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C)~r ft.XECGTIVE SUMMARY (~L 

. . !J;i/1!i~'j " · " . .. 
In h\~,},,',:~the Fed~~~~)}~b"jjO~, un,.ica~i;pns, Conmi~sjon'S Docket NO., 18262 made ',avai.lable 
to 11;pe;·1 andmobJ 1£l!i:tS;:m~nUnlCatlons communl tYi' 30 MHz of spectrum between 806 MHz 
and'J,?66 MHz. Tfil§ ;~·~on'g-needed relief was viewed by law eJ'fforceme'1tcagencies as 
;®e,::potential$o~ul:1ibn of the frequ,ency congestion problems that have existed 
Jor·tmany years~ \/1 "" 

/::) "1 :y ,,' , 

'The lack of ,exp,~~~t·~~r'\.e~~f\th these newly authorized, frequencies anc!' the new regu- ~ 
c ,~1 atory conC:E!!'p~~;::~k!,!{~~:-~~tt}.~h. tbeyc \'f,~t:~ m~~e ~¥@~) ~b 1 e po~ed severa.1 questi onsto 

(,those cons'idef~rf~r1mp1ementlng cs-L!t;t'elrS wlth]nthls pcrtlon of the" spectrum. 
",";' APCO',s", B.roject"'r6,~,:'conducted under a grant ~;roin the Law Enforcement Ass; stance 

Adminfstration ,(LEAA1~ ev~luated the technical, ,econornlcand re,gu1atory question'S 
~s~ociated with th'is new pOrtion of th~ spectrum. It ;)p9inted~~t th,gJ opp~rtu~­
Jtles and challenges posed by the requlrement for trunklng thft;3'e systemsr,equlrfng , 
more than 5 channel s~ It analyzed the economic costs 'an{l presented an overvi ew 
of the developmental progress of equipmehts suitable for these new frequer'lcies. 

I, ,;{;I . 

Project: 16 also\" analyzed, frol1J a theoretical viewpoint, the propagation charac;';' 
teristi~s that could be expect,ad of this portion of the spect~um and'made fore­
casts ylJegarding their potenti~l for contribution to,the conmunicationsneeds of 
the law enforcement communitYt~ The project eoncl uded that coverage adequate 
for urban law enforcement us~rs should Be expected. It referred to exper:imenta1 
result~ showing potenti.a1 pr;bb1ems of fading, coupled with the 9Pportunity for 
betterJl signa1 penetration t,tirough. buildings and tunnels, that might be tne 
result of the scattering effects of these short wave:lengths. \. 

o ., (~-_ -

As part of~APCO' s Proj ect/~~ 6A, the development of a funct i ona 1 requi rem~nts 
statement and identifica#lon ofpotenticfl users of this sys'tem, the LEAAI~"as 
funded a granttQ APCO ~b review the operational experience of law enforcement 
agencies that have usecthhese frequencies during the past several years.. This 
Report is the result of these investigations. 

y 

APCO ,~onducted a survey of the operational and maintenance experiences of the' 
law enforcement agencfies of Chicago, Illi noi s ;Mi ami, Florida jand Orange, ' 
County, Cali fornia. ;nhese three conmunitfes have had experl!11ental 'type 900 MHz 
systems in operatiQ,ri: 'fW~ several years.' Questionnairesprepared by th~ APCO " 

, Pr.oject Offi.ce were kOll11Y1eted by" personnel of the law enforcement agenci~sof 
, these conlnun'fties. Discussions wtth members 'of these departments were, held 

by representatives of the APCO Project Office, and theconc1usions~eveloped' , 
reviewed by the J\PCO Task Groups participating' in the Proj~c'bG '. . , 

v . "~ , 
The systems $e1ected for analysis represent, three different opersationa1 uses " . 
of the 900 MHz po rti on of the spect r.um. The Chi cagQ, system i sa '5;..channe 1 ni'obi 1 e 
data informat:iion"system used to"coT11T1unicate with mobile digital terminalS in , 

I:·police vehie1 e~". It provides cover~ge throughout this major, urban cOl11lll.lnity,,'· 
The Miami system i sa single channel," adm,in; strati ve telephone network used '. 

E5:"l - .,~ r. 

t! ,;~, 

'0 
'':'','' 

';,. ,. J, -.. ;;c,; 



i'. : 

(j; \1 0 

" . ""! I' .' 

"prim~rilY for a~min'rstr~tive~qhmunications, throug~out tryis urban/suburban semi.­
troplcal corrmunlty. The Orange County, CA 1'system 1S a smgle channel ,900 MHz 

i:~.(o;ce network used for'maiiotenarlce and administrative purposes throughout the 
./"enti re count.y. :; 0 

f/ 
/ ::'~~~ • ('/: , • ,j 

The three systems were inst,algledby the using agencies primarily to evaluate ,f' 

the suitability of the 9Q,OMHz portion of the spectrum and the equipment 
recently available 'for law enforcement public safety purposes. The data 
collected under this task has shown that such systems are eminently suitedte 
the pur.poses for which they were designed. Much of the fears of propagatjon 
loss due to foliage~ difficulty of corrmunications because. of fading and "holes", 
and prob1ems of maintenad9!.? and reliabi)ityof the new .equipments, have not 
been borne out by experienee. The three usingagericies have reported-very 
satisfactory=results with their equipment, good reliability, and eq~aJ or 
improved coverage compared to lower frequency systems. 

All three ,communities have ordered or are planning to orderiexpansions,",of their 
900 MHz systems. 

,0 

The conclusion reached as a result of this Task II of APeO's Project l6A is that 
the technica.l chari1fteristics of the. 900 MHz portion of the spectrum is highly 
suitable for law enforcement communi'cations needs. Equipment reliability and 
maintainability compare favorably with that long in use in the lower ,bands, and 

('; price dit:ferentials,where they exist, 'may be justified by the ,increased avail-
i'lpi 1 i ty of channels. iI' -;~; 
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THE OPERATIONAL IMPACT OF ~OO MHz RADIO SYSTEMS 

ON 
If 

LAW ~gNFORCEMENT COMMUflHCATIONS 
",.1\ 

'V 

INTRODUCTION 

Tlie groyling demand for public safety services andthe"in~~ea.sl~ng re'quire.,., 
ment for the application of sophisticated technologies in support of law 
enforcement objectives require a greater degree of capabilitiesifromlaw .. 
enforcement corrmuni cations systems. These increased capabi lities ne'cessi - .. 

j. tate the utilization of a "new'l Rortion of theo radio spectrum, the 900l/MHz 
\band.l/ Th~ .. Associated Public-Safety Commonic~tions Officer's, Inc. ,(AP'cO), 
under a grantf~om the Law Enforcement Assistance Administration (LEAA), 
determined Hi their Project 16 that this band coUld support tlJe increased 
needs ot law en,(orcement communications systems. 

APCO's Project 16A, funded bya. LEAA grant, carries the,findings of Pro­
jec;t 16 further toward implementation through the development of a trunked 
radio system for law enforcement. This Report, ~ part of',Project 16A, 
surveys the 1 aw enforcement systems currently using the 900' MHz· band and. 
focuses on their operational experience in this neW ragion. 

" 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 objectJves'. Its further goa] 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 enhanc(;!d 
'capabili.tiesinher.ent in th~ trunked system concept. A se.cond result isan 
appreciation of the particular benefits that these frequencies may offer, in 
the suitability of their propagation charact(;!ristics to law enforcemc:!nt needs 
:rhese propagation characteristics ,hi while heretofore cOnsidered only theo .. 
retical1y understood, offer the potential of signif.icantproblemscoup1ed 
wHhgreat·opportunities ... The shorter wavelengths, while theoretically 
absorbed by,) fo1 iage and subject to pronounced shadows due to propagation 
path obstructions, offer the opportunity for mUch mo~e thorough ~ovetage, 
p.articularly within urban areas , due to the scattering effect causing, ' .. 
better penetration of buildings. and tunnels. . 

