
.--.----,~-- - - - -~-

'" 

" l \-~ 

National Criminal Justice Reference Service 

nc)rs 
This microfiche wa.s produced from documents received for 
inclusion in the NCJRS data base. Since NCJRS cannot exercise 
control over the physical condition of the documents submitted, 
the individual frame quality will vary. The resolution chart on 
this frame may be used to evaluate the document quality. 

1.0 

1.1 

:; 111112.8 11111
2.5 

W ~III~ 22 w . 
w I~ 
w 
:i I~ 2.0 
L::. u 
Ill .... 

111111.8 

111111.25 111111.4 111111.6 

MICROCOPY ~SOLUTION TEST CHART 
NATIONAL BUREAU OF STANDARDS-J963-A 

Microfilming procedures used to create this fiche comply with 
the standards set forth in 41CFR 101-11.504. 

Points of view or opinions stated in this document are 
those of the author(s) and do not represent the official 
position or policies of the U. S. Department of Justice. 

National Institute of Justice 
United States Department of Justice 
Washington, D. C. 20531 

DATE FILMED ' 

,5/15/81 i 

I , 

>ol~" r o. 

'I: " 
, " 

• 0 

G .... 

--~--

'0 ~.;,. 
f., .. 

" ~~ ~, .(;t-".'" \ .. 

. .:."' 

n-
0'. 

[) r ,", 
- -.:: 

." : 

.·'n ~ . 0 (\ 

, r :," . '_ ~ 

.. ~ - . ." 
. "/ ... 

.. L,_ . , ' 

'/ (). .. " , 

( ." .•. ':"!":", .p 

. t 

,.: ,-; 
'-, ,'~. ",", "'I', 

, '. 

o .. ' () 

\0 

. " 
". I 

~,PROJECT .. i6B'" " 
'~.;: ... .'~ -. ,,'"': .. '- .~. , .. ; - -. - '. 

, .. -- '0 

,,1.:, , . 

, .:;' 

\~, 

b . 

.' 

• Q 

.. ~. '~ ........ 

"-.. 

l' 

. '~."-
"." ( 

''';-', " 

"~. 

.' 

. f,_ 

,__.. .... . ~ " , ~ \ ,).":;,, ~. 1:\ <, 

LAW'" ENFORCEMENT. ASSISTANCE ADMINISTRATION ' 
- u ~ _' ~.. ~ ~. t- ,rJ..('., ..$,~ 

': ' ~. 

, :,,;: 

,,,,~'--,., 

;. 

;:'-':--". 

" 

",< 

.' ~:"" 
~_h ". ,'--:"-!..-.':;;;;;.ZL.: _~' 

o 

If you have issues viewing or accessing this file contact us at NCJRS.gov.



-- -
I 

,,0 
II 

,I c' 

0 

,I 

I 
f[ 

[ 
6 

[ 

[ 

[ 

it 
[ 

I: " 

r 
I: 
'I 
I ' ' 

I 
I ' -

'I .. -', 

l 
if 

November 15, 1980 

~FT SYSTEM IMPLEMENTATION PLANS ex FOR 
PA1RTICIPATING CC~~UNITIES 

~OJECT l6B 

of the 

~SOCIATED PUBLIC-SAFETY 
COMMUNICATIONS OFFICERS, INC. 

PREPARED BY 

800Z· ALLEN & HAMILTON 

. 776 SHREWSBURY AVENUE 

TINTON FALLS, NEW JERSEY 07724 

747-9303 

AREA CODE 201 

1/ 

Inc. 

-1/' 

NCJRS 

.dAN 16 198tf 

ACQUISITIONS 

.~<-

[] 

ACKNOWLEDGEMENT 

This vo1ume of draft System Implementation Plans for 
Participating communities was prepared by Associated Public
Safety Communications Officers (APCO) in response the LEAA 
Grant No. 79 SS AX 0013. APCO's Board of Officers, constituted 
as a project Task Group I, provided overall guidance for the 
project. Task Group II, composed of selected APCO members and 
represe~tatives of the five local communities participating in 
the project, selected for their particular professional exper
tise, provided the ~echnical and professional guidance neces
sary to assure that the document would realistically reflect 
the requirements of their communities. Booz, Allen & Hamilton 
provided consulting contractor services to APCO. 

The professional competence and dedication to the 
public's service shown by all of the participants in this 
project reflect great credit upon the telecommunications 
profession. 

APeo "lishes to express its appreciation to the follow
ing individuals for their contributions to the field of 
public safety: 

William H. Bailey 

TASK GROUP I 

Sanford H. Smith 

'J 

Henry L. Crutcher 

Russell V. Robinson 

Joseph W. Gallelli 

LEAA Program Monitor 

President of APCO 1979/1980 
City of Greensboro, 

,North Carolina 

President of APCO 1978/1979 
California Department of 
Parks and Recreation 
Sacramento, California 

President-Elect of APca 
Detroit Police Department 
Detroit, Michigan 

First Vice President of APCO 
New York State Police 
Albany, New York 

c 

, , 



- ~-

I 
'C 

·1 
'~ 

I 
lit ~ 

;:; 

[ 

[ 
[~ 

.e;t 

I: 
[ 

[ 

I: 
[ 

[ 
I~ I 

';I 

[ 
[I 

I: 
[ 

Ii 
l -, 

Craig M. Jorgensen 

TASK GROUP II 

Philip Y. Byrd 

Jerry Campbell 

Martin G. ,Ficke 

Sgt. William W. C. 
Lisanby 

Charles L. McGill 

William L. Miller 

Kent Rasmussen 

John E. Simmons 

Lt. Rex L. Vance 

APCO NATIONAL OFFICE 

Ernest J. Landreville 

Bruce P. Fisher 

CONSULTING CONTRACTOR 

Thomas B. Wiggins 

Gerald W. Bernas 

Second Vice President of APCO 
Utah Department of Transportation 
and Public Safety 
State of Utah 
Salt Lake City, Utah 

State of Florida Communications 
Tallahassee, Florida 

Telecommunications Consultants, InG. 
Calimesa, California 

Bucks County Pennsylvania 
Communications 
Doylestown, Pennsylvania 

Lexington Fayette Urban County 
Police Department 
Lexington, Kentucky 

Bucks County Pennsylvania 
Communications 
Doylestown, Pennsylvania 

Chicago Police Department 
Chicago, Illinois 

Oklahoma Department of Public 
Safety 
Oklahoma City, Oklahoma 

Phoenix Fire Department 
Phoenix, Arizona 

Salt Lake County Sheriff's 
Department 
Salt Lake City, Utah 

Executive Director 

Project Director 

Booz, Allen & Hamilton Inc. 

Vice President 

Project Manager 

-~ -",=,~, ~--~~-~--------

i I I 

I 
'h I ;{) [J ! 

I 
I 
I 
I 

! 
I 

en i 
"""'" Uu 

uTI 

all 

til 
IT] 
~~ 

Uu 

CJ 

rn 
[IJ 

m ' \ 

/} rn 
" rn 

m 
~ 

m 
[[} 

f] 

I. 

TABLE OF CONTENTS 

INTRODUCTION - VOLUME II 
Schedule of Activities 
Organization of This Report 

II. LEXINGTON"KENTUCKY 
"System Implementation Plan - Draft 

III. STATE OFi/OKLAHOMA 
System Implementation Plan - Draft 

IV. PHOENIX, ARIZONA 
System Implementation Plan - Draft 

V. SALT LAKE COUNTY, UTAH 
System Implementation Plan - Draft 

APPENDIX A - EXAMPLE PROBLEM ANALYSIS REPORT 

APPENDIX B BUCKS COUN'I'Y, PA - FINAL LETTER REPORT 

ii 

; 
I " , 
" 



I 
CJ 

("l, ,I 
" 

zJ? -" p' 

I 
I, 

., 

I: 
[ 

[ 

[ 

[ 
G I: 
I: 
[ 

[ 

[ 

r: 
[ 

[ 

~I" 

'I Ir 

o 

I. INTRODUCTION - VOLUME II 

Schedule of Activities 
,Organization of This Report 

(/ 

" 

- -,~, •.. --------~---------------~-

1 \ I !' J 
f , 
t 
~ 
l 

o~1 

D 

~ 

~ {o 

'0 

\) 

Ij 

! 
l, 

I 
I 

I 
I , 

"r,~' 
dJ 

'~1;1 J I' 
Ii! 
1 11 
=,Ili 

~, 
I If ' 
! ji 

...'" 
Ffr 
'I t i I Ul.1 

n1~ 

l/ Ii uh 

~'~ 

rn CD 

ITT r d 
l,,1J 

W~ 
)J._~j 

r~ 
t"" ,:..;: 

a-~n 
I " f I: 
•• J; 

TP 1 f. 
I..,:) 

rp f (! 
I, I! uJ 

M -~1 

j J ~ t.L ... 

n~ 
-..I 

If] ~1 
if [~ 

_J} 

[] 

I. IN~RODUCTIO~ 

A major objective of APCO Project l6B is to assist the partici
pating communities in the development of their indiv±dual plans for 
the implementation of a digitally addressed trunked ~olrumunication 
system (DATCs). It is the responsibility of the Project Director in 
each community to generate these plans and to go forward with their 
implementation. The System Implementation Planning Guidelines, 
developed under APCO Project l6B, were used as a guide. The respon
sibility of APCO' and its contractor, Booz, Allen and Hamilton Inc., 
is to assist the individual Project Directors during the grant 
period to the limit of available proiect funds. 

This report contains the draft f:opies of the System Implementation 
Plan (SIP) for Lexington, Kentucky; the State bf Oklahoma, Phoenix, 
Arizona, and Salt Lake County, Utah. An SIP for Bucks County, 
Pennsylvania was not developed under this program. Time prevented 
these SIP documents from receiving final review and approval by the 
respective governmental bodies although the major supporting parts 
of each SIP was reviewed in depth by each community in the course of 
the project. 

1. SCHEDULE OF ACTIVITIES 

The project was initiated in each community by developing a 
formal Support Agreement and Work Plan. This agreement was character
ized by a Master Schedule of Activities for each community, a sample 
of this schedule typical of the schedules developed in each of the 
five participating communities, is shown as EXHIBIT I-I. This was 
the first step in the planned ten step program. 

Data collection is implemented in two parts; the review of 
existing documentation, and personal interviews with potential 
users of DATCs. To provide maximum efficiency.in collecting 
and recording only the data needed, interview guides were developed 
for each community. These guides also serve as permanent data 
records which can be varified in response to time dependent system 
changes and/or user attitudes. These data were collated and reduced 
to a written report reflecting the communication system and its 
inventory as it existed in each community. This report, in its 
entirety, appears as an Appendi~ to each SIP. 

As part of the data collection activity, selected performance 
data for the existing communication system was acquired. These data 
served two purposes; they served as a guide for specifying the DATCs 
system design, and they provide benchmarks for later evaluating 
performance improvements achieved by the DATCS. These data elements 
were collected mainly by the potential users and provided to the 
Project l6B group. 

The documented data base highlighted existin~ and potential 
communications system problems. It also provided a list of require
ments the potential user had for any communication system and for 
DATCS in particular. Each problem and each requirement has been 
addressed in each community and, where possible, a series of alter-
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native solutions was documented. A draft problem analysis 
report was developed for each community. This report was sub
mi tted for review and each commuI;l,i. 1:..y selected the preferred 
solution to each problem. A draft problem analysis report, 
typical of the similar report in each community, appears as 
Appendix A to this report. The selected preferred solutions to 
the problems in each community appears as an Appendix to each 
of the community SIPs. 

The DATCS system concept for each community has been developed 
from the individual data bases and from the selection of preferred 
solutions to potential problems and system requirements. This 
system concept is unique to each community but has a high degree 
of similarity among the four conceptual DATCS systems. A draft 
report of the system concept was reviewed by each community and 
the system concept which resulted from this review is presented 
in its entirety as Part II of ,each SIP in this report. 

A draft Statement of Work (SOW) for each community has been 
developed from the instructions set forth in the System Implemen
tation Planning Guidelines. These draft SOWs are shown as 
Appendices to individual SIPS in this report. 

The early review of the radio communication system problems 
and requirements for Bucks County, Pennsylvania led to their 
decision to pursue a conventional upgrade of their radio system 
and defer DATCS planning at this time. A final project report 
for Bucks County appears as Appendix B to this report. 

2. ORGANIZATION OF THIS REPORT 

Each draft SIP contained in this report retains the integrity 
of the draft System Implementation Plan (SIP) submitted to each 
participating cOmIr,tmity. Section II contains the Lexington, 
Kentucky draft SIP, Section III contains the State of Oklahoma, 
draft SIP, Section IV contains the Phoenix, Arizona draft SIP, 
and Section V contains the Salt Lake County, Utah draft SIP. 
Appendix A presents an example Problem Analysis Report of the 
draft reports presented to each community. Appendix B contains 
the final project report to Bucks County, Pennsylvania. 
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I. INTRODUCTION 

1.1 PROJECT BACKGROUND 

For the past three years, the Association of Public-safety 
Officers (APCO) has been pursuing a program funded by the Law Enforce
ment Assistance Association (LEAA), to evaluate and implement a digitally 
addressed, trunked communications systems (DATCS)*. This program is 
the direct result of both the Federal Communications Commission (FCC) 
action to relieve the problem of frequency congestion in the. public
safety community and the LEAA's efforts to improve law enforcement 
techniques. The frequency congestion problem along with the FCC .. 
proceedings on this issue is addressed in FCC docket No. 1862. ~his 
document opened radio channels for "trunked" radio systems in the 800 
MHz band to public-safety users. The LEAA recognized that the FCC 
action provided needed channels, and that· trunked technology has the 
potential to provide enhanced radio service to public safety users. 
As a result the LEAA has funded Project 16 to further investigate 
trunked systems. This "Project l6B" effort has been undertaken as 
part of a five phase program: 

Feasibility determination (Project l6A - completed) 

Functional requirements development (Project l6A completed) 

Implementation program (Project l6B - ongoing) 

Test and evaluation 

Technology transfer. 

When APCO Project 16 was initiated the Lexington Police Com
munications Division was seeking ways to upgrade or replace the 
current mobile radio system. Members of the communications division 
monitored the progress of Project 16 closely to evaluate the possi
bility that DATCS could meet the city's police communications needs. 
As Project 16 evolved it became apparent that a DATCS system was a 
poss'ible way to meet not only the needs of the police department, but 
also the needs of other city agencies that use mobile radio. 

* The DATCS concept involves the sharing of radio channels by all 
mobile radio users in the City of Lexington. The number of user 
groups is larger than the number of channels in the system, and 
any of the available channels can be assigned to any user group 
as their need for communications arises, but no group will be able 
to listen to the conversations of other user groups. The sharing 
of the channel "pool" in DATCS is similar to the sharing of a 
nlunber of long distance circuits in a telephone system. In a 
DATCS system, a large number of radio channels will be available 
to all users in Lexington instead of the several small isolated 
systems currently existing. 
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The Mayor, recogn~z~ng the potential of DATCS, asked APCO to 
consider Lexington as a model city for developing a system implemen
tation plan (SIP) under APCO Project l6B. To assist Lexington in 
developing this SIP, APCO provided the city with a consultant 
(Booz, Allen & Hamilton, Inc.) experienced in the design and implemen~ 
tation of technically advanced communications systems. The Lexington 
project director, Sergeant William Lisanby of the Police Communica
tions Technical Unit with the assi~tance of Booz, Allen identified 
Lexington's mobile radio requireme~ts. These requirements were 
analyzed along with the current system's ability to meet them. 
This analysis showed that DATCS is not only technically feasible 
but also the best solution to Lexingtoll's mobile radio problems. A 
DATCS system concept for Lexington has been defined, reviewed, and 
favorably received by the City's users of mobile radio. 

This system implementation plan describes the steps Lexington 
must take to procure, implement and evaluate the operation of a 
DATCS system. This docUment is a guide for the management team to 
use in implementing an advanced land-mobile communications system. 
It is being deliv!=red to the city in,draft fc;>rm b~cause it is <;t , 
~lOrking document therefore,. updated ~nformat~on w~ll cause add~t~ons 
and changes to this document. Where options for implementation 
strategy are available, this document reflects strategies based c;>n 
the best information available at this time. As a result of ava~l
able information, the .l'evel of detail contained here varies. 

1.2 PROJECT DIRBCTOR AND PARTICIPATING AGENCIES 

The Lexington project is under the direction of: 
SGT. William C. W. Lisanby, Division of Police 
Charles L. McGill, Division of Police 

Participating agencies include: 

Division of Police 
Division of Fire 
Fayette County Sheriff 
Fayette COunty Jailor 
Fayette School Security 
Public Works 
Park and Recreation 
Division of Housing Services 
Building Inspection. 

1.3 SUMMARY OF CURRENT STATUS OF IMPLEMENTATION 

The purpose of this section is to report progress to date in 
implementing Lexington's DATCS system concept. 

To date, a DATCS system concept for Lexington has been defined, 
reviewed, and agreed to in principle by the users of mobile radio. 
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However, operational boundary issues will need to be resolved to 
obtain universal agreement on the PSCC system concept. To continue 
the project the city. of Lexington should first agree in principle 
that the DATCS system concept is the way to resolve the city's 
mobile radio communications deficiencies. This agreement does not 
,require that Lexington fund hardware at this time. 

The next step will be to appoint an implementation advisory 
committee consisting of city commissioners. The commissioners 
would represent those city agencies that will be users of the 
system. 

At this point, it will be necessary to form an implementation 
projec~ mana~ement ~e<;tm. This team would include Lexington person
nel sk~lled ~n spec~f~c areas of: procurement, finance, personhel~ 
operations planning, cOIP.munications system design and facilities 
design. This team 'should be formed as soon as possible so that 
project momentum from the planning phase is not lost. 

On November 15, 1980, APCO's financial support for Project 16 
along with the consulting support attached to it will end. At this 
time Lexington will need to find funds to continue the project. 
Immediate needs for funding are: 

Management team 
Continuing technical support 

Continued funding for these areas will ensure Project continuity 
and allow for further progress in DATCS system implementation. 
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II. SYSTEM CONCEPT 

This system concept describes how each performance requirement 
(Appendix B) will be satisfied and the level of participation by 
each agency. Cost estimates based on the system concept are also 
included. 

2.1 SYSTEM OPERATION 

This section ,presents the proposed system operation of Lexington's 
future mobile radio system. It is proposed that: 

Current operations be largely unaltered in the new system, 
except as necessary to accommodate improvements to resolve 
major deficiencies or new technology where found to be 
highly desirable 

Lexington develop a commonly owned and jointly managed 
public-safety communications center (PSCC) to serve 
Lexington police, fire, and EMS communications 

Certain principles of operation be adopted to preclude 
mutual interference and maintain radio discipline. 

These elements of the system operation are described in greater 
detail in the following paragraphs. 

2.1.1 PHILOSOPHY OF OPERATION 

The proposed mobile radio system for Lexington has been con
ceived to closely replicate current operations, except where basic 
improvements are appropriate. The previous report* noted that 
there exist certain major deficiencies in the present mobile radio 
system and that DATCS offers some highly desirable new capabilities 
through technological advancement. It is the philosophy of the 
proposed operatioh, therefore, to suggest changes in present operation 
only to the extent that the previously noted deficiencies will be 
overcome and that new technology will be adopted, where applicable. 

Lexington's major mobile radio deficiencies are an inadequate 
number of radio channels and insufficient interagency communica
tions. Operations will be changed therefore, only to the extent 
that fewer number of UGers will be assigned to each "channel"** and 
that communications among agencies and within departments will be 
significantly increased by the development of DATCS. 

* "Identification of Mobile Radio System Deficiencies for Lexington
Fayette Urban County Government, May 29, 1980." 

** "Channel" in the sense used in DATCS is not equivalent to a channel 
in a conventional mobile radio system. In a DATCS, the number of 
"channels" exceeds the number of frequency (pairs), which is impossible 
in a conventional system. 
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Because DATCS also offers a few "highly desirable" features and 
options such as dynamic flexibility (reassignment of channels from a 
central location) and commonality of equipment, communications 
management will be able to respond to large-scale events of mutual 
concern in ways heretofore impossible. For example, in the event of 
a downed aircraft, selected public-safety units from Lexington 
Police, Fire, EMS, and Blue Grass Airport could be assigned to a 
common channel(s) for the duration of the event. Afterwards, each 
unit would return to its previously assigned channel. As a result, 
routine operations would be unaffected by the incident. 

Similar flexibility is applicable to public works, for example, 
where snow plow activity would ordinarily disrupt day-to-day opera
tions, but through channel segmentation made possible ,by DATCS, snow 
cleanup and removal could be coordinated separately. Also, because 
of equipment commonality made necessary by DATCS, mobile radio units 
among all city agencies would be unit-for-unit compatible and there
fore interchangeable. 

2.1.2 DEVELOPMENT OF A COMMONLY OWNED AND JOINTLY MANAGED 
PUBLIC SAFETY COMMUNICATION CENTER (PSCC) 

At this time it is still unresolved whether Lexington will 
develop a commonly owned and jointly managed public safety communica
tions center or will continue to operate complaint reception and 
dispatch individually and uncoordinated among Lexington Police, 
Fire, CD and EMS. For the purpose of the proposed system concept of 
operation, we have assumed that Lexington will elect to develop o. 
communication center for public safety. Development of such a 
center is the only significant physical deviation from present 
operations recommended for the DATCS system. 

This recommendation is based on the desirable objective to 
develop the universal telephone number 911 for all public safety. 
Also made possible by the development of central communications 
center is the development of computer-aided dispatch (CAD) in the 
future to assist in complaint reception, ranking of priority calls, 
management of field resources, and status monitoring of all the 
units. Development of 911 for Lexington is currently being pursued 
at this time, but not directly as part of this effort. 

Development of a commonly owned and jointly managed public 
safety communication center will require the establishment of a 
separate management structure to oversee and operate communications 
for Lexington Police, Fire, CD and EMS. Planning should begin soon 
to develop a management structure acceptable to all users. In 
addition to operating the communication center, management could 
also have responsibility for radio maintenance for all agencies in 
Lexington. Establishment of a centralized radio maintenance capa
bility would represent a large step towards eliminating the present 
fragmented arrangement for radio maintenance. 
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2.1.3 PRINCIPLES OF OPERATION 

The principles described in this section are based on the 
assumption that complaint reception and dispatch for Lexington 
Police, Fire, CD and EMS and radio network control for all users 
will be conducted from a central location. The facilities required 
to support the operations associated with central communications are 
discussed in Section IV. 

The principles of operation are expressed in terms of: 

Group addresses or channels 

Dynamic assignment of primary group address 

Accessibility to all appropriate channels by each dispatch 
location. 

Each agency will be provided one or more unique channels or 
group addresses according to their specific requ~remen~s. The. 
initial allocation of group addresses by agency 1S art1culated 1n 
Section III - System Description. Mobile radio units will operate 
in a manner similar to today's operation, but there will be fewer 
mobile radio units per assigned channel. Only mobile radio units 
with a common purpose will share a particular channel. Mobile 
radios will possess generally one, but as many as five channels, 
with at least one channel capable of being dynamically reprogrammed 
from central network control. In general, superviso:ry persons will 
have more than one channel whereas line personnel will have access 
to only one channel, with the capability to change that channel on 
reques·t. . 

Each agency with a dispatch location or access point will be 
equipped with all channels associated w~th its,mobiles. ~n this, 
way, each agency will be able to commun1cate w1th all,of 1tS mob1les 
regardless of which particular channel they maybe ass1gned. Each 
fixed access point will be also given access to the system operator 
(central network control) to make a request for change of channel. 

The system operator will be responsible for maintaining dis
cipline, managing the mobile unit, changes of group, .a~.dresses t? 
preclude interference, and follow1ng agreed-to pol1c1es regar~lng 
the procedures to effect changes in the group address. In th1S way, 
the changes to an agency's radio configuration will not occur 
without the expressed approval of the particular agency. The 
dispatchers will not have the capability themselves to ch~nge gr?up 
addresses. This will insure that dispatchers perform a d1spatch1ng 
function and not a computer 'operator function, which will be asso
ciated with the system operator. 

2.2 SYSTEM DESCRIPTION 

This section describes the future DATCS mobile radio system 
based upon Lexington's requirements. Specifically, addressed are 
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the performance requirements, external" interfaces, 
radio spectrum and FCC licensing implications, and 
associated with the central communication center. 
cussed individually i~ the following paragraphs. 

2.2.1 PERFORMANCE REQUIREMENTS 

control functions, 
ancillary items 
These are dis-

. -... ~ -·-i \' 
Th1s section specifies the performance requirements that must 

be satisfied to implement a DATCS system in Lexington. Specific 
performance requirements that are discussed include: 

DATCS capacity 

Intra- and inter-agency communications 

Mobile control head characteristics 

Two-part digital address 

Dynamica:Lly assignable group address 

Talk-around capability 

Interface with conventional portable radios 

Radio coverage 

Managment information 

System protection measures. 

2.2.1.1 DATCS capacity 

The DATCS system design must be able to support eventually 
2,000 individual mobile and/or portable units. The specific number 
of frequency pairs that will be initially installed will be based 
upon the 70-percent-loading-within-five-years-of-licensing criteria 
established by the FCC. For example, if it is projected that there 
will be 36S"mobile radio units on the air within five' years, then 
seven radio frequency pairs will be developed, based on 75 mobile 
units per frequency, pair corresponding to full loading. 

The system must also be capable of supporting 150 unique group 
addresses with as few as one to as many as 100 individual units 
assigned to a specific group address. It is not clear at this time 
to what extent the interfacing of conventional portables can be 
considered legitimate loading for the purposes of meeting the FCC 
criteria. 

2.2.1.2 Intra- and Inter-agency Communications 

Intra- and inter-agency communications will be accomplished, 
depending upon specifi(2 circumstance, by one of three methods: 
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Lim~ted Se~ection of. Group Adclresses'- Supervisory level 
mob1le rad10 use:-s ~l1ll be equipped with the group address 
of other users" 1n 1nstances where access to other group 
addresses would be routinely required. This method 
provides selected users tne option of operating on other 
group addresses without dispatcher initiative. It is 
e~pected ~h~t user-initia~ed access to other group addresses 
w1ll ,be l1m1ted to superV1sors and administrative personnel. 

Cross Patching - Will be provided to most dispatchers. 
The dispatcher will be able to crosspatch two or more 
group addresses on an as-needed basis. In thii'~ay, the 
dispatcher can make or break a cross-patch arrangement, 
thereby maintaining channel discipline. Patching will be 
conducted generally among only those channels available to 
a particul.ar agency; cross-patching between different 
public-safety ~gencies is not proposed. 

Reassignment of Group Addresses - This method of inter
agency communications will be initiated only by network 
control personnel (system operator) when users need to 
temporarily become part of another group. It is antici
pated that reassignment of group addresses will be used to 
respond to large-scale events of mutual responsibility and 
therefore, will probably occur infrequently. The reassign
ment of group addresses will be accomplished by one of two 
ways: 

Change in group address from a regularly assigned to 
an already existing group address of another user 
group 

Creation of a "phantom" group whereby individual 
units would be assigned to an entirely new group 
address created to meet a temporary, one time need. 

2.2.1.3 Mobile Control Head Characteristics 

. The mobile control head will be provided a variety of opera
t10nal features, as determined by the specific needs of each agency. 
There will be two classes of mobile control heads: 

Supervisory Control Head - will provide a mobile radio 
user with up to five unique group addresses for inter
agency communications. Access to these group addresses 
will be user selectable. The primary group address, at 
the very least, will be dynamically reassignable, whereas 
the four other group addresses will be essentially fixed 
(but reprogrammable by maintenance technicians, if neces'sary). 
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Non-Supervisor Control Head - will provide a mobile radio 
user a single group address, dynamically assigned by the 
user's agency. If a user requires access to another group 
address, the user's dispatcher will request a c!:ialage-in
group-address status via the control operator or will 
cross-patch the user to the appropriat~ group address. 

To improve dispatcher effectiveness, automatic reporting of 
user status* W~l~ be pr~vided for Lexington police and optional for 
a~l othe~ partJ.cJ.pants J.n DATCS. The stq,tus reporting capability 
wJ.ll be J.ncorporated external to the concrol head in a module 
specifically designed to convey status information; in this way, 
sta~u~ re~orting c~n,be added,or removed without major control head 
modJ.fJ.catJ.on. A mJ.nJ.mum of fJ.ve status messages will be provided. 

, Occasionally the us~r may not be able to immediately access the 
desJ.red channel because all channe,ls will be temporarily allocated 
ir' which case, a "channel busy" indication will be provided. The 
user will also automatically enter a queue set up by the controller 
to seize the next available channel, in the order of requests. 

2.2.1.4 Two-part Digital Address 

As a minimum, each unit will both be uniquely identified 
(unalterable) and identified as a member of a group address 
(alterable). The unit identification will be an integral part of 
the mobile unit, not readily changeable. On the other hand

r 
the 

affili~ted group address will be dynamically programmable to be able 
to satJ.sfy changing needs. 

The Lexington DATCS must have a capacity eventually for 2,000 
individual mobiles and portables and 150 unique group addresses. 
Although current equipment offerings typically provide three levels 
of address (i.e., unit, subfleet, and fleet), no need exists to 
segment Lexington operations beyond the unit and subfleet level. 

2.1.1.5 Dynamically Assignable Group Addrese-

The capability will be provided to dynamically assign and 
change at least one group address of tne mobile units from a central 
location; each agency will individually decide which group address 
(among field of five) will be dynamically assignable. However, this 
capability will only reside at a single location (network control) 
in the communications center. In this way, effective network 
control can be exercised. 

The system operator, who performs the function of network 
control, will have available two options to dynamically assign a 
group address: 

* Status reporting includes all typical responses frequently made by a unit to 
the dispatcher: in service, out of s~~.rvice, in car, out of car, on scene, 
acknowledge, etc. 
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Hodify a particular unit's regularly ass~lgned group 
address to an already existing group add~ess (i.e., 
Streets and Roads to Traffic Engineering, '~'tc.) 

\1 
\\ 

Create a. "phantom" group, not regula~ly assi,?ned, wh~ch 
will be dissolved when the need for J.ts contJ.nued eXJ.st~nce 
disappears; units will then return to the regularly assJ.gned 
group alddress. 

Changes in group addresses wift:'follow firmly established operational 
procedures to maintain strict control; these procedures are best 
established jointly by the administrator of the PSCC,and ~anagement 
board (composed of representatives of the user agencJ.es (J..e., 
Police, Fire, Public Works, etc.) 

2.2.1.6 Talk-around Capability 

Mobile units require communications independent of ~he base , 
station facilities when beyond radio range or when the dJ.spatcher J.S 
not involved in a message between close mobiles. Th~s,talk-around 
capability should be provided through a channe~ sP7cJ.fJ.cally set 
aside for the purpose of direct simplex communJ.catJ.ons (talk-around). 

Talk-around will be mobile-user selectable as currently exists 
with the present radio systems. However, unlike ~he present systems, 
all units desiring to use talk-around must,agree J.n adv~nce,to 
switch to talk-around; if only one unit sWJ.tches co~unJ.~atJ.~ns will 
not be possible. While DATCS could provide automatJ.c sWJ.tchJ.ng to " 
talk-around under specific conditions (i.e., se~se ~f "out:of-range 
condition), manual switching is preferred to maJ.ntaJ.n predJ.ctable 
communications. 

2.2.1.7 Interface With Conventional Portable Radios 

Although industry estimates vary for the introduction of trunked 
portable radio (3-6 years), there are no assurances that trunked 
portable radios will ever be available at an affordable cost or 
compatible with DATCS. Also l there is concensus that any type of 
trunked portables will not be available soone~ than ~hree,years .. 
For these reasons, a method is therefore r 7quJ.red w~J.ch wJ.ll provJ.de 
Lexington continued access to portable radJ.o operatJ.ons. 

To provide for portable op~ra~ions in the,interim, the current 
existing conventional portableradJ.o systems WJ.ll be crossbanded 
wi th approp:=iate group addresses in the trunke~ systems; crossban~
ing will be under the control (enabling/disablJ.ng) of the approprJ.ate 
dispatcher responsible for the part;:icular grou~ a~dress. c~nven
tional cha.nnels anticipated to be J.nterfaced wJ.th DATCS are. 

Lexington Police (operations) 

Fire (operations) 

Public Works 
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Sheriff 

Bluegrass Airport (public safety). 

Because the possibility exists that all DATCS channels will be 
busy ("all channels busy") when a portable radio attempts to commu
nicate over the DATCS system, the need exists to give priority 
access (first available channel) to t4e group address associated 
with the conventional portable. In any event, the portable commu
nications will be received by the appropriate dispatcher regardless 
of the availability of the appropriate DATCS channel. This anomaly 
o£ an interface betwe~n;~onventional and trunked radio systems is a 
characteristic that can not be easily removed. 

2.2.1.8 Mobile Radio Coverage 

Reliable mobile radio coverage will be provided throughout 
Fayette County, at least to the same or greater reliability than 
currently realized by the existing Lexington Police mobile radio 
system. Quantitatively, mobile radio coverage reliability is 
proposed to exceed 95-97 percent, which is considered very good 
industry standards. 

by 

It is not clear at this time whether more than one quality 
(high-elevation) site will be required to provided the required 
coverage. If more than one site will be necessary, then the . 
Lexington's selected system engineer will be responsible for: 

Indicating the need for the remote site(s) 

Specifying which site and its necessary characteristics 

Assisting Lexington procure the remote site (i.e., buy, 
lease, etc.), if necessary. 

It is appropriate, however, to describe three alternative 
approaches to county-wide coverage, assuming that more than one 
quality site is necessary: 

Simulcasting - mobiles receive identical radio commu
nications from one or more sites simultaneously. This 
-technique has the advantage that a mobile is assured of 
receiving a communication reg'ardless of its location in 
the jurisdictional area. Conversely, there are disad
vantages of high cost, technical complexity, and con
spicuous use of frequency spectrum. 

:1, 

Separate Trunked Systems- mobiles would communicate with 
the trunked system associated with the mobile's specific 
location. This approach is simpler and less costly than 
simulcasting, but special measures are required to communicate 
over the entire jurisdiction simultaneously and to properly 
use the control channels. 
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Hybrid Trunked/Conventional System -same as the "Separate 
Trunked Systems" except a conventional radio system(s) 
would be used to cover remote., infrequently traveled areas 
of the county. However, FCC licensing eligibility is 
uncertain because of an absence of well-defined regulations. 

Management Information 

Management information in the form of system performance data 
will be the primary tool to determine, on an ongoing basis, how well 
the DATCS system is meeting- Lexington's mobile radio needs. System 
performance data will be provided to management of the DATCS in the 
follow'ing forms: 

2.2.1.10 System Protection 

One major intent of developing a DATCS for Lexington is to 
offer a mobile communication system which exhibits a very high 
degree of availability*, signifi~antly improved over the present 
collection of individual systems. For example, loss of a single 
DATCS base station will only slightly reduce a mobile's chanc::e for 
obtaining a channel, on request. Whereas today, loss of a sJ.n<!le, , 
base station (or land lines, tower, antenna, etc.) completely J.nhJ.bJ.ts 
further communications until repair. 

In the event of the loss of a major component (i.e., controller 
or equivalent component), thiLl DATCS system will revert tO,a conven
th.·;rlal mode in which mobiles would be directed to pre-assJ.gned 
channels ~ To accomplish 'this, the SOW will impose a number of 
system protection measures that must be satisfied to adequately 
insure Lexington against the consequences of catastrophic system 
fail urIc. 

Regarding alarm features, network control will be automatically 
alerted of subsystem and component failure. In this way, immediate 
action can be taken by the system operator, probably even before the 
field units notice any discernable change in performance. 

Time-out timers will be provided Oil the mobiles to preclude
inadvertent capture of the system for extended periods as well as on 
the base stations since unnecessarily long-duration conversations 
tend to deny channel access to other DATCS use:s. Long-du:ation, 
conversations could potentially be a problem sJ.nce the mobJ.le radJ.o 
user could falsely perceive that DATCS is a completely private, 
always clear-channel radio system which is unlikely to deny channel 
access to other users because of one's own usage. 

2.2.2 EXTERNAL INTERFACES 

This section describes the interfac~s between DATCS and the 
systems external to DATCS: 

* Percentage of time the system is functional at full capability. 
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Telephone 

conventional portable radio 

Computer-aided dispatch (CAD). 

An interface between DATCS and the switched public telephone 
ne'twork will be established. As a minimum: administrative lines 
will be provided for the PSCC mangement and staff; 911* will be 
developed, if technically and cost feasible; and existing emergency 
telephone lines will be retained and re-termin~ted into the PSCC, at 
least until the public is familiar and confident in 911. A patch 
between DATCS and the telephone network is proposed at the system 
operator console. 

Conventional portable radios are to be interfaced with the 
proposed DATCS system to enable portable radio users to communicate 
with DATCS mobiles, as necessary. A crossband connect between the 
DATCS and conventional repeaters, under the control of the appro
priate dispatching agency, is proposed to accomplish this function. 
This solution is the least disruptive approach to dealing with a 
lack of trunked portable radios, for the interim. Each agency will 
decide individually to what extent their existing portable radio 
system will interface with DATCS on a routine uasis; decisions may 
be different. For example, Lexington Police will probably elect to 
routinely cross connect whereas Bluegrass Airport may elect to cross 
connect only on an exception basis, because of differences in opera
tions. 

An interface with CAD will be established, provided CAD is 
developed for Police, Fire, CD and EMS in the future. If CAD is 
developed, then DATCS will interface in two ways: 

Use of automatic status reporting in the mobiles will 
apprise the CAD system of an individual's degree of 
availabili ty to !'andle new comphtints 

At the DATCS radio console, the CAD will provide the 
dispatcher the most current information on: 

Complaints and their priority and status 

Available resources to respond to new complaints. 

Additional interfaces could be provided for the Sheriff, 
Jailer, School Security, etc. if the need arises during the course 
of further discussion and study. 

* An independently conducted effort is expected to be initiated soon to 
solicit a proposal from GTE of Kentucky. 
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2.2.3 NETWORK CONTROL FUNCTIONS 

N7twork co~trol represents the only other significant change in 
ope:atlons, besldes development of the Lexington PSCC. However~ 
unllke the development of the PSCC which is elective, establishment 
of a network control function is mandatory for DATCS. This is 
because monitoring system performance and managing a commonly owned 
citywide mobile communication system must be centrally performed and 
cannot be distributed among several departments. 

The responsibilities of a network control function will be 
divided into two categories: 

Policy - responsible for: establishing guidelines for the 
use of DATCS, accommodating demands from various independent 
agencies impartially, and ensuring that day-to-day operations 
are appropriately performed 

System Operatiohs - responsible for the day-to-day operations 
of the network. The new or existing ~system operations) 
agency would respond to the policies and guidelines 
established by the parent group. For example, system 
operations would handle requests for group address changes, 
but would not dictate under what circumstances a request 
for change in group address may be honored, since that is 
a matter of policy. 

For further study, it is preliminarily proposed that policy be 
established by an all-new Management Board created to serve this 
specific function, comprised of representatives of the user agencies. 
System Operations, on the other hand, could be vested in an existing 
agency or developed independently. These choices warrant the 
closest attention. 

2.2.4 DISPATCHING 
'.'--

Each agency that presently performs a dispatching function for 
itself or other agencies will be provided a dispatch capability 
under DATCS. As a minimum, individual agencies will be provided a 
desk-top type console containing all group addresses of responsi
bility and, in some cases, group addresses of mutual interest with 
other agencies/departments. These consoles will be capable of: 
radio patching among the channels of access; selecting the desired 
area coverage (if made necessary by multiple sites); communications 
with network control to request changes in group address; and 
receiving all messages from mobiles of responsibility. In addition, 
communications will be possible with at least two group addresses 
simultaneously; some agencies may have the capability to communicate 
with three or more group addresses simultaneously. 
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2.2.5 RADIO SPECTRUM AND FCC LICENSING 

Presently, DATCS is only feasible at 800 HHz, which previously 
was a television-only band, but recently reallocated for mobile 
radio. For the foreseeable future, at least, sufficient 800 MHz 
spectrum will be available in the Lexington area to support DATCS. 

Another favorable aspect is the current FCC demeanor which 
regards these kind of mobile radio systems with favor and something 
to be promoted. Therefore, if any negotiations are required with 
the FCC in the future to resolve regulatory issues (i.e., mUltiple 
base station sites, etc.) favorable rulemaking can be anticipated. 

It is advisable, however, to begin establishing rapport with 
appropriate FCC staff to help "smooth the path" to successful 
licensing. 

2.2.6 ANCILLARY ITEMS 

Ancillary items for the purpose of the Lexington System Concept 
of Operation include the following: 

Emergency Power 

Maintenance. 

Emergency power will be necessary for: the primary, downtown 
site; the remote site(s) in the periphery of the County (if neces
sary); and the CCC. Depending on the inherent emergency power 
oapabili ties of the downto~"n site, emergency power may not be 
required. However, emergency power will be necessary for both the 
remote site(s) and the CCC. Hydrocarbon-type fuel generators are 
proposed because of the substantial power requirements of each base 
station (1000 watts continuous each). 

The maintenance strategy for the DATCS system ill Lexington is 
two fold: 

Initial Contract Maintenance - Initially maintain the 
DATCS system under a maintenance contract with a commer
cial shop, at least until a self-maintenance capability is 
established and sufficient confidence in the DATCS system 
pas been achieved. This period will provide the primary 
basis for Lexington maintenance staff to acquire the 
appropriate new skills required. 

2.3 FACILITIES AND PERSONNEL 

This section describes the required facilities and personnel 
associated with the development of DATCS to.gether with an all-new 
PSCC in Lexington. 

2.3.1 FACILITIES 

Lexington's physical facility requirements consist of two 
parts. 
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2.3.1.1 Public Safety Communications Center (PSCC) 

This section describes the characteristics of the PSCC as w~ll 
as provides estimated building interior square footage that wilL be 
required. The PSCC will possess suffi~ien~ space t~ accommodate the 
transfer of Lexington's current commun1cat10ns serV1ces as well as 
the new space requirements of DATCS. Lexington's PSCC will have the 
capability to service emergency calls via the emergency number 
"911" and to accommodate computer-aided dispatch (CAD) in the 
futur~*. Lexington's major public safety agencies of police, Fire, 
Civil Defense (CD) and Emergency Medical Services (EMS) will be the 
primary agencies served by the center. The cost estimates, based 
on the square footage estimates included in this se~tion, are , , 
provided in Section 2.4 and are intended for budget1ng. A dec1s10n 
by Lexington as to whether to proceed in forming a PSCC should be 
based in part on these cost ~stimates. Many of t~e inputs used ~o 
estimate square footage for a PSCC have been prov1ded by the Lex1ng
ton community Project Director (CPD). 

Formation of a PSCC will enable Lexington to improve the delivery 
of emergency services to the public! minimize the ~ost of accommo~ 
dating growth in services, and poss1bly 10w7r ong01ng,costs. L7x1ng
ton's public-safety agencies currently prov1de comp~a1nt recept70~ 
and dispatch on an individual, ag7ncy-by-ag7ncy bas1s. B~ comb1n1ng 
certain functions, such as compla1nt recept10n, system ma1n~enance, 
and system management, and collocating dispatch, communicat10ns 
operations will be streamlined*. 

The services that are proposed to be provided by the Lexington 
PSCC are: 

** 

Public Safety Complaint Recepti~n and Dispatch,- will be 
provided for all Lexington pub11c safety agenc1es. The 
facility will be designed to eventually ~ccommodate 9l1,as 
well as CAD. Introduction of 911 by Lex1ngton for cornb1ned 
complaint reception will assure that citizens' request for 
assistance will be received by an operator who can offer 
assistance from one or all of Lexington's public-safety 
agencies. Moreover, overall response time for such 
centers has been shown to be reduced since confusion has 
been eliminated as to which agency to call and which 
responding agency is most appropriate. For calls,involving 
multiple-agencies, savings in time will b7 dramat1c • 
Future implementation of CAD will automa~1cally route 
complaint information between the compla1nt operators and 
the appropriate police, Fire, CD or EMS ,dispatch person-
nel thus eliminating the manual compla1nt card system. 
CAD'will also allow Lexington's public-safety agencies to 
adopt multiple zone dispatch with greater ease. CAD wil~ 
route the call to the appropriate dispatcher or, if mult1ple 
agency services are needed, to the correct dispatchers. 

Development of CAD in Lexington will rqquire a' separate planning effort. 
It is important to clarify that complaint reception is proposed to serve all 
public-safety agencies, whereas dispatch will be performed by personnel dedi
c~ted to a particular agency (e.g., fire). Other configurations are also 
conduct the initiai'dispatch, but these should be examined on a cases-by-case 
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Radio Maintenance, citywide - will be provided for all 
agencies participating in DATCS. The inherent charac
teristics 9f DATCS~ such ~s sharing o~ co~on equipment 
a,nd compatJ.ble mobJ.J,e radJ.os tnF.l.k.e radJ.,o maintenance on a 
citywide basis highly desirable. System-level coordina
tion of maintenance will be required regardless of whether 
Lexington decided to develop a PSCC. 

Communications System Mangement and Administration - DATCS 
will integrate Lexington's uncoordinated, independent 
mobile radio systems into a coordinated, single mobile 
radio system. Presently each conventional system is 
managed on an individual system basis. However, the 
nature of DATCS a PSCC demands that management and admin
istration of communications be centrally conducted. 
Therefore, for convenience, these functions should be 
located in the same physical facility. If a PSCC is 
developed the role of communications system management and 
administration would be commensurately increased. Since 
the proposed PSCC and DATes concepts of operation are 
strongly linked, management should be located in the same 
facility. 

The following estimates of the required square footage of 
building space have been prepared for budgeting and are, therefore 
based on a preliminary analysis of PSCC size, review of existing 
operations, and experience with similar systems. When a decision to 
proceed with development of a PSCC is made a more detailed analysis 
will be required. The analysis to date indicates that Lexington's 
PSCC must meet the following minimum functional requirements: 

Sufficient floor space for city-wide complaint reception, 
estimated at 560 square feet for 8 positions. 

Floor space for combined dispatch operations estimated at 
1120 square feet for 8 positions. 

Floor space for radio maintenance estimated at 432 square 
feet for 3 work bench positions. 

Floor space for storage areas (spare radios, parts inven
tory, special equipment, etc.) estimated at 200 square 
feet. 

Floor space for installations and readio changes estimated 
at 1215 square feet for 3 vehicle bays. 

Administrative and overhead* office space to accommodate 
an estimated 6 staff members and support staff, requiring 
1058 square feet. 

* Closets, restroom, hallways, etc. 
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Sufficiently secure from unauthorized public access and 
sabotage. 

Backup emergency power to protect from commercial power 
outages. 

These minimum requirements represent the concept to date. Clearly, 
additional analysis and planning will be required to move from the 
present concept of a PSCC to a smoothly operating PSCC. 

Implementation of DATCS and a Public Safety Communications 
Center simultaneously is a worthy objective for Lexington. It is 
advantageous to combine the planning of DATCS and integrated dis
patch and complaint reception at this time since many of the issues 
of DATes are relevant to the PSCC. 

2.3.1.2 Radio Sites 

The unique propagation characteristics of radio signals at 800 
MHz make selection of an appropriate site critical. A suitable site 
should be identified, prior to bid release, that will enable 
Lexington-Fayette County to receive extensive land area coverage 
from a single site. The key radio site facility to be selected must 
provide adequate floor space, limit unauthorized access, and be 
available for long-term lease or purchase. 

,Based on these site selection constraints the following specific 
requJ.rements must be considered during the site selection process: 

The site shall be located downtown, preferably on one of 
Lexingtons tallest buildings. 

There must be sufficient floor space to accommodate at 
least 20 base station repeaters, control logic unit, spare 
units, and maintenance work area; 400 square feet of floor 
space is estimated. 

The antenna elevation should be at least 400 feet above 
average terrain (AAT). 

For security ,reasons the site should have limited access 
by the public. 

A long-term lease to the site should be available and 
obtained soon. 

An additional site(s) in the periphery of the county may be neces
sary to assure reliable county-wide coverage or, in the future, to 
provide reliable coverage for trunked portable radios, anticipated 
to be available in 3--6 years. However, whether additional sites 
will be required cannot be predicted at this time since the specific 
coverage realized by Lexington will depend on the specific vendor 
offering at time of bid. Since the acquisition of these remote 
sites can be appropriately made the responsibility of the vendor, a 
decision therefore on the necessity of a peripheral site(s) is not 
necessary at this time. 
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2.3.2 PERSONNEL 

Personnel staffing will be critical to successful PSCC opera
tion. Certain decisions regarding personnel are, however, not 
approp;t:"iate at this time. These are: 

Specific qualifications 

Salary 

Organizational structure 

Sources for staffing. 

Decisions in these areas are best made at a future time, nearer to 
PSCC implementation. 

However, decisions' concerning the management structure of the 
PSCC should be addressed in the immediate future. Lexington's 
existing pool of communications managers should be an integral part 
of the new PSCC management team. Accordingly, definition of a PSCC 
management structure will be one of the first planning elements of 
Implementation Plan (Section III). 

Also known at this time is that: 
/1 

About 61 persons will be needed to staff the center (shown 
in Exhibit II-l) 

~1ost of the persons staffing the center will be drawn from 
existing communications personnel who are already quali
fied and therefore will require training only for new 
procedures/techniques associated with DATCS and combined 
dispatch. 

Minimum staffing requirements for the PSCC are based on analysis 
of need, review of existing systems, and experience with similar 
systems. Personnel will be, in the long-term, the most significant 
ongoing cost item of Lexington's PSCC. The major personnel cate
gories, including narrative description, are as follows: 

Complaint Personnel - responsible for recording telephone 
complaints, routing complaints to the proper dispatcher 
and handling service calls not requiring public-safety 
agency response. Lexington will require an estimated 27 
persons to staff complaint positions on a 24-hour, 7-days
a-week basis. 

Dispatch Personnel - responsible for accurately dissemi
nating complaint information to field units, and dis
patching specialized equipment and personnel under emer
gency conditions. Eighteen persons are estimated to meet 
dispatch requirements on a 24-hour, 7-days-per-week 
basis. 
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CATEGORY 

Complaint Reception 

Dispatcher 

Supervisors 

Management 

Administrative 

Maintenance 

EXHIBIT II-l 
P~oposed Lexington 

PSCC Personnel Requirements 

NUMBER 

27 

18 

5 

2 

4 

5 

61 
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supeivisory Per%onnel - responsibile for supervising day
to-day operations of complaint, reception and dispatch 
operations. Five supervisory personnel are estimated, one 1 

per shift. 

Management Personnel - responsible for overall PSCC opera
tions by executing the directives and policies established 
by the Lexington Management Board or City Council, as 
appropriate. These responsibilities specifically include 
budgeting, staffing, adherence to procedures, maintenance, 
and productivity. ~wo persons are estimated to meet the 
management requirements. 

Administrative Personnel - responsible for providing 
support services to management. Four persons are esti
mated. 

Maintenance Personnel - responsible for the installation 
and maintenance of all DATCS and related electronic equip
m8nt for all city participants. 

It is important to note thdt these staff requirements were derived 
for budgeting and therefore do not necessarily reflect an exhaustive 
list. Therefore, a key part of implementation will require that an 
accurat~ appraisal of job requirements be performed. 

2.4 COST ESTIMATE 

This section presents cost estimates associated with implement
ing a commonly owned di~itally addressed trunked communications 
system (DATCS). Cost estimates for forming and operating a public 
safety communications center (PSCC) to meet the complaint reception 
and dispatch requirements associated with DATCS are also included. 

These cost estimates present the best information available at 
this time. To arrive at these estimates a number of assumptions 
were formed, based on experience, discussions with the vendor 
communi ty, and Lexington's present operations, staffing levels, '. and 
salaries. Many of the assumptions were provided by the Lexington 
Community Project Director (CPD). 

These cost estimates will be adjusted as n~w information 
becomes available. Although hardware similar to DATCS is now 
commercially available, Lexington's requirements suggest that 
technically feasible modifications will be required. Therefore, 
pinpointing cost is difficult. Moreover, the vendor's degree of 
determination to pursue this market will, in the final analysis, 
determine the cost of DATCS equipment. 

Costs are presented in two parts: 

Non-recuring costs - one-time capital investment costs 

Recurring costs - ongoing costs associated with operating 
and maintaining the DATCS system and operating the PSCC 
facility. 
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2.4.1 ~N-RECURRING COSTS 

~on-rec~rring costs are defined as one-time, initial costs 
asso~1ated w1th start-up. The estimated costs presented in this 
sect10n a::e related to acquisition and installa·tion of equipment and 
constr~ct10n of the,PSCC facility. Also included are one-time costs 
for ma1ntenance equ1pment peculiar to the DATCS radio system. 

Non-recurring costs are presented in termsbf: 

2.4.1.1 

Radio Hardware 

Fixed Site 

Mobiles 

Control 

Conventional Portable Radio System Interface 

Maintenance Equipment 

Facility Construction 

Radio Hardware 

Fixed Sit~ - one-time costs associated with the fixed site include: 
base s~at10n rep~aters, tower structures, feedlines, antennas, 
transm1t~er comb1~ers, receiver combiners, and system controller as 
well as 1nstallat10n costs. These costs are shown in Exhibit II-2. 

The assumptions associated with Exhibit II-2 include: 

A single site will be sufficient to provide reliable 
county-wide mobile radio coverage at 800 MHz. 

A c~ntral downtown location will be selected, atop one of 
L~x1ng~on's tallest buildings, which will contain suffi
C1ent 1ndoor space to house all base station equipment. 

Only mobiles will count toward channel loading, based on 
FCC criteria. 

Seven hundred mobile units will be operational within five 
years of FCC licensing; twelve radio frequency pairs will 
therefore be developed. . 

Most equipment items are off-the-shelf, resulting in a high confi
dence level in cost. 

~obiles - one-time costs associated with mobile radio equipment 
1nclude antennas, antenna feedlines, and installation as well as 
the,m~bile radio itself and status package. These costs are shown in 
Exh1b1t II-3. 
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r=Major Equip;;nt 
--

Categories* 

· Repeaters - $9,500 

· Tower Stru(!~ure - $5,000 
.. 

· Antennas- $600 

I · Transmitter 
Combiners - $5,500 

· Receiver Combiners - $1,000 

· System Controller - $40,000 

-
Total 

* Includes installation 

o 

---~~~----------~~------------ ------------~----~----~~----~ 
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Initial Quantity 

12 

2 

4 

I 
I 

2 I 
2 

1 

N/A 
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Cost ($) 

114,000 

10,000 

2,400 

11,000 

2,000 

40,000 

$179,400 
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There will be two types of mobile units, which will be iden-
tical except with respect to the control head: 

Supervisor-Control Heads - will provide for at least one 
dynamically reprogrammable group address and four fixed 
group addresses. All five group addresses will be operator 
selectable 

Non-Supervisory Control Heads - will provide a single 
group address that can be dynamically reprogammed. 

The cost estimates are based on the present cost of off-the
shelf trunked mobiles. This assumption seems valid because of the 
large quantity purchase and the favorable competitive envi~onment. 
Regarding the status reporting equipment, the standard equ1pment 
offerings is suitable, independent of DATCS. Therefore, cost of 
status reporting is predictable. 

Caution is urged in using the mobile radio costs in Exhibit II-
3 because of the special nature of the public safety requirements. 
It is important to note therefore that the cost of each unit could 
be higher because of Lexington's special requirements, or could be 
low~r because of the competition factor. 

Control Equipment - one-time costs associated with control equipment 
are in two categories: 

Control stations 

Consoles for PSCC. 

Control stations will be provided to agencies requiring access 
to their mobile radio units from a fixed location. These units, 
which are currently available off-the-shelf, will contain features 
comparable to the proposed supervisory-type mobile, only fixed in 
location. Each control station will have, as a minimum, access to 
all group addresses of responsibility and the system operator (to 
request change in group address assignmen~s). ,In some ca~es~ access 
will be provided to group addresses of con~on 1nterest, d1sp1te lack 
of. direct responsibility. 

Desk top, modular consoles will be provided the PSCC facility 
for Lexington Police, Fire, CD and EMS, as well as system control. 
Existing EMS consoles will be relocated at the new PSCC. However, 
the cost of relocating fire alarms to the PSCC if necessary, has not 
been estimated. 

There will be two types of consoles: non-supervisory and 
supervisory (system operator): The non-supervisory console,will, 
provide for access of up to f1ve group addresses, one of wh1ch w1ll 
be dynamically reprogrammable. Interface of the conventional portable 
radio system with DATCS will be controlled by the appropriate dis
patcher at a non-supervisory console. There will be one supervisory 
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console/position which will have the capability to access all group 
addresses within the system, including those used by non-public 
safety. This position will be the only position capable of dynam~ ,oOJ 
ically programming group addresses. This position will also receive 
alarm and system performance status information. Control equipment 
costs as well as management information system hardware and software 
costs are inciuded in Exhibit II-4. 

Conventional Portable Radio System Interface - non-recurring costs 
associated with equipment required to interface conventional portables 
with DATCS are shown in Exhibit II-5. 

Conventional portable interfaces will initially be established 
for Lexington Police, Fire and Sheriff. For Police three channels 
will be interfaced: dispatch (operations), information, and detec
tive bureau. For Fire and the Sheriff, one channel each will be 
interfaced. 

Those Lexing:ton agencies which are currently portable-only 
systems (Bluegrass Airport and Fayette School Security) will access 
the trunked systems through their O~l dispatcher; since no mobiles 
are initially planned for these agencies, a portable radio interface 
will suffice. 

2.4.1.2 Maintenance 

There will be initial costs associated with developing a self
maintenance capability, as shown in Exhibit II-6. Shown are the 
major cost items required to develop three maintenance bench posi
tions. 

2.4.1.3 PSCC Facility Construction 

The costs shown in Exhibit II-7 reflect the minimum square 
footage .requirements outlined in Section 2.3.1.1 - Required Facilities 
and Personnel, for the following operating areas in the PSCC: 

Complaint Reception 

Dispatch 

Maintenance 

Maintenance Storage Areas 

Vehicle Bays 

A.dministratative. 

Construction industry figures for estimating the cost of these 
facilities per square foot, as shown in Exhibit II-7 were obtained 
from Lexington-area contractors and architects. The costs for the 
PSCC are the only major capital construction cost anticipateg with, 
DATCS implementation. A summary of non-recurring costs are shown 1n 
Exhibit II-8. 
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Control Equipment 

Non-Supervisory Supervisory 
Control Station Control Console Control Console 

Agency $4,000** $25,000*** $50,000*** 
---~. --_.- ----------- _.--, ..... _----

Public Works 
- Engineering 5 
- Sanitary Sewers 2 
- Streets and Roads 1 
- Sanitation 1 
- Traffic 

Engineering 7 
- Vehicle 

Maintenance 2 

Cooperative Communi-
cation Center* 5 1 

Sheriff 1 
. 

Jailer 1 

Bluegrass Airport, 2 

Fayette School 
Security 1 '. 

Division of Housing 
Services 1 ~, 

'\ 

Building Inspector 1 

Parks Department 3 - -------
2B 5 1 ._--'---._------

* Lexington Public Safety Agencies Dispatch Police, Fire, EMS 
** Includes antenna line and installa'tion 

*** Includes installation 

. --- ..... -,-~---,,-. -~"-----r\ 
I 
i' 

Software, Printer, 
~eyboard - $12,000 Total -_._-- ----

20,000 
8,000 
4,000 
4,000 

28,000 

8,000 

1 187,000 

4,000 

4,000 

8,000 

4,000 

4,000 

4,000 

12,000 
-' 

1 299,000 
....... _--

GJl C~ [~l r:=n 1.' -I -~ C'0 .. f~' 0 tel r1~. !L...1 [_J eJ r:] 
I'; 

J! ., 

.;0 

0 

it; 

" it; " 

c 

~ll 
\,:,,';:==-':::~, ,~, 

l 

.) 

{.", 



r 

L 

H 
H 
I 

N 
\0 

I 

.. ~ .. 

Existing 
Radio 
System 

Public Works 
-,. 

Police 

Fire 

Sheriff/Jailer 

Bluegrass Airport 

Fayet~,e School/Security 

Division of Housing 
Services 

:Building Inspection 

Parks & Recreation 

Number , 

Existing , Conventional 
Cha,nnel I 

Operations 

Dispatch 

Information ,I; 

Administration 

::lispatch 

Dispatch 

Dispatch 
Talk .... Around 

Dispatch 
Talk .... Around 

Dispatch 

Dispatch 

DisJ?atch 

-

--r_ "_~~----~-_~--__ --

l 

[JJ 0 o ['] 

of Control Station 

lnterface~ .... Group Total 
$4,500 Pr Interface Address Cost 

Not Required N/A N/A 

1 . Dispatch 4,500 

1 . Information 4,500 

1 • Detective ~¥~eau/ 4,500 
Administration 

1 Dispatch or 
Fire Ground 4,500 

1 Dispatch 4,500 

1 Dispatch 4,500 
Talk .... Around 

Interagency 
Administration 
Maintenance 

() 

3 Dispatch 13,500 
Talk .... Around 

Interagency 

Not Required N/A N/A ,fj 

2 Dispatch 9,000 
Interagency 

1 Dispatch 4,500 

12 $54,000 
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! 
Equipment Per Work Station Quantity Needed i Total Cost ($) 

31 --
Service Monitor $21,000 
SINAD Meter 1 I 186 
Signal Generator I' 1 3,552 
Audio Oscillator 1 306 
AC Voltmeter 

" 
!' 3 1,050 

VOM ," 
3 1,200 

RF Multimeter 3 3,600 
Scope 3 12,000 \ 

DC 12 Volt Power Supply 3 1,800 )I~-
Wattmeter 3 300 
Set of Elements 3 420 
Dummy Load 3 390 
Portable Test Set 3 1,500 
Cable 3 180 
Microwave Adapter I 3 45 
Universal Control Panel I 3 750 H I H Digital Test Set 1 4,275 I ) 

w Logic Probe 1 180 
0 Spectrum Analyzer 1 15,000 - -

\,\ ! 

Total $67,734 
- --
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o 

t --
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Area Square Feet 
Description (Cost per ft ) Square Feet Total Cost 

Comp1~int Reception 55 560 30,800 

Dispatch 55 1120 61,600 

Maintenance 48 432 20,736 

Maintenance Storage 45 200 9,000 

Vehicle Bays 45 1215 54,675 

Administrative 55 1058 58,192 

Total 235,003 
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EXHIBIT I1-8 
Summary of Non-Recurring Costs 

LJ 

Initial Mobile Costs 

Costs 
7% 

$179,400 

Conventional System 
Portable Radio Interface 

2% 
$54,000 

71% 

Equipmeni; 
10% !; 

.$299,000 

Commonly Owned 
Communicatiohs Facility Costs 

8% 
$235,003 

1I-32 

Estimated rota1 Cost 
$2;883,437 

Maintenance Equipment 
2% 

$67,734 
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2.4.2 RECURRING COSTS 

This section indicates total recurring costs related to operating 
the Lexington PSCC and DATeS mobile radio system. The recurring 
costs shown in Exhibit I1-9 cannot be evaluated alone since many of 
these costs are already reflected in current operating b~dgets, 
including: 

Dispatcher/complaint operator salaries 

Utilities 

Maintenance 

Supplies. 

