which the task is to be accomplished, not ‘
to a specific fiscal, year. ; .

The costs of equipment production and installation are dependent upan

the size of the model city selected, the number of mobile units to be

used, and the number of RF channels to be used in the system. For the
purpose of this budget, a system employing 300 mobile units and s1x RF
channels will be assumed.

5.11
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Time
Period

1st year

2nd year

3rd year

4th year

5th year

6th year

TR TLO T T W T TS T T Y W W W Ty T W T TN T Y T T W e T

BUDGET SCHEDULE

Federal
Funding " Local
Task (Discretionary) Funding
PHASE I
Feasibility Study COMPLETE
PHASE 1I
Mcdel City Selection
Operational Data Acquisition .
Functional Requirements $ 150,000 $
PHASE III :
Procurement Activity and Monitoring 200,000
Produce Mock-up and Test 275,000 25,000
Production, Installation Phase
315 mobile units (5% spare) 630,000
6 RF Channels and Control Unit 75,000
Installation, Cut-over, Training and instruction manuals, . 215,000
Program Monitor, Test and Checkout, Documentation 175,000 -~ 50,000
PHASE 1V N |
) Test and Evaluation 150,000
PHASE V
Technology Transfer 25,000

(Printing and Travel)

CHART 5.2
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APPENDIX 1

COMMENTS OF ASSOCIATED PUBLIC-SAFETY COMMUNICATIONS OFFICERS, INC. (APCO)
IN THE MATTER OF

INQUIRY INTO THE PRACTICES AND
PROCEDURES FOR SPECTRUM MANAGEMENT
IN THE LAND MOBILE SERVICES GOVERNED
BY PARTS 39, 91 AND 93 OF THE COMMISSION'S RULES

DGCKET No. 21229

(EXHIBITS OMITTED) .




BEFORE THE |
Federal Communications Commission
WASHINGTON, D. C. 20554

In the Matter of

Inguiry into the Practices and
Procedures for Spectrum Management
in the Land Mobile Services Governed
by Parts 89, 91 and 93 of the Com~
mission's Rules.

Docket No. 21229

Comments of Associated
Public—-Safety Communications
Officers, Inc. (APCO)

The Associated Public-Safety Communications GEficers,

Inc. (APCO), by its attorneys, submits the following Cbmments

i

in response to the Commission's Noti.e of Inquiry herein.

Introduction to APCO and
Its Spectrum Management Activities

© APCO is well known to thé Commission ag,the nation‘g
oldest publijc safety radio organization.‘fThrouqh its thirty
active chapters and 3100 members, APCO has been aﬂmajo; force
in public safety communications for the past forty‘years. ‘APCO
members are drawn from policé, fire, local government, highway
maintenance, emergency, and forestry conservation agencies; and

many members have worked as volunteer frequency coordinators for

1

1/ Notice of Inquiry, Docket No. ‘21229, FCC;??—Z&?,‘relfgﬁg;,"k
May 17, 1977 (hereinaftervqited as "Notice"). e tﬁJ :

@

y
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various public safety radio services. The asscziation has

participated in lengthy and thorough investigations of numerous

public safety radio topics including frequency coordination and

implementation of statewide public safety telecommunications

1/ _
planning.

Through its activities in support of effective public

safety radio systems, APCO has taken the lead in recognizing and

adapting to changes in the functions and technical capabilities

of public safety radio systems. APCO supported the introduction

- of digital technology, for example, as a meang of performing

 tasks like vehicle monitoring and telemetering of emergency medical

data. APCO has encouraged the trend toward integrated public

safety radio systems which combine police, fire, ambulance, and

emergency services into planned and cocrdinated systems necessary

'vrﬁo meet their public responsibilities for saving lives and property.

Finally APCO and its chanters have served as one of the -official
frequeﬁcyvcoordinators Zor public safety applicants in the 470~

512 MHz band as well as in lower bands.

1/ BAPCO's Frequency Coordination Manual (Proiect 5) and the
" recent investigation of statewide telecommunications plianning
(Project 13 and 13a) funded by the Law Enforcement Assistance
Administration are particularly applicable to the {cmmission's
endeavdors, An earlier manual of Public Safeiy Standard Opera-
ting Procedures (Project 3) is also pertinent to this ingquiry
.and will be referred to at various points. A list and brief
~desrit lia 0f APCO's 16 projects and studies in the public
safety communication field are included as Exhibit II.

2/ See, Land Mobile - UHF TV Sharing, 30 F.C.C.2d 221, 232;

27 F.C.C.2d 371 (1971).
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The Commission's Notice reguests comments on mattere
at the heart of APCO's ongoing activities. The Notice announces
a new regime in land mobile spectrum management to be comprised
of'a nationwide data base of land mobile systems; standardized
frequency coordination procedures followed by private (non—FCC)'
groups, and monitoring of land mobile transmission to chart
channel utilization. (paragraph 1). Much of the analysis in the
Notice is drawn from the Commission's experience with the Chicago
Regional Spectrum Management task force which attempted a cen~
tralized and computerized approach to frequency assighments and
spectrum management. The Commission has determined to carry v
over the concept of a computerized data base and channel monltorlng
from the Chicago plan, while turning to private frequency coor-v
dinators for the bulk of the work in advising applicants and re-
commending frequencies. (paragraph 21). Comments were reguested
on each element of *he plan, particularly the organization of
the data base and the format for channel monitoring and use of
channel occupancy data. (paragraph 20, 34). Standards add guide-
'lines for‘frequency ceordlﬁators are to be promplgated by means
of a rulemaking proceeding devoted to that topiﬁ (paragraphTZZ). =

: R

The Commission's plan for spectrum management is ambi-
P #

tious and far-reachlng, it calls for serious and thoughtful

efforts on the part of the Safety and Special Radio Services Bureau,“

and the land mobile community. To respond to tpe pr0posals and

W

id
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topicé set forth in the Notice, APCO has assembled a special

- task force made up of members with experience in spectrum manage-

ment and frequency coordination matters. The task force includes

represéntatives of all geographic regions of the country and of

'state and local public safety organizations. Some members were

édtiVe in the Chicago area regional spectrum management experiment
from which much of the data and proposals in the Notice were drawn.
The commenﬁs presented by APCO reflect the collective judgments

of the task force, the officérsvand the National Office, made

after extensive study and debate.

