
1,64666

E. F. Johnson Co. 

Repco, Inc. 

u.s. Communications 
Corporation 

Kokusai Electric Co. 
of America 

Motorola 

David D. Ferrell, Vice President, Marketing 
Radio Products Division 

Jack Frahm, ~~nager
Equipment Development 

Mervin Grindahl 
Senior Development Engineer 

Stuart Heyer, Manager 
Government and Industry Relations 

Bruce Pontius, Vice President 
Engineering 

Arleigh B. Baker, Director 
Engineering Programs 

Arthur W. Judd, Director 
Technical Services 

R. M. Full er 
Vice President 

Don N. Sample, National Sales Manager
SOO MHz Products &Public Safety Systems 

Dale J. Misczynski, Vice President 
State and Local Government Sales 

Rod Mulford 

Robert G. Schied, Manager
Federal Programs Operation 

Ron Thomas, Manager
Market Planning, 800 Systems 

Al Zabarsky, Resource Manager 
800 Systems 

- vi ­



164666

APeo National Office Ernest J. landreville, Executive Director 

Bruce M. Karr, Project Engineer 

Gary D. luther, Technical Editor 

Ms. Peggy T. Webster, Project Secretary 

Our appreciation is offered to each of these individuals and to the.I entire membership of APeO, whose professionalism and dedication to the 
public·s safety made this project possible. 

:J 

~~I Director of Projects 

J 

- v;; ­



1.64666

TABLE OF CONTENTS 

EXECUTIVE SUMMARY 

INTRODUCTION 

ACKNOWLEDGMENTS 

DEFINITIONS 

SECTION I - THE DEVELOPMENT PROGRAM 

1.1 General
1.2 The System Implementation Planning ,Program
1.3 The Demonstration and Test Phase
1.4 The Evaluation and Technology'Transfer Phase

SECTION I I ­ SYSTEM DESCRIPTION 

2. 1 General 
2.2 System Users
2.3 Concept of Operation
2.4 System Elements
2.5 System Operation
2.6 Generalized System Requirements

SECTION III - SYSTEM ELEMENTS 

3.1 Base Station Transmitters and Receivers
3.2 Remote Receivers - Satellite
3.3 Base Station Antenna Systems
3.4 System Control Center
3.5 System Controller
3.6 Mobile Transmitter/Receiver - Mobile Unit
3.7 Portable Units

SECTION IV - SYSTEM RELATED CONSIDERATIONS 

4. 1 Priority Protocols
.4.• 2 Digital Traffic Requirements
4.3 System Broadcast and Individual Agency System Integrity
4.4 Intra-system Interfaces Capability
4.5 Intersystem Interface
4.6 Conventional Systems Interface
4.7 Reliability Requirements
4.8 Management Information
4.9 Maintainability
4.10 Training

- viii ­



164666

INTRODUCTION 
> 

1/
The opening of the 900 MHz- spectrum for land mobile communications 
in 1976, coupled with the FCC mandated requirement for t~e application
of trunking techniques to those systems requiring more than five 
channels, confronted the pUblic safety communications systems design­
ers with a new set of problems and opportunities. APCO's Project 16, 
conducted under a grant from the Law Enforcement Assistance Adminis­
tration (LEAA), analyzed these concepts and concluded that the implemen­
tation of trunked 900 MHz systems, exploiting the opportunities
inherent in the digitally addressed, trunked concept, presented the 
opportunity to make a major step forward in the development of new 
capabilities in public safety communications systems. 

Digital addressing techniques, particularly applicable to the oper­
ation of trunked systems, have long been employed by the Department of 
Defense and commercial services. Advances in technology now offer 
economically feasible and technically practical possibilities for the 
use of such techniques in public safety systems. By permitting systems

....J organization to be based on group and discrete addressing systems,
rather than on the assignment of discrete frequencies, an entirely new 
approach to system configuration is possible. 

Digital addressing permits communication with designated (or "addressed")
units. By assigning "groups" of units common or -group" address indica­
tors, in addition to their individual unit (or discrete) address, 
communications are possible among all members of that group. Units 
not in the Ilgroup" are not parties to the communications. Group
addresses can be assigned organizationally or functionally, or both, 
thereby permitting organizational or functional privacy, i.e., police
department members only, fire department members only, etc. Similarly, 

1/ This newly available spectrua haa been referred to by several appellatioDS 
during the development of Docket No. 18262. Technically, it is a portion 

of the UHF band and currently it ia frequently referred to .. the "800 HIIz" band 
or the "860 MHz" band. During .-ach of the period in which Docket No. 18262 va. 
active, the entire portion of the spectrua under consideration in that Docket vas 
Widely referred to as the "900 HHz" band. In deference to this historical prece­
dent, 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 KHz. 

- ix ­



164666
i 
1.­

of this functional description is to assure that necessary require­
ments are defined for use by potential system developers. that 
system signaling and configuration concepts permit the incorporation
of specialized features that some users may find desirable. and that 
needed capabilities of any user are not inadvertently precluded by 
some factor inherent in the system design. 

The functional requirements document is a description of system
operation. It may be used as the basis of. but not a substitute for. 
individual procurement specifications to be developed by procuring
communities. Such specifications should describe the specific
system-related requirements of the user. 

Because of the scope and complexity of this functional requirements
document. the individual Sections have been prepared such that they 
can stand alone to provide a ready reference to the reader. Each 
Section. therefore. has been made as complete as possible. This 
may result in a certain amount of redundancy. hopefully justified
by increased usefulness to the user • 
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DEFINITIONS 

The definitions below are intended to explain those terms used in this 
document in the particular connotation of digitally addressed, trunked,
radio communications systems. 

System control center: 

System controller: 

Address:

Digital address:

Discrete address:

Group address:

Universal address: 

Dispatch location: 

A physical location at which technical 
control of the system can be exercised. 
This location should include system status 
displays, reprogramming capability for the 
system controller, channel monitoring equip­
ment, and other system management and control 
features as may be required. 

An automatic switching device that inter­
faces between dispatch locations, the 
signaling system and the voice channel RF 
equipment. Its function is to identify an 
available RF channel, direct the signaling 
system to move the addressed unit or units 
to the selected channel, ana to control 
those automatic functions necessary for sys­
tem operation. 

The information which uniquely diverts a 
communication from one terminal point to 
another. 

An address resulting from the assignment
of a unique code set consisting of only two 
code elements. 

A digital address assigned to a single unit 
or user of the system. 

A digital address assigned to two or more 
units of the system. All units having a 
common group address will have access to 
all messages within that group. 

Typically, units in the system will be 
assigned both group and discrete addresses. 

A digital address that is assigned to all 
units in the system. A special group address. 

The physical location of agency dispatching/
operational personnel. There may be several 
dispatch locations in one system. One or 
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addresses can be assigned to patrol divisions, detective divisions, 
mutual aid needs, or other agen~y requirements. 

The use of addressing by groups as well as by individual units permits
agencies within the community to utilize a common communications system
while still maintaining requisite operational independence and integrity. 
By careful design of the system's signaling concept, ~any specialized
operational features such as automati~ status reporting and priority
of access, flexible command and control organization, system privacy,
and other needed features often impractical in conventional networks, 
are now possible. 

The development of such a system, wherein the potential capabilities
'are so many, poses a special need to initially define those minimum 
functions that the system must satisfy. Desirable features should 
also be identified so that vendors can develop cost estimates. thereby
making possible cost benefit tradeoffs. 

This document presents a description of those functional requirements
that a digitally addressed. trunked, 900 MHz system should have to 
satisfy the needs of the public safety community. It specifies those 
features that will permit such. a system to meet the mobile communica­
tions needs of a community government. It describes how the individual 
elements of a digitally addressed, trunked system contribute to the 
operation of the entire system. 

Th~ pu~po~~ o~ ~hi~ doeum~n~ ~ ~o p~ovid~

4 b4~ie, d~~e~p~v~ ~~4m~wo~k o~ ~y~~~m

op~~~on 4nd e4pabiLiti~~ ~h4t ean b~ ~td

by d~~ign~~~ o~ individual eommuKi~y ~y~~tm~.

I~ i~ in~~nd~d ~o id~nti~y 4 ~~4m~wo~k o~

mand~o~y 4nd d~~~ablt ~unetional e4pabil­
i~i~~ ~~om whieh ~y~ttm d~~ign~~ ean ~~l~e~
~ho~~ ~ta~u~~~ n~~d~d ~o ~4t~~y ~h~ ~~qui~~­

m~nt~ o~ ~h~i~ ~ommuniti~~.

This document provides an overall statement of the systems' operation.
It defines mandatory minimum system performance requirements. It also 
lists desirable features that may be chosen by individual procuring
agencies to satisfy their needs. Subjects more properly defined in 
individual systems procurements, except as they affect or are affected 
by the functioning of the digitally addressed, trunked system charac­
teristics. are left to the discretion of the individual procuring
agencies·. This is done not to negate the importance of such factors, 
but rather to confine the scope of the document to those topics related 
to the operation of digitally addressed, trunked radio systems. 

This document provides a generalized description of system operation,
applicable to all digitally addressed, trunked systems. Those 
specialized requirements peculiar to an individual using agency should 
be spelled out in subsequent individual system procurements. The goal 
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more may serve one agency while others may 
serve other agencies. A dispatch location 
will have one or more dispatch positions. 