() " ;" 

At the outset of APCO's Project 16, little practica1~,experienceh~d b.een 
(1 

w . ~ 

This Report uses the 1;:erm 900 MH2!,a,s did the Federal Conununications Cbllimiss;i., 
in its Docket No.l8262, .when referring tQ·the QCl,nd of "frequencies allocated. 
to the land mobile services between 806 MHz a1l4.866 MHz. 

o 
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,:gained in the use of these fr,equencies. In the subsequentcmonths, how­
ever, experience was gained with three _s.vstems operational in the law 
enforcement conmunications, envi ronment.,r-The City' of chi ca.go made use 
'of a 5-channel 900 MHz system in support of a mobile digital communica­
tions networkpoperating thrQughout the boundaries of that city. OranQ~ 
County, CAimplemented a single channel voice network, on a' test basis, 
primarily forcthe use of maintenance technicians. The City of Miami, FL 
installed a single channel telephone-type administrative network to pro­
vide mobile conmunications throughout the bOliri~t.ary Qf its responsibilities. 
These latter two systems were installed pr:imarily on a test basis, to 
evah./a,te those factors affected by this new spectrum of interest to law 

. enforcement agencies.' 

The purpose of this study 1's to document the experiences of these agencies 
and to make this infor~ti'On available "to"other potenti:q 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. Whi le 
the, information has been collecteq a,nd documented-in a man,ner 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 frequenty systems with which theY have had experience. , ~ 

The comparisons 'cited in tnis Report are intended to depict the d'egree of 
satisfaction or dissatisfaction that the operating official in the field, 
not, necessarilyconmunications orierfted, experiences in the use of 900 MI·i'z. 
It is intended to provide guidance as to whether, in fact, a move to these 
frequencies mayor may not be justified by other agenci~s in the future. 
It is also intended to detennine if many operational or management techniques 
may necessarily be installed as a result of the characteristics of this 
900 MHz equipmeni'. '. . .~, 

to 

This research effort was conducted by APeO as ,"Task TIll of Project l6A, 
APCtTP-s:;:!tfeyelopment o;f,:fu!1ctional requirements data pertaining to ,the appli­
cation of,trunkeq, digitally addressed systems. Data acqufsition \;I~'s 
accomplished from responses to survey quest'ionnaires prepared by APeQ' s . 
Project Management per'~onnel and. by personal interviews .with those officials 
of the three cord~nities \having knowledge ami. experience with the systems. 

1,1 ) G" 

" 

Themo~t significant deficiency of the 900 MHz portion of spectrum is the 
fact, that, as'ofthe time of writing, no cOll1T1erciallyproduced portable 
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)J 
equipments are availaJ:>le. This absence of portable operationa1 equipment 
precludes the accomplishment of a most important portion of this Project, 
i.e., the eva,luation of ' 'coverage by portab1e systems at 900 MHz. Such an 
evaluation should beoconducteci as soon as thjs type of equipment 'becomes 
commercially available. ' 

. ~ 

This Report constitutes another step in the development and introduction 
of advanced technology in the solution of law enforcement communications 
problems by the Associated Publt,c-Safety Communications Officers)' Inc. 
It further represents another signifi~ant'contribution to the state of the 
art that has been supported by the Law Ehforcement Assi stance Administra-

r~{)t1br~~ii4,Al1 the members Of the public safety community sl'fouldbG!Jgrateful 
to these agencie$ for their contributions. "_ ' 

" <~~~P~:i ,iI-" . 'or;; 

II. 0 OBJECTIVES OF PROJECT l6A 

III.: 

The purpose of APCO'sProject l6A is to continue support of a program 
leading to the implemeQtation of high technology and enhanceli capability 
of modern cOlTlllun)ications,systerns. The specific Tasks under this Project 
are: - '1 " 1;(~", " 

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

,Task II 

Task In 

- 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 MH~ sy~tems; 

- the development of a functional requi rements, document 
defining those capabilities that a digitally addressed, 
trunked cOlTlllun:ications system in support gf law enforcement', 
communications needs shoul d have;' , 

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

TASK II DATA COLLECTION PROCESS 

The management of APeO's Task .tr was ve~ted in the Project Management 
Office at the National Office of APCO .. This office is managed by the "C) 

Executive Director:.-of APCO. The Project Management Office was supported 
in this Task by a special group of APCD volunteers constituted as APeo l s 
Task Group 1. This Task Group was made"up of the APCO aoard of'Qfficers. 

The Project Management Office, consisting of the Director of Projects and 
the Project Engil)ee,1;., provided day ... to-Qay operational s~pervisionof the" 
Project.,"··" 

This office, assisted by Task Group I, developed questi~11nair~~ tha~ were 

" 

i!> 
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forwarded to each of the parti~iPating law en;~~Fement agelies. ", these 
questi()nnair~~ were followed up by meetings of, the Project Engineer with 
representatives of those agencies at which the questionnaires were dis-

-, q 

?' 
,~ 

~, cussed and other matters re]atingto the operation of these,systems develo,ped. 
• _ . u q 

'=" 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 
,0 

a ;, 0 intimate parti cipa~ion of the know1edgeao1e users of the system. ,Wni le 
,j, 'the' corrments made ,roay oft~n 1 ack techn i ca 1 sophi st kati on, they bear the 

credibi'lity of professional opinions expressed by experienced operational 
personnel. " 

Of particular' value are the practical day,.to:..day aspects of the,r(i!conmenda~, 
tions .made by which those operational pejtuli~rities created by these fre-" 
qu~ncles Gan be overcome by management technlques. CI 

I' ;/ ':,.r (J \i 

" ~" 

rj1e results of ,the survey and interviews have ,been analyzed and incorporated 
,;. i)l the various Sections of this Report. The professipnal lev,e,land experienc(v 

~jf the respondents is ofparti cular importance, '\la-wi t: ' ,,' 

) 

, ") 

0" n 
C Ii -<",r 

, ., 

__ ,'Lc;, ... 

'" \l over 115, years of technical radio experience is represented by 
the engineer/techniciah category of users, with their average 
,Years of experience being 17.6; " ' 

o 

• 85 total dispatcher/~ommunicator years are 'represented~ "ail aVerage 
" of 12.2 'y~ars each, All huaving more than] year experience at 

900 f MHz ;11=. 

.' 
"'more than 16 years of supervisory experience is included in the 

supervisor category of respondents; 
',' 

15% of the,.respondeiltshave seen service as police officers., 

In '~iJl()st. caseS', the questions were aimed at comparing the user i s current 
900 ,MHz system with his other radio conmunications system(s) emp10yingcthe 
40MHz,150 MHz and 45Q MHz bands. Res'ponses were generally qualitative 

o rather than quantita1;,ive in nature, i.e. , IIHow does your 900 MHz system 
comp~re with your ,other band systems?" Choices are: ·b~tter - worse -: no 
change." ' " . " c ., 

Q ~ 

tn addition to the basicques,tionnaireanswered by all ,additional question­
nair(i!s were. s(i!nt to tnos~havi"r'lg specialized responsibilities i'n the 900 MHz 
cOl1lJ1unicat.ions·field.Throughout this Report COll1'llents and Conclusions are '. 
referenced to the~uestionnaire from which ,the information' has be(i!nobtaitied 
by citing the question number andtheparfkular que,st;ionnairein accordance 
with the following key: ..' <. o . . 
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IV. 