Summary of Comments

The Commission has requested comments on three distinct
but related phases of an overall spectrum management program:
the organization and use of an FCC data base; a system of pri-
vate frequency coordination; and a program of monitoring actual
gspectrum usage. For convenience, APCO will direct its comments
to each of these elements in turn.

The FCC Data Base can be analyzed in terms of its

three primary elements: a) what information belongs in the data

~base? b) how to acquire and accurately maintain the needed data?

and ¢) how and to whom should the information be made available?

The Commission has made excellent progress in developing a number




of elements for its data base, and it has reéognized,ﬁhat thé
primary responsibility for building and operating the data base:
rests with the FCC alone. APCO has made certain suggéStions
regarding the list of data items developed by the Cpmﬁission
which are attached as Exhibit 1.

At the same time, we feel that the Commis$i6n's»list
of data items fails to come to grips with the basic issues of
deriving meaningful channel loading criteria and inCorporatingg‘ J , .‘Dv
the data that determines compliaﬁce with that criteria in the =
data base. That is, determination of the constituent elements
of channel loading criteria is basic to any rational decisions
regarding spectrum management, and this determination cannot
rest on number of mcbiles alone. The monitoring data acquiréd
by the Spectrum Management Task Force (SMIF) and set out in
Appendix B shows the lack of correlation between numbers . of : | "
vehicles assigned per channel and channel occupancy in terms of. |

air time. Further, neither of these factors describes channel

utilization in the context of how that utilization pertainsvto "‘ N ;&
the ability of public safety systémsrto meet théir responsibilities

in the public "interest, convenience, orlnecessiﬁy;“ 'ﬁntil meéSﬁré;‘
ment of channel atilization in relation to needs is establlshed, q”s.
decisions regarding channel ass1gnments must be arbltréry and L

devoted to the minimal objective of preventlng lnterference between ';%
channel users rather than structurlng a spectrum managementgprqgram‘

that accounts fd:ﬁthe wide'rangé of public safety reSponsibilifieS,”fﬁ
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In the absence of comprehensive'criteria reléting
channel usage to the licensee's needs, then the level of ser-
vice, i.e., the waiting time or probability of delay that is
- acceptable to each channel user, should be the criteria by which
the maximum or optimal channel loading can be measured. Numbers .
of vehicles per channel is only one factof that determines the
. level of service that can be expected. Average message length,
message handling time, and frequency of messages per unit bear
just as heavily upon channel availability as does the number of
vehicles assigned to the channel. Since these considerations
are fundamental to channel usage and critical to frequency assign-
ments and c¢hannel sharing concepts, this information or its
algdrithm should be derived for each service and incorporated
'into the data base.i/

In sum, APCO believes the Commission should employ
~tools that measure channel loading in terms of the licensee's
service needs and activities, and incorporate the appropriate
data items in the data base. additionally, procedures to validate
data base information periodically need to be adopted.
| Once the structure of a data base has been established,
fhe next problem is to develop the‘machinery and procedures
‘néeded to acqq;re and maintain such data with the degreé of accu-~

racy required;' It is APCO's position that the acquisition and

-1/ See, APCO's An Introduction to the Theory of Waiting Times,

e Thomas Church and Janis Chuzch, December 15, 1973. This
study contains information needed for a mathematical calcu-

~lation of waiting times for a public safety system.
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ﬁaintenance of such a data base is clearly the‘resﬁonsibiliﬁy
of the Commission, since only the Commission has the authority
through its licensing procedures to insist that such data be
provided by the users of the spectrum and to apply sanctions to
those who fail to comply. Once the data is collected, the
organization and storage of such data is a purely mechanical
function that can be accomplished by systems developed by the
FCC or by a private data processing organization under cont#act
to the Commission.

Finally, the data base must be made available té
those most needing it. As long as the Commission must depen&
upon others to fulfill its responsibility by coordinating fre-
quency selections, the Commission has the duty to support those
coordinators with the tools they need. Since publiC“safétyrﬁ
coordinators serve the Commission on-a voluntary basis, the
Commission must assume the responsibility of providihg\them the
means of access to its data at virtually no cost. A toli,free‘
number by which a ¢oordinator can obtain immediate access to the
data base may be adequate in many cases. In‘othgrs, a terminal
accessing the data base at thefcoofdinator's location ﬁay be’
appropriate. In all cases, updated'pfintOuts“of licensees and
activities in the pertinent areas should be provided ﬁo each o

coordinator on a periodic basis.

Rz

Ea&.{ci.iﬂ. Lorve
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Turning to frequency coordination, APCO has long

maintained that the responsibility for fregquency assignment and
spectrum management rests with the Commission. 'Under present
 and foreseeable levels of Commission resources, however, APCO
wholeheartedly concurs with the Commisgion's recognition of the
role that must be played by volunteer service coordinators.
APCO will continue to participate in such a program and support
the Commission to the limit of APLCO's abilities. Should the
Commission determine that it is in its best interests to develop
a‘single'point of contact for public safety coordination, APCO
is willing to provide such a service on a representative basis.
The role of coordinator is of such magnitude in spac-
trum management that plans and policies associated therewith
must be based on a realistic evaluation of current resources.
When the nationwide data base attains the necessary accuracy and
Completeness, coordination policies can be based upon the exist-
ence of such data. However, until such a data base bQCOmal
available, the coordination function and procedures should rely
on the information thaﬁ now exists and the present workablae system.
We also suggest that any program of coordination should incor-
pérate the development of guidelines that define the responsi-
bilities for and standards of all coordination performed under
‘the auséices of the Commiss;on, 80 that the Commission's "audit"

L/

function can be fairly performed.