Those equipments. displays and control 
capability at which one operator interfaces 
with the system. There may be more than one 
dispatch position at each dispatch location. 

The means by which units in the system are 
addressed and directed to perform switching
and reporting functions necessary to satisfy
the specified functional requirements. The 
signaling system includes the signaling
language. switching equipment. and signaling
transmission techniques needed for system
operation • 

A condition whereby the results of a cooper­
ative endeavor yields benefits greater than 
the sum of the individual contributions. 

- xiii 



164666

SECTION 

THE DEVELOPMENT PROGRAM 

1. 1 General 

The introduction to the.pub11c saf~ty community of new opera­
tional capabilities made possible by the digitally addressed, 
trunked system (OATS) techniques requires an extensive program
that includes feasibility study, the definition of functional 
requirements, implementation planning, demonstration and test­
ing, and the system evaluation. As originally conceived by APCD, 
this. program is described in detail in Chapter 5 of the Final 
Report of APCO's Project 16. 1/ This Functional Requirements
Document constitutes the second step of this program. It defines 
the system functional capabilities that must be satisfied to meet 
the needs of the public safety communications community. The 
follow-on phases of the program, including implementation plan­
ning, test and demonstration, will be discussed below under 
three headings: the implementation planning program, the devel­
opment and demonstration phase, and the evaluation and technology
transfer phase. 

1.2 The System Implementation Planning Program 

1.2.1 Community planning needs 

The efficient implementation of these advanced systems 
represents significant economic investment. Adequate
implementation planning must be accomplished by each 
implementing community to insure that such systems are 
mutually supportive, and that schedules accommodate the 
operational needs and functional responsibilities of 
agencies whose operations are affected. Above all,
implementation planning must assure the continuation 
of uninterrupted public safety services. 

This implementation planning requires the resolution 
and documentation of diverse technical, economic and 
managerial problems. The interface with related systems,
either in being or planned for the future, must be 
defined both technically and procedurally. The communi­

. cations language and support organizations must be con­
figured to accommodate existing or planned information 

]/ Copies of this document may be obtained through the National Office of APCO, 
P.O. Box 669, New Smyrna Beach, Florida 32069. 

1-1 
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I systems needs. 

Planning and scheduling concepts must reflect economic 
and contractural demands and the availability of funds.I Such planning must also identify the specific spectrum
requirements and regulatory factors affecting the avail­

. ability of needed frequencies and with sufficient detailI to comply with Federal Communications Commission (FCC)
requirements. The development of such plans must make 
possible the preparation of detailed, accurate and com­
prehensive Requests for Proposals (RFPs).-I 
No standardized approach to major systems implementation
planning is available on a national basis to the public 
safety community. This poses problems to many communi­iJ ties as they attempt to improve the cost effectiveness 
and efficiency of their communications capabilities
through the introduction of modern systems.] 
To assist communities participating in the development 
program it is planned to develop a format of a Systems
Implementation Plan (SIP) that will provide a basis forJ the development of individual SIPs by each community.
It is intended that each of the individual communities 

...,......... participating in the demonstration program will be pro­
vided assistance during the SIP phase. This SIP phase
will include the following: 

1.2.2 Determination of the phasing for system implementation.
';'1 It is expected that communities may choose to implement 
.. : the system in several steps, i.e., perhaps a mobile sys­

tem for police only, then the addition of other public
safety systems, followed by the expansion of the system 
to incorporate those additional government agencies~] deemed appropriate. A portion of this phasing identi­
fication will be the development of concepts relating 
to the integration of portable radio systems, eitherJ through conventional systems interface or the eventual 
incorporation of trunked portables when available • 

1.2.3 A second requirement would be the aggregation of system.J requirements. This includes the determination of those 
specific community-related needs that will form the 
quantitative basis for the system procurement that will

J form the basis of the demonstration program. 

1.2.4 The preparation of Notices to the FCC regarding spectrum
requirements.J 1.2.5 The development of plans for system procurement, install­
ation and cutover. 

1 
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Details of this phase of the program will be as spelled 
out in the SIP documents by the individual communities. 

1.3 The Demonstration and Test Phase 

1. 3. 1 Ptltpose 

The application of the OATS capabilities to community
public mobile communication needs involves the appli­
cation of concepts and technologies in ways heretofore 
not applied to the public safety sector. The focus 
of this program will, therefore, be to assure that 
such new techniques do in fact satisfy the needs of 
the using agency. This requirement presents two con­
siderations: first, that the techniques are realizable 
by available, reliable hardware; and secondly, that 
this hardware, configured as a system. provides the 
capabilities specified by the using agency. 

The implementation of a conventional communications 
system seldom requires the demonstration of both of 
these two points. The operation of radio systems is 
well understood, and the services that they provide 
to the using agencies are well known. In the usual 
implementation program, specifications for radio 
system performance are prepared and acceptance tests 
of'delivered equipments conducted to show that such 
equ1pments in fact meet the specifications established. 

1.3.2 Signaling System Demonstration 

The introduction of the new concepts contained in the 
digitally addressed, trunked system technology may
require development efforts before such systems can be 
procured on a more or less routine basis. For example,
the signaling language and sufficient switching hardware 
must be assembled to show that they can satisfy the 
functional requirements established for the system. The 
extent to which this will be accomplished by the vendor 
community as part of their in-house engineering pro­
grams or, on the other hand. that may require public
financing. will be dependent upon a number of factors 
such as perceived market potential. timing of demon­
stration project procurements, the rate of technological
developments, and complexity of the functional require­
ments. 

As part of a demonstration and test phase, an evaluation 
of system signaling concepts should be conducted. This 
evaluation can be conducted as a separate prototype 

1-3 
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activity or as part of the engineering phase of 
implementation contracts. Procuring activities should 
be provided data describing the functioning of the sig­I naling system in connection with actual hardware to
demonstrate that the system performs those functional
requirements called out in the individual procurement
documents. This data should be provided before equip­I ment installation proceeds. 

:] 1.3.3 Implementation, Cutover and Acceptance Testing

Implementation of demonstration systems will involve the 
procurement, installation, cutover and testing of new 

J equipments by each of the participating communities.
These activities must be conducted in accordance with 
the par tic u1ar 0 per at ion a1, man age ria 1, en vir0 nme ntal 
and fiscal requirements of each community. Installation

I and cutover must be accomplished with a minimum dis­
ruption of activities and witho~t impediment to necessary
public safety services. 

] Normal hardware unit acceptance testing should be accog­
p1ished in accordance with the usual community procure­
ment procedures and the dictates of the individual 
community SIP. Provisions should be included in the SIP 
for system performance testing. Where practical, such.J system testing should be conducted on an incremental 
basis, to evaluate the system's compliance with speci­
fications, both from a qualitative and a quantitative'I standpoint. 

Adequate documentation of all levels of testing should 
be maintained and made available to other potential users] of the system. 

1.4 The Evaluation and Technology Transfer Phase 

I 
~l Upon completion of systems imp1emenution and acceptance testing 

by the procuring agency, a program should be implemented to 
evaluate the performance of the system in the operational mode 
and to accumulate that data necessary to make possible repetitive 
procurements by other potential users. This evaluation phase 
must be directed particularly toward identifying the contributions 

J 'that the introduction of the trunked, digitally addressed tech­

J
nology has made to the using agency and the functioning of the
community as a whole. This includes not only factors relating
to agency capabilities but also an evaluation of the contributions
such systems might make to improve agency efficiency.

1 
1-4
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SECTION I I 

SYSTEM DESCRIPTION 

2.1 General 

A digitally addressed, trunked land mobile communications system 
for law enforcement, other public safety, and related governmental
agencies must be capable of providing the complete mobile communi­
cations requirements of the implementing governmental agency. 
Through automatic switching techniques inherent in the trunked 
concept, it makes optimum use of the assigned radio frequencies.
The digital addressing concepts also make possible the exercise 
of private, flexible command/control of the resources of the 
agencies using the system while permitting necessary and adaptable
in·tra- and inter-agency communication, as may be configured or 
reconfigured to meet the changing needs of the community. 

2.2 System Users 

The system will ultimately be capable of supporting the total 
mobile communications needs of the community. 8y so doing, it can 
optimize frequency usage and permit improved interagency cooper­
ation and emergency response through enhanced interagency communi­
cations in times of need. 

Public safety agencies will usually be the initial users of the 
system. The large numbers of units of such agencies and their 
needs for command/control flexibility make digital addressed 
systems of special value to these agencies. Other governmental
agencies will also benefit from the emergency access capability
of the systems and the variety of operational uses permitted by
the selectable group address designations. 

The combining of these agencies into one system, each still main­
taining their individual system privacy, will permit more effective 
response to total public safety needs when interagency communica­
tions are required. 

The combination of access to all frequencies, with an automatic 
prior.ity system established to accommodate operational precedence
needs in those rare instances where loading might possibly result 
in contention for channels, will permit synergistic benefits to 
all system users. While each user will effectively have access 
to as many frequencies as assigned in a conventional system, the 
automatic potential for access to all the frequencies in the system 
offers a potential for a level of service considerably in excess 
of that possible using conventional, a priori frequency assign-
men t. 

