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EXECUTIVE SUMMARY

In 1976 the Federal Communications Commission's Docket No. 182672 made available
to the land mobile communications community 30 MHz of spectrum between 806 MHz
and 866 MHz. This long-needed relief was viewed by law enforcement agencies as
the potential solution of the frequency congestion problems that have existed
for many years.

The Tack of experience with these newly authorized frequencies and the new regu-
latory concepts under which they were made available posed several questions to
those considering implementing systems within this portion of the spectrum.

APCO's Project 16, conducted under a grant from the Law Enforcement Assistance
Administration (LEAA), evaluated the technical, economic and regulatory questions
associated with this new portion of the spectrum. It pointed out the opportun-
ities and challenges posed by the requirement for trunking these systems requiring
more than 5 channels. It analyzed the economic costs -and presented an overview

of the developmental progress of equipments suitable for these new frequencies.

Project 16 also analyzed, from a theoretical viewpoint, the propagation charac-
teristics that could be expected of this portion of the spectrum and made fore-
casts regarding their potential for contribution to the communications needs of
the law enforcement community. The project concluded that coverage adequate
for urban law enforcement users should be expected. It referred to experimental
results showing potential problems of fading, coupled with the opportunity for
better signal penetration through buildings and tunnels, that might be the
result of the scattering effects of these short wavelengths.

As part of APCO's Project 16A, the development of a functional requirements
statement and identification of potential users of this system, the LEAA has
funded a grant to APCO to review the operational experience of law enforcement
agencies that have used these frequencies during the past several years. This
Report is the result of these investigations.

APCO conducted a survey of the operational and maintenance experiences of the
Taw enforcement agencies of Chicago, I1linois; Miami, Florida; and Orange
County, California. These three communities have had experimental type 900 MHz
systems in operation for several years. Questionnaires prepared by the APCO
Project Office were completed by personnel of the law enforcement agencies of
these communities. Discussions with members of these departments were held

by representatives of the APCO Project Office and the conclusions developed
reviewed by the APCO Task Groups participating in the Project.

The systems selected for analysis represent three different operational uses

of the 900 MHz portion of the spectrum. The Chicago system is a 5-channel mobile
data information system used to communicate with mobile digital terminals in
police vehicles. It provides coverage throughout this major, urban community.
The Miami system is a single channel, administrative telephone network used

ES-1




Leg

urimarily for sdminissrgtive rommunicalions Throwghout thic drldn/ suturban sems -
ropical comminity.  The Grange County, LA system i5 g singleo channel, Q30 Mus
vaice retwork ysed for mgintenance and administrative purposes throughout the
ratire county,

Tha three systers were installed by the using agencies primarily to evaluale

the suitability of the 90 MRz pariicn of the spectrum and <he equipnent
recently avaitable for Jaw enforcerent public safety purposes.  The data
callected under this task has shown that such systens are eminently suitec Lo
the purpoces for which they were designeg, Much of the fears o< propagation
loss due to faliage, difficulty of communications becouse of facing and "holes™,
and problems of maintenance and reliability of the now equipments, have not

been borne out by experience, The three using agencies have reported very
satisfactery resylts with their equipment, good reliability, and equal or
improved coverage compared to lower frequency systems.

All three communities have ordered or are planning Lo order expansions of their
900 MHz systems.

The conclusion reached as a result of Lhis iask |1 of APLD's Project 16R is that
the technical characteristics of the 900 Wiz portion of the spectrum is highly
suitable for law enforcement communications needs. Equipment reliability and
maintainability compare favarably with that long in use in the lower bands, and
price differentials, where they exist, may be justified by the increased avail-
ability of channeis.

"3




I1.
1T,
IV,

VI,

VII,

TABLE OF CONTENTS

ACKNOWLEDGMENTS

EXECUTIVE SUMMARY

INTRODUCTION

OBJECTIVES OF PROJECT

TASK 11 DATA COLLECTION PROCESS
REPRESENTATIVE SYSTEMS

A. General

B. Miami

C. Orange County, CA
D. Chicago

OPERATIONAL CHARACTERISTICS OF 900 MHz SYSTEMS

A. General - Summation of comments received

B. Coverage
1) Scattering
2) Shadow effects
3) Fading
4) Building penetration
5) Range
6) Foliage

C. Noise
1) Set noise
2) Man-made
3) Atmospheric

D. Signal reliability and fading
E. Distortion

RELIABILITY AND MAINTENANCE EXPERIENCES

A. Complaints
B. Test equipment and techniques
C. Pulse testing (TDR)

COMPONENT QUALITY

General
Coaxial line
Connectors
Antennas

o oOw >




VIII.

11X

X1,
XIT.

INSTALLATION CONSIDERATIONS

A. Connectors
B. TDR (Time Domain Reflectometry)

PERSONNEL TRAINING NEEDS

A. General

B. Officer

C. Dispatcher/communicator
D. Technician

E. Engineer training needs

CAUTIONS FOR NEW OR PROSPECTIVE USERS

Initial considerations

Need for detailed system planning
. Additional training

. Phyciological effects

ooOwk

RESULTS OF EXPERIENCE GAINED
CONCLUSIONS
APPENDIX

-10-

11-

-12-

———




THE OPERATIONAL IMPACT OF 900 MHz RADIO SYSTEMS

ON
LAW ENFORCEMENT COMMUNICATIONS

INTRODUCTION

The growing demand for public safety services and the increasing require-
ment for the application of sophisticated technologies in support of law
enforcement objectives require a greater degree of capabilities from law
enforcement_cgnnmn1cations systems. These increased capabilities necessi-
tate the utilization of a "new" portion of the radio spectrum, the 900 MHz
band.1/ The Associated Public-Safety Communications Officers, Inc. (Apco)
under a grant from the Law Cnforcement Assistance Administration (LEAA), ’
determined in their Project 16 that this band could support the increased
needs of law enforcement communications systems.