.# B- Basi c cj'rJ(~ti6nnaire ~rep.1 ied to by all) 
# C - Conmun; cator qUestionnai re 
# D - Desi'gner- questiOl;tna'ire" ' 

.# S - Supervisor questionnaire 
# T - Technical questionnaire 

~ i.e. ,#T-60 indicates Question #60 on the Technical questionnai're. Copies 
of each qUestionnaire are included in the Appendix showing the number of • 

• individuals giving the indicated~response to the questio'n"shown . 

REPRESENTATIVE' SYSTEMS 

A. \) General 

B. 

To date, none of the three systems sl:J'rveyed use their 900 MHz system 
as a voice radio dir~ctly in police patrol operatfons. Of similar 
significance is the factthi;l.t 900 MHz portable operating.,texperience 
was notavailab,le as, at the otime of the survey; 900 MHi portables 
were not cOll1Tlercially available. . 

(. 

,.Each gf the three agencies sel~c:ted 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 
11 ttle direct compari son ofoperationci 1 charact~~isticl'.,hp,tween.these 
threecsystems. from the data. presented. The intent of this Report is 

__ to offer representative information, describing the performance of the 
.... - sx~tems~;r'efl ecti ng thei r indi vidual geographi c, organi zational and 

environmental conditions. 

',,)! 

Mi ami, Flori.da 

1) 

2) 

" 
The terrain in the vicinity of Miami is flat .. Coverage of an 
ar~a of .approximatel,f .500 squarea'miles is re({Eired. The popula-: 
tion of the area of responsibility is approximately 345,,000 and 
is predominately utbanjsuburpan in nature. " . 

, ..~ 

The 900 MHz radio system,. at the time of (::the survey, consistea 
of one 500 wattERP base':station located in the Federal Bliildin9w 
in downtown Miami at a 294 foot elevation. The system stlP'ports . 
ten 30-wa1{;t"mobiles in an executive t~lephone cnetworkwhile under .... 
goin.g a peniod of evaluation and testing. <'~ 

j,) () 

The city isi n the process, of procuri ng"a, 150 unit mob.; le dtgita l' 
system utilizing tw.o ~hannelsin the, police service~ . System cover­
age exteQdsilPproximately 27 to 28 filles into nearby Dade County. 
In an area of shadow, to thenorth,'therange is reduced ,to .... 
ap"proximately 25 miles. ''Tnere are plans t~ move the base ,station 
to an adjacent higher buildiJ)g '(320 feet) toeliminatethls shadow 

.. effect". Notwith'standlng, the system coverage perfonnance equals .' 
or betters the .designcriteria. . . 

., 
-5.- .. 
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Orange County, Cal i forrlia 
, l' 

1) 

2) 

D 

3) 

The Orange County terrain ranges from sealevel to 6,000 feet, 
covering an area of'\approximate1y) 86' square m1:11es. Thepopu~ 
lation of.1 ,,800,000 ~anges through the urbah, Suburban, rural 

, classification.'" 1 

o 

The 900 'MHz radio system is und~rgoingtest and evaluation. It 
is used as a mobfle relay supporting ~olTlTJunications tec;tmi,cians. 
The primary base station is located at the 5,600 foot level of 
Santiago peak. Due to the "proximity of Mexi co, the transmitter 
EffectiVe Radiated Power (ERP) is limited tp the main' antenna 
lobe and 25 watts towards Me£i'co. An,auxiliaty si.te is located 
on a nearby peak 1,300 feet above sea 1evel.,'Twenty30-watt 
mobiles were in service at the time of the survey. 

. ~ , 

Current planning calls for system eXR,ansion as funding and 
additional site licensing,'\)problems are solved. The system has 
met des i gn cove,rage goals. 

Chicago, Illinois 

1 ) The Chicago terrain is relative1y flat, covering a service area 
of approximately 300 square miles. The PQPu1ationis 3,115,000 
and is generally urban/suburban in nature. 

"/,' 

0 

o 

, 2) The 900 MHz radiO system consists of, a ,282 watt ERP base~tation 

3) 

at 1,17.9 feet above ground level eleYqtiop on the Standard Oil 
Bu.ilding ~in'"dovmtown Chicago. There are 150 mobiles with 30 
watts rated output power used in a digital cODlllunicationsnet-
wo'rk called SMART (Special Mobile Automated Remote Terminals). 
Five channels are ava 11 abl e. 

The SMART system is being expanded to 300 units in thenear future. 
~y~~em operation is totaMy digital with keyboar~ and 3 line dis­
~pTay terminals in the cars. Data is exchanged with the SMART 
'switch i rig computer;) Thi s computer acc~sses the Chi cago ~,(i'1 ice 
Department1scomputet ban~s. Informatlon exchange between cars 
is possible with the system. Officers receive 8hoIJrs of train­

If'" ing with the system prior to using it in the field. The system 
coverage meets designgoal$- city-wide. 

D 

'~ V.' 0 OP.ERATIONAk:cCHARACTERISHCSOF900 MHz SYSTEMS' 

o 

.. 
:~ ·-6,~ 

,A. General - SUniTlati'on of lisercOlll'nents 
~-, , t~:' . ~'. f~~;) 

Current users of 900 MHz syste~s(1 are well pleased wUh the, manyappar"'1, 
entimproyements.ov~,r otherbahds. These improvements"inc 1 udebetter 
building, tupne1 and basement penetration, better overall signal 
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quality, and wi,thjn the design contours, petter signalreJiability 
with fewer problems.ofweather and man-made noise. Coverageis 
now possible in many areas not possible using 450 MHzsystem~ •. 

o 

A very low or non-existent level of backgr.ound noise contributes to 
improve'dintelligibility and g'reateruse,r satisfaction"., Reliability' 
andc1maintain,abi/jlity ~av~ compared favorably with the 450 MHz experience~ 

11 ., 

If should ~be borne in mind th'atall ,reports to datear~, without the 
benefit of 900 MHz portable experience. o· . " 

, " 

To assist the reader's reference to survey data~surnmarycol1111ents 
",iire followed by reference to survey questionnairesgndspecifically . 
'relevant questi.o~s that can be found in the Appendix. " . 

B. Coverage 

" 1) Toe majority of the"us~rs stated that coverage of the 900 MHz 
,SYstem is equal to Or .better than that experienced with their 

450 MHz systems. The IIfill-in" is superio'r~, and in urban or "I' 0 

built-up areas this scattering effect, results, in very g90d cover-
age.IfB-27 .S-17 ,D~46 (h '" ' 

2) Wh~;~eshad6~ing effects a,reexistent, theyct arEl",ffiOre ha~sh. WherE? 
') obstacles'that could provide a scatteror reflector effect are 

.... '''~;~ - '~~'=""nut=PJ~sent f' the shadow can ""oe=sav?te ~ The=reported,~ead spots" c . -,-

-o~~,c-==~~. have these characteristic~ (in descending reporting frequency): "' 

- ?-!1 

1/B-30 . , 
n 

• car cannot hear other units;" JI 

• the dispatcher cannot 'hear car; 
" til car ~cannot ,hear dispatcQ,er. (I 

Fading comparisons fare better with lhe majority of the respond­
ents giving higher marks to 900 MHz than~to450 MHz·or other 

rti 

bands .. Fading we.sexperienced by less thanhaJf of the~ample. 
Whenexperienc~d, it consi'sted ora rapid fade while movin'g. In 
some cas~s!Asers rep()rtedhaving to stop the yehicleto receive~_ 
For(;;tra.nsmftting~ 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 wi H'" probably 'experience them on 900 MHz .. 
The remedies, such as" moving the vehicle slightly, re.sult in these 
\~~kin9$: . "0': . 

