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B Sy mmun1cat1ons commun1ty 30 MHz of spectrum between 806 MHz
and 856 MHz. ng-needed relief was viewed by law erniforcement -agencies as

K the’potent1a1 so} on of the frequency congest1on prob]ems that have estted

A ;ﬂor many years,Jn .

The Tack of’exp]'

-

ith these newTy author1zed frequenc1es and the new regu- -
jiatory concept Ch they were made available posed several questions to
those consider ~1mpiemcnt1ng skaitems w1th1nfth1s portion of the“spectrum., '

“ APCO! s Project "164°conducted under a grant $rcdim the Law Enforcement Assistance
Administration (LEAA)S evaluated the technical, econom1c and-: reguTatory questions
“associated with this new portion of the spectrum. It ‘pointed. uat the, opportun-
_ities ‘and challenges posed by the requirement for trunking the_e‘systems requ1rfng
~more than 5 channels. It ana]yzed the economic costs -amd presented an overview

of the deveTopmenta] progress of‘equ1pments su1tab1e for these new frequenc1es.f

3 Proaect 16 also’ ana]yzed from a theoret1ca1 v1ewpo1nt the propagat1on charac-

' teristics that could be. expected of this portion of the spectrum and made fore- \
casts regard1ng 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 opportun1ty for
- better!signal penetration through buildings and tunnels, that might be the
esresult of the- scatter1ng effects of ‘these short: waveJengths. ~I'; 4

As part ofeAPCO s ProaecteTGA the development of a funct1ona1 requ1rements s

- statement and identification of potential users of this system, the LEAA Qlas .

~ funded a grant to APCO to review the operational experience of law enforcement o
g agenc1es that have used’these frequencies during the past severa] years. Th1s ‘”_%
Report is the resu]t of'these investigations. RSN '

APCO conducted a survey of the operat1ona1 and ma1ntenance eyper1ences of the 8
law enforcement agencies of Chicago, I1linois; Miami, Florida; and Orange .~ %
County, California. | These three communities have had exper1menta1 ‘type 900 MHz

~ systems in operat1on i, several years. Questionnaires prepared by the APCO

. Project Offige were ‘conpleted by personnel of the law enforcement agencies of
~these commun1t1es. Discussions with members of these departments were held

_ by representatives of the APCO Project Office and the conc]us1ons deVeloped
-rev1ewed by the APCO Task Groups part1c1pat1ng 1n the Proaect

i ,) ; B

' The systems e]ected for ana]ys1s represent three d1fferent operat1ona1 uses -

- ~'of the 900 MHz portion of the spectrum.  The Chicago system is a 5-channel mob11e

~ data information ‘system ysed to communicate with mobile d1g1ta] terminals in
'5p011ce veh1clesu~ It prov1des coverage throughout this major, urban: commun1ty e
The M1am1 system 1s a s1ngle channe],Ladm1n1strat1ve te]ephone network used e




. . " C) \r) = .
1 pr1mar11y for adm1nistrat1ve commun1cat10ns throughout this urban/suburban semi-
o trop1ca1 community. The Orange County, CA'system is a single channel, 900 MHz

qy01ce network used for ma1ntenance and administrative Purposes throughout the
mtent1re county. L .

#Y .
S The ‘three systems Were 1nsta11ed by the using agencies primarily to evaluate
el the suitability of the 900 MHz portion of the spectrum and the equipment
BN recently available for law enforcement public safety purposes. The data.
. collected under this task has shown that such systems are eminently suited to
~ the purposes for which they were designed. Much of the fears of propagation
" loss due to foliage, difficulty of communications because of fading and "holes",
~and prob]ems of maintenance and reliability of the new equipments, have not
been borne out by eXper1enee. The three using agencies have reported very
satisfactory-results with their equ1pment good reliability, and equal or
1mproved coverage -compared to lower Trequency systems

| 'ij11 three communities have ordered or are planning t° order expans10ns of their
S 900 MHz systems ‘ '

. The conc]us1on reached as a resu]t of this Task II of APCO S Proaect 16A is that Il
e the technical chardcteristics of the 900 MHz portion of the spectrum is highly . L
o suitable for Taw enforcement communications needs. Equipment reliability and II
ma1nta1nab111ty compare favorably with that long in use in the lower bands, and . ‘
price differentials, where they exist, may be Just1f1ed by the dncreased avail- o
ability of channels. , e li
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| THE OPERATIONAL IMPACT OF 900 MHz RADIO SYSTEMS. . *

ON

'LAW_ENFORCEMENT COMMUNICATIONS
: ‘ ‘ o

(a3

INTRODUCTION .

" The grow1ng demand for pub11c safety serv1ces and the- 1ncreas1ng reqU1re— ,
“ment for the app11cat1on of sophisticated technologies in support of law
enforcement objectives require a greater degree of capabilities from Taw

enforcement communications 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 Commun1cat1ons Officers, Inc. (APCO),
under a grant from the Law Enforcement Assistance Administration’ (LEAA),

- determined ih their Project 16 that this band could sUpport the increased.

needs of 1aw enforcement commun1cat1ons aystems

APCO's Project 16A, funded by a LEAA grant, carries the f1nd1ngs of Pro-' ‘
- ject 16 further toward implementation through the deve]opment 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 the1r operat1ona1 exper1ence in this new reg1on

Its purpose is to assist: dec1s1on makers in eva]uat1ng benefits vs. costs
to be der1ved from 1mp1ementat10n of th1s new portion of the spectrum

“APCO's Proaect ]6 is an overal] program d1rected toward the eva]uat1on of
900 MHz in support. of law enforcement obJect1ves Its further goal is to.

* advance the app11cat1on of modern technologies, many of which are made

- possible by ‘the open1ng 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 part1cu]ar 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-
ret1ca11y understood, offer the potent1a1 of significant problems coup]ed
with great-opportunities. . The shorter wavelengths, while theoretically

absorbed by: foliage and subJect to pronounced shadows due to propagation R

path obstructions, offer the opportunity for much more thorough coverage,
-particularly within urban-areas, due to the scatter1ng effect caus1ng
better penetrat1on of bu11d1ngs and tunnels. ;

_ At the outset of APCO s Proaect 16, 11tt1e pnact1ca1 exper1ence had been f:_‘i.

;1./.

‘This Report uses: the term 900 MHz, as dld the Federal Communications Commissii
“in its Docket No. 18262 when referrlng to-the band of frequencies allocated
“to the 'land mobile serv1ces between 806 MHz and 866 MHz ‘ : :
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enforcement-communications environment. The City of Ch1rauo made use

of a 5-channel 900 MHz system in support of a mobile d1g1ta1 communica-

| “tions network-operating throughout the boundaries of that city. Orang:

County, CA implemented a single channel voice network, on a test bas1s,

- primarily for_the use of maintenance technicians. The City of Miami, FL

installed a single channel ‘telephone-type administrative network té pro-

- vide mobile communications throughout the bountlary of its responsibilities.
‘These latter two systems were installed primarily on a test basis, to

evaluate those factors affected by this new spectrum of 1nterest to 1aw

~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 1ntent1ona11y highly subJect1ve 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

' att1tudes of operational agencies in comparing usage factors of 900 MHz

* - wWith other lower frequenoy systems with wh1ch they have had experience,

“The comparwsons ‘cited in this Report are 1ntended to depict the degree of

satisfaction or dissatisfaction that the operat1ng official in the field,
not. necessar11y communications oriented, exper1ences in the use of 900 MHz

- It is intended to provide guidance as to whether, in fact, a move to these

frequenc1es 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 resu]t of the chardcter1st1cs of this

900 MHz equipment.

Al

| This research effort was conducted by APCO as "Task II" of Proaect ]bA
~ APTU"s™development of-functional. requirements data pertaining to-the app11—
~ cation of trunked, digitally addressed systems. Data acquisition was

accomplished from responses ‘to survey questlonna1res prepared by APCO's
Project Management personne1 and: by personal interviews with those officials

fof the three conf&n1t1es:hav1ng knowledge and. experience w1th the systems.

the program Task. It presents those op1n1ons expressed by respons1b1e Taw

_-enforcement off1c1als that support  the conclusion that 900 MHz does indeed

offer significant fiew opportun1t1es for expanded law enforcazment communica-
= tions systems. The technical-challenges presented are solvable, and the

. costs compare favorably with similar equ1pment at lower frequencies. Main-
&

“tehance and installation proplems, while requiring competent technicians

- familiar with UHF techn1ques are not significantly d1fferent from those
S exper1enced 1n the past . .