APCO'S Project 16A, funded by a LEAA grant, carries the findings of Pro-
Ject 16 further toward implementation through the development of a trunked
radio system for law enforcement. This Report, a part of Project 16A,
surveys the law enforcement systems currently using the 900 MHz band and
focuses on their operational experience in this new region.

Its purpose is to assist decision makers in evaluating benefits vs. costs
to be derived from implementation of this new portion of the spectrum.

APCO's Project 16 is an overall program directed toward the evaluation of

900 MHz in support of law enforcement objectives. Its further goal is to
advance the application of modern technologies, many of which are made
possible by the opening of this new spectrum. One result of the initial
Project 16 study was the identification of the potential for greatly enhanced
capabilities inherent in the trunked system concept. A second result is an
appreciation of the particular benefits that these frequencies may offer in
the suitability of their propagation characteristics to law enforcement needs
These propagation characteristics, while heretofore considered only theo-
retically understood, offer the potential of significant problems coupled
with great opportunities. The shorter wavelengths, while theoretically
absorbed by foliage and subject to pronounced shadows due to propagation

path obstructions, offer the opportunity for much more thorough coverage,
particularly within urban areas, due to the scattering effect causing

better penetration of buildings and tunnels.

At the outset of APCO's Project 16, little practical experience had been

This Report uses the term 900 MHz, as did the Federal Communications Commissi:
in its Docket No. 18262, when referring to the band of frequencies allocated
to the land mobile services between 806 MHz and 866 MHz.

_1-




gained in the use of these frequencies. In the subsequent months, how-
ever, experience was gained with three systems operational in the law
enforcement communications environment. The City of Chicago made use

of a 5-channel 900 MHz system in support of a mobile digital communijca-
tions network operating throughout the boundaries of that city. Oranc:
County, CA implemented a single channel voice network, on a test basis,
primarily for the use of maintenance technicians. The City of Miami, FL
installed a single channel telephone-type administrative network to pro-
vide mobile communications throughout the boundary of its responsibilities.
These latter two systems were installed primarily on a test basis, to
evaluate those factors affected by this new spectrum of interest to law
enforcement agencies.

the purpose of this study is to document the experiences of these agencies
and to make this information available to other potenti=1 users of this
band. It is intentionally highly subjective in that much of the infor-
mation presented is based upon subjective opinions of system users. While
the information has been collected and documented in a manner that supports
analysis, the intention has been to record those personal reactions and
attitudes of operational agencies in comparing usage factors of 900 MHz
with other lower frequency systems with which they have had experience.

The comparisons cited in this Report are intended to depict the degree of
satisfaction or dissatisfaction that the operating official in the field,

not necessarily communications oriented, experiences in the use of 900 MHz.
It is intended to provide guidance as to whether, in fact, a move to these
frequencies may or may not be justified by other agencies in the future.

It is also intended to determine if many operational or management techniques
may necessarily be installed as a result of the characteristics of this

900 MHz equipment.

This research effort was conducted by APCO as “Task II" of Project 16A,
APCO's development of functional requirements data pertaining to the appli-
cation of trunked, digitally addressed systems. Data acquisition was
accomplished from responses to survey questionnaires prepared by APCO's
Project Management personnel and.by personal interviews with those officials
of the three communities having knowledge and experience with the systems.

The following Report details the information and opinions acquired during
the program Task. It presents those opinions expressed by responsible law
enforcement officials that support the conclusion that 900 MHz does indeed
offer significant new opportunities for expanded law enforcement communica-
tions systems. The technical challenges presented are solvable, and the
costs compare favorably with similar equipment at lTower frequencies. Main-
tehance and installation proolems, while requiring competent technicians
familiar with UHF techniques, are not significantly different from those
experienced in the past.

The most significant deficiency of the 900 MHz portion of spectrum is the
fact that, as of the time of writing, no commercially produced portable
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equipments are available. This absence of portable operaticnal equipment
precludes the accemplishment of a most important portion ot this Project,
i.e., the evaluation of coverage by portable systems at 900 Miz. Such an
evaluation should be conducted as soon as this type of equipment becomes
commercially available.

This Report constitutes another step in the development and introduction
of advanced technolngy in the solution nf law enforcement communications
problems by the Assocrated Public-Safely Communications Officers. Inc.

it further represents anotner significant contribution to the state of the
art that has been supported by the Law tnforcement Assistance Administra-
tion. All the members of the public safety community should he grateful
to these agencies for their conteibutions,

OBJECTIVES OF PROJECT 16A

The purpose of APCQ's Project 16A is to continue support of a program
leading to the implementation of high technology and enhanced capability
of modern communications svstems. The specific Tasks under this Praject

are;

Task 1 - to identify those model communities suitable far and capable of
implementing demonstration type, digitally addressed, trunked
900 MHz communications;

Task 11 - an evaluation of the operational experiences gained by the
cities of Chicago, IL; Miami, FL; and Orange County, CA
in the use of their developmental 900 MHz systems;

Task IIL - the development of a functional reguirements document
defining those capabilities that a digitally addressed,

trunked communications system in support of law enforcement
communications needs should have.