" . ,,) " .'i! 
". move vehi c le more than, 10Q feet; 

", move"vehic 1 e less than 10 feet;--' 
'. move vehi c1 e sl i'ght)y. 

~ 

IIB~5, 13, 

Building penetratton"f:; deemed' superior to45d MHz coverage. 
._ . ,.,' ...... '1IS-20,21 
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rhe range to be expected of the 900 MHz. signal is similar to 
that ofa 450 MHz signal. Comparison's of 900 ,MHz with other 
bands by the respondents indicated 900 MHz results are equal 
to or better than other bands. Ils-17, B-1, 2" 9 . 

(J 

6) 

c 

Foliage .was not detennined to bea 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" 
pre,blem as more. foliated communities. This' potential problem, 0 

to which so much attention has been ~ddressed, has not yet 
proven tOo be an operational impediment. 

v > , ';:. 

Noise . [/B-3, 6, 14-17, g"Z2 

1) Set noise appears to be" reduced from 1 eve 1 s previ ous 1y noted 
with 450 MHz and 150 MHzequipments., The subjective comments 
receiVed imply improved audio quality and reduced distortion. 

o 

,~) Man-made noise appears to be less a .prob1em than on other bands . 
. \~ 1~eory predictsthat .. ignition systems, power lines, and similar 

man-made noise sources should be less harmful .at these frequencies. 
Intermodulationproblems are not significant at this time since" 
there are relat'ive1y few user~ of 900 MHz systems in the sample 
areas and_theopportun~ities for 1M do not exist to any great de;.. 
gree. .As more systems a reoPerated in the 900 MHz band, the 

~'-~'i'ntermodu 1 at i on potential wi 11 ri se. , FreqgefjeYass1-gnment==='~' 
polieieson 900 MHz indicate that all types of users will be 
assi gned and the othe.r protec1;jon~rea 1 ized from block assignments 

• wi 11 not be, avai 1ab1 e. Therefore,:many 900 MHz systems will have 
to be designed to operate under an. intense i ntennodulati on en­
vironment. . flB-14 

,~ \~>, 

3) Atmospheric noise contributions ,wer.e noted by som~, 'ofthe respond-
~ ents during weather disturbances in areas having marginaL signal 
"levels. p 

() 

D.,' Signal"Reliabilityand Fading IIB-5,. 13, 16, .17 

8, ". 

" 

···c~~-·· \" 

o 

1 ) OYer half, of the respondents state that 900MHi is more re 1 i ab 1 e,·· 
than other, pandswith,the remalnder giving 900 MHz equa,l marks. 

Th,.ere ,appea, ,rs, t"o be. nO,t, ice, ablY,' p,oo,r:r)'\\',pe"rform,ance)Y' 900 M,HZ, r,e, ported 
by 1/3 of ther.espondents dUrlng raln)!; spells, humJd, hot, and" 

,windy times, althoughlesstti'an 20% of the total.made an overall 
y'es~no cOlTl11ent to the 'question: !lAre there days when the system 
does;.notseem to perform as well as on other days?n ' 

• .," (.1'" 

'12;) Fading has been experienced by less than 23% off;therespondentg:~ 
This fading was experienced most noticeably whett mOVing, and was 

. ~ ,"'rapid in' c:h{l,facter. IIB-18'~ 19,. 29 
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VI. 

VII. 

Eo 

. r 
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ff 
j 
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I' ' 
[I ~I 

,~ -, f 
3,) Fresnel zones: . there were no corrments received attt"ib~tftng,., 

~~,pr~blems c;iirec'tly to fresnel zones. Some res~2hsesindi{tate 
the effect of these zones may be an area needlng furtherinves-
tigation. (." .. " ,,' jj 

4) ~~cket fen<ng:' there were no convnents" received jhdicJting .,., 
. plcket fencmg asa problem~Although this phenomena ~aSbeen 
, reported elsewhere in severa] studies, it was notobs~rved,()r . 

identified to any significant degree by the responden~~. ;, 

DistOrtion .. UB-6, S-22. 23 ." . I·· 
GeneralcolJlllents from users indicate a hign degl~ee of sati,sfaction .' 
with received au(:[io ,quality and the lack,of distortion. Jllhether'this 
is attributable to 900 M~z directly or to improved aUdio!i:ircuftry ". 
has not been determi ned.' Specific rati ngs of. 900 MHz i ndi cate over " . 
50% of the respondents believe the audio quality to bebet'ter than 
on any other, system, and ~O% beli eyed it tobe equal to or better. 

EQUIPMENT.RELIABILITY 8ND.MAINTENANCE EXPERIENCE 

A. 

B. 

C. 

Police officers and Users have fewer 'complairJtsl' aboiJt'?90b""..H~ .. equip- 1.1 

ment compared to other types they have used.' Troub,le is generally 
indic'ated by the observable symptoms (not spe,cified),.and these ....... Q 

troubles arersimtlar=t'o those encountered in lower 'frequency sy~t~tlD~'_.. 
The newness ,of the equip~ent has kept ma,intenance problems to a~'--'~r.·;-·-'-
.minimum. Probably" the only significant point to date is that the' . 
equipments in Miami and ~()range County havemicrophon~s and cables.:" 
These deteriorate at appl.roximately the same rate for 900 MHz a,s in 
()ther equipments used in 1 aw enforcernen'Lservi cee.I/B-.], lO,'S .. 23, 

, ' " ·,T .. 63 .. 67. 
Test equipment and techniques for 900 MHz are more crit,jcal:,particu-, 
larly in the i;lreas of frequency stab; 1 ity, selectivity; ,and test set- ' 
up •. The subject of test"'" equipments was not speci:fic~llyconmented on ' " 
by users except indirectly as part of their conments'i a.bout neW$ervic .. , . 
ing techniques, reported under tra.iqing. IIT-lO' . 

..... . ., ' .' ,,,~' ' . \J, ,.' . . _ 

SpecH"c needs for coaxial cable ch~:cks were discussed by Chicago 
personnel. . Onecoaxialservicingtechnique\'fhich theyhaYe found. ," 
useful is TQR (Time Domain Reflectometry),also known a$cable pulse 
'testing. THis technique provides a measurement of.impedancedis- .' . 
.contim,Jity ,.or change, an.d locates 'the defect in the cable under test .. " 
It should prove very useful in. evaIY,at,ing cable and connector install-
atjcm .quality. ")" '" 7t . 

. ~ .. 

COMPONENTS AND. QUALITY 

A. 'The surveyof'users d.idnot yieJd".a significant numbe!' ofconments ••.... ~ .. 
o. concerning11component qLlality. /30% of the technical res~ondE!ntsstated 

thatcomponen'tswere Qfbetter'. qualityth~n"those useci. 1n lower band 

0' 



,'" 

o 

B. 

c. 