The most 519n1f1cant def1c1ency of the 900 MHz port1on of spectrum 1s the
fact that, as of the t1me of wr1t1ng, no commerc1a11y produced portable

o

Y

T :
 -gained in the use of these frequenc1es In the subsequent months, how- - 477
. ever, experience was ga1ned with three systems operational_in the law -

S : . ;.1\ " :
‘ R o |
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equipments are available. This absence of portable operational equipment
s prec]udes the accomp11shment of a most important portion of this Project,

i.e., the evaiuation of “coverage by portab]e systems at 900 MHz. Such an
~evaluation should be-conducted as soon as th]s type of equipment becomes

commercially ava11ab]e

This Report const1tutes another step in the deve]opment and 1ntroduct1on

of ‘advanced technology in the Solution of law enforcement communications

problems by the Associated Public-Safety Communications Officersy Inc.

It further represents another significant contribution to the state of the

art that has been supported by the Law Enforcement Assistance Administra-
0tz A1l the members of the public safety community should be:grateful :

to these agenc1es for the1r contr1but1ons e

. RIAS M
A ‘

o
i .

BeXend ,’
>

I1. . OBJECTIVES OF PROJECT 16A <% O as

The purpose of APCO s Progect 16A is to continue suppert of a program
leading to the implementation of high technology and enhanced capability
of modern communications systems. The specific Tasks under this Project

-, - ) - - - - - -o

defining those capabilities that a digitally addressed,
trunked communications system in support o‘ law enforcement
~communications needs should have

D

The f0110w1ng Report is the product of the second of these tasks

W

I11. TASK II DATA COLLECTION PROCESS k
The management of APCO's Task II was vested in the Proaect Management
Executive Director:of APCO. The Progect Management Office was- snpported

in this Task by a special group of APCO volunteers constituted as APCO's
Task Croup I. Th1s Task Group was: made up of the APCO Board of Off1cers

PrOJect

This off1ce, assisted by Task Group i, developed questlonnalres that were

&

R

W e
“*"I"’” e

are: t T . - ‘ 'ni
Task I -~ - to 1dent1fy those mode1 communities suitable for and capable of
s D0 implementing demonstration type, d1g1ta11y addressed, trunked
900 MHz communications;
. Task II - an evaluat1on of the operat1ona1 exper1ences ga1ned by the
Sz cities of Chicago, IL; Miami, FL; and Orange County, CA
in the use of the1r deve]opmental 900 MHz systems; ‘
Task III - the deve]opment of a functional requirements document

" Office at the National Office of APCO. This office is. managed by the o

~ The PrOJect Management Off1ce, consxst1ng of the D1rector of Proaects and ol
~the Project Eng1neer prov1ded day to day operat1ona1 superv1s1on of the ol

R

@



‘,cl't cussed and other matters relating to the operat1on of these systems deve1oped
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'vi~}‘900 MHz system with his other radio communications system(s) employing. the

SO,

,—,-,; -

s intimate participation of the knowledgeable users of the system. While @

' quenc1es ran be overcome by management

< <b”

. referenced to the quest1onna1re from which the information has been obtained °
- by citing the question number and: the part1cu1ar quest1onna1re 1n accordance'
‘v,bw1th the fol]ow1ng key i : t :

P

oL

forwarded to each of the part1c1pat1ng 1aw enforcement ageﬁc1es These By
questionna1res were followed up by nmeetings of the Project Eng1neer with
representatiVes of those agencies at which the questionnaires were dis-

%3-

|he Proaect Engineer work1ng'w1th the members of Task Group I ana]yzed W
these reports and deve1oped the fo]10w1ng documentat1ono ‘

)

Th1s data acquisition process: bears spec1a1 cred1b111ty because of the

. the comments made %ay often lack technical sophistication, they bear the
cred1b1]}ty of profess1ona1 op1n1ons expressed by exper1enced operat1ona1
personne L ‘ Y , )

. [} L y o . B

o

- 0of part1cu1ar value are the pract1ca1 day-to-day aspects of the, recommenda- e
tions made by which those operational péru11ar1t1es created by these fre-
echn1ques o C—
@ G
'Ihe resu]ts of the survey and 1nterv1ews have -been ana]yzed and 1ncorporated
~in the various Sections of this Report. The profess1ona] 1eve1 and exper1encgj
) 'of the respondents is of particular 1mportance, to-w1t ,

f‘o‘x“ over 115 years of techn1ca1 radio experience is represented by
’ the. engineer/techn1c1an category of users, with the1r average
"years of exper1ence be1ng 17.65 . :

. 85 total d1spatcher/commun1cator years are- represented “an average o
e .of 12 2 years each a]] hav1ng more than 1 year experience at R

e

. o : : 'i' hoa
ey

Y ) _G;more than 16 years of superv1sory experience 1s 1nc1uded in the
supervisor category of respondents, : v

'go;° 15% of the respondents have seen serv1ce as po]1ce off1cers
,In most cases, the quest1ons were a1med at comparlng the user' s current

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’ :
.cgmpare with your other band systems?"f Cho1ces are: better - worse‘f no -
~Change. o o : G ' o e L Feet

‘d;In add1t1on to the basic quest1onna1re answered by al] add1t1ona1 question-~f,
naires were sent to those having specialized respons1b111t1es in the 900 MHz
~¢communications-field." Throughout this Report comments and conclusions are - -
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- Basic qug;tionna1re (rep11ed to by a]])
Communicator questionnaire: L s L
Designer gquestionnaire, T
Supervisor questxonna1re R : R

Techn1cal quest1onna1re SR

B
v
ek
noow
S SO |

“«\ Q‘ " | ‘#T

ST, e., #T 60 indicates Question #60 on the Technical quest1onna1re Coples
of each qUest1onna1re are included in the Appendix showing the number of s
1nd1v1duals g1v1ng the 1nd1cated response to the question, shown

- u R : : ' Q@

IV;‘ REPRESENTATIVE SYSTEMS ’ ”;\t : <%
SR ’ \\P 0 . )
A. ., General TR I RE BRERE o f e

S E I Em .

i //

To date none of the three systems surveyed use the1r 900 MHz: system
T , as a voice radio directly in police patrol operations. Of similar
o0 - © . ... significance is the fact that 900 MHz portable operat1ng¢exper1ence

: , " was not ava11ab1e as, at the time of the survey, 900 MHz" portables '
were not commerc 11y ava11ab]e :

Each of the three agenc1es selected for analysis represent a unique S

~use of 900 MHz “in law enforcement. A]though the answers supplied are
, ~valid representat1ons of their exper1ence at 900 MHz, there can be