The following Report 15 the product of the second of these tasks.

TASK 11 DATA COLLECTIOMN PROCESS

The management of AFLG's Task 11 was vested in che Project Management
Office at the National Office of APCO. This office is managed by the
Executive [Hrector of APCO. The Project Management Office was supported
in this Task by a special group of APCO volunteers constituted as APCO's
Task Group I. This Task Group was made up of the APCO Board of Dfficers.

The Project Management Office. consisting of the Director of Projects and
the Project Lngincer, provided day-to-day operational supervision of the
Project.

This oftsce, assisted by Task Group |, developed guestionnaires that were




forwarded to each of the participating law enforcement agencies. These
questionnaires were followed up by meetings of the Project Engineer with
representatives of those agencies at which the questionnaires were dis-
cussed and other matters relating to the operation of these systems developed.

The Project Engineer, working with the members of Task Group I, analyzed
these reports and developed the following documentation.

This data acquisition process bears special credibility because of the
intimate participation of the knowledgeable users of the system. While
the comments made may often lack technical sophistication, they bear the
credibility of professional opinions expressed by experienced operationa’
personnel.

Of particular value are the practical day-to-day aspects of the recommenda-
tions made by which those operational peculiarities created by these fre-
quencies can be overcome by management techniques.

The results of the survey and interviews have been analyzed and incorporated
in the various Sections of this Report. The professional level and experience
of the respondents is of particular importance, to-wit:

) over 115 years of technical radio experience is represented by
the engineer/technician category of users, with their average

years of axperience being 17.56;

] 85 total dispatcher/communicator years are represented, an average
of 12.2 years each, all having more than 1 year experience at
900 MHz;

® more than 16 years of supervisory experience is included in the
supervisor category of respondents;

° 15% of the respondents have seen service as police officers.

In most cases, the questions were aimed at comparing the user's current
900 MHz system with his other radio communications system(s) employing the
40 MHz, 150 MHz and 450 MHz bands. Responses were generally qualitative
rather than quantitative in nature, i.e., "How does your 900 MHz system
compare with your other band systems?" Choices are: better - worse - no
change.

In addition to the basic questionnaire answered by all, additional question-
naires were sent to those having specialized responsibilities in the 900 MHz
communications field. Throughout this Report comments and conclusions are
referenced to the questionnaire from which the information has been obtained
by citing the question number and the particular questionnaire in accordance
with the following key:
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Basic questionnaire (replied to by all)
Communicator questionnaire

Designer questionnaire

Supervisor questionnaire

Technical questionnaire

i
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T.e., #1-b0 indicates Question #60 on the Technical questionnaire. Copies
gf each questionnaire are included in the Appendix showing the number of
individuals giving the indicated response to the question shown.

REPRESENTATIVE SYSTEMS

A.

General

To date, none of the three systems surveyed use their 900 MHz system
as a voice radio directly in police patrol operations. Of similar
significance is the fact that 900 MHz portable operating experience
was not available as, at the time of the survey, 900 MHz portables
were not commercially available.

Each of the three agencies selected for analysis represent a unique
use of 900 MHz in law enforcement. Although the answers supplied are
valid representations of their experience at 900 MHz, there can be
little direct comparison of operational characteristics between these
three systems from the data presented. The intent of this Report is
to offer representative information, describing the performance of the
systems, reflecting their individual geographic, organizational and
environmental conditions.

Miami, Florida

1)  The terrain in the vicinity of Miami is flat. Coverage of an
area of approximately 500 square miles is required. The popula-
tion of the area of responsibility is approximately 345,000 and
is predominately urban/suburban in nature.

2) The 900 MHz radio system, at the time of the survey, consisted
of one 500 watt ERP base station located in the Federal Building
in downtown Miami at a 294 foot elevation. The system supports
ten 30-watt mobiles in an executive telephone network while under-
going a period of evaluation and testing.

3) The city is in the process of procuring a 150 unit mobile digital
system utilizing two channels in the police service. System cover-
age extends approximately 27 to 28 miles into nearby Dade County.
In an area of shadow, to the north, the range is reduced to
approximately 25 miles. There are plans to move the base station
to an adjacent higher building (320 feet) to eliminate this shadow
effect. Notwithstanding, the system coverage performance equals
or betters the design criteria.




Orange County, California

1) The Orange County terrain ranges from sea level to 6,000 feet,

‘ covering an area of approximately 186 square miles. The popu-
lation of 1,800,000 ranges through the urban, suburban, rural
classification.

2) The 900 MHz radio system is undergoing test and evaluation. It
is used as a mobile relay supporting communications technicians.
The primary base station is located at the 5,600 foot level of
Santiago Peak. Due to the proximity of Mexico, the transmitter
Effective Radiated Power (ERP) is limited to the main antenna
lobe and 25 watts towards Mexico. An auxiliary site is located
on a nearby peak 1,300 feet above sea level. Twenty 30-watt
mobiles were in service at the time of the survey.

3) Current planning calls for system expansion as funding and
additional site licensing problems are solved. The system has
met design coverage goals.

Chicago, I1linois

1)  The Chicago terrain is relatively flat, covering a service area
of approximately 300 square miles. The population is 3,115,000
and is generally urban/suburban in nature.

2) The 900 MHz radio system consists of a 282 watt ERP base station
at 1,179 feet above ground level elevation on the Standard 0il
Building in downtown Chicago. There are 150 mobiles with 30
watts rated output power used in a digital communications net-
work called SMART (Special Mobile Automated Remote Terminals).
Five channels are available.