I 1-1 



i 

164666

.~

Since the system permits independent dispatch locations and pri­
vate group addresses with appropriately assigned priority access, 
increased management flexibility and reduced maintenance and oper­
ational costs can result by incorporating all governmental mobile 
communications needs into a single system. Such users as senior 
executive personnel can have access as deemed appropriate. School 
bus systems, highway maintenance, and similar governmental users 
can share the system. Significant overall spectrum savings can 
result by exploiting the difference in the times of peak loads 
of general government users and public safety agencies. 

2.3 Concept of Operation 

2.3. 1 Trunked system concepts derive from telephone experience.
Telephone systems, by using switches in the vicinity ofJ major concentrations of subscribers, select from available 
"trunk" lines between switches to permit communications 
between subscribers in different areas (see Figure 2.1).
In this manner a large number of subscribers at eachI switch location have access to any available or unused 
trunk between switches. 

Radio experience has long been confined by the a priori:.1 assignment of common frequencies as a means for conducting
communications between designated users. In the event.,.........

J 

that a frequency assigned to two pre-assi~ned users is 
not in use, other users, who may be in the same system
but have been assigned a different frequercy, must wait 
the availability of their frequency to communicate, 
despite the non-use of another frequency in the same 
system. This means that a user desiring access to a 
loaded dispatch frequency must await availability of that 
frequency despite the fact that another frequency in the] system, such as an interagency communications frequency,
might not be in ",se. 

The development of modern solid state technology and
~] advances in radio system equipment design have made 

possible the practical application of the trunked 
philosophy to radio systems. The fundamental concepts
involved are shown in Figure 2.2. Assigned frequenciesI are established at a base station. A "system contro11er M 

, 

or system switch, automatically identifies which of these 
frequencies is not in use at any time a request for ser­
vice is made. Using a command link (or as it will beJ called in this document, a "signaling system"), individual 
mobiles to whom the communications are addressed or 
from which the request for service is initiated are 
automatically advised of the available frequency. TheJ mobile is then automatically switched via instructions 
through the signaling system to the selected frequency. 

( 
~

I 1-2 
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After communications are complete on this assigned 
frequency, the mobile reverts to monitoring the signal­I ing system. 

The functioning of this system derives from the ability
of the signaling system to not only select an availableI frequency but also to address the particular mobile
unit to whom the communication is directed. This
addressing ability is made possible through the assign­
ment of a digital address to each unit in the system.] 
The digital addressing concept used is at the discretion 
of the system designer. In systems such as public safety 

I 

] networks wherein communication between groups of units
is required and where tne communications network must
support a command/control philosophy that complies with
agency organizational concepts, the use of a two-part
addressing technique is especially attractive.

J 
This two-part address include~ a discrete address assigned 
to each unit in the system and a group address which may 
be assigned either permanently to groups of units re­
quiring common communications or which may be selectable 
at the unit operator's or system manager's will. 

J 2.3.2 The basic concept of operation of this system hinges on
the ability of a system controller that automatically
identifies an (assigned) RF channel that is not in use.] contacts a designated recipient by use of a signaling
system, and directs the call recipient's equipment to
the selected RF channel, enabling direct communication
to pass between the initiator and the recipient.

~J
This signaling system employs digital addressing techniques 
that identify the unit to which the call is directed. 
These techniques permit adaptable system or~anization~] and system reconfiguration to meet varieties of operational
needs. Through identifying units by means of both discrete 
and group addresses, communication can be accomplished
individually or among designated groups of units. ByJ switching the group address of a unit, that unit can
leave one group and communicate with one or more other
groups or units. Groups can be established and rearranged
almost immediately by the system controller.:J 

2.4 System Elements 

J A trunked, digitally addressed public safety land mobile communi­
cations system will include the following elements (see Figure 2.3): 

J 

.. II - 3
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• dispatch locations; 

• system controller; 

• base station RF and control equipment; 

• mobile units; 

• signaling system; 

• interface equipment. 

These elements are combined to provide a land mobile radio system
that permits two-way communications between dispatch locations 
through the base station and one or more mobile units. and/or
between two or more mobile units. individually or in groups. 1/ 
The system configuration in many ways follows that of conven~
tional multi-channel land mobile radio communications systems.
Individual base station transmitters. receivers and antenna sys­
tems operate from an optimally selected site to provide coverage
of the required area. Mobile units incorporating multi-channel 
transmitters and receivers must incorporate the capability of 
having the operating channel selected by means of a signaling 
system. A system controller, or automatic switching device,
selects the base station transmitters and receivers channel and 
directs the signaling system to move selected (Maddressed M) mobile 
units to the appropriate frequency. 

2.5 System Operation 

When a dispatch position initiates the call, the system controller 
determines which of the RF channels is available. This decision 
will incorporate necessary considerations of priority and/or
addressing. The system controller then causes a signaling message 
to be transmitted to the unit(s) with which the communication is 
to be established. The signaling message directs each unit to 
automatically switch to the frequency selected by the system con­
troller. After both the base station and the mobile unit have 
reached the designated channel, communications can begin. 

Each unit in the system has an address composed of three parts, 

!/ Thera is nothing in the digitally addressed, trunked &yst. cODcept that pre­
cludes multiple base stations rebroadcasting or "simulcasting" techniques. For 

the purpose of this functional requirements statement, however, a single base statioG 
site will be assumed. Those systems requiring multiple site lIlstallatiou should in­
corporate necessary requirements in their procurement specification.. This functional 
requirements statement does incorporate those requirements related to satellite re­
ceiver systems. 

11-4 
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a universal address, a group address, and a discrete address. The 
universal address is assigned to all units. The discrete address 
is particular to the individual unit. The group address may (but 
not necessarily must) be assigned to a number of units whose oper­
ational requirements make it necessary for each to hear all communi­
cations within the group. These group addresses may be changeable
by the operators of the units {both fixed and designated mobile} so 
that communication with various groups can be established at will. 
The designation of the functions of these group addresses is under 
direction of the systems management and may be changed by access 
to the protocols of the system controller. 

The message sent by the signaling system to the mobile unit incor­
porates both the discrete address of that mobile unit and a group 
address. Depending on operational needs, one or more designated
mobile units may use the same group address. By use of the group
address, dispatchers and other mobile units can broadcast to a 
predetermined group of mobile units simultaneously. 

In normal operation all mobile units monitor the signaling system 
when not in active communication with other units in the system. 
They move to a designated frequency when so directed by instructions 
received via the signaling system. When a mobile unit desires to 
initiate a call, it initiates a request for channel access via the 
signaling system to the system controller. The system controller 
then treats this request similar to a dispatcher request. The 
system controller determines which RF channel is available, directs 
the mobile unit to move to that channel, and activates the appro­
priate base station transmitter and receiver pair. All other units 
having the same group address are similarly instructed to move, via 
the signaling system, to the selected RF channel. In this manner 
all units having the same group address monitor all communications 
within their group. Normal communication between mobile units will 
be through the base station, using it as a mobile relay. 

Continuous channel assignment updates must be transmitted repeti­
tively via the signaling system, indicating all currently active 
channel assignments. This will insure that any unit coming into 
service or entering the RF coverage area while a message to his 
group is in progress will be promptly directed to the appropriate 
channel. 

The characteristics of the signaling system and the functions made 
possible by the organization of the group and discrete addressing
protocols permit considerable operational flexibility. The ability 
to manually alter the operational program of the system controller 
permits re-configuration of the system to meet changing operational 
needs. 
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2.6 Generalized System Requirements 

The following is a listing of generalized system functional 
requirements. This listing is provided to insure that the basic 
system design and signaling system be configured to permit these 
function41 capabilities. Individual procuring agencies may 
select various levels of capability or combinations of capabil­
ities, i.e., a system might include many mobiles with only a 
minimum of address flexibility, with only a few having greater 
capabilities. Basic system design must permit selection of those 
mandatory features (identified by (M) and should permit choice of 
desirable features (identified by (0». 

. 

(M) 

(M) 2.6. 1 

2.6.2 

Those RF channels assigned to the system will be auto­
matically selected in accordance with their availability
such that all system users will have access to all assigned 
voice channels in accordance with the established system
priority protocol . 

..-----...... -~, '" .-- ... 

The basic system will have a minimum of six channels. It 
will be expandable in steps of one or more channels to a 
maximum of 20 channels. 

- (0) 2.6.3 For those systems that may be required to support user 
requirements in excess of 20 channels, systems designs
will incorporate the capability of interfacing each 20 
channel system with one or more additional systems. each 
having a maximum capacity of 20 channels. 

"' J 

(M) 2.6.4 The signaling language will be capable of supporting 20 
channels having a maximum of 1,600 in-service mobile 
units and 20 dispatch locations for each system. Sufficient 
addresses will be available to support at least 4.000 
dis~rete addresses. 

J 
I 

.J 
J 
J 

(M) 

(M) 

(M) 

2.6.5 

2.6.7 

2.6.6 

All dispatch positions and mobile units will be capable
of being assigned group address designators that will 
permit communications between individual dispatch
positions. groups of dispatch positions. individual mobile 

The basic six channel system hardware will be capable 
of supporting a minimum of six dispatch locations. each 
of which will permit use of no less than five dispatch
positions. For each channel in addition to the basic 
six channels, provisions for at least one additional 
dispatch location will be added. 