D. 

~~~----~"J7 . c. .." 1/ / 

'·1 · / 
s~tem~: ~ additio~a-l' 5;% ObS~;~~ that compone;ts are equlin 
~~~l ~~UO other band equ~~ents. Colllflents concer~i ng comptnts 

• tY'()ubleshootinga.nd r.epair is more.:t;puch,y; 
• 1 ayout of components ; s crt ti caJ ; .,; ." 
• coaxial line and connectors are critiG~n 

. .' . . 11~-10):S""23 D~53~55 
-. -':' -., -' =-';~-=i-

COqxiallilie~ high quality~~coax should be us~d fo'r base stations. 
EHher double shielded or solid shield i.s ·essential .. This 'is 
especially significant at~ultipl~ tran~mittenb~se station sites 
to, reduce the intermodulai;ion Ro'tential. Solig ,shield (seamless) 
cable effectively stops erlergy"'from being detected except at the 
cQnnector interfaces; however, this does not preclude induced long­
titudinalcurrents due to poor grounding techniques .. 

Connectors: . users commented that II • .' .~the UHF series of connectors 
uS,ectby sbm~ manufacturers are unsa.ti sfactory . While they~are rug!ged, 
they 'are poorelectricallj at the frequencies involved. 1I RF can- Ii 
n~ct. 9r~ ~a. reof major~m. portance t .. 0 sy.st.e~ ... oper~.tion. a.nd . co. nt~i b.ute\ 
slgmflcantly to the 1nterference (RotentlaL "'Careful attentlon ~ 
,~ust be paid to their de~~jgn, installation and maintenance.,~,-,,~~ 

,~. , _ " ,\ . ';.:.... ~n:\ 

Antennas: no significant comments were obtained concerning the ',: 
qUq.1ity of 900 j1Hz antennas. Their small size permits rugged mechani . 
i cal construcyil on; howeve r , small defects or b~hds contri butea .' . " 
proportionalllf large , snare to faulty operation. Al)tenna installation 
.and cabling/Should b~ accomplished with care and precision. 
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VIII." INSTALLATION. CONSIDER'ATIONS 

I 
I 
I 
I~ 

.··IX. 

. y. '- .:) 
"'" 

A. 
. fi' , .', _ [, " ,:-. 

Connectors can be a significant problem at 900 MHz. They dm -intro­
duce. high impedance discontinu;tiesdue to'poor. basic 'construction 
or poor workmanship duringinstallat;on .. BNC connectorsmayshow< 
a,i;endancy to vibrate due to the bayonet arief ears clamp,l,pg method. . 

0-. ' 

. TtJis' can 'introduce noise iritg, the system. ..~,,\ 

B.,/:TDR (Time Domain RefTectometry) techniquesdistus'sed under Section " 

"'I 
I' 

o 'I. 
'VI-C shoul d pro"e. valuabl e inev.al"u~tingthequalityof coaxial 0 " 

cable connector fabrication and i1ista~rlation. '. ~ 
~" ' 

,,' 

'PERSONNEL TRAINING NEEDS 

A. General 

Whellnew . procedures are' adopted. to make· better use .o,fa 900 MHz conmun­
i cat;'ons f:iystem~ they .should be di sseminat'ed to' a 11 the users of the 
sys~e!Jl.; iticl Udipg pol ice officer,communkator.and technician/engineer. 

" (;) 
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B. 

C. 

D. 

Ther~ needs' t~ be ~Iilphas i s placed on tea~hl~'~",~aCh new proc,edure, 
and,lts relat'"onshl P to the total com,munlc~c,fon,'~ system to all system 

. users. ' . ,) ~ 
. o~~> , r.,\ . 

Pol ice, O~Ti cer Traininw,Needs IIB-23 .... 28~ C-89,T-70 
.~.--

2) 

3) 

36% of all respondents felt that some traini'ng sho,uld be can.., 
ducted in radio propagation characteristics~Officers need to 
understand that ifradiocomn'lunication 'is poor at one location,· 
they should change location slightly and try agajn. Often one 
or two feet will be sufficient. " 

Officers should report major areas of poor comnuni cations to 
their supe~'{,isor and/or the telecommunications technical staff. 

the communicators replying to tnequestitmnaire emphasized the .... 
need for training user personnel in such subjects 'as,;; 

a) the capabilities of the eqUipment; 
b) te,chn i ques for improving i nte 11 i gi bil ity; 
c) th'e need for familiarity with the working of the dispatch center; 
d) the use of standard prpcedures and codes. Y 

While onlY Hem a) may have specific applicability to 900 MHz sys­
,,.terns, no training program would be complete without addressing all 
four subJects. ' 

Dis'ifiltcher/Comrnunicato!" Training Needs 

2) 

Dispatchers/contnunicators need to know capabi1itiesof theequ;pment 
in the dispatch center and of the police officers' equipment in the 

"field.' , e 

Dispatchers/communicators. need to know thechar.acteristtcs and 
capabili.tiesof backup equipment. " 

, ' 

3) '. Di spatcheL-sj comnuni cat~rs need to kno.w and use Pfopet;. procedur.es 
and codes ."~ 

4) Dispatchers/coll111unicators need to 1<nowthe patrol area{s)intim­
ately, and periodically review field conditions with the patrol 0 .. ' 

of"ficers. ",,'Ci 

Jechnician Training Needs If A:;'f2 ... 27 , T-70 
'<::p '., 

The technician should be 'train'edin 
. -

advancedtroublesi1ooting; '. 
strip line servicing techniques; 
frequencystabi 1i ty' techni ques; 
i nterferenceremedies ; 

. ; .. - (i\ 
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5 )/specific equiplTJ~nt chara;tteri stics and troubl eshooting; 
6Ybettermethods ,and skills for workillg with coaxial components; 
1) , symptom/remedY,identifi"c!ation. ." 

" 

{) 

E. 'Engineer Trainil!9J4eed~ .:: IfB-22-27, 'I!:"'10 

I 

I{ 
If 
" 

l 
Ii 

The engineer sho~/Id' be trained' in '" e, 

1) 

~~ 
4) 

l' , .,' 
propagationij c9n~tdeY'ations; 
coaxi~l co~pdnent qharacteristips; 
interrriodulation reejuction tecMiques; 
sy~te!T( pr.opagation/phas ing delay characteri sti cs. 

IT' 

b' , ,,"",' " , 

CAUTIONS FOR NEW OR PROSPECTIVE USERS OF 900 MHz 
r.:i 
;."' 

A. In; tia liCons'1 derat iorls 

1.) 9,00' MHz provi dEjs some 600 channels of radi 0 spectry.m. These 
.,," channels are n,lJt allocCited in the same manner as the lower band 

thaMels. Rat/her, they are assigned sequenttiilly on a first come, 
first served ~asis with specified loading criteria. There are 
currently 150: channels available for assignment to conventional, 
systems and 4iOOavai 1 able for trunked systems. 

3) 

" ' 

B~t:ause oft\le number of available channels and the-comparatively 
l~mited area~of coverage, system planners in, the less densely 
pibpul Cited areas may have more freedom il1 co'nsidering the oper-
~ti ana 1 needs of thei r agency ~ "channel usage, and future expans i on 
tlhrough the life of the system. In the, majority of areas channel 
tapacity is there to handle the law enforcement~needs. 

Systems requiring-more thqn 5 channels must be trunked{F'CC Rules 
and Regulations). The trunking Qf public safety systems will be 
studied, tested, and r.eported in this and subsequent projects 
(APCO i s Project 16 seri es). Trunki ng concepts and the di gital 
addressing techniques appear to offer a most attractive method 
of meeting complex pUblic safety cOllll1unications requirements. 
The results of the Project 16 series should be closely scrutinized 
by agencies considering 900 MHz systems. ' 

" /1 
II 

, B. There is a Need for Detai led System Planning IIT-70 

~. 

1) RadiocovJ~rage reqUirements should bethorougllJy "determined and 
the critiCCil areas for operational deployment well defined. 