3) The SMART system is being expanded to 300 units in the near future.
System operation is totally digital with keyboard and 3 line dis-
play terminals in the cars. Data is exchanged with the SMART
switching computer. This computer accesses the Chicago Police
Department's computer banks. Information exchange between cars
is possible with the system. Officers receive 8 hours of train-
ing with the system prior to using it in the field. The system
coverage meets design goals - city-wide.

V.  OPERATIONAL CHARACTERISTICS OF 900 MHz SYSTEMS

A.

General - Summation of user comments

Current users of 900 MHz systems are well pleased with phe many appar-
ent improvements over other bands. These improvements include better
building, tunnel and basement penetration, better overall signal




quality, and within the design contours, better signal reliability
with fewer problems of weather and man-made noise. Coverage is
now possible in many areas not possible using 450 MHz systems.

A very low or non-existent level of background noise contributes to
improved intelligibility and greater user satisfaction. Reliability
and maintainability have compared favorably with the 450 MHz experience.

It should be borne in mind that all reports to date are without the
benefit of 900 MHz portable experience.

To assist the reader's reference to survey data, summary comments
are followed by reference to survey questionnaires and specifically
relevant questions that can be found in the Appendix.

Coverage

1) The majority of the users stated that coverage of the 900 MHz
system is equal to or better than that experienced with their
450 MHz systems. The "fill-in" is superior, and in urban or
built-up areas this scattering effect results in very good cover-
age. {#B-2, S-17, D-46

2) Where shadowing effects are existent, they are more harsh. Where
obstacles that could provide a scatter or reflector effect are
not present, the shadow can be severe. The reported dead spots
have these characteristics (in descending reporting frequency):

#B-30

e car cannot hear other units;
e the dispatcher cannot hear car;
e car cannot hear dispatcher.

3) Fading comparisons fare better with the majority of the respond-
ents giving higher marks to 900 MHz than to 450 MHz or other
bands. Fading was experienced by less than half of the sample.
When experienced, it consisted of a rapid fade while moving. In
some cases users reported having to stop the vehicle to receive.
For transmitting, the fading is reported as the same as for 450 MHz.
In fringe areas, if you experience some receive problems due to
fading on 450 MHz, you will probably experience them on 900 MHz.
The remedies, such as moving the vehicle slightly, result in these
rankings:

¢ move vehicle more than 100 feet;
e move vehicle less than 10 feet;

e move vehicle slightly. #B-5, 13, 18, 19
4) Building penetration is deemed superior to 450 MHz coverage.
#s-20, 21




The range to be expected of the 900 MHz signal is similar to
that of a 450 MHz signal. Comparisons of 900 MHz with other
bands by the respondents indicated 900 MHz results are equal
to or better than other bands.  {#S-17, B-1, 2, 9

Foliage was not determined to be a problem of the respondents.
However, the basic nature of the southern California countryside
and Chicago and Miami cities might not yield as much of a foliage
problem as more foliated communities. This potential probiem,

to which so much attention has been addressed, has not yet

Set noise appears to be reduced from levels previously noted
with 450 MHz and 150 MHz equipments. The subjective comments
received imply improved audio quality and reduced distortion.

Man-made noise appears to be less a problem than on other bands.
Theory predicts that ignition systems power lines, and similar
man-made noise sources should be less harmful at these frequencies.
Intermodulation problems are not significant at this time since
there are relatively few users of 900 MHz systems in the sample
areas and the opportunities for IM do not exist to any great de-
gree. As more systems are operated in the 900 MHz band, the
intermodulation potential will rise. Frequency assignment
policies on 900 MHz indicate that all types of users will be
assigned and the other protections realized from block assignments
will not be available. Therefore, many 900 MHz systems will have
to be designed to operate under an intense intermodulation en-

5)
6)
proven to be an operational impediment.
Noise #B~3, 6, 14-17, S-22
1)
2)
vironment.  {#B-14
3)

Atmospheric noise contributions were noted by some of the respond-
ents during weather disturbances in areas having marginal signal
levels.

Signal Reliability and Fading #B-5, 13, 16, 17

1)

Over half of the respondents state that 900 MHz is more reliable
than other bands with the remainder giving 900 MHz equal marks.

There appears to be noticeably poorer performance by 900 MHz reported
by 1/3 of the respondents during rainy spells, humid, hot, and

windy times, although less than 20% of the total made an overall
yes-no comment to the question: "Are there days when the system

does not seem to perform as well as on other days?”

Fading has been experienced by less than 23% of the respondents.
This fading was experienced most noticeably when moving, and was

rapid in character. #B-18, 19, 29




3) Fresnel zones: there were no comments received attributing
problems directly to fresnel zones. Some responses indicate

the effect of these zones may be an area needing further inves-
tigation.

4) Picket fencing: there were no comments received indicaling
picket fencing as a problem. Although this phenomena has been
reported elsewhere in several studies, it was not observed or
identified to any significant degree by the respondents.

E. Distortion #B~6, S-22, 23

General comments from users indicate a high degree of satisfaction
with received audio quality and the lack of distortion. Whether this
is attributable to 900 MHz directly or to improved audio circuitry
has not been determined. Specific ratings of 900 MHz indicate over
50% of the respondents believe the audio quality to be better than

on any other system, and 90% believed it to be equal to or better.