3 i , - Tittle direct comparison of operational charaeter1stavs between_these

S three csystems: from the data presented. The intent of this Report is

- _to offer representat1ve information, describing the performance of the

" systems;, reflecting their 1nd1v1dua1 geograph1c, organ1zat10na1 and
env1ronmenta1 conditions. : o

A

S
mn
(o

B. M1am1, Florida S ‘(> g@té

LT e 1)  The terra1n in the v1c1n1ty of M1am1 is f]at Coverage of an- ‘
: . : - area of approx1mate1y 500 square: miles is reGuired. The popula-
- tion of the area of respons1b111 Ly is approx1mate1y 345, 000 and o
1s predom1nate]y urban/suburban 1n nature. - '

2 2) The 900 MHz radao system, at the)t1me offthe survey, cons1sted
e - of one 500 watt ‘ERP basenstat1on located in the Federal Building
o % in downtown Miami at a 294 foot elevation. The system supports i o

' s - ten 30-watt’'mobiles in an executive. telephonecnetwork whlle under-‘f~

"go1ng a per1od of eva]uat1on and test1ng : L
LB g The c1ty is- 1n the process of procur1ng & 150 un1t mob11e dig1ta]
E ot d 0 system.utilizing two channels in the po11ce service,. System cover-;‘
e ~age extends approx1mate1y 27 to 28 miles 1nto nearby Dade County G
~ . In an area of shadow, to the north, ‘the range is reduced to
po ,;approx1mate1y 25 miles. ‘There are plans to move the base. station’
.~ to an adjacent higher building (320 feet) to eliminate this shadow
. effect. Notwithstandifg, the system. coverage perfonnance equals J{fj
~{;[or betters the des1gn crlterua S r fe Lo
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‘Orange County, Ca11forn1a
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The Orange County terra1n ranges from sea 1eve1 to 6, 000 feet,
“covering an area of’ @pprox1mate1y 186 square miles. The popu-
lation of 1,800,000 ranges through the urban suburban, rural

, class1f1cat*or ,
- The 900 MHz radio system is undergoing test and eva]uat1on It
“1s used as a mobile relay supporting communications technicians.
The primary base station is located at the 5,600 foot level of
 Santiago Peak. ODue to the. proximity of Mex1co the transmitter
Effective Radiated Power (ERP) is Timited to the main-antenna

~ Tobe and 25 watts towards Mexico. An aux111ary site is located
on a nearby peak 1. 300 feet above sea level. - Twenty 30-watt
mob11es were in serv1ce at the time of the survey

' Current p]ann1ng calls for system expans1on as fund1ng and 4
additional site Ticensing”problems are solved. The system has
- met des1gn coverage goa]s :

”Chicago, 1111no1s

1)

~The Ch1cago terra1n is re1at1ve1y f]at cover1ng a service area
of approx1mate1y 300 square miles.. rhe population is 3, 115 000

‘“';and is generai]y urban/suburban in nature.

o

3) :

AR S o

The 900 MHz radio system eons1sts of a 282 watt ERP base station

at 1,179 feet above ground level elevation on the Standard 0i1
'BU11d1ng~.nwdowntown Chicago. There are 150 mobiles with 30

watts rated output power used in a digital communications net-
work called SMART (Special Mob11e Automated Remote Term1nals)
~Five channels are ava11ab1e B ;

The- SMART system 1s be1ng expanded to 300 un1ts in the near futurel
- System operation is totally digital with keyboard and 3 line dis—.

‘play terminals in the cars. Data is exchanged with the SMART

s switching computerﬂ This computer accesses the Chicago Police

- Department's computer banks. Information exchange between cars

.1s. possible with the system Offwcers receive 8 hours of train-
© ing with the system prior to using it in the f1e1d The system
‘ coverage meets des1gn goa]s -fc1ty-w1de

. : o . © - - : PR
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V OPERATIONAL;CHARACTERISTICS OF 900 MHZ SYSTEMS ‘

o

RIS

;fA;,_ General - Summation of user comments ‘;LV

«q'u;

Current users of 900 MHz systems are we11 pieased with the many appar-,a;n;ﬂ
S i' ent improvements. over other baids. These improvements ‘include bettervf~““'”
7W5Mfgf bu11d1ng, tunnel and basement penetrat1on, better overal] s1gna1

IS

i
Wi




' . B quahty, and mthm ‘the design contours, better s1gna1 rehabﬂ‘lty

. S with fewer prob]ems of weather and man-made noise. Coverage is
e Vnow poss1b1e 1n many areas not poss1b1e us1ng 450 MHz system;:,r

l o : A very Tow or non- —existent 1eve1 of bacquound noise contmbutes to '
A improved: 1nte111g1b111ty and greater user satisfaction. - Reliability

ST o and ma1ntamab1hty have compared favorab]y w1th the 450 MHz experience_ i
I 2 It should be borne in mind that all reports to date are, without the T
s ,beneﬁt of 900 MHz portable evpewence. , L
l : g . To ass1st the reader S reference to survey data, summary comnents

et are followed by reference to survey quest1onna1res and spec‘lﬁcaﬂy

i re‘]evant questwns that can be found m the Append1x )
I s “B. . Coverage I “ ' -
l ‘ s 1‘)‘t The ma.]or'lty of the users stated that coverage of the 900 MHz LETELS {[‘
| E : .system is equal to or better than that experienced: with the1r : *

: 450 MHz systems. The "fi11-in" is superior; and in urban or - 0
- - built-up areas this scattering effect resu]ts 1n very good cover-e

' o age #B-z -5-17, D-46 s « e E e

4 o 2) Nhere shadomng effects are exlstent theyd are. more harsh \where i
l T ° obstacles that could prov1de a scatter or reﬂector effect are. -~ = .
- s —-niot—present ;- the shadow can-be-severer—The—r cported dead Spota“‘“““““’“"

: | mesmemsm==— o have these character1st1cs (in descendmg reportmg frequency) e

I o » Rk »#B—BO 5 , S - : . ORI
] . . e car cannot hear other umts, i
e : -8 the dispatcher cannot ‘hear car; SRR
l o f K Q car Ycannot hear d1spatcher i = i e e
e 3) - Fading compar1sons fare better with ‘the maaorn:y of the respond-‘ o
: “= ents g1v1ng higher marks to 900 MHz than-to 450 MHz or other W
" bands. Fading was expérienced by less than half of the: sample,’

ol ‘ - When exper1enced, it consisted of a rapid fade while moving. In

- . some cases users reported having to stop the veh1c1e to. receive.