The signaling language will permit each system to assign 
no less than 4,000 discrete mobile addresses and 100 
discrete dispatch position addresses. regardless of 
system size. 
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(D) 2.6.8 

(M) 2.6.9 

(M) 2.6.10 

(M) 2.6.11 

(D) 2.6.12 

(M) 2.6.13 

mobile units, groups of mobile units, or combinations 
thereof. All units operating within the same group 
will receive both sides of all communications (except
digital information) addressed to or from the group. 

Dispatch locations mayor may not be co-located. All 
si~na1ing between dispatch locations, the system con­
troller and base station RF equipment should be com­
patible with voice grade (300 to 2,700 Hz) common 
carrier 1and1ine and/or microwave transmission stan­
dards. 

When one or more voice channels in the system is not 
in use, any system user will automatically have access 
to a voice channel within 1 /2 second after momentarily
activating a microphone switch (or other request for 
channel device). The system design must automatically 
compensate for any signaling attempts lost due to simul­
taneous attempts to access. Should a voice channel not 
be available, the caller will be, placed in a queue and 
be given an indication that his request has be~n received 
and queued. He will be notified automatically when he 
has been assigned a valid channel. The system will 
continue to request an available channel automatically
until channel assignment has been established. 

Anytime that a unit is out of contact with the signaling 
system, an indication will be presented at the unit. 

Once the system controller has selected an RF channel 
for communication between units, those units will remain 
on that channel for the duration of each transmission 
and reception plus approximately two seconds. Should 
there be no transmission addressed to the group address 
using the channel within the two-second "hang" time, 
all units of that group will revert to the signaling 
system monitoring condition. 

The two-second "hang" time will be capable of being
terminated by activation of a manual switch. 

The system will incorporate five levels of priority. 
Assignment of these levels of priority will be made at 
the system control center. The structure of the signal­
ing language will be such to assure access to the signal­
ing system in accordance with the level of priority
involved. Access to the system will be only at the 
expense of the lowest level of priority necessary, i.e., 
a priority level 2 call on a fully loaded system will 
preempt the system from a priority levelS user if 
there are any on the system; if not, priority level 4 
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I (M) 2.6.14 

I
-I

(M) 2.6.15 

] 

I
J

(M) 2.6.16'] 

:J 

J (M) 2.6.17 

..I 

] 

J (M) 2.6.18

(M) 2.6.19 

J 

or 3, in order. Such preemption will be indicated to 
the affected user. 

All units in the system will have the capability of 
seizing access to this system via an instantaneous 
emergency switch. Activation of this switch will 
permit access to a dispatch position within 1/2 second. 
This level of precedence is intended for use only in 
those instances wherein immediacy of communications is 
necessary to preserve safety or life. 

Activation of the second precedence level or below 
should establish communication with some or all dispatch
locations as determined by the procuring or using agency 
involved. Activation of precedence levels will remain 
in effect until a dispatch position takes those actions 
necessary to re-establish regular operation of the system. 
This precedence level is intended for use by those units 
in the system requiring immediate access to the communi­
cations channel in the performance of the mission of 
their agency, i.e., law enforcement in hot pursuit, 
a fire system en route, or other operational need 
designated by the system users. This precedence level 
will be established by activating an appropriate control 
at the dispatch and/or mobile unit. It will assure 
access to a channel in all instances except when a 
priority 1 signal takes precedence. 

Command priority (executive and supervisory: this level 
of precedence will be available for designated command 
or supervisory personnel. Use of this precedence may 
incorporate systems privacy (see Sec. 3.3) if so estab­
lished in the system controller. Those group addressees 
or mobile units assigned this level of precedence may 
require such priority access as a normal procedure at 
the discretion of the procuring agency. 

Operational priority: The system will be capable of 
providing a level of precedence to public safety functions 
which will preempt routine (non-public safety/administra­
tive) activities in the event of a fully loaded system. 
The distinction of these classes of service shall be 
established in the system controller via the system 
central control. The system shall maintain sufficient 
channels for each ,..ser to provide for pre-established
operational requirements. 

Routine: the lowest level of precedence. 

The system controller will have the capability to receive 
requests for access to the system from mobile units via 
the sig~aling system and from dispatch locations. It 
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will identify an unused channel and direct 
signaling system to move the addressed unit 
to the selected RFchannel. 

the 
or units 

(M) 2.6.20 The system controller will incorporate those features 
needed to permit the switching of discrete units andl 
or ·groups of units. It will assign channels in accord­
ance with priorities and group assignment procedures
established by the system user. 

(M) 2.6.21 It will be possible to reassign the priority levels 
of address groups and to change address group desig­
nators by direct access (via keyboard or similar means) 
to the logic of the system controller. 

(M) 2.6.22 In the event of failure of a portion of the base station 
voice channel (either the transmitter or receiver or any 
portion of their related equipment), the system con­
troller will detect such failure and give indication 
of the defective channel at the system control center. 
The controller will not select a defective channel nor 
designate it for use, but will continue to assign traffic 
to the remaining operating channels. 

(M) 2.6.23 Should any portion of the RF link of the signaling 
system become defective, signaling will automatically be 
shifted to another channel(s) while concurrently shifting 
other system components in actordance with a predetermined
protocol. Indication will be provided at the system
control center of such failures. 

(M) 2.6.24 Provisions will be made for bypassing the system controller 
in the event of its failure. This will permit designated 
dispatch locations to have direct access to predetermined 
RF channels for operation in the conventional mode. 
Failure of the signaling system will cause an indication 
in all mobile units and at all dispatch positions. It 
must be possible to then switch all elements of the 
system to a conventional mode of operation within one 
mi nute. 

(0) 2.6.25 The system will be capable of displaying the discrete 
address or group address of any unit with which a dispatch 
position is in communication at that dispatch position. 

(M) 2.6.26 Each dispatch position an~ mobile unit in the system will 
be capable of changing its group address to no less than 
six other pre-established group addresses. Each user of 
the system will be able to select a mode of operation
that permits broadcast to all of a selected number of 
groups as may be assigned to satisfy operational needs. 
Certain designated units will be capable of broadcasti~g

11-9 



164666 

L 

I 
I to all units in the system. This last capability wool

be incorporated within the system design but may be
implemented in only selected units at the discretior
of the procuring entity.

to) 2.6.27 A sub-system controller will be available at each 
d~spatch location capable of permitting reprogrammi~;
of addressing protocol of those group and 9iscreteI addresses that may be assigned to that agency or
dispatch location. For example, a dispatch locatio~

-j assigned to a fire agency should have the capabi1it) 
of altering the addressing protocol of the group 
and discrete addresses of the units assigned to that 
agency. 

_J (D) 2.6.28 Provisions will be made in the system design concept 
to incorporate a minimum of six automatic status 
reports. These status reports will be 'sent auto­
matically in digital burst format by a mobile unitI through activating an appropriate switch on the mobile 
unit control head. 

(D) 2.6.29 Provisions will be made to incorporate automatic 

I 

J interrogation of the status of individual units 
from dispatch positions. Such queries will be indi­
cated in the mobile unit. Status replies to status 
requests will be displayed at the interrogating dispatch 
positions together with the discrete address of the unit 
involved. The implementation of this capability will be 
determined by the specification of the individual 
systems being procured. 

(D) 2.6.30 The system will be capable of interfacing with a com­"I puter aided dispatch system. Depending upon the require­
ments of the CAD system involved, the interface may be 
either direct or through buffering equipment. Such 
interface requirement and the appropriate data output

_J needs will be specified in the individual system pro­
curement documentation. 

(D) 2.6.31 The system will be capable of incorporating or inter­I facing with mobile digital terminal systems. The
specific operation of this interface will be a function
of the type and number of the terminals involved as
specified by the individual system procurement..J 

J 
(M) 2.6.32 Only those mobile units having mobile digital terminals 

installed will have access to the digital information 
system. 

(M) 2.6.33 The system must be capable of operating a conventional 
mode i~ the event of failure of the system controller.

t
"..... 
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(0) 2.6.34 

(M) 2.6.35 

(M) 2.6.36 

In the event of such a failure. an indication will be 
provided to all users of the system to alert them to 
revert to a predetermined system of conventional oper­
ation. In this event. dispatch locations will be 
assigned previously designated channels (see Sec. 2.6.24). 

The ability for the operator to change frequency to any
authorized frequency in the 806-866 MHz band at will is 
a desirable feature that may be incorporated in 
selected units. 

Future incorporation of trunked portable units capable
of meeting the regulatory. environmental and specific
standards of the procuring agency is a mandatory re­
quirement of the major municipal systems. Such portable
units will have no less than six switchaole group 
address capabilities and have the ability'to be switched 
to a pre-designated conventional channel. They must 
have a priority level 1 emergency capability. While 
compatible. aut~matic status reporting similar to mobile 
units is desirable. it is not mandatory. It is desirable 
that selected protable units be capable of transmitting 
a broadcast to all groups assigned to a designated dis­
patch location and also to all groups in the system. 