VI.  EQUIPMENT RELIABILITY AND MAINTENANCE EXPERIENCE

A. Police officers and users have fewer complaints about 900 MHz equip-
ment compared to other types they have used. Trouble is generally
indicated by the observable symptoms (not specified), and these
troubles are similar to those encountered in iower frequency systems.
The newness of the equipment has kept maintenance problems to a
minimum. Probably the only significant point to date is that the
equipments in Miami and Orange County have microphones and cables.
These deteriorate at approximately the same rate for 900 MHz as in
other equipments used in law enforcement service. #B-7, 10, S-23,

T-63-67

B. Test equipment and techniques for 900 MHz are more critical, particu-
larly in the areas of frequency stability, selectivity, and test set-
up. The subject of test equipments was not specifically commented on
by users except indirectly as part of their comments about new servic-
ing techniques, reported under training. #T-70

C. Specific needs for coaxial cable checks were discussed by Chicago
personnel. One coaxial servicing technique which they have found
useful is TDR (Time Domain Reflectometry), also known as cable pulse
testing. This technique provides a measurement of -impedance dis-
continuity or change, and locates the defect in the cable under test.
It should prove very useful in evaluating cable and connector install-
ation quality.

VII.  COMPONENTS AND QUALITY

A.  The survey of users did not yield a significant number of comments
concerning component quality. 30% of the technical respondents stated
that components were of better quality than those used in lower band

-9-




systems. An additional 50% observed that components are equal in
quality to other band equipments. Comments concerning components
included:

] troubleshooting and repair is more touchy;
) layout of components is critical;
® coaxial line and connectors are critical

#fB-10, S-23, D-53-55

Coaxial line: high quality coax should be used for base stations.
Either double shielded or solid shield is essential. This is
especially significant at multiple transmitter base station sites
to reduce the intermodulation potential. Solid shield (seamless)
cable effectively stops energy from being detected except at the
connector interfaces; however, this does not preclude induced long-
titudinal currents due to poor grounding techniques.

Connectors: users commented that " . . .the UHF series of connectors
used by some manufacturers are unsatisfactory. While they are rugged,
they are poor electrically at the frequencies involved." RF con-
nectors are of major importance to system operation and contribute
significantly to the interference potential. Careful attention

must be paid to their design, installation and maintenance.

Antennas: no significant comments were obtained concerning the
quality of 900 MHz antennas. Their small size permits rugged mechan-
jcal construction; however, small defects or bends contribute a
proportionally large share to faulty operation. Antenna installation
and cabling should be accomplished with care and precision.

VIII.  INSTALLATION CONSIDERATIONS

A.

Connectors can be a significant problem at 900 MHz. They can intro-
duce high impedance discontinuities due to poor basic construction
or poor workmanship during installation. BNC connectors may show

a tendancy to vibrate due to the bayonet and ears clamping method.
This can introduce noise into the system.

TDR (Time Domain Reflectometry) techniques discussed under Section
VI-C should prove valuable in evaluating the quality of coaxial
cable connector fabrication and installation.

IX. PERSONNEL TRAINING NEEDS

A.

-10-

General

When new procedures are adopted to make better use of a 900 MHz commun-
ications system, they should be disseminated to all the users of the
system, including police officer, communicator and technician/engineer.




There needs to be emphasis placed on teaching each new procedure
and its relationship to the total communication system to all system
users.

Police Officer Training Needs  #B-23-28, C-89, T-70

1)

36% of all respondents felt that some training should be con-
ducted in radio propagation characteristics. Ofticers need to
understand that if radio communication is poor at one location,
they should change location slightly and try again. Often one
or two feet will be sufficient.

Officers should report major areas of poor comnunicationé to
their supervisor and/or the telecommunications technical staff.

The communicators replying to the questionnaire emphasized the
need for training user personnel in such subjects as:

a) the capabilities of the equipment;

b) techniques for improving intelligibility;

¢) the need for familiarity with the working of the dispatch center;
d) the use of standard procedures and codes.

While only Item a) may have specific applicability to 900 MHz sys-
tems, no training program would be complete without addressing all
four subjects.

Dispatcher/Communicator Training Needs #B-22-27, T-70, C-90

1)

2)

3)

4)

Dispatchers/communicators need to know capabilities of the equipment
in the dispatch center and of the police officers' equipment in the
field.

Dispatchers/communicators need to know the characteristics and
capabilities of backup equipment.

Dispatchers/communicators need to know and use proper procedures
and codes.

Dispatchers/communicators need to know the patrol area(s) intim-
ately, and periodically review field conditions with the patrol

officers.

Technician Training Needs  #B-22-27, T-70

The technician should be trained in

2w N —
e e e s

advanced troubleshooting;

strip line servicing techniques;
frequency stability techniques;
interference remedies;

-1-
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5) specific equipment characteristics and troubleshooting;
6) better methods and skills for working with coaxial components ;
7)  symptom/remedy identification.

Engineer Training Needs #B-22-27, T-70

The engineer should be trained in

propagation considerations;

coaxial component characteristics;
intermodulation reduction technigues;

system propagation/phasing delay characteristics.

W —
e e e e

X.  CAUTIONS FOR NEW OR PROSPECTIVE USERS OF 900 MHz

A.

Initial Considerations

1) 900 MHz provides some 600 channels of radio spectrum. These
channels are not allocated in the same manner as the lower band
channels. Rather, they are assigned sequentially on a first come,
first served basis with specified loading criteria. There are
currently 150 channels available for assignment to conventional
systems and 200 available for trunked systems.