Recurring costs, shown in Exhibit 1I-9, ar~. presented in the 
following categories: 

Personnel 

Dispatchers 

Complaint Operators ,. 

Maintenance Technicians 

Management 

Administration 

Utilities 

Telephone 

Energy 

Lease 

Parts. 

In evaluat~ng the recurring costs, it i's important to consider the 
new capabilities gained and the improved ability to meet increasing 
demands fo.r service aSo-~'1ell as the elimination of redundant service. 
These cost estimates should be refined as more detailed information 
becomes available. 
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Major Recurring Costs 

Personnel 

· 911 Operator 

· Complaint Operators 

· Maintenance Technicians 

· Management 

· Administration 

· Support Staff 

utilities 

· Telephone 

· Energy 

· Antenna Site, 

Replacement Parts 

Overhead 

,! 

Total 
" 

* Burdened 
\ 

!I 

Average 
Quantity Unit* 

18 18,000 
27 20,000 

4 25,000 
1 30,000 
4 25,000 
2 8,000 

10,000 
5,000 

10,000 

·n en 0 

Cost/ Total Annual 
Cost 

324,000 
540,000 
100,000 .. 

30,000 
100,000 

16,000 

120,000 
60,000 
10,000 

50,000 

120,000 . , 

1,470,000 

rJ 

" .... ~ .. --<." .• -," .. ~-- .. , .. "".-~- -.--.-.• ---' .--------.. ~ 

Current Partial 
Cost Cost 

X 

X 

X 

' :)~'C; 

X 

New 
Cost 

X 

X 
X 

X 

X 

X 
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III. REQUIRED IMPLEMENTATION ACTIVITIES 

3.1 IMPLEMENTATION PROJECT MANAGEMENT 

The purpose of this section is to discuss the actions Lexington 
must. take to assemble an implementation management team, and the 
roles and responsibilities for members of the management team. 

The management and direction of the implementation project 
should be vested in the project director, supported by staff and an 
advisory committee. The project director should have overall auth
ority for planning and directing the implementation management team. 

Continuity between the planning phase and the implementation 
phase is desirable. Consequently, management staff should be drawn 
from persons involved i'n the planning phase. These persons need to 
be appointed as soon as possible so progress to date is not lost as 
a result of the project being dormant for any length of time. 
Expeditious appointments will also guarantee that momentum of the 
project will continue to build. 

The project director will need to complete, at this time, five 
tasks: 

Work with the DATCS advisory committee to draft a charter 
that defines the members roles and responsibility 

Completely define the work that needs to be accomplished 
during the implementation phase; this SIP will serve as an 
outline in defining the work 

Define management responsibility and authority over the 
resources needed to accomplish all tasks 

Prepare time dependent schedules to ensure that progress 
towards implementation can be measured at all times 

Recommend persons ,to fill positions in the implementation 
management team. 

Staffing for the implement~tiofi team can be from Lexington's 
existing labor pool. All of the staff need not be assigned to the 
project director on a full time basis, but should be assigned on a 
fixed hourly basis per week or month. There are six areas (Exhibit 
III-I) that need to be staffed: 

Finance - responsibilities include financial pfanning, 
developing a detailed schedule of financial milestones, 
budget management for on-going implementation activities, 
management of grants and planning for the operations 
budget. 
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Director 
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Operations Planning - responsibilities will be to develop 
a management concept that will be expanded into a detailed 
management plan as this plan will identify the roles, 
responsibilities, qualifications, and number of operations 
p~_rs_onnel needed \, 
Procurement - responsibilities will be to develop a bid 
package to be presented to the vendors, to evaluate 
vendor's proposals and make recommendations regarding 
vendor selection 

Systems Engineering - responsibilities include working 
closely with.the technical consultant in design.i.ng the 
DATCS system, preparing the FCC license monitoring the 
progress of the installation and performing system test 
and acceptance 

Facilities - be responsible for working closely with the 
technical consultant in identifying physical plant require
ments, building design, and building security. 

3.2 AGENCY AGREEMENTS 

The purpose of this section is to report the current status of 
agency agreements and to recommend items that need to be included as 
part of an agency agreement. 

At this time, agency agreement have not been necessary and 
depending on Lexington's approach in terms of participation, imple
mentation, .funding, and management, individual agency agreements on 
these matters may not be needed. However, Federal Communications 
Commission regulations require a copy of a basic agreement under 
which the shared operation of a radio system will take place ' 
(Section (90.359). Therefore, a document that describes the roles 
and responsibilities of users will be prepared. Items that should 
be part of the agreement are: 

Services to be provided to the participants 

Support provided by the user agency to the system agency 

Facilities and/or equipment the system agency is obligated 
to provide user agencies 

Funding or· cost sharing by agencies 

Conditions under which the agreement can be modified 

Authority of the project director. 
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L';.3 FUNDING 

The purpose of this section is ~o,i~entify potential ~ources , 
for funding, define the role/responslbllltY,of mana~ement ln secur1ng 
funds and to outline a strategy of approachlng fundlng sources. 

The success of Lexington's implementation of DATCS will depend 
on the city's success in locating funds. These funds are needed for 
equipment, facilities, and on-going expenses. 

possible sources for one-time capital expenses are: 

State grants-in-aid 
Federal grants 
Grants from private sources 
Bond issues for capital expenses 
Gifts from p~ivate sources. 

possible funding sources for on-going costs are: 

Taxes 
Shared revenue from state government 
Other municipal revenues. 

The overall responsibility for securing funds will rest with 
the management team. This responsibility will involve the develop
ment of a strategy that will include: 

Identifying sources of funds 

Targeting key individuals in state and federal agencies, 
that will be approached for funds 

Follow through on leads, commitments, and delivery. 

Development of the funding strategy should be coordinated with 
the State Law Enforcement Communications Coordinator (LECC) as his 
active interest has been instrumental in the success Lexington has 
had in receiving funds. 

3.4 OPERATING MANAGEMENT, PERSONNEL AND TRAINING 

The purpose of this section is to identify the planning needed 
for system operation in terms of management! personnel re~ou~ces, 
staffing, training and system manual~. It 1S n~t approprlate at 
this time to draft a detailed operatlons plan Slnce many areas ha~e 
not been defined, including the PSCC concep~*. The l7vel of stafflng, 
staff qualifications and needed staff experlence to lmplement PSCC 
concept of operation. 

* Tfiis concept involves the combining of certain public safety communications 
features such as complaint reception, system maintenance, system 
management and collocating dispatch in such a way each division is in " 
control of its respective operation. 
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To insure project continuity members of the implementation 
management team should be given first preference when staffing the 
operations management team. . 

Staffing of all positions will most likely be accomplished 
through the city's existing labor pool. Therefore, the staffing 
plan should be drawn up with the assistance of the city's personnel 
people. The role of the personnel people will be to assure that 
civil service requirements are met and city personnel procedures are 
followed. 

The PSCC concept of operation will set the baseline for esti~ 
mates of categories and quantity of personnel needed to staff the 
PSCC. This concept of operation will be followed up by a detailed 
personnel plan. The personnel plan will include organization and 
information flow charts that detail the categories and quantity of 
persons needed, as well as the' qualifications needed for each staff 
position. The major source of personnel is the existing labor pool. 
It is desirable for the city to draw on these experienced people for 
staffing. 

A training plan will need to be developed using the PSCC 
concept of operation, the DATCS system concept, and information 
provided by the vendor of choice for each piece of hardware. The 
training plan will be in two parts: 

Operations 
Maintenance. 

These plans will address both initial training and refresher 
training. It is best to have the vendor develop training plans 
under the guidance of a member of the management team since the 
vendor is familiar with the equipment being supplied as well as the 
installation. The training manual will be the operating procedures 
manual, prepared by the vendor in accordance with the equipment 
purchase and the system installation with significant input from 
Lexingtons management team. It is expected that the procedures 
manual will be updated as the system is put through the test and 
acceptance phases. The manual will be further updated as hands on 
experience is gained by users and as the system configuration 
changes. Maintenance training also will be conducted by the vendor. 
Ideally, maintenance personnel should participate in regular service 
training courses given by the vendor factory representative. Training 
will be ongoing due to personnel replacement and the need for regular 
refresher courses. 

3.5 PUBLIC SAFETY COMMUNICATIONS CENTER (PSCC) 

The purpose of this section is to point out the progress 
to date on planning and implementation of the PSCC. At this time 
I,exington needs to develop a concept of operation and an implementa
tion plan for a PSCC. There are three areas that need to be addressed: 

~~ .. . Facility 
"911" 
Computer Aided Dispatch (CAD). 
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The Lexington Project Director will need to define the require
ments, concepts, and imple~entation plan for the PSCC. Assistance 
from an outside profession 1 firm experienced in system and fac~lity 
design will be desirable at this point. This assistance will assure 
Lexington that the requirements and concept of operations will 
precisely match the city's needs and industry offerings. 

The time table for completion of the PSCC is uncertain at this 
time. The date of completion will be dependent on Lexington's start 
of development of the PSCC requirements, availability of funds, rate 
of hardware development, the completion of physical plant fa9ilities, 
systems installation system test and acceptance. 

3.6 FCC LICENSING 

A signed contract defining the equipment to be purchased and 
the quantity of that equipment will provide sufficient information 
to file applications with the FCC for system licen~es. Present F~C 
practice for licensing 800 MHz trunked system requlres the followlng 
minimum submission: 

Form 400 for each license requested (Section 90.357) 

Agreements with each user agencY relative to control of 
the system (Section 90.179) 

Agreements with each user agency relative to cost-sharing 
of installation and operation (Section 90.179) 

Financial plan showing the serivce will be provided to 
user agencies at cost (Section 90.359) 

System description and specification (Section 90.359, 
Section 90.371, Section 90.375, and Section 90.379) 

Eligibility statement for each user (Section 90.359) 

Evidence of purchase orders placed for the equipment. 

It is probable that FCC waivers will have to be asked to extend 
the number of years for phased implementation of the system (Section 
900375) . 

Technical support for negotiating system licenses with the FCC 
will be requested for the engineering consultant and from the system 
contractor. 

3.7 PROCUREMENT AND POST IMPLEMENTATION SUPPORT 

The purpose of the section i$ to present a "theoretical" time 
table for procurement, discuss the current st~tus of the Sta~e~e~t 
of Work (SOW) and articulate post implementatlon support actlvltles. 
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At this time there are still too many uncertainties to define 
an exact procurement time table. However, a time table has been 
prepared that shows a "wish list" for start and completion of each 
task necessary for procurement of an advanced communications system 
Exhibit III-2. Facility construction milestones, along with 911 and 
CAD mi~estones ar7 shown on thi~ time table to the extent that they 
effect lmplementatl0n of DATCS (l.e., the construction of the PSCC 
must be completed before installation of the DATCS, 911 and CAD 
hardware begins). 

C. 
A functional SOW has been prepared and is contained in Appendix 

Thf~ major elements of a high technology SOW are described therein. 

During the implementation phase post implementation support 
activities will be defined in terms of continued funding, personnel 
needs, training and system evaluation. This role will fall to the 
implementation team members as appropriate. 

Continued funding sources should also be defined. Recurring 
costs usually cannot be funded by State or Federal sources and the 
city will likely have to pay these costs from its operations budget. 
These c~sts will include: persopnel facilities maintenance, equip
ment malntenance, equipment replacement, leases or rents, utilities, 
supplies, and training. 

Post implementation evaluation is usually required for projects 
in which Federal grant funds are used. Evaluation is recommended 
for those systems not funded by federal grants. This evaluation 
plan should be prepared during implementation the plan will detail 
th~ data to be recbrded, method of data collection, procedures for 
measuring data when the data is to be recorded, and evaluation 
report format and distribution. 

The evaluation report should be results oriented. The report 
will include both system financial effectiveness and management 
effectiveness. This report, if thoughtfully constructed, can be an 
important management tool. In addition, the report can significantly 
enhance the city's position when applying for additional Federal 
funds . 
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Task 1 

Task 2 

Task 3 

Task 4 

Task 5 

Task 6 

Task 7 

Task 8 

Task 9 

Task 10 

Task 11 

6 12 

~ PSCC Facility Construction Complete 
.& Task Complete 

• RFP Sent To Vendors 

t Bidders Conference 

(-'TI (-:lODD 

, 18" 24 
Months 

EXHIBIT 111-2 
Implementation Schedule 
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EXHIBIT III-2.1 

Task 1 - Appoint an advisory committee, appoint members of the 
management team, secure outside ~echnical assistance, prepare agency 
agreements. 

Task 2 - Develop and implement a funding strategy, have commitmfrnts 
for funding of the system. 

Task 3 - Document and analyze, PSCC, 911 and CAD requirements, 
develop a concept of operation from the analysis and a system design 
concept for advisory submission to the FFCC. 

Task 4 - Develop a complete statement of work for DATCS, PSCC, 9:1.1 
and CAD. 

Task 5 - Revise the final system concept to correspond with FCC 
regulations. 

Task 6 - Solicit bids for the system, conduct bidders conference, 
receive bids. 

Task 7 - Proposal evaluation and contract award. 

Task 8 - Equipment ordering, system license, PSCC physical plant 
complete. 

Task 9 - Equipment Delivery Installation of DATCS, 911, and CAD 

Task 10 - System test, acceptance and personnel training 

Task 11 - System cutover and evaluation 
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APPENDIX A 

~NT SYSTEM INVENTORY 

of th~e~~~ito~'s present mobile radio cOIT~unications systems consist 
oWJ.ng seven separate individual t' 

one system in development:' opera J.ng systems and 

Metro Police 
Fire Department 
Faye~te County Sheriff's Department 
PublJ.c Works " 
Fayette County School Security 
Bluegrass Airport 
Emergency Medical Services (EMS) 
Lextran (proposed bus system); . 

Exhibit A-I summ' tli 
Exhibit A-2 arJ.zes e current situation of each radio t 

shows the current radio equipment distrJ.'butJ.'on sys em. 

, '\ 
I II..,45 

in Lexington. 

\ ) 

t JJ Preceding page blank 

=----,~=--

u 
R 
I' 
fi 
Ii 
[' 

~ (' 



,~----- --~ 

r 

I! 

\.-. ~ \:::" 

1/ 

o 

f.' 

l 

H 
H 
I 

.1:-
0'1, 

System 
Title 

• Police 

· 

· 

Fire 

Fire 
EMS 
Civil Defense 

Sheriff 

Sheriff's Department 
Jailer 

Public Works 

Engineering 
Sanitary Sewers 
Streets & Roads 
Sanitation 
Traffic Engineering 
Vehicle Maintenance 
Parks & Recreation 
Housing Services 
Building Inspection 

Fayette School Security 

Bluegrass Airport 

Police 
Fire 
Administration 
Maintenance 

TOTAL 

-~' 

Number of 
Channels 

4 

2 

* 

3 

1 

2 

2 

14 

Number of 
Mobiles 

340 

* Does not include nUmber of EMS channels 
** Vehicular mounting 

( "'11 Ol, (-1) 
"\ _ _."-.1 rJl DO[:JOC] o 
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Number of 
Portables 

134 

[J 
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Number of Total Number 

Control Stations of Units 
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OTHER 
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, 
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FIRE/EMS 
.; ,~ 

17% 

PUBLIC WORKS 
24% 

-" 

EXHIBIT A-2 
Lexington's Present Radio 

Equipment Distribution 

II-47 

METRO POLICE 
48.0% 

OTHER: 

Sheriff/Jailer 
Airport 
Fayette County 
School Security 

APPEND.IX B 

LEXINGTON DATCS SYSTEM REQUIREMENTS 

1. F __ U.,;..;.T...;,.U_RE __ M_O.,;..;.B...;,.I:.::L;...E~RA=D-=I:..:O::...-=RE=Q::..U:..:I=-RE!~l:.::I1E=-N:..;..T=-S::-..O..=.F=-. -::;.IN=D;:::I...:.VztP'-U_A_L ____ A.,;..;. . ..;,.G_E_N...;,.C_I_E.;,;..S 

The information presented in this appendix is based on inter
views with key department heads. The interviews focused on each 
agency's future mobile radio needs in terms of the question: What 
minimum capabilities and features of a mobile radio syste:m are 
necessary to support your present and future business function and 
to what extent would additional capabilities enhance your depart
ment's effectiveness or safety of~e~sonnel? 

In summarizing the finding of the interviews, the future mobile 
radio system* should: 

Be adaptable to allow for growth in services as necesqp;fy 
to accommodate a rapidly expanding popUlation (Exhibit B- . 
1) 

Be flexible since the exact growth in any specific agency 
is difficult to predict 

Provide for a high degree of interagency communications to 
an extent not realized today 

Immediately provide additional channels to relieve channel 
congestion 

Serve as a management tool for moni tor:Lng the status of 
all resources and be able to deploy relsources when necessary, 
thus enhancing departmental efficiency and, in the case of 
public-safety, also enahncing officer safety. 

Exhibi t B-2 depici ts a summary of Lexington's future require'-"'"" 
ments in terms of number of channels, mobiles, and portables for 
each agency. The future requirement of each agency addressed in 
this section encompass immediate needs as well as future needs 
projected for Lexington-Fayette Urban County within the next five 
years. 

1.1 Metro Police 

The present Metro Police radio. system is dependent upon a 
single channel to dispatch all city and county patrol units as well 
as to communicate instructions to non-patrol personnel (i.e., detec
tive, juvenile, etc.). Because the number of mobile units on this 
channel is already large (340 mobiles and growing), the future,Metro 
Police radio system should be capable of segmenting police communica
tions into: 
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Nwnber of 
Channels 

", Police 5 

* 
** 

Fire 

Fire 
EMS 
Civil Defense 

Sheriff 

Jailer 

Public Works 

4 
0 
0 
4 
2 

1 
3 

Engineering 1 
Sanitary Sewers 1 
Streets & Roads 1 
Sanitation 
Traffic Engineering 
Vehicle Maintenance 

Fayette School 
Security 

Bluegrass Airport 

Police 
Fire 
Administration 
Maintenance 

1 
1 
1 
6 

1 

1 

1 

~ 

2 

To include vehicular charges 
12 are vehicular units 

l'- _ ~-------- - --------------

Number of 
Mobiles 

445 

90 
6 
0 

96 
51 

0 
51 

25 
30 
25 
28 
20. 

9 
137 

6 

0 
0 
o· 
0 
0 

[ ""'\'" ·_=AJ 

Number of 
Portables 

284 

55 
0 
0 

55 
16 

20** 
36 

4 
2 
0 
7 
2 
0 

15 

37 

8 
4 
1 

'4 
17* 

(] 

Nwnber of 
Control stations 

5 

17 
1 

15 
33 

1 

1 
2 

5 
2 
1 
1 
7 
2 

;, 18 

1 

2 

2 

Total Number 
of Units 

734 

162 
7 

15 
184 

68 

21 
89 

34 
34 
26 
36 
29 
11. 

170 

44 

10 
4 
1 
4 

19 
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Number of 
Agency Channels 

Division of Housing 
Services 1 

Building Inspection 1 

Parks and Recreation 1 

TOTAL 24 

--~~, .. ,-~---~-~---~-

l 

Number of N]lll1ber of Number of Total Number 
Mobiles Portables Control Stations of Units 

26 0 1 27 

17 1 1 19 

50 ' '5 3 58 

828 450 66 1344 

I~' 1.1 
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Three sector channels, one channel ifor each sector 

Non-patrol operations channel, to ~~erve detective bureau, 
traffic bureau, administrative, etc:. 

Tactical channel, to localize communications concerning a 
single event. 

Presently, an officer reports status information verbally 
(i. e., 10··7 10-8, etc.), often in competition for air time with more 
urgent information. To separate low priority status reporting 
communications from more urgent, priority dispatch, the future 
system should have the capability to automate status reporting, 
possibly via pushbutton. In this way, each dispatcher will realize 
the status of each unit through a visual indication. This capability 
will become critically important as Metro's fleet size expands 
beyond the human ability to manage resources by conventional, manual 
techniques. 

Presently, the Metro Police force has 130 portable radios, or 
approximately one portable for every three patrol officers. Because 
of concern for officer safety and demand for improved police effici
ency, there is an on-duty patrol officer, and in many instances, 
with selected non-patrol personnel. Growth in the use of portable 
radios by Lexington from 55 in 1975 to 130 in 1980 demonstrates that 
it is reasonable to expect 200 to 250 protable radios by 1985. The 
lirniting factor on their complete adoption for patrol by police 
administration is their 25 .percent cost premium over a mobile and 
almost double maintenance cost, although the trend is toward lower
ing this cost differential. 

At present, there is no mobile-to-mobile communications capa
bility between Metro Police and other Urban County public-safety 
agencies. However, there is a definite need for Metro Police to 
communicate directly with: 

Fayette County Sheriff 
Jailer 
Airport Public-safety 
Fayette County School Security 
Fire 
Emergency Medical Services (EMS). 

The future mobile radio system should permit mobile-to-mobile com~ 
munications between Hetro Police and these agen(~ies when a dispatcher 
determines that mutual coordination is required. 

As with most municipal mobile radio systems in the United 
States, a management structure does not exist for dealing with 
large-scale events involving multiple public-safety agencies (i.e., 
plane crash, hostage situation, etc.). Even i,f Hetro police could 
communicate directly with the Sheriff's Department, Fire Department, 
EMS, Airport Police, etc., a mechanism is not presently in existence 
for managing all resources at the scene. Accordingly, the future 
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system should posses a management structure wh~ch permits a single 
entity (i.e., Emergency Operating Center (EOC)) to coordinate all 
resources at the scene, without interfering with each agency's 
discretionary influence. Feasibilit~ of establishing such a struc
tu~e is partly technical (availabilitv of a clear channel for 
coordination) and partly procedural (~rticulation of policies). If 
Lexingt.on evolves toward an EOC-type arrnagemertt in the future, both 
technical and procedureal issues must be thoroughly considered 
during the planning process. 

,,/ 1.2 Fire Department 

The present Fire Department system utilizes a single dispatch 
channel and a single fire ground channel, neither of which provides 
interagency comrr~nications with other public-safety agencies. The 
future communications system should also provide a single dispatch 
channel, but must be capable of several IIfire ground ll operations 
simultaneously. In this way, several fire events can be managed 
independently, without.interference. While no firm requirement was 
expressed for a common coordination channel with Metro Police, the 
future communications system should provide the capability to 
directly communicate with Metro Police and other public-safety 
agencies when the need arises, as determined by a dispatcher. 

In the same manner as Metro Police, the Fire Department is also 
trending toward increased portable communications for IIfire ground ll 

operations and the conduct of routine inspections. As a result, the 
future system must accomodate possibly 100 percent portable opera
tions. High initial purchase and ongoing maintenance costs are 
still considered the primary limiting factors to' increased adoption 
of portables. 

1.3 Fayette Co?nty Sheriff and Jailer 

The present Sheriff's Department radio system mutually serves 
the Sheriff's Department and the jailer via three channels, although 
dispatch and alerting are performed on only one of the three channels. 
The future radio system should provide separate channels for jailer 
and sheriff operations, but with the capability of switching between 
channelp for interagency communications. Because of the need for 
frequency a$sistance, the sheriff and the jailer should also be 
equipped with the primary channels of the following agencies in 
order of priority: fire/EMS dispatch, Metro Police information, and 
Metro Police portable radios for the jailer, the future mobile radio 
system should accommodate multichannel portables. 

1.4 Public Works 

The Public Works system presently utilizes a single-channel 
radio system to support the services of nine separate divisions, six 
of which are divisions of Public Works. The future Public Works 
radio system will provide a radio channel dedicated for each divi
sion of Public Works will be accommodated separately in the future 
system. In this way, for example, communications among the Streets 
and Roads Division will not interfere with Traffic Engineering. 
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Because ~here is frequent need for divisions to intercommunicate 
at the supe.tvl.sor level, selected units 'within each division Should 
be capable of communicating directly with units in any division on 
an lIas-needed ll basis; non-supervisory units, on the other hand 
should be capable of communicating with units only within thei~ 
respective division. 

. Each ~ivision headquarters should be capable of communicating 
dl.~ectly Wl.th not only their own respective units, but also with 
unl.ts/headquarters of all other divisions within Public Works. 

The addition of several operating channels will have the clear 
effect of reducing the time required to access a channel minimize 
user frustration, and encourage each user to be more att~ntive 
toward each radio message since most irrelevant communications will 
be eliminated. 

TO,en~a~ce.chan~e~ di~cipline and ~nsure accurate understanding 
o~ each ~nl.t ~ 7den~l.fl.catl.on, e~ery unl.t will a~tomatically tran3-
ml.t the l.dentl.fl.catl.on of the un.1.t upon each transmission. 

1.5 Airport Public-safety Agencies 

. The ~urrent airport radio system does not provide radio communi
catl.ons dl.rectly with Urban County public-safety agencies. Conse
quent~y, ~peration~ ~equiring mutual aid are hampered by the lack of 
coo~dl.natl.oncapabl.ll.ty. The future system will provide radio communi
catl.ons between the airport and Lexington public-safety agencies 
when required, particularly Metro Police, Fayette County SheriffI' 
and the Fire Department. 

Because of the nature of airport operations portable radios 
will continue to be the dominant means of communications. The 
fu.ture radio system must provide multichannel portable radios if the 
airport is to participate fully. If portable radios are not available 
t:hen a public-safety radio interface must be established at the ' 
Airport Control Center. 

1.6 Fayette County School Security 

School Security is proposing an additional shift to meet the 
need for night security. Security officers added to the existing 
department will each require a portable radio. Presently, school 
security dispatch has direct radio communications with the Fire 
Department on Fire Channel to provide quick response to fire and 
f~rst ~id calls reported to School Security Dispatch; an interface 
wl.th fl.re must be continued, referably to the extent that field 
security could report an incident directly to fire. The future 
syst~m should also provide an interagency communications capability 
to fl.eld personnel on an "as-needed" basis; contact with EMS and 
Metro Police are the most critical. 
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1.7 Division of Housing Services 

Presently" Housing Services shares the use of the Publie Works 
radio system as a matter of convenience to Housing Services. The 
future radio system should provide communications not necessarily 
with PUL~ic Works, but rather with several other agencies with whom 
Housing Services have expressed a need to conununicate directly: 

Division of Bdilding Inspection 
Fire Inspection Division, Fire Protection Bureau. 

A channel dedicated for Housing Services should be provided. Future 
plans to improve communications within Housing Services may have to 
be approved by Community Development, within Housing Urban Develop~ 
ment (HUD) ii HUD is to finance a prorated share of the conversion 
costs. 

1.8 Division of Building'Inspection 

As with Housing Services, Building Inspection also shares the 
use of the Public Works radio system. The future radio system 
should provide communications with only selected divisions and a few 
public-safety agencies with which day-to-day interfaces exist, as 
listed below~ 

Public:: Works , Division of: 

E:ngineering 
Traffic Engineering 
Metro Police (dispatch) 
Fire (dispatch) 
Housing Services. 

1.9 Parks and Hecreation 

Parks and Recreation also presently shares the Public Works 
radio system. Tlie future system should provide a channel dedicated 
to Parks and Recreation with the additional capability to directly 
communica te 17~ th the following Divisions of Public Works on an II as
needed"basis: 

Streets and Roads 
Sanitary Sewers 
Sani,tat.i..on. 

The future operation is anticipat~d to continue to be assisted 
predominately by mobile radio. 

2. FUTURE MOBILE RADIO SYSTEM REQUIREMENTS 

The preceeding section described the mobile radio requirements 
of individual agencies. Requirements also exist at the system 
level. This section describes those system requirements which are 
cri tical to each a0-;mcy' s operation, but which have been developed 
based on a broad perspective of the overall operation of all agenoies 
combin~d. 
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The following system requirements, which fall into several 
categories, should be ~~\llnfied regardless of whe.t~her the city 
decides to refurbish e!:,(ist:;:~ng equipment or develop a commonly owned, 
city-wide communicationsf:fystem: 

Management 

Overall communications system management responsibility 
must be defined. 

System management guidelines, controls, and operational 
policies should be established for the next generation 
system(s) 

Configuration 

The system must be initially capable of providing at 
least nine' dispatch points, geographically distributed, 
with several dispatch positions at some locations 

The system must be expandable to include new user 
agencies 

Land Area Coverage 

The system must provide radio coverage throughout 
Fayette County, including all fringe areas 

The system must be expandable to provide portable 
radio coverage, if required 

Addressing 

The system must be car,,lble of supporting a minimum of 
2,000 mobile and portable units 

The system must provide for at least 30 individual 
"channels"* 

The system must be software adaptable to include or 
exclude specialized groups or discrete units or to 
recognize the group addresses 

Performance 

The time to access a channel by any user should not 
exceed 0.5 seconds under normal busy hour traffic 
conditions 

The system must permit any group of mobile units to 
be transferred to any (lispatch position within the 
system 

* Not necessarily ef channels.' " ': ' 
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Voice privacy should be enhanced to the extent 
practical 

Interconnectivity 

The system should be able to interconnect with the 
public t~lephone network 

The system should permit the use of conventional 
portable radios 

I'".::: 

Reliability 

Redundancy of key facilities will be provided 

Failed equipment will 'be automatically indicJated at a 
central control facility. 

II-58 

," 

[] 

o 
[1 
[1 

[] 

o 
o 
[J 

D 
o 
[1 

[J 

o 

APPENDIX C 

FORWARD" 

The recommended elements of thec::-_' Sta'cement of Work are described 
as a major part of the .System Procurement sUbsec'tion in Section III 
of the SIP Guide. This appendix is intended as a topical outline of 
a typical Statement of Work (SOW) for quick ~eference by the planner 
or system procurement manager. The SIP Guide provides supporting 
material for this topical outline. 

The following outline adheres to the recommended order of 
topics for a high technology system SOW. The planner or system 
procurement manager is cautioned to employ only those elements of 
the outline which relate to the specific procurement and which can 
be accurately evaluated or measured. 
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STATEMENT OF WORK 

I. INTRODUCTION I.' 

The Introduction to the Statement of Work (SOW) should provide 
a general overview of the project to enable a better understanding 
by the responders. The key elements of this appendix are outlined 
in the following sUbsections. 

1. Background of the Project 

A brief historical description of the origin of the pro
curement and the constraints imposed on the design. 

2. Objective of the Procurement 

A brief discussion of the main system objectives to be 
achieved by the procurement. 

3. Scope of the Procurement 

A basic and brief outline of the hardware, software, and 
services that are being purchased. These may include, for 
example: 

Hardware 

$0ftware 

System Design 

Installation 

Testing 

Training 

~1ain tenance • 

II. INSTRUCTIONS TO BIDDERS 

This section of the SOW will provide the bidders with all the 
information needed to respond correctly to the bid request. 

1. Procurement Schedule 

'I'he schedule time and 1ates for responding to the bid 
request will include: 

Time and place of the pre-bid conference 

Time and place bids and proposals are due 

II-ol 

.. ' .. '--------~ 

J .. 



J 
11 
" :J 
i: 

,:1 

Bid and proposal opening time, date, and place 

Proposed contract award date 

Expected date of contract completion. 

2. Authorized Contracts 

The persons who are authorized to respond to bidders' 
requests will be identified prior to bid opening. These may 
be restricted to the: 

Procuring officer 

Technical consultant. 

The statement should be made regarding how the issues 
raised by these contacts will be reported to the other bidders. 

3. Bid and Proposal Requirements 

Each of the items to be submitted as part of a responsive 
bid will be defined. Any limitations should be included in the 
description. These items would include, for example: 

I't.emized cost proposal 

Technical proposal 

Management proposal 

Provisions for alternate proposals 

Proposal limitations regarding page count, standardized 
forms (cost proposal), proposal size, unnecessary 
artwork, and number o~ copies to be submitted. 

4. Qualifications of the Bidders 

The contractor for a high technology system must be 
qualified, technically and financially, to complete the required 
work. These qualifications should be expressed in the sow by 
requiring reasonable responses to limits imposed on: 

Bidders' facilities and financial resources 
C 

Performance history in terms of references and a list 
of similar and recent contract work 

Support facilites such as field maintenance shops, 
training facilities, and spare parts replacement 
depots 

The quality and availability of personnel for manage
ment, supervision, and technical staff. 
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5. Proposal Evaluation criteria 

Criteria should be establlshed for the comparative evalua
tion of: 

Technical proposals 

Cost proposals 

Management proposals. 

These criteria should be clearly defined in the SOW so 
that each bidder will understand the emphasis placed on the 
requirements of the RFP. 

6. Contract Award 

The SOW will ide'ntify the type of contract to be awarded 
the successful bidder whether or not this contract wili be 
awarded without pre-contract discussions. 

7. Indemnification 

The purchaser should require indenmification against 
damages imposed through intentional or unintentional acts of 
the contractor. High technology system procurements will need 
indemnification against the improper use of patented items or 
processes. All procurements which include services such as 
installation and test will be well advised to require indemni
fication from damages resulting from the actions of contractors' 
employees or agents. 

8. Titles and Rights 

Rights of the purchaser and ownership of titles will be 
clearly defined by the sow. These items include statements 
related to: 

The transfer of title to equipment and software 

Rights to data and software developed or provided as 
part of the contract 

Rights and title to the submitted proposals 

The right to reject proposall;; 

The right to negotiate with any bidder 

The right to cancel negotiations or the contract. 

Legal counsel should be consulted for the scope, content, 
and wording of this subsection of the sow. 
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9. Bonds, Insurance, and Warranty 
'~J ., 

Each governmental entity will have its own limits for, arid 
description of, the bonds, insurance and warranty provisions 
for contractor provided material and services. Frequently 
there will be state regulations which also must be adhered to. 
These requirements will provide for: 

Performance bonds 

Workman's compensation 

Comprehensive liability insurance 

Warranty on workmanship and materials. 

The purchasing department of the major governmental 
agency included in the program will provide counsel as to how 
these requirements are to be included in the SOW. 

10. Costs of Proposal Preparation 

The SOW should state clearly that any costs related to the 
preparation of bids or proposals can not be included in the 
proposed cost of the project or billed back to the purchaser in 
any manner. 

11. Contract Disputes 

At the option of leg~l counsel, the SOW may indicate the 
means by which the governmental agency resolves contract disputes. 
This will be a function of the governmental body and will not 
be an option of project management. These provisions may 
include: 

The procedure and method of resolving contract 
disputes 

Termination of contracts £or cause 

The assessment of liquidating damages 

The identity of the court of jurisdiction. 

12. Applicable Federal/State Laws and Regulation 

When State or Federal laws/regulations affect the system 
design, its operation, or allowable use, these" laws or regula
tions should be identified in the SOW. 

III. SCOPE OF WORK 

This s,ection of the SOW defines the items of work expected of 
the contractor; the specific tasks required by the contractor are 
described in ,detail. 
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1. Services to be Provided 

High technology systems will require professional services 
to be performed by the system contractor in addition to the 
delivery of hardware and software items. Typical services to 
be provided are: 

Sys~em design ~hich c~n include system engineering, 
radlO propagatlon englneering, software development, 
and hardware development. 

Installation and debugging of hardware and software. 

Assistance in procuring required licenses and permits. 

Developing and conducting performance tests and 
acceptance tests. 

The preparation of sites and facilities which can 
~nclu~e constr';1ction, HVAC, emergency power, light
lng, lnstallatl0n of utility services, etc. 

2. Deliverable Items 

Each deliverable item should be identified in the SOW. 
Deliverable items include hardware, software, and services. 
The list will be unique to the complexity of the system to be 
procured. However, there will be some items common to all 
lists such as: 

Each item of electronic or radio hardware 

Each item of computer software 

Maintenance support 

Spare parts and spare module provisions 

Towers, buildings and other structures 

Manuals and documentation such as test plans, test 
procedures, maintenance manuals, operators manuals, 
user manuals, training aids, installation drawings, 
and test reports 

Progress reports and deficiency reports. 

3. Delivery Schedules 

Each deliverable item should be i;mpported by a delivery 
schedule. The SOW will require a formal and contractually 
obligated schedule for: 
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Each item of electronic or radio hardware 

Each item of computer software 

Each tower or building 

The completion of all facility preparations 

Delivery of all manuals and docUments 

The time and place of technical progress revie\'o7s 

The delivery of reports including progress reports, 
test reports, discrepancy reports, and the final 
report or acceptance test repo:r't. 

IV. SYSTEM SPECIFICATION 

The system specification is a complete technical system descrip
tion which includes the system performance, system interfaces, and 
system c0l1figuration. lt places technical limits on these parameters 
and adds reliability and/or maintainability requirements where 
appropriate. 

1. Hiera.r<Jhy of Specification and Standards 

Industry or regulatory specifications or standards f::equeI?-tly 
apply to the specification of a system. These should be 1dent1-
fied. The hierarchy of these documents, as they apply to the 
system specification, should be defined so that conflicts 
between them can be resolved. 

2. System Description 

The system description includes the configuration of the 
system elements and their interconnect~on with,each other~ It 
is recommended that this be done graph1cally w1th support1ng 
written clarification. The system description is derived from 
the system concept design. 

3. System Interfaces and Supporting Services 

The means by which the system interconnects with the world 
outside of the system should be fully described. These inter
faces are relatively unique to each individual system, but some 
key interfaces will include: 

External communication systems such as mobile radios, 
private telephone systems, data processing, digital 
data systems, alarms, microwave transmission systems, 
and similar facilities 

Utility systems such as public access telephone 
systems commercial power systems, and water supplies 
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'. I? 
Emergency operations such as emergency power services, 
fire protection, emergency medical services, and 
civil disaster prev'ention operations. () 0 

System Software 

The system specificat::l.on will include a complete descrip
tion of the operations software and the applications soft~~re 
required to provide the ,needed system performance . 

5. System Operation and Performance 

The specification of system operation and performance is 
tailored to meet individuaI-syst~m requirements as developed in 
the system concepto Typically ttiese specifications will include 
a complete description of: 

6. 

The functional modes of system operation for routine 
system performance, emergency system performance and 
allowable fail-safe or degraded levels of performance. 

The calculated levels of personnel staffing for the 
operating staff, maintenance staff, and system manage
ment. 

Expansion Requirements 

Frequently, limitations on fundin~ or other resources will 
preven4c the initial implementation of a sophisticated system 
from realizing the full potential of system operation, scope, 
and performance. When these expansion requirements are ~art ~f 
the ,ini t.ic,l.l 0yst~m procurement, they must be fully descr1bed 1n 
the system specification. 

7. System Licenses and Approvals 

High technology systems 'may exceed the apparent limits of 
Federal or state licensing regulations and extraordinary proce
dures may be needed to acquire the necessary permits or licenses. 
These requirements shoulcl be clearly defined in the system 
specification. They will be unique to each specific system 
configl.lration and intended operation. 

V. EQUIPMENT SPECIFICATIONS 

The equipment specifications define the quality and performance 
characteristics of each item of hardware and software needed to meet 
the sys:'tem specifications. The identi ty ~f eacI: hat~ware and, soft
ware item is derived from the system conf1gurat10n d1agram wh1ch was 
developed as part of the system concept. 
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1. General 

This subseqtion of the equipment specifications accumu
lates all items of the individual equipment specifications 
requirements that are cornmon among all items of equipment or 
software. It also defines the quality and quantity of each 
item of hardware and software that is required to meet the 
system configuration. Typical items that would appear under 
the general heading are: 

Applicable industry standards or publications and 
their hierarchy for this program 

Standard environmental conditions such as temperature, 
humidity, primary power, vibration! shock, dust, and 
dirt 

Deliverable equipment lists showing the quantity 
required of each item including spares 

The required lev~l of quality and workmanship for 
each hardware item. 

2. Individual Item Specifications 

Each equipment item will have an individual technical 
specification which reflects its construction and performance 
as required to meet the system specification. These are derived 
individually from the severe than those needed to meet the 
system performance specifications. Soft.ware specifications are 
typically qombined with the equipmen~ specification for the 
computer subsystem or the switching subsystem in which they are 
resident. 
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I. INTRODUCTION 

This system implementation plan for a digitally addressed 
trunked communication system (DATeS) for the State of Oklahoma was 
prepared by Booz, Allen and Hamilton and the Associated Public
Safety Communication Officers (APCO) in response to LEAA Grant No. 
79-SS-AX-0013. 

1. BACKGROUND AND OBJECTIVES 

The Second Report and Order in the proceedings related to 
Docket No. 18262, published by the Federal Communication Commission 
(FCC) in 1974, promised relief of the increasingly more difficult 
problems of frequency congestion in the public-safety community. 
These proceedings allocated 200 channels in the 800 MHz portion of 
the spectrum for "trunked" systems. In February 1977, LEAA recognized 
that many technical, economic, and management questions about the 
applications of this n.ewly available spectrum to public-safety 
operations must be answered before the potential benefits inherent 
in trunked r;ystems could be made available. Under LEAA Grant No. 
77-SS-6009 APCO was requested to analyze these problems, make appro
priate recommendations for future actions, and describe a program to 
demonstrate the potential capabilities of these new concepts. 

A series of programs under APCO Project 16 were initiated. The 
first of these (Project 16) resulted in an analysis of the technical 
and regulatory factors affecting the applicability of the 800 MHz 
portion of the radio spectrum to law-enforcement communication 
system problems. A second program (Project l6A) identified the 
specific operational capabilities and functional requirements that 
should be incorporated into a public-safety trunked communication 
system. The third program (Project16B) provided specific planning 
assistance to two cities (Lexington, KY and Phoenix, AZ), two counties 
(Bucks Co., PA and Salt Lake County, UT), and the State of Oklahoma 
for the feasibility study and implementation plan for DATCS demonstra
tion systems. 

Since February 1980, Oklahoma has been participating in Project 
16B as one of the demonstration areas. The key objectives to be 
achieved are: 

To determine the feasibility of DATCS to relieve statewide 
radio channel congestion 

To establish the potential of DATCS to accommodate future 
statewide radio communications needs 

To address the solution of the complex command/ control 
problems confronting the public-safety agencies 

To develop a common DATCS to support all public-safety 
and/or other governmental communications requirements 
within the State of Oklahoma 

To provide a solution to interagency radio connectivity 
between governmental agencies appropriate to their mission
responsibilities. 
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Other advantages of operational flexibility are inherent in a 
dynamically programmed digitally addressed co~unication system. 
These have been evaluated as DATCS capabilities determining the 
system requirements. 

2. PROJECT DIRECTION AND PARTICIPANTS 

The project was under the direction of Lt. Kent Rasmussen, 
Director of Federal Projects, Oklahoma Department of Public-Safety. 

The potential DATCS participants in the State of Oklahoma 
include the following: 

Oklahoma Highway Patrol 

Office of the Chief Medical Examiner 

State Fire Marshal 

Oklahoma Alcoholic Beverage Control 

u.S. Drug Enforcement Agency* 

Federal Bureau of Investigation* 

u.S. Secret Service* 

u.S. Department of Alcohol, Tabacco & Firearms* 

Oklahoma State Board of Investigations 

Oklahoma Department of Health** 

Oklahoma State Bureau of Narcotics* 

Department of Wildlife Conservation 

Department of Agriculture, Forestry Division 

Department of Corrections*' 

State Civil Defense. * 

Each of the above listed public-safety and public servi~e . 
agencies have been active participants in ~he ~rogram~ co~tr1but1ng 
to the interagency and intra-agency commun1cat1~ns analys1s and the 
requirements analysis for the DATCS concept des1gn. 

It has been the responsibility of the Project Director to 
develop this System Implementation Plan (SIP) with the technical . 
assistance of Booz, Allen as engineering consulta~ts to APCO. The 
cooperation of all participating agencies and the1r personnel has 

* participation limited to maintaining interface with Oklahoma Highway Patrol. 

** Extent of participation will be determined by outcome of Oklahoma EMS/DATeS 
interface study. 
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been voluntary. There have been no binding commitments required of 
the State of Oklahoma or any of the other participating governmental 
bodies. 

II1-3 



-~--
. \ --- ---- - - ~ 

r 

l 

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

I rJ 
[.1 

f] 
rl 
tJ 

II. SYSTEM CONCEPT 

It is the objective,of this,section to document the proposed 
~ystem concept of operat~on. Th~s has been accomplished by describing, 
~n a conceptual sense, how each performance requirement (previously 
documented) will be satisfied. It is important to note that the 
proposed system concept of operation documents the thinking to date 
an~, as a result, there remain a few elements of the system concept 
st~ll unresolved. These unresolved elements are expected to bl'~ 
removed through the course of approving the system concept. 

The basic DATCS land mobile radio system for Oklahoma has been 
conceived to replicate current state radio system operations as 
closely as possible. The difference in function and response 
between conventional radio systems now in use and DATCS radio system 
should be nearly transparent to the mobile operator except co
channel sharing will app~ar to the operator to have been eliminated. 

This philosophy directs that operations which require a unique 
skill of the mobile operator be minimized. It also directs the 
avoidance of subsystem interfaces in which trunked technology or 
switching requirements might degrade the operation of existing 
communications systems when used in conjunction with DATCS. For 
example, the recorrunendation to interface portable radio operations 
at the dispatch console instead of automatic cross-banding with 
DATCS is based on this philosophy rather than the lack of technical 
feasibility. 

The DATCS offers features and options related to digital control 
functions and programming that enable operational flexibility not 
previously available. Some of these features include: 

Privacy of communication with or between field units 

Dynamic reallocation of field forces 

Interagency communication 

Automatic identification of individual field units 

Automatic ,;{;<\i'J~:.J.e~ng of units requesting system 
access. 

Implementation of these have been concentrated at the regional 
control points and/or dispatch points to minimize the complexity of 
the mobile equipment. 

(t. 

2.1 SYSTEM OPERATION 

The basic principle of DATCS operation is the shared use of a 
common base station network and a pool of frequencies (numbering 
from five to twenty, in present systems) by a number of independent 
radio system users. Under trunked system operation, the number of 
independent users can exceed the number of available frequencies. 
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Each system user (independent agency) is assigned an operating 
"channel~" for its routine use. Communications among mobile units 
of any g1.ven clgency can be conducted on anyone of the system 
~requ.encies; choice of the particular frequency for a communication 
1.S made by the system hardware, independent of operator control, and 
the selection is made from among the unused frequencies. In this 
manner, more f~fficient use of frequency spectrum is accomplished, as 
channel assignment.s are based on demand and the availability of 
channels. i' 

I 

The remainde;t of this section presents 'the proposed operation 
of Oklahoma.' s futltlre trunked mobile radio system. It is proposed 
that: ! 

I 
Current complaint reception and dispat,ch methods be largely 
unaltered in the new system 

DATCS will be transparent to user agencies, except that 
additional capabilities and system improvements will be 
readily apparerLt. 

Independent agencies or departments within agencies will 
share channels not based on the constraints of conventional 
radio systems, but rather based on the need to intercommunicate 

Network control will be established only to the degree 
necessary to preclude mutual interference and maintain 
overall system performance. 

These elements of system operation are described in greater detail 
in the following paragraphs. 

2.1.1 Philosophy Of Operation 

The proposed statewide trunked mobile radio system for Oklahoma 
is intended to replicate current system operations, except where 
basic improvements are appropriate. The first report* identified 
certain major deficiencies in present mobile radio systems and 
indicated that DATCS offers an opportunity to overcome many of these 
deficiencies. It is the philosophy of the proposed operation to 
suggest only those changes in the present operations that will 
overcome the previously noted deficiencies. 

Oklahoma's major mobile radio deficiencies are a statewide lack 
of channelization, a trend toward increased fragmentation in state 
systems and insufficient radio coverage for many systems. Mobile 
radio operations will be changed, therefore, only in that fe~er 

* "Channel" in the sense used in DATCS is not equivalent to a channel in a 
conven tional mobile radio system. In a DATCS, the number of ,. channels" exceeds 
the number of frequency (pairs), which is impossible in a conventional system. 

* "Documentation of Oklahoma Mobile Radio Systems and Requirements", July 3, 1980. 
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users will be assigned t.o each channel (enhancing intercommunications 
within and among agencies), a statewide uniform level of oommuni
cations capability will be provided and radio coverage will be 
enhanced statewide by attention to engineering detail during system 
de-sign stages. i 

DATCS also offers increased capabilities for accomodating 
communications among independent agencies which occasionally may 
need to respond to events of mutual concern. These capabilities are 
provided through dynamic channel flexibility (r.eassignment of channels 
from one or more fixed locations) and commonality of equipment. For 
example, during an event involving the Oklahoma Highway Patrol and 
the FBI, selected units from both agencies could be assigned to a 
common channel for the duration of the event. Afterwards, each unit 
would return to its previously assigned channel. As a result, both 
agencies could intercommunicate only to the extent necessary for the 
event and routine operations would remain unaffected. 

Similar flexibility is applicable to all other DATCS users, as 
all mobile radio units in the system woul.:i be compatible. 

2.1. 2 Datcs Network Control 

The concept of network control for a commonly owned and operated 
statewide communication system represents the only significant 
deviation from present operations. Network con.trol should take the 
form of a two-tier management structure: 

An advisory group should be established, responsible for 
policy and planning issues 

An existing organization should be identified to take 
responsibility for day-to-day operation of the new system. 

The advisory group would plan system implementation, identify 
sources of funding, generate operating policies and plan on.going 
system expansion consistent with increased participation by local 
agencies and changes in operations of existing users. The organ
ization responsible for day~to-day operations should be responsible 
for the following: 

Responding to request:s for change in group address. 
Individual agencies requiring non-routine communications 
with other agencies would indicate their needs to network 
control, which would have the capability of temporarily 
reassigning individual mobile units to other groups and 
forming (or dissolving) special groups, as needed. 

Monitoring system performance. The failure of base 
station network components and degradation of performance 
in any part of the corrmon network will be noted by the 
day-to-day system management organization. 

Coordination of Maintenance. The responsibility for 
system maintenance includes planning routine maintenance 
and coordinating service for failed or degraded system 
components. 
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The day"-to-day network contI'ol could be conducted at both a 
regional and state level: 

Regional Level - monitor system performance and respond to 
requests for temporary changes in group address 

State I/evel - plan and coordinate maintenance of common 
equipment. 

The Department of Public Safety (DPS) is best suited to function 
as the day-t:o-day network control organization. The DPS is a state
wide organi~~ation which currently ~unctions on a state and regional 
level, and it has established regional facilities in all areas 
throughout Oklahoma. 

2.1. 3 Erinciples Of Operation 

The principles described in this section are based on the 
assumption that complaint reception and dispatch for all participating 
agencies will be conducted from existing dispatch locations. The 
configuration of a statewide DATCS ;is such that all u.sers car; maintain 
their independent dispatch facili ti(~s although the base statJ.on 
network i.s common to all users. 

The principles of operation are expressed in terms of: 

2.1.3.1 

Group addresses or "channels" 

Dynamic assignmen·t ojE primary group address 

Accessibility to all appropriate channels by each 
dispatch location. 

Portable Radio Interface 

Priority Calling 

Network Control. 

Group Address or IIChannels" 

Each agency will be provided on~~ or more unique "channels II or 
group addresses according to its s~~Cific 7equirem7nts. Th7se group 
addresses will be recognized accordJ .. n\g to J.nstruc~J.ons provJ.<;le<;l by 
network control. The mobile radios w'ill operate J.n manner sJ.mJ.lar 
to today, but fewer mobile uni~s will b 7 assigr;ed to each "char;nel." 
Only those mobiles which assocJ.ate rOlltJ.nely wJ.II share a partJ.cu~.ar 
channel. 

Each mobile will contain from one to five "channels", with at 
least one channel capable of being dynamically programmed from 
network control. Each agency"and dispatch point will have access 
all group addresses of its associated I\lobiles and network control 
request changes in group address. 
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2.1.3.2 Portable Radio Interface 

Conventional portable radios will be used in two possible ways: 
maintain routine operation of existing portable radio systems indepen
dent of DATCS and interface conventional portables via a single 
cross-band vehicular repeater (for OHP mobile command post operations 
only). The use of portable radios in the Oklahoma DATCS is'further 
detailed in Section III - System Description. 

2.1.3.3 Priorit.y Calling 

The capability of priority calling will not be provided in the 
initial system implementation. This feature, which represents a 
modification of existing trunked hardware is not a major requirement 
at this time. The software of the initial system implementation, 
however will allow for future implementation of priority calling. 

2.1.3.4 Network Control. 

The function of network control is to execute the policies 
established by the advisory group, including: 

2.2 

Managing and executing requested changes in mobile group 
addresses 

Ensuring that changes are with the expressed approval of 
all agencies involved 

Ensuring that dispatchers will not be overburdened with 
requests for changes in group address. 

System Description 

This section describes the future DATCS mobile radio system 
based upon Oklahoma's requireme:nts. Specifically, addressed are the 
performance requirements, external interfaces, control functions, 
radio spectrum and FCC licensin~~ implications, and ancillary items 
associated with fixed facilitie:s. These are discussed individually 
in the following paragraphs. 

2.2.1 Performance Requirements 

This section specifies the performance requirements that must 
be satisfied to implement a DATCS in Oklahoma. Specific performance 
requirements that are discussed include: 

DATes capacity 

Intra- and in.ter-agency communications 

Mobile control hea.d characteristics 

Two-part digital address 

Dynamically assignable group address 

Talk-around capability 
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Interface with conventional portable radios 

Radio coverage 

Management information 

System protection measures. 

2.2.1.1 DATCS Capacity 

-,,- --- ~--

The DATCS system design must be able to support eventually 
~,500 to ~,OOO state mobile units. This number can be expected to 
ln~r~ase If local government agencies participate in the future. 
Inltlally, the DATCS must be able to support 1,200 units. The 
s¥stem must also be capable of supporting 150 unique group addresses 
wlth,a~ few as one to as many as 100 individual units assigned to a 
speclflc group address. 

The ~pecific number of frequency pairs that will be initially 
planned wlll be based upon the channel loading criteria established 
by the FCC. Pr7sent loading criteria is based solely on single site 
~runked sy~tem lmplem~ntations, which will not be representative of 
a trunked,lmple~ent~tlon for Oklahoma. It is uncertain at this time 
what loadlng crlterla the FCC might apply to a statewide trunked 
system, as t~e specifi~ met~od of achie,ring statewide coverage is as 
yet undetermlned and \'llll llkely influence the FCC's decision 
Further, i~ is not clear at this time to what extent the inte~facing 
of c~nventlonal portables will be considered legitimate channel 
loadlng. 

2.2.1.2 Intra- and Inter-agency Communications 

Intra- and inter-agency communications will be accomplished, 
depending upon specific circumstances, by one of three methods: 

Limited Selection of Group Addresses - Supervisory level 
mobile radio users will be equipped with the group address 
of other users, in instances where access to other group 
addresses would be routinely required. This method provides 
selected users the option of operating on other group 
addresses without dispatcher initiative. It is expected 
that user-initiated access to other group addresses will 
be limited to supervisors and administrative personnel of 
selected agencies. 

Cross Patching - Will' be provid~d to most dispatchers. The 
dispatcher will be able to cross-patch two or more group 
addresses on an as needed basis. In this way, the dispatcher 
can make or break a cross-patch arrangement, thereby 
maintaining channel discipline. Patching will be conducted 
generally among only those channels available to ~ particular 
agency; cross patching between different public-safety 
agencies is not proposed. ' 
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Reassignment of Group Addresses - This method of inter
agency communications will be initiated only by network 
control pers~nnel (system operator) when users need to 
temporarily become part of another group. It is antici
pated that reassignment of group addresses will be used to 
respond to large-scale events of mutual responsibility and 
therefore, will probably occur infrequently. The reassign
ment of group addresses will be accompliahed by one of two 
ways: 

Change in group address from a regularly assigned to 
an alreacy existing group address of another user 
group 

Creation of a "phantom ll grou.p whereby individual 
units would be assigned to an entirely new group 
address created to meet a temporary, one time need. 

Mobile Control Head Characteristics 

The mobile control head will be provided a variety of operational 
features, as determined by the specific needs of each agency. There 
will be t.wo classes of mobile control heads: 

Supervisory Control Head - will provide a mobile radio 
user with up to five unique group addresses for interagency 
communications. Access to these group addresses will be 
user selectable. The primary group address, at the very 
least, will 0e dynamically reassignable, whereas the four 
other group addresses will be essentially fixed (but 
reprogrammable by maintenance technicians, if necessary). 

Non-Supervisory Control Head - will provide a mobile radio 
user a single group address, dynamically assigned by the 
user's agency_ If a user requires access to another group 
address, the user's dispatcher will request a change-in
group-address status via the control operator or will 
cross-patch the user to the appropri~te group address. 

Occasionally the user may not be able to immediately access the 
desired channel because all channels will be temporarily allocated 
in which case, a "channel busy" indication will be provided. The 
user will also automatically enter a queue set up by the controller 
to seize the next available channel, in the order of requests; when 
a channel becomes available to a mobile in the queue, the mobile 
operator will be notified by an audible and/or visual indication. 

2.2.1.4 Two-part Digital Address 

As a minimum, each unit will both be uniquely identified 
(unalterable) and identified as a member of a group address, (alte:able). 
The unit identification will be an integral part of the moblle unlt, 
not readily changeable. On the other hand, the affiliated,group 
address will be dynamically programmable to be able to satlsfy 
changing needs. 
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, ,~he Oklah~ma DATCS must have a capacity eventually for 3,500 
1nd~v1dual mob1~es and ~50 unique group addresses. Although current 
eq~1pment offer1ngs tYP1cally provide three levels of address (i.e., 
un1t, subfleet, and fleet), no need currently exists to segment 
Oklahoma's operations beyond the unit and subfleet level. 

2.2.1.5 Dynamically Assignable Group Address 

The capability will be provided to dynamically assign and 
change at least one group address of the mobile units from a central 
or regional location; each agency will individually decide which 
group address (among field of five) will be dynamically assignable. 
However, this capability will only reside at fixed locations (regional 
network control). In this way, effective network control can be 
exercised. 

The regional system operators, who perform the function of 
network control, will have available two options to dynamically 
assign a group address: 

Modify a particular unit's regularly assigned group 
address to an already existing group address '(i,.e., Depart-' 
ment of Corrections to OHP etc.) 

Create a II phantom II group, not regularly assigned, which 
will be dissolved when the need for its continued existance 
disappears; units will then return to the regularly assigned 
group address. 

Changes in group addresses will follow firmly established opera
tional procedures to maintain strict control; these procedures are 
best established jointly by the advisory group (composed of repre
sentatives of the user agencies (i.e., OHP, Department of Corrections, 
etc. ) 

2.2.1.6 Talk-around Capability 

Mobile units require cOIrumunications independent of 'the base 
station facilities when beyond radio range or when the dispatcher is 
not involved in a message between close mobiles. This talk-around 
capability should be provided through a non-DATCS channel specifically 
licensed and set aside for the purpose of direct simplex communi
cations (talk-around). 

Talk-around will be mobile-user selectable as currently exists 
with the present radio systems. However, unlike the present $ystems, 
all units desiring to use talk-around must agree in advance to 
switch to talk-around and must secure diGpatcher permission; if only 
one unit switches communications will not be possible. While DATCS 
could provide automatic switching to talk-around under specific 
conditions (1. e., sense of lIout-of-range ll condition), manual switching 
is preferred to maintain predictable communications. 
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2.2.1.7 Interface with Conventional Portable Radios 

t kAdlthOUgh indust~y estimates vary for the introduction of a 
run e portable rad10 ( 3- 6 years) th ,-

trunked portable radios will ,er~ are no assurances that 
or compatible with DATCS Al eve~hbe a:ra~lable at an affordable cost 
trunked portables will n~t b~o~vai~~~l~sS~~~~~n~~:nt~~; any type of 
~~f ~hese rea~ons, a method is therefore required whiche:il~a~~~vide 

- a oma cont1nued access to portable radio operations. 

To provide for portable operations in the interim there 
methods which are proposed for Oklahoma: are two 

Maintain existing portable systems for on-scene, tactical 
operations independent of DATCS 

Interface through a single vehicular repeater for command 
post operations. (OHP only). 

TI:ere are currently only two potential DATCS candidates whose 
operat1ons are portable intensive: the Department of Corrections 
(DOC) and the Oklahoma Bureau of Narcotics and Dangerous Drugs 
(OBNDD). Bo~h tI:ese agencies presently use portable radios for on
scene commun1cat10ns (communications within a correctional facility 
comp~ur:d for D?C and local surveilla.nce for OBNND) and do not present 
a dr1v1ng requ1rement for conventional portable interface with " 
D~TCS. OHP, how~ver~ does require conventional portable interface 
w1th D~TCS,to ma1nta1n their present level of mobile command post 
commun1cat1ons. 

The interface of mobile 'command post portables with DATCS will' 
be accomplished with a sin~l~ vehicular repeater which will be part 
of the,command post ~nd ut1l1zed only for the duration of tactic~l 
opera~10ns. The :reh1cular repeater will receive portable transmissions 
and w11l retransm1t them over the DATCS IIchannel" or group address 
as~ociated wi~h the mobile command post. Because the possibility 
eX1sts th~t all DATCS channels will be busy when a portable attempts 
to conooun1cate over the DATCS, unique operational procedures are 
required of th~ portable operator, and current portable operations 
cannot be rep11cated with DATCS at this time (the operational 
implications of crossbanding conventional portables with DATCS are 
detailed in 'iAnalysis of Problems and Requirements Associated with 
Implementa~ion of a Statewide DATes for Oklahoma,1I September 30, 
1980. Veh1cular repeaters for portable interface are proposed only 
for OHP mobile command post operations and are not recommended for 
day-to-day operations. 

The eventual adoption of a trunked portable for use in Oklahoma 
will require enhanced radio coverage through those areas of the 
state where portables are required. The enhanced coverage will 
likely be provided by satellite receiver systems similar to those 
used to support conventional portable radio systems, and the Oklahoma 
DATCS must be capable of integrating a satellite receiver system in 
the future. 
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2.2.1.8 Mobile Radio Coverage 

. Reliable mobile radio coverage will be provided throughout 
Oklahoma, at least to the same or greater reliability than currently 
realized by the existing statewide mobile radio systems. Quantitatively, 
mobile radio coverage reliability is proposed to exceed 90-97 percent, 
which is considered very good by industry standards. 

Several options are available to achieve wide-area coverage for 
Oklahoma, including: 

Simultaneous broadcast of identical information on common 
channels 

Simultaneous broadcast of identical information on different 
channels 

Separate trunkedsystems for each site 

Hybrid trunked/conventional system. 

Each option was detailed and analyzed in the previous report. 
No single method of achieving wid~-area coverage stands out as a 
preferred choice over the others, and it is proposed that each 
vendor outline his preferred method in the bid response submitted to 
Oklahoma. The choice of specific sites that will be necessary to 
achieve the required radio coverage throughout the state will be the 
vendor's responsibility. The successful vendor will also be responsible 
for: 

Indicating the need for the remote sites, and the justifi
cation for their selection 

Specifying the characteristics of each site 

Assisting Oklahoma procure the remote sites (i.e., buy, 
lease, etc.), if necessary. 

Since each vendor's approach to state-wide coverage may vary no 
action on the part of Oklahoma to acquire remote sites is required 
until time of bid. 