While the system concept must be such that trunked 
portable units can be incorporated when they become avail­
able. the system must make provisions for interfacing
with either an existing or new conventional portable 
system at the time of initial implementation. Definition 
of this system interface will be in accordance with the 
specifications of the procuring agency. 
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SECTION I I I 

SYSTEM ELEMENTS 

3. 1 Base Station Transmitters and Receivers 

:I 
.j 

J 
I 

~]

J
1

(M) 3.1.1 

(M) 3.1.2 

0") 3.1.3 

(M) 3.1.4 

(M) 3.1.5 

(M) 3.1.6 

There will be at least one base station transmitter and 
receiver for each RF channel assigned. Each transmitter 
and receiver will be capable of operating independently 
of and simultaneously with any or all of the others 
assigned to the system. The transmitters and receivers 
will be controllable from the system controller or, in 
a conventional mode, from designated dispatch locations 
bypassing the system controller. 

Base station transmitters and receivers will comply with 
Part 90 of the FCC Rules and appropriate EIA, NBS and 
similar agency standards. Transmitter and receiver power
levels, sensitivities, selectivity, propagation-related
and operating characteristics, will be as defined in the 
system procurement specifications. Physical configura­
tion, environmental requirements, primary and emergency 
power supply needs, and other equipment characteristics 
not directly related to digitally addressed, trunked 
systems functioning will be defined in the procurement
specifications of the procuring agency. 

Base station transmitters and receivers will be contro1.ed 
from fixed frequency sources (crystal or frequency 
synthesized). The transmitter and receiver frequencies
will be technician-changeable to any frequency within the 
806-866 MHz band. 

Receiver systems will be mated with associated base 
station transmitters. Receivers will be controlled by
the system controller or by direct connection to a 
designated dispatch location, bypassing the system
control, if required. Receiver output will have those 
characteristics appropriate to transmission over conven­
tional voice grade 1andline or microwave circuits. 

Base station receiver implementation should include an 
analysis of the electromagnetic environment at the 
receiver antenna location that includes the assumption
of all system transmitters operating simultaneously. 

Base station audio systems will permit simultaneous 
monitoring of various group audio outputs at designated
dispatch positions. Designation of the groups to be 
monitored and the number and locations of the dispatch 
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position will be contained in the individual system 
procurement documents. 

(M) 3.1.7 System design will be such to prevent system users
from hearing receiver noise or other audible outputs
during periods when the position is monitoring the
command channel or when no RF carrier is being received.

3.2 Remote Receivers (Satellite) 

(M) The system will be capable of incorporating satellite receivers
with appropriate, voting selectors, when necessary.

3~3 Base Station Antenna Systems 

(M) The base station antenna system includes those elements required
to carry the radio frequency signal from the base receiver/trans­
mitter to and including the radiating antenna (transducer(s)).
The antenna system configuratlon must provide for simultaneous
duplex operation of all channels without degradation on anyone
channel. Antenna system configuration will be such that the
failure of anyone active component will result in the loss of
no more than one RF channel.

3.4 System Control Center 

(M) 3.4.1 A system control center will be established to permit
monitoring of system operation. It will be possible to
program the system controller from a position at the
system control center. The system control center may
or may not include the system controller hardware.

(0) 3.4.2 The system control center will contain facilities and
equipment to monitor and record all message traffic
passing over the system as well as the signaling channel.

(M) 3.4.3 Each base station transmitter and receiver, voting
selector, and any system elements specifically designated
for control or signaling purposes, will provide means to
indicate at the system control center when it is trans­
mitting or receiving a message. The characteristics
of these indications will be defined in the system
specification.

(M) 3.4.4 Information to be available at the system control center
for recording will include, but may not be limited to:

• number of transactions, by user; 

• system element failures, including time of failure 
and time of restoration to service. For the pur­
pose of this requirement, system elements will 
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include base stations, system controller, 
dispatch positions, control lines, microwave (if
appropriate) support, and interconnect equipment. 

.• percentage of system up time; 

• equipment status change; 

• print-out of time of use by· each user. 

(0) 3.4.5 The system control center will incorporate provlslons to 
display the status of all base station transmitters, 
receivers, and control unit. Failure status will be 
indicated both visually and aurally. 

(M) 3.4.6 The system control center will provide a keyboard or 
equivalent type of operator position at which the follow­
ing control protocols may be altered or implemented by
entering the appropriate instructions to: 

• change priority level assignments by group and discrete 
address; 

add to, change, or remove designated groups and dis­• crete addresses from the list of automatic priority
assignments; 

• interchange address groups within the machine logic 
so that users of one address group can be automaticallyI included with or excluded from other address groups, 

• allocate discrete addresses to dispatch locations to"] increase or reduce the number of authorized dispatch
positions;

• prohibit designated discrete address units from havingJ access to the system; 

• assign higher or lower level automatic priority assign­
ments to discrete address units (i .e., executive orI supervisory personnel);

• alter the configuration of selected address groups . 
This is to establish designated address groups with.J appropriately assigned discrete address numbers for
special purpose or temporary functions.

J 3.5 System Controller 

(M) 3.5.1 This device constitutes the central switcher of the 
system. It will incorporate that logic necessary toJ permit the system functioning as described in this 
document. 

I 11-3 



164666
, '" ,.

,,) "..;" . 

(M) 3.5.2 The system controller will be capable of having its 
internal logic controlled from an external device such 
that those functions described in Section 2.4.5 and 
other functions as defined in this document can be 
performed. The system control unit should be capable 
of interfacing with other systems via standard voice 
grade. landline. or microwave circuits. (See Sec. 4.4.6) 

(M) 3.5.3 The system will have the ability to interface with 
computer aided dispatch installations as defined in 
the procurement specifications. This interface may be 
through direct interconnect or via buffering as determined 
by the needs of the individual system installation. 

(M) 3.5.4 The base station system controller will interface with 
the output of the receiver voting systems. when used. 

3.6 Mobile Transmitter/Receiver (Mobile Unit) 

(M) 3.6.1 Mobile units will be designed in accordance with the 
requirements of Part 90 of the FCC Rules and th~ appro­
priate EIA. NBS and related agency specifications.
Radio frequency. environmental impact, physical size 
and reliability characteristics will be defined in the 
individual system procurement specifications. 

(M) 3.6.2 It is mandatory that mob'ile units be capable of operating 
on a minimum of six frequencies with the capability of 
including as many as 20 frequencies in the trunked portion
of the 900 MHz band. 

(D) 3.6.3 It is desirable that the mobile units be capable of 
operating on any of the 600 frequencies in the 900 MHz 
land mobile spectrum. 

(D) 3.6.4 It is desirable that certain mobile units be available 
that permit selection of the frequency for conventional 
operation by field technicians without the need for 
crystal replacement. 

(D) 3.6.5 The system should permit the design of mobile units that 
incorporate a scanning function by group address. This 
function should permit the selection of at least six 
group addresses for continuous scanning with the establish­
ment of one of these addresses as a priority address. This 
is a desirable feature that may be selected as specified
in the procurement specifications of the individual pro­
curement agency. 

(M) 3.6.6 The mobile units will. when not engaged in a sequence of 
messages. continuously monitor a source of signaling infor­
mation in accordance with the system control concept. The 
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mobile unit will have an assigned discrete address' and 
incorporate provisions to select no less than six 
operator-selectable address groups. 

I 
I 

. J 

(M) 3.6.7 When in a monitoring condition, the mobile unit will 
recognize signaling instructions addressed to the address 

.group to which the mobile unit has been switched. These 
instructions will direct the mobile unit to an RF channel 
selected by the system controller. Upon receipt of these 
instructions, the mobile unit will switch to the desig­
nated channel . 

(M) 3.6.8 The 
the 

mobile unit will remain on the selected channel 
duration of all traffic transmitted or received 

for 

~]
during a sequence of exchanges. After two seconds (or a 
period determined by the system operator (see Sec. 2.6.12) 
of no traffic on a channel. the mobile unit will auto­

I 
matically revert to the monitor mode and the "on channel" 
indication will cease. It may be possible to terminate 
the two-second "hang time" by activation of a manual 
switch ("on hook" switch is acceptable). (See Sec. 2.6.12) 

J (M) 3.6.9 Provisions will be made to prevent audio output when the 
unit is monitoring the command channel or when it is not 
being quieted by reception of an RF voice channel such 
as after completion of traffic and before the unit reverts 
to command channel monitoring. 

I 
,] 

J 

(M) 3.6.10 To initiate a call when in the monitor mode, activation 
of the transmit control will initiate a request for a 
channel via the signaling system. This request will 
include the group address to which the unit is assigned 
and the unit's discrete address. Appropriate priority
information will also be included in the signaling 
message. In the event the signaling system is occupied. 
the unit will automatically attempt re-access until access 
is accomplished; or if no RF channel is available. an 
indication of "awaiting channel" queue will be presented. 