2) Because of the number of available channels and the comparatively
limited area of coverage, system planners in the less densely
populated areas may have more freedom in considering the oper-
ational needs of their agency, channel usage, and future expansion
through the 1ife of the system. In the majority of areas channel
capacity is there to handle the law enforcement needs.

3) Systems requiring more than 5 channels must be trunked (FCC Rules
and Regulations). The trunking of public safety systems will be
studied, tested, and reported in this and subsequent projects
(APCO's Project 16 series). Trunking concepts and the digital
addressing techniques appear to offer a most attractive method
of meeting complex public safety communications requirements.

The results of the Project 16 series should be closely scrutinized
by agencies considering 900 MHz systems.

There is a Need for Detailed System Planning  #T-70

1) Radio coverage requirements should be thoroughly determined and
the critical areas for operational deployment well defined.

2) The need for multiple base stations and control capabilities should
be considered.

3) Base station sites must be carefully selected to insure adeguqte
near obstacle clearance, appropriate antenna heights, and minimum
RF cable lengths.




XI.

4)  Future system needs must be considered to provide for later
expansion. These plans should determine ultimate channel
requirements.

5) Until 900 MHz portable units become readily available, methods
of incorporating lower band portable units into the 900 MHz
system should be carefully considered.

6) Portable radios operating on 900 MHz are not available, as of
this writing. Portable radios for "trunked" systems are not
expected for several years. Users having a current need for
portable operation should consider additional interface methods
such as separate portable systems, mobile repeaters, or appro-
priate other techniques.

C. Additional Training

Additional training of users over that normally given is needed to
insure the best results of the system. This is more fully discussed
under Personnel Training Needs, Section IX.

D.  Physinlogical Fffects

The physiological effects of 900 MHz radiation have not been determined,
although some effort is currently underway by various agencies. To

date it would appear that no more effects than are evident from 450 MHz
are likely. The results of on-going studies in this field should be
watched carefully.

RESULTS OF EXPERIENCE GAINED

900 MHz users are convinced that public safety operations in this band will

be as good or better than on the lower bands. Although extensive operational
experience is not available to evaluate propagation in heavily wooded country-
side or in steeply cross-canalized areas, the current users are satisfied

that 900 MHz serves well under most conditions. One can expect service
ranges to be equal to or better than existing UHF systems.

The current lack of portables at 900 MHz leaves doubt as to how a total
900 MHz system would be configured. There are several methods by which
public safety users can incorporate existing portable systems into 900 MHz
mobile systems.

The inefficiency of portable antennas when receiving and mobile antennas
of 1/4 wavelength must be considered by system designers. It imposes a
particular need to maintain a low level of interference. Particular
atention must be paid to channel selection and potential UHF TV spectrum
pollution in high density areas.

-13-
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CONCLUSIONS

900 MHz is well suited to law enforcement radio systems, providing better
urban and suburban penetration than heretofore realized on other bands.

900 MHz systems will be able to take advantage of the new systems' oper-
ational techniques such as trunking, discrete addressing, and cellular,
without fear of unusual propagation problems. :

Law enforcement operational procedures may require minor revision in some
communities to obtain maximum benefits of 900 MHz systems. Generally,
no special procedures are needed.

Law enforcement agencies contemplating or implementing 900 MHz systems
should increase the initial training hours of police officers and communi-
cators to insure an understanding of 900 MHz propagation, field expedients,
and procedures, as parl of the implementation program.

Communications technicians should be given in-depth training in the
special servicing techniques relating to 900 MHz equipments. They should
also become familiar with the characteristics of 900 MHz systems as they

may relate to troubleshooting.

Technicians should receive additional training in coaxial component makeup
and installation techniques.

System designers must exercise care in specifying the quality of components.
Early planning, with an in-depth evaluation of current and future needs, is

essential. Future facilities, configuration, should be developed along with
an implementation program wherever possible.




APPENDIX

900 MHz USER SURVEY QUESTIONNAIRES

This Appendix presents those questions asked in the survey question-
aires that were used to develop the data upon which the Project 16A
Task II Report was based. Opposite each question asked is the number
of the indicated responses received to that question. Where questions
required subjective replies, a statement is presented that summarizes
the replies received.

This data acquisition questionnaire program was conducted with two ob-
Jectives. The first was to establish the information regarding the
subjective experience of system users of the 900 MHz equipments. The
second was intended to establish the extent and type of experience of
the respondent. The purpose of this dual approach was to assure that
the data received, intentionally subjective in nature, could be vali-
dated from the perspective of the professional status of the respondent.

Five questionnaires were used. A basic queslionnaire was developed to
obtain standardized responses concerning opinions about system perform-
ance that should be commonly experienced by all classes of users. Four
additional questionnaires were developed to establish the specialized
field of professional experience of the respondents.

The questionnaires have numbered questions and are referred to the
Report with a letter prefix as follows:

B - Basic questionnaire

D - Designer quality questionnaire

T - Technical quality questionnaire

C - Communicator/Dispatcher quality questionnaire
S - Supervisor quality questionnaire




10.

11.

12.

BASIC

AGENCY Respondents: Orange Co., CA

Chicago, IL
Miami, FL
YOUR NAME
YOUR J0B
Chose One - - - - - Better Worse Nu change
Within the equipment restraints imposed (i.e., no
portables), does this 900 MHz radio system perform as ‘
well as your other radio system? {11 ] L1 [37]
Coverage (shorter distance, gaps) L8] L] B
Noise (squelch problems or other) {12 ] [ ] [27]
Reliability (when you call you get heard) [ 8] [ 1] [4 |
Fading 9] L1l (& ]
Distortion and garbles 7] 1] [e |
Repair or downtime L 6] | ] [
Vehicular installation problems L2] L1 [e |
Dead areas Lel L1l L&l
Component quality (opinion) [ 3] [ ] [8 |
Unfamiliarity/lack of use I 2| L1 [
.Training (you received) { J L1 [a2]
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13.