It is appropriate, however, to describe alternative appJ;:'oaches 
to state-wide coverage: 

Simulcasting (both on identical and separate channels) -
mobiles receive ident.ical radio communications from one or 
more sites simultaneously. This technique. has the advantage 
that a mobile is assured of receiving a communication 
regardless of its location in the jurisdictional area. 
Conversely, there are disadvantages of high cost, technical 
complexity, and conspicuous use of frequency spectrum. 
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Separate Trunked Systems - mobiles would communicate with 
the trunked system associated with the mobile's specific 
location. This approach is simpler and less costly than 
simulcasting, but special measures are required to communi
cate over the entire jurisdiction simultaneously and to 
properly use the control channels. 

Hybrid Trunked/Conventional System - same as the "Separate 
Trunked Systems" except a conventional radio system(s) 
would be used to cover remote, infrequently traveled areas 
of the state. However, FCC, licensing eligibility is uncertain 
because of an absence of well-defined regulations, although 
disct.'1.ssions with the FCC indicate a hybrid approach may be 
!.:equired. 

2.2.1.9 Mana~ement Information 

Management information in the form of system performi'mce data 
will be the primary tool to determine, on an ongoing basis, how well 
the DATCS system is meeting Oklahoma's mobile radio needs. System 
performance data will be provided to management of the DATCS in the 
following forms: 

Activity printout 

User (group address and individual identifier) 

Time (initial access time and duration) 

Sample utilization of common facilities (adjustable 
sample rate) 

User profile, according to category 

Agency 

Group address 

Individual identifier 

Site/base station 

Status of specific group addresses, on command (i.e., "in 
use," currently idle, etc.). 

Status of key components to pinpoint failure 

Base stations 

Site controllers 

2.2.1.10 System Protection 

, 
\ 

One major intent of developing a DATCS for Oklah~ma is to offer 
a mobile communication system which exhibits a very hlgh degree of 
availability* which would be significantly improved over the present 

* Percentage of time the system is functional at full capacity. 
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collection of individual systems. For example, loss of a single 
DATCS base station will only slightly reduce a mobile's chance for 
obtaining a channel, on request. Whereas today, loss of a single 
base station (or land lines, tower, antenna, etc.) completely 
inhibits further communications until repair. 

In the event of the loss of a major component (i.e., controller 
or equivalent component), the DATCS system will revert to a conventional 
mode in which mobiles would be directed to pre-assigned channels. 
To accomplish this, the SOW· will impose a number of system protection 
measures that must be satisfied to adequately insure Oklahoma 
against the consequences of catastrophic system failure. Vendors 
will be obligated to submit a specific plan on their approach to 
dealing with failed site components (plan subject to approval by 
Oklahoma) . 

Regarding alarm features, network control (central or regional) 
will be automatically altered of subsystem and somponent failure. 
In this way, immediate action can be taken by the system operator, 
probably even before the field units no·tice any discernable change 
in performance. 

Time-out timers will 'be provided on the mobile to preclude 
inadvertent capture of the syst~~m for extended periods as well as on 
the base stations since unnecessarily long-duration conversations 
tend to deny channel access to other DATCS users. Long-duration 
conversations could potentially be a problem since the mobile radio 
user could falsely perceive that DATCS is a completely private, 
always clear-channel radio system which is unlikely to deny ch~nnel 
access to other users because of one's own usage. The use of tlme-
out timers on base station equipment however, will present operational 
problems to potential EMS DATeS users which ~ransmit t 7lemetry. A 
means of accommodating EMS andct~c the same tlme affordlng the s:{,stem 
protection against prolonged channel usage has yet to be determlned. 

2.2.2 External Interfaces 

The section describes the interface between DATCS and the 
systems external to DATCS: 

Telephone 

conventional portable radio 

An interface between DATCS and the switched public telephone 
network will not be established at this time. The APCO Project l6A 
document did however, include this requirement for a DATCS. If a~ 
interface in the future, it must confirm to FCC rules and regulatl0ns 
in effect at that time. 

conventional portable radios are to be interfaced with the 
proposed DATCS system to enable portable,radio users to communi~ate 
with DATCS mobiles, but only for OHP moblle command post operatlons. 
A crossband connect between the DATCS and conventional repeaters, 
under the control of the mobile command post operator, is proposed 
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to accomplish this function. ?rhis solution. is the least disruptive 
approach to dealing with a lack of trunked disruptive approach 'co 
dealing with a lack of trunked portable radios, for the interim. 
The remaining agencies will maintain their existing portable radio 
systems and will interface with DATCS through dispatcher-controlled 
cross-patching, where necessary. 

2.2.3 Network Control Function~ 

Network control represents the only other significant change in 
operations. The establishment of a network control function is 
mandatory for DATCS. This is because monitoring system performance 
and managing a commonly owned, statewide mobile communication system 
must be centrally performed and cannot be distributed among several 
departments. 

The responsibilities of a network control func·tion will be 
divided into two categories: 

Policy - responsible for: establishing guide-lines for the 
use of DATCS, accommodating demands from various independent 
agencies impartially, and ensuring that day-to-day operations 
are appropriately performed 

System Operations - responsible for the day-to-day operations 
of the network. The new or existing (system operations) 
agency would respond to the policies and guidelines 
established by the parent group. For example, system 
operations would handle requests for gi'c:mp address changes, 
but would not dictate under what circumstances a request 
for change in group address may be honored, since that is 
matter of pOlicy. 

For further study, it is preliminaryily proposed that policy be 
established by an all-new Advisory Group created to serve this 
specific function, comprised of representatives of the user agencies. 
System Operations, on the other hand, could be vested in an existing 
agency or developed independently. These choices warrant the closest· 
attention. 

2.2.4 Dispatching 

Each ag~ncy that presently performs a dispatching function for 
itself or other agencies will be provided a dispatch capability 
under DATes. As a minimum, individual agencies will be provided a 
desk-·top type console containing all group addresses of responsibility 
and, in some cases, group addresses of mutual interest with other 
agencies/departments. These consoles will be,capable of: radio 
patching among the channels of access; selectlng the deslred area, 
coverage; communications with network control to request changes 7n, , 
group address; and receiving all messages from mobiles of responslblllty. 
In addition, communications will be possible with at least two group 
addresses simultaneously; come agencies may have the capability to 
communicate with three or more group addresses simultaneously. 
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2.2.5 Radio Spectrum and FCC Licensing 

Presently, DATCS is only feasible at 800 MHz, wf,lich 
was 'a television-only band, but recently reallocateq for 
radio. For the foreseeable future, at least, sufficient 
spectrum will be available in Oklahoma to support DATCS. 

previously 
mobile 
800 MHz 

Another favorable aspect is the current FCC demeanor which 
regards these kind of mobile radio systems with favor and something 
to be promoted. Therefore, if any negotiations are required with 
the FCC in the future to resolve regulatory issues (i.e., multiple 
base station sites, etc.) favorable rulemaking can be anticipated. 

It is advisable, however, to begin establishing rapport with 
appropriate FCC staff to help "smooth the path" to successful licensing. 

2.2.6 Ancillary Items 

Ancillary items for the support of the Oklahoma System Concept 
of Operation include the following: 

Emergency Power 

Maintenance. 

Emergency power will be necessary for the mobile sites throughout 
the state and the regional network control centers. Depending on 
the inherent emergency power capabilities of the individual network 
control sites, emergency power may not be required. However, emergency 
power will be necessary for the remote sites. Hydrocarbon-type fuel 
generators are proposed because of the substantial power requirements 
of each base station (1000 watts continous each). 

The maintenance strategy for the DATCS system in Oklahoma is 
two fold: 

Initial Contract Maintenance - Initially maintain the 
DATCS system under a maintenance contract with a commercial 
shop, at least until a self-maintenance capability is 
established and sufficient confidence in the DATCS system 
has been achieved. This period will provide the primary 
basis for Oklahoma's maintenance staff to acquire the 
appropriate new skills required. 

Future Self-maintenance - Anticipated only after adequate 
training, reallocation of staff resources, and development 
of a management structure. Development of a competent 
self-maintenance capability for DATCS is a large task and 
therefore will be a major component of the System Imple
mentation Plan (SIP). 
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III. REQUIRED IMPLEMENTATION ACTIVITIES 

Implementation of the system concept will proceed only after 
thorough review by the potential user agencies and their department 
heads. After this has been achieved and the implementation plan 
has been officially sanctioned, another critical milestone must ba 
met before procurement activities can be initiated. 

Federal Communications Commission (FCC) licensing requirements 
for large scale 800 MHz trunked radio systems in the local gover
nment radio service have not been clearly defined or tested at 
this time. The initial implementation activity following agency 
approval must be directed toward satisfying all of the elements 
needed to secure reasonable assurance from tha FCC that the trunked 
radio system, as planned and approved, can be licensed. 

3.1. State Agency Approvqls 

State agency approvals will be achieved in three steps, the 
securing of user agency agreements, the development of funding 
agreements to implement and operate t~e system, ~n~ the ~egally 
binding commitment of the state agenc~es to part~c~pate ~n and 
support the system. 

3.1.1 Agency Agreements 

Signed agreements by each agency planning to 
the tx-unked radio system must be acquired. These 
conform with FCC requirements (Section 90.359 and 
minimum they will include: 

participate in 
agreements will 
9 0 • 17 9). As a 

Agreements regarding the supervision and control of the 
trunked syst~m operation 

Method of cost-sharing and pro-rating of costs among all 
cooperating parties 

Responsibility for maintaining sys~em operation records 
and filing reports with the FtC (Section 90.391). 

In addition to the items needed for FCC licensing, the agency 
agreements will also include provisions for: 

Management authority over the system staff and equipment 

Centralized maintenance of system components 

Property, equipment and facilities provided by the user 
agencies 

Modification and/or termination of the agreement as 
subject to FCC Rules and Regulations (Section 90.391). 

Agency agreements will be the key element in securing the 
funding agreements and government approvals. 
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3~1.2 Funding Agreements 

The acquisition of agency agreements will provide dimensions 
for revised cost estimates needed to establish funding require
ments. These requirements will include estimates of non-recurring 
implementation costs and recurring operations costs. The following 
elements of cost will be identified: 

Implementation Costs 

Planning Activities 

Professional Services 

Hardware/Software 

Facilities 

Installation/Test/Acceptance 

Personnel Staffing and Training 

Operating Costs 

Personnel Salary and Overhead 

Supplies 

Maintenance of Hardware/Software 

Equipment Replacement 

Continued Training 

The distribution of these costs among the funding sources 
will be decided and firm commitments and/or agreements acquired. 
These funding, sources will include: 

Federal and State Grants Funds 

In-kind Services, Equipment or Facilities 

User Agency Cost Sharing Assessments 

Grants from Private Foundations 

Gifts from private sources. 

The funding agencies must approve and be committed to the 
funding plan before final and binding commitments will be sought 
from the state of Oklahoma and particdpating agencies. 
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3.1. 3 Government Approvals 

Based on the agency agreements and funding agreements reached, 
firm commitments will be required from the State government to 
assure continued project support and to respond to Federal and 
State grants requests. These approvals will be requested in the 
form of resolutions or other legally binding documents. 

3.2 Preliminary Licensing Considerations 

The licensing of multiple base station wide-area trunked 
radio systems in state and local government service and public 
safety service is not clearly defined by present FCC Rules,and 
Regulations. Waivers to the present FCC Rules and Regulat~ons may 
be required, particularly Section 90.375 which defines time limits 
for phased implementation. It is probable that waivers to section 
90.379 which limits power and antenna height will also be needed. 

Before hardware a~d software commitments are made, preliminary 
discussions will be held with the FCC. An expression of assurance 
will be sought indicating that the trunked system, as planned and 
approved by the user agencies and their governmental authorities 
will receive favorable licensing consideration from the FCC when 
formal applications for licenses are submitted. 

3.3 Implementation Schedule 

The detailed implementation schedule will be developed following 
assurances from the FCC that the trunked radio concept will be 
licensable under FCC Rules and Regulations and that any revisions 
to the concept required by FCC'evaluation of the system design has 
met the approval of the user agencies and the state government. 
The implementation schedule will consist of two key inte:rela~ed 
parts; a system implementation schedule and a correspond~ng f~nan
cial schedule. 

3.3.1 System Implementation Schedule 

The system implementation schedule will be a time-dependent 
schedule. The project will be defined in terms of separate tasks 
with clearly defined milestones indicating the,completion of eac~ 
task and definitive measurable milestones lead~ng to the complet~on 
of each task or project element. ~1ajor tasks include: 

Project Planning and Reporting 

Engineering Services 

Preparation of Specifications 

Preparation and Approval of Statement of Work 

Solicitation of Bids 

Contract Award 
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Facility Preparation 

System Licensing 

Equicment Delivery/Installation 

Test and Acceptance 

Personnel Training 

System cut-over 

System Evaluation. 

Each major task will be suppo:r;ted by task break-doWn schedules 
which define the subtasks needdd to achieve the completion of each 
major task. 

3.3.2 Financial Schedule 

The financial schedule will be coordinated with the system 
implementation schedule. This schedule will be based upon the 
funding agreements and will include the following major elements: 

Milestones showing each major commitment of funds 

The date and amount funds will be made available to the 
project from all sources 

The schedule dates for the submission of financial 
reports. 

The submission and distribution of financial reports will be 
elements of the financial agreements and governmental approvals. 

3.4 System Management and operation 

The management and di~ection of the implementation program 
will be the responsibility of the Program Director. The Program 
Director will be supported by a full-time and part-time staff 
representing each key function of the implementation program. 
These functions include: 

System Engineering - this staff function will be assisted 
by consulting engine¢:rs and the engineering staff of the 
successful system contractor 

Procurement - this staff function will be assisted by 
the purchasing and procurement personnel of the state of 
Oklahoma 

Finance - this staff function will be a part-time service 
provided by the State of Oklahoma 
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Facilities - this staff function related to the acquisi
tion and preparation of special facilities ,for the 
equipment and personnel of the project will be provided 
part-time by the state of Oklahoma 

{(-.:, 

Personnel - the proj ect staff personnel are under.? i;the
dir~c~ ~upervision of the Program Director; personne3. 
actl. Vl. tl.es such as job descriptions, salary determina'tion 
and benefits administration will be under the directi6n ' 
of the State of Oklahoma unless the person is on loan 
from another agency under the state government. 

, In addition ~o the project,staff ~~J:?0rting to the Program 
Dl.rector, two advl.sory groups wl.ll be r'!\'-,;ponsible for overall 
project poli~y with the Project Director serving as chairperson 
for each advl.sory group. These groups consist of: 

User Representatives - this group is composed of appointed 
r~presentatives of each user agency; they provide direct 
ll.ason between the project organization and their respec
tive agencies 

Government Representatives - this group is composed of 
appointed representatives of each state government 
section which has an operational or financial interest 
in the program. 

~t is the intenitic;>n that this management group be carried 
over l.n form and functl.on to the operation of the trunked radio 
system after it has been installed, tested, and accepted. Additional 
personnel needed to operate the system from a central location 
will be added to the Facility function of the project staff. At 
that time the FacililC:Y function will become a full-time staff 
position under the Program Director. 

3.5 Procurement 

The procurement of the trunked system will proceed in two 
sequential activities; system engineering and purchasing. 

3.5.1 System Engineering 

Technical assistance will be required to develop the engineer
ing desig~ of the trunked radio system based on the system concept. 
Key questl.ons to be resolved before procurement specifications are 
prepared include: 

Radio Propagation Analysis - e~gineering analysis of 800 
MHz radio propagation from candidate base station sites 
will be conducted to determine radio coverage of the 
state and to establish antenna pattern characteristics • 
FCC Rules and Regulations (Section 90.379) clearly limit 
the effective radiated power and antenna elevation at 
each proposed site and engineering analysis will be 
required if waivers are needed from these FCC rules and 
regulations 
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switching Logic - the switching logic for the master 
controller, site controller, mobile stations, and control 
station will be engineered to be compatible with available 
vendor hardware offerings 

Software Management - the system software for the mast,er 
controller and site controller will be engineered to 
allow efficient software management from a master terminal 

Based upon the results of these technical ~cti:ities, syst7m 
engineering will prepare detailed system specif1cat10ns and equ1p
ment specifications for competitive procurements. 

3.5.2 
(\ 

Purchasing 

The purchasing function will consist.o~ ~hree key ~c~ivit~es; 
d~:veloping a Statement of Work (SOW), so11c1t1ng compet1t1ve b1ds, 
and awarding a system contract .. 

Statement of Work (SOW) - the SOW is a precise descrip
tion of the materials and services required of the 
contractor and the time domain in which delivery is to 
be made. The key elements of the SOW will be: 

Background and Objectives of the project 

Required qualifications of successful bidders 

Services and Support to be provided 

Quantities of each equipment to be provided 

Schedule for all deliverable items - hardware, 
software, services, and support items 

Soliciting Competitive Bids - competitive bids from all 
qualified vendors will be solicited by means of a procure
ment package which will include: 

State legal requirements 

Statement of Work 

System Specification 

Equipement Specifications. 

A one-step solicitation is anticipqted in which each 
bidder will provide a technical proposal an~ a firm . 
fixed price cost proposal for the complete 1nst~11at10n 
of an operating digitally addressed trunked rad10 system. 

III-24 

t 
f 

i 
\ 

.1 

LJ 
( j 

( 

[ 

{ 

f t 

11 

! 
! 
[ 

l 

I I 
1 J 

fl 

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

OIJ 

UTI 

[] 

Award the System Contract - t.he combined technical 
proposal and cost proposal must advantageous to the 
State of Oklahoma and associated user agencies will 
identify the successful bidder. A firm fixed price 
contract without cost escalation is anticipated. 

3.6 Licensing 

The signed contract defining the equipment to be purchased 
and the quantity of that equipment will provide sufficient infor
mation to file applications with the FCC for system licenses. 
Present FCC practice for licensing 800 MHz trunked system requires 
the following minimum submission: 

Form 400 for each license requested (Section 90.357) 

Agreements with each user agency relative to control of 
the system (Section 90.179) 

Agreements with each user agency relativ~ to cost
sharing of installation and operation (S~ction 90.179) 

Financial plan showing the service will be provided to 
user agencies, at cost (Section 90.359) 

System description and specification (Section 90.359, 
Section 90.371, Section 90.375, and Section 90.379) 

Eligibility statement for each user (Section 90.359) 

Evidence of purchase orders placed for the equipment. 

It is probable that FCC waivers will have to be requested to 
extend the number of years for phased implementation of the system 
(Section 90.375) and for the limitations on effective power and 
antenna height. 

Technical support for negotiating system li}::enses with the 
FCC will be requested from the engineering consultant and from the 
system contractor. 

3.7 Facilities Acquisition and Preparation 

It is the responsibility of the Program Director to provide 
adequate facilities for the equipment and staff of the trunked 
radio system. Subject to revision by the engineering study, the 
following facilities will be required: 

Base Station Sites equipment shelters for five to 
twenty 800 MHz repeaters, trunked switching logic, 
ancillary equipment for the antenna subsystem, emergency 
power facilities, climatic control equipment, and antenna 
support structure for two to six antennas, as required. 
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Network Control Center equipment shelter for master 
control terminal, alarm equipment, recorders, printers, 
microwave terminations and other items of equipment 
associated with the central control function. Staff 
facilities for a Program Director, Facilities Manager, 
Engineering (Software/Hardware Manager, and programmer/ 
operators) will also be required 

Regional Network Control Centers equipment shelters for 
regional control terminal, alarm equipment, recorders, 
printers, microwave terminals and other items associated 
with the regional control function. Facilities for 
terminal operations will also be required. 

Centralized Maintenance will also require special facilities 
which must be provided by the State of Oklahoma. 

It will be the reSponsibility of the Facilities Manager on 
the staff of the Program Director to obtain these facilities and 
prepare them in a timely manner. 

3.8 Personnel and Training 

Personn~l for the management and operation of the trunked 
radio system will be identified and prepared for theiL assignments 
in coordination with equipment installation and test. It is 
intended that the Project Director and staff will continue their 
roles after the trunked radio system has been ins·talled and accepted. 
The additional people required to operate the sys~em will be 
recruited and trained during the system installation test so that 
the experience gained can serve as on-the-job training before the 
system becomes operational. 

Job descriptions for staff positions will be developed by the 
Program Director and the personnel offices of the State of Oklahoma. 
Recruiting will be by public announcement of available job openings. 
It is anticipated that the positions will be filled by transfer of 
presently employed and skilled personnel. 

The training and certification of all operating personnel, 
maintenance technicians, and management personnel will be a contract
ual obligation of the system contractor. 

3.9 Post Implementation Support 

The post implementation support program will address the 
funding and staffing needed for sustained operation of the trunked 
radio system. 

3.9.1 Post Implementation Funding 

The recurring costs of continued ope;ation include the follow
ing major items: 
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Personnel - salary and benefits 

Maintenance - maintenance of the facilities and system 
hardware/soft\'lare after the warranty and first-year 
maintenanC~J~ contract 

Supplies - all expendable materials used in operating 
and managing .. the system 

f h ' training and replacement training Traini.!!9:. - re res er 

. h and other services provided . Utilities - power, telep on~, 
by an outside agency 

Equipment Replacement - periodic replacement of w'orn 
obsolete equipment; equipment that can no longer be 
repaired economicallY. 

or 

These costs will have been identified and submitted to ~he d 
" 'r ents They w1'lJ be rev~ewe s art of the l1cens1ng requ1 em. _" _ 

FCC a p W1' 11 be billed to the user ag~nc1es ;Ul accor, periodically. These . ee 
dance with a formula developed and reported in each agency agr -
ment. 

3.9.2 Personnel Replacement and Training 

The replacement of personnel and thehuP-da~t~gb~fl:~~~fturn_ 
1 'II b a recurring problem. T ere W1 