1/ Guidelines for coordination procedures should be prepared
by user qroupi in conjunction with the Commission staff.
- APCO offers its fullest support to the Commission in the
development of such standards and quideli..es.

\




Finally, the Commission is aware of APCO's belief
that the development of statewide, municipal, and regional
planning for public safety systems is beneficial to bqth the
taxpayer and the Commission.é/ Such systems enhance tﬂéﬂopefa?
tional capability that public safety agencies can provide from
a given level of resources and, when conceived with éufficient
consideration of spectrum conservation needs; work toward thé
&ommission's stated objective of increased efficiency in spectrum
utilization.v The Commission's present procedures fail £o accom-
mcdate the spectrum planning and long term implementation schedule
often associated with such systems, and this deficiency»shoula:
be \corrected by the development of procedures and criteriafﬁof

2/

appiroval and implementation of pubiic safety plans.

\ In terms of the Commission's spectrum monitoring pro-

gram, APCO supports the C~ mission's determination to improve its

\specﬁrum management data and has suggested parameters for méa-‘
suring public safety radio needs and uses. To the extent that
the Commission considers its present, limited capability for
spectrum monitoring within localized areas be of cost effective
assistance to its accomplishment of itSssgeéﬁrum mamagement

;esponsibiliti} we support the Cpmmission's decision. We do not,

1/ See, Notice of Proposed Rulemaking, Docket No. 21350, L
FCC~77-523, August 30, 1977, at para. 5.%v ‘ BRI
‘ L 15 ;

B

2/ ‘See also, APCO's CCmments'in'response to,ﬁ®‘ Notice of Pro-
posed Rulemaking, Docket No. 21350,5fil%9/0ct@§er'7, 1977.

5 @ Lk
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however, feel that any tool of such limited applicability should
be considered to be a panacea; proper spectrum management must
be based upon the Commission's commitment of adequate resources,
continously available, on a nationwide basis. For the interim
period, it should be noted that valuable channel utilization
data can be obtained from the licensees by requiring relatively
inexpensive and unsophisticated monitoring devices, entries in

station logs, channel recorders, and other steps.
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Discussion

I. An Accurate and Accessible Data Base
is Essential to Any Long Term Spectrum
Management Plan.

In discussing the Commission's desire for an effective,
long~-term scheme for frequency assignments and spectrum manage-
ment in the land mobile services, one point must be confronted
directly and on a threshold level. BAn effective spectrum manage-
ment plan is critically depsndent on an accurate and accessible
data base organized and maintained 5y the FCC and containing
the information on which spectrum decisions can be reached. No
other party is in a position to compile and maintain a compre-
hensive data bas=z because no one but the FCC controls the assign~
ment of all frequencies, licensing and renewal of licenses, and
the enforcement of technical standards. No other agency has the
authority to establish standards and to impose sanctions for
non~compliance. Thus it is readily apparent that the Commission
holds the key to the success of its séectrum managemént plan in
the establishment and maintenance of an accurate, up-to-date,
and accessible data base.

The utility of the data base in»frequéncy assigﬁments
under current spedtrum management policies depends directly upon
accurate infarmation as to the éresent occupancy of frequencies,
the technical and operational characteristics of the occupants
and the extent of théir use of the channel. Under the blgék‘sys-,

tem of assignments of fregquencies to each radio service,.the - E
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local freguency coordinators and the FCC Staff could keep

fairly simple records of channel assignments and occupancy.

Major additional complexities arose, however, when the concepts

of pools of kindred services and mandatory channel loading
standards in terms of mobile units were introduced in Docket

No. 18261.l/ For assignments from the General Access Pool and

the 900 MHz channels,Z/tne frequency coordinator is presently
totally dependent upon the FCC for information as to which channels
have been assigned to the various services and licensees. The

FCC responsibility for day-to-day coordination and frequency

3/

selections has grown proportionately.

l/ The Commission determined to assign frequencies by service
pools rather than individual services in its decision to
allow sharing of certain UHF-TV assignments. The fregquency
coordination systems in the lower bands adapted to the ser-
vice pool concept by expanding the services performed by
major coordinating groups. Land Mobile - UHF-TV Sharing,
27 F.c.C.2d 371, 30 F.C.C.2d 232 (1971).

2/ In Docket No. 20909, the FCC determined to place all re-
maining unassigned channels in the UHF-TV shared band,
470-512 MHz, into one General Access Pool rather than leaving
unassigned channels in the service pools. Report and Order,
FCC 77-226, April 18, 1977. The channels allocated at
900 MHz were placed in a single pool at the outset, with the
FCC staff making all assignments. Second Report and Order,
46 F.C.C.2d 752 (1974).

3/ In order to improve 900 MHz frequency assignments, some fre-
quency coordinators have petitioned the FCC to allow private
coordination in 900 MHz frequency selections by assigning
coordinators certain starting points in the channel pool.
See, RM 2908, Comments filed July 20, 1977. For the General
Access Pool, frequency coordinators are advised by the FCC
when a channel has been assigned to their services, and
coordination work starts anew from the channels assigned.
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When the problems of increasing size and complexity
of public safety systems are added to those of pooling channels
and mandatory channel loading standards, the information required
by the frequency coordinator and the FCC becomes more complicated;
With inter-service, co~channel, and adjacent channel sharing,
information is needed on the types of systems operated by each
licensee, including: the antenna height and power of the systems;
the functions performed by each system; the number of mobile or
portable units involved; the location and antenna characteristics
of remote receivers; the type and frequency of tone controcl de=
vices employed; and any other unique aspects of each system. T
Those factors that affect channel availability, such as message
length, messages per unit and number of units per channel, are
some of the additional topics that must be considered in making
channel usage decisions. A computerized data base offe;s the
best mechanism for keeping accurate and accessible records of
existing and proposed systems and their characteristics. The
Commission is to be commended for moving toward the goal of a
data base in which this vital information is coded, indexed, and
stored for easy retrieval on a timely, inexpensive basis.