14.

15.

16.

17.

/

a. Have you experienced fading of signals?
b.  Rapid

C. Slow?

d. Combination?

e. Is it noticeable when you are moving?

f. Is 1t noticeable when you are stopped?

Have you noticed any noisy areas on 900 MHz?

Where are they? During weather disturbances in

One or more answers

ac appropriate

Compared to
other systems
No change

Yes

U ooooiH

marginal cover areas, near radar in Air Search

Describe static-popping

Do you experience any (new) unidentified voices (or
bursts of noise? occurring periodically on the
system?

Are there days when the system does not seem to
perform as well as other days?

Can you die this poorer performance to weather
conditions such as:

a. Rainy?

b.  Overcast, no rain?

C.  Humid - hot?

d.  Windy?
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Compared to
other systems/
No change Yes

B3

Continued
e. No wind?
f. Cold?

g. Ice/snow?

JHEDO0
el Bl Bl b

h. Ducting?

Do you have problems copying a vehicle when it is
a. moving fast?

b. moving slow?

[ B
AREEN
El El B

c. stopped? 0

Have you had to stop your vehicle to

a. better transmit?

- ]
=Rl
RS

b. or receive?

Have you had to change your method of covering
your assigned area because of the 900 MHz radio?

=
i
a2

Describe No responses received to this section.

Car Orientation

Do you seem to get better distance or results
transmitting or receiving

a. over the front of your car?

b. back of your car?

-] [

ot
ERERE

c. or sides of your car? 1

|
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22. Have you or your department developed procedures
to overcome 900 MHz problems or taken advantage of
new capabilities?

S
- F

23. Do these procedures include -
a) move vehicle if copy is poor?
b) reorient vehicle, try again?
c) say words twice?
d) relay through another statjon?
e) use a telephone?
f) make note of where difficulty occured and report it?
g) use another type radio, try again?
h) move to higher ground, try again?

i) go to an intersection, try again?

B M EEEEEHE
HEMHEHEEBE

j) Other

Please 1ist estaplish additional relay sires

24. In your opinion which of the above have little value?

23 ¢) - 2 votes

23 h) and 23 i) - 1 vote each

25. What procedures should be adopted as policy?

Note location and report it. Move only inches. Experience dictates moves.
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Compared to

other systems

No change Yes No
Should any of these procedures be amplified with
special training classes (particularly for new
recruits)? ‘ 3]
List
Would you recommend any other 900 MHz training?

Describe propagation characteristics

Have you experienced any vehicular problems caused
by the 900 MHz radios, such as

a) windshield wiper causes problems? { ] 18 ]
b) braking problems? C 1 (8 ]
c) sirens, p.a. cause problems? =] [ (71
d. none of the above, but 4l | ] Le 1

-]
i
i

a) Do you hear tones when you are receiving?

N
—

b) Do these tones change pitch?

c) Does this change match a change in your
vehicle speed?

i

2 ]

d) Does this tone phenomena annoy you or

interfere with reception? 2] L1 Le 1
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Compared to
other systems

No change

No

30. Do you have dead spots where
a) you can't hear dispatcher? 1]
b)  you can't hear other units? [ ] 6| 4
c) dispatcher can't hear you? _[:Z] [ 6] [ ]
Where are these spots?

31. Are these dead spots
a) in buildings? L__J {21 [C2]
b) near buildings? ] 21 371
c) in basements? 1 11 [
d)  in wooded areas? 1 11 7]
e. in suburban areas? ] T3] [37]
f)  in open areas? ] 4] L]
g) near base station (transmitter site)? C 1 ] 2]

32. How do you get the message through in these spots?
a) Move short distance (10" or less), try again? L [ s [
b) gg:$nga1r distance (100' approximately), try ] 7 —
c) Move greater distance? 1 ]

d) None of the above?




41.

42.

43.

44.

45.

46.

47.

DESIGH

AGENCY

I GN

Respondents: Orange Co.. CA -1

Miami, FL -1

YOUR NAME Chicago, IL ~ 1
YOUR J0OB

What specific judgments or empirical extras did

you use in designi
coverage of your 900 MHz system?

Maximum

Describe Test sites were existing sites. allowable po

ng for

wer for site.

Chicago - channel loading criteria

- System response time Miami - none specific

- antenna height gain

What fade margins did you use for path reliability?

Describe

What signal strength or power at the antenna terminal did you use?

Describe Orange Co. - 500 watts directional (away from Mexico) at

Santiago Peak

- 200 watts directional at Lomas
- 135 watts —— mobiles
Chicago - 74 watts at antenna
Miami - none specific
What field intensity did you use for 50% reliability?
Describe Orange Co. - none specific
Chicago - 99.530 reliability required
Miami - none specific
What receiver threshoid did you use?
Describe Orange Co. - none specific
Chicago - 0.35 MV for 20 dB quieting
Miami - none specific
Yes No

Were these levels adequate? Chicago

Which ones are proven conservative?

Describe

]
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48.

49.

50.

51.

S2.

53.

54.

55.

Which ones were or should be changed?