' R ,  For, transm1tt1ng, the fading is- reported as ‘the.same as for 450 MHz.{_‘
ok S o —In frmge areas, if you experience some. ‘receive. problems due to
T . -fading on 450 MHz, you will probab]y experience them on 900 MHz..

l\ - - The remedies;, such as mov1ng the veh1c1e shght]y, resu'lt in these =
: ‘ : o K e'"Y‘ank'lngS. e e - . o T i T L U - . g S e
§ g o move vehlcle more than 100 feet, ; S

I i ~move vehicle less than 10 feet, G i e e
_ o move veh1c1e shght]y #B-s 13 18, 19‘: S
l A o a) :*Buﬂdmg penetratwn 1s deemed superwr to 450 MHz coverage‘;»‘f”‘ S
SR G , SR L #s-zo, 21
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l‘The range to be expected of the 900 MHz s1gna] is s1m1]ar to . o

r.p6)_ﬁ

to or better than other bands - #8-17, B-1, 2, 9"

that of a 450 MHz signal. Comparisons of 900 MHz with other
bands by the respondents indicated 900 MHz resu]ts are equa]

193
F011age was not determ1ned to be a prob]em of the respondents

‘However, the basic nature of the southern California countryside
and Chicago and Miami cities might not y1e]d as much of a foliage ,

problem as more foliated communities. This potential problem,
' to which so much attention has been addressed, has not Jet ‘
s proven to:be an operat1ona] 1mped1ment '

K -

#3-3 6 14-17 §-22

Set noise appears to be reduced from levels previously noted

~with 450 MHz and 150 MHz equipments. The subjective comments = .
frece1Ved 1mp1y 1mproved aud1o qua11tv and reduced d1stort1on

Man made noise. appears to be less a prob]em ‘than on other bands

‘Theory pred1cts ‘that .ignition systems, power lines, and similar
' man-made noise sources should be less harmful at these frequenc1es.
" Intermodulation problems are not significant at this time since ,

there are. relat1ve]y 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
g f***“TnucnuudU]at10n potential will rise. Ffequency‘ass1gnment*wzc:"*””
. policies on 900 MHz indicate that all types of users will be

assigned and the other protections\rea]1zed from block assignments

will not be available. Therefore, many 9C0 MHz systems will have

 to be. des1gned to operate under an 1ntense 1ntermodu1at1on en-~

. 3y'

',v1ronment #B—14

_,Atmospher1c no1se contr1but1ons were noted by some of the respond-
-~ ents dur1ng weather d1sturbances 1n areas: hav1ng marg1na1 s1gna1

v“leve1s LA S R e T e

S1gna1 Re11ab111ty and Fad1ng #B—S 13 16 17

. There appears to be not1ceab1y poore “performanceg%y 900 MHz reported
by 1/3 of the respondents dur1ng ra1§u

- .windy times, although Tess than 20% of. the total.made an overa]l

_‘;»yes -NO: comment to the ‘question: "Are there days ‘when the system )
G does not seem to perform as. we]] as on. other days?". "»n'z; ,m e

Over ha]f of the respondents state that 900 MHz is more’ re11ab1e

',~_“fthan other bands w1th the rema1nder g1v1ng 900 MHz equal marks .

spells, humid, hot;, and -

«[,iFad1ng has been exper1enced by Tess than 23% of the respondents
. This. fad1ng was exper1enced most not1ceab1y when mOV1ng, and Was i
mapld in. character : #B-18 19,. 29 3f v :

e
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iolliﬂﬁia3;ff'?;‘f:~"‘C§"Spec1f c needs “for coax1a] cable. checks were d1scussed by Ch1cago f*f?ﬁ* -

it

Y

‘i'3)i‘ Fresnel zones: there were no comments recewved attr1but/ng
@Aproblems directly to fresnel zones. Some responses indi

cate
the effect of these zones: may be an area needlng furthef inves-,, L
tigation.. e « N . B o

S : /
) P1cket fenc ng: . there were no comments . rece1ved }nd1c#t1ng
g Lt K,‘p1cket fencing as a problem, Although this phenomenaj as been :
R R - reported elsewhere in several studies; it was not observed or.

3 1dent1f1ed to -any s1gn1f1cant degree by the responden%s., i

D1stort1on - #B—6 . S- 22 23 I

~ General comments from users 1nd1cate a high degree of sat sfaction S
- with received audio .quality and the Tack of distortion. Whether: thxs ‘,Q“
| = is attributable to 900 MHz directly or to improved audio Lircuftry S
9 “. - 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% be11eved 1t to be equa1 to or better

EQUIPMENT RELIABILITY AND MAINTENANCE EXPERIENCE
Lo A V,Pol1ce off1cers and users have fewer comp1a1nts about QOO‘MHZ equ1p-. Bt
-  ment compared to other types they have used. Trouble is generally ol
indicated by ‘the observable symptoms (not spec1f1ed), and these . -L-‘Qg/f
== troubles are simitar=to those encountered in lower frequency systems i
+ The newness of the equipment has kept maintenance problems to a ©
- : S minimum, Probab]y the only significant point to date is that the "
”’g/fv»i‘ R _equipments in Miami and Orange County have microphones and cables.v
e - These deteriorate at approx1mate]y the same rate for'900 MHz as in .

* - other equ1pments used in law enforcement serV1ce #B~7 10, S§=23; o
o : S T—63—67 e
B. Test equ1pment and techn1ques for. 900 MHz are more critical, particu-~ !jj
: '~1ar1y in the areas. of frequency stab111ty, selectivity," and test set- -
up.  The subject of test” equ1pments was not spec1f1ca11y commented on .
by users except indirectly as part of their comments about new servic-i~~
: 1ng techn1ques reported under tra1n1ng #T-?O . o B

> ;'personne] One coaxial servicing. techn1que which they have found
- useful 1s TDR (Time Domain Reflectometry), ‘also known as cable pulse
~ testing. Th1s 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. eva]ug¥1ng cab]e and connectorg1nsta11-,
at1on qua11ty 1-~v:,o : ;.,,ta;fpp,. ; S : 5

Ty

‘:"vVII COMPONENTS AND QUALITY

'° A The survey of ‘users d1d not y1e1d a sign1f1cant number of comments i
Pl ~concerning’component quality. - 30% of the ‘technical respondents. stated
that components Were of better quality than those usedw1n Tower band




S L o /\, AL ] .
T T ,{»,”“systems An add1t1ona1 50% obser/ed that components are equa% in oo
oo 2 quality to other band equypmcnts Comments concern1ng compoHentS‘,~
R AR 1nc1uded . e R T
= P Ty e A RS 0 LR _ (/ :
e troub]eshootlng and repalr is more touchy,.
Cooe o layout of components is critical; e :
e *coax1a1 11ne and connectors are, cr1t1ca1 i TR
S o v o #B 10, >~23 D-53 5-),

.B. ~ Coaxial lines h1gh qua11tv—coax should be used for base stat1ons.
. Either double shielded or solid shield is essential. " This dis
- especially significant at sultiple. transmitter base station sites
to reduce the intermodulation potential. - Solid-shield (seamless)
cable effectively stops energy from be1ng detected except at the

’ t1tud1na1 currents due to poor- ground1ng techn1ques

i C;‘beonnectors users commented that n the UHr series of connectors '
. used by some manufacturers are unsat1sfactory While they--are rugged
"tthey are poor e1ectr1ca11y at the freguencies  involved." RF con—k
nectors are of major importance to system operation and contribute

o s1gn1f1cant1y to the interference potential. ~Careful attent1on \
S must be pa1d to the1r des 1gn, 1nsta11at1on and ma1ntenance

'»‘,D,;v,Antennas - ho s1gn1f1cant comments were obta1ned concern1ng the
‘ical constructnon, however, small defects or bends contribute a