personne W1, , e 1 'II be by suitable public announce-
~~~~·OfRj~~U~~~~rn~~ ~~~s~~~ete:~ing o~ applicants. Probationary 
employees will be trained by the techn1cal staff. 

3.9.3 Support Staff 

The system will have the full time services °lf eq~!p~:~~t one 
1 nd software system per sonne . maintenance per sonne a , 'ed It is anticipa-

senior system pro~rammer/afnalfyst W7lilybet~:{~~~ m~intenance technicians 
t d that a full t1me staf 0 spec1a I b 
w~ll be required and qualified control operators will,a so e 
required to provide 24 hour service to the user agenc1es. 
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APPEND:tX A 

SYSTEM REQUIREMENTS 

The system requirements (as reported through the' system survey 
data) present some major system problems which must be resolved if a 
trunked system is to be considered feasible. There are other system 
considerations which, although of serious concern, can be accommodated 
more routinely. These are addressed individually in the following 
subsections. 

1. MAJOR SYSTEM PROBLEMS 

The following problem areas and their proposed solutions are 
presented as being critical to the successful implementation of a 
trunked radio system in the State of Oklahqma. The potential solutions 
offered reflect state-of~the-art system technology and hopefully do 
not seriously violate the state-of-the-art hardware and software 
offerings that can be made available in the near future wheI)Z!ompeti
tive procurement documentation has been developed. 

(I) Wide Area Coverage 

Present vendor offerings in trunked system hardware and 
current FCC licensing procedures provide only for single-site 
trunked system implementations. The sta·tewide radio coverage 
requirement for Oklahoma's trunked radio system will present 
unique hardware and regulatory considerations for implementation 
of a multi-site system. 

(2) Operation with Portable Radios 

The availability of trunked portable radios will depend 
upon the successful development of a technically acceptable 
frequency synthesizer and associated control system switching 
logic each of small size and with small power requirements. 
These circuits together with the usual 800 MHz portable radio 
subassemblies, and a battery pack with sufficient capacity to 
permit at least 8 hours of high performance service, must be 
made available in a small hand held portable radio case. 
Estimates by industry sources place the earliest availability 
of such a unit in the 1983-85 time frame. Until such portable 
radios are available, trunked radio system equipment configurations 
will include only base stations, control stations and mobile 
stations. 

Statewide radio systems in Oklahoma are not generally 
portable radio intensive. However, a few are heavily dependent 
upon hand held portable radios. This significant investment in 
existing portable radio equipment must be 'protected. These 
existing equipments must be permitted to operate with the 
trunked radio system with no modification or, at the most, a 
very minimum of modification. 
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One alternative would be to have these conventional 
portables interface with the trunked radio system through a 
cross-band repeater. This repeater would have a two frequency 
half duplex VHF channel on one side and a frequency synthesized 
trunked radio control station on the other side. In the trunked 
system logic the cross-band repeater would have a single unit 
address for a cluster of portable radios all sharing the same 
VHF channel. 

Trunked systems can not pass the system control information 
through to a cross banded portable. Therefore, the portable 
would not be able to detect an "all channels busy" signal and 
would not know'why a channel request has been denied. To 
correct this the trunked control station side of the cross band 
repeater can cause an audible tone to be sent on the receive 
channel of the cluster of portables when trunked channel access 
has been denied. The denied request for channel access from a 
portable radio should not be placed in the queue for the trunked 
system (if a waiting queue is possible) even if a "channel 
available" signal is also transmitted to the cluster of portables. 
Because the cross-band repeater can not individually address 
each portable in the cluster, the portable radio queue would 
have to be a contention queue. Since all portables are in a 
contention queue for trunked channel access, the portable radio 
would have to manually repeat the request for a channel whether 
or not a "channel available" signal is provided. 

The users of portable radios cross-banding into a trunked 
system would also have to learn to "quick call" the system for 
a channel request and wait for the request to be acknowledged 
before they start to speak. Also the "hold time" of the repeater/ 
base station combination will require special adjustment to 
prevent dropping the trunked channel during normal press-to-
talk switching through the repeater. These techniques have 
proved troublesome for field personnel to master. 

A preferred solution to VHF/UHF portable operation is to 
continue using the portable radios on conventional VHF/UHF 
radio channels and manually cross patch these channels into the 
trunked system at the dispatcher's console when cross band 
coordination is required. Until trunked portable radios become 
available and have been field tested, the recommended solution 
for portable interface is to keep the conventional VHF and/or 
UHF frequencies for portable radio operation and use the trunked 
systelu for the mobile radios. The Oklahoma Highway Patrol, 
however, has expressed a requirement for cross-band portable 
interface with DATCS for mobile command post use. 

(3) Satellite Voting Receivers 

Radio propagation experience with 800 MHz trunked systems 
indicates that base-to-mobile and mobile-to-base coverage has 
been similar. The effective radiated power of the two types of 
stations is very much the same when the installation of both 
has been well engineered. Therefore, a base station/ control 
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s~ation/mobile trunked system without trunked portables would 
l1kely need~no sa~ellite :eceiv~rs or possibly need only one or 
two remote satel11~e rece1ver s1tes to correct a unique trouble 
spot ~nd to v~te w1~h the base station receivers in a transmitter 
steer1ng conf1gurat10n. It will be the obligation of the 
system contractor to condUct radio propagation tests to minimize 
the need for any satellite voting receivers. 

If trunked portable radios are eventually added to the 
system, th~ need for satellite receiver installations throughout 
Oklahoma w1ll have to be reexamined. 

(4) Multiple Dispatch Points 

.T~e S~ate of Oklahoma land mobile radio system, with 
part1c1pat1~n by all appropriate agencies, will require a large 
number of d1spatch points to maintain the existing level of 
command over the field. units. The assignment of an individual 
mobile unit to a specific dispatch point will be information 
that resides only in the system control equipment and can not 
be changed or initiated from the mobile unit. 

In concept, the mobile unit in transmitting a request to 
access t~e tr~nked s¥stem would only transmit its own identity 
and poss1bly 1tS ass1gned group address. From this address 
code, the controller can determine from it.s data file which 
agency the mobile belongs to, the dispatch point the mobile 
reports to at that particular time! and the group (or subgroup) 
the mobile will be permitted to include in its call-up. It is 
also.conceived that some mobiles will have the limited capability 
of modifying the group request; this feature should be permitted 
for the singular purpose of reducing the dispatcher work load. 

To respond to an incident which calls for a mobile command 
post and a mix of public safety/public service agencies responsible 
to that command post, the system controller can create a phantom 
group and the mobile units can be attached to that group by 
software instructions based on the mobile address codes. 

(5) §ystem Control· Failure 

An individual base station repeater is installed for each 
channel licensed to the trunked system at each appropriate base 
station site. Radio coverage problems may require the instal
lations of repeaters for all channels at all base station 
sites. These individual repeaters are interconnected and 
controlled by a controller. If the controller fails completely, 
the repeaters can operate independently as conventional repeaters. 
They can be accessed by mobile stations and control stations 
that are operating on the assigned frequency for each channel 
of the trunked system. The mobile stations can be preprogrammed 
to home on an assigned channel if there is a loss of control 
signal or idle tone (depending upon the trunked system selected); 
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bhe available cenventienal mede 800 MHz channels will be distributed 
am,engthe mebile fleet units accerding to. need and ceerdinatien 
requirements. Access to. the repeater frem the dispatch peint 
can be achieved by centre 1 statien, wireline, er microwa:,re. 

Cenversien to. cenventienal mede ef eperatien frem a trunked 
eperatien can hewever result in a severe shertage ef frequency 
reseurces needed to cenduct reutine public safety eperatiens. 

Failure ef the centre 1 system in any mede ether than a 
tetal catastrephic failure sheuld result in a graceful degradatien 
of the system capability. The failure sheuld be limited to. the 
less ef centre 1 over individual channels. This limited failure 
mede sheuld be transparent to. the system users. The less ef 
ene er mere channels sheuld net effect the eperatien of the 
remaining channels. 

(6) Time-eut-Timers 

A repeater cenfigured land mebile radio. system such as a 
trunked system can be paralyzed by accidental er intentienal 
prelenged mebile er centre 1 statien transmissiens. To. pretect 
the trunked system frem this failure mede, all transmitters ef 
the base statiens, centre 1 statiens, cressband repeaters, and 
mebile statiens must be equipped with time-eut timers similar 
to. the timers used in cenventienal repeater type systems. If 
Oklahema' s EMS syste.ms are incerperated into. DATCS, hewever, 
the use ef time-eut-timers on base statien equipment must be 
carefully censidered. Time-eut-timer eperatien may interfere 
with transmissien ef the telemetry used in advanced life-
suppert systems. Two. categeries ef timing circuits sheuld be 
specified; the first permitting an abselute maximum time to. 
held the channel with er witheut medulatien, the secend sheuld 
previde a limited channel held time witheut medulatien. 

(7) Distributed Legic Failure 

The inbeard legic functiens assigned to. centre 1 statiens 
and mebile statiens sheuld be minimized; critical system legic 
and data files must be cencentrated at the fixed site lecatiens. 
Failure e~ the legic functiens er RF functiens at the mebile er 
centre 1 statien sheuld effect enly that individual unit; such 
failures need net be alarmed to. a centre 1 peint. 

(8) §ystem Testing and Alarming 

The cemplexity ef a trunked radio. system that will previde 
adequate cemmunicatien servies fer the state ef Oklahema will 
require a built-in capability to. evaluate the individual channel 
quality and alarm back to. a centrel peint any degradatien in 
channel quality belew established thresheld limits er ether 
significant system degradatiens. This requirement is net 
unlike the remete testing and alarm capability used reutinely 
in private micrewave systems. 
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(9) Channel Quality Evaluatien 

To. minimize catastephic channel failures, individual 
channel quality sheuld be centinueusly menitered by ene ef the 
fellewing metheds: 

Idle Channel neise thresheld (no. signal) 

Busy Channel S+N thresheld (signaler idle tene). 
N 

Departure frem a predetermined thresheld limit will be 
alarmed to. a centre 1 peint. 

(10) System T~ 

,The ability ef the trunked system to. respend to. mebile/centrel 
stat~ens and to. precess their message centent sheuld betestea 
periedi~ally. It is. re~emmended that pregrammable frequency ~ 
synthes~zed test transm~tters with knewn radiatien characteristics 
and test message centent (multifrequency tene and/er digital 
mess~ge) be,pesitiened threugheut the State at lecatiens that 
prev~de max~mum 800 MHz ceverage to. the high density pepulatien 
areas., These test transmitters ,can be pregrammed to. transmit 
test,s~gnals en each trunked radio. channel sequentially and the 
rece~ved test signal at each fixed receiver lecatien in the 
area can be cempared by quality and message centent with a 
standard. The standard can be established at the time the test 
t:a~smit~er system is installe. Any degradatien belew established 
l~m~ts w~ll be alarmed to. a centrel peint. It is preferable 
that this test system be peripheral to. the trunked radio. 
system. 

(11) Test Alarms 

The alarm system that alerts to. any element ef degraded 
pe:fermance sheuld also. previde preliminary diagnostic infermatien. 
Th~s level ef diagnesis may be limited to. the identity of the 
effending unit ef equipment and the kind ef effense being 
ebserved., ~his,require~ent sheuld be part ef the system precure
ment spec~f~cat~en and ~ts characteristics prepesed by the 
system centracter. 

(12) Emergency Prierity/Ruthless Preemptien 

, The trunked radio. system eperating in a public safety' 
env~renment sheuld have the future capability ef previding 
p:empt,channel acces~ t<? mebile ';lnits expesed t.:> life threatening 
s~tuat~ens or ether ~nc~dents wh~ch require the immediate 
respense ef emergency services. 

The general appreaches to. emergepcy prierity capability 
fer a trunked radio. system are discussed in the fellewing 
paragraphs. The conditiens under which initiation ef any ef 
these prierity functiens weuld be autherized include alIef the 
fellewing: 
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A routine request for channel has been denied by the 
trunked system because all channels are in use and 

There has been a waiting queue established by emergency 
priority level for the next available channel (dedicated 
control channel systems only) and 

The activation of the priority function has been a 
conscionable decision; i.e., there has been a manual 
switch closure by the user requesting a priority. 

These conditions presume the implementation of a dedicated 
control channel type of trunked radio system. If all channels 
are in use in a distributed logic system, the mobile will be in 
a frequency search mode and will have no capability of addressing 
the controller; there will be no capability of requesting 
emergency priority considerations and there will be no capability 
of developing a waiting queue with or without priority. Therefore, 
the following three basic emergency priority alternatives 
of Ruthless Preemption, Dispatcher Alert, and Waiting Queue 
Priority refer only to a dedicated control channel trunked 
system. 

Ruthless Preemption will result in the seizure of any 
radio channel (except the Control Channel) from its current 
user. For a reasonable and automated decision to be made, the 
assumptions must be that: 

The controller has a position indication that the 
seized channel was not carrying equally urgent emergency 
traffic at the time it was seized 

The controller is able to select a channel carrying 
non-critical traffic. 

There is no way of assuring that these assumptions can be 
realized. The normal mobile/control station identifier or 
preamble will contain only the unit address. There is no information 
in the identifier that would signify the urgency of a give 
communication even among those mobile units who, by their 
identifier, are known by the controller to have preemption 
capability. 

To permit the ruthless preemption of an in-use cr~dnnel 
appears to be a very difficult equipment problem, programming 
problem, and operational problem. This approach to emergency 
priority is not recommended. 

The activation of a unique and manually initiated emergency 
priority request can be recongnized by the controller. An 
alert alarm message will be directed to the dispatch point 
assigned to the mobile unit making the request; this message 
will also contain the identity of the mobile unit. It is 
conoievable that 'this dispatch point will have one or more of 
the system channels in use at that time the priority alert is 
recejved and can release one of these channels to the mobile 
that requested the priority. This assumes that: 
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The dispatcher has information relative to the identity 
of the trunked radio channel being used by his agency 
and can. identify this channel to the Controller so 
that the mobile can be instructed to move to that 
specific radio channel and 

The dispatcher can "freeze" the channel long enough 
so that the mobile can be switched into it before the 
system drops the channel (otherwise the next mobile 
in the waiting queue will capture the idle channel). 

It is possible to meet those requirements through hardware 
and software development. The complexity and estimated cost of 
the development constrains the recommendation of this method of 
enabling an emergency priority. 

A more easily implemented approach to emergency priority 
is to move the prio~ity request for channel access to the top 
position in the waiting queue without attempting to seize a 
channel. The success of this method depends upon the following 
assumptions: 

The trunked system is properly engineered and, in 
complying with FCC licensing criteria, the probability 
of blockage at peak busy hours in minimal 

Channel discipline is such that channel "hold time" 
for the average communication transaction is no 
greater than a few seconds (hopefully less than 5 
seconds) • 

This type of emergency priority is inexpensive to implement 
in a dedicated control channel trunked system when compared to 
the other alternatives. Channel access to a well managed 
trunked system will normally be mqde within a few seconds even 
when the first call has been blocked. The Waiting Queue 
Priority system will insure that additional lost time is not 
incurred due to the size of the waiting queue. The assumption 
is that an emergency priority request from an agency will mov7 
that request to the first position in the queue unless ~here 1S 
already an emergency priority request in the queue. Th1s 
method of emergency priority is recommended for the Oklahoma 
trunked system. 
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APPENDIX B 

SUGGESTED AGENCY AGREEMENTS 

I. INTRODUCTION 

The agreement by two or more local government public-safety , 
agencies to enter into a joint enterprise which provides a mutual 
service of value to the participants is best documented by written 
agr~ements between the parties. By their nature, these agreements 
are highly individual, tailored to specific requirements of each 
program in each locality. This appendix to the System Implementa~ 
tion Planning Guide (SIP) is intended to suggest only a general 
outline of such agreements. The details and the order of presenta~ 
tion will depend upon each kind of enterprise contemplated, its 
complexity, and the immediate: cooperative environment. Legal 
counsel should be consuited= 

II. 

1. Purposes of the Agreement 

The purpose of a written agreement is to describe 
the reason for the cooperative effort and the results that 
are expected to be achieved through mutual participation. By 
reducing this to a clear and unambiguous written statement, 
the involved parties will fully understand their mutual 
participation. Equally important, the governing bodies, of 
which the participants are a part, will be able to determine 
the true nature of the program and the expected results and 
thereby provide' th~ir support. 

2. Scope of the Agreement 

The agreement should define the dimensions within which 
the terms of the agreement apply. The responsibilities and 
liabilities of each of the participants should be clearly 
documented. There should be no unwritten understandings 
between the parties. 

The following model outline of an agreement form provides 
a series of topical considerations to be evaluated during the 
development of an interagency agreement. The precise form of 
a specific agreement, and the language to be used in each 
case, should be provided by legal counsel. In many cases, 
standard legal form and substance is required by State or 
Federal regulation. 

SUGGESTED MODEL OUTLINE 

The following topics and items are intended to delineate key 
considerations in the preparation of an interagency agreement. 
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1. General Terms and Legal Base 

The general terms will include the following as a minimum: 

The identification of each participating agency 

The requirements to be imposed on those agencies 
that may wish to participate at a later date 

The concise purpose of the joint enterprise and the 
mutually advantageous results that are expected to 
be achieved 

A statement of the legal authority under which the 
public agencies are able to contract with each 
other for the stated purpose; this may be a state 
law, a local government act, a series of resolutions 
passed by the local governmental authorities, or 
similar authorization. 

2. Services to be Provided 

The services provided by each agency and to each agency 
will be defined. These include the following considerations: 

Definition of the services to be provided by each 
agency to the mutual system; these services could 
include, for example, equipment maintenance, equip
ment, facili,ties, operating manpower, support 
services, and similar items of value to the system. 

Definition of services the system will provide to 
each participating agency; such services could 
include the dispatching of field forces, management 
reports, statistical data, and similar items of 
value to the agency. 

The definition of the quantity or extent of each 
service to be provided. 

The responsibility each agency has for delivering 
its service and the r~sponsibility the mutual 
operation has for delivering its services to each 
agency. 

The extent of any back-up or redundancy to assure 
that services are delivered in a timely manner 
throughout the life of the agreement. 

3. Liability 

A key element of the agreement between two or more 
public agenc1es 1S a clear definition of the liability each 
of the agencies has for the actions of other parties to the 
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agreement'. This is particularly true if one or more of the 
agencies provides public services on behalf of the other 
a~en,?i7s .. Agreemen~s to limit the liability exposure of 
p~~rt1c1pat1ng agenc1es would include the following considera~ 
t,10ns. 

Responsibility for defending the provider agency in 
potential lawsuits. 

I~de~n~fic~tion of the providing agency against 
l1ab1l1ty Judgements against a participating agency. 

Indemnification of the participating agency against 
legal actions or liability judgements against the 
provider agency arising from the normal provision 
of agreed-to services. 

4. "Amount and Manner of Payment 

The providing agency must be reimbursed for the expenses 
of t~e servic7 itp:ovi~es tc:> the participating agencies. A 
port~on of th1s obl1gat10n w1ll fall to the individual ' 
participating agencies. The agreement between the agencies 
m~st be spe,?i~i,? regarding this individual responsibility and 
w1ll be def1n1t1ve of the following considerations: 

The specific services to be provided and f,;;he cost 
of each service 

The method by which the cost and value of each 
service is calculated 

The means of payment for example: cash, hl-kind 
services, cash equivalent in material or equipment, 
and any other valuable consideration agreeable to 
the parties to the agreement 

The time and manner that payments are to be made 

The use of outside funding sources such as grants 
or gifts. 

5. Fiscal Procedures 

. Sound f~scal planning is key to the successful implementa
t10n of publ1c agency cooperative programs. The responsibility 
c:>f the provider agency for financial integrity must be defined 
1n the agency agreements. The agreement will specify the 
following elements: 
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The type of financial records and how they are 
maintained 

-[ 

The contents of the periodic financial reports and 
the schedule for submitting these reports to higher 
authority and to' participating agencies 

Access to the financial records by each participating 
agency 

Certification and/or audit of the records and 
financial reports 

Terms and conditions relative to the periodic 
reassessment of rates charged for each service 
provided. 

6. Administration 

The administrative structure of the cooperative program 
should be defined in the agency agreements. The authority 
and responsibility of each agency for participation in policy 
administration and the authority and responsibility for day
to-day operation should be included. Some of the key elements 
in the agreement are: 

The identification of the person(s) authorized to 
sign the agreement on behalf of each party to the 
agreement 

The identity of the person (s) ~,7ho will represent 
the participating agency and providing agency in 
policy matters 

The responsibility and authority of the providing 
agency to ~upervise project personnel and establish 
personnel policy 

The responsibility and authority of the providing 
agency over joint-use facilities and equipment 

The retention by participating agencies of control, 
responsibility, and authority over their personnel, 
facilities and equipment that may be used in the 
cooperative project 

Identity and authority of persons responsibh~ for 
the review of the agreements and for the determina
tion of compliance. 

These and other administrative elements suitable to the 
unique environment and nature of the proposed project should 
be negotiated between the parties and made part of the written 
agreement to participate. 
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7. Real Property and Equipment 

The cost-effective implementation of a multi-agency 
cooperative program should make maximum use of facilities, 
property and equipment available from the participating 
agencies. The agreement should identify these properties and 
materials; it should establish the rules under which the 
properties and materials are to be used. Some key considera
tions are: 

Identify each item of property and equipment that 
is to be transferred to the use of the cooperative 
system 

Establish the value of the property and/or equip
ment ~nd show the method used to establish the 
value 

Provide for the return of the property and equip
ment upon termination or cancellation of the agree
ment 

Define the method to be used to establish the value 
of property and material to be returned to the 
original supplier upon the termination, modifica
tion, or cancellation of the agreement. 

8. Duration, Termination, and Amendments 

The agency agreement must provide for modif~cation to 
the agreement during its term. It m~s~ also deflne the . 
duration of the agreement, make provlsl0ns for cancellatlon 
of the agreement, and disclose how the agreement is to be 
terminated. The followi,ng items should be included: 

The term of the agreement 

The circumstances under which,the agreement can be 
terminate(i during its intended duration 

The terms under which the agency can withdraw from 
the agreement 

The circumstances under which either party can 
cancel the agreement 

Procedures for amending the agreement during its 
intended term 

Disposition of property and equipment upon termina
tion or cancellation. 
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9. Other Provisions 

The ag~pcy agreement is a custom document generated to 
'reflect the unique needs of the specific circumstance and the 
environment in which the mutual agreement is being generated. 
Each agreement will include terms and conditions of an individual 
nature. Key among these are the following suggestions: 

Method of resolving disputes; for example, arbitra
tion, application of appropriate State or Federal 
laws, etc. 

Identity of the court of jurisdiction for adjudicating 
disputes. 

Definition of terms used in the agreement. 

Statutory status and filing of the agreement. 

Interrelationship of agreements. 

* * * * * 
The drawing of inter local contracts and agreements to provide 

public services or hold public property for the mutual advantage 
of multiple governmental organizations may be subject to local, 
state, or Fede:ral regulations and/or la~"$.. These documents should 
be drawn up under the advice of legal counsel to insure their 
status as legal instruments. 
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APPENDIX C 

STATEMENT OF WORK 

I. INTRODUCTION 

The Introduction to the Statement of Work (SOW) should provide 
a general overview of the project to enable a better understanding 
by the responders. The key elements of this appendix are outlined 
in the following sUbsections. 

1. Background of the project· 

A brief historical description of the origin of the 
procurement and the constraints imposed on the design. 

2. Objective of 'the Procurement 

A brief discussion of the main system objectives to be 
achieved by the procurement. 

3. Scope of the Procurement 

A basic and brief outline of the hardware, software, and 
services that are being purchased. These may include, for 
example: 

Hardware 

Software 

System Design 

Installation 

Testing 

Training 

Maintenance. 

II. INSTRUCTIONS TO BIDDERS 

This section of the Sow will provide the bidders with all the 
information needed to respond correctly to the bid request. 

1. Procurement Schedule 

The schedule time and dates for responding to the bid 
request will include: 

Time and place of the pre-bid conference 

Time and place bids and proposals are due 

III..".45 
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Bid and proposal opening time, date, and place 

Proposed contract award date 

Expected date of contract completion. 

2. Authorized Contracts 

The persons who are authorized to respond to bidders' 
requests will be identified prior to bid opening. These 
may be restricted to the: 

Procuring officer 

Technical consultant. 

The statement should be made regarding how the issues 
raised by these contacts will be reporteq.to the other bidders. 

3. Bid and Proposal Requirements 

Each of the items to be submitted as part of a responsive 
bid will be defined. Any limitations should be included in 
the description. These items would include, for example: 

Itemized cost proposal 

Technical proposal 

Management proposal 

Provisions for alternate proposals 

Proposal limitations regarding page count, standarG\
ized forms (cost proposal), proposal size, unneces
sary artwork, and number of copies to be submitted. 

4. Qualifications of the Bidders 

The contractor for a high technology system must be 
qualified, technically and financially, to complete the 
required work. These qualifications should be expressed in 
the sow by requiring reasonable responses to limits imposed 
on: 

Bidders' facilities and financial resources 

Performance history in terms of references and a 
list of similar and recent contract work 

Support facilites such as field maintenance shops, 
training facilities, and spare parts replacement 
depots 
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The quality and availability of personnel for 
management, supervision, and technical staff. 

5. Proposal Evaluation criteria 

Criteria should be established for the comparative 
evaluation of: 

Technical proposals 

Cost proposals 

Management proposals. 

These criteria should be clearly defined in the sow so 
that each bidder will understand the emphasis placed on the 
requirements of the RFP. 

6. Contract Award 

The sow will identify the type of contract to be awarded 
the successful biddgr ___ wh~ther or not this contract will be 
awarded without preL:"f:; ,~~;..ct discussions. 

'-' "-'~~-

7. Indemnification 

The purchaser should require indemnification against 
damages imposed through intentional or unintentional acts of 
-the contractor. High technology system procurements will 
need indemnification against the improper use of patented 
items or processe$ •. All procurements which include services 
such as installation and test will be well advised to require 
indemnification from damages resul·ting from the actions of 
contractors' employees or agents. 

8. Titles and Rights 

Rights of the purchaser and ownership of titles will be 
clearly defined by the sow. These items include statements 
related to: 

The transfer of title to equipment and software 

Rights to data and software developed or provided 
as part of the contract 

Rights and title to the submitted proposals 

The right to reject proposals 

The right to negotiate with any bidder 

The right to cancel negotiations or the contract. 

Legal counsel should be consulted for the scope, content, 
and wording of this subsection of the sow. 
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9. Bonds, Insurance, and Warranty 

Each governmental entity· will have its own limits for, 
and description of, the bonds, insurance ana warranty provisions 
for contractor provided material and services. Frequently 
there will be state regulations which also must be adhered 
to. These requirements will provide for: 

Performance bonds 

Workman's compensation 

Comprehensive liability insurance 

Warranty on workmanship and materials. 

The purchasing department of the major governmental 
agency included in the program will provide counsel as to how 
these requirements are to be included in the SOW. 

10. Costs of Proposal Preparation 

The SOW should state clearly that any costs related to 
the preparation of bids or proposals can not be included in 
the proposed cost of the project or billed back to the purchaser 
in any manner. 

11. Contract Disputes 

At the option of legal counsel, the SOW may indicate the 
means by which the governmental agency resolves contract 
disputes. This will be a function of the governmental body 
and will not be an option of project management. These 
provisions may include: 

The procedure and method of resolving contract 
disputes 

Termination of contracts for cause 

The assessment of liquidating damages 

The ~dentity of the court of juri$diction. 

12. Applicable Federal/State Laws and ~egulation 

When State or Federal laws/regulations affect the system 
design, its operation, or allowable use, these laws or regula
tions should be identified in the SOW. 
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III. SCOPE OF WORK 

This section of the SOW defines the items of work expected of 
the contractor; the specific tasks required by the contractor are 
described in detail. 

1. Services to be Provided 

High technology systems will require professional 
services to be performed by the system contractor in addition 
to the delivery of hardware and software items. Typical 
services to be provided are: 

System design which can include system engineering, 
'radio propagation engineering, software development, 
and hardware development. 

Installation and debugging of hard'ware and software. 

Assistance in procuring required licenses and 
permits. 

Developing and conducting performance tests and 
acceptance tests. 

The preparation of sites and facilities,which can 
include construction, HVAC, emergency power, light
ing, installation of utility services, etc. 

2. Deliverable Items 

Each deliverable item should be identified in the SOW. 
Deliverable items include hardware, software, and services. 
The list will be unique to the complexity of the system to be 
procured. However, there will be some items common to all 
lists such as: 

Each item of electronic or radio hardware 

Each item of computer software 

Maintenance support 

Spare parts and spare module provisions 

Towers, buildings 'and other structures 

Manuals and documentation such as test plans, test 
procedures, maintenance manuals, operators manuals, 
user manuals, training aids, installation drawings, 
and test reports 

Progress reports and deficiency reports. 
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3. Delivery Schedules 

Each deliverable item should be supported by a delivery 
schedule. The SOW will require a formal and contractually 
obligated schedule for: 

Each item of electronic or radio hardware 

Each item of computer software 

Each tower or building 

The completion of all facility preparations 

Delivery of all manuals and documents 

The time and place of technical progress reviews 

The delivery of reports inclu0ing progress reports, 
test reports, discrepancy report:s, and the fina;L 
report or acceptance test report ./;~-:;;> 

,~/'"' 

IV. SYSTEM SPECIFICATION 

The system specification is a complete technical sys~em 
description which includes the system performance, system inter
faces, and system configuration. It places technical limits on 
these parameters and'adds reliability and/or maintainability 
requirements where appropriate. 

1. Hierarchy of Specification and Standards 
II 

Industry or regulatory specifications or standards 
frequently apply to the specification of ~ system. These 
should be identified. The hierarchy of these documents, as 
they apply to the system specification, should be defined so 
t.:hat conflicts between them can be resolved. 

2. System Description 

The system description includes the configuration of 
the system elements and their interconnection with each 
other. It is recommended that this be done graphically with 
supporting written clarification. The system description is 
derived from the system concept design. 

~. System Interfaces and Supporting Services 

The means by which the system interconnects with the 
world outside of the system should be fully described. These 
interfaces are relatively unique to each individual system, 
but some key interfaces will include: 
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External communication systems such a,s mobile 
radios, private telephone systems, data processing, 
digital ,data systems, alarms, microwave transmission 
systems, and similar facilities 

utility systems such as public access telephone 
systems commercial power systems, and water supplies 

',---.) 

Emergency operations such as emergency power services, 
fire protection, emergency medical serviceh':,,-·':.'::md 
civil disaster prev~~tion operations. ~.'~ 

Ii <".f\;,.I....--( 

4 . System Software \ .~ 
~~--:-

. The system specification will include a complete de scrip
tlon of the operations sottware and the applications software 
required to provide the needed system performance. 

5. System Operation and Performance 

The specification of system operat{6n and performance is 
~ailored to meet individual system requirements as developed 
ln the system concept. Typically these specifications will 
include a complete description of: 

The functional modes of system operation for routine 
system performance, emergency system performance 
and allowable fail-safe or degraded levels of 
performance. 

The calculated levels of personnel staffing for the 
operating staff, maintenance staff, and system 
management. 

6. Expansion Requirements 

Frequently, limitations on funding Qr other resources 
will prevent the initial implementation 9£ a sophisticated 
system from realizing the full potential of system operation, 
scope, and performance. When these expansion requirements 
are part of the initial system procurement, they must be 
fully described in the system specification. 

7. System Licenses and Approvals 

High technology systems may exceed the apparent limits 
of Federal or state licensing regulations and extraordinary 
procedures may be needed to acquire the necessary permits or 
licenses. These requirements should be clearly defined in 
the system specification. They will be unique to each specific 
system configuration and intended operation. 

III-51 

,'I '., 



( 

;; 
" 

" I 

-[ 

V. EQUIPMENT SPECIFICATIONS 

The equipment specifications define the quality and performance 
characteristics of each item of hardware and software needed to 
meet the system specifica·tions. The identity of each hardware and 
software item is derived from the system configuration diagram 
which waG developed as part of the system concept. 

1. General 

This subsection of the equipment specifications accumulates 
all items of the individual equipment specifications require
ments that are common among all iterits of equipment or software. 
It also defines the quality and quantity of each item of 
hardware and software that is required to meet the system 
configuration. Typical items that would appear under the 
general heading are: 

Applicable industry standards or publications and 
their hierarchy for this program 

Standard environmental conditions such as temperature, 
humidity, primary power, vibration, shock, dust, 
and dirt 

Deliverable equipment lists sho'W'ing the quantity 
required of each item including spares 

The required level of quality and workmanship for 
each hardware item. 

2. Individual Item Specifications 

Each equipment item will have an individual technical 
spe";ification which reflects its construction and performance 
as required to meet the system specification. These are 
derived individually from the severe than those needed to 
meet the system performance specifications. Software specifi
cations are typically combined with the equipment specification 
for the computer subsystem or the switching subsystem in 
which they are resident. 
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I. INTRODUCTION 

This system implementation plan for a digitally addressed 
trunked communication system (DATCS) for the Phoenix, Arizona area 
wa.s prepared by Booz, Allen and Hamilton and the Associated Public
safety Communications Officers, Inc. (APCO) in response to LEAA ' 
Grant No. 79-SS-AX-0013. 

1. BACKGROUND AND OBJECTIVES 

The Second Report and Order in the proceedings related to 
Docket, No. 18262, published by the Federal Communications Cornmuni
ca,tion (FCC) in 1974, promised relief for the increasingly more 
difficult problems of frequency congestion in the public-safety 
co~~unity. These proceedings allocated 200 channels in the 800 MHZ 
portion of the spectrum for "trunked" systems. In February 1977, 
LEAA receg:rri-zed that many technical, economic, and management 
questions about the app'lication of this newly available spectrum to 
public-safety operations must be answered before the potential 
benefits inherent in trunked ~ystems could be made available. 
Under LEAA Grant No. 77-SS~-99-6009, the Associated Public-safety 
Communications Officers, Inc. (APCO) was requested to analyze these 
problems; make appropriate recommendations -for future actions, and 
describe a program to demonstrate the potential capabilities of 
these new concepts. 

A series of programs under APCO Project 16 was initiated. The 
first of these (Project 16) resulted in an analysis of the technical 
and regulatory factors affecting the applicability of the 800 MHZ 
portion of the radio spectrum to law-enforcement communication 
system problems. A second program (Project l6A) identified specific 
operational capabilities and functional requirements that should be 
incorporated into a public-safety trunked communication system. 
The third program (Project 16B) provided specific planning assis
tance to two citieL (Lexington, KY and Phoenix, AZ), two counties 
(Bucks, PA and Salt Lake County, UT), and the State of Oklahoma for 
a feasibility study and basic implementation plan for DATCS demon
stration systems. 

Since November 1979, Phoenix has been participating in project 
l6B as one of the demonstration cities. The key objectives to be 
achieved are: 

To determine if DATCS can relieve municipal radio channel 
congestion in the Phoenix area 

To establish the potential of DATCS to ~ccomodate future 
Inunicipal'radio communications needs of a rapidly growing 
metropolitan area 

To address the solution of' the complex command/ control 
problems, confronting the public-safety agencies 

To develop a common DATCS to support, all public safety 
and/or other governmental communications requirements 
within the Phoenix metropolitan area 
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To provide a solution to interagency radio connectivity 
between governmental agencies appropriate to their mission 
responsibilities. 0 

?ther advantages of.o~eration~l flexibility are inherent in a 
dynamlcally programmed dlgltally ctddressed communication system. 
These have ~een evaluated as DATCS capabilities in determining the 
system re~ulrement. 

2. PROJECT DIRECTION AND PARTICIPANTS 

The project was under the direction of: 

John E. Simmons, Project Director 
Phoenix Fire Department 

Paul W. Salter, Deputy Project Director 
Equipment Management Division, city of Phoenix 

The participating public-safety agBncies include the following: 

Phoenix Police Department, Chief Seth Allen 
M:esa Police Department, Mr. Robert Gili'tes 
Glendale Police Department, Capt. Jerry Eldridge 
Scottsdale Policy Department, Mr. William F. Jordan 
Tempe Policy Department, Mr. Bill Pardee 
Phoenix Fire Department, Chief Thomas F. Sawer 
Mesa Fire Department, Mr. Robert Gates 
Tempe Fire Department, Chief R. E. Stayner 
Glendale Fire Department, Chief Bob Gilbreath 
Special Emergency (EMS), Chief Thomas F. Sawer 

Other participating governmental and public service departments 
and services include: 

Phoenix Building Safety, Mr. Max P. Wold 
Phoenix Civic Plaza, Mr. Dave Schupback 
Phoenix HUman Resources Department, Mr. Marvin Boles 
Phoenix Aviation Department, Mr. Robert Erickson 
Phoenix Public Transit Administration, Mr. Ed Colby 
Phoenix Engineering, Mr. William S. Wood 
Phoenix Parks and Recreation, Mr. Cecil P. Mason 
Phoenix Traffic Engineering, Mr. Bill Bain 
Phoenix Traffic Signal~, Mr. Walt Cicioni 
Phoenix Facilities Maintenance, Mr. Norman Smith 
Phoenix Streets Maintenance, Mr. Dick Shine 
Phoenix Sanitation Department, Mr. Harry I. Kelman 
Phoenix Equipment Management, Mr. Sam Collett 
Phoenix Sewers Department, Mr. Robert B. Steytler 
Phoenix Water Distribution, Mr. Lyle E. Orr 
Phoenix Water Customer Service, Mr. Jack Blaha 
Phoenix Water Production, Mr. Ken Daly 
l'1esa Public Works, Mr. Robert Gates 
Glendale General Services, Mr. Dave Hall 
Tempe Public Works, Mr. Bill Pardee 
Tempe Sanitation/Refuse, Mr. Bill Pardee 
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Each of the above listed public-safety and public service 
agencies have been active participants in the program, contributing 
to the interagency and intra-agency communications analysis and 
also the requirements analysis for the DATCS concept design. 

It has been the res~onsibility of the Project Director to 
develop this System Implementation Plan (SIP) with the technical 
assistance of Booz, Allen as engineeri.n.g consultants to APCO. The 
cooperation of all participating agencies and their personnel has 
been voluntary. There have been no binding ~o~it~ents required ~f 
the City of Phoenix or any of the other partlclpatlng governmental 
bodies. 
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II. SYSTEM CONFIGURATION 

_ The basic DATCS land mobile radio system for the Phoenix area 
nas been conceived to replicate current governmental radio system 
operations as closely as possible. The difference in function and 
response between the conventional radio system configuration now in 
use and the DATCS radio system should be nearly transparent to the 
mobile operator except that co-channel sharing will appear to have 
been eliminated. 

This philosophy directs that operations which require a unique, 
trained skill on the part of the mobile operator be minimized in 
the system concept. It also directs the avoidance of subsystem 
interfaces in which trunked technology or switching requirements 
might result in a degraded performance of existing communications 
systems. 

The configuration.of the Phoenix area DATCS is based in part 
on the system requirements discussed in the previous reports and in 
part on information provided by existing suppliers of trunked radio 
systems. It is noted that the equipments described as part of this 
DATCS radio configuration are not standard production items and 
have not been previously provided by the vendors in this definitized 
form. Further study by the vendor community may modify the final 
hardware and software offerings. This could result in changes to 
the system configuration. 

1. PARTICIPATING AGENCIES 

Candidate agencies for participation in DATCS include those 
who are mobile radio intensive (full participation) and those who 
are portable radio intensive (partial participation). At this 
time, there is also a question regarding the participation of the 
communities adjacent to PhOenix - a question that has not been 
resolved. The following subsections will discuss these groups 
individually. 

1) Phoenix Public Service Agencies 

The following list includes those City of Phoenix govern-
ment agencies that are mobile radio intensive and who would, 
by their method of operation, profit most from DATCS features: 

Eng'ineering 

Parks and Recreation 

Traffic Engineering 

Traffic Signals 

Facility Maintenance 

Human Resources 

Equipment Management 

Preceding page blank IV-5 
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-- Sani ta tion 

streets Maintenance 

Job Stimulus Program 
.. -

Building, Inspection 

Sewers 

Water Production 

Water Distribution 

Water Customer Service. 

Together, these 15 agencies report having 1,087 mobile 
units. " 

2) Phoenix Public Safety Agencies 

The Phoenix Police Department and the Phoenix Fire Depart
ment are portable radio intensive and plan to expand the use 
of mobile data terminals (HDT at UHF). This restricts the use 
of DATCS to those police and fire mobiles engaged in field 
operations or command operations in which the portable radio 
is not the primary means of communications. It is estimated 
that DATeS mobile radios could be installed in approximately 
25 percent of the police and fire vehicles - a potential total 
of 230 vehicles. 

2. NON-PARTICIPATING PHOENIX AGENCIES 

in DATCS because of unique requirements or limitations imposed on 
their radio systems: 

Aviation Department 

Public Transit Administration 

Special Emergency (EMS) 

Civic Plaza. 

3. ADJACENT COMMUNITY PUBLIC SERVICE AGENCIES 

Thefollowing agencies are mobile radio intensive and, by their 
method of operation, would profit most from DATCS fea"cures. However, 
at this time the question of thei:J::' participation with Phoenix is 
unresolved. 

Glendale General Service 

Mesa Public Works 

Mesa Public Sanitation 
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Tempe Public Works 

Tempe Sanitation and Refuse. 

Together, these agencies report having 623 mobile 
units. 

4. ADJACENT COMMUNITY PUBLIC SAFETY AGENCIES 

The public safety agencies adjacent to Phoenix are portable 
radio intensive, and it is assumed unlikely that they will participate 
in DATCS. These agencies include: 

Glendale Police 

Glendale Fire 

Mesa Police 

Mesa Fire 

scottsdale Police 

Tempe Police 

Tempe Fire~ 

If interagenc;y coordination required the installation of DATCS 
in the above public safety mobile units, it is estimated that no 
more than 10 percent of the public safety vehicles would be included -
approximately 20 mobiles, maximum. 

5. BASE STATION CONFIGURATION 

The proposed DATCS base station configuration for Phoenix and 
adjacent communities is shown in Figure II-I. The selection of 
base station locations at North Mountain, Thompson Peak, and South 
Mountain is driven by radio propagation experience at 450 MHZ; 800 
MHZ tests have yet to be initiated. 

The sites at North Mountain and Thompson Peak transmit and 
receive control channel information. Details of these installations 
are shown in Figure II-2. The site at South Hountain receives 
control channel information from the mobiles but does not transmit 
it. Details of this installation are shown in Figure II-~. 

The site controller at each site is fully programmable and 
capable of operating independently based on control channel instruc
tions. The two control channels transmit the same information 
simultaneously on different frequencies. Mobiles will home on one 
control channel until the signal is lost then seek and lock-on the 
other control channel. 
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The site controllers 'are connected through modems and ~n 
RS-232 interface to the master controller and master cont'rol terminal 
at DATCS control operation center. This terminal can make program 
changes in the site controllers, selectively turn off or turn on 
individual channels, key up individual transmitters, change the 
address code responses, and perform interagency coordination inter~ 
face switching as required. 

Alarm functio~s generated by the site controller are connected 
through modems and an RS~232 interface to the alarm board in DATCS 
control operation center. 

Receiver voting and transmitter steering information from each 
DATCS voice channel at each site are brought to the voter selector 
equipment at the DATCS control operation center. The control 
channels are not voted; voting is suspended from the back-up control 
channels when they are ~elected by the site controller. 

. . 
Audio signals into and out of the control channel receiver and 

transmitter at each site are interconnected at the control channel 
audio unit in the DATCS control operation center. Any bridging, 
amplif.ication, attenuation, or balancing required is done by this 
unit. 

The DATCS control operation center coordinates and controls 
the operation of the three base sta{tion sites and provides an 
interface for the restricted control terminals located at user 
agency locations. The master controller provides logic and switching 
for the multiple drop circuit to the agency terminals, and routes 
management information generated by site controllers to the journal 
recorder. The master controller is commanded by the master control 
terminal which can address the programming and coding of t:he master 
controller and the site controllers. 

The journal recorder is a magnetic tape transport that records 
all management information generated by site controllers, alarm 
board, and master control terminal. It prints out selective 
reports on its printer on command of the master controller. It. is 
intended that most management reports, except for spot reports, 
will be generated off-line from the journal recorder tapes. 

6. ~~QUENCY PLAN 

A proposed frequency plan for a 20-channel area DATCS for 
Phoenix is shown in Figure II-4. The reported number of public 
service mobile units in Phoenix and adjacent communities are more 
than enough for 70 percent loading of a 20-channel· mixed service 
group trunked radio system under present FCC Rules and Regulations 
(Part 90, section 90.375). 

The distribution of channels for North Mountain, Thompson 
Peak, and South Mountain is shown in Figure II-4. Channel 3 is 
the back-up control channel for North Mountain, and channel 4 is 
the back-up control channel for Thompson Peak. If a control channel 
failure (or deactivation) will require the use of channel 3 or 4 as 
a control channel, the transmitters and receivers for the back-up 
channel selected will berexempt from voting and transmitter steering. 
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7. ADDRESS CODES 

The digital address of all mobile units and control'station 
units has two parts, an individual unique address and a group 
address.' The combination of these two address codes informs the 
site controllers and the master controller which control stations 
and mobiles to include.in the request for a channel. Under normal 
mode operation, all mobiles assigned to a control station (group 
dispatch point) will be included in any group call. Mobile-to
mobile communicatibn within the group is achieved as in any repeater 
type conventional radio system. If temporary modification is 
required such as interagency coordination, intergroup mobile-to
mobile communication, the individual address portion of the address 
code enables unique routing by agency terminal or master terminal 
instruction to the controllers. Similarly, an individual mobile or 
control station can be. denied access to DATCS. 

8. MOBILE/CONTROL STATIONS 

Radio access to DATCS is accomplished 
control stations. Direct wireline control 
is not contemplated; the mode of operation 
tiona 1 repeater type radio system. 

by mobile stations and 
to the site controller 
is similar to a conven-

1) Mobile Stations 

The configuration of all mobile stations is shown symbolicalJ..~· 
in Figure I.I-I. The fr~quency selection for transmission and 
reception is determined by frequency synthesis constrained to 
the licensed channels by a programming plug or PROM .. switching 
logic decodes the information provided by the control channel, 
activating the channel change switching and displays if the 
address assigned to the unit is recognized. The mobile unit 
has a half-duplex configuration, using a T/R switch instead of 
a duplexer. 

Mobile displays include the following: 

Handshake indicating a request for channel has been 
received by the system 

Indication that the request has been accepted and a 
channel has been made available 

Indication that the request has been placed in queue 

Indication that the mobile unit has gone beyond the 
control channel range. 

The mobile radio has no external 
address code and has no capability to 
However, the mobile can have multiple 
switchable from the'control center. 
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2) Control Stations 

Control stations are the means by ~qhich control points 
and dispatch points access DATCS. There are no wireline or 
microwave control links to thti base station site controllers. 
The configuration of control stations is shown symbolically in 
E'igure III-li it is identical to the configuration of a mobile 
station. 

The displays at the control station differ from those of 
the mobile station. The control station displays include the 
mobile station displays in addition to the following: 

Code identity of the mobile unit in communication 
with the control station 

Code identity of units in the "calls waiting" queue 
for that· control station 

Identity of any mobile in the "calls waiting" queue 
which has exercised an emergency priority 

status data display of units assigned to the control 
station which has a status encoder. 

The control station may have the capacity to change its 
group address or to receive traffic from more than one group. 
This can be achieved by switching program plugs or PROMs. By 
exercising this option, a control station can change dispatch 
responsibilities to accommodate after-hour coverage. 

9. CONTROL POINTS 

The configuration for DATCS resuH.:.s in two types of control 
points: the master system control at DATCS control operation center 
and the control point at each agency. 

1) Master Control 

The master control is located at DATCS control operation 
center as shown in Figure III-l. The function of the master 
control is to monitor system operation as reported by the 
equipment status and alarm data provided by site controllers 
and to respond to al~rm status with corrective action. 

By means of the master control terminal, the 
of the master controller and site controllers can 
to aCAiev~ required changes to system operation. 
recorder and printer delivers hard copy of system 
and changes initiated by master contro1~ 
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The alarm board will alert the master control to faulty 
operation of any major unit at any of the three base station 
sites. Faulty operation of the master controller and the 
voting selectors on each voice channel is also shown on the 
alarm board. 

This position is viewed as bei~g manned 24 hours a day. 

2) Agency Control Points 

Agency control points are identified as control stations 
and, in some cases, control terminals on a drop-line circuit 
to the master controller. Some agencies may have multiple 
control points co1ocated at a single dispatch center. The 
police and fire dispatch centers in Phoenix may have access to 
a control station at each dispatch position. Other public 
service agencies may have separate control stations at several 
locations reflecting the multiple control point configuration 
of their command and control operation. 

Those agencies that would probably have control stations 
and the estimated number of control stations that each would 
have is shown in the following listing: 

Phoenix: 

Agencies 

EOC 
Police 
Fire 
Engineering 
Traffic Engineering 
Traffic Signals 
Facility Maintenance 
Human Resources 
Equipment Management 
Sanitation 
Street Maintenance 
Job Stimulus Program 
Building Inspection 
Se'llerS 
Water Distribution 
Water Cm~tomer. Service 
Parks and. Recreation 

Glendale: 

Mesa: 

Fire 
Police 
General Service 

Police/Fire 
Public Works 
Public Sanitation 

Scottsdale: 
Police 

Tempe: 
Police 
Fire 
Public Works 
Sanitation/Refuse 

Number of Control Stations 

7 
6 
4 
4 
1 
1 
2 
1 
1 
4 
2 
1 
2 
2 
2 
1 
2 

1 
2 
2 

3 
6 
4 

1 

2 
2 
3 
1 
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The agency data terminals are restricted to those agencies 
that have the need to change fleet assi.gnments frequently and 
have the technical skills to operate a computer terminal. 
Each terminal would be restricted by software protection to 
the activities of the agency in which it is installed. Candidate 
agencies for terminals include: 

Phoenix Police 
Phoenix Fire 
Phoenix EOC 
Phoenix Engineering 
Phoenix streets Maintenance 
Phoenix Water Production 
Phoenix Water Distribution 
Mesa Police/Fire 
Mesa Public Works 
Scottsdale Police 
Glendale-Police 
Tempe Police 
Tempe Public Works 

10. SYSTEM OPERATION 

The philosphy of system operation requires that the current 
command and control procedures of the participating agencies be 
largely unaltered in DATCS operation and, to the degree possible, 
the functions of DATCS will be transparent to the mobile radio 
operators. The system concept and operation are based on that 
philosophy except to resolve existing deficiencies or to employ 
digital system technology where it is found to be desirablo. The 
fol~owing subsections will address DATCS operation only and will 
not review the existing operating procedures of the candidate 
agencies. 

1) Control Station/Mobile Station Operation 

The half-duplex configuration of control stations and 
mobile stations is symbolized in Figure II-I. The main 
difference is the degree of control each can exercise and 
differences in the output displays. Each responds to control 
channel commands and each,accesses the control channel(s) in 
the same way. Both have frequency synthesizers which span the 
entire 800 MHz trunked radio spectrum and are constrained to 
the licensed channels by a replaceable code plug or PROM. The 
code plug or PROM will also determine the unit address and the 
group address. 

Control Stations 

The control station is the means by which the dispatch 
center or control point accesses DATCS for communication 
with its mobile fleet and possibly other control stations. 
There is no need for wireline or microwave control links 
between the dispatch points and the base station sites. 
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The control station idles on the system control 
channel. When initiating a call, the control station 
will be switched to an unoccupied channel together with 
all mobile units or control stations having the same 
group address. A mobile unit or control station in the 
same group initiating a call will cau~e the,control 
station to switch to the same unoccupJ.ed vOJ.ce channel 
assigned by the site controller. 

The displays of a control station will include: 

Handshake indicating a request for channel has 
been received by the system 

Indication that a requested channel has been 
assigned 

Indication that a channel request has been 
placed in the waiting queue 

Code identity of the mobile unit in communi
cation with the control station 

Indication that there are units in the "calls 
waiting" queue 

Indication that a unit in the "calls waiting" 
queue has exercised an emergency priority 
request. 

If the control station is part of a dispatch center 
for public safety operations, the following displays 
should be added: 

Status display for those mobile units provided 
with a status encoder 

Code identity of the units in a "call wai t,:ing" 
queue 

Code identity of a unit which is exercising an 
emergency priority request and is either in the 
"cq.ll waiting" queue or in communication with 
the control station. 

The control stations will have more control flexibility 
than the mobile stations. This flexibility includes 
manual switching of code plugs or PROMs to effe~t c~anges 
in fleet configuration or for interagency coordJ.natJ.on. 
The public safety control statio~s,will also have an 
emergency priority request capabJ.lJ.ty. 
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Mobile Stations 
II 

Mobile stations are simil<il.:t' in configuration 
and function to control stations. Displays are 
limited.to the following: 

Handshake indicating a request for channel has 
been received by the system 

Indication that a requested channel has been 
assigned 

Indication that a channel request has bean 
placed in the waiting queue 

Indication that the mobile is beyond the range 
of ,a system base station. 

Hobile controls and switching capability are limited. 
The mobile will not be able to change its address codes 
or group assignment. Mobiles can be provided with 
multiple code plugs or PROMS. which can be switched by the 
master controller. Mobiles can also be provided with a 
"repeater talk-around" switch for use outside the Phoenix 
area; public safety mobiles can be provided with an 
emergency priority switch. Those agencies with a central 
dispatch and/or CAD can also add a unit s'tatus reporting 
encoder to their mobiles to drive a status display at the 
dispatch center and update the CAD status displays. 

2) Base Station Operation 

Base station operation is similar to conventional radio 
repeater type operation except for the site controller functions. 
There is a conventional repeater installation for each DATCS 
voice channel at each base station site. There is a conventional 
repeater installation for the control channel at North Mountain 
a'nd Thompson Peak. A digital site controller manages the 
DATCS functions at each site. The basic functions of the site 
controller are: 

Recover and decode inbound control channel requests 

Select and assign unocc~pied voice channels as 
requested 

Generate and encode outbound control channel signals 
directing system users to assigned <~hannels 

Moni~tor voice channel activity 

Generate subaudible 'or digital code information on 
voice channels to unmute authorized receivers 

Control base station repeaters 
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Identify all base sta'tion repeaters in accordance 
with FCC regulations for transmitting station 
identification 

Monitor and report to alarm panels all base station 
abnormal conditions 

Provide system management interface for the master 
controller and master control terminal. 

The remote master controller and master control terminal 
will have a wide range capability to modify the applications 
program in the site controller. 

3) Mobile-to-Mobile Operation 

Mobile-to-mobile communication is inherent in a repeater 
type operation. within the group address, all mobiles will 
hear and be in communication with all other mobiles in 'the 
same address group. Intergroup mobile-to-mobile communication 
can be initiated by the dispatcher or master control terminal 
using the individual unit address. These one-time intermobile 
links can be set up by keyboard entry or by cross-channel 
patching. 

4) Mobile Talk-Around 

The ability of the mobile to talk around the repeater 
car-to-car in a half-duplex operation (single frequency 
simplex in both directions) is a manually selected option of 
the mobile control head.. The option is automatically disabled 
within the range of a control channel signal. Outside the 
range of a control channel signal, the option (if selected 
manually) will. place the mobile in a single frequency half
duplex mode on a frequency previously programmed from among 
the frequencies available through the program code plug or 
PROM. The intent of this option is to enable the possibility 
of minimal communications between Phoenix area mobiles ~"hile 
they 2.re out of range of the Phoenix DATCS. 

5) Portable Radio ~nterface 

Estimates by industry sources place the very earliest 
availability of a technically acceptable frequency synthesized 
trunked portable radio in the 1983-85 time frame. until such 
portable radios. are available, trunked radio system equipment 
configurations will include only base stations, control 
stations, and mobile stations. 

Public safety radio systems in Phoenix, Glendale, Mesa, 
and Tempe are portable radio intensive. The significant 
inves·t.ment in this mix of VHF high band/UHF portable radio 
equipment must be protected. These existing equipments must 
be permitted to operate without modification with the trunked 
radio system. 
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The public safety agencies will con·t:.inue using the portable 
radios on conventional VHF/UHF radio channels and manually cross 
patch these channels into the trunked system at the dispatcherls 
console when crossband coordination is required. Conventional 
VlIli'/UHF frequencies will be retained for portable radio operation 
and the trunked system will be used for the mobile radios. 

6) MDT/CAD Interface 

Public safety agencies in Pho,enix and adjacent communities 
plan a continuing expansion of mob},le data terminals (MDT) and 
expanded computer aided dispatch (CAD) operations. In-depth 
technical studies will be needed to investigate the effects of 
dil;:rital communications transmis sion characteristics of 800 MHz 
on MDT operations~ particularly as these relate to data error 
rate limitations, permissible data rates, error detection and 
correction codes, and message retransmission limitations. These 
questions are unresolved at this time, and a judgement has been 
made to continue MDT operations on UHF until more definitive 
technical studies can be provided. 

Manually activiated status encoders can be installed in 
public safety vehicles and interfaced with the DATCS mobile 
radio~ This status information can be decoded at the public 
safety dispatch centers, displayed on a status board, and 
passed on to the CAD computer to update the CAD status displays. 

7) Interagency Communicat.ion 

Interagency communication in the DATCS concept can be 
accomplished by the following key methods: 

Radio channel cross patching or phone patching at 
the disp~tch consoles. 

The pattern of interagency coordination connectivity 
can be programmed into the controllers and activated 
by terminals installed at key dispatch centers of 
agencies where flexibility in fleet programming·is 
reqUired {see Figure II-l). 

Routine and frequently activated cross-agency com
munication routes can be programmed into the control 
station code plug or PROM, and these code plugs or 
PROMs can be manually switched. 

The provisions for mobile radio interconnect to the 
Phoenix Centrex t.elephone system wil'l enable any 
mobile so equipped to communicate with any municipal 
agency which is on the Centrex system. 

Any individual method or combination can be configured into 
the vendor's proposal as best suited to his hardware and software. 
offerings. 
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8) Phantom Groups 

Temporary one-time nef;f~t~ ~€or mul ti-agency respon~le or 
intra-group limi ted n~spori:8e ~\an be satisfied by creating a 
software "phantom grOl..lp" to which individual vehicles can be 
assigned by their unit address code. This assignment will not 
alter the fixed unit address code or group address code of the 
imtolved mobile. Cancellation of the "phantom group" will 
return all mobile units to their original group. 

9) Degraded Operation 

The DATCS system redundancy offered by the three-base 
station site configuration makes it unlikely that the Phoenix 
area DATCS will ever revert to a conventional radio channel 
operation due to controller failure. In general, the results of 
the key catastrophic system element failures indicate some 
coverage loss if North Mountain or Thompson Peak are shut down 
and some loss of talk-back capability if South Mountain is shut 
down. Only an extreme catastrophic failure of both North 
Mountain and Thompson Peak simultaneously will prevent the 
system from operating in a trunked mode. 

10) Intersystem Considerations 

The two types of intersystem operations to be considered 
are operations with other conventional radio systems and opera
tions with other trunked radio systems. 

Conventional Radio Systems 

Conventional radio system operations withi.'; t.he Phoenix 
area can be interfaced with DATCS by cross patching at the 
control consoles. Automatic cross .~ and repeaters will not 
be used for interconnection. 

Conventional radio system operations from outside the 
Phoenix area will not be interfaced with DATCS unles~ they 
are both terminated at the same dispatch center in the 
Phoenix area. Mutual aid police and fire channels at 
155.475 MHz and 154.280 ~1Hz could be included in this 
category, but it is unlikely that mobile units from outside 
Phoenix would require interconnection with Phoenix DATCS. 

Trunked Radio Systems 

There is no requirement placed on the Phoenix area 
DATCS for interconnectibility with any other planned or 
anticipated DATCS system outside the area. At this time, 
the hardware and software offerings of the key vendors of 
trunked radio systems are incompatible with each other. 
The signaling and control methodology and protocols are 
incomprehensible among the competitors' equipment. Mobile 
equipment supplied by the same vendor for a system outside 
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of the Phoenix area would be unable to access the Phoenix 
control channel unless it was by chance licensed for the 
same group of 800 MHz frequencies as Phoenix. The control 
channel search range would also have to include the Phoenix 
control channel frequencies. 

Unless Federal standards for control methodology and 
protocols are established, an attempt to achieve regional 
or statewide standardization to permit Arizona intersystem 
connectivity appears to be well beyond the scope or expecta-
tions of this project. ~ 

11. FAACILITIES AND PERSONNEL 

In keeping with the philosophy of m1n1mum change in operations 
and procedures to implement DATCS, there will be no change in the 
dispatch or control point locations now used by any participating 
agency. Control stations will replace the need for a telephone line 
or micJ;owave channel between the coni..:rol points and the base station 
sites. f'nme dispatch console modifications will be required to 
accommoda'~ the DATCS control functions along with the conventional 
radio channel controls currently installed. Some modification of CAD 
software and hardware may be needed to a.ccept status reporting codes. 
Facilities ahd personnel requirements unique to DATCS are discussed 
in the following paragraphs. 

1) Facilities 

Unique facilities at the base station sites and at the 
DATCS control operations center ~Ilill be a consideration. 
Specialized maintenance facilities will be required. 

Base Station Si~es 

It is intended to use existing equipment shelters and 
power systems at North Mountain, Thompson Peak, and South 
Mountain. Tower space and intermodulation studies may 
require the erection of a separate antenna support struc
ture at each of the three locations. 

DATCS Control Operations Center 

Space must be provided for the DATCS control operations 
center. This will require a computer environment for 
housing the master controller and the peripheral alarm 
board, journal recorder, printer, and master control 

.' 

terminal. The voter selector installation and the control 
channel audio integration equipment are' also a part of the 
center but need not be colocated with the computer controller. 
Th~ area must include personnel space for manning the 
center 24 hours a day and should also provide office space 
for the system manager. 
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Maintenance Facilities 

, Special maintenance facilities for the DATCS should be 
1ncluded. A full- time main,tenance program is anticipated 
to keep all o~ the DATCS system elements functioning at a 
level of qua11tY,needed to minimize performance differences 
betw~en the mult1ple channels. This f&cility must store 
spec1al ~arts/modules and will feature special tools and 
test equ1pment. 

Personnel 

Personnel considera~ions include management personnel, 
system personnel, operat1ng personnel, and maintenance personnel 
Personnel staffing will be critical to the success or failure of· 
the DATCS concept. 

Management· 

, It is suggested that DATCS be managed by an organiza
t10n.separate from the user organizations. The high" technology 
requ1rements of DATCS calls for specialized telecommunications 
management which can not usually be spared from the indivi-

'dual user trrganizations. Auser group should be formed to 
set ~olicy and re;riew operations but day-to-day management 
should be,ves~ed 1n a dedic~ted manager. The existing pool 
of commun1cat1ons managers 1n the Phoenix area should 
provide the resources for selecting the DATCS manager. 

System Maintenance Personnel 

Software maintenance'and hardware maintenance will be 
a full-time occupation to keep the quality of this high 
technology system to an expected standard. Thorough 
understanding of the system operation, operation software 
and applications software will be required, suggesting th~ 
need for a systems analyst who can maintain the software 
and provide needed modifications. 

Hardware maintenance will require special skills to 
ob~ain a~d retain 800 MHz integrity. Maintenance personnel 
s~111ed 1n cc;>mputer op~rations, terminals, and displays 
w111 be requ7red. ,It 1S assumed that providing training 
for th~se,sk111s w111 be part of the vendor obligations. 
The eX1st1ng pool of systems personnel and hardware main
tenance personnel responsible for the CAD and MDT systems 
should be an integral part of this staff • 

Operating Personnel 

The DATCS control operation center is conceived as a 
24-hour-a-day operation. One terminal operator/ controller 
per shift would appear to be adequate. This could be a 
shared responsibility once DATCS has become operational and 
deb~gged. This would require approximately five specially 
tra1ned persons, probahly drawn from the existing CAD/MDT 
staff. 
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Support services such as purchasing, financial control, 
audits, benefits administration, facility maintenance, and 
the like are assumed to be provided by the city of Phoenix 
using existing municipal facilities. 

12. ESTIMATED COSTS 

This section presents engineering cost estimates associated with 
implementing a digitally addressed trunked communications system 
(DATCS) in the Phoenix area. The configuration of the DATCS is 
described in the system concept report dated September 15, 1980. 
Costs are presented in two parts: 

Non-Recurring Costs - One-time capital investment cost 

Recurring Costs - Ongoing costs associated with owning, 
operating, an~ ma~ntaining the system 

These cost estimates represent the best information available at 
this time. Much of the hardware and software has not been produced 
in the specific form and function required by the system concept. 
Therefore, a number of assumptions were required based on engineering 
experience, discussions with the vendor community, and representative 
cost experience of commercial trunked system owners. 

The cost estimates will also need adjustment as new information 
becomes available. No attempt has been made to factor in the ' 
inflationary pressures or to extend the value of these funds into 
some future date when implementation of DATCS is more probable. The 
degree of determination on the part of the vendor community to pursue 
the trunked system market ana the competitive posture of that market 
at the time of implementation will be the final arbiter of these 
estimated costs. 

1) Summation of Estimated Non-recurring Cost 

The following summation includes the estimated initial one
time cost for fixed installations and mobile installations for 
Phoenix area DATes. The break-down. of these estimated costs is 
shown in the following subsection. 

Fixed Installations 

North Mountain $ 322,000 
345,000 
312,000 
.299,200 

Thompson Peak 
South Mountain 
Control Operations 
Maintenance Equipment 
Control Stations (Phoenix) 
Control Stations (Adjacent citiE~s) 

SUBTOTAL - FIXED INSTALLATIONS 
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77,000 
246,500 
121,500 

$1,723,200 
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Mobile Installations 

Phoenix Public Service 
Phoenix Public Safety 
Adjacent Community Public 

Service 
Adjacent Community Public 
Safety 

SUBTOTAL - MOBILE INSTALLATION 

Engineering Services 

$2,486,300 
529,000 

1,432,900 

46,000 

$4,494,200 

$ 125,000 

TOTAL ESTIMATED NON-RECURRING COSTS $6,342,400 

2) Cost Detail - Estimated Non-recurring Cost 

The following \::ost .estimates assume that the 12 GHz microwave 
syste~ at North Mountain and South r10untain has sufficient channel 
capaclty to accommodatw the DATCS requirements for centralized 
c~ntrol. If this is not the case, additional microwave terminals 
Wl.ll h<;tve to be added to the estimated cost of North Mountain, South 
Mountaln~ and Control Oper~tions. It is also assumed the Maricopa 
County mlcrow<;tve system t.e Thompson Peak does not have the spare 
channel capaclty to accon~~date DATCS. Therefore 6 GHz microwave 
terminals are added to the estimated costs for Thompson Peak and 
Control Operations. The exact configuration of the DATCS trans
mission system will be an output of the required engineering study. 

North MOilntatn Estimated Costs 

Repeaters $9,500 
Multicouplers/Combiners $10,600 
Duplexers $600 
Antennas/Transmission Lines $800 
Site Controller $45,000 
Modems $300 
Tower 50' X $llO/ft 
Microwave Interface Modules $300 
22 Channel MUX $615/ch 
Installation (5%) 

Thompson Peak Estimated Costs 

Repeaters $9,500 
Multicouplers/Combiners $10,600 
Duplexers $600 
Antennas/Transmission Lines $800 
Site Controller $45,000 
Modems $300 
Tower 50' X $llO/ft 
Microwave Interface Modules $300 
22 Channel MUX $615/ch 
6 GH Microwave Terminal $22,000 
Installation (.5%) 
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qty. 19 . 
qty. 4 
qty. 4 
qty. 4 
qty. 1 
qty. 2 
qty. 1 
qty. 45 
qty. 1 

qty. 19 
qty. 4 
qty. 4 
qty •. 4 
qty. 1 
qty. 2 
qty. 1 
qty. 45 
qty. 1 
qty. 1 

$ 180,500 
42,400 

'. 2,400 
3,200 

45,000 
600 

5,500 
13,500 
13,500 
15,400 

$ 322,000 

$ 180,500 
42,400 

2,400 
3,200 

45,000 
600 

5,500 
13 ,500 
13,500 
22,000 
16,400 

$ 345,000 
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South Mountain Estimated Costs 
Repeaters $9,500 
Receives $750 
Multicouplers/Combiners $10,600 
Duplexers $600 
Antennas/Transmission Lines $800 
Site Controller $45,000 
Modems $300 
Tower 50' X $llO/ft 
Microwave Interface Modules $300 
21 Ch MUX $6l5/ch 
Installation (5%) 

Control Operations Estimated Cost 
Master Controller $40,000 
Alarm Board $12,000 
voter Selectors $2",200 
Journal Recorder $17,000 
Master Terminal $3,500 
Agency Tenninals $2,700 
Printer $4,500 
Audio Subassembly $1,500 
Microwave Interface Modules $200 
65 ch MUX $615/ch 
6 GH Microwave Terminal $22,000 
Modems $300 
Applications Software 

qty. 18 
qty. 2 
qty. 4 
qty. 4 
qty. 4 
qty. 1 
qty. 2 
qty. 1 
qty. 42 
qty. 1 

qty. 1 
qty. 1 
qty. 18 
qty. 1 
qty. 1 
qty. 9 
qty. 1. 
qty. 1 
qty. 132 
qty. 1 
qty. 1 
qty. 6 

Telco Installation $125/line 
Radio Installation (5%) 

qty. 200 lines 

Maintenance Equipment/Spares Estimated 
Digital Test Sets $1,450 
Portable Digital.Analyzer $1,500 
Logic Probes $100 
Spectrum Analyzer $5,000 
800 MHz Signal Generator $1,200 
Spa.re Repeaters $9,500 
Microwave Interface Modules $300 
Spare Multicouplers/Combiners $10p606 
Spare Modems $300 
Spare Voter/s'electors$2,200 
Spare Terminal Keyboards $1,100 
Spare Boards and Modules (5%) 

Cost 
qty. 2 
qty. 4 
qty. 4 
qty. 2 
qty. 2 
qty. 3 
qty. 12 
qty. 1 
qty. 1 
qty. 1 
qty. 1 

Control Stations (Phoenix) Estimated Costs 

$ 171,000 
1,500 

42,400 
2,400 
3,200 

45,000 
600 

5,500 
12,600 
12,900 
14,900 

$ 312,000 

40,000 
12,000 
39,600 
17,000 

3,500 
24,300 
4,500 
1,500 

26,400 
40,000 
22,000 

$ 1,800 
30,000 
25,000 
11,600 

$ 299,200 

$ 

$ 

2,900 
6,000 

400 
10,000 

2,400 
28,500 

3,600 
10,600 

300 
2,200 
1,100 
9,000 

77,000 

Control station costs are estimated at $4,500 each, installed. The 
following tabulation estimates the number of control stations needed, their 
distribution, and the cost distribution. 
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EOC 
Police 
Console Modifications 
Fire 
Console Modifications 
Engineering 
Traffic Engineering 
Traffic Signals 
Facility Maintenance 
Human Resources 
Equipment Management 
Sani1;:.ation 
Streets Maintenance 
Job Stimulus 
Building Inspection 
Sewers 
Water ProdUction 
Water Distribution" 
Water Customer Service 
Parks and Recreation 

Control Stations (Adjacent Cities) 
Glendale Fire 
Glendale Police 
Glendale General Services 
Mesa Police/Fire 
Mesa Public Works 
Mesa Public Sanitation 
Scottsdq.,1.i~ Police 
Tempe Police 
Tempe Fire 
Tempe Public Works 
Tempe Sanitation/Refuse 

qty. 7 
qty. 6 
qty. 14 
qty. 4 
qty. 12 
qty. 4 
qty. 1 
qty. 1 
qty. 2 
qty. 1 
qty. 1 
qty. 4 
qty. 2 
qty. 1 
qty. 2 
qty. 2 
qty. 6 
qty. 2 
qty. 1 
qty-. 2 

Estimated Cost 
qty. 1 
qty. 2 
qty. 2 
qty. 3 
qty. 6 
qty. 4 
qty.> 1 
qty. 2 
qty. 2 
qty. 3 
qty. 1 

$ 31,500 
27,000 
14,000 
18,000 
12,000 
18,000 

4,500 
4,500 
9,000 
4,500 
4,500 

18,000 
9,000 
4,500 
9,000 
9,000 

27,000 
9,000 
4,500 
9,000 

$ 246,500 

$ 4,500 
9,000 
9,000 

13,500 
27,000 
18,000 

4,500 
9,000 
9,000 

13,500 
4,500 

$ 121,500 

Mobile Stations (Phoenix Public Service) Estimated Cost 

Mobile station costs are estimated at $2300 each, installed. ,The tabula
tions in this SUbsection and the following subsections related to mobile 
stations reflect the quantity of mobiles reported durinq the data surveys of 
Febru~ry a~d April 1980. The number of mobile units l.isted for public safety 
agenc~es w~ll also. relect the limitations of DATCS due to portable radio 
operations and the interface problems with MDT users. 
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Engineering qty. 119 $ 273,700 
Parks and Recreation qty. 64 147,200 
Traffic Engineering qty. 27 62,100 
Traffic Signals qty. 12 27,600 
Facility Maintenance qty. 52 119,600 
Human Resources qty. 32 73,600 
Equipment Management qty. 57 131,100 
Sanitation qty. 92 211,600 
Streets Maintenance qty. 89 204,700 
Job stimulus qty. 26 59,800 
Building Inspection qty. 72 165,600 
Sewers qty. 74 170,200 
Water Production qty. 114 262,200 
Water Distribution qty. 150 345,000 
Water. Customer Serivce qty. 101 232,300 

$2,486,300 

Mobile Stations (Phoenix Public Safety) Estimated Cost 

Phoenix Police (25%) qty. 170 $ 391,000 
Phoenix Fire (25%) qty. 60 138,000 

$ 529,000 

Mobile Stations (Adjacent Community Public Service) 
Estimated Cost 

Glendale General Service qty. J.30 
Mesa Public Works qty. 163 
Mesa Public Sanitation qty. 60 
Tempe Public Works qty. 230 
Tempe Sanitation/Refuse qty. 40 

Mobile Stations (Adjacent Community Public Safety) 
Estimated Cost 

Glendale Police (10%) qty. 8 
Glendale Fire (10%) qty. 3 
Mesa Police (lm1;) qty. 4 
Tempe Police (10%) qty. 2 
Tempe Fire (10%) qty. 2 
Scottsdale ,Police (10%) qty. 1 

Engineering Services Estimated Cost 

$ 299,000 
374,900 
138,000 
529,000 

9i,000 
$1,432,900 

$ 18,400 
6,900 
9,200 
4,600 
4;600 
2,300 

$ 46,000 

The estimated cost for engineering services is based upon the need for 
technical assistance as anticipated at this time. As better information 
becomes available, this need will change. The following items of technical 
assistance are considered vital to the implementation of DATCS: 
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Radio propagation testing and analysis 

Technical evaluation of vendor proposals 

Monitoring DATCS hardware/software implementation 

Evaluation of implementation debugging tests 

Analysis ,of acceptance test data. 

Adequate engineering suppor~ for the above is estimated at $125,000. 

3) Estimate Recurring costs 

The estimate of recurring costs does not include the cost 
of operating the existing communications system by each partici
pating agency. It is assumed that this cost '\V'ould not change as 
a result of impleme'nting DATCS as a equivalent transmission 
system. It is an objective of DATCS to minimize and change to 
the accepted operating procedures and practices of the partici
pating user organizations. 

The estimate of recurring cost does include the extra 
staffing and facilities needed to centralize the control and 
main'tenance of the unique DATCS equipment. There is no existing 
DATCS configuration similar to the configuration and functions 
required of this proposed system. Therefore, there is no reliable 
cost experience to reference and assumptions are ~ade based on 
experience with other digitally controlled, computer operated 
telecommunications systems. These estimated costs are sum
marized as follows: 

Maintenance Technicians $22,500* 
Control operator (24 hrs) $25,000* 
.Administrator $31,250* 

SUBTOTAL - ESTIMATED LABOR 

Maintemmce Parts Replacement 
Maintenance Training, 
EDP Services (Managereent Reports) 
Equipment Up-Dating 
utili ties (Te,lephone/power) 

SUBTOTAL - SERVICE COST 

TOTAL - ESTIMATED ANNUAL RECURRING COST 

* These estimated costs .include full burden. 
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qty. 4 
qty. 4 
qty. 1 

$ 90,000* 
100,000* 
31,250* 

$221,250* 

$110,000 
3,000 
3,900 

180,000 
12,000 

$ 308,900 

$ 530,150 
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These estimated costs assume that Phoenix 0:: ~n.equivalent 
governmental organization will take full respons1b1l1ty for syst~m 
o eration and maintenance for the benefit of all D~TCS user~. T ese 
c~sts also assume that early life failures and bas1c debugg1ng of the 
software are covered by warranty. 
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III. REQUIRED IMPLEMENTATION ACTIVITIES 

The implementat:ion of the system concept will proceed only after 