A. Items of Information Needed in
the Data Base.

Turning to the specific items of information to be
included in the data base, a number of items should be added to

the list for the new application form in Appendix A, These items
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range from the telephone numizc of the applicant to the antenna
pattern for any remote rece vers. For the Commission's con-
venience, AP(0's suggestions have heen added to the format in
Appendix A4, and a revised list is attached to these Comments

zs Exhibit T. .dost of the suggestions are self-explanatory,
but a few-items will be emphasized briefly here.

In the section Nature of Prorosed Modification (Item
the list of technical teristics should be revised to
state (A} "change in power" and (E) "change in artenna height,
gain or directivity" instead of "inurceases" in those factors.
The assignm»nt of channels may be affected by a reduction or

other change in power, antenna he&ight, c¢ain and directivity,

as well as by an increase therein, ard information on any changes

will be needed by the frequency coordinator. Other useful in-
formation includes an incremental estiriate of mobile units
(Item 6 II) and the number of portable-mobile units as a class

of mobile units.

In technical data (Item 8), a category should be added

for Coded Tone Squelch frequencies or systems, since the use and

characteristics of these systems have a significant impact on
adjacent and co-channel compatibility. Other items should be
added to cover the antenna pattern and direction, the antenna's
center radiation point and the antenna pattern of any remote
receiveis, since such characteristics affect the potential for

interference to and from the system.
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The above suggestions to Appendix A of the Notice
are essentially minor in nature; APCO's major recommendation
is that the Commission develop accurate and meaningful criteria
for measuring channel loading and that this data be incorporated
in the data base. In the public safety area, channel loading
criteria in terms of numbers of mobile units or portables per
channel are inadequate to describe the actual usefulness of the
channel in meeting public safety responsibilities. Factors
that affect waiting time before access to the radio system,i/
such as average message length, message handling time, and fre-
quency of messages are crucial determinants of whether a public
safety radio system provides the support required by public
safety personnel. In many cases, for example, a lengthy waiting
period for a-cess to the system can mean the difference between
life and death for police officers, victims of crime and fire
disasters, and others involved in emergency situations. The
other named parameters of service have similar impacts on the
actual functioning of public safety systems to meet their
responsibilities.

APCC recognizes that a loading criteria based on the
number of mobile units is simpler and easier to administer than
parameters that determine waiting time, such as messageklength,
frequenhcy of messages and the like. but the simplicity of the'}
present criteria should outweigh their severe drawbacks in accufacy{

The Commission must devise a more accurate and sophisticated

1/ See, APCO, An Introduction to the Theory of Wiiting Times,
Thomas Church and Janis Church.. December 15, 1973.

o
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measure of channel occupancy for public safety systems based
on the role they play in public safety operations. Numerous
- studies have been made of police and other radio systems,l/
and these resources are available to help the Ccimission in
determining adequate channel loading criteria. Without this

effort, however, the Commission's data base will not reflect

public safety needs.

B. Access to the Data Base.

Access to the data base may depend in large part on
the scheme of frequency coordination which the Commission adopts,
as the frequency coordinators and the FCC Staff are seen as
the primary users of data base. Nonetheless, a number of general
observations can be made regarding the kind of access iieeded by
any network of coordinators. First, some coordinators may need
on-line access to the data base by means of a toll-free telephone
network, or from low-cost terminals connected to a telex or TWX
network. Such instant access to valid data may be a necessity
in some areas to provide accurate, current information when the
frequency coordination work load is heavy. Since the coordinators
are performing a job that is essentiaily the FCC's, moreover, pro-

vision of the tools they need should be an FCC responsibility.

l/ APCO's Project 3 was one study of police radio operation.
The summary portions of the Project 3 Report (Phase One)
are attached as Exhibit IV.
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Second, coordinators should be sent periodic printouts
or microfiche of all pending and recently granted applications in
their geographic service areas; alternatively, copies of all licenses,
modifications, and renewals should be sent to the applicable coor-
dinator. It is recommended that the printouts be monthly so that
the reports will have sufficient currency to be useful.

Third, retrieval access to the data base should be possible
by any interested party including =ngineering firms, equipment vendors,
and licensees, upon payment of appropriate fees if necessary.

As for modes of retrieval, the list cf primary search
key parameters in Appendix A (p. 10) is adequate for frequency
coordination work. APCQ's prior experience indicates thatlthe
licensee's legal name, sexvice, call sign, frequency an® geographic
area are the most useful parameters, and these files should be
cross—~indexed with each other to assure easy reference. Information
under these search keys should be available by gecgraphig areas,

Fy
including multistate or intrastate areas as appropriate.

1/ The frequency coordinator in Connecticut, for example, may

~  need information on systems .in Rhode Island, Massachusetts,
New York, New Jersey, and Pennsylvania; while the coordinator
in Los Angeles may need only Southern California data. An
index of geographic areas for which data can be retrieved

would be helpful.
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II. Frequency Coordination Procedures in
the Interval Until the FCC Data Base
is Implemented.

As the Commission is well aware, APCO's basic peosition
is that, in concept, frequency coordination is the responsibility
and burden of the Commission as a necessary step in meeting the
purpose for which it was created. However, unless and until the
Commission is equipped to do the job properly and effectively, APCO
will continue to be a strong supporter of frequency coordination
performed by volunteers from the vérious radio services and has
committed major efforts to that end. APCO members take part in
local frequency coordination advisory committees for public safety
radio applications in many parts of the country. As part of its
emphasis on regional communications planning, moreover, APCO has
stressed the role of frequency coordination in assuring effective

use of frequency assignments.
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Under present conditions, the Commission's decision to
rely on voluntary frequericy coordination efforts, rather than
I

analyze all freguency gueStiOﬁs by the ColeSSlon in Wa shington,

-

. ) 1»1 »;
meets witi, firm approval from APCOQ, ' &t the same time, the fact

that the volunteer cooxdlnagor is taking on a part of the Commission's

by

burden should be recognlzeu. Such volunteers must look to the Com-
mission for support. As noted earller, the establishment of a proper
data base with p;ovisxcn for3means of ‘access borne by the Commission

is one way in which such suppcort can be provided.
| ) K
A. Organization of & Fnequency chrdxnatlon
System. . s i