2f The need for multiple base stations and control capabilities should 

3}-

},I 

be cons i dered. . 
, ' 

, ' 

Base station sitesf.must be carefully selected to insure a(iequate 
near Qbstacleclearance, appropriate antenna heights, anod minimum 
RFcal>l e lengths.' 

1/ 
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4) "Future system needs must be considered to proVide for later 
J expansion ... These plans should dete'rmine ultimate channel 
ffrequi rements. . l . 

i 5)" 'Until 900 MHz PQrtal;leunits become rMdily available, methods 
It' of incorporating l6w~'rband portable uhits into the 900 MHz 
# system should be carefully consi dered.," " .' I . 

11 rc2) 
-::" 

Portable radios operating on 900 MHz are not aVailable, as of 
th'ls writing. Portable radios for tltrunked ll systems are not 
expected for several years. Users hav; ng a current need for 
portable operation should consider additional interface methods 
such as separate'portabl e systems, mobile repeaters, or appro'6 f 

II 
(~ . 
II 

priate other technigues. ' 
C" 

" Additional Training 

Additional training of users over that normallY9i,.ven is needed toO 
insure the best results of the system. This is m'orefully discussed 
under Personnel Training Needs, Section IX. 

" 
D. Physiological Effects 

" & , ,~ 

'<Jr.,' 

The phYSiological effects or 900'MHz radiation have not been d,etennined, (, 
although some effort is currently und~rway by varioUS agencies. To " 
date it would appear that no more effects, than are evide,nt Trom 450 r.1Hz 
are likely. The results~;"of on-going studies in this field should be 
watched carefully. ,0 I{= 

. - XI. RESULTS OF EXPERIENCE GAINED 

" 

. Ii":; ,(' i~" :=":;':: • 

900 MHz users are convinced that public safety 9perations in this band will 
be as good or better than on the lower bands. Although extensive operational 
experience is not available to eV,aluate propagation in heavily wooded ~puntry-
side or in steeply cross-canalized areas, the current users are satisfied " 
that 900 MHz serves wen under most coodi ti ons. One canexpect~ervi ce,' <? 

ranges to be equal to .Or better than exi sting UHf systems. <I 

The current lack of portables at 900 MHz leaves doubt as to how a total _ " 6i 

900 MHz system·would be configured. o There, are several methods bYo which -
public safety users can incorporate exis~"i119,,;portable systems into 900Ml:lz 
mobil e systems. ~ ~ 

." 
The inE;!ffici encr;} of portable antennas whe~ receiving and ,mobile antennas 
of 1/4 wayel ength must beconsic;lered by system "des;'gners. It imposes a " 
particular need 'tq maiJltaina\'lowlevel of interference., ,Particular 

"""'o'o¢,qatention must be Pllid to Channel selection and potential UHf TV spectrum 
pollution in hi9b ~ensity areas. 
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Xl!.: CONCLUS'IONS 
1~_ ' l 

I~ 

" -14-

900 MHz is welJ suited'ito law enforcement radio ~ystem5, proviMng better 
urban and suburban penetration than heretof,pre real ized on other bands. 

900) MHz systems wi 11 be' abl e to take advant~geof the neW systems I oper­
ational techniques such as trunking, discrete addressing, and cellular, 
wi thout fe~r. of unusual propagation pro?l ems. i?1 .." I 
L .. a.w e.nfo.r.ceme.ntop>er.ationa, .. p.r ... oce.d ..... ure~ ma.Y.r.e.quire mitior revision in some\J\l~'~ communities to obtai I) maximum benefits ·of 900 MHz systems. Generally, I" 
no special procedUres are tJeeded. . . 

• J. ' II ,0' , 

Law enforcement agencies contemplating or implementing 900 MHz systems ~ 
should increase th~ initial training hours of police officers and communi- 0 I 
cators to insure ar\\ under-standing of 900·MHz propagation, field expedients, . 
~,nd procedures, as part of the implementation program'. :; 

Communications techniciansshouJd be given in-depth training in the 
special servicing techniques relating to 900 MHz··equipments. They should 
a 1 so become fami 11 ar .. wi th the characteri stics of 900 MHz systems a~ they 
may r~late to troubleshooting. ! 

Technicians should receive addition~tFaining in coaxial compon~nt makeup 
and installation techniques. (.~ 0 

System designers must e'xercise care in"'!)~et1Tyfri'g-the quality of componelits. 
" -

">Early pl anning, with an in.,.depth eva luati on of current and future needs, is 
essential.· FutUre facilities, configuration, should be developed along with 
an implementation program wherever possible. 
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APPENDIX 

,900 MHz USER SURV~X QUESTIONNAIRES 

Tnis· Appendix presents those questions asked in the survey question­
air~s 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 indJcated respom:~es received to th~t question. Where questions 
""required subjective replies, a statement ,is presen,ted 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 '. 
sybjective experience of system users o"p the 900 MHzequipmehts. Ttle c

c
" ,) 

second was intended to establ ish the extent and type of experienceoof " 
the responden.t. The purpose of this dual approach was to assure that i 

the data receiyed, intentionally subjective in nature, cQuld bevali- ",. 
dated from the perspective of the professional status of the respondent.;: 

Five ql!estiQnnaires were used. A basic"gYes-ttQJmc:lir_e_,wa~ deVeloped to 
obtain standardized responses concernfng -opinl0ns about system perfo,rl~­
ance that should be commonly experienced by all classes of users. FOI~r 
additional questionnaires were' developed to establish the specializedr 
fie 1 d of professional experience of the respondents. '1;\\ f 

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

B - Basic questionnaire 

D - Designer qual it'y questionnaire 

T -, Techni,cal q!Ja 1 ity .questionnaire 

C - Communicator/Dispatcher quality qUestionnaire 

S - Supervi so r qual i ty quest; onna; re 

a 

t.) 
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3. 

4. 

5. 

6. 

'" 
7. 

8. 

10 •. 

11. 
" 

12. 

12 

.' 
BASIC 

AGENCY Respondents: Orange Co., CA 
Chicago, IL 
Miami, FL 

l' 

YOUR NAME _________________ '--_~0 

YOUR JOB 
----------~------------~--

Chose One - - - - - Better Worse No change 

Within toe equipment restraints ;mposed(i.e., no 
portabl es), does thi s 900 f4Hz radi 0 system perfonn as 
well as your other radio sysfem? Jf! III I 

Coverage (shorter distance, gaps) =0] , 

Noise (squelch problems or other) 
5") 

Reliability?(when yd'u call you get heard) 

Fading 

" 

Distortion and garbles 

Repair or downtime 

o 

Vehicular installation problems 

,) ~ 

Dead areas 

Component qual ity (opi n,i on) 

6 

'Unfamiliarity/lack of use CTI 

Training (YoU received) 

= 

o 

CJ 

IT] 

r=~ II 

OJ 

[]Ji, 
",\IKI 

\\ 
,\ 

CIJ" 

0 

CJ 
" 

Ci):t 

II' 
If 

ELl 
.(') 

() 

ELl 
Q 

[[:J 

[D 

JI:J 

CCJ 

IT] 

cD 

CLl 

50 
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co 

13. a.' Have yoU experienced fading of signals?' 

b.. Rapid. 

c,,'" SloW? 

." d. Combination? G 
e. Is it noticeao1e when yp'U are moving? . 

<~ 

f. lslit· noticeable when you are stopped? 

. , 

o 

o 

One or more answers'" 
as appropti ate 

Compa·red to 
other systems 

No change 
a,; 

OJ 
CJ \" 

'" 
II 

c:J. 

Q =-;;:..' 