‘-1,and cab11ng hou]d be accemp11shed w1th care and prec1s1on

e VIII INSTALLATION CONSIDERATIONS ,lo ;;,f
'A;o, Connectors can be a s1gn1f1cant prob]em at 900 MHz They can lntro-
.~ duce high impedance discontinuities due to poor basic construction
_.or poor workmanship dun1ng installation. BNC connectors may- show
. a tendancy to vibrate due to the«bayonet and ears c]amn1ng method
'uV:TITn1s can 1ntroduce no1se 1nto the system g , B

c,,:B;‘Q?TDR (T1me Doma1n Ref]ectometry) tachn1ques dlscussed under Sect1on
.. VI-C should prove: valuable in -evatuating the qua11ty of coax1a1
& {w:;cab1e connector fabr1cat1on and 1nsta|1at1on ' :

e PERSONNEL TRAINING NEEDS e e

A Eg_r@_@l

- g e e ~A,‘on_, R L e 1_,,“_,11/}; e
i T e e T R R L B S

connector interfaces; however, this does not prec]ude 1nduced 1ong~,k e

quality of 900 MHz antennas. Their small size permits rugged mechan-nbn

, v;pr‘opOY‘t'lOnaTl/y large share to faulty operation.. Antenna 1nSt‘al'lat'1on

'°“When new procedures are adopted to make better use of a 900 MHz commun-f{
"~ ications system, they should be disseminated to all the users of the =
xbﬁsystem;_1n01ud1ng po11ce off1cer, commun1cator and techn|c1an/eng1neer ;a




SR

:,”‘c S 5:' (RS There needs’ to be empha51s p]aced on teachjhgfé%ch new procedure Ema
S andits re1at1onsh1p to the totaT commun1cac;29}system to all system
PRI LUousers. : o

‘ B; ’Po]xee 0f+1cer Tra1n1ng Needs #3423—28 ‘C—89 'T—?O '

1) 36% of a11 respondents fe]t that some training shoqu be con~ ;
- ducted in radio propagation characteristics. Officers need to
~_understand that if radio communication ‘is poor at one location,
. they should change location s]1ght1y and tny aga1n Often one - a
. or two feet w11] be suff1c1ent , , e g

.72) VOff1cers shou]d report magor areas of poor commun1cat1ons to
R 'the1r superv1sor and/or the te1ecommun1cat1ons techn1ca1 staff

3) The communicators rep1y1ng to e quest1onna1re emphas1zed the f9 |
Ceme "need for training user personne] in such subaects a5 ' :

“~b) techniques for improving 1nte111g1b111ty, S .
c)  the need for familiarity with the working of the d1spatch center“
d), the use of standard procedures and codes. : , :

LT While on]y Item a) may have specific app]1cab111ty to 900 MHz sys—-
B T tems, no tra1n1ng program wou]d be comp]ete w1thout address1ng a11
four subaects ' e :

C. "D1spatcher/Commun1cator Tra1n1ng Needs #B—zz—z/, T—IU, b—vo

b ; : : "‘*‘:r.‘; T T e

- 1)'e D1spatchers/commun1cators need to know capab111t1es of the equ1pment'f

I i a) the capab1ht1es of the equipment:

33 e~j,”f“[ - in the d1spatch center and of the p011ce off1cers equ1pment in the 5
' o fields ) . > : . : A St
-~ 2) D1spatchers/commun1cators need to know’the*chahacteristicsTahd f’,f'di
, capab111t1es of backup equ1pment af,vj%_, P et -
3)@}'D1spatchers/conmun1cators need to khqw,ahdfuse?brqpegiprocedUHES o
- .and codes S S e Foan —
: '~Qg (e ;4). fD1spatchers/commun1cators need to know the patro] area(s) 1nt1m-=
. T ~ . ately, and per1od1ca1]y review f1e1d cond1t1ons w1th the patro]
5 ", off1cers ‘ e : R *

,D;: uTechn1c1an Tra1n1ng Needs #B~22~27k7T—70e32s-'?
o ,The techn1c1an shou]d be t“a1ned 1n

g

dffT)“f,advanced troubleshoot1ng,:e R
~2).strip line servicing techn1ques,_:;[¢ B
:3)  frequency stability techn1ques, S ,‘?¥~1f e

I S -8 i'lnterference remeches, e
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}5;/ spec1f1c equ1pment character1st1cs and troub]eshoot1ng, SR n,fvﬂ&f'n

o

6) . better methods and skills for working with coax1a1 components,,
7) symptom/remedy 1dent1f1cat1on s : ;
E. fEng1neer Tra1n1ng Needs #3—22—27 T—7o fwfé%'
- m';jThe engineer should be tra1ned in . f»ﬂ | r iﬁ J
g ,5,1) propagat1on”cons1derat1ons, b g B VGC‘ | /

o i : . Nz ISR s
e - 3 K. ! o e
S : ¥ : . ,
g i . .

- j, 2; ~ coaxial component characteristics;
3 jntermodulation reduction techriques;

% 4)  system propagat1on/phas1ng de]ay character1st1cs

[
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X CAUTIONS FOR NEW OR PROSPECTIVE USEPS OF 900 MHz

é_‘.>"u f‘ A, In1t1a1 Con %derations

T O ) 900 MHz prov1des some 600 channels of radio spectrum These

s . % = channels are not allocated in the same manner as the lower band

N = chamels. Rather, they are assigned sequentially on a first come,
first served bas1s with specified loading criteria. There are

- current]y 150° channels available for assignment to conventional
systems and 200 ava11ab1e for trunked systems

=== 2) Because of the number of available channels and the-comparatively
S ;11m1ted area of coverage, system p1anners in the less densely
popu]ated areas may have more freedom in considering the oper-
: t]ona1 needs of their agency; ‘channel usage, and future expansion
: through the 1ife of the system. In the majority of areas channel :
capac1ty 1s there to handle the law enforcement: ‘needs. .

3) Systems. yequiring ‘more than 5 channe]s must be trunked (FCC Ru1es
- and Regulations). The trunk1ng of public safety systems will be
v 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 c]ose]y scrut1n1zed
L,by agenc1es con51der1ng 900 MHz systems .

| lBa;nghere is a Need for. Deta11ed System P1ann1ng #T—70

. *Q;fi‘.bkbt‘ 1 Rad10 coverage requ1rements should be thorouthy determ1ned and
e . the cr1t1ca1 areas for operat1ona] dep]oyment we]] def1ned

k‘“2fftrThe need for. mu1t1p1e base stat1ons and contro] capab111t1es shou]d
. be cons1dered R , L , v
S 3)A,fBase station 51tes must be carefu]]y se]ected to insure adequate
. near obstacle clearance, appropr1ate antenna he1ghts and minimum
S;CRF cab]e 1engths e

o “*f.,m -
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. i ,// 0 g
ff /l ‘
‘x4)su)Future system needs must be cons1dered to prOV1de fon 1ater 5 ;;
©.J  -expansion. These p]ans shou]d determine u1t1mate channel I
~ / ”xkrequ1rements A i v
‘ ff 5). - Until 900 MHz portab1e units become read1]y ava11ab1e, methods :
/. of incorporating 1ower band portable uhits 1nto the 900 MHz
/ g "system should be earefu11y considered.’ e
;/ &56)' Portable rad1os operat1ng on 900 MHz are not aVa11ab1e as of
] this writing. Portable radios for "trunked" systems are not
ff © & expected for several years. Users having a current need for
¢ portable operation should consider additional interface methods
/ such as separate portable systems mob11e repeaters or appro- -
| s priate other techn1ques . : - o
e n Ce e R i o
C .eAdd1t1ona1 Tra1n1ng - h ‘ :
n | Additional training of users over that normaT?y gjven i¢ needed to"
“insure the best results of the system. This is more fu11y a1scussed
under Personne] Tra1n1ng Needs Section IX : . |
D, Phys1o]og1ca1 Effects ‘?' . : ,‘ o L . ; e e-};%:;;ig é‘n

 The phys1o]og1ca1 effects of 900 MHz radiation have not been determ1ned S
although some effort is currently underway by various agencies. To L
 date it would appear that no more effects than are evident from 450 MHz
~are likely. The results“of on-going studies -in fhls f1e1d Should be P
watched carefu]]y , ‘ R NIy S e e