In discussingnéreqaemcy cqﬁ?dination systems, certain
fundamental definfions aﬁd ground rqies shou%dwbe'aéréed upon by
the Commission énd priVa£e pérties.}*APco’s experience with frequency
coordination activities performed by area coordinators or committees

of affected users has beeh favorable and successfulQ "APCO pfoposes‘

the following deflnltlons and,crlteria as descrlptlve of those seeking

- e

to assume the critical gmle;cf a designated 51ngle point coordinating® .-

organization: .
) B s
P o

(1) De51gnated Cooz&xnatlng Organlzatlon"

Definition: o natlonal organizatlan of ,,,,, 'adlo spectrum users

~ that is authorized by the”FCC to provide coordiha-

tion serv1c 28, on ‘a2 natipnal basis fo license applx~
cants ln‘dESlgﬂntEdeSe? .Services. : .

o
)

,:,
L 3™
Pried .

o
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Purpose: To provide uniform.administrative and super-
visory support to its selected coordinators
on a single point of interface between such
coordinators and the FCC.

Elements: 1) An established organization having a
national distribution of radio service
user members.

2) A permanent national office employing a
permanent staff.

3) A governing mechanism, responsive to the
membership &nd authorized to exercise
supervisory jurisdiction over the spectrum
management related activities of its mem-
bership.

(2) Coordinator:

Definition: A member of a Designated Coordinating Organization,
authorized to accomplish a coordination function
for specified land mobile radio service(s) in a
specified geographic area.

Purpose: Tc provide coordination service to appropriate
‘ radio frequency license applicants in a designated
area.
Elements: 1) 2uthorized by the Designated Coordinating
Organization.

[\8]
~—

Resident of or employed in the geographical
area in which he acts.

3) Complies with established standards and pro~
cedures.

(3) Coordinating Committee:

Definition: A committee of coordinators authorized to coor-
dinate for specified user services in a designated
geographical area.

Purpose: To assure maximum utilization of the RF spectrum
by spectrum management decisions of the committee.

Elements: 1) Comprised of authorized coordinators.
2) Membership includes those directly affected

by spectrum management decisions of the com-
mittee.
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(5)

(6)

Coordination:

Definition:

Purp_ose :

Elements:
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An approved procedure for processing requests
for radio frequency recommendations.

To achieve and maintain an optimum level of
compatible communications systems in a given
geographical area.

1) BAdvisory in nature. =

2) Provided by authorized individual (s).

Advisory Procedure:

Definition:

Purgose:

Elements:.

Coordination

~

The process of making recommendations on technical,
administrative and regulatory matters affecting
utilization of the radio frequency spectrum.

To assure that maximum operational benefit is
derived from use of the spectrum available.

1) Reflects local geographic and system related
requirements.

2) Accomplished prior or subsequent to issuance
of a license.

Plan:

Definition:

Purpose:

Elements:

A document, approved by the FCC, that defines
the procedures by which the coordination function
will be accomplished.

To define responsibilities, authorities, procedures
and practices associated with the coordination pro-
cess for the benefit of those affected by spectrum
management decisions.

1) A formal publication of a Designated Coordina-
ting Organization. ‘

2) Approved by the FCC.

3) Available to license applicants and users of
the spectrum.

e
- &
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An organization seeking to become a designated coordinating organi-
zation should submit a plan for FCC approval that eets the above
definitions and covers:

1) Eligibility:

A) Name of organization

B) List of its current officers

C) Address of its principal business office

D) Aims and objectives and geographic scope as
documented by a copy of its by-laws

B) Identification of its served radio services
as specified by its by-laws membership quali-
fications

2) Ability:

A) Resources: administrative:

(1) Number of paid employees, job descriptions
(2) Background and experience

(3) Office space and equipment

(4) Legal services

B) Resources: membership:

(1) Number of members by membership category

(2) Number of members by radio service

(3) Geographic distribution of members (chapters,
etc.)

(4) Typical job responsibiiities of members

(5) List of current coordinators, job titles, etc.

C) Resources: financial:

(1) Copy of last annual fiscal report

(2) Copy of current budget

(3) Indication of change, if any, caused by pro-
posed coordination procedure

3) Activity:

A) BServices regularly provided to membexrship
and others

B) Participation in Commission proceedings

C) Trade shows

D) Seminars and schools

E) Chapter, regional, and national meetings

F) Projects and studies

G) Other ‘

4) Coordination procedure:

A) As currently performed
B) As proposed in attached documents
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In APCO's view, the definitions and criteria set out
above establish private frequency coordination efforts on a sound
basis for the public safety radio services in all radio bands. We
urge the FCC to adopt these definitions and criteria as part of
its program to rely on a private frequency coordinating entity in
the public safetyradio services and to the extent « propriate in
other serviceé. In addition, certain other fundamental points
should be included in proposed rules to formalize the scope needed
for a public safety frequency coordination system.

B. Scope of a Public Safety Freqguency
Coordination System.

First, as noted above, APCO supports the use 6f private
frequency coordination efforts in all radio bands including 9OO MHZ.
It is our view that the frequency coordination process, with its
detailed work before and after licensing of systems, is thelbest
method of insuring the existence of compatible and effective radio
systems, The 900 MHz spectrum is no exception in this regard.

Second, APCO supports frequency coordination for all
public safety radio applications including thase which are part
of regional plans, which propose shared use of relay facilities,
and which employ field engineering surveys. While we recognize '
that some applicants may choose to use a field engineering surv‘y

P
a\

or that duplication may occur with multiple requests for a share&
‘ W

relay facility, the job of the coordinator can be seriously com-
promised by frequency assignments made on the basis of applicatiéns

of which the local coo:dinator is unaware. Since the coordinator
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has been assigned the major responsibility for fregquency recom-
mendations, his work should be supported by requiring applicants

to submit a copy of their applications to the ccordinator at the

same time a filing is made with the FCC. This contemporaneous

notice is necessary for the coordinator to have an opportunity to
comment on the application before it is granted and to avoid con-
flicting frequency recommendations during the interval between the

filing +f an uncoordinated application and the grant of the appli-
1/

cation.