CJ 

Yes 

OJ 
OJ 
Cl 
! I 

[TI 

c=:I 

NO 

[@' 

L4\ 

OJ 
OJ 
W 
OJ 

o .. ~. ~' 

~. 

"0 

14. "Have you noticed any noisy areas on 900 MHz?' ,I' 

Where are they? (nuring weath¢r disturbances in 
o . 

~ ~ 

marginal cover areas,. near radar in Air Se~rch 

______ ~~ __ --~~~--__ ----~0~------~,~ 
.) 

Describe static~p'opping 

'15.: OC) you experie~3e ap~ (newj:('.)miden~if(jet1 ~oices (or 
buts ts of no; se? oc.,:';urri n 9 p'e,ri odi caT1y on the 

o 

Q 

0 
., 

~ ;~ 

t.1 

1iV:" 

n 
0 

~ 
'.'~ 

system?<:-: ~. 0 

(~.j!, , ' <V'li;? 

Are there day:?:. when thesy~j;em does not seem to 
perform as· well as other days? 

,< • ,0_ '.. >~, ,'" 0 " . /f-~ t'< 

~~nyou die this poorer p.erfonnance to"weather 
tondi'tions such as: (, 

a. 

b. 

c. 

.d. 
~ 

. Rainy? " . \) 

"Oye~9Jst, .nora1rl'? 
. 1/':' '. .? 
H~l~- hot. 

Jind/? "'Q 
_f?~J' _. ' 

(I 

01 

. (j 

o 

o 
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() 
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I 
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I 
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I 
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I 
I 
I 

0 
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I 
I , 
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17. 0 

I 
0 v 

I ,~ 

" 

I"Q 

I 
I 

18. 

I" 
01~ 19. 

'I 
I 20. 

I 
1 
1 

;;7_~-:"''''::;'"*~-; 

I 21. 

Q 

I 
I 
I' 

\1 , 

~.,O 
---~ .. ---~,--- C-- I 

n page 3~ 
(I , 

Compa~ed, to 
ether systemsl 
No,. change Yes No "'-, ........ 

Continued 

'e. No wind? 
~ 

f. Cold? 
" ~t< ' 

g. Ice/snoW? 

h. Ducfing? 

Doyouha\fe problems copying a vehicle when it is I' 

a. moving fast? 

b. moving slow? 

c. stopped? 

, 
Have you had to stop your vehicle to 

a. better transmit? 

b. or receive? 

Have you had to change,~yqur .Jnethod of covering 
'your assigned area bec,tiuse of the 900 NHz radio?" 

,/ - I~' 
r 

Describe No res£onsesreceived to ,this section. 

'.'. 
''-

,I 

Car Orientation 

Do you seem to get better'd]stanc¢-"orres.ults 
transmitti ngor,rece-tv; ng;' 

'0 

a. over the front of your car? 

b. back- of your car? 

c. or sides 9fyourcar?, " 

ii' 
~\ 

" 

'Q 

1\ 

'\',I 

;) -j 

f[) 

m 
m 
IT] 

m 
IT] 

'IT] 

<'f: 

OJ 
m 
IIJ 

o fIJ 
" W,'" fi[J 
OJ rna 
o w' 

0 m 
0 ill 
0 ill 

o ill 
[Dill 

0- ,-0 

.t.": 

,? 

QJ 

'[1] 

ill 

ji ' 

)1' 
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Page 4. 

" 22. Have you or your department deVeloped procedures 
topverCome9QO MHz problems or taken advantage of 
new capab~l itfes? 

,23. , Do these procedures include -
V,~ , 
.". 

a) 
. " 

b) 

c) 

d) 
() 

e) 

f} 

g) 

h) 

i) 

j) 

move, vehicle if copy'is poor? 

reorient Vehicle, try again? 
o 

say'words twice? 

relay thrOugh another station? 

, us,~, a telephone? 

" 

make note of where difficulty occured and report it? 

use another type raciio, try again? 

move to higher ground, try again? 
N" , 

go to an 'intersection, try again? 

Other 

Please Hst,establistt additional relay sites. II 

--~~--------------~,~;----------~----~-

o 
2,4. In your"opinion which of the above have little value? 

" il 0 

" 
23 c) - 2 votes 

23 li) and 23, i) ,;"." 1 vote ,each 

" " Cot 

0 
\, 

() 

Yes No, 

0 

OJ LTI 
'~~'.\ 

CIJ' I,~J 
OJ OJ 

I; 

IT] [I] 

L2J UJ 
~ C2J [::2J 

" 

l=I1 CiJ 
[:2] C2J 
L2J ~J 
OJ 'C2J 

C2J G, 

(\ <~~ 
0 

GJ 

;~~! " 

,~Jl::' .. ~I'!!'!','!!_!l',:-I""' .,\,~'i'!\lI;,jt 'II'" 

25,r What prQcedures should be ad()ptedas pol icy? 

,N()t:e locat'lon and re'port it. Move only incbes. 
.. ' " " , 

C 
1::, 

Experience dictates moves. 

o 

--~,.------------~--------~------~------~--~----~----~=-' 

1/ .. 
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?T 

" 

';J 

.. '\ \J .5 , _ 
26. Should any of these procedures be amplified with 

spec,ial training classes ~particularly for new 
recruits)? p 

List 
~--------------------------~~--~ 

, \\ __ ..;.....:.lo---...,------------~------'-------
\) 

II ,27.' Would you recommen~ any other 900 NHz training? 

, 
I) \ ~ 

Desq;i be n propagation characteristics 

. dJ 

28. Ha51e 'you experienced ah,y," vehicular problems cau~ed.c 
by the 900 MHz radios, such' as e 

,1, 

29. 

a) 

b) 

c) 

d., 

a) 

b) 

wi ndshi'e,l d wi per causesprobl ems? 
" ~ ~ 

~ra~;ng' problems? 

sirens, p.a. ~auSe problems? 

none of the a~ove, but~_---,-_______ ..,........_ 

Do you hear tones when you are' rElce'Ning?' 

, \~ 
Do these tgneschange pi~)c~:? .., 

c) 

dr 

Does thi s change match a,)chaog~ in your 
vehicl e speed? . ',1 

'.,1 I.e 

Does this tone phenomena annoy you or 
interfere with,1recepti on? 

',,;' 

b 

compared to 
other systems 

o 

No change Yes 

o. 

03 
c::TI 
OJ 
1":""':1 
Li-fLl 

[I] 

IT], 
. {) 

IT} 

CJ 
CJ 
CJ 
J=:J 

ly 
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== =---, 
f) 

() Jil 

Compared. to 
" other systems, 

, .. 

30. 00 you have dead spots wherE!, 
0' 

a) you canlt 'hear dispatcher? 

b) ,youcan't hearoother units? 

c) d1spatchercan t t hear you? . 
'"~ 

() 

~here ar~ these ,~pots?-.;.,. _________ _ 

.::,' 0 

31. Are these dead spots, \:, 

a) in 
t.':';; 

bUildings? 
.~ ... :::n 

~:;. 

b)' near buildings? 

c) 
D 

in basements? 

G, d) in wooded areas? 
" 

e~ in s.uburban areas? 0' 

f) in areas? " 
v open 0 

g) near base station ( transmitter site)? 

. ' 0..' . 
32. How do you, get the message ,through in these spots? 

" II 

a) 

b) 

Move short dis,tance(10'0~ less), try again? 
~. 0 

,) 

o 
Move t~'irdistarrce (100' approximately), try 
again?' 