)

&;:J 8

XL RESULTS OF EXPERIENFE GAINED
. E 1 2 !
900 MHz users are convinced that pub11c safety operat1ons in th1s band W111
“be as good or better than on the lower bands. A1thouqh extensive operational
experience is not available to evaluate propagation in heavily wooded country-
- side or 1in steeply cross-canalized areas, the current users are sat1sf1ed ]
: that 900 MHz serves well under most cond1t1ons One can. expect serv1ce S
: jranges to be equal to or better than existing UHF systems S R

B The current Tack of portab]es ‘at 900 MHz 1eaves doubt as to how a. tota] s’@
o 900 MHz system-would be configured. :There are several methods by which ~

public safety users can 1ncorporate ex1st|_g,portab1e systems 1nto 900 MHz

mob11e systems o : B _ ; e

focd

oo
FES

s,\.

of portab]e antennas when rece1v1ng and<m0b1]e antennas e
of 1/4 wave]ength must be considered by 'system designers. It imposes a
f particular need to maintain a-low level of interference. Particular .
oo ﬁeatentlon mast be pa1d to channe1 se1ect1on and potent1a1 ‘UHF TV spectrum
: pol]ut1on 1n h1gh dens1ty areas. S I SR B
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"CONCLUSIONS

900 MHz is we11 su1ted to 1aw enforcement radio systems, prov1d1ng better

~without fear of‘unusua] propagat1on prob]ems

© Law enforcement operat1ona1 procedures may require minor revision in some

Communications techn1c1ans should be given in-depth tra1n1ng in the

B System designers must exerc1se care 1n speCTTy1ng tne qualwty of components
“Early plann1ng, w1th an in- depth eva]Jat1on of »urrent and future needs, is

an 1mn]ementat1on program wherever possible.

N W

Pt R o s - o

urban and suburban penetrat1on than heretofore rea11zed on other bands

900" MHz systems w111 be able to take advantage of the new systems' oper-
ational techniques such as trunking, discrete address1ng, and cell u]ar,

communities to obtain maximum benefits. of 900 MHz systems Generally,
no spec1a1 procedures are meeded S R

RN

Law enforcement agencies contemp]at1ng or 1mp1ement1ng 900 MHz systems
should 1increase the initial training hours of police officers and communi- -
cators to insure ag undeystanding of 900 MHz propagation, field exped1ents,
and procedures, as part of the 1mplementat1on program i

o

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 troub]eshoot1ng |55 o o

Techn1c1ans should receive add1t1ona1 training in coaxial component makeup
and 1nsta]1ation techniques. «/// , - O

essential.. Future facilities, configuration, shou]d be deve]oped a]ong w1th

[}
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~aires that were used to develop the data upon which the Project 16A

APPENDIX

/900 MHz USER SURVEY QUESTIONNAIRES

. ]

Th1s Append1x presents +hose quest1ons asked in the survey quest1on- Qiﬁj

Task II Report was based. Opposite each question asked is the number
of the indicated responses received to that question. Where quest1ons

“required subjective replies, a statement is presented that summarizes ¥ .
the replies rece1ved o : , T

Th1s data acqu1s1t1on quest1onna1re program was conducted w1th two ob-
jectives. The first was to establish the information regarding the

subjective experience of system users of the 900 MHz equ1pments 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 Trom the perspect1ve of the professional status of the respondent

Five quest1onna1res were used. A basic. quest1onna1re 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 specia11zedr

field of professional expemencq of the respondents. \ :ft_
v/
The quest1onna1res have numbered quest1ons and are referred to the ,&a~
Report with a letter prefix aszollows < , S ERE
) : o ‘*'f) (;\! : .
B - Basic questionnaire = ,,J g > 7
D~ Des1gner qua11ty quest10nna1re G S
: T‘4 Technical qua11ty questionnaire | T A i
‘]Ck— Commun1cator/D1spatcher qua11ty quest1onna1re fti ‘ %hk L
- S- Superv1sor qua11ty quest1onna1re | ffft si KRR o
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I TS D APRLE ) ~  BAsIC =
o ~ AGENCY .ReSpéndénts: Orange Co., CA
Chicago, IL

. o : . : = (' & ‘ B . ) N ‘ B . : ) Mialni, FL
e o Tl © YOUR NAME _

YOUR J0B___

vChose One ? - -~ = - Better Worse No ;hangg .

with1n the equ1pment restra1nts 1mposed (i.e., no
~portables), does this 909 MHz radio system perform as

we]l as your other radio sysfem? } ‘ | b L1 |3 |

ol :
L e B

s

;zzy,,cdvenage,(shorter:d{stance; gaps) = = = 'i3'fl

1
(o>

g

(5]

Noise (squeich probiems or other) 21 ) 2]

| 4.',,Re11abi1ity*%whén you call you get heard) . [g] ;'|'1*; 1

5. ,»Fading | | J 1 ) | - B . ':f N I f( {Af I

o 6. Distortion and garbles S g L L ,1;_ZJ ."l“1~]wx[3w,|'“v*‘

7. Repair or downtime - [ [ T

]
Al

I I Il N U T BN I O BN EE e
Gk : ‘ - : S P e T
o

‘8. Vehicular installation problems . [Z1 [ [61

10, Component qda1it¥;(opinjon) D ?’v ‘7,* = [ I

Rt

,;'11;;;:unfamfliarily/lackvof“usé T OO
el PR O e e - e
3

o 12, Training (you received) -

R B
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¥
L

R ..

% ohe or more answers
s B PR S _as apprgpr1ate

e o S . RN Compared to
N S T BT S : B ﬂ) other systems
Cn . . S e , ~ No change Yes

-

= [}

2
&

L iV‘T3§ Have you exper1enced fading of s1gnals7
ST !be Rap1d B
S et se

4

) 0BO0EE

© _ d. Conbination?

&

e Is 1t not1ceab1e when you are mov1ng?

£, I8Vt not1ceab1e when you are stopped’
e g 9

b o] | m . [4-‘ © - °- ; o € =

L4, “HaVe you noticed any‘no1sy areas or 900 MHz?“Vlawe

Where are they? ‘Dur1ng»weather disturbances in

6 o ‘
marginal cover areas, near radar in Alr Search

‘ﬁ ‘ i b Gy

el e E T

féf{?.  Describe etati¢¥gppping-

£
] &»“;;” i
]

r
B )

“5]5; Do yoa exper1én3e dp% (new‘ nidentified voices (or o e e
g “bursts of noise? o ‘furrmg pemodmdﬂy on the o[22 31
| .,System? T e Gt ol T T

f’ N

a

fgva]fjf16§‘ Are there days when the syqiem does ot seem to'v_ R L s e
PR e i perform as: we11 as other days? L : ‘ L
‘*~511¢‘ Can you d1e th1s poorer performance to weather R A
: cond1t1ons such as: R SR ¢ Ry -

s

i
; : ;([//B.

i
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/ Descr1be

Vo ‘COnfiﬁhed~

‘No wind?
Cold?

Ice/snow? |

Ducting?

«moving.fast?,

moving slow?

1

 Stopped?

19, Have you'héd t0vsiop your‘VeBicTe to

better transmit?

or receive?‘

s

18. Do you have problems copying a vehicle when it is»

‘20,. ~ Have you had to change your method of cover1ng :
- your ass1gned area because of the 900 MHz rad1o? R

‘No responses recelved to this sectlon ~ T

‘Compared ta
other systems/

\I

1=
13
4

No change  Yes

E

&

B

i

. N - ..
o B nl . k .

i
|
1

Car 0r1entat1on U

o

g

»i‘b

s ‘ Tl : T : ) i
: G o : u ot s

Ca.

e

over the front of your car?

back of your car?

ior'sldesvpf~your»car2; !