Applications which are made in connection with compre-
hensive public safety telecommunications plans should also be sub-
ject to the frequency coordination process so that the coordinator
can advise the participating agencies and be advised of any changes
or modifications in the plan.  In addition to specifying frequency
coordination for comprehensive plans, the new Rules should contain

a process whereby the FCC and the ccordinators monitor and participate

l/ To preserve the options of field surveys while also keeping
coordinators abreast of applications, the request for coordina-
tors' comments should be combined with the FCC application form.
With a space for the coordinator's recommendations and comments,
the form would contain all the information needed both by the
FCC and the coordinator. Whatever mechanism is adopted, the
Rules should provide for the notice needed by the coordinator
at the time the application is filed.

2/ APCO recognizes and has promoted the process of preparing,
adopting, and implementing statewide plans. Freguency coor-
dination should be an aid in identifying necessary modifications.
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in the implementation of a plan that has been approved. The struc-
ture of an approval and implementation process is discussed further
below. (pp. 30-31).

Third, in endorsing private frequency coordination efforts
for all applications, APCO does noct call for a delegation of authority
from the FCC to the coordinators. Just as the FCC is the only
entity that can organize and maintain the data base necessary for
any system of frequency assignments, the Commission must also bear
the ultimate authority for frequency assignments, monitoring, and
enforcement of its license provisions. The frequency coordinator
should make recommendations as to the channel assignments and tech-
nical or operational considerations affecting area use of the chanhelr
but the coordinator should not be empowered to delay submission of
an application unless or until his suggestions are adopted.l/ Simi~-
larly, in cases of disputes between the coordinator and the appli¢ant,
including disputes over applications based on field engineering
surveys, each party should have an opportunity to submit written
comments in support of his view prior to an FCC decision. The Com-
mission's decision should be confirmed in writing, accompanied by

a brief statement of reasons, and provided to all parties to the

dispute.

1/ By the logic of APCO's position'on this point, the frequency

~  coordinator should not "administer" a publlc sxFety telecommuni~
cations plan. The mechanium "for approving and implementing a
statewide plan vis-a-vis FCC requlrements ‘shouid be an FCC pro-.
cess clearly set out in the Rules.
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Finally, the FCC computer model for selecting frequencies,
the Automatic Frequency Assignment Model or AFAM, should be avail~-
able to provide assistance to.the coordinator. As the Notice
acknowledged (Paragraph 21), reliance on AFAM as the sole source
of frequency selections in the Chicago region was unsatisfactory
because of the individual judgments and human factors involved in
many applications. Indeed, in crowded areas frequency coordinators
tailor systems to an existing environment, an individual process
that has not yet been programmed for computer ‘solution. The com-
puter's capabilities can be valuable to the coordinator if used
for a first order approximation of all possible frequency selections
from calculations of the applicant's coverage requirements and
those of existing systems. A printout of AFAM's frequency recom-
mendations and the supporting calculations should be available to
the coordinator at his request for use in making a fregquency recom-
mendation. In cases where the coordinator's recommendation differs
substantially from AFAM's selections, a statement of the unique
factors of the application might be requested to explain the deviation.
In this manner, the AFAM model can be used to assist the frequency

1/

coordinator as well as to assess his selections.

1/ APCO's program for frequency coordination in the Chicago region
follows this approach. See, Exhibit II, infra. This program
could be a model for future efforts with AFAM.
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C. APCO's Program for Frequency Coordination
in the Public Safety Radio Service in the
Near Term.

The eventual frequency coordination system determined as
best suited to the public safety services will depend upon
the establishment of an FCC data base having necessary information,
accuracy and currency, together with the means of access to it.

It will require the adoption of fundamental definitions and ground
rules, and the establishment of a freguency coordination process
that results from future rulemaking proceedings on frequency coor-—
dination as announced in the Notice (Para. 1).

The question of guidelines and standards for frequency
coordinators is one which APCO has previously addressed at some
length. In 1971, an APCO task force drew up a Frequency Coordination
Manual as a model for its local coordination committees. This
Manual was designed as a guide to public safety coordinators in the
unique aspects of public safety radic while rgcegnizing tha
local area may differ in applying the suggested procedures. If
the FCC determines that one organization should perfgrm frequency

coordination for all public safety radio applicants,  APCOC has the

1/ The difference between public safety radio systems across the

. country have led APCO to operate its frequency ccordination work
by local committees under the administrative supervision' of its
National Office to a great extent. It is our view that efforts
will always be required by public safety radio personnel who are
well informed in local areas.

2/ A number of land mobile radio organizations have petitioned the .
Commission to establish four national coordination entities for -
coordination in the 900 MHz band. Rm 2908, Comments filed S
July 20, 1977. “ ‘ -
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capability to assume that role. The frs—<work adopted would be
sufficient unto itself but would gprovide for participation of
other public safety organizations should Ihgy desire to do so.
APCO is prepared to move toward =« mora compreiensive system of
coordination, unified wider ijts natl snal CE€fice and organized for
Commission auditing, as may 5@ necessuiy.

The Commission's comments araut lack of standardization,
however, must be considered in light «f the widely varying charac-
teristics of the radic serx.i.es. Public safety radio systems have
unique factors of governmental ipvelucxsn. in planning and budgeting,
public responsibilities for snfety of 1°-es and property, and a
need for all local ar2 s’ ste organizations to ccordinate with each
other in degrees rangaing €rom everyday working arrangements to a
cognizance of amilitie. and functions in times of disaster and
emergency. These unique factors mean, for example. that channel
loading criteria in numbers of mobile units are no: wholly appro-

ate fo

H

s public safety systems, a peoint discussed in detail else-

[N

pT
where. The public safety coordinator musc be knowledgeable in the
unique aspects of public safety radio sy.cems and empowered by the
Rules to make frequency recommendations that best £ill the perceived
nexls. A freguency coordination program that is standardized for
all services and limited by rigid channel snaring and loading rules

will not yield the best results for public safety systems.
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D. Frequency Coordination in cthe
Chicago Region.