I 
(M) 3.6.11 When the channel is selected by the system controller. the 

system controller will direct the units having the desig­
nated address to move to the selected channel and to 
monitor transmission on that channel. After two seconds 

.J 
(or manual interrupt) (see Sec. 2.6.12 and 3.6.8) of 
co mm un i cat ion s on the channel. a 11 un its wi 11 revert 
the signaling system monitor role. 

no 
to 

J 
(D) 3.6.12 Each mobile unit will have the capability of selecting 

pre-assigned address groups. The functions of these 
address groups will be as defined in the individual 
procurement specifications. 
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(D) 3.6.13 The system signaling concept will permit the incorporation 
of a minimum of six automatic status indicators. The 
incorporation of this capability in the mobile unit 
design will be a desired function defined in the individual 
system procurement specification. It will permit the 
mobile unit operator to transmit status indication by
momentarily activating an appropriate switch and thereby 
having the status reported to the addressed dispatch 
position as designated by the using agency's system
organization. This information will. also be capable of 
being sent to a CAD if so specified in the procurement 
specification. 

(P) 3.6.14 A desirable capability includes the automatic interroga­
tion of status, by discrete address, from a dispatch
position. This interrogation could be via the signaling 
system providing a visual and aural indication at the 
mobile operator's position of a request for status infor­
mation. The reply would be transmitted by the operator 
as described in Section 2.6.l8. . 

7 Portable Units 

(M) 3.7.1 There is a mandatory requirement for the eventual incor­
poration of trunked, digitally addressed portable units 
into the system. See Sec. 2.6.35 and Sec. 2.6.36 for 
specific functional requirements of such units. 

(M) 3.7.2 The trunked, digitally addressed system must be capable
of interfacing with portable systems in a manner optim­
ally suited to the requirements of the individual pro­
curing agency. 
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SECTION IV 

SYSTEM RELATED CONSIDERATIONS 

4. 1 Priority Protocols 

(M) 4.1.1 The system will make provlslon for five levels of priority.
Assignment of these levels of priority will be controllable 

0, at the system control center. The structure of the signal­
ing language will be such that a priority user will access 
the system only at the expense of the lowest level of prior­
ity using the system, i.e., a priority level 2 call on a 
fully loaded system will preempt a priority level 5 user __ I if there are any using the system; if not, priority level 4 
or 3, in order. 

I (M) 4.1.2 See Section 2.6.13 through 2.6.18 for detailed description. 

1 4.2 Digital Traffic Requirements 

(D) 4.2.1 The system concept will permit transmission of digital 
traffic between mobile units and dispatcher positions, and 
between mobile units and digital information system inter­

_J face units. The inclusion of this capability in a specific 
system will be as defined in the procurement specifications. 
For the purpose of this document, the digital information 
to be handled must be compatible with the transmissionI standards for transmission of digital information over
standard voice channels as specified by the FCC Rules.

(M) 4.2.2 The system concept will permit interface with digitalJ terminal equipments installed in the mobile units. The 
digita~ly addressed, trunked system supplier will specify
the input-output characteristics of this interconnect point,J and where such characteristics differ from those that may 
be specified in the procurement specification, the supplier
will provide needed buffering equipment.

I (H) 4.2.3 A separate address group will be designated for the handling
of digital information requests. The digital reply will be 
presented only to the mobile digital units authorized

] reception. 

(M) 4.2.4 Mobile units will return to the monitor condition within 
1/2 second of completion of transmission or reception ofJ a digital message. 

(0) 4.2.5 A desirable feature of the system would be to permit dis­
patch p~sitions to receive and to transmit digital messages

~
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manually. Such messages should include a displayed di's­
crete unit address and the message format as specified 
in the procurement specification. 

4.3 System Broadcast and Individual Agency System Integrity Capability 

(M) 4.3.1 It is mandatory that certain public safety users have the 
ability to hear both sides of all conversations taking 
place within their area of responsibility. This require­
ment usually exists throughout an assigned patrol area, 
among certain operational squads or assigned task groups. 
Therefore, the system will permit re-broadcast of all 
mobile unit transmissions. This capability will be 
generally available for all address groups. However, 
the system controller will have the capability of being
programmed via the system control center terminal to 
prevent the re-broadcast of mobile transmissions for 
designated or selected group addresses. 

(0) 4.3.2 A desirable feature will be the capability to program cer­
tain group addresses as being accessible by only designated 
discrete addresses. These group addresses will not be 
accessible to other units having discrete address except 
as permitted by the system control center. The purpose of 
this capability is to 
operational groupings 

permit the provision of certain 
for command, investigative, or other 

purposes. 

4.4 Intra-system Interfaces 

The functional concept of a digitally addressed, trunked system
includes those organizational and technological characteristics 
that permit simultaneous use of the system by several different 
agencies, each maintaining an appropriate level of operational
integrity. Interfaces within the system are of two types: between 
agencies using the system, and between segments of the system. 
These will be described individually. 

( r~ ) 4. 1 . 1 Intra-system interfaces between agencies will be made at 
the system controller. Each agency using the system will 
be assigned one or more of the available dispatch locations. 
These dispatch locations will incorporate the operationally 
required number of dispatch positions. Group and discrete 
addresses will be assigned to dispatch positions in accord­
ance with the organizational requirements of the using 
agencies. Such addresses may be changed from time to 
time as required, at the system control center. 

(M) 4.2.2 Individual agency integrity will be maintained through the 
mechanism ~f the group address. Necessary interagency 
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I 
communications will be possible through the selection 
of appropriately designated common group addresses to

I which individual units may be switched.

I 
(M) 4.4.3 Intra-sy~tem equipment interfaces between base stations 

and mobile units will be via RF links using authorized 
frequencies in the 806 to 866 MHz band. These links 
will comply with all appropriate FCC Rules and Regulations. 
Appropriate equipment characteristics necessary to meet 
the RF coverage requirements of the individual systemsI will be provided in accordance with the system procurement 
specifications . 

(M) 4.4.4 Communications between mobile units will normally be via
.J the base station equipment. Mobile units assigned the 

same group address will receive all communications 
directed to or from that group. Mobile units requiring

I communications separate from their usual group assignment 
will switch to predesignated group addresses established 
for this purpose. 

-1 (M) 4.4.5 Interfaces between elements of the mobile unit (trans­
mitter to control head, antenna cabling, primary power
requirements) will be the responsibility of the system 
supplier and be prepared in accordance with the require­
ments of the procuring specification. 

(M) 4.4.6 Design of the interfaces between base station equipment 
to include transmitter receivers, system controller, dis­I patch locations and dispatch position, will be the respon­
sibility of the system supplier. It is desirable that 
all intra-system signaling be compatible with the trans­
mission capabilities of the public switched telephone..1 network. Should special circuit conditioning or character­
istics be required for the transmission of information or 
signaling information, the system supplier will be respon­

_J sible for the identification of such requirements or 
providing the necessary circuits, as defined in the pro­
curing specification.

I 4.5 Intersystem Interface 

( M). 4. 5. 1 The basic system will be designed to provide radio communi­
cations for community public safety agencies. It will be..1 expandable to ultimately incorporate all the governmental 
two-way radio requirements of the community. 

J (D) 4.5.2 The system will be capable of interconnection with the 
public switched telephone network at each dispatch
location in a manner compliant with the Rules of the FCC. 

1,..-... 
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(0) 4.5~3 The system will be capable of interfacing with computer
aided dispatch systems at either the system controller 
or at designated dispatch locations. The CAD interface 
may be direct or through buffering equipment. The CAD 
interface means and location will be specified in the 
particular procurement specification. 

(D) 4.5.4 Mobile units and the system controller will be capable
of interfacing with mobile digital terminals and digital 
information systems. The specific nature of these inter­
faces, and the kind and extent of buffering to be employed,
will be specified, or made the responsibility of the vendor, 
in the system procurement specifications. 

(0) 4.5.5 Interface with the National Crime Information Center (NCIC) 
or other information systems will be either through a CAD 
system or via a manual dispatcher position as specified
in the procurement specifications. 

(D) 4.5.6 Interface with other radio sy'stems will be possible by
mobile-to-mobi1e communications, via dispatch position
relay, or patching interconnect. It must be assumed 
that in the near term, adjacent area systems used by 
other agencies wi.ll not be directly compatible, i.e., 
they may not be trunked, or if they are, they will use 
either different frequencies or different addressing 
techniques; therefore, direct mobile-to-mobi1e 
tion via a common system is unlikely. 

communica­

4.6 Conventional Systems Interface 

(M) 4.6.1 There will be a conventional operational position on all 
mobile units. This position will permit transmission/
reception by the mobile unit on an assigned conventional 
channel. It is a desirable feature of the system that 
the frequency of this conventional channel be capable of 
being changed without the addition of new components or 
crystals. 

(0) 4.6.2 An optional form of the mobile unit should include the 
capability to permit the operator to change the frequency 
of the conventional channel. 

(D) 4.6.3 Interface with those conventional systems not operating 
on the 806-866 MHz portion of the spectrum will be through
the designated base dispatch locations as specified in the 
individual system procurement specifications. 

IV-4
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4.7 Reliability Reguirements 

(M) 4.7.1 System equipments will be configured in accordance with 
EIA, NBS, and other regulatory agency standards as appro­
priate. Reliability and environmental considerations 
will be in accordance with the specifications of the 
procuring agencies. System-related reliability enhance­
ment techniques will be incorporated as follows: 

(M) 4.7.2 each base station RF channel will utilize a separate
transmitter and receiver; 

(M) 4.7.3 the system will degrad.e gracefully, i.e., loss of one 
RF channel (degradation) will not affect operation of 
other channels. The system will automatically transfer.1 the traffic to the remaining operating channels. Failure 
of a channel will be indicated at the system control 

I center.