T

v P Do you seem to get better d1stancé~or resu]ts |
transm1tt1ng or receTV1ng - : S

It

S e
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Cou

' - new capab111t1es?

. Do these prOCedures include -

va)'~ move. veh1c]e if copy‘1s poor? a

T

Have you'or'faur‘department'deVeIOped procedures”a
‘to overcome 900 MHz problems oy taken advantage of

El

b)»' reorient Veh1c1e, try aga1n?

c) say words tW1ce? . T e

'd) re]ay through another stat1on?

e) - use a telephone?

T g) use another type rad1o try aga1n7

Ty

h)v’,move to higher ground, try again?

i) go to an‘intersection, try again?

~j) Other

_Please 1ist "

R s

In yourﬂopinion which of the above have little value?

o

23 c) - 2 votes

- f) make note of where d1ff1cu1ty occured and report it?

!

i

gEgd - ;

s ﬁ

¢

apfslafalafallap: I

i

G

23 h) and 23 i) 1 vote- each

iwhat procedures shou]d be adopted as pohc.y‘P o

Note 1ocatlon and report it. Move only. inches.

Experience dictates moves.

i
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28

;2?:'

Shou]d any of these procedures be amp11f1ed W1th :
special tra1n1ng c]asses épart1cu1ar1y for new ' BB TR
recru1ts) : - S e T k2]

LTSt

ﬂ‘f ;:’>  ”7_d7 Lol e ]~‘s»o‘ , ‘;;,[:*, : ",Page55;3
et T I L e L Compared to SRR

- other systems Lom
No change erSf U No

P ‘i.rf'V B R : e : e

.
T

\\

WOuld you recommend any other 900 MHz tra1n1ng? ” R |4'~|f';g,«!

Descm be_ . propagatn.on characteristlcs Sh 7

s

Ll

Have you exper1enced any vehicular prob]ems caused
. by the 900 MHz radios, such as -

. a)

s

29.

by

c)

-none of the-ahove, but_

59
~sirens, p.a. cause prob]ems? . o 51
| | o

gDOes th1s tone phenomena annoy you or
a[1nterfere w1th ecept1on7 A

W1ndsh1e1d wiper causes prob1ems? e

e ]

brag1ng prob]emSt,

oo

P

I~

)

Do you hear tones when you are’ rece1v1ng?'

@

Do these tones change p1tch7 k“

Does th1s change match a,change in your R

[ sl
vehicle speedz” L o [F] -

i

=
Ed

Cem
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I SR s - e ~° KE

b e ) : o R R T Compared to
S RO .- other systems.
W ’ . . -,:‘:. : ’ § ‘ 5 No Chanﬂe Yes“ f!!.!‘3 .N.O_._.

30 'Dof";‘you have dead spots ‘whereﬂi L i . _ | ', .

R Sy

@) youcan'tfear dispatcherr  [G] 3]

fie by yoquah‘tQhean)athek:Uhits? el | |
s c¢) dispatcher can't hear you? I R e

*1wﬁere are these spots?__ -

(o)
L

/9»3Ti Are these dead spots o

5

£y

‘a) in bu11d1ngs?

I -

b)Y - near bu11d1ngs?

ot

“¢) in basements?

S & d) in wooded areas? -

L
IHHHHEE
HHEERHE

e, in suburban areas? . . N

5 | 2 , ol e d
i
e~
|

t>5tﬂ;7' f) 1inaopEn:éfeas?’ o

-
L

‘k,’g)—_;neqr béSe~station (transmitter_sité)?i

‘32.‘ How do you get the message through in these spots?

vtta)t;‘Move short d1stance (10"ow 1ess) try again? "; T

o = S

K5
.
n
P

b) Move fair distance (TQOF.approx1mate1y), try
Sl aginr e R

— .

B L!‘ . o ‘4’ ‘v‘ . : ’ l‘ ‘ v
o
—

:';fé)f{'ﬂove greatertd1stance? tt ,k‘:~~l ‘ﬂﬁ?*t7¥f”"“t'Ah5 el
.Q”f;None of the above? :t e S e Y

N e
G
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"AGENCY% keépondenes:- Orange Co.y CA °?‘1:jer -
Lo o 0 Miami, FL . = 1
YOUR NAME ... Chicago, TL -1

2 E B k . e i

- 47, what spec1f1c Judgments or emp1r1ca1 extras did- you use in des1gn1ng for
' . Coverage of your 900 MHz system? .-
.Descr1be Test 31tes were ekisting sites.. Maximum allowable'power for site, -
'Chicago - channel loading criteria s N - , o T
‘ '~ gystem response time = - Miami - none specific R
= antenna‘height gain ' -‘ R , T

42, What fade marg1ns did you use for path re11ab111ty?

Descr1be

ectiopie o o . /’

=]

: 43} What s1gna1 strength or ‘power at the antenna term1na] d1d you use7

~Descr1be Orange Co. - 500 watts directional (away from Mexico) at Santiago Peak e
200 watts: directionaI ‘ = at Lomas . s

: ) 35 watts : i R T o Sy mobi]_es‘ R ‘i
~ Chicago - 74 watts.. - -~ Z‘”' ——___at antemna _ _ ° v
Miami - none specific : e R

44, ,what f1e1d 1ntens1ty d1d you use for 50% re]1ab111ty? e

DeSCPIbe Orange Co.b- none Qpeciflc e , L : )
& - Chicago - 99.530\reliability requiredu e R A )
o Miami - none specific o SEERE S Tt v

"'_45;: What'ﬁ3ceivérrthreshold,did:ybu~uee?""'

hDescr1be Orange Co. - none spec1fic L o AR &~,¢*fn ;f
Chicago - - 0.35 MV cor 20 dB quietingN; SR
: Miaml = none sf acific L Lo T

6. Were ﬁ;heSéf 1’evé1~$z adequater . C Cﬁicaso ‘:1 -
’47£":wh1ch ones are proven conservat1ve7

T P T T T T T T T T T T
”t*ﬂ:e[ s e g e e e e e




- ez

A

o .

P 48 Wh1ch ones were or should be ohangedv R R T e T e II-

90, What further tests or exp]orat1on would you 11ke td do? o

b3, Do you have any comments concern1ng coax connectors?

- Bh, Comments concern1ng down t11t antennas7 T SR '”" S

)
v

L U

Descr1be

;faéggnﬁﬂESLthe‘noiseicontrTbUtion;of‘tne:vehiclénpnovén~significant? I A e

p

Descr1be "‘*-> I ® e e Em Ty R

in51¢ _Have,¥ou,used‘the,Eg¢a1ibur;antenna? ' e g "E:j* ;f[::j‘

'52‘ If yes, how does 1t compare to a. standard 1/4 wave sp1ke7 -

i N s

' ?a "UHF" series connectors "stlnk" They are rugged “but poor at UHF;ﬂ

4 o ' .