thorough review by the potential user agencies, their department 
heads, and the public safety director of each participating munici
pality. After this has been achieved and the implementation plan'has 
been officially sanctioned by each participating municipality, the 
satisfaction of licensing requirements is a.nother critical milestone 
that must be met before procure:tn,ent activities can be initiated. 

Federal Communications Commission (FCC) licensing requirements 
for large-scale 800 MHx trunked radio systems in local government 
service have not beer( clearly defined?or--te'ste,cl at this time. FOl
lowing local government approval, the initial Dnplementation activity 
must be directed toward satisfying all of the elements needed to 
secure reasonable assurance from the FCC that the trunked,radio 
system, as planned and ~pproved, can be licensed. 

< ; 1. LOC1~ GOVERNMENT APPROVALS 

Local government approvals will be achieved in three steps: 
securing of user agency agreements, development of funding agreements 
to implement and operate the system, and the legally binding com
mitment of the municipalities to participate in and support the 
system. 

1) Agency Agreements 

Signed agreements by each agency planning to participate in 
the trunked radio system must be acquired. These agreements 
will conform with.FCC requirements (Sections 90.359 and 90.179). 
As a minimum t.hey will include: 

(\ 
Agreements regarding the supervisi6~'" and control of 
the trunked system operation 

Method of cost sharing and prorating of costs among 
all cooperating parties 

Ra5ponsibiJ.,ity for maintaining system operation 
rE}cords;and filing reports with the FCC (Section 
90. 39l)~ • 

In addition to ,\ the items needed for FCC licensing, the 
agency agreements wii·} also include provisions for: 

Management authority over the system staff and equipment 

Centralized maintenance of system componetits 

Property, equipment and facilities provided by the 
user agencie~ and municipalities 

Ii 
Modification and/or termination of the agreement as 
subj.ect to FCC Rules ahd Regulations (Section (90.391). 
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Agency agreements will be the key element in securing the 
funding agreements ~nd municipal government approvals. 

2) Funding Agreements 

The acquisition of agency agreements will provide dimen
sions for revised cost estimates needed to establish funding 
requirements. These r'equirements will include estimates of non
recurring implementa.tion costs and recurring operations cos':':s. 
The following elements of cost will be identified: 

Implementatio, Costs 

Planning activities 
Professional services 

Hardware/software 

Facilities 

Installation/test/acceptance 

Personnel staffing and training 

Operating Costs 

Personnel salary and overhead 

Supplies 

Maintenance of hardware/software 

Equipment replacement 

continued training. 

The distribution of these costs among the funding sources 
will be decided, and firm commitments and/or agreements acquired. 
These funding sources will include: 

Federal and state grants funds 

Local municipal funds 

In-kind services, equipment, or facilities 

User agency cost sharing assessments 

Grants from private foundations 

Gifts from private sources. 

The funding agencies must approve and be committed to the 
funding plan before final and binding commitments w·iJ 1 be sought 
from the participating municipalities. 
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3) Municipal Government Approvals 

Based on the agency agreements and funding agreements 
achieved, firm commitments will be required from the municipal 
governments to assure continued project support and to respond 
to Federal and state grants requests. These approvals will be 
required in the form of resolutions or other legally binding 
documents. 

PRELIMINARY LICENSING CONSIDERATIONS 

The licensing of mUltiple base station wide-area trunked radio 
systems in local government service and public-safety service is not 
clearly defined by present FCC rules and regulations. Waivers to the 
present FCC rules and regulations may be required, particularly to 
Section 90.389 which restricts interconnection with telephone wire 
facilities and Section 90.375 which defines time limits for phased 
implementation. 

Before hardware and software commitments are made, preliminary 
discussions will be held with the FCC. An expression of assurance 
will be sought indicating that the trunked system, as planned and 
approved by the user agencies and their municipal governments, will 
receive favorable licensing consideration from the FCC when formal 
applications for licenses are submitted. 

3. IMPLEMENTATION SCHEDULE 

The detailed implementation schedule will be developed following 
assurances that the trunked radio concept will be licensable under 
FCC rules and regulations and that any revisions to the concept 
required by FCC evaluation of the system design has met the approval 
of the user agencies and the participating municipal governments. 
The implementation schedule will consist of two key interrelated 
parts, a system implementation schedule and a corresponding financial 
schedule. 

1) System Implementation Schedule 

The system implementation schedule will be a time-dependent 
schedule. The project will be defined in term.s of separate 
tasks with clearly defined milestones indicating the completion 
of each tasJe and defini ti ve measurable milestones leading to the 
completion of each task or project element. !1ajor tasks include: 

Project planning and reporting 

Engineering services 

Preparation of specifications 

Preparation and approval of statement of ~york 
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Solicitation of bids 

Contract award 

Facility preparation 

System licensing 

Equipment delivery/installation 

Test and acceptance 

Personnel training 

System cut-over 

System evaluation. 

-,[ 

Each major task will be supported by task breakdown schedules 
which define the subtasks needed to achieve the completion of 
each major task. 

2) Financial Schedule 

The financial schedule will be coordinated with the system 
implementation schedule. This schedule will be based upon the 
furtding agreements and will include the following major elements: 

Milestones showing each major commitment of funds 

The antount of funds from all sources and the date of 
their availability to the project 

The schedule dates for the submission of financial 
reports. 

The submission and distribution of financial reports will 
be elements of the financial agreements and governmental approvals. 

4. SYSTEM MANAGEMENT AND OPERATION 

The management and direction of the implementation program will 
be the responsibility of the program director. The program director 
will be supported by a full-time and part-time sta'ff representing 
each key function of this implementation program. These functions 
include: 

System Engineering - this staff function will be assisted 
by consulting engineers and the engineering staff of the 
successful system contractor 

Procurement - this staff function will be assisted by the 
purchasing and procurement personnel of the City of Phoenix 
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Finance - thi$ staff function~,.,ill be a part-time service 
provided by the City of Phoeni:x:, Division of l1anagement and 
Budget ' 

Facilities - this staff function related to the acquisition 
and preparation of special facilities for the equipment and 
personnel of the project will be provided on a part-time 
basis by the City of Phoenix 

Personnel - the project staff personnel are under the 
direct supervision of ,the program director; personnel 
activities such as job descriptions, salary determination, 
and benefits administration will be under the direction of 
the City of Phoenix unless the person is on loan from 
another municipal jurisdiction. 

In addition to the' project staff reporting to the program direc
tor, two advisory groups will be responsible for overall project 
policy with the project director serving as chairperson for each 
advisory group. These groups consist of: 

User Representatives - this group is composed of appointed 
representatives of each user agency; they provide direct 
liaison between the project organization and their respec
tive agencies. 

Government Representatives - this group is composed of 
appointed representatives of each municipality and state 
county government sections which have an operational or 
financial interest in the program. 

or 

It is intended that this management group be carried over in 
form and function to the operation of the trunked radio system after 
it has been installed, tested, and accepted. Additional personnel, 
needed to operate the system from a central location, will be added 
to the facility function of the project staff. A.t that time, the 
facility function will become a full-time staff position under the 
program director. 

5. PROCUREMENT 

The procurement of the trunked system will proceed in two 
sequential activities, system engineering and purchasing. 

I) System Engineering 

Technical assistance will be required to develop the engi
neering design of the trunked radio system based on the system 
concept. The key issues to be resolved before the procurement 
specifications can be prepared include: 
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Radio Propagation AnaJ.ysis - engineering analysis of 
800 MHz radio propagation from the three candidate 
base station sites will be conducted to determine 
radio coverage of the Phoenix area and to establish 
antenna patter characteristics. FCC Rules and Regula
tions (Section 90.379) clearly limit the effective 
radiated power and antenna elevation at each proposed 
site. 

switching Logic - the switching logic for the master 
controller, site controller, mobile stations, and 
control stations will be engineered to be compatible 
with expected vendor hardware offerings. 

Software - the system software for the master con
troller and site controller will be engineered to 
enable effecient software management from a master 
terminal. 

Digital Data an engineering st~d¥ will ~e condu~ted 
to establish the technical feasablllty of lntegratlng 
the existing mobile data terminals (MDT) into the 800 
MHz trunked radio system without degradation of the 
present MDT capability. 

Based upon the results of these technical activi~i7sl . 
systems engineering will prepare detailed system speclflcatlons 
and equipment specifications for competitive procurement. 

2) Purchasing 

The purchasing function will consist of th:e7 ~ey activi
ties: developing a statement of work (SOW), Sollcltlng competi
tive bids, and awarding a system contract. 

Statement of Work (SOW) - the SOW is a precise descrip
tion of the materials and services required of the 
contractor and the time domain in which delivery is to 
be made. The key elements of the SOW will be: 

Background and objectives of the project 

Required qualifications of successful bidders 

Services and support to be provided 
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6. LICENSING 

Quantit,ies of each equipment to be provided 

..,.. $.Q1;l.~dv.;I,e ;fQr ~lJ, deliverable items - hardware, 
software, services, and support items 

Soliciting Competitive Bids - competitive bids from 
all qualified vendors will be solicited by means of a 
procurement package which will include: 

State and city legal requirements 

Statement of work 

System specification 

Equipment Specifications. 

A one-step solicitation is anticipated in which each 
bidder will provide a technical proposal and a firm, 
fixed-price cost proposal for the complete instal
lation of an operating digitally addressed trunked 
radio system. 

Awarding the System Contract - the combined technical 
proposal and cost proposal most advantageous to the 
City of Phoenix and associated municipalities will 
identify the successful bidder. A firm, fixed-price 
contract without cost escalation is anticipated. 

The signed contract defining the equipment to be purchased and 
the quantity of that equipment will provide sufficient information to 
file applications with the FCC for system licenses. Present FCC 
practice for licensing 800 MHz trunked system requires the following 
minimum submission: 

Form 400 for each license requested (Section 90.357) 

Agreements with each user agency relative to control of the 
system (Section 90.179) 

Agreements with each user. agency relative to cost sharing 
of installation and operation (Section 90.179) 

Financial plan showing the service will be provided to user 
agencies at cost (Section 90.359) 

System description and specification (Sections 90.359, 
90.371, 90.375, and 90.379) 

Eligibility statement for each user (Section 90.359) 

Evidence of purchase orders placed for the equipment. 

It is probable that FCC waivers will have to be asked to extend 
the number of years for phased implementation of the system (Section 
90.375) and for the prov;isions for interconnecting with wire line 
telephone systems (Section 90.389). 
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. Technical support for negotiating system licenses with the FCC 
w1ll be requested of the engineering consultant and from the system 
contractor. 

7. FACILITIES ACQUISITION AND PREPARATION 

It is the responsibility of the program director to provide 
adequate facilities for the equipment and staff of the trunked radio 
system. Subject to revision by the engineerinq study, the following 
facilities will be required: -

North Mountain - equipment shelter for twenty 800 MHz 
repeaters, a site controller, ancillary equipment for the 
antenna subsystem, antenna support structure for four 
antennas" and appropriate power/climatic control equipment 

South Mountain - equipment shelter similar to North Mountain 

Thompson Peak - equipment shelter similar to North Mountain 

Phoenix Pbulic Safety Building - equipment shelter for the 
master controller/terminal, alarm equipment, recorders, 
printers, microwave terminations and other items of equip
ment associated with the central control function. Staff 
facilities for a program director, facilities manager, 
engineering, software/hardware manager, and programmer/ 
operators will also be required. 

Controlled maintenance will also require special facilities 
which are intended to be part of the Communications Section. r Eq)J,ipment 
Management Division, City of Phoenix. It will be the responsibility 
of the facilities manager on the staff of the program director to 
obtain these facilities and prepare them in a timely manner. 

8. PERSONNEL AND TRAINING 

Personnel for the management and operation of the trunked radio 
system will be identified and prepared for their assignments in 
coordination with equipment installation and test. It is intended 
that the project director and staff will continue in their positions 
after the trunked radio system has been installed and accepted? The 
additional people required to operate the system will be recruited 
and trained during the system installation test so that their services 
Gan be used'as much needed test personnel, alld the experience gained 
can serve as on-the-job training before the system becomes operational. 
It is anticipated that the following additional personnel will be 
required: 

Maintenance technicians 

Control operators 
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System programmer/analyst 

Facilities administrator 

Qty. 1 

Qty. 1 

Job descriptions for these positions will be developed by the 
program director and the personnel divisions of the City of Phoenix. 
Recruiting will be by public announcement of available job openings. 
It is anticipated that the positions will be filled by transfering 
presently employed, skilled personnel of the municipalities. 

, The training.a~d certification of all operating personnel, 
ma1~ten~nce techn1c1ans, and management personnel will be a contractual 
ob11gat10n of the system contractor. 

9. POST IMPLEMENTATION SUPPORT 

The ~ost implementation support program will address the funding 
and staff1ng needed for, sustained operation of the trunked radio 
system. 

1) Post Implementation Fundin.g 

The recurring costs of continued operation include the 
folloiwng major items: 

Personne~ - salary and benefits 

Maintenance - maintenance of the facilities and system 
ha:dware/software after the warranty and first-year 
ma1ntenance contract 

Supplies - all expendable materials used in operating 
and managing the system 

Training ,- refresher training and replacement training 

Utilities - power, telephone, and other services 
provided by an outside agency 

Equipment Replacement - periodic replacement of wor.n 
or obsolete equipment, i.e., equipment that can no 
longer be repaired economically. 

These costs will have been identified and submitted to the 
FCC,as,part of the licensing requirements; they will be reviewed 
per10d1cally. The costs will be billed to the user agencies in 
accordance with a formal developed and reported in each agency , 
agreement. 

2) Personnel Replacement and Training 

~The replacement of personnel and the updating of staff 
personnE:!l will be a recurring problem because there will be 
labor turnover. Recruiting of personnel will be by suitable 
public,announcement of job openings and the testing of applicants. 
Probat1onary employees will be trained by the technical staff. 
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3) Support Staff 

The system will have thl9 full-time services of equipment 
maintenance personnel and software system personnel. At least 
one senior system programmer/ analyst will be required. It is 
anticipated that a full-time staff of four specially trained 
main'tenance technicians will be required. Four qualified control 
oper;'ators will also be required to provide 24-hour service to 
the user agencies. 
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SUGGESTED AGENCY AGREEMENTS 

IV-4l 

i 
'I 

~ 
Ii 
il 
II 
II 
Ii 

Ii 
II 
ij 
ff 

~ 
~ 
f 
i 

I 
I 
~ 
j, 

Ii 
/1 -I 

! 
I 

t 
I! 
III 
! n 
U 1'1 

" 
d 
j.J 
I: 
! 
i 
I ~ I ' , 

r' 



-- --~---~ - ~ .... 
1 

r 

L 

-~. ~ .. ~~~~~--~------------------~----~--
_ ... _______ ~ __ r,..---~--_.- ~ ____ _..._ ~ 

I 
I 
.~ 
~:ili 

nn 
f !.' 
I..:.Jd 

fI] ILl 

u] 

I [] 
[1 

i LJ! 

Ii [] 

I ri 
I L •• u 

·1 

II [J 
! 

APPENDIX A 

SUGGESTED AGENCY AGREEMENTS 
" 

I. INTRODUCTION 

The agreement by two or more local government public safety 
agencies to enter into a joint enterprise which provides a mutual 
service of value to the participants is best documented by written 
agreements between the parties. By their nature, these agreements 
are highly individual tailored to the specific requirements of each 
program in each locality. This appendix to the System Implementation 
Planning Guide (SIP) is intended to suggest only a general outline of 
such agreements. The detai·ls and the order of presentation will 
depend upon each kind of enterprise contemplated, its complexity, and 
the immediate cooperative environment. Legal counsel should be 
consulted. 

II. 

1. Purposes of the 'Agreement 

The purpose of a written agreement is to describe the 
reason for the cooperative effort and the results that are 
expected to be achieved th:--ough mutual participation. By 
reducing this to a clear t.".I.1d unambiguous written statement, the 
1nvolved parties will fully understand their mutual participation. 
Equally important, the governing bodies of which the participants 
are a part will be able to determine the true nature of the 
program and the expected results and thereby provide their 
support. 

2. Scope of the Agreement 

The agreement should define the dimensions within which the 
terms of the agreement apply. The responsibilities and liabili
ties of each of the participants should be clearly documented. 
There should be no unwritten understandings between the parties. 

The following model outline of an agreement form provides a 
series of topical considerations to be evaluated during the 
development of an interagency agreement. The precise form of a 
specific agreement and the language to be used in each case 
should be provided by legal counsel. In many cases, standard 
legal form and substance is required by state or federal regulation. 

SUGGESTED MODEL OUTLINE 

The following topics and items are intended to delineate key 
considerations in the preparation of an interagency agreement. 

1. General Terms and Legal Base 

The general terms will include the following as a minimum: 

The identification of each participating agency 
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The requirements to be imposed on those agencies that 
may wish to participate at a later date 

The concise purpose of the joint enterprise and the 
mutually advantageous results that are expected to be 
achieved 

A statement of the legal authority under which the 
public agencies are able 'co contract with each other 
for the.stated purpose; this may be a state law, a 
local government act, a series of resolutions passed 
by the local governmental authorities, or similar 
authorization. 

2. Services ~o be Provided 

The services provided by each agency and to each agency 
will be defined. These include the following considerations: 

Definition of the services to be provided by each 
agency to the mutual system; these services could 
include, for example, equipment maintenance, equip
ment, facilities, operating manpower, support services, 
and similar items of value to the system •. 

Definition of the services the system will provide to 
each participating agency; such services could include 
the dispatching of field forces, management reports, 
statistical data, 'and similar items of value to the 
agency 

The definition of the quantity or extent of each 
service to be provided 

The responsibility each agency has for delivering its 
service and the responsibility the mutual operation 
has for delivering its services to each agency 

The extent of any back-up or redundancy to assure that 
services are delivered in a timely manner throughout 
the life of the agreement. 

3. Liabili ty 

A key element of the agreement between two or more public 
agencies is a clear definition of the liability each of the 
agencies has for the actions of other parties to the agreement. 
This is particularly true if one or more of the agencies pro
vides public services on behalf of the other agencies. Agree
ments to limit the liability exposure of participating agencies 
would-include the following considerations. 
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Responsibility for defending the provider agency in 
potential lawsuits 

I~d7mni~ication of the providing agency against lia
b~11ty Judgements against a participating agency 

Indemnifi~ation of,th7 ~articipating agency against 
lega~ act10ns or l7a~1l1ty judgements against the 
prov1der agency ar1s1ng from the normal provision of 
agreed-to services. 

4. Amount and Manner of Payment 

The providing agency must be reimbursed for t~e expenses of 
t~e servic7 it p70vi~es to the participating agenc1es. A por
~10n of t~1s ob11gat10n will fall to the individual participat-
1ng ag7nc1es: ~he,a~reement between the agencies must be specific 
regard1ng th1~ 1nd1v1dual responsibility and will be definitive 
of the follow1ng considerations: 

The specific services to be provided and the cost of 
each service 

The method by which the cost and value of each service 
is calculated 

The means of payment: for example, cash in-kind 
services, cash equivalent in material 0; equipment, 
and ~ny other valuable consideration agreeable to the 
part1es to the agreement 

Time' and manner payments are to be made 

Use of outside funding sources such as grants or 
gifts. 

5. Fiscal Procedures 

, Sound f~scal planning is key to the successful implementa
tl,on of pub~1c agency cooperative programs. The responsibility 
~f the prov1der agency for financial integrity must be defined 
1n ~he agency agreements. The agreement will specify the fol
low1ng elements: 

The type of financial records and how they are maintained 

The contents of the periodic financial reports and the 
~chedule for su~m~tti~g these reports to higher author-
1ty and to part1c1pat1ng agencies 

Access to the financial records by each participating 
agency 

Certification and/or audit of the records and finan
cial reports 
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Terms and conditions relative to the periodic reassess
rnent of rates charged for each service provided. 

6. Administration 

The administrative structure of the cooperative progrnm 
should be defined in the agency agreements. The authority and 
respons~bility of each agency for parti~i~a~ion in policy admin
istration and the authority and responslbl11ty for day-to-day 
operation should be included. Some of the key elements in the 
agreement are: 

The identification of the person(s) authorized to sign 
the agreement on behalf of each party to the agreement 

The identity of the person(s) who will represent the 
participat~ng agency and providing agency in policy 
matters 

The responsibility and authority of the providing 
agency to supervise project personnel and establish 
personnel policy 

The responsibility and authority of the providing 
agency over joint-use facilities and equipment 

The retention by participating agencies of control, 
responsibility, and authority over their p~rsonne1, 
facilities and equipment that may be used ln the 
cooperative project 

Identity and authority of persons responsible for the 
review of the agreements and for the determination of 
compliance. 

These and other a.dministrative elements suitable to the 
unique environment and nature of the proposed project should be 
negotiated between the parties and made part of the written 
agreement to participate. 

7. Real Property and Equipment 

The cost-effective implementation of a mUlti-agency cooper
ative program should make maximum use.o~ fa~i1ities,.property 
and equipment available from the partlclpatlng agenc7es. ~he 
agreement should identify these properties and materla1s; lt 
should establish the rules under which the properties and 
materials are to be used. Some key considerations are: 

Identify each item of property and equipment that is 
to be transferred to the use of the cooperative system 
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8. 

Establish the value of the propert¥ and/or equipment 
and show the method used to ~sta.Q;I,\l-~t>., t!l.e yp,lu~ 

Provide for the return of the property and equipment 
during the term of , the agreement and upon termination 
or cancellation of the agreement 

Define the method to be used to establish the value of 
property and material to be returned to the original 
supplier upon the termination, modification, or can
cellation of the agreement. 

Duration, Termination, And Amendments 

The agency agreement must provide for modification to the 
agreement during its term. It must also define 'the duration of 
the agreement, make 'provisions for cancellation of the agreement, 
and disclose how the agreement is to be terminated. The fol
lowing items should be included: 

9. 

The term of the agreement 

The circumstances under which the agreement can be 
terminated during its intended duration 

The terms under which the agency can withdraw from the 
agreement 

The circumstances under which either party can cancel 
the agreement 

Procedures for amending the agreement during its 
intended term 

Disposition of property and equipment upon termination 
or cancellation. 

Other Provisions 

The agency agreement is a custom document generated to 
reflect the unique needs of the specific circumstance and the 
environment in which the mutual agreement is being generated. 
The individual terms and conditions of each agreement should 
include the following: 

Method of resolving disputes, for example: arbitra
tion, application of appropriate state or Federal law, 
etc. 

Identity of the court of jurisdictio:n for adjudicating 
disputes 

Definition of terms used in the agreement 

Statutory status and filing of the agreement 

Interrelationship of agreements. 
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* * * * * 
The dra"tJTing of inter-local contracts and agreements to .. , provide 

public services or hold public property for the mutual advantage of 
multiple governmental organizations may be subject to local, s~ate, 
or Federal regulations and/or laws. These documents should be drawn., 
up under the advice of legal counsel to insure their stat.us as Ieg?-l' 
instruments. 
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APPENDIX B 

DATCS SYSTEM REQUIREMENTS 

This appendix has been derived from the review of the Task 6 
Report "Analysis of Problems and Requirements" by Phoenix project 
staff. The contents of this appendix are also contained in the Task 
7 Report "DATeS Design Concept" dated September 19, 1980. 
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APPENDIX B 

SYSTEH REQUIREMENTS U 
(I 

The system requirements have been ,'::Ieveloped from the review of 
the Task 6 report "Analysis of Problem~l( ~~'Ind Requirements" dated June 
15, 1980. The summation of this review;\ v;'ap developed during a 
meeting of Phoenix on July 23, 19WiJ-~nd.':::lsreflected in the following 
subsections '_1 --:"'" \\ 

1. WIDE AREA COVERAGE /i 
;'/ 

Radio coverage experienoe at UHF in the Phoenix area 'precludes 
any reasonable expectation t.;bat a \~ingle 800 HHz base station site 
will provide adequate cover~ge. 

(1) City of Phoenix 

The growth of Phoenix north to the Deer Valley area and 
northeast to Paradise Vally indicates North Mountain as a 
primary base station site covering both Phoenix and the northern 
communities. 

North Mountain has notable shadow effects from Squaw Peak, 
Phoenix Mountain, and Camelback which indicates a second base 
station at Thompson Peak would be required. 

A probable third base station site at South Mountain is 
indicated to ensure reliable talk-back coverage in areas where 
North Mountain has proved to be less than fully reliable on 
talk-back. 

(2) Suburban Participation 

The coverage of Glendale should be adequate from North 
Mountain and South Mountain. 

COhtrol channel coverage of Scottsdale; Tempe, and Mesa 
should be adequate from North Mountain and Thompson Peak. Talk
back coverage should be improved from Tempe and Mesa from the 
South Mountain site. 

Separate control channels at North Mountain and Thompson Peak 
will be selected by each mobile station according to the readability 
of each base station site control channel at the mobile receiver. 
All DATCS voice channels at the three base station locations will be 
voted for signal quality from the mobile--:3.nd the transmitters will be 
steered by the voter selectors for each trunked channel. There will 
be no simulcasting of multiple transmitters on the same channel 
frequency. 
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2. MULTIPLE DISPATCH POINTS 

The existing local government radio services in Pho7nix and 1 
adjacent communities .consists largely of independen~ rad~~ channei~~ 
each agency having its own command and control r7qu~remen s,over 
own fleet of mobiles. In its operation, CATCS w~ll,be repl~ca of 
this confi uration. Therefore, the DATCS concept w~ll not only. 
rovide fo~ a multitud.e of fleet and/or subfleet ad~re~se~ l?ut must 

~lSO be programmed to direct th7se subfleets to the~r ~nd~v~dual 
dispatch points by means of the~r address. 

The number of indiv'idual dispat.ch points for the City of Phoenix 
could include the following: 

Civic 
ments 
Radio 

Phoenix Police (12 positions) 

Phoenix Fir~/Ambulance (12 positions in new system) 

Engineering 

Parks and Recreation 

Traffic Engineering 

Traffic Signals 

Facility Maintenance 

Human Resources 

Equipment Management 

Sanitation 

Streets Maintenance 

Job Stimulus Program 

Building Inspection 

Sewers 

Water Prodq~tion 

Water Distribution 

Water Customer Service. 

This list assumes that:'. the Phoenix Bus/Transporta-t;:ion, Avi<;ttion, 
1 d EMS remain\outside of DATCS due to un~que requ~re-

~f a~~~i~n communicati'onssystems and also functions such as the 
Shops and purchasing' can be accommodated. 
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The adjacent communities, if they participa~e in DATCS, have the 
potential of adding at least the following dispatch points: 

Glendale police 

Glendale Fire 

Glendale General Services 

Mesa police/Fire 

Mesa Pll.blic Works 

Mesa Public Sanitation 

scottsdale police 

Tempe police 

Tempe Fire 

Tempe Public works 

Tempe Sanitation/Refuse. 

.In the final configuration, each,dispat~h ~oint mu~t be in~e
pendent of any other dispatch point w1thout 1nc1dental 1nteract10n, 
beb:e,en them except on command of the central controller. The mob1le 
will not have the capability to modify his address code and thereby 
change his dispatch point. .) 

To respond to an incident that calls for a,mobile,co~and post 
and a mix of public safety/public service agenc1eS respons1ble to the 
command post, the system controller cano~eate a phantom ?roup, and 
the mobile units can be attached to that group control p01nt by 
software instructions based on the mobile adqress codes. There would 
be no change needed in the mobile logic to create the phantom,group 
or to return the units to their original group and control p01nt 
assignment. 

3. INTERAGENCY COORDINATION 

The survey of Phoenix area .agencies* resulted in a p~ttern of 
interagency coordination connectivity though by the agenc17S ~o be 
appropriate to their operating needs. This pattern of,perm1ss1ble 
connectivity between the agencies will be,programmed 7n~o the con
troller software and provisions made for 1t to be mod1f1ed by program 
instruction as needed. 
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The need for interagency communication coordination other than 
p~lice and fire ~utual 9.id channels, was. not expressed by the local 
govern~e:r:t agenc1es of the communities adjacent to Phoenix. If these 
commun1t1es elect to participate in DATCS, the programming of the 
controller will accommodate their interagency conductivity require
ments as needed. 

'I) 

. It is expected that regional public safety and public service 
1nt7ragency coordination plans will include the regional disaster 
ass1stance plan developed in accordance with Federal Act PK93-288 
(Disaster Relief Act of 1974) as amended. 

4 . PUBLIC SAFETY INTERFACES 

,In accordance w~th ~he system philosophy adopted for DATCS, 
publ1~ safety commun1cat1ons systems, as now configured in the 
Phoen1x area, would not. fully participate in the DATCS concep·t. The 
key exceptions are gesc'ribed in the following subparagraphs. 

(1) Portable Radio Interfaces 

Public safety radio systems in Phoenix are portable radio 
intensive, and present plans are to increase the number of 
portable radios used by police and fire. This policy is also 
endorsed by police and fire in Glendale, Mesa, and Tempe. The 
Scottsdale poli~e also plan to increase their use of portable 
r~dios. There is a significant investment in relatively new VHF 
h1gh-band and UHF portable radio equipment which must be pro
tected. There is also a question of ·the availability and cost 
of trunked.radio portables. A judgement has been made to 
continue the operation of police and fire portable radios on 
conventional radio system channels where they now operate and 
~rovide ;any required coordination with the DATCS by cross patch-
1ng at the appropriate police and fire dispatch console. 

(2) CAD/MDT Interface 

Mobile data terminals (MOT) at UHF are now installed in 
Phoenix police and Mesa public works vehicles. An expansion in 
the use of MDT is being implemented by Phoenix police and the 
installation of MDT equipment is being planned by Phoenix Fire 
and the fire departments of Glendale, Mesa, and Tempe. The 
police of Glendale, Mesa, and Scottsdale also. intend to install 
MDT equipment.\\ 

/ 

Questions relative to the compatability of the digital 
switching architecture of DATCS and MDT systems include con
sideration of: 

Data rate error limitations 

Error detection, error correction, retransmission 
codes 
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5. 

Allowable tandem switching delays 

Modifications to CAD to recognize DATCS address codes. 
The judgement at 
The judgement at this time is to continue t:he operation and 

planning of MDT as a conventional UHF system. Coordination 
between MDT and DATCS will occur at the appropriate dispatch 
centers'. 

EMERGENCY ACCESS PRIORITY 

The capability for prompt access to DATCS under condi.tions which 
justify the exercise of channel access priority when the DATCS system 
is fully occupied would be limited to public safety mobil~s and 
possibly certain selected public officials. The exercise of a 
priority access function when DATCS is fully occupied requires a 
system frequency plan which designates at least one DATCS radio 
channel for control information or dedicates one radio channel for 
emergency signaling. The dedicated control channel configuration is 
recommended. 

The waiting queue priority method has been selected as the means 
of emergency access to the fully occupied DATCS. When denied access 
to DATCS, those mobiles with emergency access priority capability can 
activate this function manually arid thereby move their request for 
channel access to the top of the waiting queue, but not ahead of an 
emergency request already in the queue. The activiation of this 
emergency function will be recorded by the central controller along 
with the identity of the mobile unit making the request and this 
information will also be displayed at the dispatch points. The 
central controller will cause, the first available DATCS channel to be 
assigned to the priority request that is first in the· queue. 

6. MOBILE-TO-MOBILE COMMUNICATION 

Mobile-to-mobile communication is inherent in the repeater 
con~igured trunked radio system. Each mobile is assigned an indi
vidual addre$s and a group address. The controller software deter
mines what group code or codes will be accessed by each mobile on an 
initial call-up. A mobile is programmed to communicate with any 
other mobile in the group through the repeater. By means of the 
individual address assigned to each mobile, the controller can also 
be instructed to activate individual units within the group and 
exclude all other units with the same group address. 

If intergroup or interagency flexibility is needed, the dis
patcher or terminal operator can, through software instruction to the 
controller, enable the mobile unit to call up any individual address, 
group address, or subgroup address within the total capability of the 
trunked system. Certain paths of connectivity may be specifically 
prohibited by software progr.amming. 
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7. TELEPHONE INTERFACE 

Ph ~he sur~er of 7x~stirlg radio system facilities in the greater 
thOe~l~ ~rea ldentlf7es 152 desk top remote control units throughout 
f,e 0 a area excludlng any remote control units used by poli~e and 

7re . Th7re are,82 of th7 se units within the city of Phoenix ~sed b 
Cl~y publlC servl~e agencles, and 70 reported in the communitie y 
adJacent to Phoenlx. s 

The reported use o~ desk top remote control units is mainl for 
person-to-~erson comm~nlcation between an individual mobile uni~ and 
;~e s~pervlsor at a flxed-office location. These office locations in 

oenlX als~ have teleph?n~s which are part of the Centrex telephone 
system se:vlng the Phoenlx local government. A DATCS/Centrex inter
connect_ wll1 remove,the need for,a majority of the 82 City of Phoenix 
des~ top remote radlo control unlts. The interconnect will ailow a 
m~b7le to access the Centrex telephone system and, by keying the four 
dlglt C7ntre~ number on a touch tone pad, the supervisor can access 
t~e moblle,elther by telephone patch at a control point or by a 
dlrect radlo access touch tone code followed bv the mob'l 't 
address code keyed on .the telephone touch tone~pad. 1 e unl 

8. SYSTEM FAILURE MODES 

A DATCS must ~nherently protect itself against common failure 
modes. T~e followlng p,aragraphs address system features required for 
system fallure protectl0n. 

(I) Central Control Failure 

~he total failure of the master controller at the central 
locatl~n or any of its terminals should not be apparent to field 
0~eratl0ns. The switching and control logic is resident in the 
sltecontrollers. The central controller monitors the site 
controllers and initiates any changes or corrections. In the 
event,of central controller failure, the journal recorder should 
be sWltched to the output of the site controllers and any voter 
sele;~or interfaces with the master controller should be 
deac ~_1 va ted. 

(2) Site Controller Failure 

T~e fa~lu~e of a site controller should permit full DATCS 
oper~tl0n~ ln a degraded mode using the remaining two base 
statl0n,sltes. ~here should be no need to switch the DATCS to 
conv7ntl0nal radlo channel operation or "fail soft" operation. 
A fallure of the 
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site controller at North Mountain or Thompson Peak will be 
evident to the users as a temporary reduction in coverage due 
to shadow effect; the failure of the site controller at South 
Mountain will probably create some talk-back problems in 
Pho~nix. The failed base station site should also be muted to 
pre~~nt interference on the voice channels. 

(3) Voting Selector Failures 

The failure of a voting selector should not be apparent 
to the field operations; one voice channel will be disabled 
and its traffic will be distributed automatically among the 
remaining DATCS voice channels (control channels are not 
voted). A total failure of the voter selector system affecting 
all voice channels should enable the DATCS to function in a 
degraded mode using oner~ase station site, North Mountain or 
Thompson Peak, whichever proves to have the greater area 
coverage. The remaining two sites should be muted. 

(4) Base Site Repeater Failure 

The failure of the repeater at any base site should be 
transparent to field operations. The failed repeater 
will not be voted in the DATCS sequence of operation until it 
is repaired and returned to service. It should not be neces
sary to take any DATCS voice channel out of service due to the 
failure of ~ny one of its three repeaters. 

(5) Antenna, .. Subsystem Failure 

The antenna subsystem at each base station site shall be 
configured so that a catastrophic failure of anyone antenna, 
combiner, filter, or multicoupler will have a minimum effect 
on DATCS operations in the Phoenix area~ To the degree pos
sible, these antenna subsystem elements will be standardized 
so that repairs can be made by replacement or interchanging 
elements. 

(6) Control Channel Failure 

The DATCS concept includes two separate control channels, 
one on North Mountain and one on Thompson Peak. The failure 
of either channel will cause the site controller to assign a 
back-up voice channel at the site as a substi,tute control 
channel. The mobiles or control stations will not require 
programming modification to accept this substitution. If the 
loss of a voice channel is not desired due to tra£fic loads, a 
degraded mode of operation can be tolerated using a single 
control channel from either North Mountain or Thompson Peak. 
The selection of the mode of operation can be made at the 
master terminal. 

Failure or degradation of individual control stations or 
mobile stations will not degrade DATCS system performance. 
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9. SYSTEM TESTING AND ALARMS 

An alarm panel will be installed at the master Gontrol termi
nal location. This alarm panel shall provide failure alarms (per
formance below acceptable thresholds) for at least the following: 

Excessive VSWR in any antenna subsystem transmission line 

Loss or reduction /.~ output power of any transmitter 

Loss or reduction in sensitivity of any receiver 

Unauthorized carrier on any channel 

Loss of site controller integrity 

Degradation in repeater receiver interface 

Degradation in repeater transmitter interface 

Failure of degrada.tion of a voting selector. 

The alarm system that alerts to any element of degraded per
formance should also provide preliminary diagnostic information. 
This level of diagnosis may be limited to the identity of the 
offending unit of equipment and the kind of offense being observed. 

10. SYSTEM MANAGEMENT AND CONTROL 

The high technology features of DATCS are centralized and 
required integrated control. This implies central management and 
control for sustaining operations on behalf of the user organiza
tions. Key management requirements are discussed in the following 
subsections. 

(1) Journal ,Recorder/Printer 

System operations l as reported by the site controllers 
and the voting selector, are recorded on a magnetic tape 
transport. This information will include: 

System activity by each user agency control 
station "' 

System activity by each mobile station 

Total channel activity time 

Channel use profile by hour, day, week, month 

Use of special features such as emergency priority 
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Use of telephone interconnect 

System queue population and holding 'time in the 
queue by hour, day, week, month 

All alarms by hour, day, week, month. 

Additional information entered manually by the 
master control terminal can include: 

User complCJ,int reports 
-~~;,/ 

Channel down time for routine maintenance 

Channel down time due to failure 

Maintenance reports-time/cost. 

Selected reports from the journal file can be programmed 
by the master controller and printed out periodically on the' 
system printer. Other reports can be programmed and printed 
out off-line by off-line batch process EDP operations. 

(2) Centralized System Control 

Overall DATCS operat,ions on behalf of the multiple users 
will be controlled from a master control terminal at a central 
location. This control point will be responsible for sus
taining the quality of system operation, providing limited 
access to the address code structure from user agency terminals, 
making programming changes, and implementing temporary program 
modifications such as interagency coordination and setting up 
phantom address groups. 

(3) Centralized Maintenance 

The maintenance of the DATCS must be uniform and stan
dardized. The performance quality of each voice channel 
should be uniform with every other voice channel regardless of 
which of the three base station sites is used for each trans~ 
action. The skill and training required to achieve this calls 
for a highly skilled, and centrally m~~aged maintenance staff. 

(4) Management 

The recurring costs of operr~,ting, maintaining and expand
ing DATCS over a phased implemen'tation program, and the high 
level of performance required of the system required a ded
icated and centralized management organization. This manage
ment should be at the level of a Division or Department in 
order to exercise the needed authority. 
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APPENDIX C 

CURRENT SYSTEM INVENTORY 

FORWARD 

The following data is derived from the Task 4 Report "Docu
mentation of Existing Radio Systems and Reported System Requiremen'ts" 
initially prepared January 10, 1980 and reissued on July 15, 198~, 
The revised report added Glendale, Mesa, Scottsdale, and Tempe to 
the data acquired from Phoenix. 
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I. INTRODUCTION 

This report, prepared by BOoz, Allen under contract to APCO, 
complies with Task 4 of the "Support Agreement and Work Plan for 
Phoenix, Arizona Under APCO Project 16B" da'ced January 10, 1980. 
The data reported herein is a direct result of the successful 
conclusion of Task 2 (Data Collection Guide) and Task 3 (document 
reviews and interviews). This revision includes the additional 
survey data resulting from the decision by the cities of Glendale, 
Mesa, Scottsdale, and Tempe to join with Phoenix in the Project 16B 
Program. 

1. PURPOSE OF THE REPORT 

The ultimate purpose of this report is to provide a body of 
information and data upon which to develop the system concept for 
an effective digitally addressed trunked communications system 
(DATCS) for the City.of Phoenix and its suburbs. To achieve this 
purpose, the report includes the following; 

Configuration of existing municipal and suburban radio 
systems 

The present operation and interfaces of the radio systems 

Deficiencies of the existing systems 

Plan for system improvement 

DATCS functional requirements. 

Section II of the report discusses and illustrates the status 
of the present radio systems including problems with existing 
systems. Section III of the report addresses the functions which 
will be required to satisfy the communications needs of the com
munity of users as discussed during the interviews. Section III 
also identifies those DATCS functions which a.ppear most appropriate 
to the greater Phoenix area DATCS concept. 

2. APPROACH TO DATA ACQUISITION 

The centralized management and maintenance of radio system 
resources employed by the City of Phoenix permitted an efficient 
approach to the collection of the required data. This process 
consisted of the following steps: 

Determination of the kind of data to be acquired 

Review of available radio system documentation 

Interviews with department and division communications 
personnel. 
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The type and elements of data needed was decided by mutual 
agreement with the project director for Phoenix and Booz, Allen 
project personnel. These decisions were transformed into a written 
data collection guide which was used to record the needed data 
during the review of documents and during the personal interviews. 

The review of appropriate documents was confined to three key 
documents: 

A City of Phoenix radio system configuration manual 
created and maintained by the Communications Project 
Section of the Equipment Management Division 

The computerized inventory of radio ·equipment owned by 
the City of Phoenix 

The records of annual billing to the City of Phoenix 
municipal departments and divisions for radio equipment 
maintenance and replacement. 

These records enabled the determination 0:;' :he City of Phoenix 
radio equipment inventory, equipment locations, radio system 
control points, and radio system configurations prior to the 
interviews. 

Personal interviews were then conducted with all principal 
City of Phoenix department and division communications personnel. 
The one-hour interviews were conducted to: 

was 
for 
and 

Confirm previously recorded equipment inventory equipment 
locations and system configurations 

Define the mode of operation for each of the radio 
systems 

Identify present radio system problems and alleged 
defects 

Identify plans for improving individual radio systems 

Identify DATCS functions that could improve agency radio 
operations. 

The data from the document reviews and the personal interviews 
consolidated and summarily recorded in data collection guides 
each agency. One set of these g~ides ~s held ~y Booz, ,Allen, 
a copy is held by the deputy proJect d1rector 1n Phoen1x. 
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At a later date, the suburban communities of Mesa, Scottsdale, 
Glendale, and Tempe elected to participate in the Project HiB 
program. Personal interviews were then conducted .with representa-
ti ves of the following agencies: ,! 

Mesa Police and Fire 

Mesa Public Works 

Scottsdale Police 

Glendale Police 

Glendale Fire 

Glendale General Services 

Tempe Police-and Fire 

Tempe Public Works and Sani ta tion/Ref'u.se. 

Data from these interviews was consolidated with the data 
compiled for the City of Phoenix. The input data is recorded in 
data collection guides for each agency, one copy of which is held 
by Booz, Allen, and a duplicate copy is held by the deputy project 
director in Phoenix. 
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II. STATUS OF PRESENT SYSTEM 

The status of the present radio system is described in the fol
lowing paragraphs. This info~Jnation evolves from the data base 
developed from interviews and from computerized data believed to be 
accurate. It is subject to inevitable change and although it repre
sents the status at the time the data was acquired, the data should be 
reconfirmed with the originators before being used for subsequent 
planning. 

1. RADIO SYSTEMS 

'The survey data shows 21 municipal activities in the City of 
Phoenix sharing six VHF high-band channels and four UHF frequency 
pairs. In addition to these 10 shared radio systems, there are five 
dedicated radio systems serving the police, fire, city transit buses, 
aviation, and rescue/EMS functions. Table II-l shows the distribution 
of radio channels among 'the 26 City of Phoenix activities. 

TABLE II-l 

Phoenix Radio Channel Distribution 

No. Agencies Facility VHF UHF Special 
~-< 

21 Shared 6 4 
Channels 

5 Dedicated 
Channels 

Pol;i.ce 9 8 

Fire 7 1 

Rescue/EMS 10 

Transporta-
tion (Bus) 2 

Aviation 1 6 VHF Aviation AM 

The Phoenix police department uses approximately 35 percent of 
'~he t.ot.al radio freguency resouces available to the City of Phoenix, 
and. the Li.r~~ depa:~ ... tment. u.ses approximately 38 percent of the radio 
frequency resources, assuming rescue/EMS channels and fire channels 
are considered together as fire assignment channels. 
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The suburban Phoenix area radio systems 9re predominately VHF 
high-band and tend toward dedicated channel operation with each agency 
operat\"r'ing on its own frequency with the exception of mutual aid chan
nels., The channels configuration is mainly dual frequency repeater 
operation. The survey data shows that among the 16 departm~nts of the 
11 participating suburban agencies the following is the radio channel 
distribution. 

TABLE II-2 

Suburban Phoenix Radio Channel Distribution 

Dual Frequency Single Frequency 
VHF VHF UHF 

police 8 7 4 

Fire 2 1 0 

Public Works 5 :2 2 

This table does not include area mutual aid operational frequencies 
or repeater talk-around channels. It shows a need for 40 individual 
VHF high-band frequencies and six UHF pairs to serve the 16 user 
organizations. Of these, the police departments use approximately 58 
percent of the VHF resources and 67 percent of the UHF resources; the 
fire departments use approximately 12 percent of the VHF resources and 
no UHF resources. 

(1) Radio Channels and Assignments 

The VHF high-band radio channel frequencies and their activity 
assignments are shown in Tables II-3 and II-4. The UHF radio 
channel frequencies and their ac,tivity assignments are shown in 
Tables II-5 and II-6. It is noted that in Table II-3 the Streets 
#2 radio channel had no activity assignment at the time the data 
was taken. Earlier use of this frequency resulted in adjacent 
channel interference which is believed to have been corrected. 
However, tests are still being run by simulcasting Streets #1 and 
Streets #2 channels, and Streets #2 channel has remained unas
signed until the test results are conclusive. 

Table II-3 (City of Phoenix VHF Assignments) does not include 
the six VHF Aviation Services frequencies used by the Phoenix 
Aviation Department in addition to their local government radio 
channel. These frequencies are: 

121.70 MHz Litchfield ground control 

121.80 MHz Deer Valley ground control 
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ACTIVITY 

Equipment Management 
Sanitation 
Streets 'Maintenance 
Purchasing 

Building Maintenance 
Crisis Intervention 
Job Stimulus 
Planning 
City Attorney 
Building Inspection 

Water Production 
Sewers 

~ 

Water Distribution 

Water Customer Service 

Aviation 

Fir~ 

Police 

(Unassigned) 

~ I 
I 

TABLE II-3 
CITY OF PHOENIX VHF ASSrGNMEN~S 

RADIO CHANNEL FREQUENCY MOBILES PORTABI..ES 
," 

48 0 
157.290 MHz 92 0 

STREETS #1 89 0 
6 0 --235 0 

1 1 
BUILDING SAFETY 155.145 MHz 26 -

- -
- -
72 ---
99 1 

WATER #1 158.130 MHz 114 0 
74 0 --188 0 

-
WATER #2 158.775 MHz 150 0 

WATER #3 153.680 MHz 101 0 

AVIATION 155.760 MHz 115 29 

Fire I 154.190 MHz 230 
Fire II 154.250 MHz 
Fire III 154.070 MHz 
Fire IV 154.280 MHz 
Fire V 153.830 MHz 0 147 
Fire VI 154.310 MHz 
Fire VII 154.145 MHz -- --230 147 

Chase 100 154.890 MHz 
Information 200 154.755 MHz 
Detectives 300 155.790 MHz 
South 400 155.370 MHz 636 977 
Central Ta1k500 155.070 MHz 
North 600 155.640 MHz 
East 700 155.520 MHz 
West 800 155.430 MHz 
Interagency 155.475 MHz 

STREETS #2 156.180 MHz 0 0 .. 
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TABLE II-4-1 
PHOENIX SUBURBAN VHF ASSIGNMENTS 
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TABLE I'I-4-2 
PHOENIX SUBURB~ VHF ASSIGNMENTS (Continued) 

Activity RADIO CHANNEL FREQUENCY MOBILES PORTABLES 

Mesa Police Main Outgoing 155.010 MHz 27 126 
ACTIVITY RADIO CHANNEL FREQUENCY MOBILES PORTABLES 

159.030 MHz 
Main Incoming 155.130 MHz 

159.150 MHz 
Detectives 154.815 MHz 

158.850 MHz 
ilE 

Tempe Police Operations 155.835 MHz 5 110 
154.800 MHz 

Operations 155.685 MHz 
154.710 MHz 

.. - Investigation 155.685 MHz 
Mesa Fire Main Fire 154.340 MHz 15 14 

154.010 MHz 

State NARC 155.445 MHz 
Mutual Aid 155.475 MHz 

Mutual Aid 154.280 l'iliz Public Works 155.880 MHz 
Civil Defense 47.660 MHz 154.965 MHz 

Mesa Public Works Utility Ops 155.820 MHz 163 37 
153.920 MHz 

Tempe Fire Operations 154.145 MHz 18 25 
153.770 MHz 

Streets/Parks 156.015 MHz 
153.815 MHz 

Electrical Dept. 153.470 MHz 

Fire-Ground 154.145 MHz 
Mutual Aid 154.280 MHz 
Phoenix Fire 154.190 MHz 
Phoenix Fire 154.250 MHz 

Scottsdale Police Operations 155.850 MHz 80 61 
154.845 MHz 

Back-Up Ops 155.550 MHz 
155.725 MHz 

Talk-around 155.550 MHz IT/.! I j 
? 

Phoenix Aid 154.070 MHz 
Mesa Fire 154.010 MHz 

154.340 MHz 
Mesa Talk-around 154.340 MHz 

Mobile-Inter 155.475 MHz 
Mobile Only 156.030 MHz 
Mobile Only 155.730 MHz 
Local Govt 153.860 MHz 

Glendale Police Operations 156.210 MHz 0 60 
154.830 MHz 

Talk-around 156.210 MHz 
Talk-back 155.670 MHz 

Glendale Fire Main Operations 154.310 MHz 30 30 
Mutual Aid 154.280 Mhz 

Glendale General Operations 158.830 MHz 130 0 
Services 153.785 MHz 

Dial-a-Ride 154.995 MHz 

Tempe Public Works Operations 154.965 MHz 230 20 
155.880 MHz 

Talk-around 154.965 MHz D1 
Tempe Sanitation/ Operations 158.865 MHz 40 30 
Refuse 153.740 MHz 
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TABLE II-5 
CITY OF PHOENIX UHF ASSIGNMENTS 

ACTIVITY RADIO CHANNEL FREQUENCY MOBILES PORTABLES -
Engineering 453.500 MHz 119 6 
Parks and Recreation LOCAL GOV'T.#l 458.500 MHz 64 9 
Traffic Engineering 27 0 

Ii 210 15 ;; ','-'-, ' 

,--" 

tL':caffic Signals LOCAL GOV'T.#2 453.95\) MHz 12 4 
Facility Maintenance 458.950'r-!!!z 52 I 2 --64 

t 
6 

HUMAN RESOURCES 453.875 MHz Human Resources 
458.875 MHz 32 1 

Communications Maint. 453.625 MHz 9 12 
civic Plaza COMM. MAINT. 458.625 MHz 0 25 -- --9 37 

CITY BUS #1 452.625 MHz 
457.625 MHz 
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TABLE II-6 
PHOENIX SUBURBAN UHF ASSIGNMENTS 

ACTIVITY RADIO CHANNEL FREQUENCY MOBILES PORTABLES 

Mesa Police Detectives 453.325 MHz 42 not yet 
458.325 MHz in service 

Detectives 453.375 MHz 
458.375 MHz 

Administration 453.750 MHz 
458.750 MHz 

MDT 453.775 MHz 8 
458.775 MHz 

Mesa Public Works Sanitation 453.350 MHz 60 . 
458.350 MHz 

Utility Data 453.900 MHz 27 
(MDT) 458.900 MHz -87 

Transportation ! 253 2 
CITY BUS #2 452.725 MHz 

457.725 MHz 
~ ~ 

1 ! 

T"t II 
); 

1 ' , t; ! .. ! ! - , 
I' I: 

1---

Fire FIRE UHF 460.575 MHz 
465.575 MHz 15 33 

... - .. ..... 
Police 450-1 453.100/458.100 

450-2 453.200/458.200 
450-3 453.450/458.450 
450-4 453.600/458.600 27 246 
450-5 453.800/458.800 
Interagency 460.375/465.375 
MDT-I 460.525/465.525 
MDT-2 460.550/465.550 

Rescue - EMS Med-1 State 463.000/468.000 
Med-2 State 463.025/468.025 
Med-3 Phoenix 463.050/468.050 
Med-4 State 463.075/468.075 
Med-5 State 463.100/468.100 10 17 
Med-6 Phoenix 463.125/468.125 
Med-7 Phoenix 463.150/468.150 
Med-8 Phoenix 463.175/468.175 
Med-9 Phoenix 462.950/467.950 
Med-10 State 462.975/467.975 

Mobile Repeater 1 460~550/468.775 (1) 
Mobile Repeater 2 460.550/468.175 (1) 
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121.90 MHz Sky Harbor ground control 

122.95 MHz Unicorn - Sky Harbor/Deer Valley 

123.00 MHz Litchfield Unicorn 

123.50 MHz Instructional. 

-[ 

Due to the FCC restrictions related to permissable communica
tions on these frequencies and the type of radio service in which 
they are employed, it is assumed that these channels would not be 
integrated with any other municipal radio service. Therefore, 
these radio channels have not been included in the tables of 
frequencies. 

For similar reasons, any General Mobile Radio Service or 
Personal Radio Services (Citizens Band Radio Service) channel or 
frequency that may now be used by a governmental activity has not 
been included in these tables. 

City-wide paging within the City of Phoenix is also assigned 
to the Phoenix building safety radio channel (155.145 MHz). The 
data base indicates approximately 125 paging receivers may be in 
service on this channel. 

(2) Mobiles and Portables 

The distribution of mobiles and portables among the partici
pating governmental activities and radio channels is also shown 
in Tables 1I-3 and 1I-4 for VHF high-band and in Tables 1I-5 and 
1I-6 for UHF. The data base indicates the following summation: 

Phoenix VHF hi-band 
Suburb VHF hi-band 
Phoenix UHF 
Suburb UHF 

Mobiles 
1,754 

738 
620 

95 
3,207 

Portables 
1,154 

513 
357 

42 
2,066 

Of the total number of mobile radios operated by the sur-
veyed agencies, the police use approximately 25 perc7nt, and the 
fire departments (including rescue units) use approx~matel~ 10 , 
percent. Of the total number of hand-held portables (not ~nclud~ng 
CB units) operated by the surveyed agencies, the police use , 
approximately 79 percent, and the fire departments u~e approx~mately 
13 percent. The city of Phoenix accou~t~ for ap~rox~m~telY 7~ 
percent of all mobile and portable mun~c~pal rad~o equl.pment ~n 
use in the surveyed area. 
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(3) Base stations and Fixed Stations 

~ost p~imary base station installations for the City of 
Phoen~x rad~o systems are located on North Mountain and South 
Mountain. Only the Phoenix transit radio system (bus communication) 
does not have a base station on North Mountain, but plans indi
cate that this installation will be made in the near future. 

,In addition to the primary base stations, there are 38 fixed 
stat~ons at selected locations in Phoenix. These stations serve 
as stand-by facilities or operational facilities for local use. 
There are five UHF repeaters included in the 38 fixed stations 
which account for an additional nine fixed control stations. 

The distribution of city of Phoenix base stations, control 
stations, and other fixed stations is shown in Table 1I-7. 

The s~burban Phoenix area communities have a wider distri
bution of base station/repeater locations. The number of these in 
each community, as reported during the survey, is shown in Table 
1I-8. The location of each base station as reported by each 
community is shown in Table 1I-9. 

(4) Satellite Receivers 

Satellite voting receivers are used extensively by the City 
of Phoenix and the four participating suburban communities for 
police operations because of the hand-held portable configuration 
of police communications. It is planned to expand the use of 
satellite voting receivers for c~ty of Phoenix fire and rescue 
(EMS) communications. Nearly all of this City of Phoenix expan
sion is in the process of being completed. 

Satellite voting receivers are also extensively used by the 
police in the four participating suburbaa Phoenix communities. 
Glendale, Mesa, and Tempe report plans to expand Satellite receiver 
coverage for their public safety operations. Tempe also reports 
plans to extend Satellite receiver coverage for Public Works and 
Sanitation. 

A summation of all planned satellite receiver locations in 
the City of Phoenix and the radio channels they serve is shown in 
Table II-IO. The table shows there are 2~5 rece~vers at 29 
locations which vote 10 polic(~ IJhannels, three fire channels, and 
five EMS radio channels. At tbe present time, there are 165 
receivers installed and operating; 92 percent of these are used 
on the 10 police channels, and eight percent of these are used in 
fire channels, mainly Fire III. 
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CITY OF PHOENIX COMHAND AND CONTROL TABLE 1I-7 

ACCESS FIXED STATIONS , 

DISPATCH REMOTE CONTROL EOC NORTH SOUTH OTHER 
ACTIVITY CENTER CONTROLS STATIONS REl-10TE MT. M'l'. 

; 

Engineering 5 2 X XR XR lR 
Parks and Recreation 3 1 

fli 
!..,~ 

Traffic Engineering 7 2 
Traffic Signals 2 1 XR XR 
Facilities Maintenance 1 lR 
Equipment Managem~nt 3 

\1: -c U tJ f \& 
:_,.jj 

Sanitation 5 
Street Maintenance 2 X X X 2 
Purchasing 

~'"jl t f; 
I ,I 

;c--:.( 

Building Maintanance 
Job Stimulus (JSP) 
Building Safety 4 X X X 1 
Human Resources 2 XR XR lR 

~=. f tl 
~ 11 

.,,-.;.1; 

Communications Maint 4 3 XR 
civic Plaza 
Transportation 

~ 

1 3 H"~ 
~~ 

City Bus 1 (X) 1R 
City Bus 2 lR 

Water Production 14 X X X 5 
Sewers 3 

r1
} \\. 

' ~ ::';l :1 

Water Distribution 4 X }( X 2 
Water customer Service 4 X X 4 
iAviation 1 12 

I 
(X) eX) 6 

Sky Harbor 
Litchfield 1 
Deer Valley 1 

lPolice 2 

r~ J \ ~ 

ttl ~ 

rl 
'x 

Chase 100 X X 1 
Information 200 X X 
Detectives 300 X X 

[' D 'I 

.J 
South 400 X X X 
Central Talk 500 - X X 1 
North 600 X X X 1 
East 700 X X X 1, 

fl 
'ii:~: 

West 800 X X X 2 
Interagency VHF 

450-1 3 X X 

[:. 
M 

450-2 X X 
450-3 ~ X 
450-4 X X 
450-5 X X 

£1 
" .. '~ 

Interagency UHF 
MDT-1 X X 
MDT-2 Rec X 

Fire 1 
Fire I X X X 2 
Fire II X X X 1 
Fire III X X 1 

[, 
I 

fi I 
.~ 

Fire IV X X 
Fire V 
Fire VI 1 fJ 
Fire VII 
Fire UHF 

Rescue 

I Med-1 Thru Med-lO 1 10 X X Med-9 
Mobile Repeaters Rec Rec 2 
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ACTIVITY 

Mescl. Police 
I>1esa Fire 
Mesa CD 
Mesa Public Works 

Scottsdale Police 

Glendale Police 
Glendale Fire 
Glendale General Svc 

Tempe Police 
Tempe Fire 
Tempe Public Works 
Tempe Sanitation 

~------~--~-- ,-

PHOENIX SUBURB COr~ND AND CONTROL TABLE 1I-8 

ACCESS FIXED STATIONS I 

i 

DISPATCH REMOTE CONTROL EOC REPEAT- BASE OTHER 
CENTER CONTROLS STATIONS REMOTE ER STATION 

0 7 0 0 
I 

1 0 a 

I - 0 0 0 2 0 0 

- 0 0 - 0 1 0 

1 57 0 0 4 1 I 
1 2 2 2 0 I 

2 2 0 
! 

1 a 0 1 i 
1 a 0 1 0 1 0 

2 3 0 1 1 1 0 I 
I 

'-'j 

1 I 0 0 a 3 0 0 

1 0 4 0 1 4 
0 8 0 0 1 0 0 

0 1 0 0 1 0 0 
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T1<RT.F. 1I-9 
SUBURB BASE STATION LOCATIONS 
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MESA I,., 

300 E. 6th X X X X X X, 
130 N. Robson X. X 
340 E. 6"ch X 
20 E. Main X ., 
13 w. 1st St. .'; X 
425 S. Belleview ':,':'-:: ," X X X 

---., 
SCOTTSDALE 

3739 Civic Plaza 
'.:--~.::., 

X X , 
City Yard X 

., 

GLENDALE '. (I 

63rd/Northern X X X X 
59th/Grand I X 

TEMPE 
Tempe Butte XXXX X 

/1 

C""1J . ro

,,,,,,,,;,, 

r~''j r~~"1 r:1 r-' (1 Ii""') r::V 1. Ii .. ".J! ._ . .1 it. ~4 :::;-,~ .,>-- '1l ....... , ... I( [] C] r--. ... .1 

\'::1 

J 



r 
r-

o 

G 

l 

-,- --~-p- - -----~-~---~--

("-"'" .... j ['-1 (
--1\ 

.- J ["1 C'" .- . .1 [~] 

SATELLITE RECEIVER LOCATIONS-PHOENIX FIRE, POLICE, AMBULANCE 

TABL;E II-IO 
II 

H 
H H 

H H H 

~ tl 
Ho H 

cJ if 
o if 
o 0 
r-I 0 

N 

ffl 0 

~ ~ 
tJ H 

FIRE; STA 4 
FIRE STA 8 
FIRE STA 12 
FIRE STA 13 

x 
X X X 
X X X 

X X X X X X X X Xc;: 

~F~I~RE~~S~T~A~1~4 _______________ ~~X~,,~,~ X 

X X X X .x 
X X X X X X X X 

X X 

X 

x 

X 

X 

FIRE STA 18 X X X 
FIRE S~A 19 

// 

X X X X X X 
X X 

FIRE STA 20 X X X X X X X X 
FIRE STA 21 X X X X X X X X X X X X X 

__ FIRE ST~A~:2:2 ______________ ~~X~~X~~X~ __________________ X X X X X 
FIRE STA 23 X X X X X X X X X X X X X. 
FIRE STA 27 X X X X X X X X X X X X 
FIRE STA 31 X X X X X X X X X X X X 
FIRE STA 34 X X X X X X X 

X X 

. X X X 
X X 

X X 
X X X 

X X 
X 
X X 
X X 

X- X X 
FIRE STA 4~ X X X X X X X X X X X X -""-------, 
COUNTY HOSP X X X X X X X X X X X X X X 
MUNI BLDG X X X X X X X X X X X X X 
CIVIL DEFENSE X X X X X X X X X X X X X X 
MT. BELL ROOF X X X X X X X X 
MARYVALE BRIEE'ING STA 
NORTH BRIEFING STA 
PUMP STA-75th AVE 
DEER VALLEY WATER 
SQUAW PEAK WATER PLT 

X X X 
X X X 
X X X 
X X X 

X X X X X 
X X X X X 
X X X X X 
X X X X X 

X X X 
X X X 
X X X 
X X X 

'X X X 
X X X 

X X 
X 

X 
X 

X X 

,X X 
X X X 

X X 
X X 

X X X 
X X 

X X X 
X X 
X X 

SKY HARBOR BR S~T~~~ ________ +-__________________________________ X=-___________________ ___ 

S. !-iT. RESERVOIR X 
CAPT ~ GALLEY REST 
EAST WING BAGGAGE-'SKY HARE. 
NORTH W. BRIEFING STA 

() 

XXX XXXXX 

,.0 

X 
X 

ri~ 
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--- --- - ---~-----~--~'. 
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A summation of all reported satellite receiver locations for 
Mesa, Scottsdale, Glendale, and Tempe is shown in Table II-II. 
There are 36 receivers at 13 locations which vote nine police 
channels, two fire channels, and a civil defense radio channel. 

SYSTEM OPERATION 

The following discussion of system operations is derived frOm the 
interview data and from available documentation. It is believed that 
these discussions fairly represent system operations as they are known 
to the radio system users at this time. 

(1) Interagency Communications 

Interagency corrmunication is crucial to the coordination of 
municipal services and to the coordination of public safety 
emergency services. The present interagency communications 
links, as reported by the City of Phoenix personnel inte~views 
are shown in Table II-12. ' 

The City 9_t:,.~h()enix interagency coordination matrix shown in 
Table II-12 is;~!« "'':,':--/ in part by factors tlot necessarily related 
to the need for''-tundtional coordination. Incidental coordination 
is forced on some City of 'Phoenix activities by their being co
channel users. Other activities achieve coor~ination through 
equipment and controls installed for after...,liours monitoring of 
their working radio channel by other municipal services. The 
City of Phoenix responders to the interview questions set forth a 
revised set of interagency communication links that they felt to 
be more appropriate to their needs. This set of interagency 
communications links is shown in Table II-13. 

Interagency communication in Mesa, Scottsdale, Glendale, and 
Tempe is mainly limited to the regional police mutual aid mobile 
radio channel and the regional fire mutual aid mobile radio 
channel. Mesa dispatches fire and police from the same dispatch 
center which provides automatic coordination of these two agencies. 
Tempe also has direct mobile radio communications on Mesa fire 
and Phoenix fire frequencies. Tempe police have a remote control 
for the Tempe Public Works base station, and Mesa Police/Fire 
dispatch center has a remote control for the Civil Defense base 
station. Any other suburban interagency communication is limited 
to the use of telephones according to the survey responses. 

(2) Dedicated Systems 

The radio systems that are dedicated to the service of one 
City of Phoenix municipal agency include police, fire, transit, 
aviation, and rescue/EMS. The need for dedicated service in the 
City of Phoenix is determined by the requirements of public 
safety emergency opera'tions and by high radio channel loading. 
The characteristics of these City of Phoenix radio systems are 
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(1 TABLE II-II 
SUBURB SATELLITE RECEIVER LOCATIONS 

(' 
f), 

MESA SCOTTSDALE GLENDALE TEMPE 

QJ 
In 
s:: 
QJ 

r-INM Ij.j r-IN r-IN r-IN 
=#: =#: =#: QJ =#:=#: =#: =#: =#: =#: 

f""IIQ r-I 
QJQJQJ:ji:: QJ QJ QJQJ=II: QJ QJ. 
U 0 U r-I U 0 o 0 o 0 ............ QJ .... . ....... • .... .-1 QJ ........ 
r-Ir-ir-IJ.4l> r-Ir-I r-Ir-IJ.4 r-Ir-I 

LOCATION 
o 0 0· ... • ... o 0 o 0 .... o 0 
AlAIAI~U AlAI AlAI~ AlAI 

-
MESA 

8300 E. Main X X X X , 
300 E. 6th X X XX 
1400 S. Dobson X X X X 
20 E. Main X 

SCOTTSDALE 
Airport XX 
Miller/Kellips X X 

GLENDALE 
67th and Bell X X X 
l15th Ave X X X 
2040 W. Camelback X X X 

I 7601 N. 63rd XX 
32nd and Greenway XXX 
69th and Bethany X X X 

TEMPE 
. South Station XX 

=' 
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PRESENT INTERAGENCY COMMUNICATION 
.LINKS - PHOENIX, ARIZONA 

TABLE II-12 

AGENCY 

REPORTING AGENCY 

RADIO 
SYSTEM 

-[' 

I REPORTED COMMUNICATION ,LINK 

+----------------4----------------~~~4-~~-_+---r__+--+__r--+_~~~~--~~_4--4__4--~~~+__+--+__+--,~~-~--+-~ 

POLICE 

FIRE 

AMBULA..~CE 

CmlM.."PROJECTS 

CIVIC PLAZA 

BUILDING/SAFET~ 

POLICE 

FIRE 

FIRE/EMS 

RADIQ13HOP 
// 

-"".~/ 

AAt>IO SHOP 

BLDG/SAFETY 

HD~~ RESOURCES HUMAN RESOURCES 

AVIATION AVIATION . 

X X X 

X X X X 

X XIX 

X X X 

X X 

X X 

X 

X 

X 

X 

I I 

PUBLIC TRANSIT CITY BUS .x X' X X X 

ENGINEERING LG #1 X X ~ 

I' 

X 

~ X 

X 

X 

X 

X X 

X 

X 

X X 

X X 

X X X I 
I 

X 

~------~-------+----------------+__4--4_~~+__+--+__+--~,_+--~~--~~~~4_~--4_~~~_4--+__+--+__+--+-~.~;~--~ 

PARKS/RECREATION LG #1 X X X I' 

'l'RAFFIC ENG. LG #1 X X X ' jJ 

TRAFFI<; El'JG 
(Signals) LG #2 

FACILITIES MAINT. LG #2 

STREETS MAINT. STREETS #1 

SANITATION STREETS #1 

, EQUIP. MGT. STREETS #1 

x X X 

X X X 

X X Yo 

X X X 

X X X 

WATER PROD. WATER #l X X X X 

SEh'ERS WATER #1 X X 

X 

,\ 

X 

1----------------4-----.----------~--~~--~~~,-~~~4__4--+__+--~~_4--+__+--~~~~~_+--+_~~~4__+--+_~ 
WATER DISTR. WATER #2 X X X X 

X 
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TABLE II-13 III Ql .j..I 
.j.l U .r-! 

" -"'. - u jjt 1-1 III 
(j,1 1\1 ::I r:: .,., N ~ 0 rc: 

Ql S I'd III ~ REPORTING' AGENCY u t-I I'd m r:: 
~ ~ ~ Ul 0 

Ql .,..j U 
u r-l . U . r:: .j.l 'r-! 

RADIO 'r-! Ql ::I ~ 
.,.,j tl'I <U I'd r-l 

r-l 1-1 

~ > 'tl !3 'M ..Q 
AGENCY SYSTEH 0 . .-/ 0 .r-! r-l ~ ::I 

~ ~ C) C) III :x: ~ 

POLICE POLICE X X X 

FIRE FIRE X X X X 

A!>1BULANCE FIRE/EMS X X X 

CO!>1.'1. PROJECTS RADIO SHOP X X· 

CIVIC PLAZA RADIO SHOP X X X 
.- - -

BUILDING/SAFETY BLDG/SAFETY X 

HUMAN RESOURCES HUMAN RESOURCES X X X XI 

AVIATION AVIATION X X X . 
PUBLIC TRANSIT CITY BUS X X X X 

ENGINEERING LG #1 X 

PAPY-S/RECREATION LG #1 X X 

TRAFFIC ENG. LG #1 X 

TRAFFIC ENG , (Signals) LG #2 X X 

FACILITIES ~~INT. LG #2 X 

STREETS ltIAINT. STREETS #1 X X 

SANITATION STREETS #1 X 

EQUIP. MGT. STREETS #1 

WATER PROD. WATER #1 

SE''lERS WA'l'ER #1 

t'lATER DISTR. WA'l'ER #2 X 

WATER cus'r.svc. WATER it3 

l_J __ ll CITY ATTY. BLDG. SAFETY 

Pr.ArJNINr. DP.PT'. nr.nr..fiTlF'F:TY 

-- ----- -. --' 
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/ . . III 
.j..I Ul .j.l 
r:: Ql Ql 1-1 

'r-! . . 11-1 .r-! U . 0 
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tn tl'I .r-! ~ . . 1-1 .-I r:: 0 .r-! 0 .r--! 
r:: r:: Ul ~ r:: '8 .j..I . Ql 'r-! Ql ~'lj ~ :x: ~ 

'r-! P::l Ql 0 .j..I Ul U ~ .j..I II-t 
J.I 'r-! 'r-! r:: 1-1 .r-! > Ul D ~ r-l r-l r-l r-l 
Ql U .j..I III .j..I Ql ~ CI Ul ct1 r1! fTj rtf 
Ql .r-! .,..j .j.l I'd ~ Ul b' u 

:;j i'§ 
r:: r:: r:: r:: Ul 11--1 r-l ~'" +> 1-1 J.I J.I J.I 'r-! 0 0 0 

'r-! ~ 11--1 . .-/ 'r-! . .-/ Ql 
~ 

Ql Ql § r-l .r-! 'M 'M 
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X X X 
X IX. 

X 

X X X I X X 

I' X ! X 

-- - ,-
X X 

X X X 

X ,. ., 
X X .i\, 

, 

X X X X 

X X X X 

X X 

I X X 

I , 
X .x . 

X X 

X X X X X 
: , 

X X X X X X. 
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X X' X " 

-
" X X 
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X X X X 
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shown in Table II-14. The radio frequencies and channel desig
nations a.re shown in Table II3 and Table II-s. 

The City of Phoenix transit radio system is a unique system 
specifically developed for city bus operations. It is vendor 
engineered, vendor suppl.l.ed, and vendor maintained. 

The Phoenix aviation radio system includes three airports: 
Sky Harbor, Deer Valley, and Litchfield. 

The Phoenix rescue/EMS radio system is operated by the City 
of Phoenix Fire Department from the fire radio dispatch center. 

The municipal radio systems for the communities of Mesa, 
S90ttsdale, Glendale, and Tempe are all dedicated radio channel 
systems. The summation of these, system characteristics is shown 
in Table II-IS. 

(3) Shared Systems 

The radio systems for the City of Phoenix that are shared by 
more than one user include streets, building safety, water, local 
government, human resources, and communications. These systems 
are generally characterized by having no central dispatch facility 
relying instead on a multiple of desk top type remote controls 
for access to their rudio system. The characteristics of these 
radio frequencies, co-channel users, and general configurations 
are shown in Table II-3, Table II-s, and Table II-7. 

The City of Phoenix Water radio system has three dedicated 
channels: Water #1, Water #2, and Water #3. Because of the differ
ent characteristics of these three channels, they are discussed 
separately in Table II-16. 

The City of Phoenix Building Safety radio system is unique 
in that it also provides city-wide paging. 

(4) Operating Costs 

The radio equipment used by the City of Phoenix activities 
is controlled by the Equipment Management Division. Each City of 
Phoenix division and department is billed periodically for the 
operation and maintenance of the equipment each uses according to 
the computerized inventory report. An additional charge is also 
made periodically for the Leplacernent of the radio equipment of 
each division and department. 

Table II-17 shows the anticipated 1980 annual charges based 
upon the extension of billed 1979 charges (approximately 10 
percent increase). 
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TAB:!.E II-14-1 
CITY OF PHOENIX DEDICATED SYSTEMS-OPERATING CHARACTERISTICS 

,\ 

CITl!!.EN 
ACCESS 

-Telephone; 7 digit 
elnergency nuinber

-25 Lines; 10 more 
in reserve 

-8 complaint takers 
-CAD input 

-Telephone; 7 dig'i t 
emergency number 

... 6 trunks direct to' 
disp~.tchers 

-No routine citizen 
access 

-No routine citizen 
access 

COMMAND AND 
CONTROL 

-24 hour dispatch 
center at PPSB 

-Backup dispatch at 
North Mt. 

-Remotes on 450-1 
only 

-CAD assisted 

-24 hour dispatch 
center at FAHQ 

-Dispatch Fire 
'and Rescue/EMS 

-16Hr/day; 6 days 
a week dispatch 
center at termi
nal 

-Bus radios have 
failure alarms 
and silent 
alarms 

-24Hr dispatch 
center at Sky 
Harbor security 

-12 remote cont
rols in Sky 
Harbor operations 
& maintenance 

-Dispatch Fuel 
Trucks ,Airport 
Security, & 
Airport Fire/ 
Crash/Rescue 

~: 
DATA SYSTEM 

ACCESS 
-c..~PRI 

-ACIC 
-NCIC __ ~--'~ 

~~ 

-NLETS 

-No data system 
access at this, 
time 

-No data system 
access 

-Security data 
system only 

CHANNEL 
ACTIVITY 

-Monthly activity 
report available on 
all channels 

-All VHF channels 
heavily loaded 

-Peak load 4PM to 
midnight 

-Not recorded;random 
100 call samples 
taken each month 

-Peak load 4PM to 
midnight 

-Not recorded 
-Peak load reported 
at rush hours 
AM and PM 

-Not recorded 
-Reported over-
loaded by fuel 
trucks operations 
during daylight 
hours 

-Peak load is 
random 

g 

I 
! # 
j f 

I PLANNED 
GROW'rH 

-2 new police 
districts by 1982 

-MDT growth from 
27 units to 505 
units 

-New tactical UHF 
channel needed 

-911 system 
-New dispatch cen
ter with advanced 
CAD being implem
ented PPSB 

-Experimenting 
with portable 
replacement for 
mobile radios 

-New dispatch 
center planned 
for Bank Bldg. 

-New base station 
on North Mt. 

-CAD/AVL being 
considered 

-New base station 
on North Mt. 

-Separate VHF 
channel for fuel 
trucks 

-Expand digital 
security system 

-Add radio tech. 
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. TABLE II-14-2 
CITY OF PHOENIX DEDICATED SYSTEMS-GPERATING CHARACTERISTICS 

I 
1 

RADIO CITIZEN COMMAND AND , DATA SYSTEM CHANNEL 
SYSTEM ACCESS CONTROL ACCESS ACTIVITY 

-Telephone~ 7 digit -24 hr. dispatch -No data system -Not recorded~ random. 
RESCUE emergency number center at FAHQ access at this 100 call sampl~ 
EMS -6 trunks direct -Dispatch Fire & time taken each month 
RADIO to EMS dispatcher Rescue/EMS -Peak load 4PM to 

midnight 

~ 

[~l o r~l r:J r:J 

\ 

(I 

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

I 

PLANNED 
GROWTH 

-New dispatch 
center with 
advanced CAD 
being implement-
ed PPSB 

-Experimenting 
with vehicie 
portables to 
replace mobile 
radios 

" 
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I 

I 
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TABLE II-lS-l 

SUBURB DEDICATED SYSTEMS-O~ERATING CHARACTERISTICS 

~--------~--~/~~----------~~----------------r---------------~---------------r---.----~--~ 
RADIO 
SYSTEM 

MESA 
Police/Fire 

MESA 
Public 
Works 

CITIZEN 
ACCESS 

-Telephone; 7 digit 
emergency numbers 

-12 Lines police; 5 
lines to fire 

-2 complaint takers 
per shift 

-Telephone; 7 digit 
number 

-3 lines rotary 
-6 dispatchers/ 
complaint takers 

COMMAND AND 
CONTROL 

-24 hr dispatch 
center; police/fire 

-No remotes 
-Dispatch Fire, Police, 

Rescue 

-2 shift operation 
-Police dispatches 

on 3rd shift 
-57 Remote Controls 

DATA SYSTEM 
ACCESS 

-NCIC 
-ACIC 
-City Utility 
Files 

-Ci ty ut.ili ty 
Files 

CHANNEL 
ACTIVITY 

-Not recorded 
-Sample taken each 
shift every 6 mo 

-Peak 5pm to llpm 
-65-75% EMS/police 

-Not recorded 

PLANNED 
GROWTH 

-Plan CAD with 
MDT 

-New fire ground 
frequency 

-More Satellite 
receivers 

-Plan for sat
ellite receiver 

-Plan for MDT 

~-------------+----------------------+-----------------------4---------~~~-~------~--------------------~----------------~ 
SCOTTSDALE 
Police 

GLENDALE 
Police 

GLENDALE 
Fire 

-Telephone-7digit 
emergency number 

-8 lines rotary 
-4 dispatchers/ 
complaint takers 
per shift 

-Telephone; 7 digit 
emergency number 
plus Centrex 

-5 emergency lines 
on rotary & Centrex 

-2 Complaint takers 
per shift 

-Telephone-7 digit 
emergency number 

-4 emergency lines 
on rotary; 2 more 
in Alarm Room 

. -24 hr dispatch 
Center-Civic Plaza 

-2 Remotes in 
PDHQ 

-24 hr dispatch 
at PDHQ 

-1 Remote to EOC 
-Simulcast on 
General Service 
Channel 

-24 hr dispatch 
at Alarm HQ 

-1 Remote to EOC 
-Remote Control of 
Public Works base 
Station 

-NCIC 
-CAPRI 

-NCIC 
-CAPRI 
-COM 10 
-NLETS 

-None 

-Total activity 
from c.ounters 

-Peak load 4pm to 
midnight 

-Not recorded 
-Peak load 4pm to 

8pm and 10pm 
to 12 pm 

-Not routinely 
recorded 

-P~i.:k load 6pm to 
llpm 

-Plan to use 
Phoenix MDT 

-More satellite 
receivers 

-Plan to use 
Phoenix MDT 

-More satellite 
receivers 

-Plan integration 
with Phoenix I 
Fire CAD/MDT 

-Plan separate 
fire ground 
channel -1 dispatch/complaint 

taken per shift ~ ______________ ~ ________ . ______________ ~ ________ ~ ____________ ~ ______________________ ~ ____________________ ~ ____________________ l 
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RADIO 
SYSTEM 

GLENDALE 
General 
Services 

TEMPE 
Police 

-~-

TABLE II-1S-2 
SUBURB DEDICATED SYSTEMS-OPERATING CHARACTERISTICS 

CITIZEN 
ACCESS 

-Telephone; 7 digit No. 
-4 lines; not rotary 
-1 complaint taker 
and 2 back-up 
clerks per shift 

-Telephone; 7 digit 
emergency number 

-5 lines on rotary 
-2 to 3 complaint 
takers par shift 

COMMAND AND 
CONTROL 

-One shift; 7am to 
Spm (5 days/wk) 

-Dispatch Center 
6210 W. Myrtle 

-3 remotes W. Myrtle 
-1 remote, EOC 
-Fire dispatches 
after hours 

-24 hr dispatch 
at PDHQ 

-Remote control of 
Public Works base 
for off-hours 

DATA SYSTEM 
ACCESS 

-None 

-NCIC 
-ACIC 
-CAPRI 

CHANNEL 
ACTIVITY 

-Not recorded 
-Peak load 7am to 

9am and 3: 30pm 
to 5:30 pm 

-Calls per shift 
recorded from 
couriters 

-Peak load 4p~ to 
midnight 

-Peak channel 
overload 

.' 

PLANNED 
GROWTH 

-None reported 

-Plan fo%:' CAD 
in future 

-Need additional 
radio channel 

~----------~'-------------------------+----------------------+--------------------r--------------------1---t'~----,--,------~ 
TEMPE 
Fire 

TEMPE 
Public 
Works 

-Telephone; 7 digit 
emergency number 

-4 lines on rotary 
-lor 2 dispatcher/ 
complaint takers 
per shift 

-Telephone; routine 
7 digl t numbers 

-Approx 20 lines to 
7 remote control 
points 

-24 hr dispatch 
at Fire HQ 

-Controi Stations 
can dispatch from 
2 Fire Houses 

-None -Not recorded 
-Peak load 4pm 
to midnight 

-Fireground traffic 
overloads 
radio channel 

-Plan integration 
with Phoenix 
Fire CAD/MDT 

-Plan new channel 
for fireground 

-No Central Dispatch -None -Not Recorded -Plan satellite 
-7 Remote Controls -Peak load 7am to I receivers 

to 4 pm to 4: 30pm 
-After hours dispatch 

-Operates 7am 9am and 3pm 1 
L-___________ -L _________________________ ~ ___ b_y_T_e_m_p_e_p __ .D_. ______ ~ ________________ ~________________ ' 

C·) 

(1 
• i";' 

( 1, 
,,,-I 

p\ 
) I 

[~] 

:::.1 

r~J 
iI~-l 

L ,) 

\c, 

(,i j 

',' 



.' 

J 
'b iI li 

I, 
H 
Ii 
II f 
\! 
II 

U 
~ 
l 
~ , 
I{ 
i. 

:f 
I 

1 
\ 

AI 
if " 

/) 

) 

[. ~-~ " '. J 

RADIO 
SYSTEM 

TEMPE 

r-·." 
, .. J 

Sanitation/ 
Refuse 

H 

'f 
co 
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CITIZEN 
ACCESS 

-Telep).1one; routine 
7 digit number 

-1 dispatcher/ 
complaint taker 
per shift 

(i 

-,f 

TABLE II-1S-3 
SUBURB DEDICATED SYSTEMS~OPERATING CHARACTERISTICS 

(i 

COMMAND AND DATA SYSTEM CHANNEL 
CONTROL ACCESS ACTIVITY 

-No Central Dispatch ~None -Not recorded 
-One shift operation -Peak load 6am to 

6am to 4pm 8:30am and 3pm 
5 days/wk to 4:30pm 

') 

'. 

PLANNED 
GROWTH 

-None reported 
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TAB!.E II-16-1 
CITY OF PHOENIX SHARED SYSTEMS-OPERATING CHARACTERISTICS 

RADIO CITIZEN COMMAND AND DATA SYSTEM CHANNEL PLANNED 
SYSTE~M~ __ -+ ______ ~A~CC~E~S~S~ ______ ~ __ ~~C~O~N~T~R~D~L ________ +-____ ~A~C~C~E~S~S ________ r-__ ~A~C~TI~V~I~TY~~ ______ ~ ____ ~G~R~D~W~TH~ ____ -4 

STREETS #1 
STREETS #2 
RADIO 
(2 channels) 

BUILDING 
SAFETY 

'RADIO 

WATER #1 
RADIO 

WATER #2 
RADIO 

-Streets Maint. has 
11 lines for access 

-Sanitation has 10 
lines for access 

-Equip.Maint. has 
no routine citizen 
access 

-Bldg. Insp. has 
6 tele. lines & 
Code-A-Phone for 
24 hr .::overage 

-Bldg.Maint. has 
no routine 
citizen access 

-Water Prod. has no 
routine citizen 
access 

-Sewer has 2 lines 
rotary 24 hrs per 
day 

-Water Dist. has' 
10 tele.lines on 
rotary (3 .of the 
10 are an emergerl
cy number) 

-No central dispatch 
-Distribution of 
local remote 
controls shown in 
Table II~7 

-All operation from 
SAM to 6PM 

-No central dispatch 
-4 local remote 
controls used SAM 
to 5PM 

-Bldg. Maint. is 
24 hr operation 

-No central dispatch 
-Distribution of 
local remote cont
rols shown in 
Tc:ble II~'7 

-Water Prod. operates 
24 hrs, sewers 
S hrs " 

-No central dispatqrl 
-4 remote control' 
units operate 24 
hrs 

-Provide 24 hr 
service to WATER 
#1 and WATER #3 

-No data system 
access 

-Utility company 
(SAP/APS) tele
type system 

-No data system 
access 

-Ill:'\) data system 
access 

-Not recorded 
-Channel overload 
at peak hours 
GAM to lOAM 

-Least daytime 
load 2PM to 6PM 

-Not recorded 
-Channel reported 
saturated SAM to 
10: 30111-1 by Bldg. 
Insp. 

-Approx. 125 paging 
receivers on 
channel 

-Not recoz"ded 
-Channel load 
reported to be 
moderate 

-Peak load SAM to 
9:30 AM 

-Not record;a:-
-Channel reported 
saturated at peak 

" load 
-Peak load 8AM to 

lOAM 

-No growth plan 
reported 

-No growth plan 
repoy:ted 

-No growth plan 
reported 

I ~No growth plan 
reported 

~------------"~----------------------~"--,------------------~---------------------~--------"---,------------~.--.--------------~ 
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SYSTEM 

WATER #3 
RADIO 

LOCAL 
GOVT. #1 
RADIO 
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TABLE II-16-2 

rr-0J L ... 

CITY OF PHOENIX SHARED SYSTEMS-OPERATING CHARACtERISTICS 

CI'r'IZEN 
ACCESS 

-10 lines for cust
omers, 3 lines for 
field admini 13 
complaint takers 

-Operate 8AM to 5PM 

-No routine citizen 
access 

COMMAWl AND 
CONTROL 

DATA SYSTEM 
ACCESS 

-No central dispatch -No data system 
-4 remote control access 
stations 

-8hr service is 
normal; backed by 
Water Dist. 24 
hrs 

-No central dispatch -No data system 
-Numerous remote access 
control stations 
shown in Table 1I-7 

-Normally operated 
6:30AM to 5:30PM 

-No central dispatch -Facilities Maint. 

CHANNEL 
ACTIVITY 

-Not recorded 
-Channel reportea 
saturated at peal\\ 
load hours 

-Peak load 8:30AM 
to lOAM; 1:30PM 
to 3PM 

-Not recorded 
-Channel reported 
~aturated at peak 
load hours 

-Peak lo~d 7AM to 
8:30AM; lPM to 
2:30PM 

-Not recorded 

[~J 

PLANNED 
GROWTH 

[~J 

-No growth plan 
reported 

-No growth plan 
reported 

f LOCAL 
-No routine citizen 
access -3 remote control Ci:ccesses ASO 

Energy Conserva
tio.n Office 
Computer System 

-Channel load 
-No growth plan 
reported 

ex> GOVT. #2 
1.0 

RADIO 

-8 tele.lines and 
HUMAN 3 "hot lines" for 
RESOURCES direct citizen 
ruu~IO input 

-Operates 8AM to 
5PM 

stations operate 
8 hrs a day 

-No central dispatch -No data system 
-2 remote control access 
stations 

-System configured 
for mobile-to-
mobile use viz 
repeaters (no 

reported as moder
ate 

-Peak load at AM 
and PM rush hours 

-Not recorded 
-Channel load 
reported as light 
and random 

-No 'growth plan 
reported 

~ ______________ +-______ ~ ____ ~~ ____ 4-_c~o~n~t~ro~l~s~t~a~t~io~n~s~)~ __ r-____________________ +-____________________ ~----------------~ 
-No routine citizen -No central di~patch -No data system -Not recorded -civic Plaza 25 

COMMUNICATIONS access -4 remote control access -Channel load portable system 
RADIO units; 3 control reported light is planned for 

stations -Load randomly this channel 
-Repeater configured distributed 
for mobile-to-
mobile service 24 
hrs 
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Municipal 
r- Act.ivi~ l 

Planning 
r 
1 

Engineering 

~ 
Faci1~.ties Mgt. 

Equipment Iylgt. 

Elluipment Mgt. 

c; Police 

Fire 

Bldg. Safety 

i;) streets 
, , 
~ 

Traffic Eng. 
',' 

Airport 

Sanitation 

;:::" Sewers 

Parks/Recreation 

Civic Plaza 

Water-Cllst.SVC. 

'Vlater Production 

Nate:::- Distribution 

Human Resources 
)\ 
.,~:::-:.' - JSP 

l 

Account 

555XX 

56XXX 

572XX 

5743X 

5744X 

60XXX 

615XX 

62XXX 

65XXX 

66XXX 

6.7XXX 

70XXX 

ilXXX 

73XXX 

75XXX 

794XX 

795XX 

796XX 

90XXX 

92XXX 

TABLE II--17 
1980 Radio Rental Rates and 

Estimated Operation/Maintenance Charges 
(Projected from 1979 Rates) 

CITY OF PHOENIX 

Operation and 
--.!1.aintenance Replacement 

$ 924.00 $ 884.00 

7,194.00 8,606.00 

5,702.00 7,036.00 

6-17.00 607.00 

2,112.00 2,059.00 

438,293.00 385,836.00 

123,697.00 113,084.00 

4,554.00 4,554.00 

6,138.00 6 , 165.00 

2,257.00 2,930.00 

15,748.00 12,936.00 

5,927.00 5,887.00 