APCO is prepared to resume its freguency coordination
efforts in the Chicago region on any date the Commission may set.
APCO members have worked with the Spectrum Management Task Force
throughout the Chicago experiment, and discussions have been held
regarding possible procedures for increasing the role of private
coordinators. Exhibit II attached to these Comments offers a
proposal for private frequency coordination in the Chicago regibn,
building upon the task force experiment.i/ Our proposal envisions
use of the AFAM model at a preliminary stage in tne application
process with the final frequency selected by the FCC staff from
the AFAM calculations and the coordinator's recommendations. This
APCO plan could be implemented by all radio services or only public
safety services. It will be necessary, of course, for those per-
forming coordinating activities to have access to the present data

base of Chicago area licensees in order to start their work and

to continue it. Access should be arranged on the basis described

designing the nationwide access program.

1/ The proposal in Exhibit II is based upon discussions between

~  APCO and Commission Staff officials shortly prior to termination
of the Chicago experiment. There was basic agreement that such
an approach would be tried. However, it.was not- implemented- ‘
because of termination of the experiment shortly after the agree-
ment was reached. '
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III. Spectrum Monitoring and Channel Usage
Data are Tools in Effective Spectrum
Management.

The third area of inquiry in the Notice involves the
Commission's program of monitoring land mobile channels to compile
data on actual channel usage. The Notice reports the preliminary
experience with spectrum monitoring in Chicago and requests com-
ments on the data to be gathered and the use of the data. As the
Commission recognizes, a comprehensive program of spectrum monitoring
is difficult to implement and uncertain in results. (Nztice, Appen-

dix B). For public safety radio systems, moreover, spectrum

tems and the way they differ from those of other radio services.

Public safety systems must cperate 24 hours per day,
seven days a week, to meet their public responsibilities; indeed,
a large percentage of their activities occur outside of normal -
working hours.l Monitoring of public safety systems should take
into account this fulltime use. The moritoring data should also
be read in light of other operational factors such as the negad

for instant communications when an incident occurs. & major pexr-

formance criterion that must be satisfied in the Gezign of public

1/ studies of crime statistics, for example, show large perceatages
of crime at nigh? ané <. weok nds. Similarly, large pwhers of
traffic accidents vccur Jurihg the evening rusb * ~ On
holiday weekends. Major civil disasters and gencies call
for 24-hour-a-day radic systems until the « .sis is over. See,
e.g., National Commission on Criminal Jus’ .ce Standards and Goals,
Police, 1973, at 200-04. '
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safety radio systems is the waiting time of mobile or portable
units before effective contact with the ¢ontrol point is established,
since 2 unduly long waiting time ce zan the difference between
life and death in certain situations. Apart from such extreme
cases, public safety communications in general must place a higher
priority on quick access to a control point or to other mchiles or
portables than many non-safety licensees, and the FCC channel loading
criteria should recognize this need.

Another factor unique to public safety systems is the
need for functionai designation of one or more channels in a system.
Detective or undercover police units, vice squads, and other police
units may be assigned a channel for their use only to insure instant
access to a control point or other points of communications and to
protect the identifies or locations of undercover personnel. An-
other channel may be assigned only for dispatching purposes, so
that dispatch orders and calls to all units can be made without
delay or interference. These funcﬁional designations have a vital
role that should not be overlooked in an attempt to evaluate spec-

Y

trivm use,

1/ APCO's Project 3, the study of public safety operating proce-

T dures, contains detailed support for the unique factors of
public safety systems. A copy of the Summary from Project 3
is attached as Exhibit IV. °
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A fourth factor unique to public safetv radio systems
is the dncreasing use of comprehensive telecommunications plans.
Working with the Law Enforcement Assistance Administration, APCO
has encouraged the development and use of local and regional plans
that provide for efficient use of frequencies and the development
of operational compatibility between many city, county, and state
public safety agencies. In previous filings with the Commission
based on the extensive studies of Projects 13 and 1l3a, APCO urged
the acceptance and accommodation of public safety plans in frequency
assignments and channel loading requirements.  Since this proceeding
may lead to proposed Rules to aid spectrum management, provision
should be made for a process of FCC approval of a public safety
plan. The following definition ¢f a public safety telecommunications
plan should be recognized by the Commission as the first step in

this process:

Public Safety Telecommunications Plan

A document which defines the use of portions

of the radio frequency spectrum in a specific
telecommunications system by a tax-supported
agency or agencies. Such plan must be justi-
fied by analysis of operational requirements

in light of channel utilization and by evidence
of financial support and other factors which
will insure implementation within a planned
time frame. All Public Safety Telecommunica-
tions Plans should be accompanied by a state-
ment from frequency coordinating committees
indicating potential availability of frequencies.

l/ See, APCO's Petition for Reconsideration and Clarlflcatlon
flled in Docket No. 20909, May 2, 1977.

£
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If a plan meets these criteria, it should be submitted to the

FCC for review as to its licénsing needs. .Upon the Commission's

Sr

concurrence, the agencies pafticipéting in the plan and the applicable

coordinators should be g;ven written assarance that frequencies

i
3
. '

will be made available, Frefarab¢y thase recommended by the coor-

! o b

dinator, to lmplpment th@ pla,n° , .?

b

Apart from urgang’the FommlsSLQn to recognize anéd accom-~

modate the unique aspectsvgf publlc \afety systems in any spectrum
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Conclusion

The implementation of an effective system of spectrum
management and frequency coordination for the land mobile radio
services will be critically dependent upon the determination of the
FPCC to fulfill its responsibilities within the limit of its re-
sources. The Commission is the only party that can assemble the
information and resources to construct an accurate data base of
licensees and provide low cost access to it. Similarly, the Com-
mission is the only party which can organize and carry out a pro-
gram of channel monitoring, taking into account the operational
factors of the systems surveyed, analyze the data in accordance
with meaningful criteria, and enter this data into the data base.
In the public safety area, the data base and channel loading stan-
dards must take into account average message length, frequency of
messages, and other factors which affect the waiting time for access
to the system.