(M) 4.7.4 Should a signaling channel become defective, the signaling
load will be transferred to one or more remaining oper­
ating channels.-1 

(M) 4.7.5 In the event of failure of the system cont~ol unit, an 
audible alarm will be presented to all units and the 
system will be capable of being switched to a conventional 

. .1 mode, bypassing the system control element . 

(M) 4.7.6 The system controller will have the ability to programI or reprogram the system control manually to "lock out ll
selected mobile units that may cause interference to the
system.

-, 
4.8 Management Information 

(M) 4.8.1 An access port will be provided at the system controllerJ that will permit print-out and/or recording of system
activities. The information available will include, as 
a minimum: 

J • channel in use time by channel; 

J • channel in use time by group address;

• out of service for repair time of each 
major system element. 

J (M) 4.8.2 Provisions will be made at the system controller to record 
all voice traffic on each channel. 

1 
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(0) 4.8.3 Provisions will be made at the system controller to record
voice traffic by address group. This will make possible
continuous recording of user group traffic, regard1ess'­
of the RF channel in use. This capability will be in
addition to recording capabilities that may be provided
at individual dispatch positions.

4.9 Maintainability 

This program requires that vendors be prepared to support equip­
ments in the field for a period of not less than 10 years after 
contract completion. Particular care should be paid to ease of 
maintenance of all equipments. To this extent the system should 
incorporate the following provisions. 

(M) 4.9.1 All equipments will be maintainable to the extent practical
by commonly available test equipment. In the event special­
ized test equipment is required, the vendor will so specify. 

(0) 4.9.2 Maintenance techniques will include card level exchange.
The cards will be house-technician repairable whenever
practical. Any cards not repairable in the field by
qualified technical personnel will be identified by the
vendor. Included will be specifics of repair turnaround
time and shipping methods to be used.

(M) 4.9.3 The vendor will maintain an inventory of all cards in the 
system for no less than 10 years after contract completion.
The vendor will warranty the availability of all field­
repairable spare parts in the system for a period of not 
less than 10 years after contract completion. 

(0) 4.9.4 The successful vendor will offer a maintenance technician
training program for support of the system as part of any
implementation proposal. Cost and schedule thereof will
be separately identified.

(0) 4.9.5 The vendor will make available a vendor-provided mainten­
ance service on an annual cost basis as part of the program 
implementation proposal. 

(0) 4.9.6 Detailed maintenance manuals will be prepared for all
equipments in the system as well as describing overall
system performance. These manuals will be made available
in the numbers specified in the individual system pro­
curements.

4.10 Training 

(0) 4.10.1 A major element in the successful implementation .of this 

IV-6 
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program will be the training received by those operational 
personnel responsible for its use. The vendor will be 
prepared to provide both in-plant and on-site training as 
detailed in the individual procurement specifications to 
the minimum extent described below. 

(D) 4.10.2 The vendors will provide in-plant training in accordance 
with the requirements of the procuring agencies, for 
maintenance personnel, designated dispatch level personnel,
and senior supervisory and management personnel. 

(D) 4.10.3 The vendor will provide training for those operational 
personnel using the system at the using agency's facilities 
to the extent designated in the procurement specifications. 

(M) 4.10.4 Training manuals describing overall systems operation, 
systems capabilities, operational techniques for dis­
patchers and mobile users, will be provided in numbers 
specified in the procurement specifications. 

(M) 4.10.5 A detailed manual describing the functioning of and tech­
niques for use of the system controller will be provided. 

I 
.I 

J 
I 

.J 
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INTRODUCTION

Washington County, Oregon, on behalf of Washington County Consolidated Communications Agency 
and Forest Grove Communications Center, is requesting proposals for the design and construction of 
an 800 MHz Radio Communications System to serve all public safety providers within Washington 
County. WCCCA has retained KPFF Project Management of Portland, Oregon to manage this process 
on behalf of WCCCA and the County. 

This Request for Proposal (RFP) is intended to solicit proposals from qualified vendors to provide 
design, labor, equipment and materials to perform all required work on this project. All proposals shall 
be in accordance with this Request for Proposal. Design work is scheduled to begin immediately after 
award of the contract. 
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I. NOTICE TO PROPOSERS



I. NOTICE TO PROPOSERS 

WASHINGTON COUNTY, OREGON
REQUEST FOR PROPOSALS

(NO. )

Notice is hereby given that Washington County, Oregon, on behalf of Washington County Consolidated 
Communications Agency and Forest Grove Communications Center, is requesting sealed proposals for 
the design and construction of an 800 MHz Radio Communications system. 

Proposals must be received by 2:00 PM, May 7, 1991 in the Purchasing Office, Public Services 
Building, 155 North First Avenue, Suite 320, Hillsboro, OR 97124-3087. Proposals received after the 
designated time and date will be returned unopened. 

A pre-proposal conference will be held April 23, 1991 at 2:00 PM in Room __, Public Services 
Building. 155 North First Avenue, Hillsboro, OR 97124-3087 to provide prospective vendors the 
opportunity to review the requirements of this proposal. 

Attendance at this preproposal conference is mandatory. 

Each proposal submitted must contain a statement as to whether the proposer is a resident proposer, 
as defined in ORS 279.029. 

In compliance with ORS 279.350 or U.S.C. 276a and as part of this proposal, the proposer herein 
agrees and it shall be a condition of its bond that in performing the contract they shall pay and cause 
to be paid not less than the prevailing rate of wages as of the date of this proposal for and to each 
and every worker who may be employed in and about the performance of the contract. 

The Washington County Board of County Commissioners reserves the right to reject any proposal not 
in compliance with all prescribed public contracting procedures and requirements, and may reject for 
good cause any or all proposals upon a finding of the County it is in the public interest to do so and 
to waive any and all informalities in the best interest of the County. 

Copies of the Request for Proposals document are available by contacting KPFF Project Management, 
Mr. John Hartsock at (503) 227-03251. 

Dated this __ day of , 1991. 

Leslie A. Johnson 
Buyer 

PUBLISHED: April 10 & 17, 1991
Daily Journal of Commerce

POSTED: April 10, 1991
Washington County Administration Building
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II. INSTRUCTIONS TO PROPOSERS 

1.0 GENERAL INSTRUCTIONS 

1. All proposals received will be open for public inspections only after contract award. 

2. The Board of Commissioners expressly reserves the following rights: 

A. To reject any and/or all irregularities in the proposals submitted. 

B. To reject any and/or all proposals or portions thereof. 

C. To base awards with due regard to quality of services, experience. compliance 
with specifications, and other such factors as may be necessary in the 
circumstances. 

D. To make the award to any vendor whose proposal, in the opinion of 
management and the Board, is in the best interest of the County. 

3. All proposals must be sealed in an opaque envelope or appropriate packaging and 
addressed to the Washington County Purchasing Division, Poblic Services Building, Suite 
320, 155 North First Avenue, Hillsboro, OR 97124-3087. The name and address of the 
vendor must appear on the outside of the envelope. The outside lower left-hand corner 
must state RFP title and number and the RFP due date and time. 

2.0 PRE-PROPOSAL CONFERENCE 

1. A mandatory pre-proposal conference will be held April 23, 1991 in Room __I Public 
Services Building, 155 North First Avenue. Hillsboro, OR 97124-3087. 

3.0 BONDS 

1. Performance and Payment Bonds shall be required for one hundred percent (1000/0) of 
the total estimated value of the work. Said bonds shall be issued by a company 
licensed for business in the State of Oregon, on the form approved by the County, and 
submitted within ten (10) days of award of the contract. 

4.0 INSURANCE 

1. Provide insurance as required by the Contract Documents within ten (10) days of award 
of the contract. 

5.0 COST OF PROPOSAL 

1. The County accepts no responsibility for any expense incurred in the proposal 
preparation and presentation. Such expense is to be borne exclusively by responding 
vendors. 

6.0 INVESTIGATION 

1. Before submitting a proposal, each respondent shall make all investigations and 
examinations necessary to ascertain all conditions and requirements affecting the full 
performance of this RFP, and to verify any representations made by the County that the 
respondent will rely upon. No pleas of ignorance of such conditions and requirements 
resulting from failure to make such investigations and examinations will relieve the 
selected vendor from their obligation to comply in every 
detail with all provisions and requirements of this RFP and subsequent Contract 
Documents or will be accepted as a basis for any claim whatsoever for any monetary 
consideration on the part of the selected vendor/contractor. 
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7.0 EXAMINATION OF CONTRACT DOCUMENTS 

1. Each proposer shall thoroughly examine and be familiar with legal and procedural 
documents, general conditions, specifications, drawings, plans, addenda (if any), and all 
other Contract Documents. The submission of a proposal shall constitute an 
acknowledgement upon which the County may rely, that the proposer is experienced in 
the uses and interpretation of plans and specifications such as those included in the 
Contract Documents and has thoroughly examined and is familiar with the Contract 
Documents. The failure or neglect of a proposer to receive or examine any of the 
Contract Documents shall in no way relieve the proposer from any obligations with 
respect to the proposal or to the contract. No claim for additional compensation will be 
allowed which is based upon a lack of knowledge of any Contract Documents. 