Describe
Yes Mo

Has the noise contribution of the vehicle proven significant? ] [3]
What further tests or exploration would you like to do?
Describe
Have you used the Excalibur antenna? [ L
If yes, how does it compare to a standard 1/4 wave spike?

Unknown  Same Better Worse

[ I I R

Do you have any comments concerning coax connectors?

"UHF" series conmectors "stink''. They are rugged but poor at UHF.

Type "N" connectors should be used.

Comments concerning down-tilt antennas?

Coverage beneath antenna should be improved. Co-channel interference should be

reduced - from past experience in Orange Co. Down tilts did not work at

460 MHz

in Chicago.

Comments concerning coax?

High quality coax such as solid copper jacketed "Heliax' should be used.




#60

61

62

63

64

65

66

67

68

69

TECHAICAL

QUALIFICATION QUESTIONS

Department Respondents: Orange Co., CA - 7
Miami, FL -1
Name Chicago, IL -1
Duties
Engineer/Technician Sometimes  Yes No
Q. Are you employed as an engineer? { 3] [3]
Are you employed as a radio service technician? [ 6[ 3]
Q. Do you regularily work with the 900 MHz systems
or components? (2] [:2] 7]
Q. Do you receive the equipment for service directly from
the police officer? j 5 | 71
Q. Do you obtain the symptoms of trouble directly from
the police officer? [1] 1] 171
Q.- Do you find the trouble is generally indicated by the
symptoms? [:i] LJLJ
Q. Are these different troubles/symptoms other than band
radios? {1 [3]
Same More Less
Q. Do the police officers have more or less complaints
about the 900 MHz equipment compared to your previous
system? l
Q. Are these complaints because of 900 problems? [__J L
or just because it is a new system to learn and use? (1l ]

Q. What specific problems about this new (900 MHz) system cause .you concern?

Trouble-shooting and repair is more touchy, layout of components, shadowing.

receiver reliability, RS232 interfaces. Telco line reliability at 1600 band.

Q.  Which of these problems should be passed on to a city or county user who is
contemplating going on 900 MHz?

Systems planning concerns, interference-free coverage. Superior coverage in

urban areas.




70

71

72
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Q. What specific training for a 900 MHz system should be given to:

technicians? Advanced trouble-shooting, strip line servicing techniques, coaxial

components, IM rejection, interference remedies, digital analog characteristics.

police officers? System propagation characteristics, shadowing remedies

dispatchers? Same as police officers

engineers/designers? Geographic coverage planning. System interfaces, coaxial

component standards and practices.

Q. How long have you been a technician/engineer? 122 years total years

17.43 years average

Yes No

Q. Are you a ham? [e ] [3]




COMMUNICATOR

QUALTFICATION QUESTIONS

32

33

Department Respondents: Orange Co., CA - 7
Miami, FL -9
Name Chicago, IL -1
Duties
Dispatcher/Communicator
Yes  No
Q.  Works regular shift as dispatcher ]
Q.  Works regular area board or sector [5] [3]
Q. Years as a dispatcher 3-30 years rapce
106 total
Yes No
Q. Have you alsuv worked as a patrol officer? 5] ! é]

Q. How long have you been using the 900 MHz radio circuit? range 1 - 3 years

Q. Do you also have systems on other bands to listen to?

Bl &
]

Q. Is ham or CB radio one of your hobbies? [3] 5]

Q. What training should be given to a police officer who is going to use 900 MHz?

Procedures when out of contact, system capabilities, familiarity with dispatch

center, methods to improve communications, basic procedures.

Q. What training should be given to a police dispatcher who is going to use 900 MHz?

Know system capabilities, spend time with patrol officers, know the area, basic

_procedures, use of back-up equipment.




QUALIFICATION QUESTIONS

SUPERVISOR

Department Respondents: Orange Co., CA - 3
Miami, FL -0
Name Chicago, IL - @
Duties
Supervisor Position (Patrol Chief, Detective Chief, etc.)
1. Number of officers under your direction? -
2. Number of patrol units under your direction? -
3. Length of time you have been in this position? -
Yes

4. Do you write regulations and directives? -

5. or recommend to others for adoption?

6. Have you recommended or written directives concerning
operations which were caused by the new (900 MHz)
radio system?

7. Have you implemented any unwritten procedures
because of the 900 MHz radio system?

8. Changes in deployment, operations, and communications
have been made because of the 900 MHz radio system?

9. Which?  Deployment?

10. Operations?
11. Communications procedures?
12. Communications techniques?

13. Describe

14.  Are there other changes which could be made because of
the 900 MHz radio system?

H O RIE
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15. Describe

No
Better Worse Difference

16. Compared with the previous radio system, the 900 MHz

radio system is ]I] ':J D

17. Do you believe the 900 MHz radio system is better,
worse or the same in these respects -

area coverage 2] | R
18. reliability o 0
19. crowding of calls (channel loading) 2] 1 1
20. building penetration N 1 ]
21. basement penetration rjiw r——] f“W
22. voice clarity (3] I:::' [::]
23. equipment characteristics 3] ]
24. ease of operation (] 1 =

25. 1 have no opinion. Cel
26. I am not in a position to evaluate. Cal
Yes Mo
27.  Are there cautions about 900 MHz systems which should
be passed on to a city or agency planning to go to
this frequency band? (ol {_]

28. Some of these are

29.  Are there benefits from 900 MHz systems that another
agency should hear about? 1 2] ]
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Yes Mo
30. Some of these are “"

31. Do you have a means of documenting communications ___
difficulties over a period of time? 1] [1]