Tvpe W' connectors should be’ used

Unknown “Same Better Worse . ’ I

=4

.‘:’// e

o

Coverage beneath antenna should be 1mproved Co-—channel 1nterference should be I k
;7 reduced = from¥past experience in Orang¥7Co.» Down tllts d1d not work at 460 MHz e

"f* in Ghicago.’ 3 vE'N ”"‘iﬁ" f‘ L L '-‘fn 3 , ‘3' : ';. _awffi; fng‘ '

[T

| "Heliax" should ‘be used.
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QUALIFICATION QUESTIONS

Deparfmentsﬁespondents: ~OtangejCo;:‘CA"'
- T Miami, FL
Name o ... (GChicago, IL

Pt
I ol EX

Pt

Dutles R R A A DR A

Engineer/Téchnician - e e Sometimes Yes®  No

. Are you employed as an engineer? | h o :n, S ‘[:{]:‘

Do you ‘obtain the symptoms of troub]e d1rect1y from

. dDo you. fdnd‘the troub]e 1s genera]ly 1nd1cated by the :
vsymptoms? B o S 31

Are you emp1oyed as a radio service technician? o 6]

k[ F

Do you regu]ar]y WOrk with the 900 MHz systems o , ,
or components? . ] | 121 e} 2]

Do you receive the equipment for service d1rect1y from | k Sy
the police off1cer7 o e _ 2]

Mo

the police officer? , . R 1l

Are these different troub]es/symptoms other than band

GR:E:

'«/»\ f’ v;. Rt 'vk' »Same;d U‘More’,_LESS‘fp

Do the police off1cers have more or less comp1a1nts
about the 900 MHz equ1pment compared to your prev1ous

- system? . S S o= o OgO-=

';Are these comp1a1nts because of 900 prob]ems? L ;'-;*f;1]56”7'*‘7[:j]"v[::Jif_:::;

~or Jus|, because 1t is a new system to. learn and use'? P R 1 [ oot

.‘;aWhat spec1f1c problems about th1s new (900 MHz) system cause you concern?

~ -urban areas. ‘?;?ﬂ.: i

s

’Trouble-shootlng and repaxr is more touchy, 1ayout of components, shadowing. S

recelver rellabillcy, R5232 interfaces Telco line reliabilitv at 1600 band

s‘Wh1ch of these prob]ems shou]d be passed on to a c1ty or county user who 1s 7]dﬁ*;ff¢
'fcontemplat1ng go1ng on 900 MHz’ Y o SR e S vrf‘;xﬂis"

q~s:systems plannlng congerns, interference-free coverage Supetior coverage in‘;5f3'§b”‘

= I S Erpe
o e B

1{

T i ey D
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,?70 

'  po1fce’off1cers2,

o

- dispatchers?

. engineers/designers?

component standards and practices.

‘Are. you a ham? = G -

e

What specific Lra1n1ng for a 900 MHz system should be g1ven to:

3

techn1c1ans? Advanced trouble—shootlng, strlp llne serv1c1ng~techniques, coax1al ’

1T

components, IM regection, 1nterference remedles,ddlgltal analog characteristlcs.

System propdgation charact@ristics,,shadowing remediesf

g
a

Same as police officers
oo ’ !

e

Geographic coverage planning. “System interfaces, coaxial -

] . g =

122 'years total years

How Tong have you been a technician/engineer?
: : : Colna l7 43 years average

No

{—I

\- e

Yes

y ~ e R TR
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82

83

85

A NCE TR ~ QUALIFICATION Quesmns‘"

Q. MWorks regular shift as dispatcher ¢ : [j{] Nl
84

‘Q;_ Have you also worked as a patro1 off1cer?/

Q. Is ham or ﬁh radio dnefof your hobhies?’

 COMUNICATOR

-f Department,Respondentét Orange Cd., CA =
o Miami, FL - ‘

o

Name  ’ Chicago, IL -

iDispetéher/Comhunicator

o B « r—gnje— ——

Q.  Works regular area board or sector e LT [:E]e | [:i]

Q. Years as a,dispatcher | f N F : ; 3 3Q years range
‘ ‘ b ‘ : : : > 106 . total

o
- |  Yes Mo

N}

Q. ewa'jbng have you been‘qsing'the‘QOO MHz/éad1o cirauit? range “}l,-‘ﬂ e

Yes Mo

Q. Do you also have system$ on other bands/to1isten to? o [:E] }‘[::jk

EIJEE

,,_Q,V‘VWhat tra1n1ng shou]d be given to a po11ce off1cer who 1s go1ng to use 900 MHz? f

Procedures when out of nontact, system capabillties, familiarity with dispatch<32;~

e / ‘
71_‘center, methods to 1mprove eommunlcad;ons, ba51c procedures

; ‘ : g v .
. 2 e . =3 {'2(1 | et
i o R Gl : LN

“Qe,,Know system capablllties, spend tine with paﬁrol officers, know the area, basic =

ﬁ:gprocedures, uae of back—up equlpmz;t
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QUALIFICATION QUESTIONS

aOtanée Co., CA -

SUPERVISOR -

‘ L [
Respondents ¢

" .Chicago, IL

Miami, FL

R S
e w

,l " o '~ N i K - : a
' = o ,’ R _ - Department

Daties

Lo ; &

SUperQﬁsqﬁ‘PoSition (Paﬁro1 Ch1ef Detectlve Chief, etc.)

1. Number of officers under your direction?
2. Number of‘patrGW‘Units‘under your direttion?

Lengfh of time ybd«have been in this position?

4. Do _you write regulations and directives? -
5. or-yeconmend to others for adoption?
~6. Have yod recommended or written directives concerning

~‘ operations which were caused by the new (900 MHz)
R ‘rad1o system? : '

- Have you 1mp1emented any unwr1tten procedures
‘because of the 900 MHz radio system? ‘

L
- :

- 8, Changes in dep]oymeﬂt operations, and communications
o ‘have been made because of the 900 MHz rad1o system7

. "Wh1ch?  uDep1oyment?

"_10:,f"',‘ ~“,0perat1ons?

Ny {i“Commun1cat1ons procedures?

e

/

2. ;‘;3(“}ffCommun1cat1ons techn1ques?

]3,',vDescr1be ) ;W;'f

'aT4.a"Are therewother changes wh1ch cou]d be made because of
. the 900 MHz rad1o system? Sl e e

o

-y
D
[7¢]

sfaf-

P

oo

l . -

50

OOoHOE

s
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15, Describe Lo - L= S

el “
e

Se | , . Better - Worse' Difference .
S o ) | -

S, 18 Compared with the preV1ous rad1o system, the 900 MHz A S fi L
o radio system is , ; - I S S B

'x17. "Do you bel1eVe the 900 MHz radio system is better, ,
- Worse or the same in these respects ~ e °

‘area coverage = ' : . BN 1
18,  reliability © 'R 3 S R N

”lgf19.‘ , crowding of calls (channe] 1oad1ng) - [ 21 | luw ] I

= 200 building penetration ~ o = [::lia‘ ]

21, basement penetration . . T = I

22. yojce clarity [ R = O ]

23.  equipment character1§tics T | B S O

24, - ease ofsoperation o - :~w> DR L 2] N

25.. I have no opinion. ;ﬁ ] |
26. 1 am not in-a position to evaluate. [ o

&

',”27, \,Are there cautions about 900 MHz systems wh1ch should
be passed on-to a city or. agency planning to go to . :
‘,ﬂth1s frequency band? - | L T N

o

~ 28.  Some of these»are,j

,‘T," 29. ,Are there benef1ts from 900 MHz systems that another e e R R
~ ?vfﬂagency shou]d hear about? = it e : 2} }»J::1ﬁ~e

NI e X ) : = PR - . 5 _ . i g § 2 N . .
S N Y T N I D BN D N S A R BN EE B B
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31
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,; Some of these are

o A <
el (}? "_i . } » ) .
. Do'yzﬁ;have(a~ﬁeans'of documenting communications
~difficulties over a period of time?

y
s
k]
-
©
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