8.0 INTERPRETATION OF CONTRACT DOCUMENTS 

1. No oral interpretations will be made to any proposer as to the meaning of the Contract 
Documents. Should a prospective proposer discover discrepancies or omissions in the 
Contract Documents or should the proposer be in doubt as to the meaning of the 
Contract Documents the proposer shall request clarification or modification from the 
County. Requests for interpretation shall be made in writing and delivered to the 
County at least seven (7) days (168 hours) before the time announced for opening the 
proposals. Interpretations by the County will be in the form of an addendum to the 
Contract Documents and, when issued, will be sent as promptly as is practical to all 
parties to whom the Contract Documents have been issued. All such addenda shall 
become part of the contract. The submission of a proposal by the proposer shall 
constitute the acknowledgment that the proposer has carefully reviewed the Contract 
Documents, based on the proposal solely on these documents, and that the proposer 
has not relied on any explanatory or interpretations from any other source except as 
provided for herein. 

9.0 PROPOSAL 

1. Proposals shall be made on the form labeled "Proposal", shown in the requirements. 
All proposals shall give the prices proposed, the proposer's address and Oregon 
Contractors' License numbers, and all other information requested herein. The proposal 
shall be signed by the proposer or an authorized representative of the proposer. The 
proposal shall include all submission requirements delineated herein. 

2. If the proposal is made by an individual, the name, signature and post office address 
must be shown; if made by a firm or partnership, the name and post office address of 
the firm or partnership and the signature of at least one of the general partners must 
be shown; if made by a corporation, the proposal shall show the name and post office 
address of the corporation, and the title of the person who signs on behalf of the 
corporation. 

3. Each proposal shall be enclosed in a sealed envelope labeled as specified in theI 

advertisement. Proposers are warned against making erasures or alterations of any 
kind, and proposals which contain omissions, erasures or irregularities of any kind may 
be rejected. No oral, telegraphic or telephonic/facsimile proposals or modifications will 
be considered. 



10.0 ADDENDA 

1. Each proposal shall include, in the space provided, specific acknowledgement of receipt 
of all addenda issued during the proposing period. Failure to so acknowledge may 
result in the proposal being rejected as not responsive. 

11.0 WITHDRAWAL OF PROPOSAL 

1. A proposal already received may be withdrawn from consideration by the County only 
if the proposer furnishes the County with a notice that the proposal is withdrawn prior 
to the time announced for the opening of proposals. Any proposal withdrawn from 
consideration by the proposer in accordance with the provisions of this section shall not 
be opened by the County and shall be returned to the proposer. unopened, after the 
proposals have been opened. 

12. TIME OF PROPOSAL CLOSURE AND OPENING OF PROPOSALS 

1. The proposal box will be closed promptly at the time specified in the Notice to 
Proposers. Proposals not in the proposal box at closing time will not be accepted. The 
time used will be the clock in the Purchasing Office. Proposers should note that other 
clocks in the bUilding may not be set to the same time, and should not be relied upon. 

, 3.0 POSTPONEMENT OF OPENING 

1. The County reserves the right to postpone the date and time for opening of proposals 
at any time prior to the date and time announced in the advertisement. 

14.0 NOTICE OF AWARD 

1 . After award of the contract by the County, the proposer to whom the contract is awarded 
will be notified of award by telephone. A written notice of award will be sent, 
transmitting the Contract Documents to such proposer for execution. 

, 5.0 EXECUTION OF CONTRACT 

1. The contract agreement shall be executed in triplicate by the successful proposer and 
r~turned, together with the contract bonds and certificates and endorsements of 
insurance, within ten (10) days after written notice of award of the contract. After 
execution by the County, one original shall be returned to the vendor. 

2. The contract is not binding upon the County until it has been executed on behalf of 
the Cou nty by its Board of Commissioners. 

16.0 COMPLAINT PROCESS AND REMEDIES 

Per Washington County Purchasing Rules Article 125, Division 510-170-510-010, this RFP 
document must state complaint processes and remedies available. 

16.1 Complaint Processes: 

A. Proposers may comment on any specifications which they feel limit competition. 
Protests of specifications shall be presented to the Purchasing Manager, in 
writing, no later than ten (10) calendar days prior to the proposal due date. 

B. Protests shall include the reasons for protest and any proposed changes to 
specifications. No protest against award because of the content of specifications 
shall be considered after the deadline established for submitting such protest. 



C. Envelopes containing protests for specifications shall be marked as follows: 

RFP Specification Protest 
RFP # 

16.2 Remedies: 

A. Any specification protest received in accordance with 16.1 A-C shall be reviewed 
by the County staff. 

B. The proposal due date may be extended, if necessary, to allow consideration 
of a protest and issuance of any addenda to the RFP documents. 

17.0 LIQUIDATED DAMAGES 

1. The contract shall include a liquidated damages provision in the amount of $2,500.00 
per day for each and every day of unexcused delay. 

18.0 COMPLETION 

1. The completion date/time may be extended by the County. This does not exclude the 
recovery of damages for delay by the County under provisions in the Contract 
Documents. 

19.0 PERMITS, LICENSES, AND FEES 

1. The City(s) and/or County Building & Safety or Public Services Department(s) plan 
check, permits, and inspection fees will be obtained and paid for by the vendor. 

2. Vendor shall obtain any and all licenses or permits that are required for performing the 
work by any governing bodies (except radio licenses). 

3. Vendor shall maintain a valid City of Beaverton business license for the duration of this 
contract and pay all related fees and taxes related thereto. 

20.0 QUESTIONS CONCERNING CONTRACT DOCUMENTS 

1. Questions concerning Contract Document should be submitted to: 

Washington County Consolidated Communications Agency 
c/o Mr. John Hartsock 
KPFF Project Management 
707 S.W. Washington, Suite 600 
Portland, OR 97205-3523 

2. No questions, or other conversations, discussions, etc. concerning this RFP shall be 
directed to any of the user agencies, their employees or officials. If the County becomes 
aware of these contacts, it may disqualify the respondent. 

21.0 SUBMITTAL REQUIREMENTS 

1. Each vendor shall submit twenty (20) bound copies of their proposal document in 
response to this RFP, and one (1) copy of their Budget & Discount Structure in a 
separate, sealed envelope so identified. The submittal shall include in as concise a form 
as possible, with as few pages as possible, the following information as further defined 
in the RFP: 

A. Certification and Contract Offer. 
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8. Evidence of supplying radio systems for ten (10) years. 

C. Evidence of five (5) similar systems in operation for three (3) years and three 
(3) installations to visit. 

D. General system description. 

1) Proposed equipment and its attributes 
2) Proposed propagation 
3) Proposed system response 
4) Proposed schedule 
5) Service and maintenance approach 
6) Proposed acceptance and test plan 
7) Proposed training plan 
8) Proposed system change over methodology 

E. Parts availability statement. 

F. General facility needs. 

G. Technical literature to support proposed equipment. 

H. Proposer's financial capability. 

I. Exceptions to the RFP and/or Contract. 

J. Time to correct coverage problems after test resuhs. 

K. Explanation of telephone interconnect capabilities. 

L. Unique system features. 

M. Proposed project manager. 

2. After award of the contract, the successful vendor shall supply, per the RFP, the 
following: 

A. Project Schedule in detail within thirty (30) days. 

8. Coverage Maps within thirty (30) days. 

C. Complete plans and specifications, with fixed cost, within ninety (90) days. 

D. Cut-over plans within ninety (90) days. 

E. Console layouts within ninety (90) days. 

F. Site needs and layouts within one hundred twenty (120) days. 

G. Detailed acceptance test plan within one hundred eighty (180) days. 

H. Detailed training plans within one hundred eighty (180) days. 
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III. EVALUATION AND SELECTION PROCESS 

All proposals received will be reviewed by Washington County Purchasing staff, Washington 
County Consolidated Communications Agency staff, its Technical Advisory Committee and 
Consu~ants.

Proposals submitted must contain all items listed in Article 21 of "Instructions To Proposers". 

Evaluation and award criteria shall be: 

A. Completeness of information, as required in the RFP, 
and brevity of response. 20 Points 

B. Similar systems currently in operation. 30 Points 

C. Proposed system general design and attributes 
of system and equipment: 

General Design 20 Points
Base Equipment 20 Points
Console Equipment 30 Points
Portables 30 Points
Mobiles 30 Points

D. Proposed service and maintenance plan 50 Points 

E. Training plan 50 Points 

F. Unique features 30 Points 

G. Exceptions to RFP and/or Contract 20 Points 
(Note: This could create negative points
for extensive exceptions.)

H. Proposed schedule 30 Points 

I. Budget and discount proposed 20 Points 
(Cost: While cost is a critical concern,
the County is not obligated to select
the lowest cost proposal if another proposal
demonstrates superior qualifications, higher
service levels and/or resources for meeting
the County's needs.)

J. Proposed project manager 30 Points 

TOTAL POSSIBLE 410 Points 

The Selection Committee may arrange for discussions with firms submitting proposals, if
required, for the purpose of obtaining additional information or clarifications.