4,356.00 4,356.00 

,5,504.00 6,798.00 

990.00 1,333.00 

5,478.00 5,478.00 

5,478.00 5,439.00 

5,478.00 5,320.00. 

2,191.00 1,518.00 

-1.r 637.00 _1,505.00 

$644,305.00 $582,331.00 
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TABLE II-IS 
SUMMATION OF REPORTED COMMUNICATIONS PROBLEMS-CITY OF PHOENIX 

RADIO COVERAGE PROBLEM CHANNEL OVERLOAD MORE CHANNELS INTERFERENCE C,; 

SYSTEM YES WHERE/WHY YES WHEN YES WHY YES WHAT 

POLICE X WEST X 4PM-Midnite X 2 new Police 
::. Districts 

X New MDT (500) 
X Tactical Oper-

ation 
:1 1" 
'i FIRE X PORTABLES X 4PM-Midnite X Firegrour:td X Hospital IM 

I' 

, 
I 
,I RESCUE/EMS X PORTABLES 

\i ,1 

~ , 
(i ~ 

CIVIC PLAZA X INSIDE 
COMPLEX 

fi 
~ 

I H 
c:::: 
I 

1.0 

I I-' 

i 

I 
I 

BLDG. SAFETY X NE X Paging Opera-
tor 

X Police IM-SM 
X EMS-North Side 

AVIATION X Separate Fuel X Fuel Trucks 
Truck 

CITY BUS X NINE X Rush Hours X Bus Expansion 
1 

LOCAL GOVT #1 X NEIN 
",!.lIIC.' 

X 8AM-3PM X Telco IM 

LOCAL GOVT #2 X NE 

! 

I 
~l 

~ 
~ 

~ 
C) ~ 

t{ t 

STREETS #1 X (See Notes) X GAM-lOAM 

<"~"-. '~ 

WA'rER #1 X NE / X IM 

WATER #2 X NE X 8AM-10AM 
I 1 

1 
WATER #3 X NE/N X 8:30-10 AM 

1:30-3PM , I 

c...\ 

" 

l 
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The maintenance costs for the City of Phoenix are influenced 
by the following: 

Police Department - the police department performans 
in-house maintenance on communications equipment 
contained within the PPSB headquarters including 
Computer Assisted Dispatch (CAD) terminals and Mobile 
Data Terminal (MDT) equipment. The cost is not reported 
in the survey data. 

Fire Department - the fire department maintenance shop 
performs much of its own radio maintenance; cost is 
reported to be $252:000 per year for fire maintenance, 
and $125,000 per year for EMS maintenance. 

Aviation - the aviation department performs all of its 
own radio maintenance in its own radio/electical shop. 
The cost is not reported in the survey data. 

City Bus - the city bus radio system is a ven~or
installed and vendor-supported system. The ma1ntenance 
cost was reported as $28,568 for 1978; more recent 
costs were not reported. 

The cost of maintaining and replacing radio equipment has 
been controlled through centralized maintenance and manageme~t. 
The present trend in the City of Phoenix is toward de~entra11zed 
maintenance. 

The City of Mesa'and the City of Tempe operate their own 
municipal radio shops. The total costs reported for radio 
maintenance in 1979 are: 

Mesa - $15,000 

Tempe - $70,000 

Scottsdale Police and the City of Glendale contract for 
radio maintenance. Their reported costs for contract radio 
maintenance in 1979 are: 

Scottsdale Police - $18,000 

Glendale - $9,000 

These are estimates of maintenance costs and are not other
wise confirmed. 

3. REPORTED PROBLEM AREAS 

The summation of problem areas that were reported for each City 
of Phoenix municipal radio system is shown in. Table II-lB. Appro
priate notes related to these problem areas are as follows: 
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Police. - Additional MDT units are expected to reduce some of 
the channel loading problems 

F~re - Installation of the new satellite voting receivers 
w111 help solve the portable radio coverage problem. Some 
of the channel overload problem will be reduced by imple
mentation of the new CAD system 

Rescue/EMS - Installation of the new satellite voting 
receivers will help solve the portable radio coverage 
problem 

Civic Plaza - Portable radios are planned to replace unsatis
factory coverage by paging receivers now used inside the 
Phoenix Civic Plaza complex. The portable radios will 
operate in the otherwise lightly loaded communication UHF 
repeater channel 

Building Safety - The city paging operation causes inter
ference because the paging operator does not monitor the 
channel before keying. Police calls are heard from South 
Mountain; ambulance ca.lls are heard from North Mountain. 
Building Safety reports the cost of the present radio system 
is too high for the service it offers 

Aviation - Fuel truck operations at Sky Harbor are VP"'Y"-y 
active and break up airport operations traffic. Airpbrt 
operations at Sky Harbor should be separated from airport 
operations at Deer Valley and Litchfield 

City Bus - A new base repeater is planned for North Mountain 
to correct coverage problems; a new dispatch center is 
planned to correc·t security problems 

Local Government #1 - Mobile telephone traffic is heard on 
the channel in the morning and again in the evening - may 
wCintto vote all fixed station receivers to improve the 
coverage problem 

Streets #1 - A report by Sanitation that some mobiles have 
trouble receiving North Mountain and South Mountain is not 
supported by other co-channel users; an equipment problem is 
implied. A successful test of Streets #2 channel could help 
reduce the channel load on Streets #1 

Water #2 - The separation of mobile-to-mobile radio traffic 
from base-to-mobile radio traffic has been suggested as a 
means to reduce channel loading 

Water #3 - The coverage problem may be improved by voting 
the existing six fixed station receivers. General comments 
regarding the reported .system problems include the following: 
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Lack of radio discipline and failure to use efficient 
radio procedures have been cited as major causes of 
excessive channel air-time 

Selective voting of multiple fixed station receivers 
should he investigated as a means of improving reported 
coverage problems 

The communications problem reported by the participating 
suburban Phoenix agencies are summarized in the following paragraphs: 

Mesa Police/Fire - A new fireground frequency is needed 
to relieve the congestion on the main fire frequency; 
there are portable radio talk-back coverage problems 
that are expected to be corrected by additional satellite 
receiver installations 

Mesa Public Works - Radio coverage will be needed 
southeast of Mesa toward Florence; there is inter
ference from Florence Prison Farm mobiles operating 
near Mesa 

Scottsdale Police - There is interferepce from uniden
tified co-channel user; intend to change to CTCSS to 
see if this will help 

Glendale Police - There is co-channel interference from 
the University of Arizona; portable talk-back coverage 
problems are expected to be solved by installing addi
tional satellite receivers 

Glendale Fire - Intermode problems with mobile tele
phones and co-channel user interference with Riverside 
California indicate the need for a separate fireground 
channel to separate fireground and operations traffic 

Glendale General Services - There are coverage problems 
on the northside of Glendale due to co-channel user 
interference with City of Peoria 

Tempe Police - Co-channel user interference is evident; 
channel load at peak traffic hours indicates the need 
for another police radio channel 

Tempe Fire - Additional satellite receivers will be 
needed to correct portable talk-back coverage south of 
Tempe; a fire ground channel is needed to separate 
fire ground and operations traffic 

Tempe Public Works - Portable radio talk-back coverage 
problems indicate the need for satellite voting receivers 
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Tempe Sanitation/Refuse - Portable radio talk-back 
coverage problems indicate the need for satellite 
voting receivers. 

The majority of reported radio system problems for the City 
of Phoenix and the four participating suburban communities appear 
to be generic to radio system operations at any frequency and do 
not seem unique to VHF, U~F, or potential 800 MHz operations. 
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,APPENDIX D 

STATEMENT OF WORK 

FORWARD 

(~!f 

This appendix is intended as a typical outline for a 

Statement of Work (SOW) for quick reference by planners and 

syste~ procurement personne1~ The planner is cautioned to 

employ only those elements of the outline which relate to the 

specific procurement and which c~n be accurately evaluated 

and measured. 
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APPENDIX D 

STATEMENT OF WORK 

I. INTRODUCTION 

The intr~duction to th: stateme~t of Work (SOW) should provi~e a 
general overv~ew of the proJecJc to enable a better understanding by 
the responders. Key elements of this section are outlined in the 
following subsections of the Introduction. 

1. Background of the Proj,ect 

A brief historic description ot the origin of the procure
ment and the constraints imposed on the design. 

2. ObjectbLe of the Procurement 

A brief discussion of the main system objectives to be 
achieved by the procurement. 

3. Scope of 'the Procurement 

A basic and brief outline of the hardware, software, and 
services tb.at are being purchased. These may include for example: 

Hardware 

Software 

System Design 

Installation 

Testing 

Training 

Maintenance~ 

II. INSTRUCTIONS TO BIDDERS 

This section of the SOW wi'll provide the bidders with all the 
information needed to respond correctly to the bid request. 

I) 

1. Procurement Schedule 

The schedule time and dates for responding to the bid 
request will include: r 

Time and place of the pre-bid conference 

Time and place bids and proposals are due 
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Bid and proposal opening time, date, and place 

Proposed contract! award date 
I' 

Expected date of cbntract completion. 

2. Authorized Contracts 

The persons will be identified w~o are authorized to respond 
to bidders requests prior to bid Open1ng. These may be restricted 
to the: 

Procuring officer 

Technical consultant. 

The statement should be made regarding how the issues raised 
by these contacts will be reported to the o~;her bidders. 

3. Bid and Proposal Requirements 

Each of the items to b7 ~ubm~tted as part of a responsive 
bid will be defined. Any l1m1tat1ons should be included in the 
description. These items would include for example: 

Itemized cost proposal 

Technical proposal 

Management proposal 

Provisions for alternate proposals 

Proposal limitation such as page count, standardized 
forms (cost proposal) v pro~osal size, unnecessary 
artwork, and number of cop1es to be submitted. 

4. Bidders Qualifications 

. ", The c01;tractor for. a hi~h technology system must be quali
f1€;d, techr:l1~all¥ and f1nancl.ally, to complete the required work. 
These qua11f1cat10ns should be expressed in the SOW by requiring 
reasonable responses to limits imposed on: ' 

Bidders facilities and financial resources 

Performance history in terms of references and a list 
of similar and recent contract work 

Support facilites such as field maintenance shops 
training facilities, and spare parts replacement depots 

The quality and availability of personnel for manage
ment, supervision, and technical staff. 
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5,. Proposal Evaluation Criteria 

Criteria should be established for the comparative evalu
ation of: 

Technical proposals 

Cost proposals 

Management proposals. 

These criteria should be clearly defined in the SOW so that 
each bidder will understand the emphasis placed on the require
ments of the RFP. 

6. Contract Award 

The SOW will identify the type of contrac'c to be awarded the 
'successful bidder whether or not this contract will be awarded 
wit~out pre-contraGt discussions. 

7. Indemnification 

The purchaser should require indemnification against damages 
imposed through intentional or unintentional acts of the con
tractor. High technology system procurements will need indemni
fication against the improper use of patented items or processes. 
All procurements which include services such as installation and 
test will be well advised to requ-ire indemnification from damages 
resulting from the actions of contractors' employees or agen'cs. 

8. Titles and Rights 

Rights of the purchaser and ownership of titles will be 
clearly defined by the SOW. These items include statements 
related to: 

The transfer of title to equipment and software 

Rights to data and software developed or provided as 
part of the contract 

Rights and title to the submitted proposals 

The right to reject proposals 

The right to negotiate with any bidder 

The right to cancel negotiations or the contract. 

Legal counsel shoul,d be consult.ed for the scope, content, 
and wording of this subsection of the SOW. 
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9. Bonds, Insuranc.e, and Warranty 

Each governmental entity will have its own limits for, and 
description of, the bonds, insurance and warranty provisions for 
contractor provided material and services. Frequently, there 
w~ll be state regulations which also must be adhered to. These 
requirements will provide for: 

Performance bonds 

Workman's compensation 

Comprehensive liability insurance 

Warranty on workmanship and materials. 

The purchasing department of the major governmental agency 
included in the program will provide counsel as to how these 
requirements are to be included in the SOW. 

10. Costs of Proposal Prep~ration 

The SOW should state clearly that any costs related to the 
prepa~ation of bids or proposals can not be included in the 
proposed cost of the project or billed back to the purchaser in 
any manner. 

11. Contract Disputes 

At the option of legal counsel, the SOW may indicate the 
means by which the governmental agency resolves contract dis
pULes. This will be a function of the governmental body and will 
not be an option of project management. These provisions may 
inclue.'e: 

The procedure and method of resolving contract disputes 

Termination of contracts for cause 

The assessment of liquidating damages 

The identity of the court of jurisdiction. 

12. AppliGable Federal/State Laws and Regulations 

When state or federal laws/regulations affect the system 
design, its operation, or allowable use, these laws or regula
tions should be identified in the SOW. 

III. SCOPE OF WORK 

This section of the SOW defines the items of work expected of the 
contractor; the specific tasks required by the contractor are described 
in detail. 
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1. Services to be Provided 

High technoJ9gy systems will requirenrofessional ' 
to ~e performed! 1.\:( t.he system contractor fh addition t s~~v~ces 
dell. very of ha~:&~'1f1:)e and software items Typi l' c; e 
provided are: ,. • ca serv~ces to be 

2. 

Sys~em design which can include system engineer in 
rad~o propagation engineering, software developme~t 
and hardware development ' 

Installation and debugging of hardware and software 

Assistance in procuring required licenses and permits 

Developing and conducting performance tests 
tance tests and accep-

~he preparation of sites and facilities which can 
~nclude cc;nstruction, HVAC, emergency power lighting, 
~nstallat~on of utility services, etc. ' 

Deliverable Items 

, Each de~ivera~le item should be identified in the SOW. 
~~l~ve:able ~te~s ~nclude hardware, software, and services The 
~st w~ll be un~que to the complexity of the system to be ~ro

cured., However, some common items on all lists will include the 
follow~ng: 

3. 

Each item of electronic or radio hardwa:r:'e 

Each item of computer software 

Maintenance support 

Spare parts and spare :module provisions 

Towers, buiidings and other structures 

Manuals and documentation such as test plans test 
procedures, maintenance manuals, operators' ~anuals 
user manuals, training aids, installation drawings 'and 
test reports ' 

Progress reports and deficiency reports. 

Delivery Schedules 

Each deliverable item should be supported by a delivery 
schedule. The SOW will require a formal and contractually 
obligated schedule for: 
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Each item of electronic or radio hardware 

Each item of computer software 

Each tower or bui+ding 

The completion of all facility preparations 

Delive~y of all manuals and documents 

The time and place of technical progress reviews 

The delivery of reports including progress reports, 
test reports, discrepancy reports, and the final report 
or acceptance tes~, report. 

IV. SYSTEM SPECIFICATION 

The system specification is a complete technical system descrip
tion which includes the system performance, system interfaces, and 
system configuration. It places technical limits on these parame'cers 
and adds reliability and/or maintainability requirements where appro
priate. 

1. Hi.~E,~E..cl];;Y of Specification and Standards 

Industfy or regulatory specifica.tions or standards fre
quently apply to the specification of a system. These should be 
identified. The hierarchy of these documents, as they apply to 
the system specification, should be defined so that conflicts 
between them can be resolved. 

2. System Description 

The system description includes the configuration of the . 
system elements and their interconn~ction w~th each ot~er. ~t 1S 
recommended that this be done graph1cally w1th support1ng wr1tten 
clarification. The system description is derived from the system 
concept design. 

3. System Int.erfaces and Supporting Services 

The means by which the system interconnects with the world 
outside of the system should be fully described. These inter
faces are relatively unique to each individual system, but some 
key interfaces will include: 

External communication systems such as mobile radios, 
private telephone systems, data processing" digital 
data systems, alarms, microwave transmission systems, 
and similar facilities 
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utility systems such as public access telephone systems, 
, commercial power systems, water supplies 

Emergency operations such as emergency power services, 
fir@ protection, emergency medical services, and civil 
disaster ;prevention opeE'ations. 

4. System Software 

The system specification will include a complete description 
of the operations software and the applications software required 
to provide the needed system performance. 

5. System Operation and Performance 

The specification of system operation and performance is 
tailored to meet individual system requirements as developed in 
the systen\ concept. Typically, these specifications will include 
a complete description of: 

The functional modes of system operation for routine 
system performance, emergency system performance, and 
allowable fail-soft or degraded levels of performance 

The calculated levels of personnel staffing for the 
operating staffv maintenance staff, and system ~~nage
mente 

6. Expansion Requirements 

Frequently, limitationG on funding or other resources will 
prevent the initial implementation of a sophisti,Q,:lted system from 
realizing the full potential of system operation, scope, and 
performance. When t,hese e:Kpansion requirements are part of the 
initial system procurement, they must be fully described in the 
system specification. 

7. System Licenses and Approvals 

. High technology systems may exceed the apparent limits of 
federal or state licensing regulations, and extraordinary pro
cedures may be needed to acquire the necessary permits or licenses. 
These requirements should be clearly defined in the system speci
fication. They will be unique to each specific system configura
tion and intended operation. 
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v. EQUIPMENT SPECIFICATIONS 

The equipment specifications define the quality and performance 
characteristics of each item of hardware and software needed to meet 
the system specifications. The identity of each hardware and software 
item is derived from the system configuration diagram which was 
developed as part of the system concept. 

1. General 

This subsection of the equipment specifications accumulates 
all items of the individual equipment specifications requirement,s 
that are common among all items of equipment or software. It 
also defines the quality and quantity of each item of hardware 
and software that is required to meet the system configuration. 
Typical items that would appear under the general heading are: 

Applicable industry standards or publications and their 
hierarchy for this program 

Standard environmental conditions such as temperature, 
humidity, primary power, vibration, shock, dust, and 
dirt 

Deliverable equipment lists showing the quantity 
required of each item including spares 

The required level of quality and workmanship for each 
hardware ,;i tern. 

2. Individual Item Specifications 

Each equipm,E:Wlt item will have an individual technical 
specification thatreflects its construction and performance as 
required to meet the system specifications. These are derived 
individually from the system performance requirements and should 
be no more severe than that needed to meet the system performance 
specifications. Software specifications are typically combined 
with the equipment specifications for the computer subsystem or 
the switching subsystem in which they are resident. 
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Lt. Rex L. Vanc,e 
Project Director 

Sa+t Lake County Sheriff's Office 
6278 Glen Oaks 

,;~a1t Lake City, Utah 84107 
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I. INTRODUCTION 

This system implementation plan for a digitally addressed 
trunked communication system (DATCS) for the Salt Lake county, 
Utah area was prepared by Booz, Allen and Hamil ton and the 
Associated Public-Safety Communication's Officers (APCO) in 
response to LEAA Grant No. 79-SS-AX-0013. 

1. BACKGROUND AND OBJECTIVES 

The Second Report and Order in the proceedings related to 
Docket No. 18262, pub:-ished by the Federal Communication I s Com
mission (FCC) in 1974, promised relief of the increasingly more 
difficult problems of frequency congestion in the public-safety 
community. These proceedings allocated 200 channels in the 800 
MHZ portion of the spectrum for "trunked" systems. In February 
1977, LEAA recognized that many technical, economic, and manage
ment questions about the application of this newly available 
spectrum to public-safety operations must be answered before the 

I potential benefits inherent in trunked systems could be made 
available. Under LEAA Grant No. 77-SS-99-6009 the Associated 
Public-Safety Communications Officers (APCO) was requested to 
analyze these problems, make appropriate recommendations for 
future actions, and describe a program to demonstrate the 
potential capabilities of these new concepts. 

A .series of programs under APCO Project 16 were initiated. 
The first of these (project 16) resulted in iin analysis of the 
technical and regulatory factors affecting the applicability of 
the 800 MHZ portion of the radio spectrum to law-enforcement 
communication system problems. A second program (Project 16A) 
identified specific operational capabilities and functional 
requirements that should be incorpol-ated into a public-safety 
trunked communication system. The third program (Project 16B) 
provided specific planning assistance to two cities (Lexington, 
KY and Phoenix, AZ), two counties (Bucks Co., PA and Salt Lake 
County, UT), and the State of Oklahoma for a feasibility study 
and basic implementation plan for DATCS demonstration systems. 

Since November 1979 Salt Lake County has been participating 
in Project 16B as one of the demonstration participants. The key 
objectives to be achieved are: 

To determine if DATCS can relieve municipal radio 
channel congestion in the Salt Lake County/ Utah County 
area 

To establish the potential of DATCS to accommodate 
future public safety radio communications needs 

To address the solution of the complex command/ control 
problems confronting the public-safety agencies 
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To develop a common DATCS to support multi-agency 
public safety and/or other governmental communications 
requirements wi thin the Salt Lake County, Utah Coun.ty 
area 

to provide a solution to interagency radio connectivity 
between governmental agencies appropriate to their 
mission responsibilities. 

other advantages of operational flexibility are inherent in 
a" dynamically programmed digi tally addressed communication 
system. These have been evaluated as DATCS capabilities in 
determining the system requirement. 

2. PROJECT DIRECTION AND PARTICIPANTS 

The project was under the direction of: 

Lt. Rex L. Vance, Proj ect Director Salt Lake County 
Sheriff's Department 

Craig M. Jorgenson, Deputy Project Director state of 
Utah Department of Transportation and Public Safety 

The participating public-safety agencies include the fol
lowing: 

Utah Highway Patrol, Rex Hale,/Col. Robert Reid 

Salt Lake County Sheriff's Office, Lt. Rex L. Vance 

Utah County Sheriff's Control Dispatch, Sheriff Mack 
Holley 

Pleasant Grove Police Department, Chief Mike Ferre 

West Jordan Polic Department, Chief Robert Stockwell 

university of Utah, Public-Safety Division, Mr. Wayne 
Dee Shephard 

Brigham Young University, Security/p,blice, Mr. J. 
Wesley Sherwood 

Salt Lake County Fire Depar'bnent, Chief David A. 
Barrett 

Sal t Lake city Fire Department, Mr. Harold C. Newman 

Sal t Ilake County Attorney, Mr. Ted Cannon 
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. t Other par~i(.!ip~ting governmental and public servJ.' ce 
men sand servJ.ces J.nclude: depart-

Utah Department of Transportation, M 
Jorgennsen r. Graig Ill. 

Sal t Lake County Fleet Management, Mr. Frank L. . Lear 

Salt Lake County Emergency Services Department, Mr. J. Ray Emery 

Salt Lake County Public Works, Mr. C. W. Braoly 
.-

Salt Lake County Surveyor', Mr. Douglas H. Brammer 
Salt Lake County Division For The Aging, Keele Mr. Monte K. 

Sal t Lake County Building Inspector, Mr. Rex Bronson 

Salt Lake County Security, Mr. W. o. Cowden 

University of Utah Media Services, Mr. Milton L. Davis 

Each of the above listed ubI ' f 
~gencies hav~ been active particl an~~-~a ety and public se~vice 
J.ng to the J.n'teragency and intr p J.n the pr?gra~, contrJ.but
and also the requirements for theaDaAgTecnscy communJ.ca~J.ons analysis 

concept desJ.gn. 

It has been the responsibil't f h ' 
de~~lt~p this System Implementatio~ ~l~n rs~p rr:l:~tth~irtecthn°~ tlo 
assJ.s ance of Booz Allen " ec J.ca 
The cooperation of ~ll parti~ipaet~gJ.neerJ.n~ consultants to APCO 0 

has been voluntary Th h J.ng agPlpcJ.es and their personnel 
required of Salt Lake co~~~y ~~~ ~~e~ nO

f 
binding commitments 

other participating agencies. ' a e 0 Utah or any of the 
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II. SYSTEM CONFIGURATION 

The basic DATCS land mobile radio system for the Salt Lake 
County area has been conceived to replicate current radio system 
operations as closely as possible. The difference in function 
and response between the conventional radio system configuration 
now in use and the DATCS radio system should be nearly trans
parent to the mobile operator except co-channel sharing will 
appear to the operator to have been eliminated. 

This philosophy directs that operations which require a 
unique trained skill on the part of the mobile operator be mini
mized in the system concept. 11: also directs the avoidance of 
sUbsystem interfaces in which trunked technology or switching 
requirements might resul't in a degraded performance of existing 
communications systems. 

The configuration of the Salt Lake County/Utah County DATCS 
is based in part on the system requirements and in part on infor
mation provided by existing suppliers of trunked radio systems. 
It is noted that the equipments described as part of this DATCS 
radio configuration are not standard production items and have 
not been previously provided by the vendors in this definitized 
form. Further study by the vendor community may modify their 
final hardware and software offerings. This could result in 
changes to the system configuration. 

1. PARTICIPATING AGENCIES 

Candidate agencies for participation in DATCS include those 
agencies who participated in the Task 4 survey acti vi ties and 
provided data for the Task 4 report.* These agencies are identi
fied in section I, Subsection 2. From Task 4 report* it is 
estimated that these participants can load the DATCS with 1082 
mobiles. This is adequate loading for a 15 channel mixed service 
group under the present FCC.Rules and Regulations**. 

2. BASE STATION CONFIGURATION 

The proposed DATCS base station configuration for Salt Lake 
county/Utah County is shown in Figure II-I. The selection of 
base station locations at Lake Mountain, Mt. Vision, and Snowbird 
(Hidden Peak) is driven by radio propagation experience at these 
locations, and previous ROO MHz propagation tests. 

The sites at Lake Mountain and Mt. Vision transmit and 
receive control channel information. The details of a conceptual 
installation at these sites is shown in Figure I1-2. The site at 
Snowbird (Hidden Peak) receives control channel information but 
does not transmit it. The details pff a conceptual installation 
at this site is shown in Figure II-3. Radio propagation tests at 
800 MHz may indicate a reversal in the roles of Mr. Vision and 
Snowbird (Hidden Peak). 
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The site controller at each site is fully programmable and 
capable of op.erating independently based on control ,,:hannel 
instructions. The two control channels transmit the same infor
mation simultaneously on different frequencies. Mobiles will 
home on one control channel until the signal is lost then seek 
and lock on the other control channel. 

The site controllers are connected through modems and an 
RS-232 interface to the master controller and master control 
terminal at DATCS control operation center. This terminal can 
make program changes in the site controllers , selectively turn 
off or turn on individual channels, key up individual transmit
ters, change ·the address code responses, and perform interagency 
coordination interface switching as required. 

Alarm functions generated ),:)y the site controller are con
nected through modems arid an RS-232 interface to the alarm board 
in DATCS control operation center. 

Recei ver voting and transmitter steering information from 
each DATCf? voice channel at each site are brought to the voter 
,selector equipment at the DATCS control operation center. The 
control channels are not voted; voting is suspended from the 
back-up control channels if they are selected by the site con
troller. 

Audio signals into and out of the control channel receiver 
and transmi tteJ::- at each site are interconnected at the control 
channel audio u.nit in DATes control operation center. Any bridg
ing, amplification, attenuation, or balancing required is done at 
this unit. 

The DATCS control operation center coordinates and controls 
the operation of the three base station sites and. provides an 
interface for the restricted control terminals located at user: 
agency locations. The master con'troller provides logic and 
s,\·Ti tching for the multiple drop circuit to the agency terminals 1 

and routes management information generated by site controllers 
to the journal recorder. This information is listed in Appendix 
B, Subsection 10. The master controller is commanded by the 
master control terminal which can address the programming and 
coding of the master controller and the site controllers. 

The journal recorder is a magnetic tape transport that 
records all management information generated by site controllers, 

'alarm board, and master control terminal. It prints out selec
tive reports on its printer on command of the master controller. 
It is intended that most management reports, except for spot 
reports, will be generated off-line from the journal recorder 
tapes. 
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3 . FREQUENCY PLAN 

The frequency plan for a 20 channel area DATCS for Salt Lake 
County/Utah County is shown in Figure 11-4. A count of public 
service and public safety mobile units, as reported by the parti
cipants in Task 4, are more than enough for 70 percent loading of 
a 15 channel mixed service group trunked radio system under 
present FCC Rules and Regulations (Part 90, section 90.375). 

Overhead burden of two control channels is approxi,mately 13 
'percent of a 15 channel system. The distribution of channels for 
Lake Mountain, Mt. Vision, and Snowbird (Hidden Peak) is shown in 
Figure II-4. Channel 3 is the back-up control channel for Lake 
Mountain and Channel 4 is the back-up control channel for Mt. 
Vision. If a control channel failure (or deactivation) will 
require the use of channels 3 or 4 as control channels, the 
transmitters and receivers for the back-up channel selected will 
be exempt from voting and transmitter steering. Engineering 
analysis of system reliability based on known hardware and soft
ware components may reduce the need for back-up control channels. 

IU; 
Ii 
~-. 

,r] , , 
'I .. , . 

J 
A suggested frequency plan for 1..he statewide base station ~i _1 

locations, talk-back station locations and intermediate repeater ~_j 
locations, listed in Appendix B, is also shown in Figure 11-4. 
It is noted that the control channel frequencies are reused 
throughout the state s? that no more o~erhead ~hannels are ,11 
charged against a statewlde system. Operatlons (volce) frequen- UJ 
cies are spread beyond the first six channels in the Salt Lake 
County/Utah County system to minimize possible interference on 
the most used channels in the state Capitol area. A suggested 
base station site configuration is shown in Figure I 1-5 i the 
talk-back station configuration is shown in Figure 11-6. A 
suggested intermediate repeater site configuration is shown in 
Figure II-7. 

4. ADDRESS CODES . 

The digital address of all mobile units and control station 
uni ts has two parts; an individual unique address and a group 
address. The combination of these two address codes informs the 
site controllers and the master controller which control station 
and mobiles to include in the request for a channel. Under 
normal mode operation all mobiles assigned to a control station 
(group dispatch point) will be included in any group call. 
Mobile-to-mobile communication within the group is achieved as in 
any repeater type conventional radio system. If temporary modi
fication is required such as interagency coordination or inter
group mobile-to-mobile communication, the individual address 
portion of the address code enables unique routing by terminal 
instruction to the controllers. Similarly an individual mobile 
or control station can be denied access to DATCS. 
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5. MOBILE/CONTROL STATIONS 

Radio access to DATCS is accomplished by mobile stations and 
control stations. Direct wireline control to the site controller 
is not contemp-Iated; the mode of operation is similar to a con
ventional repeater type radio system. 

1) Mobile Stations 

The configuration of all mobile stations is shown 
symbolically in Figure I I-I. The frequency selection for 
transmission and reception is determined by frequency syn
thesis contrainted to the licensed channels by a programming 
plug or PROM. switching logic decodes the information pro
vided by the control channel; activating the channel change 
swi tching and di.splays if the address assigned to the unit 
is recognized. The mobile unit has a half-duplex* con
figuration, using a TjR switch instead of a duplexer. 

Mobile displays include the following: 

Handshake indication indicating a request for 
channel has been received by the system 

Indication that the request has been accepted and 
a channel has been made available 

Indication that the request has been placed in 
queue 

Indication that the mobile unit has gone beyond 
the control channel range. 

The mobile radio has no external control over its 
programmed address code and has no capability to add additional 
codes. 

(2) Control stations 

Control stations are the means by which control points 
. and dispatch points access DATes. There is no wire or 
microwave control links to the base station site control
lers. The configuration of control stations is shown symbol
ically in Figure II-I; it is identical to the configuration 
of a mobile station. 

The displays at the control station differ from those 
of the Mobile station. The control station displays include 
the mobile station di~plays in addition to: 

Code identity of the mobile unit in communication 
with the control station 
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Code J.den J. y 0 um" s J.n e 
queue for that control station 

Identity of any mobile in the "calls waiting II 
queue who has exercised an emergency priority 

status data display of units assigned to the 
control station who have a status encoder. 

The control station may have the capacity to 
change its group address or to ,recieve tra,ffic, from more 
than one group. This can be achJ.eved by sWJ.tchJ.ng prog~am 
plugs or PROM~. By exercisin,g ,th,is, option a control statJ.on 
can change dl.spatch responsJ.bJ.lJ. tJ.es to accomodate after-
hour coverage. 

6. CONTROL POINTS 

The configuration for DATeS results in two types of cont~ol 
points; the master syst~m control at DATCS control operatJ.on 
center and the control pOJ.nt at each agency. 

1) Master Control 

The mas·ter control is located at DATCS control opera
tion center. This is shown in Figures II-I, 11-5.' and 11-6. 
The function of the master control is to monJ. tor system 
operation as reported by the equipment status and alarm data 
provided by site controllers and to respond to alarm status 
with corrective action. 

By means of the master control terminal" the 
programming of the master controller and SJ. te controllers 
can be modified to achieve required, changes ,to system 
operation. A journal recorder and prJ.~t~r, delJ. vers hard 
copy of system spot status and changes J.nJ.tJ.ated by master 
control. 

The alarm board will alert the master control to 
faulty operation of any major unit at any of the three base 
station sites. Faul ty operation of the maste:r controller 
and the voting selectors on each voice channel J.S also shown 
on the alarm board. 

This position is reviewed as being manned 24 
hours a day. 
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2) Agency Control Points 

,Agency con~rol points are identified as control 
s~atJ.on,s ,a:r:d, J.n some cases, control terminals on a drop 
IJ.ne cJ.rcuJ. 't; to the mastel:' controller. Some agencies may 
have a mul~J.ple of ?ontrollPoints c?-located in a dispatch 
center. otn~r publJ.c serV:Lce agencJ.es may have a separate 
control sta~J.on at ~evera~ locations ,reflecting the multiple 
contro~ pOJ.nt confJ.guratJ.on of theJ.r command a.nd control 
operatJ.on. 

The agency control terminals are restricted to 
those agencies that have need to change fleet assignments 
freq';1ently and have th:e tec,hnical skills to operate computer 
termJ.na~s: ,Each termJ.nal J.S restricted by security code to 
the actJ.vJ.tJ.es of the agency in which it is installed. 

7. CONTROL STATION/MOBILE STATION OPERATION 

The half-duplex configuration of control stations and mobile 
stations is symbolized in Figure I I-I. The main difference is 
the degree of control each can exercise and differences in the 
output displays. Each responds to control channel commands and 

,each accesses the control channel(s) in the same way. Both have 
fre'i!uency synthesizers ~11hich span the entire 800 MHz trunked 
radJ.o spectrum and are constrained to the licensed channels by a 
replaceable code plug or PROM. The code plug or PROM will also 
determine the unit address and the group address. 

1) Control stations 

The control station is the means by which the 
dispatch center or control point accesses DATCS for communi
cation with its mobile fleet and possibly other control 
stations. There is no need for wireline control links or 
microwave control links to the base station sites. 

The control station idles on the system control 
channel and when initiating a call will be switched to an 
unoccupied voice channel together with all mobile uni·ts or 
co:r:trol stations having the same group address. A mobile 
u:r:J.t or control station in 't;he same group initiating a call 
wJ.II cause the control statJ.on to switch to the same unoc
cuppied voice channel assigned by the site controller. 

The displays of a control station will include: 

Handshake indicating a request for channel has 
been received by the system 

Indication that a requested channel has been 
assigned 
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Indication that a channel request has been placed 
in the waiting queue 

Code identity of the mobile unit in communication 
with the control station 

Indication of units in the "calls waiting II queue 

Indication if any unit in the "calls wai tingll 
queue has exercised an emergency priority request 
at any level priority. 

I . 

If the control station is part of a dispatch 
center for public safety operations the following displays 
should be added: 

status display for those mobile units provided 
with a status encoder 
Code identity of the uni ts in a II call wai ting" 
queue 

Code identity of a unit exercising an emergency 
priority request who is either in the "call 
waiting II queue or in communication with the 
control station. 

The control stations will have more control head 
flexibili ty than mobile stations. This feature includes 
manual switching of code plugs (or PROMs) to effect changes 
in fleet configuration or for interagency coordination. The 
public safety control stations will also have an emergency 
priority capability. 

2) Mobile stations 

Mobile stations are similar in configuration and 
function to control stations. Displays are limited to the 
following: 

Handshake indicating a request for channel has 
been received by the system 

Indication 
assigned 

that a requested channel has been 

Indication that a channel request has been placed 
in the waiting queue 

Indication -that the mobile is beyond the range of 
a system base station. 
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Mo~ile ,?on troIs and switching capability are limited. 
The moblle wll1 not be able to change its address codes and 
tl;1ereby . change its group assignment. Mobiles can be pro
v=!-ded Wl th an emergency priority switch. Those agencies 
Wl ~h a central dispatch status display decoder can add a 
unlt status reporting encoder to their mobiles to drive a 
status display at the dispatch center. The mobiles can have 
mul tiple PROMs swi tchable from -the central control point. 

BASE STATION OPERATION 
Base station operation is similar to conventional radio 

repeater type operation except for the site controller functions 
Th~re is a conventional repeater installation for each DATCS 
VOlce channel at each base station site. There is a conventional 
repeater installation for the control channel at Lake Mountain 
and ~t. Vision. A digital site controller manages the DATes 
functl0ns at each site. The basic functions of the site control
ler at each site are: 

Recover 

Select 
quested 

and decode inbound control 

and assign unoccupied voice 

channel requests 

channels as re-

Generate and encode outbound control channel signals 
directing system users to assigned channels 

Monitor voice channel activity 
Generate sub audible or dig±tal code information 
voice channels to unmute authorized receivers 

Control base station repeaters 

on 

Identify all base station repeaters in accordance with 
FCC regualtions for transmitting station identification 

Moni tor and report to alarm panels all ~base station 
abnormal conditions 

Provide system management interface for 
controller and master control terminal. 

the master 

The remote master controller and master control terminal 
will have a wide range capability to modify t.he applications 
program in the site controller. 

9. MOBILE-TO-MOBILE OPERATION 

Mobile-to-mobile communication is inherent in a repeater 
type operation. Within the group address all mobiles will hear 
and be in communication with, all other mobiles in the sam~ 
address group. Intergroup mobile-to-mobile communication can be 
~ni~i~ted by ~he dispatcher or master control terminal using the 
lndlvldual unlt address. These one-time intermobile links can be 
set up by keyboard entry or by cross-channel patching. 
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10. PORTABLE RADIO INTERFACE 

Estimates by industry sources place the very ear~iest avail
ability of a technically acceptable frequency synthes1zed trunked 
portable radios in the 1983-85 time frame. Un~il such po~table 
radios are available, trunked radio system equ1pment c~nf1gura
tions will include only base stations, control stat10ns and 
mobile stations. 

Public safety radio systems, ar«: portable ~adio intensive. 
The significant investment in th1S m1X of VHF h1gh band (~nd(or 
UHF) portable radio equipment must be protected. These eX1st1~g 
equipments must be permitted to operate with the trunked rad10 
system without modification. 

The public safety VHF portabl«: operation ~s to continue 
using the portable radios on convent1onal VHF rad10 channels and 
manually cross patching these channels into tI:e t~unk~d syst~m at 
the dispatcher's console when crossband coord1nat1on 1S requ1red. 
The recommended solution for the Salt Lake co~nty/Utah county 
area is to keep the conventional VHF frequenc1es for porta1;>le 
radio operation and trunked system will be used for the mob1le 
radios and their control stations. 

11. INTERAGENCY COMMUNICATION 

Interagency communication in the DATCS concept can be accom-
plished by the following key methods: 

Radio channel cross patching or phone patching at the 
dispatch consoles 

The pattern of interagency coordination con~ecti vi ty 
can be programmed into the controllers and act1vated,by 
terminals installed at key dispatch,cen~ers of,agenc1es 
where flexibility in fleet programm1ng 1S requ1red (see 
Figure 11-1) 

Routine and frequently activated cross-agency commun~ca
tion routes can be programmed into the control stat10n 
code plug (or PROM) and these ~ode plugs (or PROMs) 
manually switched at control stat1ons. 

Any of these, or a combination of them, can be configured 
into the vendor's proposal as best suited to his hardware and 
software offerings. 

12. PHANTOM GROUPS 

Temporary one-time needs for mul~i-agency response or intra 
group limited response ca~ b~ ,satisfled, by creat1ng a ?oftware 
"phantom group" to which 1nd1vldual veh1cles can be ass1gned by 
their unit address code. This assignment will not al,ter the 
fixed unit address code or group address code o,f the 1nvol ved 
mobile. Cancellation of the "t:hant~m, group" w1ll return all 
mobile units automatically to thelr or1g1nal group. 
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13. DEGRADED OPERATION 

The DATCS system redundancy offered by the three base sta
tion site configuration makes it unlikely that the Salt Lake 
County/Utah County DATCS will revert to a conventional radio 
channel operation due to contoller failure. Some key failure 
modes have been discussed Appendix B. In general the results of 
key catastrophic system element failures indicate some coverage 
loss if Lake Mountain or Mt. Vision are shut down and some loss 
of talk-back capability in the canyons if Snowbird (Hidden Peak) 
is shut down. Only an extreme catastrophic failure of both Lake 
Mountain and lVIt. visio:t;l simultaneously will prevent the system 
from operating at some level of efficiency in a trunked mode. In 
this case, aUi:omatic conversion to a planned conventional mode 
operation will be programmed. 

14. INTERSYSTEM CONSIDERATIONS 

The two types of intersystem operations to be considered are 
oper~tions with other conventional radio systems and operations 
with other trunked radio systems. 

1) Conventional Radio Systems 

Conventional radio system operations wi thin the Salt 
Lake county/Utah County area can be interface with DATCS at 
the control consoles. Automatic crossband repeaters will 
not be used for interconnection. 

Conventional radio system operations from outside the 
Salt Lake County/Utah County area will not be able to inter
face with DATCS unless they are both terminated at the same 
dispatch center in the Salt Lake County/ County area. 
Mutual aid police and fire channels could be included in 
this category but it is unlikely that mobile units from 
outside Salt Lake County/Utah County area would require 
interconnection with Salt Lake County/Utah County DATCS. 

2) Trunked Radio Systems in Utah 

There is no immediate requirement placed on the Salt 
Lake County/Utah County area DATCS for interconnectibili ty 
wi th any other DATCS system ou·tside the area. At this time 
the hardware and software offerings of the key vendors of 
trunked radio systems are incompatible with each other. Th~ 
signaling and control methodology and protocols are incompre
hensible between the competitor's equipment. To expand the 
Salt Lake County/Utah County DATCS to a statewide system 
will require the state of Utah to standardize the DATCS 
frequency plan (particularly the control channel fre
quencies), address coding, site controller functions, signal
ing, and control methods or protocols. This standardization 
is implied in this reports. The mobile radio configuration 
of the Salt Lake County/Utah County DATCS \vould then be 
compatible with every other Dl\.TCS implemented in Utah as 
long as these standards were imposed. 
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Assuming the standardization of signaling and control 
protocols in utah, a DATCS mobile leaving the service area 
of a Utah DATCS will lose the control channel signal. It 
will automatically search for another control channel and, 
failing to find one, will automatically search for a "fail 
soft" signal. A" fail soft" signal converts the DATCS 
mobile to conventional mode 800MHz operation on the channel 
the "fail soft" signal is found. This "Fail soft" signal 
can be assigned to an intermediate site repeater which 
serves the agency to which the mobile is also assigned 
(separate repeaters and frequencies for Utah Highway Patrol, 
Utah DOT, etc.). By locating the intermediate sites at 
terminal points of the existing 2GHz backbone microwave 
system, the repeaters at the intermediate sites can be 
controlled by control centers for each agency thereby pro
viding commend and control capability in addition to agency 
mobile-to-mobile communications within the area of the 
intermediate site. 

When the mobile is again wi thin the range of a 
Utah DATCS, the priority search capability of the Utah 
DATeS mobile will find a control signal and switch the 
mobile from conventional mode to the Utah trunked 
system configuration. All features of tbe Utah DATCS 
are then restored to the mobile unit. 

centralized control of a multi-cell DATCS configuration 
can be achieved by remote control of a Control station in 
each DATCS cell. This can be accomplished through the 2GHz 
backbone microwave system; control from Salt Lake City can 
be exercised by participating state agencies if desired. 

3) Trunked Radio System in Adjacent States 

outside of Utah the probability of Utah DATCS mobiles 
being able to communicate Y'ith any other DATr.S is remote due 
to the lack of Federal standards and industry standards. 
Similarly trunked mobile equipment from outside Utan would 
be unable to operate in the Utah DATCS unless its fre~len
cies and control channel protocols where compatible. 

15. FACILITIES 

Unique facilities at the base station sites and at the DATCS 
control operations center will be a consideration. Specialized 
maintenance facilities will also be required. 

1) Base station sites in Salt Lake County/Utah County 

It is intended to use existing equipment shelters 
and power systems at Lake Mountain, Mt. Vision, and Snowbird 
(Hidden Peak). It is assumed that tower space and intermod
ulation studies will require the erection of a separate 
antenna support structure at each of the three locations. 
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2) DATCS Control Operations Center 

Space ~ust ,be provi,ded for the DATCS control operations 
~enter. ThlS wlII requlre a computer environment for hous
~ng the master cont;roller and the peripheral alarm board, 
Journal recorder, prlnter, and master control terminal. The 
:roter se,lector, installation and the control channel audio 
lntegratlon equlpment are also a part of the center but need 
not b,e colocated with the computer controller. The area 
must lnclude personnel space for manning the center 24 hours 
a day and ahould also provide office space for the system 
manager. 

3) Maintenance Facilities 

Special maintenance facilities for the DATCS 
sho';1l~ be included. A full time maintenance program is 
a~tl~lpated to keep all of the DATCS system elements func
t~onlng at a level of quality needed to minimize performance 
dlfferences betw:een the multiple channels. This facility 
must store speclal parts/modules and will feature special 
tools and test e~uipment. 
PERSONNEL 

Personnel considerations include management 
system personnel, operating personnel, and maintenance 
Personnel staffing will be critical to the success or 
the DATCS concept. 

personnel, 
personnel. 
failure of 

1) Management 

, ,It is suggested that DATCS be managed by an organ
l~atlon separ~te from but supported by the user organiza
tlons. The hlgh technology requirements of DATCS calls for 
specialized telecommunications management; resources that 
can not usually be spared from the user organizations. A 
u~er group should be formed to set policy and review opera
tlons but day-to-day management should be vested in a dedi
~ated manager. The exis~ing pool of communications managers 
In the area should provlde the resources for selecting the 
DATCS manager. . 

2) System Maintenance Personnel 

Software maintenance and hardware maintenance will be a 
full-time occupation to keep the quality of this high tech
~ology system to an exp~cted standard. Thorough understand
l~g of the system, operatlon, operation software, and applica
tlons software wlII be required suggesting the need for a 
data system analyst who can maintain the software and pro
vide needed modifications. 
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Hardware maintenance will require special skills 
to obtain and retain 800 MHz integrity. Maintenance person
nel skilled in computer operations, terminals and displays 
will also be required. It is assumed that developing these 
skills in utah personnel will be part of the vendor obliga
tions for training. 

3) Operating Personnel 

The DATCS control operation center is conceived 
as a 24 hour a day operation. One terminal operator/ 
controller per shift would appear to be adequate. This 
could be a shared responsibili ty after DATCS h.as become 
operational and debugged. This would require approximately 
5 specially trained persons with unique operations training; 
one would be the Supervisor. 

Support service such as purchasing, financial control, 
audi ts, benefits administration, facility maintenance, and 
the like are assumed to be provided by the participating 
city, county or state agencies. 

17. ENGINEERING COST ESTIMATE 

This section presents engineering cost estimates associated 
wi th implementing a digitally addressed trunked communication 
system (DATCS) in Salt Lake county and Utah County. Costs are 
presented in two parts: 

Non-recurring costs - one-time capital investment costs 

Recurring costs - ongoing costs associated with owning, 
operating and maintaining the DATCS in the Salt Lake 
County area. 

This cost estimate also presents the probable cost of the 
components of a statewide expansion of the Salt Lake County/Utah 
County DATCS. 

These cost estimates present the best information available 
at this time. Much of the hardware and software has not been 
produced in the form and function required by the system concept. 
Therefore, a number of assumptions were required based on engine
ering experience, discussions with the vendor community, and 
representative cost experience of the commercial trunked sys·tem 
users. 

These costs estimates will also need to be adjusted as new 
information becomes available. No attempt has been made to 
accommodate price .escalation due to inflationary pressures or to 
extend the value of these funds into some future date when the 
implementation of DATCS is more probable. The degree of deter
mination on the part of t~he vendors to pursue the market and the 
competi tive posture of the market at the time of implementation 
will be the final arbiter of these estimated costs. 

V-24 

[] 
flJ 
n l\ 
ti, • 

t. 
i. j I j 

r: 
LJ 

i 
I 
I 

11 

/i I: 
II 

UD 

U] 

fn We;! 

IT] 
['j 
'1 j L 

[l 

(1) Non-Recurring Costs - S~tt Lake County/Utah County 

. Non-recurring costs are the one-time, initial acquisi
~1on costs an~ the costs of start-up. These costs do not 
1nc~ude the f1rst year maintenance costs although, at the 
9P~19n of the purchaser, these costs may be included in the 
1n1t1al purchase contract. 

The fo~lowi~g summat~on includes the initial one-time 
cost for f1xed 1nstallat1ons and mobile installations for 
Salt L~ke County;/Utah County DATCS. The break-down of these 
costs 1S shown 1n the subparagraphs to follow: 

Fixed Installations 

Mount Vision 
Lake Mountain 
Snowbird (Hidden Peak) 
Control Operations 
Maintenance Equipment 
Control Stations 
Fixed Station Subtotal 

Mobile Installations 

Engineering Services 
Total Estimated Non
recurring Costs 

(2) Mount Vision Estimated Costs 

Repeaters $9,500 
Multicouplers/Combiners $10,600 
Duplexers $600 
Antennas/Transmission Lines 
Site Controller $45,00 

$800 

Modems $400 
Tower 50' X $110 ft. 
Microwave Interface Modules $200 
2 GHz Microwave Terminals $18,000 
Installation (5%) 
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$ 257,000 
257,000 
247,400 
253,400 
33,100 

162,000 
$1,209,900 

$2,488,600 

40,000 

$3,738,500 

qty. 14 
qty. 3 
qty. 3 
qty. 3 
qty. 1 
qty. 2 
qty. 1 
qty. 32 
qty. 1 
qty. 1 

$ 133,000 
31,800 

1,800 
2,400 

45,000 
800 

5,500 
6,400 

18,000 
12,300 

$ 257,000 
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(3) 
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(4) 

(5) 

l 

Lake Mountain Estimated Costs 

Repeaters $9,500 
Multicouplers/CQmbiners $10,600 
Duplexers $600 
Antennas/Transmission Lines $800 
Site Controller $45,000 
Modems $400 
Tower 50' X $110 ft. 
Microwave Interface Modules $200 
2 GHz Microwave Terminal $18,000 
Installation (5%) 

Snowbird (Hidden Peak) Estimated Costs 

Repeaters $9,500 
Receiver $600 
Multicouplers/Combiners $10,600 
Duplexers $600 
Antennas/Transmission Lines $800 
Site Controller $45,000 
Modems $400 
Tower 50' X $110 ft. 
Microwave Interface Modules $200 
2 GHz Microwave Terminal $18,000 
Installation (5%) 

Co~trol Operations Estimated Costs 

Master Controller $40,000 
Alarm Board $12,000 
Voter Selectors $2,200 
Journal Tape Transport $17,000 
Master Terminal $3,500 
Agency Terminals $2,700 
Printer $4,500 
Audio Control Assembly $1,500 
Microwave Interface Modules $200 
Modems $400 
2 GHz Microwave Terminals $18,000 
Telco Installation $125/line 
Applications Software 
Installation (5%) 
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qty. 14 
qty. 3 
qty. 3 
qty. 3 
qty. 1 
qty. 2 
qty. 1 
qty. 32 
qty. 1 
qty. 1 

qty. 13 
qty. 1 
qty. 3 
qty. 3 
qty. 3 
qty. 1 
qty. 2 
qty. 1 
qty. 31 
qty. 1 
qty. 1 

qty. 1 
qty. 1 
qty. 13 
qty. 1 
qty. 1 
qty. 10 
qty; 1 
qty. 1 
qty. 95 
qty. 7 
qty. 3 
qty. 20 
qty. 1 

$ 133,000 
31,800 

1,800 
2,400 

45,000 
800 

5,500 
6,400 

18,000 
12,300 

$ 257,000 

$ 123,500 
600 

31,800 
1,800 
2,400 

45,000 
800 

5,500 
6,200 

18,000 
11,800 

$ 247,400 

$ 40,000 
12,000 
28,600 
17,000 
3,500 

27,000 
4,500 
1,500 

19,000 
2,800 

54,000 
2,500 

30,000 
11 ,000 

$ 253,400 
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(6) 

(7) 

(8) 

Maintenance Special Tools/Test Equipment Estimated Costs 

Digital Test Sets $1,450 qty. 2 $ 2,900 
Special Logic Probes $150 qty. 4 600 
Spectrum Analyzer $6,000 qty. 2 12,000 
800 MHz Signal Generator $1,500 qty. 2 3,000 
Portable Digital Analyzer $1,500 qty. 4 6,000 
Transmission Test Set $4,300 qty. 2 8,600 

Control Stations Estimated Cost -
$ 

($4,500 Installed) 
33,100 

Salt Lake County Sheriff qty. 4 $ 18,000 
Utah County Central Dispatch qty. 6 27,000 
Pleasant Grove Police qty. 1 4,500 
Utah Highway Patrol qty. 4 18,000 
Salt Lake City Fire Department qty. 2 9,000 
Salt Lake County Fire Department qty. 2 9,000 
Salt Lake City/County Health Department qty. 1 4,500 
Salt Lake County Public Works qty. 4 18,000 
Salt Lake County Surveyor qty. 1 4,500 Salt Lake County Building Inspector qty. 2 9,000 
Salt Lake County Security qty. 2 9,000 
Salt Lake County Aging Transportation qty. 1 4,500 
Utah Department of Transportation qty. 1 4,500 
Salt Lake County Fleet Management qty. 2 9,000 
Brigham Young University Police qty. 1 4,500 
Utah University Police qty. 1 4,500 
Salt Lake County Attorney g,tX· 1 4,500 

36 $ 162,000 

Mobile Station Estimated Cost ($2 z300 lnstalled)~· 

Salt Lake County Sheriff qty. 250 $ 575,000 
Utah County Central Dispatch qty. 73 167,900 
Pleasant Grove Police qty. 19 43,700 
Utah Highway Patrol qty. 125 287,500 

Ii Salt Lake City Fire Department qty. 75 172,500 
Salt Lake County Fire Department qty. 75 172,500 

Ii Salt Lake CitY/County Health Department qty. 21 48,300 
Salt Lake County Public Works qty. 140 322,000 Ii 

I' 
Salt Lake County Surveyor ): q'ty. 25 57,500 i! Salt Lake County Building Inspector qty. 20 46,000 ;j 
Salt Lake County Security qty. 1 2,300 

jl 
1.1 Utah Department of Transportation qty. 200 460,000 If 
li 

Salt Lake County Fleet Management n qty. 16 36,800 Ii 
ii, Brigham Young University Police qty. 13 29,900 ~) 

Utah University Police i't 

qty. 23 52,900 " r;f Salt Lake County Attorney qty. 6 13 z800 :; 
1082 $2 1 488,600 V 

l 
I 
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(2) Recurring costs-Salt Lake County/Utah County 

The recurring cost estimate does not include the cost 
of operating the existing communication system by each of 
the participating agencies. The DATCS 
concept has not changed the existing operating procedures or 
control locations for any participating agency and the 
assumption is made that no change will be re~lired in their 
operating staff or facilities other than the installation of 
new DATeS equipment. 

The recurring cost estimates' include staffing and 
facilities needed to centralize the control and maintenance 
of unique DATCS equipment. There is no existing DATCS 
configuration similar to the configuration and functions 
required of this proposed system. Therefore, there is no 
reliable cost experience to reference and assumptions are 
made based on past experience with other digitally control
led, computer operated telecommunications systems. These 
estimated costs are summarized below: . 

Maintenance Technicians $22,500* 
Control Operator (24 hrs) $25,000* 
Administrator $31,250* 

Total Estimated Annual Labor 

Maintenance Parts (Fixed/Mobile) 
Maintenance Training (2 men) 

(Updating and Replacement Personnel) 
EDP Services (Management Reports) (260 hrs) 
Replacement Equipment (Up-dating) 
utilities (Telephone/Power) 

qty. 4 
qty. 4 
qty. 1 

Total Estimated Annual Service Cos-t 

Total ~~nual Estimated Recurring Cost 
Annual Labor 
Annual Service 

These estimated costs include full burden. 
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$ 90,000* 
100,000* 

31,250* 
$221,250* 

$110,000 
3,000 

3,900 
179,400 

12,000 
$308,300 

$221,250* 
308,300 

$529,550 
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These estima~ed costs assume that Salt Lake County/Utah 
County, ,o~ ~n equJ.valent governmental agency, will take full 
r~sponsJ.bJ.1J.ty for system m~i~tenance following the expira
tJ.on of any warrantee provJ.sJ.ons. The estimated costs are 
a~sumed ,to be averag~ costs and do not account for ea~ly 
l,~fe faJ.lures of equJ.pments or components covered by war
rantee. 

(3) Estimated Non-Recurring Costs-statewide Summation 

The following smmation of estimated non-recurri.ng costs 
~ssume that ~A~C~ for Salt Lake County/Utah County will be 
J.mplemented J.nJ. tJ.ally and that this system will than be' 
exp~nded statewide by adding DATCS base stations with inter
medJ.ate re~eaters. The estimated non-recurring costs for 
all s'~at:wJ.de subsystem~ are pre,sented in the following 
summatJ.on, a later sectJ.on of thJ.s appendix will provide 
cost breakdown details for each subsystem. 

WASATCH FRONT(see 
County) 

Section A.l 

Lake Mountain 
Mt. Vision 
Hidden Peak 
Control Operations 
Maintenance Equipment 
Control Stations 
Engineering Services 
Mobile Installations (1082) 

Total Subsystem 

SOUTHWEST 
Frisco Peak 
Beaver Mountain 
Cedar city Control 
Barney Top Repeater 
Moccasin Peak Repeater 
Levan Peak Repeater 
Monroe Peak Repeate:r 
Engineering Serviceis 

Total Subt~ystem 

NORTHEAST 

Asphalt Ridge 
Vernal Control 
Tabby Mountain Repeater 
Ford Ridge Repeater 
Dutch John Repeater 
Engineering Services 

Total Subsystem 
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Salt Lake County/Utah 

$ 257,000 
257,000 
247,400 
253,400 
33,100 

162,000 
40,000 

2,488,600 
$3/738~500 

$ 132 / 700 
132, '700 
136,550 

50 / 600 
50,600 
50 / 600 
50 / 600 
30,000 

$ 634,350 

$ 132 / 700 
136,550 

50,600 
50 / 600 
50,600 
30,000 

$ 451 / 050 
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SOUTHEAST 

Bald Mesa 
Adajo Peak 
Moab control 
Cedar Mountain Repeater 
Engineering Services 

Total subsystem 

$ 

$ 

-[ 

132,700 
132,700 
136,550 

50,600 
30,000 

482,550 

NORTHWEST 

l 

Little Mountain 
Salt Lake city control 
Expansion 

Red Spur Repeater 
Delle Repeater 
Engineering Services 

Total Subsystem 
TOTAL ESTIMATED STATEWIDE 
DATCS COST 

$ 247,400 

30,400 
50,600 
50,600 
25,000 

$ 404,000 

$5,779,450 

It is again noted that additional mobile stations have 
not been included in this statewide estimates. 

(4) statewide Non-Recurring Cost Detail 

The implementation of DATCS statewide is assumed to 
follow the base station/intermediate repeater configuration 
described in the system concept The following estimated 
costs are based on that configuration and the DATCS fre
quency plan. The number of mobile stations which may be 
licensed in areas other than the Salt Lake County /Utah 
county is unknown, therefore, these cost estimates will 
include only the fixed base and fixed control station equip-
ment. 

Frisco Peak Estimated Costs 

Repeaters $9,500 
Multicoupler/Combiner $10,600 
Duplexer $600 
Antenna/Transmission Line $800 
site Controller $40,000 
Modems $400 
Microwave Interface Module $200 
2 GHz Microwave Terminal $18,000 
Tower 50' X $110 ft. 
Installation (5%) 
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qty. 5 
qty. 1 
qty. 1 
qty. 1 
qty. 1 
qty. 2 
qty. 12 
qty. 1 
qty. 1 
qty. 1 

$47,500 
10,600 

600 
800 

40,000 
800 

2,400 
18,000 

5,500 
6,500 
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Cedar City Control Estimated Costs 

Master Controller $25,000 
Alarm Board $10,000 
Voter Selectors $2,200 
Journal Tape Transport $11,000 
Master Terminal $3,500 
Printer $4,500 
A~dio Control Assembly $1,200 
Mlcrowave Interface Modules $200 
Modems $400 
2 GHz Microwave,Terminals $18,100 
Telco Installatlon $125/Line 
Applications Software (Transfer) 
Control stations $4,500 
Installation (5%) 

Asphalt Ridge Estimated Costs 

(See Frisco Peak) 

Vernal Control Estimated Costs 

(See Cedar City Control) 

Bald Mesa Estimated Costs 

(See Frisco Peak) 

A~ajo Peak Estimated costs 

(See Frisco Peak) 

Moab Control Estimated Costs 

(See Cedar city control) 

Little Mountain Estimated Costs 
(See Snowbird-Hidden Peak) 
Additional Control Operations Costs 

Voter Selector Modules $400 
Microwave Interface Modules $200 
Modems $400 

qty. 1 
qty. 1 
qty. 4 
qty. 1 
qty. 1 
qty. 1 
qty. 1 
qty. 24 
qty. 4 
qty. 2 
qty. 10 
qty. 1 
qty. 3 
qty. 1 

qty. 13 
qty. 32 
qty. 2 

2 GHz Microwave 
Total Estimated Cost 

Terminals $18,000 qty. 1 
to Add Little Mountain 
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$ 25,000 
10,000 

8,800 
11,000 

3,500 
4,500 
1,200 
4,800 
1,600 

36,000 
1,250 

10,000 
13,500 

5,400 
$136,550 

$132,700 

$136,550 

$132,700 

$132,700 

$136,550 

$247,400 

5,200 
6,400 

800 
18,000 

$277,800 
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Tabby Mountain Repeater Estimated Costs 

Repeater $9,300 
Multicoupler/Combiner $10,600 
Duplexer $600 
Antenna/Transmission Line $800 
Repeater Interface $500 
Tower 50' X $110 ft. 
Microwave Interface $200 
Installation (5%) 

Barney Top Repeater Estimated Costs 

(See Tabby Mountain Repeater) 

Moccasin Peak Repeater Estimated Costs 

(See Tabby Mountain Repeater) 

Monroe Peak Repeater Estimated Costs 

(See Tabby Mountain Repeater) 
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gty. 3 
gty. 1 
gty. 1 
gty. 1 
gty. 3 
gty. 1 
gty. 6 
gty. 1 
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$ 27,900 
10,600 

600 
800 

1,500 
5,500 
1,200 
2,500 

$ 50,600 

$ 50,600 

$ 50,600 

$ 50,600 
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II~. REQUIRED IMPLEMENTATION ACTIVITIES 

The implementation of the system concept will proceed only 
after thorough review by the potential user agencies, their 
department heads, and the Public Safety Director of each partici
pating municipality. After this has been achieved and the imple
mentation plan has been officially sanctioned, another critical 
milestone must be met before procurement acti vi ties can be 
initiated. 

Federal Communications Commission (FCC) licensing require
ments for large scale 800 MHz trunked radio systems in local 
government service have not been clearly defined or tested at 
this time. Following local government approval the initial 
implementation a.ctivity must be directed toward satisfying all of 
the elements needed to secure reasonable assurance from the FCC 
that the trunked radio system, as planned and approved, can be 
licensed. 

1. LOCAL GOVERNMENT APPROVALS 

Local government approvals will be achieved in three steps, 
securing of user agency agreements, development of funding agree
ments to implement and operate the system, and the legally bindi
ng commitment of the municipalities to participate in and support 
the system. 

(1) Agency Agreements 

Signed agreements by each agency planning to partici
pate in the trunked radio system must be acquired. These 
agreements will conform with FCC requirements (Section 
90.359 and 90.179). As a minimum they will include: 

Agreements regarding the supervision and control 
of the trunked system operation 

Method of cost-sharing and pro-rating of costs 
among all cooperating parties 

Responsibility for maintaining system operation 
records and filing reports with the FCC (Section 
90.391). 

In addition to the items needed for FCC licensing, the 
agency agreements will also include provisions for: 

Management authority over the system staff and 
equipment 

Centralized maintenance of system components 
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Property, equipment and facilities provided by the 
user agencies and municipalities 

Modification and/or termination of the agreement 
as subj ect to FCC Rules and Regulations (section 
90.391). 

Agency agreements will be the key element in securing 
the funding agreements and municipal government approvals. 

. (2 ) Funding Agreements 

The acquisition of agency agreemen.ts will provide 
dimensions for revised cost estimates needed to establish 
funding requit'ements. These requirements will include 
estimates of non-recurring implementation costs and recur
ring operations costs. The following elements of costs will 
be identified: 

Implementation Costs 

Planning Activities 

Professional Services 

Hardware/Software 

Facilities 

Installation/Test/Acceptance 

Personnel Staffing and Training 

Operating Costs 

Personnel salary and Overhead 

supplies 

Maintenance of Hardware/Software 

Equipment Replac€Jment 

continued Training 

The distribution of th€!se costs among the funding 
sources will be decided and firm commitments and/or agree
ments acquired. These funding sources will include: 

Federal and State grants funds 

Local municipal funds 

In-kind services, equiprrlent, or facilities 
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User agency cost sharing assessments 

Grants from private foundations 

Gifts from private sources. 
.. 

The ,fUnding agencies must approve and :be. committed to 
the fundlng plan before final and binding c'ommi tments will 
be ,so,uth, f~om the State of Utah, county governments, and 
munlclpalltles. 

(3 ) Municipal Government Approvals 

_ , Based op the ag~ncy agre~ments and funding agreements 
aChleved, flrm comml tments wlII be required from state 
County and municipal governments to assure continued project 
support and to re~pond to Fed~ral ~nd State grants requests. 
These approvals wlII be requlred In the form of resolutions 
or other legally binding documents. 

PRELIMINARY LICENSING CONSIDERATIONS 

The licensing of multiple base station wide-area 
trunked radio systems in state and local government service 
and public-safety service is not clearly defined by oresent 
FCC Rules a~d Regulations. Waivers to the present FCC Rules 
an<;l Regul~tlons ,may b,e ,required, partic;:ularly section 90.375 
whlch deflnes tlme llmlts for phased lmplementation. It is 
probable that waivers to section 90.739 whichlimi ts power 
and antenna height wll also be needed. 

Before hardware and software commitments are made, 
prelimi~ary discussions will be held with the FCC. An 
expresslon of assurance will be sought indicating that the 
trunked system, as planned and approved by the user agencies 
and governmental authori ties, will receive favorable 
licensing consideration from the FCC when formal appli
cations for licenses are submitted. 

IMPLEMENTATION SCHEDULE 

The . det.ailed implementation schedule will be developed 
foll~wing assurances from FCC that the trunked radio concept will 
b~ llcensable under FCC Ru~es and Regulations and that any revi
SlO~S to. the concept requlred by FCC evaluation of the system 
des~gn has .m~t the approval of the user agencies and the partici
patl~g munlclpal gov~rnments. The implementation schedule will 
conslst of two key lnterrelated parts; a system implementation 
schedule and a corresponding financial schedule. 
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(1) System Implementation Schedule 

The system implementation schedule will be a time
dependent schedule. The project will be defined in terms of 
separate tasks with cle.arly defined milestones indicating 
the completion of each task and definitive measureable 
milestones leading to the completion of each task or project 
element. Major tasks include: 

Project Planning and Reporting 

Engineering Services 

Preparation of Specifications 

Preparation and Approval of Statement of Work 

Solicitation of Bids 

contract Award 

Facility PT.eparation 

System Licensing 

Equipment Delivery/Installation 

Test and Acceptance 

Personnel Training 

System cut-over 

System Evaluation. 

Each ma] or task will be supported by task breakdown 
schedules which define the subtasks needed to achieve the 
completion of each major task. 

(2) Financial Schedule 

The financial schedule will be coordinated with the 
system implementation schedule. This schedule will be based 
upon the funding agreements and will include the following 
major elements: 

Milestones showing each major commitment of funds 

The date and amount funds will be made available 
to the project from all sources 

The schedule dates for the submission qf financial 
reports. 
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The submission and distribution of financial reports 
will be elements of the financial agreements and govern
mental approvals. 

4. SYSTEM MANAGEMENT AND OPERATION 

The management and direction of the implementation program 
will be the responsibility of the Program Director. The Program 
Director will be supported by a fUll-time and part-time staff 
representing each key function of the implementation program. 
These functions include: 

System Engineering - this staff function will be 
assisted by consulting engineers and the engineering 
staff of the successful system contractor 

Procurement - This staff function will be assisted by 
the purchasing and procurement personnel of salt Lake 
County 

Finance this staff function will be a part-time 
service provided by Salt Lake County 

Facilities - this staff function related to the acqui
si tion and preparation of special facilities for the 
equipment and personnel of the project will be provided 
part-time by the state of Utah and Salt Lake County 

Personnel - the project staff personnel are under the 
direct supervision of the Program Director; personnel 
activities such as job descriptions, salary determin
ation, and benefits administration will be under the 
direction of Salt Lake County unless the person is on 
loan from another municipal jurisdiction. 

In addition to the proj ect staff reporting to the Program 
Director, two advisory groups will be responsible for overall 
project policy with the Project Director serving as chairperson 
for each advisory group. These groups consist of: 

User Representatives this 
appointed representatives of 
provide direct liason between 
and their respective agencies 

group is composed of 
each user agency; they 
the project organization 

Government Representatives - this group is composed of 
appointed representatives of each municipality and 
state or county government sections which have an 
operational or financial interest in the program. 
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It is the intention t.hat this management group be carri~d 
over in form and function to the operation of the trunked rad~o 
system after it has been installed, tested, and accepted. Add1-
tional personnel needed to operate the system from a cen-t;:ral 
location will be added to the Facili ty funct~on of the pro] ect 
staff. At that time the Facility function w111 become a full
time staff position under the Program Director. 

5 . PROCUREMENT 

The procurement of the trunked system will pro~eed in two 
sequential activities; system engineering and purchas1ng. 

(1) System Engineering 

Technical assistance will be required to develop the 
engineering design of the trunked radio system based on the 
S1rstem concept. Key questions to ~e resolved before 
p~6curement specifications are prepared 1nclude: 

Radio Propagation Analysis - engineerin9 analysis 
of 800 MHz radio propagation from cand1~ate ba~e 
station sites will be conducted to determ1ne rad10 
coverage of the Sal t Lake County area and to 
establish antenna pattern characteristics. FCC 
Rules and Regulations (Section 90.379) clearly 
limi t the effective :radiated power and anteI?-na 
elevation at each proposed site and engineer1ng 
analysis will be required if waivers from these 
FCC Rules and Regulations are needed 

switching Logic - the switching logic ,for the 
master cont:r:oller, site controller, mob1le sta
tions, and control stations will be engineered to 
be compatible \vi th e~pected vendor hardware offer
ings 

Software the system software, for the, master 
controller and site controller w111 be eng1neered 
to enable efficient software management from a 
master terminal 

Based upon the results of thesE!, technical acti v~ t~es , 
,systems engineering will prepa~e deta1led sys~eI!l spec1f1~a
tions and equipment specificat10ns for competlt1ve procure,
mente 

(2) Purchasing 

The purchasing function will consist of 
activities· developing a statement of Work (SOW), 
competitiv~ bids, and awarding a system contract. 
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Statement of Work (SOW) the SOW is a precise 
description of the materials and services required 
of the contractor and the time domain in which 
delivery is to be made. The key elements of the 
SOW will be: 

Background and Objectives of the project 

Required qualifications of successful bidders 

Services and Support to bE! provided 

Quanti ties of each equipment to be provided 

Schedule for all deliverable items hard
ware, software, serivces, and support items 

Solici ting Com~etiti ve Bids competi ti ve bids 
from all qual1fied vendors will be solicited by 
means of a procurement package which will include: 

State and County legal requirements 

Statement of Work 

System Specification 

Equipment Specifications. 

A one-s-tep solicitation is anticipated in which each 
b~dder w:ill provide a technical proposal and a firm 
f1xed pr1ce cost proposal for the complete installation 
of an operating digitally addressed trunked radio 
system 

Award the System Contract - the combined technical 
proposal and cost proposal most advantageous to 
Salt Lake County and associated municipalities 
will identify the successful bidder. A firm fixed 
price contract without cost escalation is antici
pated. 

6. LICENSING 

The signed contract defining the equipment to be purchased 
and the quantity of that equipment will provide SUfficient infor
ma tion to file application with the FCC for system licenses. 
Present FCC practice for licensing 800 MHz trunked system 
requires the following minimum submission: 

.::;:..:.:. 

Form 400 for each license requested (Section 90.357) 

Agreements with each user agency relative to control of 
the system (Section 90.179) 
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Agreements with each user agency relative to cost
sharing of installation and operation (Section 90.179) 

Financial plan showing the service will be provided to 
user agencies at cost (Section 90.359) 

\ .. ,: ' 

System description and specification (Section 90.359, 
section 90.371, section 90.375, and section 90.379) 

Eligibili ty statement for each user (Section 90.359) 

Evidence of purchase orders placed for the equipment. 

It is probable that FCC ltlaivers will have to be asked to 
extend the number of years for phased implementation of the 
system (Section 90.375) and for the limits on power and antenna 
height (Section 90.379). 

Technical support for negotiating system licenses with the 
FCC will be requested of the engineering consultant and from the 
system contractor. 

7. FACILITIES ACQUISTION AND PREPARATION 

It is the responsibility of the Program Director to provide 
adequate facilities for the equipment and staff of the trunked 
radio system. Subject to revision by the engineering study, the 
following facilities will be required: 

Mt. Vision equipment shelter for fifteen 800 MHz 
repeaters, a site controller, ancillary equipment for 
the antenna subsystem, antenna support structure for 
four antennas, and appropriate power/climatic control 
equipment 

Lake Mountain - equipment shelter similar to Mt. vision 

Hidden Peak - equipment sh~l ter similar to Mt. Vision 

Control Operations - equipment shelter for the master 
controller/terminal, alarm equipment, recorders, 
printers, microwave terminations and other items of 
equipment associated with the central control function. 
staff facilities for a Program Director , Facilities 
Manager, Engineering, Software/Hardware Manager, and 
Programmer/Operators will also be required. 

Centralized maintenance will also require special facilities 
which must be provided by the State of utah or Salt Lake County. 

It will be the responsibility of the Facilities Manager on 
the staff of the Program Director to obtain these above facili
ties and prepare them in a timely manner. 
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8. PERSONNEL AND TRAINING 

, Personnel for the management and operation of the trunked 
rad10 ~ystem w~ll ?e identified and prepared for their assign
~en~s 1n coord1nat10n with equipment installation and test It 
1~ ~ntend~d, that the Project Director and staff will contin~e in 
tae1r, ,pOS~l t10ns ~fter ~~~ ~run~ed radio syste:m has been installed 
and accepted. :rhe ,ad(11 t10nal people requ1red to operate the 
s¥stem w~ll be recru1ted and trained during the system installa
t10n test so that their services can be used as much needed test 
personn«71 and, ~he experience gained by them can serve as 
on-~h«7-Job tra1n1ng before the system becomes operational. It is 
ant1~lpated that the following additional personnel will be 
requ1red: 

Maintenance ,Technicians 

Control Operators 

System Programmer/Analyst 

Facilities Administrator 

Quantity 4 

Quantity 4 

Quantity 1 

Quantity 1 

Job descr~ptions for these positions will be developed by 
the Program D~r«7ctor, and the personnel offices of Salt Lake 
~ounty. ,Recru1 t1ng w111 be by public announcement of available 
J<;>b open1ngs. It is anticipated that the positions will be 
~l~~e~ by transfer of presently employed and skilled personnel of 
Sa~L uake County and Salt Lake City. 

, The training ,aD;d certification of all operating personnel, 
ma1ntenance techn1c1ans, and management personnel w;ll ,be a 
contractual obligation of the system contractor. ~-- . 

9. POST IMPLEMENTATION SUPPORT 

The post implementation support program will address the 
funding and staffing needed for sustained operation of the 
trunked radio system. 

(1) Post Implementation Funding 

The recurring costs of continued operation include the 
following major items: 

Personnel - salary and benefits 

Maintenance - maintenance of the facilities and 
s¥stem hardw~re/software after the warranty and 
f1rst-year malntenance contract 

Su~plies - all expendable materials used in oper
at1ng and managing the system 
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Training 
training 

-, 

refresher training and replacement 

utilities - power, telephone, and other services 
provided by an outside agency 

Equipment Replacement periodic replacement of 
worn or obsolete equipment; equipment that can no 
longer be repaired economically. 

These costs will have been identified and 
the FCC as part of the licensing requirements. 
reviewed periodically. These will be filled 
agencies in accordance with a formula developed 
in each agency agreement. 

(2) Personnel Replacement and Training 

submitted to 
They will be 
to the user 
and reported' 

The replacement of personnel and the up-dating of staff 
personnel will be a recurring problem. There will be labor 
turnove;t". Recrui ting of personnel will be by sui table 
public announcement of job openings and the testing of 
applicants. Probationary employees will be trained by the 
technical staff. 

(3) Support Staff 

The system will have the full time services of equip
ment maintenance personnel and software system personnel. 
At, least one senior system programmer/ analyst will be 
required. It is anticipated that a full time staff of four 
specially trained maintenance technicians will be required 
and four qualified control operators will also be required 
to provide 24 hour service to the user agencies. 
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APPENDIX A 

SUGGESTED AGENCY AGREEMENTS 

FORWORD 

licen~:gally ,bin~iing agency agreements are needed to support FCC 
t d ,appllcatlons for 800 MHz Multi-agency trunked systems and 
,otre:~ne correctly the role each agency will plan in the admin
l~f_a lon and ,use of the cooperative system. This Appendix will 
o er suggestlons as to the scope and content of each set 0 
agreements., Furthur, dis,c';1ssi<;>ll will. be _"found in the S ste! 
Implementatlon Plannlng GUldellnes, a National APCO PUblic~tio 
prepared by Booz Allen and, Hamil ton, dated November 15, 1980 ~ 
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APPENDIX A 

SUGGESTED AGENCY AGREEMENTS 

I. INTRODUCTION 

The agreement by two or more local government public safety 
agencies to enter into a joint enterprise which provides a mutual 
service of value to the participants is best documented by writ
ten agreements between the parties. By their nature, these 

-,agre~ments are highly individual; tailored to specific require
ments of each program in each locality. This appendix to the 
System Implementation Planning Guide (SIP) is intended to sug
gest only a general outline of such agreements. The details, and 
the order of presentation, will depend upon each kind of enter
prise contemplated, its complexity, and the immediate cooperative 
environment. Legal counsel should be consulted. 

1. Purposes of the Agreement 

The purpose of a written agreement is to describe the 
reason for the cooperative effort and the results that are 
expected to be achieved through mutual participation. By 
reducing this to a clear and unambiguous written statement, 
the involved parties will fully understand their mutual 
participation. E;qually important, the governing bodies, 'of 
which the participants are a part, will be able to determine 
the true nature of the program and the expected results i 
thereby provide their support. 

2. Scope of the Agreement 

The agreement should define the dimensions within which 
the terms of the agreement apply. The responsibilities and 
liabilities of each of the participants should be clearly 
documented. There should be no unwritten understandings 
between the parties. 

The following model outline of an agreement form pro
vides a series of topical considerations to be evaluated 
during the development of an interagency agreement. The 
precise form of a specific agreement, and the language to be 
used in each case, should be provided by legal counsel. In 
many cases, standard legal form and substance is required by 
state or Federal regulation. 

II. SUGGESTED MODEL OUTLINE 

The following topics and items are intended to delineate key 
considerations in the preparation of an interagency agreement. 
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1. General Terms and Legal Base 

The general terms will include the following as a 
minimum: 

The deptification of each participating agency 

The requirements to be imposed on those agencies 
who may wish to participate at a later date 

The concise purpose of the j oint enterprise and 
the mutually advantageous results that are 
expected to be achieved 

A statement of the legal authority under which the 
public agencies are able to contract with each 
other for the stated purpose; this may be a state 
law, a local government act, a series of resolu
tions passed by the local governmental authori
ties, or similar authorization. 

2. Services to be Provided 

The services provided by each agency and to each agency 
will be defined. These include the following considera
tions: 

Definition of the services to be provided by each 
agency to the mutual system; these services could 
include, for example, equipment maintenance, 
equipment, facilities, operating manpower, support 
services, and similar items of value to the system 

Definition of services the system will ,provide to 
each participating agency; such serVlces could 
include the dispatching of field forces, manage
ment reports, statistical data, and similar items 
of value to the agency 

The definition of the quantity or extent of each 
service to be provided 

The responsibility each agency has for delivering 