In the Interim until establishment of an adequate FCC
data base, certain measures can be taken to rationalize and upgrade
thé frequency coordination program. APCO has made suggestions as
‘to definitions relating to frequency coordination activities. If
the FCC determines that one organization should handle frequency
coordination in the public safety radio services, APCO is prepared
to assume that role through its National Office and local coordina-
" ting entities. APCO has unique qualifications to do so stemming
from itsvorganization, membership expertise, past studies, reports,

and other projects bearing upon public safety matters, and other
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resources &s discussed above. Further changes in the frequency
coordinacion system should await the organization and availability
of the FCC data base and the coming inquiry on frequency coordina-
tion procedures.

Finally, in any spectrum monitoring and channel loading
program adopted for the future, APCO urges the Commission to reccg-
nize and accommodate the unique aspects of public safety radio
systems. Chief among these factors are planned and integrated
systems, the 24-~-hour, seven-day work week of our systems, and the
need for functional designation of some channels and nearly instanta-~
neous communications in many situations. For these reasons, channel
loading criteria must be more meaningful than the number of mobile
units per channel, and frequency assignments must be tailored for
the operationdl requirements of public safety systemns.

Respectfully submitted,

ASSQOCIATED PUBLIC~-SAFETY _
COMMUNICATIONS OFFICERS, INC.

Joseph M. Kittner

Virginia §. Carson

McKenna, Wilkinson & Kittner
J150 Seventeenth Street, NW
Washington, DC 20036

Its Attorneys

October 13, 1977
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AMST
APCO
AT&T
AVL
CAD
db
EIA
ERP
FCC
TACP
IBT
ID

IF
IMTS
ISH
LEAA
Lmce
NABER
NARUC
0TP
RF
SIRSA
SMRS
UHF
VHF
WARC

ABBREVIATIONS

Association of Maximum Service Telecasters

Associated Public-Safety Communications Officers, Inc.
American Telephone & Telegraph Company

Automatic vehicle location

Computer aided dispatch

Decibel

Electronics Industries Association

Effective radiated power

Federal Communications Commission

Internal Association of Chiefs of Police

I1linois Bell Telephone

Identification

Intermediate frequency

Improved Mobile Telephone Service

Industrial, scientific and medical

Law Enforcement Assictance Administration

Land Mobile Communications Council

National Association of Business and Educational Radio, Inc.
National Association of Regulatory Utility Commissioners
0ffice of Telecommunications Policy

Radio frequency

Special Industrial Radio Service Association, Inc.
Specialized Mobile Radio Systems

Ultra high frequency

Very high frequency

World Administrative Radio Conference

AB-i

o






GLOSSARY

ambient noise -Environmental or background electromagnetic noise

antenna gain -An antenna characteristic that increases the power density in a
given direction by concentration of radiated energy

authorized transmission -A message whose content is in keeping with the authorized pur-
opeses of the licensee

automatic vehicle lncation -A technique using RF energy to automatically determine the
iocation of vehicles and to report their positions to a central
control facility

channel Toading standards -FCC standards designating the number of mobile units that must
be assigned to a single channel before that channel is con-
sidered "fully loaded", thereby justifying the assignment of
additional channels

community repeater -A base station used by more than one licensee to provide an
extended area of communication with the Ticensee's mobile units.
A1l users of the community repeater jointly share the community
repeater's license responsibility.

i

2

coordinating committee -A committee of coordinators authorized to coordinate for speci~
fied user services in a designated geographical area

coordinator -A member of a designated coordinating organization, authorized
to accomplish a coordination function for specified land mobile
radio service(s) in a specified geographic area

fleet dispatch -A communications process by which a number of mobile units
monitor all transmissions from a common point to receive infor-
mation that may pertain to only one or more units of the fleet
in any given instant

foliage Toss -Attenuation of electromagnetic energy caused by the absorption
by trees or other growth in the path between transmitter and
receiver
frequency assignments -A frequency authorized by the FCC for use by a licensee for pur- ,
poses specified on the license A
functional requirements ~-Those capabilities a system must provide to fulfill the opera-
tional needs of the user
geographic re-use -Re-use of a specific frequency made possible by geographic ’
separation or shielding from undesired signals
isotrnpic radiator -A radiator of electromagnetic energy that radiates equally well
in all directions (a theoretical concept)
licensable ~An application for use of the spectrum that is in compliance
with the FCC's Rules
paging -A communication service in whicl a base station provides one-way
communication to subscribers, usually involving only "beep tone"
notification : T
path loss -The attenuation of electromagnetic energy over the path, between
two points ~




peak loading

radio common carriers

satellite sites

simulcasting

system configuration

wireline carriers

-The maximum traffic level to which a radio channel may be
subjected. Peak loading of Taw enforcement channels usually
occurs during periods of maximum criminal activity or major
community emergencies

-Those who provide radio communication service to the general
public

-Remote transmitter and/or receiver sites connected to a central
control station usually by landline or microwave 1links that
provide radio communications coverage of selected areas that
cannot be served adequately from the base site

-A ‘technique of transmitting from two separate sites simultaneous-
1y on a common frequency. Careful control of both audio and
radio frequencies at each site is required to preciude distruct-
jve interference in regions covered by more than one simulcasting
transmitter

-The arrangement of procedures, equipment and organizations that
have been selected to accomplish the functional objectives of the
system

-Public service entities that provide wire type communications
services. While the term implies telephone type wire connec-
tions, many such carriers use microwave systems within their
systems
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