its se11lice and the responsibility the mutual 
operation has for delivering its services to each 
agency 

The extent of any back-up or redundancy to assure 
that services are deli vered in a timely manner 
throughout the life of the agreement. 
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3. Liability 

A key element of the agreement between two or more 
public agencies is a clear definition of the liability each 
of the agencies has for the actions of other parties to the 
agreement. This is particularly true if one or more of the 
agencies provides public services on behalf of the other 
agencies. Agreements to limit the liability exposure of 
participating agencies would include the following consider
ations. 

Responsibili ty for defending the provider agency 
in potential lawsuits 

Indemnification of the providing agency against 
liability judgements against a participating 
agency 

Indemnification of the participating agency 
against legal actions or liability judgements 
against the provider agency arising from the 
normal provision of agreed-to services. 

4. Amount and Manner of Payment 

The providing agency must be reimbursed for the 
expenses of the service it provides to the participating 
agencies. A portion of this obligation will fall to the 
individual participating agencies. The agreement between 
the agencies must be specific regarding this individual 
responsibility and will be definitive of the following 
considerations: 

The specific services to be provided and the cost 
of each service 

The method by which the cost and value of each 
service is calculated 

The means of payment; for example, cash, in-kind 
services, cash equivalent in material or equip
ment, and any other valuable consideration agree
able to the parties to the agreement 

Time and manner payments are to be made. 

Use of outside funding sources such as grants or 
gifts. 
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5. :Fiscal Procedures 

Sound fiscal planning is key to the successful imple
mentation of public agency cooperative programs. The respon
sibility of the provider agency for financial integrity must 
be defined in the agency agreements. The agreement will 
specify the following eleraents: 

The type of financial records and how they are 
maintained 

The contents of the periodic financial reports and 
the schedule for sUbmitting these reports to 
higher authority and to participating agencies 

Access to the financial records by each participat
ing agency 

certification and/or audit of the records and 
financial reports 

Terms and conditions 
reassessment of rates 
provided. 

relative to 
charged for 

the periodic 
each service 

6. Administration 

The administrative structure of the cooperative program 
should be defined in the agency agreements. The authority 
and responsibility of each agency for participation in 
policy administration and the authority and responsibility 
for day-to-day operation should be included. Some of the 
key elements in the agreement are: 

The identification of the person(s) authorized to 
sign the agreement on behalf of each party to the 
agreement 

The identity of the person(s) who will represe~t 
the participating agency and providing agency 1n 
policy matters 

The responsibility and authority of the providing 
agency to supervise proj ect personnel and estab
lish personnel policy 

The responsibility and authority of the providing 
agency over joint-use facili ties and equipment 

The retention by participating agencies of con
trol, responsibility, and authority over their 
personnel, facilities and equipment that may be 
used in the cooperative project 
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Identit¥ and authority of persons responsible for 
t~e reV1ew of,the agreements and for the determina
t10n of comp11ance 

, These, and other administrative elements suitable to the 
un1que enY1ronment and nature of the proposed project should 
be negot1ated between the parties and made part of the 
written agreement to participate. 

7. Real Property and EguiEment 

The, cost-effective implementation of a multi-agency 
cooperat1ve program should make maximum use of facilities, 
prope~ty and equipment available from the participating 
agenc1es.. The, agreement should identify these properties 
and mat~r1als; 1t sh?uld establish the rules under which the 
p~opert1es and mater1als are to be used. Some key considera
t10ns are! 

Identify each item of property and equipment that is to 
be transfe.r:red to the use of the cooperative system 

Establish the value of the property and/or equip
ment q.nd show the method 'Used to establish the 
value 

Provide for the return of the property and equip
ment during the term of the agreement and upon 
termination or cancellation of the agreement 

Define the method to be used to establish the 
value of property and material to be returned to 
the original supplier upon the termination modifi
cation, or cancellation of the agreement. ' 

8. Duration, Termination, and Amendments 

The agency agreement must provide for modifica>cion to 
the ~greement during its term. It must also define the 
durat10n of the agreement, make provisions for cancellation 
of t~e agreement, and disclose how the agreement is to be 
term1nated. The following items should be included: 

The term of the agreement. 

The circumstances under which the agreement can be 
terminated during its intended duration 

The terms under which the agency can withdraw from 
the agreement 

The circumstances under which either party can 
cancel the agreement 
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Procedures for amending the agreement during its 
intended term 

Disposition of property and equipment upon termin
ation or cancellation 

9. Other Provisions 

The agency agreement is a custom document generated to 
reflect the unique needs of the specific circumstance and 
the' environment in which the ':"(lutual agreement is being 
generated. Each agreement will include terms and conditions 
of an individual nature. Key among these are the following 
suggestions: 

Method of resolving disputes; for example, arbitration, 
application of appropriate state or Federal law, etc. 

Identity of the court of jurisdiction for adjudi
cating disputes 

Definition of terms used in the agreement 

statutory status and filing of the agreement 

Interrelationship of agreements. 

* * * * * 
'fhe drawing of interlocal contracts and agreements to pro

vide public services or hold public property for the mutual 
advantage of multiple governmental organizations may be subject 
to local, state, or Federal regulations and/or laws. These 
documents should be drawn up under the advice of legal counsel to 
insure their status as legal instruments. 
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APPENDIX B 

SYSTEM REQUIREMENTS 

FOREWORD 

These system requirements for a digitally addressed trunked 
communication system (DATCS) for Salt Lake County, Utah evolved 
from the report "AnalY~is of Pr.:'olesm and Requirements" prepared 
by Booz, Allen an~ HamJ.ltoz:, JUlie 18, 1980. This summation of 
DATCS system requJ.rements J.S also included in the Project 16B 
Task 7 report "DATCS Design Concept-Salt Lake County/Utah County" 
prepared by Booz, Allen and Hamilton on September 19, 1980. 
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APPENDIX B 

SYTEM REQUIREMENTS 

The system requirements have been developed from a review 
of the Task 6 report "Analysis of Problems and Requirements" 
(June 18, 1980). The summation of this review was the subject 
of a meeting in Salt Lake City on July 22, 1980 and is reflected 
in the following subsections. 

1. WIDE AREA COVERAGE 

Radio coverage experience at UHF and the results of limited 
testing at 800 MHz in the Salt Lake County/Utah County area 
precludes any reasonable expectation that a single 800 MHz base 
station site will provide adequate coverage. Engineering studies 
of radio propagation and antenna pattern characteristics at 800 
MHx must be conducted before the location of the base stations 
and other fixed sites can be established. The following sugges
tions are based on previously r.eported 800 MHz coverage tests 
and from known coverage patterns at VHF frequencies. 

1) Salt Lake County 

The Traverse Mountains south of Salt Lake City 
tend to partially separate Salt Lake County and Salt Lake 
City from Utah County and Provo/Orem areas. It is likely 
that north/south shadow effects will require a base station 
in Salt Lake County. 

Preliminary indications are that Mt. Vision will 
provide the required coverage north of the Traverse Mountain 
ridge . 

2) Utah County 

Lake Mountain is the primary choice of a base station 
site to cover Utah County and the population concentration 
of Provo and Orem. 

3) Canyons East of Salt Lake/Utah Counties 

2." STATEWIDE DATCS CONSIDERATIONS 

Wide area coverage is defined in the agreeme~t of January 
10, 1980, does not extend beyond Salt Lake County and Utah 
County. However, it is recognized that a statewide DATCS is 
desired and the Salt Lake County/Utah County system described in 
this system concept is the initial implementation of a statewide 
system. The following addresses statewide configurations with 
the understanding that it is advisory information only and no 
engineering support data was possible under the existing agreement. 

Preceding page blank 
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1) Suggested Configuration 

The configuration suggested is a four cell DATCS 
system will the major cell in the Wasatch Front from Ogden 
south through Salt Lake City to Provo. A second cell in 
the soutwest includes Cedar City/St. George area. A third 
cell in the northeast covers Vernal and the fourth cell in 
the southeast includes the Moab/Monticello area. These 
four DA'I'CS cells are independent of each other and their 
Coverage areas do not overlap. 

2) System Engineering 

The system of DATCS cells must be engineered to preserve 
the trunked radio insolation between cells. Antenna eleva
tions,antenna patterns, and limitation of effective radiated 
power from each site must control this isolation. This 
engineering effort will be part of a later DATCS implementa
tion program .. 

3) Base Station Sites 

The following candidate base station sites in areas 
other than Wasatch Front are suggested based on reported 
radio coverage experience from existing VHF radio instal
lations. The sites which are also terminal points for the 
existing 2GHz statewide microwave system are preferred: 

Ogden Area - much of the Ogden area should be 
accessable to the DATCS base station at Mt. 
Vision but talk-back support (voted with Mt. 
Vision) might be needed from Little Mountain 

Brigham/Logan Area - a DATCS base station at Mt. 
Logan would appear to offer adequate coverage and 
also protect the north Ogden area 

St. George/Cedar City - A DATCS base station at 
Frisco Peak voted with a talk-back support 
station at utah Hill would be primary candidates 
for southwest Utah DATCS; antenna pattern shaping 
will be required to restrict coverage north and 
northeast of Frisco Peak 

Vernal - a DATCS base station at Asphalt Ridge is 
the primary candidate for northwest Utah DATCS 

Moab - a DATCS base station at Bald Mesa is the 
primary candidate for southeast Utah DATCS; a 
talk-back support station at Abajo Peak voting 
with Bald Mesa may also be required. 
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4) Intermediate Sites 

, Bri~ging between DATCS cells can be accomplished by 
lntermedlate repeater sites strategically located between the 
DATCS cells. These sites are conceived as being one or more 
800MHz channel repeaters which are accessed by the "fail 
soft" capability of a mobile which has gone beyond range of a 
DATeS control channel signal. Command and Control can be 
ex~rcised by connecting these repeater sites to a control 
pOln~ through the existing 2GHz microwave system. Suggested 
candldates for these intermediate sites include: 

Tabby Mountain 
Ford Ridge 
Cedar Mountain 
Dutch John Gap 
Red Spur 
Black Mountain 
Moccasin Peak 
Monroe Peak 
Leran Peak 

(Delle) 

The decision to use any of these locations or any 
~ther locations,as intermediate sites will require engineer
lng study and fleld tests at 800 MHz to determine the antenna 
elevations, antenna patterns and effective radiated power 
needed for system integrity. 

Although statewide coverage with DATCS appears feasible, 
the configuration of a statewide system must remain flexible 
in response to engineering evaluation and expanding DATCS 
technology. In all probability the existing 2GHz backbone 
microwave system will not provide the channel capacity needed 
to support a statewide DATCS. The microwave will require 
revision to a higher level of channel capacity or replacement 
of some microwave legs with new microwave equipment. Again a 
thorough engineering study will be required beyond the scope 
of this program. 

MULTIPLE DISPATCH POINTS 

The existing public-safety, state government, and local 
government radio services in Salt Lake County/Utah County consist 
largely of independent radio channels; each gency having its own 
command and control requirements over its own fleet of mobiles.* 
In its operation DATCS will be a replica of this configuration. 
Therefore the DATCS concept will not only provide for a multiple 
o~ fleet and/or subfleet addresses but will also be programmed to 
dlrect these subfleets to their individual dispatch points by 
means of their address identity. 

* Task Report, Salt Lake and Utah Counties - Mobile Radio Systems Description 
and Requirements, "Booz Allen, revised July 15, 1980. 
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The number of individual dispatch points for Salt Lake County and 
Utah County could include: 

Salt Lake County Sherifff 

Sheriff's Central Dispatch 

Pleasant Grove Police 

Utah Highway Patrol 

Salt Lake City Fire Department 

Salt Lake County Fire Department 

Salt Lake City and County Health Departments 

Salt Lake County Public Works 

Salt Lake County Attorney 

Salt Lake County Surveyor 

Salt Lake County Building Inspection 

Salt Lake County Security 

Utah Department of Transportation 

Salt Lake County Fleet Management Division 

Brigham Young University Police 

Utah University Police 

This list assumes that Salt Lake City Police, the City of 
Provo municipal agencies, and city of Orem Municipal agencies 
will not participate in DATCS iiuplementation according to the Task 
4 participation. 

In the final configuration each dispatch point must be 
independent of any other dispatch point without incidental 
interaction between them except on command and the master con
troller. The mobile units will not have the capability to modify 
address codes or change the dispatch point/ 

To respond to an incident which calls for a mobile command 
post and a mix o~ public safety/public service agencies responsible 
to the command post, the system controller can create a phantom 
. groupand the mobile units can be attached to that group control 
point by software instructions based on the mobile address codes. 
There would be no change needed in the mobile logic to create the 
phantom group or to return the units to their original group and 
control point assignment. 

V-56 

------<,-' --_ .... 

[1 ,..1 

[n 
-,] 

U '1 
J' 

[] 
[] 

[1 J 
In aJ 

[1 I 

(]i 

[] 
[~ J 

0, 
, ~ 

[] 

[] 

r I 
i1:!, ,', 

uJ 

r"( ij L 

i 11 ! . J 

I [I 
[U 

fJ 
[J 
[J 

o 
o 

4. INTERAGENCY COORDINATION 

The survey of Salt Lake County/Utah County area agencies* 
resulted in a pattern of interagency coordination co~nectivity 
though by the agencies to be appropriate to their oper~ting needs. 
This pattern of permissible connectivity between the ag'encies must 
be programmed into the controller software and provisions made for 
it to be modified by program instructions as needed. 

It is expected that regional public safetY' and public service 
interagency coordination plans will include the regional disaster 
assistance plan developed in accordance with Federal Act PL93-288 
(Disaster Relief Act of 1979) as amended. 

5. CONVENTIONAL RADIO SYSTEM INTERFACE 

In accordance with the system philosophy adopted for DATCS, 
public safetyc.ommunications systems, as now configured in the 
Salt Lake and Utah Counties area, some public-safety agencies 
would not fully participate in the DATCS concept. Public safety 
radio system tend to be portable radio intensive. This represents 
a significant investment in relatively new VHF high band equipment 
which must be protected. Together with the questionable avail
ability and cost of trunked radio portables, a judgement has been 
made to continue the operation of police and fire portable radios 
on conventional radio system channels where they now operate and 
provide any required coordination with DATCS by cross patching at 
the appropriate dispatch console. The Salt Lake City Fire Depart
ment Mobile Data Terminals will also remain outside DATCS until 
technical uncertainties related to data error rate degradation due 
to the DATCS/MDT multipath characteristics at 800 MHz can be 
resolved by engineering field tests and theoretic calculations 
that are not within the scope of this assistance program. 

with the Salt Lake City Police radio system remaining outside 
of the DATCS concept, there is no requirement for CAD interface. 
However, the provisions for interagency coordination will probably 
include the Salt Lake City Police dispatch Center; the inter
connection being made by a control station. The interface with 
the Salt Lake City Fire CAD will include only status reportin9 to 
the status display of the CAD. 

6. EMERGENCY ACCESS PRIORITY 

The capability for prompt access to the DATCS under condi
tions which justify the exercise of channel access priority when 
the DATCS system is fully occupied would be limited to public 
safety mobiles and certain selected public officials. The exercise 
of a priority access function when the DA~CS is fully occupied 
requires a system frequency plan which designates at least one 
DATCS radio channel for control information . 

* Task 4 Report "Salt Lake and Utah Counties - Mobile Radio Systems 
Description and Requirements," Booz, Allen, revised July 15, 1980. 
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The waiting queue priority method has been selected as the 
means of emergency access to the fu'" y occupied DATCS. When 
denied access to DATCS, those mobiles with emergency access priority 
capability can activate this function manually and thereby move 
their request for channel access to the top of the appropriate 
queue. The public service/public safety agencies have indicated 
the desire for a 5 level priority structure. The activation of 
the emergency priority request would move the request to the top 
of waiting queue but not ahead of any other request for emergency 
priority from an agency mobile with an equal or higher priority 
classification. 

The activation of this emergency function will also be 
recorded by the central controller and display at the control 

- station along with the identity of the mobile unit making the 
request. The central controller will cause the first available 
DATCS channel to be assigned to th~ priority request. 

7. MOBILE-TO-MOBILE COMMUNICATION 

Mobile-to-mobile communication is inherent in the trunked 
radio ~3ystem. Each mobile is assigned an individual address and a 
grollp address. The controller software determines what group code 
or codes will be accessed by each mobile on an initial call-up. 

A mobile is programmed to communicate with any other mobile 
in the group through the repeater. By means of the individual 
address assigned to each mobile, the controller can also be 
instructed to activate individual units within the group and 
exclude all other units even those with the same group address. 

If intergroup or interagency flexibility is neede~, the . 
dispatcher or terminal operator can, through software 1nstruct10n 
to the controller, enable the mobile unit to call u.p any individual 
address, group address, or subgroup address within the capability 
of the trunked system. 

8. SYSTEM FAILURE MODES 

A DATCS' must inherently protect itself against common failure 
modes. The following paragraphs address system features required 
for system failure protection. The discussion in the following 
paragraphs relates to the three base station configuration described 
for the Salt Lake County/Utah County area in which two of the base 
stations, Mt. Vision and Lake Mountain, have their own control 
channel and the base station at Snowbird (Hidden Peak) has no 
control channel transmitter. Radio frequency propagation tests 
may later prove that the roles of Mt. Vision. and Snowbird should 
be reversed. 

I) Central Control Failure 

The total failure of the master controller at the 
central location, or any of its terminals, should not be 
apparent to field operations. The switching and control 
logic is resident in the site controllers. The central 
controller monitors the site controllers and initiates any 
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changes or corrections. The journal recorder should be 
switched to the output of the site controllers when the 
master controller fails, and the voter selector interface 
wit1;l the master controller should be neutralized. The only 
functions that can not be initiated are manual program changes. 

2) Site Controller Failure 

The failure of· a site controller should permit full 
DATeS operations in a degraded mode using the remaining two 
base station sites. There should be no need to switch the 
DATCS to conventional radio channel operation or "fail soft" 
operation. A failure of the site controller at Lake Mountain 
and Mt. Vision will be evident to the users as a temporary 
reduction in coverage due to shadow effect; the failure of 
the site controller at Snowbird (Hidden Peak) will probably 
create talk-back problems in the canyons. The failed base 
station site should also be muted to prevent interference on 
the voice channels. 

3) Voting Selector Failures 

The failure of a voting selector should not be apparent 
to the field operations; one voice channel will be disabled 
and its traffic will be distributed among the remaining DATCS 
voice channels (control channels are not voted). A total 
failure of the voter selector system effecting all voice 
channels should enable DATCS to function in a degraded mode 
using one base station site, Lake Mountian or Mt. Vision 
whichever proves to have the greater area coverage. The 
remaining two sites should be muted. 

4) Base Site Repeater Failure 

The failure of a repeater at any base site should be 
transparent to field operations. The failed repeater will 
not be voted in the DATCS sequence of operation until it is 
repaired and returned to service. It should not be necessary 
to take any DATCS voice channel out of service due to the 
failure of anyone of its three repeaters. 

5) Antenna Subsystem Failure 

The antenna subsystem at each base station site shall 
be configured so that a catastrophic failure of anyone 
antenna, combiner, filter, or multicoupler will have a 
minimum effect on DATCS operations. To the degree possible 
these antenna subsystem elements will be standardized so that 
repairs can be made by replacement or interchanging elements. 

6) Control Channel Failure 

The DATCS concept includes two separate control channels, 
one on Lake Mountain and one on Mt. Vision. The failure of 
either channel will cause the site controller to assign a 
back-up voice channel at that site as a substitute control 
channel. The mobiles or control stations will not require 
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prog~amming modification to accept this substitution. If the 
loss of a voice channel is not desired due to traffic loads, 
a degraded mode of operation can be tolerated using a single 
control channel from either Lake Mountain or Mt. Vision. 

Failure or degradation of individual control stations or 
mobile stations will not degrade DATCS system performance. 

9. SYSTEM TESTING AND ALARMS 

An alarm panel will be installed at the master control 
terminal location. This alarm panel shall provide failure alarms 
(performance below acceptable thresholds) for at least the following: 

Excessive VSWR in any antenna subsystem transmission 
line 

Loss or reduction in output power of any transmitter 

Reduction in receiver channel signal-to-noise ratio 
below threshold 

Unauthorized carrier on any channel 

Loss of site controller integrity 

Degradation in repeater receiver interface 

Degradation in repeater transmitter interface 

Failure or degradation of a voting selector. 

The alarm syst,em that alerts to any element of degraded 
performance should also provide preliminary diagnostic informa
tion. This level of diagnosis may be limited to the identity of 
the offending unit of equipment and the! kind of offense being 
observed. 

10. SYSTEM MANAGEMENT AND CONTROL· 

The high technology features of DATCS are centralized and 
require an integrated control. This implies central management 
and control for sustaining operation on behalf of the user organ
ization. Key management requirements are discussed in the following 
subsections. 

1) Journal Recorder/Printer 

System operationsy as reported by the site controllers 
and the voting selector, are recorded on a magnetic tape 
transport. This information will include: 
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System activity by each user agency control station 

System activity by each mobile stations 

Total channel activity time 

Channel use profile by hour, day, week, month 

Use of special features such as emergency priority 

System queue population and holding time in the 
queue by hour, day, week, month\\ 

All alarms by hour, day, week, month 

Additional information entered manually by the master 
control terminal can include: 

User complaint reports 

Channel down time for routine maintenance 

Channel down time due to failure 

Maintenance reports - time/cost 

Select~d reports from the journal file can be programmed 
by the master controller and'printed ~tit periodically on the 
system pr~nter. Other reports can be programmed and printed 
out off-11ne by batch process EDP operations. 

(2) Centralized System Control 

Overall DATCS operation on behalf of the multiple users 
will be controlled from a master control terminals at a 
central location. This control point will be responsible for 
sustaining the quality of system operation, providing limited 
access to the address code structure from user agency terminals, 
making programming changes, and implementing temporary program 
modifications such as interagency coordination and setting-up 
phantom address groups. 

3) Centralized Maintenance 

The maintenance of the DATCS must be uniform and standard
ized. The performance quality of each voice channel should 
be uniform with every other voice channel regardless of which '. 
of the three base station sites is used for each transaction. 
The skill and training required to achieve this maintenance 
requirement calls for a highly skilled, centrally managed 
maintenance staff. 
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4) Management 

. f ting maintaining and The recurr1ng costs 0 opera '. _ and the 
- phased implementat10n program, 

expanding DATCS over a . d of the system requires a 
high level of performance requ1re . tion This 
dedicated and centralized ma~age~eni ~r~~~~:!on o~ Department 
management should be at the ev~ i~ order to exercise the 
of the state or local governmen 
needed authority. 
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APPENDIX C 

CURRENT SYSTEM INVENTROY 

FOREWORD 
, . 

. ~. This Appendix has been derived from the report "SALT LAKE AND 
UTAH COUNTIES - MOBILE RADIO SYSTEMS DESCRIPTION AND REQUIREMENTS" 
submitted by Booz Allen and HamiltOtil on March 31, 1980 and 'revised 
on July 15, 1980. These data repreSent the radio systems as 
configured at that time according to the reports of personnel 
responsible for each system. 
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INTRODUCTION 

Salt Lake County, Utah was selected along with four other 
areas within the United States to participate in a model project. 
The overall objective of this project is to demonstrate the 
feasibility of replacing several independent mobile radio systems 
with a single, integrated communications system that satisfied an 
entire region's local government mobile radio needs. Recent 
Federal regulatory changes and advancing technology in mobile 
radio, when coupled with special planning, will permit an entirely 
new approach to local government radio communications. 

Because of its unique inherent capability, a digitally 
addressed trunked communication system (DATCS) offers the potential 
to revolutionize local government communications by providing 
local government users with: 

A greater number of opeFating channels on demand 
'1'1 

The ability to directly communicate with dispatch 
points, mobiles, and portables of all agencies, without 
regard to equipment compatibility 

The opportunity to manage resources through communica
tions in ways that were previously impractical. 

The first step of an implementation planning process includes 
interviewing users of the various communications systems currently 
serving the counties of Salt Lake and Utah to determine their 
present and future requirements. This Appendix presents the 
findings of t..he interviews conducted by Booz, Allen and Hamilton 
and develops a set of requirements to be met by any DATCS system 
implemented in the Counties of Salt Lake and Utah. The require
ments are designed to meet the needs of all public agencies in 
these two counties and will eventually apply statewide. 
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1. PRESENT SYSTEMS - SEVENTEEN INDEPENDENT MOBILE RADIO SYSTEMS IN 
SALT LAKE AND UTAH COUNTIES USING EXTENSIVE EQUIPMENT AND 
FREQUENCY SPECTRUM RESOURCES PROVIDE BASIC Rl~DIO COMMUNICATIONS 
CAPABILITIES TO MOST PUBLIC AGENCIES 

(1) Each Public Agency Operates Its Own Independent Mobile System 
with Individual Dispatch Centers and Base Stations - About 

(2) 

17 Dispatch Centers and 38 Base Stat-ions Provide Coverage 
to Salt Lake and Utah Counties. 

Sixty-six base stations and repeater stations strategi
cally placed in 46 locations throughout the counties 
of Salt Lake and Utah provide mobile radio communica
tions to the 17 agencies surveyed in these counties 
(See Exhibit I) 

The four Law enforcement agencies, two fire 
departments and Utah DOT own and operate about 
65% of all base stations and repeaters 

Eight agencies use only one base station 

The remaining use two or three base stations to 
achieve coverage in their operating areas. 

Each agency, excepting Fleet management, owns and 
operates its O\'ln base stations and dispatch centers 

Twenty-one Dispatch Centers manned by 104 full-time 
dispatchers coordinate the radio communications of 
the individual agencies - the public-safety agencies 
including Fire and the Utah DOT employ about 75% 
of all dispatchers. 

The Agencies Surveyed Have a Total Inventory of About 1100 
Mobile Radios and 325 Portable Radios - Their Chan'i:t~l 
Capabilities Range From 1 to 8 Channels (See Exhibit II) 

The 17 agencies surveyed use about 1100 mobile radio 
with channel capabilities ranging from one to eight 
channels to provide communications among vehicles and 
the dispatch center - the law enforcement agencies, 
the fire departments and the Utah DOT own about 75% 
of all mobile radios most of which are four channels 

The law enforcement agencies, fire departments, and 
the Utah DOT also own over 65% of the approximately 
325 portables used by the 17 agencies. 

(3) Thirty-three Channels Are Assigned to the 17 Agencies Sur
veyed - In Addition, the Agencies Share or Monitor About 
40 Channels Belonging to Other Agencies (See Exhibit III) 

Thirty-three channels are assigned to the seventeen 
agencies surveyed 
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EXHIBIT I 
BASE STATION & DISPATCH CENTERS 

legend 
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.Law Enforcement 
-Pleasant Grove P.D. 1 4 2 
-Sheriff's Central 

.~) i 
Dispatch 1 8 1 

-SLC Sheriff's Off. 1 22 3 1 2 1 3 

-Utah Highway Patrol - 20 1 1 2 1 1 1 2 1 1 1 1 1 

I 
<1 
I 

CT\ 
-...I 

I 
I 

.Fire 
-SL City Fire Dept. 1 10 2 1 1 1 
-SL County Fire Dep. , 

9 2* 2* ] " .l. 

.Public Services 
-SL City & County 
Health 1 1 1 

-SL Public Works 2 5 1 2 
-SLC Attorney 1 2 1 

I -SLC Surveyor 2 1 1 

I 
.;1 

\ 
11 
jl 
,I 

\~l 

JI 
j, r 
J 
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--SLC BIg. Inspection 1 2 1 
-SLC Security 1 4 1 

-SLC Aging Transp-
ortation 1 1 1 

• Universities 
-Bringham Young Univ 2 5 1 

-Utah University 1 7 2 

I • Other 
-utah DOT 2 2 1 1 1 1 2 1 1 1 1 1 I -Fleet Manaqement 0 0 

IS 103\ 
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TOTAL 1 
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AGENCiES 

Law Enforcement 
- Pleasant Grove P.D. 
- Sheriff's Central Disp. 
- SLC Sheriff's Office 
- utah Highway Patrol 

Fire 
- SL City Fire Dept. 
- SL County Fire Dept. 

Public Services 
- SL City & County Health 
- SLC Public Works 
-SLC Attorney 
- SLC Surveyor 
- SLC Building Inspection 
- SLC Security 
- SLC Aging Transportation 

Universities 
- Brigham Young Univ. 
- Utah University 

Other 
- Utah DOT 
- Fleet Management 

TOTAL 

! C~'Cl r. l·~·~.· .. -.l r'~( .J 
~-- ... - .. 

MOBILE RADIOS 

Number of Channels 
1 2 3 4 

17 
73 

250 
170 

75 
75 

21 
110 

6 
25 

20 
1 

14 

5 8 
23 

50 150 

136 150 23 711 

r.J C] 

7 l 
EXHIBIT II 

INVENTORY OF MOBILE AND PORTABLE RADIOS 

PORTABLE RADIOS 

Number of Channels 
8 Total 1 2 3 4 8 Total 

2 19 3 10 13 
73 24 24 

250 63 63 
22 192 25 25 

75 22 22 
75 50 50 

.' 

21 1 ( 1 
30 140 3 3 

6 0 
25 11 11 
20 1 1 

1 40 40 
14 1 . 1 

13 4 19 3 26 
23 25 25 

200 5 10 15 
2 0 

32 1082 119 22 25 151 3 320 
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AGENCY 

. Law Enforcement 
- Pleasant Grove P.D. 

- Sheriff's Central 
Dispatch 

- SLC Sheriff's Office 

- Utah Highway Patrol 

. Fire 
- SL City Fire Dept. 

- SLC Fire Dept. 

• Public Services 
- SL City & County Health 
- SLC Public Works 

EXHIBIT III 
CHANNEL ASSIGNMENTS 

ASSIGNED SHARED MONITORED 
~~-------r---------------~~-------+-----------------r.=-----------I 

Activity 

Operations 
Operations 

Operations 
Car-to-car 

Uniformed Officers 
Adm.& Plain Clothes 

Inquiry 

SLC 
Tooele Co. 
Utah Co. 

All counties 
/Motor Vehicles 

Car-to-Car 

o 

Dispatch 
Command 
Paramedics 
Radio Box 
Mobile Printers 
Mobile Printers 
Car-to-Car 
Dispatch 
Command 

Operations 
Sanitation 
Public Works 

I 

Frequency Frequency Frequency 
(MH?,) Assigned To (MHz) Assigned To (MHz) 

46.520 
465.475 

, 

154.860 
154.710 

15,4.650 
154.785 
155.370 

155.580 
155.910 
155.625 
155.505 
155.785 
155.745 

154.430 
J,54.310 
154.340 

72.320 
453.200 
458.200 
155.505 
46.060 
46.100 

45.490 
45.160 
45.600 

Central Dispatch 
Civil Defense 
Highway Patrol 
Highway Patrol 

Jeep Possee 
Mos.Control 
County Roads 
County Fire 
Like 
Sp. Fork 
Sp. Fork 
Highway Patrol 

Search & Rescue 
Search & Rescue 
Highway Patrol 

I 

154.860* 
460.475 
155.505* 
155.745* 

47.500 
453.900 
155.760 
153.950 
154.040 
155.625 
155.820 
155.505 

45.500 
45,660 

155.505* 

I 
.I 

Central Dispatch 
Orem P.D. 

Highway Patrol 
Provo P.D. 
BYU 

Loca.l law 
enforcement 
agencies 

'Sheriff Dispatch 
Medical Network 

Search & Rescue 

154.710xx 
155.430 

155.625 ** 
155.430 
154.965 ** 

46.520 ** 
465.475 ** 
154.710 ** 
154.650** 
154.785 ** 
155.370 ** 

454.600 
154.340 

45.500 

, . 

l 
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EXHIBIT 111(2) 

,-
ASSIGNED SHARED MONITORED 

Frequency Frequency Freq)lency 
AGENCY Activity (MHz) Assigned To (l-'I..Hz) Assigned To . (M.~z) 

Public Services (cont. ) 
- SLC Attorney Operations 158.550 SLC Sheriff 154.650** 

Highway Patrol 155.505** 
Sandy City 155.310 

- SLC Sllrveyor Dispatch 158.955 
Field Work 158.865 

- SLC Building Inspection sr.c Securi ty 158.820* 

- SLC Security Operations 158.820 

- SLC Aging Transportation Dispatch 45.280 

Universities 
- Bringham Young Univ. Operations 154.965 Uni versi til~S 154.815 Hit;:j'hway Patrol 155.505 ** 

Sta'tewide Provo P.D. 155.190 
Utah Co. Sheriff 154.860 
Provo Fire Dept. 154.190 

- utah University Operations 154.725 Universities 154.815 
Statewide 

. Other Operations 47.040 Utah Highway Patrol 155.625 

- DOT Operations 47.180 
- Fleet Management SLC Paging 156.120 

FreS!:!enc~ Band , I Assigned Shared * Monitored 

Low Band 10 3 2 

VHF 20 10 19 

UHF _3_ 2 2 --
TOTAL 33 15 23 

* It ~pould be noted that only 5 of the shared frequencies are assigned to the agencies surveyed. The remaining 
of shared frequencies belong to other agencies in the State. 

xx Again it should be noted that only 12 of the monitored frequencies are assigned to the agencies surveyed. 
The remaining of the monitored frequencies belong to other agencies in the State. 
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The four law enforcement agencies, the two fire 
departments, and the Utah DOT are the greatest users 
of the frequency spectrum 

These agencies have about 70% of the frequencies 
assigned to the agencies surveyed 

They share and use another 13 frequencies 
assigned to other agencies or about 90% of those 
frequencies found in our survey to be shared 

They monitor 12 frequencies from other agencies 
or about 50% of all monitored frequencies in 
our survey 

The VHF band is predominantly used by the agencies 
surveyed as shown below: 

Band 

Low Band 
VHF 
UHF 

Total 

No. of Channels 

15 
48 

7 

70 

% of Total 

22 
68 
10 

100 

The Total Annual Operating Costs - Mainly Salaries for the 
104 Dispatchers Employed by the Agencies Surveyed - and 
Maintenance Costs Exceed $1.8 Mi1iion (See Exhibit IV) 

The total operating costs in 1979 was about $1.7 
million with about 60% paid by the public-safety 
agencies and 20% by the two fire departments and the 
Salt Lake City Department of Public Service 

Maintenance costs for all agencies were about $175,000 
with the public service agencies responsible for 
about 80% of this amount. The Utah Highway Patrol 
alone spent about $46,000 or about 35 percent of the 
total. 

* * * * * * 
The seven largest ag~ncies from the seventeen agencies 

surveyed were the four la,,, enforcement agencies, the two 
fire departments and the Utah DOT. These agencies: 

Own 65% of all base and repea.ter stations 

Own about 75% of all mobile radios 

Use 70% of all assigned frequencies. 
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AGENCY 

Law Enforcement 
- Pleasant Grove P.D. 
- Sheriff's Central Dispatch 
- SLC Sheriff's Office 
- Utah Highway Pat.rol 

E'ire 
- SL City Fire Dept. 
- SL County Fire Dept. 

Public Services 
- SL City & County Health 
- SLC Public Works /, 

- SLC Attorney 
- SLC Surveyor 
- SLC Building Inspection 
- SLC Security 
- SLC Aging Transportation 

Universities 
- Brigham Young University 
- Utah University 

Other 
- Utah DOT 
- Fleet Management 

TOTAL 

MAINTENANCE 
COSTS 

$ 3,000 
2,088 

12,250 
45,657 

6,000 
10,000 

2,100 
12,000 

700 
3,900 
1,300 
1,100 
1,250 

5,000 
8,000 

19,000 
750 

$134,095 

No. of 
Dispatchers 

4 
8 

22 
20 

10 
9 

1 
5 
2 
1 
2 
4 
1 

6 
7 

2 

° 
104 

Legend 
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EXHIBIT IV 
Maintenance & Operating Costs 

" OPERATING COSTS 

Operating TOTAL 
Hours Cost COSTS 

24 $308,235 $311,235 
24 118,945 121,033 
24 410,000 422,250 
24 269,360 358,140 

24 120,000 126,000 
24 140,000 150,000 

7-5 5,000 7,10Q 
24 70,000 82,600 

is, 000 25,700 
7-4 10,000 13,900 
8-5 22,000 23,300 

24 40,000 41,100. 
8-5 10,000 11,250 

24 55,000 60,000 
24 63,000 71,000 

8-5* 33,333 52,333 
- - 750 . 

$1,699,873 $1,877,091 

* Dispatched by the Utah Highway patrol except 
in Utah County from 8AM to SPM when DOT does 
its own dispatching 
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EXHIBIT V 
Profile of Equipment Suppliers 

to Individual Agencies 

Agencies with equipment f':r:om three suppliers 

Agencies with two equipment types 

Agencies with one equipment type 
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2. MANAGEMENT AND MAINTENANCE OF PRESENT SYSTEMS - THE MOBILE RADIO 
SYSTEMS ARE INDEPENDENTLY MANAGED BY THE INDIVIDUAL AGENCIES: 
RECENT CENTRALIZATION OF EQUIPMENT MAINTENANCE AND REVIEW OF 
CAPITAL PROCUREMENTS CONTRIBUTES TO REDUCING COSTS 

(1) The Mobile Radio Systems are Independently Managed by the 
Individual Agencies 

Each agency configures its system, installs its base 
stations and procures equipment to satisfy its com
munications needs 

Equipment types are procured on a need basis by each 
agency 

Each agency selects its equipment supplier and often 
purchases equipment from multiple suppliers or through 
State of Utah state contracts 

Frequency coordination is done through the Utah Chapter 
of APCO's Frequency Coordination Committee consisting 
of AASHTO, APCO, and ISMA Coordinators plus a local 
government coordinator. 

(2) The Fleet Management Group in S.alt County by Centralizing 
Maintenance and Computer Records of Repairs Helps the Salt 
Lake County Agencies Reduce Cost Through Lower Repair Costs 
and Identification of Opportunities to lower CostB by 
Replacing Equipment 

The Fleet Management Group was established by Salt 
Lake County in order to provide equipment maintenance 
services on mobile radios for all the public agencies 
in the county 

A few county agencies in Salt Lake County continue 
to provide their own maintenance, for example Salt 
Lake County Public Works through a private contract 

In 1978 and 1979 the Fleet Management Group billed 
the county agencies in Salt Lake County approximately 
$65,000 and $80,000 respectively for maintenance 
services rendered. This is estimated to be about 
20-25% lower than otherwise would have been spent 

The Fleet Management Group keeps records on ea.ch piece 
of equipment sent by the county agencies for mainten
ance. Maintenance cost profiles are then developed 
for each equipment and used to determine replacement 
timing for the equipment 

(3) Many Agencies Elect to Employ Independent Radio Maintenance 
and Repair Facilities 

The two universities, the Utah Highway Patrol, Utah 
DOT, Pleasant Grove Police Department and Sheriff's 
Central Dispab::h continue to provide their own main-
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3. 

The county agencies continue to service their consoles 
and base stations primarily through contracts with 
the supplier on local private. firms 

(4) Generally, Telecommunications Take Low Priority in Govern
ment Budgets and as a Result the Agencies are Unable to 
Replace Older Equipment or to Expand Their Systems 

Most agencies interviewed indicate that in recent 
years because of budgetary restraint in the state 
their communications capital procurement plans are 
severaly curtailed 

As a result the agencies have been unable to replace 
aging equipment, or to add needed mobile and portable 
radios. 

PROBLEMS AND LIMITATIONS OF PRESENT SYSTEMS - THE INDIVIDUAL AGENCY 
SYSTEMS PROVIDE BASIC COMMUNICATIONS BUT BECAUSE OF TECHNICAL 
LIMITATIONS THEY ARE UNABLE TO MEET CERTAIN OPERATIONAL NEEDS 
SUCH AS PROVIDING INTER-AGENCY COMMUNICATIONS AND COMPLETE AREA 
COVERAGE 

(1) The.lnd~vidual Agency Systems Provide Adequate Internal Com 
munJ.ca.tJ.ons Among Vehicles and Their Dispatch Center 

Trans~ission quality was indicated by the surveyed 
agencJ.es to be acceptable within the coverage area 

~hannel ~ccess delay was not indicated to be a problem 
J.n most 7nstances, ~xcept for some agencies during 
emerge~lcJ.es or specJ.al events. The agencies which 
expressed difficulties were: 

Brigham Young and Utah Universities during 
special campus eVl.:mts (e.g., sports) 

The Salt Lake City and County Fire Departments 
during major fires 

The Utah Highway Patrol 

Most agencies operate on two or more frequencies 
depending on size and have assigned individual 
frequencies to different operating units to facilitate 
operations and improve channel access delay 

Sheriff's Central Dispatch has assigned its 
two channels, one for general operations and 
the second for car-to-car communications 

Salt Lake City Sheriff's Office has its three 
channels assigned one each for "uniformed 
officers", "administration and plain clothes" 
and "inquiryil 
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(2) 

The Utah Highway Patrol has assigned four of 
its six channels to geographic zones - one 
each for Salt Lake City, Tooele County, and 
two for Utah County, while the remaining two 
are functionally assigned for "All Counties" 
and for the Motor Vehicle Business Administration. 

Inter-agency Communications, System Adaptability and Coverage 
Difficulties in the Canyons Were Identified as Serious 
Limitations of the Current Systems 

All the agencies expressed problems of fading or total 
lack of communications in most canyons 

The lack of a capability to communicate with other 
agencies was indicated to be a serious operations 
handicap. Some inter-agency communication are 
achieved through frequency sharing and monitoring 
(See Exhibit VI) 

BYU monitors the frequencies of the Provo Police 
and Fire Departments, Utah County Sheriff's 
Office, the Utah Highway Patrol, and can com
municate by mobile radio with these agencies 

Some inter-communications are possible among 
some agencies for example 

Salt Lake- City Public Works and Salt 
Lake City Sheriff 

The Universities of Brigham Young and 
Utah 

Pleasant Grove Police Department, Utah 
Sheriff Central Dispatch, Salt Lake City 
Sheriff and the Utah Highway Patrol 

System operational adaptability to organize field units 
of each agency by task or by geographic zone are deemed 
useful by most agencies interviewed as a means to 
improve operations. 

(3) The Inherent Technical Limitations of the Present Systems 
Preclude Operational Needs From Being Met Economically--

A conventional means to achieve improved inter-agency 
communications would be to permit other agencies to 
procure radios with increased channel capacity which 
are compatible with the other systems 

This approach would translate into more expensive 
radios for these agencies and uncontrolled loss of 
privacy by the agencies. The loss of privacy would 
be unacceptable to public safety agencies 
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INTER-AGENCY COMMUNICATIONS 
r------------------------..---------------------,,------------------------------~--~~~~~~ .. --.-------
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Law Enforcement 

• Pleasant Grove PD 
· Sheriff's Central 

Dispatch 
• SLC Sheriff's Office 
• Utah Highway Patrol 

Fire 

• SL City Fire Dept. 
· SLC Fire Dept. 

Public Services 

• SL City & County Health 
• SLC Public Works 
• SLC Attorney 
• SLC Surveyor 
• SLC Building Inspection 
• SLC Security 
• SLC Aging Transportation 

universities 

• Brigham Young 
• Utah 

Other 

• Utah DOT 
• Fleet Management 

Low Band (MHz) 
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To improve coverage in the canyons each agency would 
need to obtain and install additional base stations 
at considerable cost 

Improved system adaptability to permit greater flexi
·bility in grouping mobile units on an assignment or 
geographic basis could only be achieved through 
acquisition of additional channels which are scarce 

Additionally, for each frequency assigned, new base 
stations· would need to be established and the existing 
mobile radios would need to be modified or new ones 
procured. 

TRENDS AND FUTURE PLANS - THE CURRENT AND PROJECTED REQUIREMENTS 
OF THE INDIVIDUAL AGENCIES IF MET BY SIMPLE EXPANSION OF THE 
CURRENT OPERATING SYSTEM.s WOULD TAX THE AVAILABLE FREQUENCY 
SPECTRUM, CAUSE DUPLI·CATION OF INVESTMENT AND NOT YIELD THE 
NEEDED OPERATIONAL IMPROVEMENTS 

(1) The Projected 20% Growth in the Population of Salt Lake 
and Utah Counties Expected by 1985 Will Pressure Agencfes 
to ExpandServices (See Exhibit VII) 

(2) 

The populations of the two counties has increased by 
about 30% in the last ten years 

Utah state and federal government statistics forecast 
continued population growth of about 20% by 1985 

This population growth invariably will result in greater 
demand for services provided by the public agencies 
and corresponding increases in the use of telecommunica
tions to provide these services. 

By 1985, the Radio Channel Requirements the Agencies in the 
Two counties are Expected to Double and the Number of Mobile 
Radios and Portables are Projected to Increase by About 
40% (See Exhibit VIII) 

The agencies surveyed estimated an immediate need for 
11 additional frequencies, an increase of over 30% to 
improve operations 

By 1985, an additional 42 frequencies, an increase 
of 130%, are projected which would increase the 
total channels in use to 75 

The requirement for 75 frequencies by 1985 would 
severely tax the available frequencies allocated for 
public mobile radio use and provide limited opportuni
ties for further expansion 
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EXHIBIT VII 
Census' Projection for Salt Lake 

and Utah Counties 

POptUation 
(000) 

1,100 

1,000 

Source 

900 

800 20% 

/787 
700 -

600 
j 

500 -

400 -

300 -
200 -

100 . 

1970 1980 

"utah State Planning Coordinators 
Office, "Utah,2000, a High 
Development," March 1980 
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Agencies 

Law Enforcement 

· Pleasant Grove PD 

· Sheriff's Central 
Dispatch 

· SLC Sheriff's Office 

· Utah Highway Patrol 

Fire 

· SL city Fire Dept. 

· SL County Fire Dept. 

Public Services 

· SL City & County Health 

· SLC Public Works 

· SLC Attorney 

· SLC Surveyor 

· SLC Building Inspection 

· SLC Security 

· SLC Aging T.~ansportation 

Universities 

· Brigham Young 

· Utah University 

Other 

· Utah DOT 

· Fleet Management 

TOTAL 

-. r--,; r~--~ r:' '") r 'j i _ _ ~ J 

1"::: .. " 

-[ 

Channels 
Presently 

Present Needed 

2 2 

2 2 
3 5 
8 8 

2 3 
2 3 

, 2 
2 2 
1 
2 2 
1 2 
1 2 
1 1 

2 3 
2 2 

3 5 

33 44 

f
'- .J 

, 

Mobile Radios 
Required Required 
in 1985 Present in 1985 

3 19 19 

5 73 103 
8 250 375 

10 

5 75 75 
5 75 75 

2 21 21 
3 141 180 

6 9 
2 25 30 
3 20 20 
2 1 2 
2 14 40 

3 13 15 
3 23 30 

5 200 260 
2- 2 

61 1082 1481 

EXHIBIT VIII 
Requirements for Channels 

and Mobile Radios 

Portable Radios i 
Required 

Present in 1985 

10 1.5 

24 36 
63 95 

22 22 
50 50 

1 1 
3 12 

11 13 
1 4 

40 50 
1 6 

26 32 
25 33 

15 24 

317 448 
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The VHF band is almost fully utilized 

The UHF band is about 50% used from the public 
safety standpoint 

The number of mobiles needed by 1985 are projected to 
increase by about 400 units or 37% 

The number of portables required in 1985 are about 
500 units, an increase of 40%. 

(3) Improved Coverage, Increased Inter-agency Communications, 
Improved Security and Other Capabilities are seen as Impor
tant Requirements to Improve Operations and Services to 
the Public (See Exhibit IX) 

Coverage of canyons is a particular difficulty at 
present with all public agencies 

Increased Inter-agency Communications was identified 
as an important requirement and one which would enhance 
operation efficiency 

Improved communications security is of particular 
interest to public safety agencies 

The ability to assign teams to a particular channel 
on a need basis is a strong need of all public safety 
agencies, including fire departments, to improve and 
facilitate operations 

Improved channel av~ilability, especially during 
emergency situations is a strong need of all the 
agencies surveyed 

Greater system reliability and management information 
on system usage is attractive to some agencies and 
necessary for others. 

(4) The Current Systems Are Severely Limited in Their Capabili
ties to be Expanded to Meet the Present and Projected Require
ments Because of Technical and Economic Constraints 

To provide the 75 channels needed by 1985 to present 
systems would have to secure 37 additional frequencies 
within the two counties 

The number of base stations would need to proliferate 
at a rate proportional to the channel requirements to 
provide the current coverage. The additional base 
stations are estimated to cost about $3000 each 
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EXHIB!T IX 
Opera'tional & Features 

Requirements 

Legend: 

• Necessary 

o Desirable 
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5. 

Expansion of t.he present systems would also not 
provide for many of the operational requirements of 
the individual agencies, for example: 

Improve security 

Greater interagency communications 

Operation adaptability 

Improved channel availability during emergencies. 

DATCS REQUIREMENTS - THE SYSTEM AND MANAGEMENT REQUIREMENTS HAVE 
BEEN DERIVED TO MEET THE PRESENT AND FUTURE RADIO COMMUNICATIONS 
NEEDS OF THE AGENCIES SURVEYED AND TO PROVIDE FOR SYSTEM EXPANSION 
TO SERVE OTHER AGENCIES STATEWIDE (See Exhibit X) 

(1) The System Requirements Which Must be Met By A DATCS System 
Have Been Derived From the Trends In Radio Communications 
and Future Plans of the Agencies Surveyed 

The system requirements for DATCS propo~ed are intended 
to meet the growing radio communications needs as 
expressed by the individual needs and as implied by 
demographic trends 

Other system requirements have been imposed because 
it is understood to be inherent capabilities of DATCS 
and can be of value to public agencies in improving 
operational efficiency 

The system requirements have been expressed in terms 
consistent with the DATCS architecture. 

The DATCS System Being Considered for Development has the 
Capability to Meet all the Requirements and Eliminate 
Duplication of Investment by the Individual Agencies 

Under DATCS System common base stations will be used 
by all the agencies transmitting and receiving at all 
frequencies. It is estimated that three of four sites 
could provide complete coverage in the two counties 
as opposed to those which would be required by 1985 
with the present system configuration 

'rhe number of frequencies needed would be reduced with 
DATCS from the projected 75 u~der the present configura
tion to approximately 40 because of the improved channel 
utilization efficiency of DATCS 

The DATCS system as presently conceived has the inherent 
capability to provide all the requirements needed or 
found desirable by the individual agencies to improve 
operations. 
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EXHIBIT X '. 

BASIC DATCS REQUIREMENTS 

ARCHITECTURAL 

- The system initially must p:t;..)vide for at least 20 dis
pa.tch centers, geogr,aphically distributed, with several 
dispatch positions 

The system must be expandable to include other geogr~phically 
distributed dispatch centers from user agencies 

The sys·tem must be expandable to include new user agencies. 

COVERAGE 

The system must provide radio coverage throughout the 
counties of Salt Lake and Utah including all canyons 

The system must be expanoable geographically to provide 
regional coverage statewide coverage 

Mobile radios beyond the range of the signaling system will 
be notified automatically. 

ADDRESSING 

-The system must be software adaptable to include or ex
clude specialized groups or discrete units or to recognize 
the group addresses 

-The syste~m must permit at least 5 levels of priorities 
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EXHIBIT X (2) 

The system should permit priorities and addresses to be 
reassigned by keyboard entry on the controller. 

SYSTEM PERFORMANCE 

- The system access time by any user must not exceed 0.5 
seconds under normal busy hou.r traffic conditions 

The system,must permit any group of mobile units to be 
transferred to any dispatch position within the system 

Privacy will be provided by discrete unit addresses and 
group addresses. 

INTERCONNECTIVITY 

- The system must be able to interface with the state, local 
or national data information systems such as NCIC. 

- The system should be able to interconnect with the public 
telephone network 

- 'rhe system should permit the use of conventional portable 
radios. 

RELIABILITY 

Channel failure will be automatically detected and isolated 
from the system until restored 

- Failure of the system controller will revert the system 
to a preplanned conventional mode of operation 

- Failure of the signaling control channel will result in 
the automatic transfer of the signaling function to a 
usable voice channel. 
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EXHIBIT X (3) 

MANAGEMENT 

Overall system responsibility must be centralized 

- System management guidelines, controls and oper&tional 
policies should be established 

System maintenance including individual units, control 
units, base stations and consoles should be pre-determined 
and centralized 

- Each user agency's present and future responsibilities must 
be defined 

Common training standards for dispatch, field personnel 
and users must be established 

- The system cc~troller must monitor and record all message 
traffic including signaling by type user agency 
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APPENDIX D 

STATEMENT OF WORK 

FOREWORD 

This Appendix is intended as a topical outline of a typical 
Statement of Work (SOW) for quick reference by the planner or 
syst'7m procureme~t manage:-. The SIP Guide (APeO Project 16B) 
prov~des support~ng mater~a1 for this topical out1lne. 

The fo,llowing outline adheres to the recommended order of 
topics for a high technology system SOW. The planner or system 
procurement manager is cautioned to employ only those elements of 
the outline which relate to the specific procurement and which can 
be accurately evaluated or measured. 
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APPENDIX D 

STATEMENT OF WORK 

I. INTRODUCTION 

The introduction to the Statement of Work (SOW) should provide 
a general overview of the project to enable a better understanding 
by the responders. Key elements of this section are outlined il'1 
the following subsections of the Introducti,9n. 

1. Background of the Project 

A brief historic descripti9n of the origin of the 
procurement and the constraints imposed on the design. 

2. Objective of the Procurement 

A brief discussion of the main system objectives to 
be achieved by the procurement . 

3. Scope of the Procurement 

A basic and brief outline of the hardware, software, and 
services that are being purchased. These may include for 
example: 

Hardware 

Software 

System Design 

Installation 

Testing 

Training 

Maintenance . 

II. INSTRUCTIONS TO BIDDERS 

This section of the SOW will provide the bidders with all the 
information needed to respond correctly to the bid request. 

1. Procurement Schedule 

The schedule time and dates for responding to the 
bid request will include: 

T~m~ and place of the pre-bid conference 

Time and place bids and proposals are due 

Preceding page blank V· ... 89 
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Bid and proposal opening timet date, and place 

Proposed contract award date 

Expected date of contract completion. 

2. Authorized Contracts 

The persons will be identified who are authorized 
to respond to bidders requests prior to bid opening. These 
may be restricted to the: 

Procuring officer 

Technical consultant. 

The statement should be made regarding how the issues 
raised by these contacts will be reported to the other bidders. 

3. Bid and Proposal Requirements 

Each of the items to be submitted as part of a respon
sive bid will be defined. Any limitations should be included 
in the description. These items would include for example: 

4. 

Itemized cost proposal 

Technical proposal 

Management proposal 

Provisions for alternate proposals 

Proposal limitation such as page count, standard
ized forms (cost proposal), proposal size, unneces
sary artwork, and nurooer of copies to be submitted. 

Bidders Qualifications 

The contractor for a high technology sys'c.em must be 
qualified, technically and financially, to complete the 
required work. These qualifications should be expressed in 
the SOW by requiring reasonable responses to liJ:lli ts imposed 
on: 

Bidders facilities and financial resources 

Performance history in terms of references and a 
list of similar and recent contract work 

Support facilites such as field maintenance shops, 
training facilities, and spare parts replacement 
depots 
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APPENDIX D 

STATEMENT OF WORK 

I. INTRODUCTION 

The introduction to the Statement of Work (SOW) should provide 
a general overview of the project to enable a better understanding 
by the responders. Key elements of ~his section are outliped in 
the following sUbsections of the Introduction. 

1. Background of the Project 

A brief historic descripti9n of the origin of the 
procurement and the constraints imposed on the design. 

2. Objective of the Procurement 

A brief discussion of the main system objectives to 
be achieved by the procurement. 

3. Scope of the Procurement 

A basic and brief outline of the hardware, software, and 
services that are being purchased. These may include for 
example: 

Hardware 

Software 

System Design 

Installation 

Testing 

Training 

Maintenance. 

II. INS'I'RUCTIONS TO BIDDERS 

This section of the SOW will provide the,bidders with all the 
information needed to respond correctly to the bid request. 

1. Procurement Schedule 

The schedule time and dates for responding to the 
bid request will include: 

Time and place of the pre-bid conference 

Time and place bids and proposals are due 
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Bid and proposal opening time, date, and place 

Proposed contract award date 

Expected date of contract completion. 

2. Authorized contracts 

-[-

The persons will be identified who are authorized 
to respond to bidders requests prior to bid opening. These 
may be restricted to the: 

Procuring officer 

Technical consultant. 

The statement should be made regarding how the issues 
raised by these contacts will be reported to the other bidders. 

3. Bid and Proposal Requirements 

Each of the items to be submitted as part of a respon
sive bid will be defined. Any limitations should be included 
in the description. These items would include for example: 

Itemized cost proposal 

Technical proposal 

Management proposal 

Provisions for alternate proposals 

Proposal limitation such as page count, standard
ized forms (cost proposal), proposal size, unneces
sary artwork, and number of copies to be submitted. 

4. Bidders Qualifications 

The contractor for a high technology system must be 
qualified, technically and financially, to complete the . 
required work. These qualifications should be expressed ln 
the SOW by requiring reasonable responses to limits imposed 
on: 

Bidders facilities and financial resources 

Performance history in terms of references and a 
list of similar and recent contract work 

Support facilites such as field maintenance shops, 
training facilities, and spare parts replacement 
depots 
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The quality and availability of personnel for 
management, supervision, and technical staff. 

5. Proposal Evaluation Criteria 

criteria should be established for the comparative 
evaluation of: 

Technical proposals 

cost proposals 

Management proposals. 

These criteria should be clearly defined in the SOW so 
that each bidder will understand the emphasis placed on the 
requirements of the RFP. 

6. contract Award 

The SOW will identify the type of contract to be awarded 
the successful bidder whether or not this contract will be 
awarded without pre-contract discussions. 

7. Indemnification 

The purchaser should require indemnification against 
damages imposed through intentional or unintentional acts of 
the contractor. High technology system procurements will 
need indemnification against the improper use of patented 
items or processes. All procurements which include services 
such as installation and test will be well advised to require 
indemnification from damages resulting from the actions of 
contractors' employees or agents. 

8. Titles and Rights 

Rights of the purchaser and ownership of titles will be 
clearly defined by the SOW. These items include statements 
related to: 

The transfer of title to equipment and software 

Rights to data and software developed or provided 
as part of the contract 

Rights and title to the submitted proposals 

The right to reject proposals 

The right to negotiate with any bidder 

The right to cancel negotiations or the contract. 
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Legal counsel should be consulted for the scope, content, 
and 7N'ording of thitj subisection of the SOW. 

9. Bonds, Insurance, and Warranty 

Each governmental entity will have its own limits for, 
and description of, the bonds, insurance and warranty provi
sions for contractor provided material and services. Fre
quently there will be. state regulations which also must be 
adhered to. These requirements will provide for: 0 

Performance bonds 

Workman's compensation 

Comprehensive liability insurance 

Warranty on workmanship and materials. 

The purchasing department of the major governmental 
agency included in the program will provide counsel as to 
how these requir~ments are to be included in the SOW. 

10. Costs of Proposal Preparation 

The SOW should state clearly that any costs related to 
the preparation of bids or proposals can not be included in 
the proposed cost of the project or billed back to the 
purchaser in any manner. 

11. Contract Disputes 

At the option of legal counsel, the SOW may indicate the 
means by which the governmental agency resolves contract 
disputes. This will be a function of the governmental body 
and will not be an option of project management. These 
provisions may include: 

The procedure and method of resolving contract 
disputes 

Termination of contracts for cause 

'I'he assessment of liquidating damages 

The identity of the court of jurisdiction. 

12. Applicable Federal/State Laws and Regulation 

When state or Federal laws/regulations affect the 
system design, its operation, or allowable use, these laws or 
regulations should be identified in the SOW. 
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III. SCOPE OF WORK 

This section of the SOW defines the items of work expected of 
the contractor; the specific tasks required by the contractor are 
described in detail. 

1. Services to be Provided 

High technology systems will require professional 
services to be performed by the system contractor in addition 
to the delivery of hardware and software items. Typical 
services to be provided are: 

System design which can include system engineering, 
radio propagation engineering software development, 
and hardware development 

Installation and debugging of hardware and software 

Assistance in procuring required licenses and 
permits 

Developing and conducting performance tests and 
acceptance tests 

The preparation of sites and facilities which can 
include construction, HVAC, emergency power, 
lighting, installation of utility services, etc. 

2. Deliverable Items 

Each deliverable item should be identified in the 
SOW. Deliverable items include hardware, software, and 
services. The list will be unique to the complexity of the 
system to be procured. However, some common items on all 
lists will include the following: 

Each item of electronic or radio hardware 

Each item cf computer software 

Maintenance su~port 

Spare parts and spare module provisions 

Towers, buildings and other structures 

Manuals and documentation such as test plans, test 
procedures, maintenance manuals, o:f.~lrators manuals, 
user manuals, training aids, ins'l::allation drawings, 
and test reports 

Progress reports and deficiency reports. 
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3. Delivery Schedules 

Each deliverable item should be supported by a delivery 
schedule. The SOW will require a formal and contractually 
obligated schedule for: 

Each item of electronic or radio hardware 

Each item of computer software 

Each tower or building 

The completion of all facility preparations 

Delivery of all manuals and documents 

The time. and place of technical progress reviews 

The delivery of reports including progress reports, 
test reports, discrepancy reports, and the final 
report or acceptance test report. 

IV. SYSTEM SPECIFICATION 

The system specification is a complete technical system 
description which includes the system performance, system inter
faces, and system configuration. It places technical limits on 
these parameters and adds reliability and/or maintainability 
requirements where appropriate. 

1. Hierarchy of Specification and Standards 

Industry or regulatory specifications or standards 
frequently apply to the specification of a system. These 
should be identified. The hierarchy of these documents, as 
they apply to the system specification, should be defined so 
that conflicts between them can be resolved. 

2. System Description 

The system description includes the configuration 
of the system elements and their interconnection with each 
other. It is recommended that this be done graphically with 
supporting written clarification. The system description is 
derived from the system concept design. 

3. System Interfaces and Supporting Services 

The means by which the system interconnects with the 
world outside of the system should be fully described. These 
interfaces are relatively unique to each individual system 
but some key interfaces will include: 
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External communication systems such as mobile 
radios, private telephone systems, data processing, 
digital data systems, alarms, microwave transmission 
systems, and similar facilities 

Utility systems such as public access telephone 
systems commercial power systems, and water supplies 

Emergency operations such as emergency power 
services, fire protection, emergency medical 
services, and civil disaster prevention operations. 

Syste~ Software 

The system specification will include a complete descrip
tion of the operations software and the applications software 
required to provide the needed system performance. 

5. System Operation and Performance 

The specification of system operation and performance 
is tailored to meet individual system requirements as developed 
in the system concept. Typically these specifications will . 
include a complete description. of: 

The functional modes of system operation for routine 
system performance, emergency system performance 
and allowable fail-soft or degraded levels of 
performance 

The calculated levels of personnel staffing for the 
operating staff, maintenance staff, and syst~m 
management. 

6. Expansion Requirements 

Frequently limitations on funding or other re90urces 
will prevent the initial implementation of a sophisticated 
system from realizing the full potential of system operation, 
scope, and performance. When these expansion requirements 
are part of the initial system procurement, they must be 
fully described in the system specification. 

7. System Licenses and Approvals 

High technology systems may exceed the apparent limits 
of Federal or state licensing regulations and extraordinary 
procedures may be needed to acquire the necessary permits or 
licenses. These requirements should be clearly defined in 
the system specification. They will be unique to each specific 
system configuration and intended operation. 
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v. EQUIPMENT SPECIFICATIONS 

The equipment specifications define the quality and perfor
mance characteristics of each item of hardware and software needed 
to meet the system specifications. The identity of each hardware 
and software item is derived from the system configuration diagxam 
which was developed as part of the system concept. 

1. General 

This subsection of the equipment specifications accumu
lates all items of the individual equipment specifications 
requirements that are common among all items of equipment or 
software. It also defines the quality and quantity of each 
item of hardware and software that is required to meet the 
system configuration. Typical items that would appear under 
the general heading are: 

Applicable industry standards or pUblications and 
their hierarchy for this program 

Standard environmental conditions such as temper
ature, humidity, primary power, vibration, shock, 
dust, and dirt 

Deliverable equipment lists showing the quantity 
required of each i'cem including spares 

The required level of quality and workmanship for 
each hardware ;1. tern. 

2. Individual Item Specifications 

Each equipment item will-have an individual technical 
specification which reflects its construction and performance 
as required to meet the system specification. These are 
derived individually from the system performance requirements 
and should be no more severe than that needed to meet the 
system performance specifications. Software specifications 
are typically combined with the equipment specification for 
the computer subsystem or the switching subsystem in which 
they are resident. 

( 
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I. INTRODUCTION 

\. This document responds to Task 6 of the Support Agreement 
and Work Plan for Phoenix, Arizona under APCO Project l6B which 
was approved on January 10, 1980. 

1.1 PURPOSE OF THE REQUIREMENTS ANALYSIS () 

The purpose of this requirement analysis is to define the 
functions and processes that should be satisfied by a trunked , 
radio system for Phoenix and adjacent communities. To this end the 
discussion of the system requirements accepts the data output from 
Task 4 "Documentation of Existing Radio Systems and Reported System 
R\9quirements" and from this data develops the dimensions of those 
system requirements and planned solutions to the reported probl,em 
areas which impinge on the system concept. ' 

1.2 SCOPE OF THE REQUIREMENTS ANALYSIS 

This requirements analysis is limited in scope to those items 
that bear directly upon the development of a system concept. The 
system concept will be a baseline document intended to resolve the 
question of the feasibility of trunked radio techniques in solving 
public safety and public service land mobile radio problems in the 
Phoenix area. Areas of radio equipme.nt design and the deveopmen"t of 
a system procurement document are beyond the scope of this requirements 
analysis" These are to be addressed in later documentation. 

The following paragraphs divide the requirements into three 
categories: 

System requirements 

0berating requirements 

Fuiture considerations. 

The discussion of system requirements is further divided into those 
classified as major problem areas critical to the basic functional 
integrity of the communications service and those system consider-
ations which can be satisfied by trunked radio system basic capabilities. 

II. SYSTEM REQUIREMENTS 

The system requirements (as reported through the system survey 
data) present some major system problems which must be resolved if a 
trunked system is to be considered feasible. There are other system 
considerations which, although of serious concern, can be accommodated 
more routinely. These are addressed individually in the following 
SUbsections. 
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2.1 MAJOR SYSTEM PROBLEMS 

The following problem areas and their proposed solutions are 
presented as being critical to the successful implementation of a 
trunked radio system in the Phoenix area. The potential solutions 
offered reflect state-of-the-art system technology and hopefully do 
not seriously violate the state-of-the-art hardware and software 
offerings that can be made available in the near future when com
petitive procurement documentation has been developed. 

2.1.1 Multiple Base Stations 

Radio coverage experience at UHF in the Phoenix area precludes 
any reasonable expectation that a single 800 Mhz base station site 
will provide adequate coverage. At a minimum, base stations will be 
needed at North Mountain and South Mountain. Coverage of Paradise 
Valley, Tempe and Mesa will probably require a third base station 
site east o~ southeast of the Salt River. At this time Bell Butte 
or Tempe Butte are likely candidates but a location further east, 
such as the Mesa Water Tower may be preferred. 

The technique of simulcasting from multiple locations could 
offer a solution. However, simulcasting requires the precise 
equalization of frequency, phase and FM deviation among all trans
mitters at each frequencey (there could be a total of 60 transmitters 
at 3 sites). Althoug'h simulcasting under these conditions is tech
nically feasible, in practice it is extremely ~xpensive to accomplish 
and requires an unacceptably high cost of maintenance to retain 
specified system performance. 

The alternate solution for a dedicated control channel type of 
trunked system is to vote the received signal from the multiple 
locations and, by means of the voter comparator, also select, t.he 
transmitter at the base station site which has the better. received 
signal. Conventional hardware is available for accomplishing this 
and cost can be minimized if the backbone microwave system can be 
used for most of the interconnect transmission requirements. 

The control channel, ·.vhich is transmitting data continuously to 
all mobile units, can not be adapted to voter comparator steering of 
selected transmitter sites. A possible solution is to simulcast 
only the control channel from the multiple transmitter ~ites. An 
alternate solution is to transmit control information ol.ly from one 
site which can be reasonably expected to put a realiable data signal 
into all parts of the greater Phoenix area. The North Mountain site 
appears to be a possible candidate to meet this requirement. 

If simulcasting the control channel is not an acceptable solu'tion, 
and North Mountain will not provide adequate data coverage for the 
Greater Phoenix area, two or more separate control channels will be 
required to cover the service area. The mobiles will have to home 
on a different control channel de~ending upon what part of Phoenix 
they happen to be in. Control channel selection can be automated 
within the mobile logic but could create a problem for mobile-to
mobile communications across Phoenix. 
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,A pre~iminary observation of the 3 candidate base station site 
co~f~gurat~on ~uggests the possibility of a two cell trunked configur
a~~on. The pr~ma:y cell C(:>ns~sts of North Mountain and South Mountain 
w7th North Mounta~n transm~tt~ng the dedicated control channel 
s7gnal . The secondary cell consists of the southeastern base station 
s~te t~at,covers Mes~, Tempe and Paradise Valley; this site would 
transm~t ~ts own ded~cated control channel whicl-:t would differ in 
frequency from that of the primary cell. The cost in "overhead" 
control channels would be 10 percent of a 20 channel system. 

, If a distributed logic type of trunked system is selected in 
wh~ch control information is transmitted on the "idle" channel the 
frequency assignments for each base station site may be differ~nt 
(all three candidate sites are within propagation range of each 
o~h~r and could mutually interferEr with each other). This would 
d~v~de the,available channels of the trunked systems (probably 20 
channels) ~nto three separate groups with the possibility that no 
one group would have enough channels to handle its peak traffic 
load. An alternate frequency control system which would provide 
better frequency utilization permits frequencies to be duplicated 
among the three base station sites and the cent~al controller can be 
programmed to inhibit the use of a frequency at any site other than 
the site where it is first assigned as result of a mobile request. 

The technical proposal of the potential system contractors will 
have to explore the feasibility and cost effectiveness of these 
system alternatives within the confines of each supplier's hardware 
and software offerings. 

2.1.2 Operation with Portable Radios 

The availability of trunked portable radios will depend upon 
the successful development of a technically acceptable frequency 
synthesizer and associated control system switching logic each of 
s~all size and with small power requirements. These circuits together 
w~th the usual 800 MHz portable radio subassemblies, and a battery 
pack with sufficient capacity to permit at least 8 hours of high 
performance service, must be made available in a small handheld 
portable radio case. Estimates by industry sources place the earliest 
availability of such a unit in the 1983-85 time frame. Until such 
portable radios are available, trunked radio system equipment con
figurations will include only base stations, control stations and 
mobile stations. 

Public safety radio systems in Phoenix are portable radio 
intensive. This is also true of Glendale, Mesa, and Tempe public 
safety agencies. Scottsdale Police Department is also heavily 
dependent upon handheld portable radios. The significant investment 
in this mix of VHF high band/UHF portable radio equipment must be 
protected. These existing equipments must be permitted to operate 
with the trunked radio system with no modification or, at the most, 
a very minimum of modification. 
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Conventional portables can interface with the trunked radio 
system through a cross-band repeater. This repeater would have a 
two frequency half-duplex VHF or UHF channel on one side and a 
frequency synthesized trunked radio control station on the other 
side. In the trunked system logic the cross-band repeater will have 
a single unit address for a cluster of portable radios all having 
the same VHF or UHF channel. Each such cluster will have its own 
cross-band repeater. 

Trunked systems can not pass the system control information 
through to a cross-banded portable. Therefore, the portable will 
not be able to detect an "all channels busy" signal and will not 
know why a channel request has been denied. To correct this the 
trunked control station side of the cross-band repeater can cause an 
audible tone to be sent on the receive channel of the cluster of 
portables when trunked channel access has been denied. The denied 
request for channel access from a portable radio should not be 
placed in the queue for the control channel type of trunked system 
even if a "channel available" signal is also transmitted to the 
cluster of portables. Because the cross band repeater can not 
individually address each portable in the cluster, the portable 
radio queue will have to be a contention queue. With all portables 
in a contention queue for trunked channel access, the portable radio 
will have to manually repeat the request for a channel whether or 
not a "channel available" signal is provided. 

The users of portable radios cross-banding into a trunked 
system will also have to learn to "quick call" the system for a 
channel request and wait for the request to be acknowledged before 
they start to speak. This technique has proven difficult in the 
past. Also, the "hold time" of the repeater/base station combination 
will require special adjustment to prevent dropping the trunked 
channel during normal press-to-talk switching through the repeater. 
~hese techniques have proved troublesome for field personnel to 
master. 

The preferred solution to UHF/VHF portable operatil.Jh is to 
continue using the portable radios on conventional VHF/UHF radio 
channels and manually cross patch these channels into the trunked 
system at the dispatcher's console when crossband coordination is 
required. Until trunked portable radios become available and have 
been field tested, the recommended solution for the Phoenix area is 
to keep the conventional VHF/UHF frequencies for pOLtable radio 
operation and use the trunked system for the mobile radios. 

2.1.3 Satellite Voting Receivers 

Radio propagation experience with 800 MHz trunked systems 
indicates that base-to-mobile and mobile-to-base coverage has been 
similar. The effective radiated power of the two types of stations 
is very much the same when the installation of both has been well 
engineered. Therefore, a base station/control station/mobile trunked 
system without trunked portables would need no satellite receivers 
or possibly need only one or two remote satellite receiver sites to 
correct unique trouble spot and to vote with the base station receivers 
in a transmiter steering configuration. It will be the obligation 
of the system contractor to conduct radio propagation tests to 
minimize the need for any satellite voting receivers. 
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the If trunked por~able r~~ios are eventuaily added to the system, 
Ph n~ed. for s~teillte recelver installations throughout the Greater 

oenlX area wlll have to be re-examined at.: that time. 

2.1.4 ~ultiple Dispatch Points 

The Phoen~x land mobile radio system, including participation 
by all approprlate governmental agencies of Phoenix Glendale Mesa 
Sc~tts~ale, and,Te~pe, will require a number of dis~atch points to ' 
malntaln the eXlstlng level of command over the field units. 'l'he 
survey data shows a total of 46 dispatch positions in 14 dispatch 
centers throughout the Greater Phoenix area. In addition there are 
a total of 154 remo~e con~rol positions at 43 locations throughout 
the total area. Whlle thlS number of dynamic dispatch points can be 
reduced by ~ystem p~anning, ,the remaining number is going to be 
lar~e and,wlll remaln,dynamlc. The assignment of an individual 
mob71e unlt t~ a speclfic dispatch point will be information that 
res7d7 s,only ln the system control equipment and can not be changed 
or J.nltlated from the mobile unit. 

In concept, the mobile unit, in transmitting a request to 
ac;.,e~s th7 trunk7d system, would only transmit its own identity and 
po.)slbly lts asslgned group address. From this address code the 
controller can de:~ermine fr~m its data file which agency the' mobile 
b 7 longs to,. the dlspatch pOlnt the mobile reports to at that particular 
~lme, an~ t~e group (or subgroup) the mobile will be perm~tted to 
lnclude ln lts call-up. . It is also conceived that some mobiles will 
al~o have the limited capability of modifying the group request; 
thlS ~eature should be permitted for the singular purpose of reducing 
the dlspatcher work load. 

TO,respond t~ an incident which calls for a mobile command post 
and a mlX of publlC safety/public service agencies responsible to 
the command post, the system controller can create a phantom group 
~nd the ~obile units can be attached to that group by software 
lnstructlons based on th@ mobile address codes. There would be no 
change needed in the mobile logic to create the phantom group or to 
return the units to their original group assignment. 

2.1.5 Failure Mode Operation 

The trunked system must inherently protect itself against 
common failure modes. The following paragraphs address system 
features recommended for system failure protection. 

2.1.5.1 System Control Failure 

An individual base station repeater is installed for each 
channel licensed to the trunked system. Radio coverage problems and 
the system configuration may require the installation of repeaters 
for ~ll channels at all base station sites. These individual repeaters 
ar~ lnterconnected and controlled by a controller. If the controller 
fall~ completely, the repeaters can operate independently as con
ventlonal repeaters. They can be accessed by mobile stations and 
control stations that are operating on the assigned frequency for 
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each channel of the trunked system. The mobile stations can be 
preprogrammed to home on an assigned channel if there is a loss of 
control signal or idle tone (depending upon the selected trunked 
system); the available 800 MHz convention.al channels will be dis
tributed among the mobile fleet units according 'co need and coordination 
requirements. Access to the repeater from the dispatch point can be 
achieved by control station, wireline, or microwave. 

Conversion to conventional mode of operation from a trunked 
operation can also result in a severe shortage of frequency resources 
needed to conduct routine operat.ions. To avoid this inconvenience, 
it is recommended that redundant controllers be installed in a hot 
standby configuration to improve system reliability. 

Failure of the control system in any mode other than a total 
catastrophic failure should result in a graceful degradation of the 
system capability. The failure should be limited to the loss of 
control over individual channels. This limited failure mode should 
be transparent to the system users. The loss of one or more channels 
should not effect the operation of the remaining channels. 

2.1.5.2 Time-out Timers 

A repeater configured land mobile radio system such as a trunked 
system can be paralyzed by accidental or intentional prolonged 
mobile or control stations transmissions. To protect the trunked 
system tram this failure mode, all transmiters of the base stations, 
control stat~ons, crossband repeaters, and mobile stations will be 
equipped with time-out times similar to the timers used in conven
tional repeater type systems. Two categories of timing circuits 
should be specified; the first permitting an absolute maximum time 
to hold the channel with or without modulation, the second should 
provide a limited channel hold time without modulation. 

2.1.5.3 Distributed Logic Failure 

ThE~ inboard· logic functions assigned to control stations and 
mobile l3tations should be. minimized; critical system logic and data 
files must be concentrated at the central control point location. 
Failure of the logic functions or RF functions at the mobile or 
control station should effect only that individual unit; such failures 
need noit be alarmed back to the central control point. 

2.1.6 System Testing and Alarming 

The complexity of a trunked radio system that will provide 
adequab.e communication services for Phoenix will r 7quire a built-in 
capability to evaluate the individual cha~nel,qua11ty and al~rm back 
to the central control point any degradat10n 1n channel qua11ty 
below established threshold limits or other significant system 
degradations. This requirement is not unlike the remote testing and 
alarm capability used routinely in private microwave systems. 
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2.1.6.1 Channel Quality Evaluation 

~l,TO minimize catas~rophe channel failures, individual channel 
~~~h~~~ : should be contJ.n.uously monitored by one of the followi.ng 

Idle channel noise threshold (no signal) 

B h S+N . , 
usy c annel ~ threshold (s1gnal or idle tone). 

Departure from a predetermined threshold limit will be alarmed 
to the central control point. 

2.1.6.2 System Test 

,The ability of the trunked system to respond to mobiles/control 
sta~10~s and to process their message content should be tested 
p~r:Od1~~llY. It is re~?~end7~ that a pr09rammable frequency 
syn~hes1~ed test transm1~~er w1~h known rad1ation characteristics 
and test message content (multi-frequency tone and/or digital message) 
be centrally located in Phoenix at a location that provides nominal 
800 MHz converage of the Phoenix area. This test transmitter ca~ be 
progr~ed to transmit its test signal on each trunked radio channel 
seque~t1a~ly and the ~eceived test signal at each fixed receiver 
10cat10n 7n the Phoen1x area can be compared by quality and message 
c~ntent w1th a standard. The standard can be established at the 
t1me the test transmitter system is installed. Any degradation 
be~ow estab~ished limits will be alarmed to the central control 
p01nt. It 7s preferable that this test system be peripheral to the 
trunked rad10 system. 

2.1.6.3 Test Alarms 

The alarm systems that alerts to any element of degraded per
fo~mance should also provide preliminary diagnostic information. 
Th7s level ~f diagnosis maY,be limited to the identity of the offending 
un1t of equ1pment and the k1nd of offense being observed. 

2.1.7 Emergency Priority 

. The trunked radio system operating in a public safety environment 
should have the capability of providing prompt channel access to 
mobile units exposed to life threatening situations or other incidents 
which require the immediate response of emergency services. The 
general approaches to emergency priority capability for a trunked 
radio system are discussed in the following paragraphs. The conditions 
under which initiation of any of these priority functions would be 
authorized include all of the following: 

A routine request for channel has been denied by the 
trunked system because all channels are in use and 

There has been a waiting queue established for the next 
available channel and 

The activation of the priority function has been con
scionable decision; i.e., there has been a manual switch 
closure 
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These conditions presume the implementation of a dedicated 
control channel type of' trunked radio system. If all channels are 
in use in a distributed logic system, the mobile will be in a frequency 
search mode and will have no capability of requesting emergency 
priority considerations and there will be no capability of deve~oping 
a waiting queue with or without priority. Therefore the follow1ng 
three basic alternatives of Ruthless Preemption, Dispatcher Alert, 
and Waiting Queue Priority refer only to a dedicated control channel 
trunked system. 

2.1.7.1 Ruthless Preemption 

Ruthless Preemption will result in the seizure of any radio 
channel (except the Control Channel) from its current user. F·or a 
reasonable and automated decision to be made, the assumptions must 
be that: 

The controller.has a po~itive indication that the seized 
channel was not carrying equally urgent emergency traffic 
at the time it was seized 

The controller is able to select a channel carrying non
critical traffic. 

There is no assurance that these assumptions can be r~alized. , 
The normal mobile/control station identifier or preamble w1ll conta1n 
only the unit address. There is no i~formation ~n t~e identifier 
that would signify the urgency of a g1ven commun1cat10n even among 
those mobile units who, by their identifier, are known by the con
troller to have preem.ption capability. 

To permit the ruthless preemption of an in-us7 channel appears 
to be a very difficult equipment problem, programm1~g ~rob~em, and 
operational problem. This approach to emergency pr10r1ty 1S not 
recommended. 

2.1.7.2 Dispatcher Alert 

The activation of a unique and manually initiated eme:gency 
priority request through the control channel can be recogn1zed by 
the Controller. An alert alarm message will be directed t~ the 
dispatch point assigned to the mobile unit; this message w1ll also 
contain the identity of the mobile unit making the request. If ~he 
emergency priority capability is restri~ted ~o public safety mOb1l~s, 
it is conceivable that this dispatch p01nt w1l~ h~ve one or,more 0, d 
the system channels in use at that time the pr1~r1ty alert 1S rece1ve 
and can release on of these channels to the mob1le that requested 
the priority. This assumes that: 

The dispatcher has information relative to the identity of 
the trunked radio channel being used by his agency and can 
identify this channel to the Controller so that the mobile 
can be instructed to move to that specific radio channel 
and 

The dispatcher can "freeze" the channel long enough so 
that the mobile can be switched into it b~for~ the sys~e~ 
drops the channel (otherwise the next mob1le1n the waJ,.t1ng 
queue will capture the idle channel). 

8 

f ~ '1 

t I ~ , 
["i 

.• J 

~'''l It I 
if,,, 

lJ ,.,~ 

Uj 

(rll 
(I \1 
ow;.";:;.;.< 

r-:: a. Ii •• ..1,0 

[i'C'n 
'\ I, Q.j 

~ rf1 
~ Ii , , 
~ 

I 

ilJ 
['II ~ p 

< :;-i 

!r11 
(L ~ 

r~ ,.J 

r1 
. J 

\ i tJ 
(,\ 
;<. ! }I j 
lLJJ 

r'J ,_.2 

~-il u 
Ii [TI in 

[[] 
[1 

------:-:-:;--;::;;--P, .. ~ 

I 
:I ; t 

[ . I· , , , 
)1"' , 
1 
! ,.",.." 

I [Hi 
L4..U 

1 

j 
IT] , 

! 
i I 

jj 

t.; 
rr"n r ~~ I' 

1 i! 
j 1 

U"I j i 
1 ! 
\, _Jl n 
Ii [J !! 
Ii 
/i 
11 

jl 
['J Ii 

II u ['J [I 
I 

II j 
d 

Ii [J '/ 

il 
[J II 

I 
I 

j 

~] i 
I 
I 

[] I 

II 
I 

I 
I [] I , 

!J 

il 
[] 

I [] 
I D 

I [1 
, 

It is possible to 
software development. 
development constrains 
an emergency priority. 

meet those requiremen-Lj through hardware and 
The complexity and estimated cost of the 
the .recommenda·tion of this method of enabling 

2.1.7.3 Waiting Queue Priority 

A more,ea~ily implemented approach to emergency priority is to 
move t~e,pr10r1ty r~quest for channel access to the top position in 
the w~1t1ng queue w1thout attempting to seize a channel. The Success 
of th1s method depends upon the following assumptions: 

T~e trunke~ syst~m is ~rop~rly engineered and, in complying 
w1th FCC l1ecens1ng cr1ter1a, the probablity of blockage 
at peak busy hours is minimal and 

Channel discipline is such that channel hold time for the 
average communication transaction is no greater than a few 
seconds (hopefully less than 5 seconds). 

~his type of emergency priority is inexpensive to implement in 
a ded1cated co~trol channel trunked system when compared to the ' 
o~her alternat1ves. Channel access to a well managed trunked system 
w11l normally be made within a few seconds even when the first call 
has been,b~ocked. The , Waiting Queue Priority system will insure 
that add1t10nal lost t1me is not incurred due to the size of the 
waiting q~eue .. This method of emergency priority is recommended for 
the Phoen1x trunked system. 

2.1.8 Intersystem Operations 

A mob~le ~nit equipped with a trunked radio system configured 
f~r,ope:at10n 1n t~e Gre~te: Phoenix area can have difficulty corr~uni
catln~ 1n other Ar1zona ]ur1sdictions outside the Phoenix area each 
of wh1ch would have its own unique trunked system. Two of the more 
probable situations will be discussed briefly in the following 
paragraphs, one i~ which the adjacent trunked systems are provided 
by the s~me supp17er, and the o~her in which the adjacent systems 
are prov1ded by d1fferent supp11ers. It is assumed that all mobile 
trunked radios have 800 MHz frequency synthesizers . 

2.1.8.1 Vendor Compatible Equipment 

When adjacent jurisdictions have procured trunked radio systems 
from the same vendor, the signaling methodology and protocols are 
assumed to be compatible. It is possible with coordinated planning 
between the cooperative jurisdictions for a mobile from one jurisdiction 
to be able to communicate within the trunked system of the other 
jurisdiction. However, the following must also be addressed: 

It must be assured that the visiting mobile be able to 
identify and access the host control channel frequency 

The host trunked system controller will have to recognize 
and accommodate any limitation in the visiting moble radio 
channel configuration. For example, a mobile from a 10 
channel trunked system can not fully accept channel 
instructions from the controller of a 20 channel system 
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The problem of a visiting mobile communicating directly 
with its o~m dispatcher in its owned trunked system through 
the facil~ties of a host trunked system also involves long 
haul transmission media. To automate such an intercon
nection will involve additional compatible switching logic 
at the controllers of both trunked systems and may also 
require the use of private backbone microwave systems or, 
alternatively, the use of the public access telephone 
system. This may require special waivers of the FCC Rules 
and Regulations regarding interconnect services. 

The difficulties presented by the casual unplanned intrusion ?f 
a visiting trunked mobile unit into a host trunked system are form~dable 
and go unresolved by vendor offerings at this time., In t~e,G~eater 
Phoenix area it is recommended that all trunked rad~o fac~l~t~es of 
the several candidate jurisidictions be planned as part of the same 
radio system supplied by the same contractor. 

2.1.8.2. Multiple Vendor Incompatibility 

At this time the hardware and software offerings of the key 
vendors of trunked radio sy~;~ems are incompatible with each other. 
Although the radio frequencies, as assigned by the FCC f?r trunked 
systems, can be accessed by the mobile frequency synthes~zers of 
competitive suppliers, the channel control method?logy and ~r?t?cols 
are incomprehensible between the competit?r's equ~pment., V~s~t~ng 
mobiles intruding upon a host trunked rad~o system ~upp~~ed ~y 
another vendor will remain completely out of commun~cat~on w~th the 
host system. 

2.2 SYSTEMS CONSIDERATIONS 

The following system considerations wi~l be addressed during 
the system concept development of the Phoen~x trunked radio system. 

2.2. 1 CAD/MD'l' Interfaces 

The public safety agencies in Phoenix plan ~ continuing expansion 
of land-mobile data transmission by means of mob~le data termina~s. 
These terminals will be interfaced with the public safety data f~les 
that serve the police and fire departments CAD systems. Mesa,plan~ 
to expand Public Works MDT installations. Therefore, the eng~neer~ng 
design of the trunked radio system, as proposed ~y,the,Syste~ ~~n
tractor, must be based upon the bit error rate,17m7t~t~ons 0, e 
digital system rather than analog voice intell~g~b~l~ty. Th~s 
manifests itself in these areas: 

Data rate error limitations will reduce the expected radio 
coverage range by approximately 6dB from that ca~culated 
for analog voice traffic according to past exper~ence 

The error detection, error correction, and message retr~ns
mission coding of the digital MDT syst7m ~ust be comp~t7ble 
with the multipath deep fade characterJ.st~cs of the d~g~tal 
trunked radio communication system at 800 MHz (MDT data 
rates could be advisely affected) 
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The mObile termin~l call-up and address protocols will 
have to be compat~ble with the switching delays introduced 
by the call-up and address protocols of the trunked system 

If automatic status updating is included in the trunked 
sy~tem, the CAD system must be programmed to recognize the 
un~t ad~ress a~d relate,that address to a specific incident 
report ~n the Journal f~le. 

The system contractor for the trunked radio system must be 
required to conduct sufficient tests to insure compatiblity between 
the existing CAD/MDT systems and the trunked radio system being 
offered. 

2.2.2 ~obile-to-Mobile Communication 

Mobile-to-mobile communication is inherent in the trunked radio 
system. ,Each mobile is assigned a group address and this group 
address ~s accessed by' the controller using the address code of the 
mobile unit; the controller software determines what qroup code will 
be,accessed by each mobile on an initial call-up. A single mobile
un~t can also,be considered as a special subgroup within the assigned 
group. A mob~le can be programmed to communicate with any other 
mobile in the group through the repeater. 

If intergroup or interagency flexibilitv is needed the mobile , ~ 

Uh~t can also be programmed to access the trunked system controller 
through the dispatcher or controller terminal operator. The dispatcher 
or terminal operator can, through software instruction to the con
troller, enable the mobile unit to call up any individual address, 
group address, or subgroup address within the capability of the 
trunked system. 

This arrangement keeps the mobile logic as simple as possible 
and provides a higher level decision filter for per~issible mobile
to-mobile communications. It is recommended for the Phoenix trunked 
system. 

2.2.3 Management Information 

All of the switching process for the trunked radio system is 
accomplished at the central control location; the mobile unit or 
control unit input consists only of its identity code and group 
address. Statistical information relative to system operation and 
performance can be made available from this central control point. 
This system management information should consist of at least the 
following: 

System activity by each user agency 

System activity by each mobile or control station 

Channel use profiles by hour, day, 'week, month 

Use of any special fea,tures such as emergency 
priorityor cross agency coordination 
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Total activity time for each channel 

System queue status 

Profile by hour, day, weeks, and month 

Average channel excess. time from the queue. 

Additional management data can be entered by the terminal 
keyboard. This data can include: 

". User complaint reports 

Channel down time 

Due to catastrophic failure 

Due to,maintenance activity 

Automatic test system performance deficiency 
alarms 

Maintenance reports 

Time and material expended 

Installation and test man power costs. 

III. OPERATING REQUIREMENTS 

The basic operating requirements for the trunked radio system 
have been ~leened from the individual survey reports of the potential 
user agenc~es and from documentation reported from APCO Project l6A. 
The basic operating requirements are discussed in the following 
sections. 

·3.1 UNIT AND GROUP ADDRESS 

For considerations of cost, system complexity, and system 
flexibility it is evident that control and switching logic should be 
held to the absolute minimum in mobile equipment and control station 
equipment. This will also enhance the ongoing and future development 
of hand held trunked portable equipment in which size, weight, and 
power drain become critical design limitations. 

It is conceived that the only information needed from a mobile 
or control station for the controller to identify the unit, identify 
the dispatch point for the unit, and identify the other members of 
the group to be included in the communication, is the two par.t 
address code of the calling mobile or control station. This address 
will consist of the unit identity and the group identity. All of 
the routing and control information can be programmed into the 
Controller data memory and activated upon recognition of the unit 
address. Routing codes and group access codes can be changed at any 
time by keyboard entry. 
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To provide a level of flexibility and thereby reduce the d' _ 
i~tcher w~r~ load, selected mobile units may also be provided W~~h 

e capab~l~ty for manual modification of the programmed grou 
~ddress., These are conceived as o~ly permitting subgroup lev~l 
(~ha~g~s ~n the performance of routl.ne assignments. An address 
m~dl.fl.er can also be used by the mobile t,o request an interconnection 
Wl.th ~nother agency or another group within the mobile's own agenc 
The ~l.spatcher,or terminal operator can permit this variance from y. 
routl.ne operatl.on by keyboard or function key instruction to the 
Controller. 

~n r~spon~e to si~uations that require a multiagency emergency 
co~rd~natl.on wl.th possl.bly a mobile corrmand post as a dispatch 
pOl.nt, the central control point can create a ph anton group address 
by keyboard,entry. Any number or type of mobile units within the 
trunked radl.o,system can be assigned to this phantom group by key
board en·try w~thout any change being required of the mobile address 
or mobile identity code. 

To accommodate this level of operational flexibility, it is 
r~commended,that t~e Phoenix trunked system require all routing and 
d~spatch p~~~t log~c b~ lo~ated at the central control point and 
that the ml.nl.mum of sw~tchl.ng and address logic be located in the 
trunked mobile/control stations. 

3.2 INTERAGENCY COORDINATION 

Th~ survey of Phoenix area agencies resulted in the development 
of part~cular pattern of interagency coordination connectivity 
th~ught by the agencies to be appropriate to their operating needs. 
Th~s pattern of permissible connectivity between the agencies must 
be programmed into the controller software and provisions made for 
it to be modified by program instruction as needed. This capability 
of the trunked system must be required of the system contractor by 
procurement specification. 

3.3 DISPATCHER WORK LOAD 

The recommended group address configuration for mobiles and 
their dispatcher is that all mobiles Q,nd/or control stations that 
are assigned to a dispatch point be also assigned the same group 
address. All mobiles in the group will routinely monitor all the 
traffic between the dispatcher and the fleet and between mobiles 
within the fleet. 

This group configuration is similar to the conventional repeater 
radio channel operation now used except that non-group co-channel 
users will not be heard by the group on the trunked system. If all 
members of the group are not simultaneously aware of the traffic 
between group mobiles and the dispatcher it is probable that the 
dispatcher will receive simultaneous multiple requests for service, 
to which a single dispatcher can not respond. Communication blockage 
will occur because of dispatcher overload even though each requestor 
is able to access a separate radio channel to the dispatcher. The 
less cost effective alternative is to add multiple dispatchers to 
each active dispatch point. 
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3.4 FIELD UNIT STATUS 

It is desirable that the status of the mobile field units be 
reported in coded form rather than by analog voice. The present 
methods of status indications take two general forms; one a status 
interrogation by the group dispatch point and the other a volunteer 
status report by the mobile unit. 

3.4.1 YQ!unteer Status Report by the Mobile 

A device to encode preestablished mobile status codes and 
transmit these to the dispatch point need not, and probably should 
not, be integral to the mobile trunked radio system. An external 
encoder when activated can key the mobile trunked radio and, when 
channel aocess to the dispatcher has been achieved, will cause the 
appropriate status code to be transmitted. The trunked xnobile radio 
will automatically provide the vehicle identity. 

A companion decoder at the dispatch point will provide status 
information associated with the vehicle identity. This decoder 
output can be interfaced ~ith a display board or with existing CAD 
systems to provide automatic logging of the information and to 
possibly update the CAD incident report. 

3. 4. 2 Status In·terrog a tion 

An automatic device that could interrogate the group mobiles as 
to their last reported status need not, and probably should not, be 
an integral part of the trunked radio system. The device need only 
to key up the control channel or idle channel with the group address 
and, having accessed the radio channel, transmit the encoded polling 
sequence to the mobile units within the group. Decoding the mobile 
response can also be outboard to the trunked system. 

The mobile units in the group will require additional logic 
capability in order to respond to automatic status polling. Each 
mobile must recognize the initiation of the unique polling sequence 
and respond individually and uniquely with previously recorded 
encoded status when it recognizes its own individual unit address 
code. This will increase the cost of the logic in each mobile which 
is expected to respond to an automatic status interrogation. 

A mobile responding to an automatic status interrogation can 
only respond with a retransmission of the status previously transmitted 
manually. This is not fresh information and adds little to what the 
system knows to be the status of the mobile unit. Therefore, automatic 
status interrogation is not recommended for Phoenix on the basis of 
it being not cost effiective. 

3.5 RESTRICTED ACCESS 

Under the stipulation that all group assignments, routing, and 
switching is done by controller software in response to the mobile 
uni t address, it follows tha.t any mobile unit can be programmed out 
of the system by keyboard instruction. A mobile unit address that 
has been locked out of the trunked system will receive no communications 
other than the mute control channel or idle tone and will be unable 
to capture a communications channel. 
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3.6 DISPATCH POINT DISPLAYS 

Each dispatch point in the trunked radio system will receive 
only those mobile unit calls that are assigned specifically to that 
dispatch point by the controller software. The Phoenix survey shows 
that the identity of dispatch points and the location of active 
dispatch points change significantly with the change of work shifts 
and, in some cases, with the time of day.' When dispatch positions 
are shared with other dispatch positions or ciispatch points, the 
traffic can be merged with these other dispatch operations by software 
instruction. The dispatch position will display the following 
information for the mobile units assigned: 

Code identity of the mobile unit in communication with the 
dispatcher 

Code identity of the mobile unit exercising an emergency 
priority option. 

3.7 MOBILE UNIT DISPLAYS 

For operational integrity the trunked mobile unit should have 
the following displays: 

A handshake indicating a reque~t £or channel has been 
received by the system 

An indication that the request for a channel has been 
accepted and a channel has been made available 

An indication that the request for q channel has been 
denied and the request has been placed in a waiting queue 
(not applicable to distributed logic systems) 

An indication that the mobile unit is beyond the range of 
the system base stations. 

These displays can be visual, audible, or a combination of 
both. 

3.8 MOBILE-TO-MOBILE TALK AROUND 

When outside the range of the system base stations the mobile 
units should have the ability for the half-duplex talk-around between 
mobile units. The factors that should be specified in procuring the 
system include the following: 

One specific channel frequency must ~e selected for this 
operation 

The initiation of talk-around should require a manual 
switch selection in the mobile to prevent the mobile from 
automatic selection of the talk-around mode when experiencing 
deep fade multipath conditions within the range of the 
base stations 

The talk-around mode will be inhibited when the mobile is 
within the useful range of the base station signal. 
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3.9 PUBLIC TELEPHONE SYSTEM INTERCONNECT 

The need for interconnection with the pu~lic te~ephone system 
was not expressed by the potential user agenc~es dur~ng the sur~ey 
but has beAn included in the published requirements of APCO Pro~ect 
16A. It i;'advisab1e that the trunked radio syste~ not be,conf~gured 
for mobile acceS$ to the pub1~c te1ephon~_~~st~m w7tI;~~t.~~~pat:her 
or cOntrol opera:l.;or intervent~on. The sys-c.em specl.fl.catJ.un::;; mu::;t 

form to the FCC Rules and Regulations in effect at the t~me con . 
ap11ication is made for the system l~cense. 

3.10 MANAGEMENT CONSIDERATIONS 

The management of a trunked radio system wi11,require the 
adherence to standards of quality, performance, m~J.ntenanc7' andt adm~nistration not previously required of conventJ.ona1 radJ.o sy~ ems. 
The~de1ivery of acceptable communication~ services t~ a1~roup °ta1ized 
user organizations having' diverse operatJ.on~l needs ~mp les cen 
management and operation of the trunked radlo system. 

3.10.1 Operation Management 

The trunked radio system is a ce~tra1ized radio Syst7mswi~~icient 
unified control that requires c7ntra1lzed,mana~ement ~or lt e 
operation. Some of the centra1lzed functlons lnc1ude. 

Financial Considerations 

Acquisition of implementation and expansion 

funds 

Procurement of joint-use hardware and 
software 

Preparation of recurring operating budgets 

Distribution of system costs to user agencies 

Technical Considerations 

Development of interagency compatible 
software 

Hardware installation and test 

Unified vendor/supplier relationships 

Regulatory agency procedures 

Uniform system performance standards 

Uniform maintenance standards 
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Personnel Considerations 

Acquisition and training of control operators 

Acquisition and training of software staff 

Training of system maintenance personnel 

Training of agency dispatchers and mobile 
operators . 

It is recommended that a centralized management be governed by 
a bo~y,whi~h r 7presents the user agencies in proportion to thei~ 
partlclpatlon ln the trunked system. 

3.10.2 Maintenance 

,The qual~ty of t~e maintenance of all base station, control 
~tatlons, moblle s~atlons and/or cross band repeater equipment used 
ln the trunked radlo system must be standardized and should be 
ac~omplished by o~e h~ghlY trained and well equipped centralized 
malntenance organlzatlon preferably administered by the City of 
Phoenix. 

IV. FUTURE FUNCTIONAL STANDARDIZATION 

The expansion of the trunked radio system concept beyond independent 
local systems into interjurisdictional and interregional coordinated 
systems will depend in part upon basic standardization of methodology 
procedures, control functions and control protocols that is not now ' 
evident in the vendors offerings. The lack of such standards will 
also prevent competitive modular procurement, post implementation 
modular expansion, and interjurisdictional expansion of even the 
presently conceived independent local systems. 

There is concern that implementation and expansion of wide area 
trunked radio systems without the opportunity for competition modular 
expansion offered by national standardization will not be in the 
best interest of the public safety community. 
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APPENDIX, B 

BUCKS COUNTY, l?A - FINAL LETTER' REP'ORT 
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FOREWORD 

This Appendix to the Draft System Implementation Plans
for Participating Communities contains the complete final 
report to Bucks County, Pennsylvania pertaining to their 
planning for a DATes implementation. Following their review 
of the system problems and requirements, it was their 
decision to pursue the upgrading of their conventional radio 
system and to defer the digitally addressed trunked com
munications system planning until a later time. 
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BOO Z • ALL E N & HAM I L TON Inc. 

Mr. Charles McGi.ll 
Director of Emergency Services 
Bucks County Administration Bldg. 
Room 107 
Doylestown, Pennsylvania 18901 

776 SliRE:WSElURY AvE:NUe: 

TINTON FALLS, NEW JERSEY 07724 
747-9303 

ARE"A CODE ?Ol 

November. 14, 1980 

06992-005-001 

Since the APCO Project 16B support contract with Booz, Allen 
ends officially on November 15, 1980, it is appropriate at this time 
for Booz, Allen to provide to Bucks County a final letter report on 
the completed activities and accomplishments of this project. 
Although DATCS planning was conducted only through the problem 
analysis stage, we feel that positive results were achieved and that 
the project i.n Bucks County ":as as successful as in other communi ties. 
In this letter report we would like to summarize the accomplishments 
under our support agreement and identify some of the major benefits 
to the county as a result of participation in the APCO 16B Project. 

ACCOMPLISHMENTS 

The Support Agreement and Work Plan for Bucks County under APCO 
Project 16B outlined ten activities to be a,ccomplished during the 
Booz, Allen support effort. With the combined efforts of Booz, 
Allen and Bucks County project personnel, six of these activities 
were completed. The more significant activities were as follows: 

Conduct necessary intervie\\7s and review available documents 

Document current radio communications systems and req'.lirements 

Analyze problems related to DATeS and conflicting requirements. 

The first activity was a data gathering effort to form the 
basis for documenting current systems and requirements. Prior to 
the interviews, a data collection guide (another of the six activities 
completed) was de~~loped for use in the data gathering process. 
Approximately 20 or.ganizations including police, fire, and rescue 
services were interviewed throughout the county to collect current 
and future requirements and to obtain information on cur~ent radio 



Mr. Charles McGill 
November 14, 1980 
Page Two 
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Following the data collection effort, a report was prepared 
that documented current mobile radio systems and requirements. This 
report provided a baseline description of the police, fire, and 
rescue mobile radio systems now in use, presented a list of current 
and future mobile radio requirements, and presented functional 
requirements for a new DATCS. This report provided the foundation 
for the DATCS problem analysis and for developi~g various alternative 
system design concepts. 

The analysis of problems and conflicting requirements was 
performed and documented in a problem analysis report. This report 
identified a number of potential problems, developed three alternative 
mobile radio system concepts, and provided an analysis of the technical 
and operational impacts of each alternative, including budgetary 
cost estimates for system procurement. The· three alternatives 
included a new UHF conventional mobile radio systemj a partial DATCS 
(Lower 'Bucks with DATCS., Upper Bucks with existing conventional), 
and a county-wide DATCS. The outcome of our analysis indicated that 
some serious technical and operational deficiencies would exist with 
any form of DATCS implemented in the near future. 

Our report advised the county that if UHF frequencies could be 
obtained to operate a new conventional UHF system (the county had a 
draft plan to license 21 UHF frequency pairs in the commercial UHF 
TV channel spectrum for a new public safety repeatered mobile radio 
system), then this solution would be certainly more desi~able than 
any near-term DATCS solution for the county. 

Upon consideration of this recommendation, the county decided 
to pursue the UHF conventional radio system solution. Upon receiving 
the necessary licenses and waivers to begin implementation of a, 
conventional UHF system, DATCS planning under APCO 16B was term1nated. 

2. BENEFITS FROM COUNTY PARTICIPATION IN APeO 16B 

Although tne original objective to produce DATCS implementation 
planning documentation w,:-s not attain~d~ Buc;:ks ,?ounty did, however, 
derive a number of benef1ts from part1c1pat10n 1n the APCO 16B 
project. Some of the more significant benefits realized are: 

The county had the opportunity to explore the trunked 
radio system concept as it compared to a new UHF con
ventional system. 

The results presented in the problem analysis report were 
instrumental in obtaining the necessary licenses and 
waivers from the FCC for the new UHF conve~tional system. 
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Mr. Charles McGill 
November 14, 1980 
Page Three 

The documents prepared fO]:" Bucks Coun·ty (requirements 
report and problem analysis report) and for the entire 
APCO l6B project (tte SIP Guideline manual) provided Bucks 
County communications planners with insights into the 
pro~er planning .and implementation of new public safety 
rad10 systems, both trunked and conventional. 

Basic problems and requirements have been identified and 
established for a trunked radio system, should the county 
decide to implement a DATCS in the far term when trunked 
systems may be sufficiently advanced to satisfy the problems 
and requirements identified within the County. 

* * * * * 
In light of the accomplishments and benefits resulting from 

participation in the APCO l6B Project, we feel that the Bucks County 
portion of the project should be viewed as a successful endeavor . 
Although DATeS will not immediately be implemented in Bucks County, 
the co~cept was s~ccessfully.investigated and the investigation led 
to a v-!-abl~ solut1on to prov~de be-tter public safety mobile radio 
commun1cat1ons. 

It ~as been a pleasurD working with you during the APCO project, 
and we w1sh you every success in the planning and implementation of 
your new UHE' radio system. Please feel free to call upon us should 
you require further assistance in any 'aspects of telecommunications 
planning and implementation. 

Gerald W. Bernas 
Principal 

Approved by: 

" " J' I~ \ lu r,- C~ 
IT] ,U!t!a.V\,\ t· C) . ·~tJ 

[] 
[] 

WJ 

William F. Stasior 
Senior Vice President 

cc: Bruce Fisher 
Martin Ficke 
Frank Grausso 
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