'.l Il \' - .:~ (.~ () (~'. . i) 

c) Move greate~;'distance? 
-,.J IfJ ;.j D 

'd)' None of the t'above'? ~\, 
'iii· ,} 

o 

:) 

(( 

o No change Yes 

~ 

[}] 

Cl 
[I] 

0 
c 

"LJ 
CJ 
CJ 
c::J 
c::;] 

CJ 

C)" 

LJ' 
o 

ITJ. 
IT] 

UJ 
CTI 

<J 

UJ 
OJ 
LiJ 

P:J 
OJ 
[J;J 

CJ 

[]J 

.UJ 
C6J 
CiJ 

.. 'q:J 
::;',-:.',~, ::~ ... 

m 
OJ 

'" 

1~ 
\) 

ctr 
CTI 

,.\p=J 
[§lJ 

[I), 

[II 
OJ 

o 
Cl 
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I 
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I 

" 
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41. 

JI 

• >",. 

U ES IG N 
q' 

AGENCY_~R.;;;;:e=s::;Jpo;.;:o~n==d:.:::e:::;n=ts::..:...: ~O~r.!::a~ng~e~C~o~.;..s.I_·· '~CA~' .-' ___ ~,..;l::-' . ____ -.,.,. 
.' Mia:ml., FI.. -1 

YOUR NAME __ --...:--'o"'· ...... · ___ ..::C~h;::ic~a::,cga.::::o..L1 .-:I:=L:..--__ -_· .=1..-........;.. 

YOUR JOB 
--~----~~~~~--~-~~------~ 

11 h" 

e /I 

l~hat specific judgments or empirical extras did you use in designing for 
coverage of your900MHzosY$tem? 

Descri be Test sites were • existing. sites. ' 
Chicago - channel loading criteria 

- system response time 
- a~te~na Aeight gain 

Maximum allowable power for site. 

Miami-none!: specific 

42. , What fade margins did you use for path r~l iabil ity? 

Describe ii 

--~------~----~--------------------~----------~~--~:~-----l 

43. What s5gnal strength or power at the, antenna terminal did you use? 

Describe Orange Co. - 500 watts directional (away from Mexico) at Santiago Pea~ ,) 
.,.. 200.watts directio~al at Lomas' 
- 35 watts -- mb.biles " 1\ 

Chicago ., - 74 watts . at antenna 
Miami - none specific, o 

44. ,What field intensity did you, use for 50% reliability? 

Describe Orange Co.' - none ~pecific 
(/Chicago - 99. 530'\teliability required i! . 

Miami - none specific 

45. What receiver threshold did you us'e?-' 
o 

" n 
Describe Orange Go. "-none' specific 

, Chicago ...; O. 35MV::::;:;iZor20 dB. quieting" 
Miami ... nones#,acific 

Yes 
" 

No 
'"' ' 

46. Wer~J these level ~ adequate? ' 
0 

Chicago J.r1 0 I' 

< 

Wh.ich o'nes are proven conservative? 

~) 

;~~.:-

'" 

t"a '. " 

.. ,. , ¥ : '9 ..,,:. 
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.~. 

,!c 

ii' 

_ C? 

~, ';;"! 48. Which ones were or should be changecU? 

C)C1 

jl 

.\"'? 
~( 

Describe 
--~----~--~--------~----~--~--~--~--~--~----~---------

, " 

" 
" 

D 

Yes No 

49. liJ-Iasthe noise contribution~pf. the vehicle proven significant? o ill 

tJO_< What Turthe'r tests or exploration would you like t6do? 

Descri,be 
--~------~~------~--------------~~--------~--

51. Have you used the E~c:aliburantenna? u 
52. If yes, how does it compare to a standard 1/4 wave cSpike? 

Unknown Same Better Worse 

,0 o LI 

53 •. Do you have any comments concerning coax connectors? , ' 

"UHF" series conpectors "stink". They are rugged~"6utpoor'at UHF. 

Type "N" 'connectors should be used. 

. b 

1/ . 
,54. Comments ,concerni ng down-ti 1 t gntennas? 

CovEirage beneath antenna -should beimprov~d .. ~ Co-channel interference should be 
o 

li r~euced;';' -from past experience in Orange Co. Down tilts' did not work at 460 MHz 

in 'Chicago. 
ij 

55,. cormfents conCerning coax? 
~ . "\'1 

".:.- , 

",-

o 

__ "f? 

High quality'coax such as'sol:i:d copper jacketed "Heliax" should "be used. 

o 

'.) . 
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I QUALlFICATION QUESTIONS o 

'I DepartmentS-Respondents: OrC!nge Co. ,CA - 7 
Miami, FL - l' 

NarneChicago, lL - 1 

I 
";.' 

',. I' Engiheer/T~chniciah Sometimes Yes' No 

I #60, Q. m W 'Are you employed as an engineer? 
.. 

I 61 

I 62, 

I 63 

'I~ 
64 

65 

I 
I 66 

I 
I 

67 

Q. 

Q. 

Q. 

Q. 

Q. 

Are you employed as a radio service technician? 

Do you regul arly work with t,he 900 MHz systems= 
or components? -

Do you receive the equipment for service directly from 
the police officer? 

Do you obtain the symptoms of trouble directly from 
the pol ice" officer? 

Do you fin(;{'the trouble is generally indicated by the 
symptoms? 

Are these different troubles/symptoms other than band 
radios? "" 

!rn~ 
\"5 

f"2l '-""-' 

OJ 

Same 

rn ,:3] 

" m :JJ 

W : 7 i 

W CiJ 
. .:::;.' 

[jJ W 

[jJ [1] 

Mo,re Less 

Q. Do the pOlice officers have mor~ or less complaints 
abo\Jt the 900 ~1Hz equipmentcompared to your previous 
system?;:, 

~ ::;:;:. 

Q. Are these complaints because of 900probl~ms? DO 
III 0 or just because 'it is a new system to learn and use? 

r , 

Q. What specific prOblems about this new (900 MHZ) systemcause·yOU concern? 
IF 

~~ ~ -

Trouble-shooting andrepa~' is ' mo're' touchy, ,layout, of components, shadowing, 
" " ,'- " ,,"' ::' ,,',' ,'6', " .' " :, ,'Ii:' 
re'ceiver, reliability.' RS232 interfaces,. , Telco line reliability at 1600 bando-'-

, " -"', " - -': -' ' .., " 

Q. 
r, . -' 1" ,,0 :" -' -' .'1'¢ -' . ., " 

Which of tryese: prOb lEf11s shoul dbe passed; on tQLq' ~ity orcol.lnty user who is 
contemplatlng.golng 0'1'1900 MHz? " '. 

_ ' .0" h 0 

Systems planning con{~erns ,inter!ereftce .... free coverage., Superior coverage in 
" _& d, 

'urban areas~ 

-, 

" 

II 
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70Q. What specific training for a 900 MHz system should be given to: 

technici ans? Advanced t:t;oub1e-shoot±ng, st:t;ip line se:t;vicing -techniques, coaxial. 

components~ 1M J:eject1on, interference remedies ,""digital analog characteristics. 

~ ~ 

PQ1i Ce' o.ff'i cers? System propagationcharact~.ristics, shadowing remedies! 

dispatchers? Same as police officers 

eng; neers/des igners? Geographiccoyerage p113.Uning . "System interfaces ,coaxial 

component standards and pr9-ctices. 

7t Q'~ Ho\'1 long have you been a technician/engi neer? 
,. 

122 years total years 
17.43 years average 

Yes No 
]I 

72 Q., Are, you a ham? [II []]. 
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1 82 

III 83 

I 84 

I 
85 
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86 
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87 
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I 88 

1
89 
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·.90 
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, 
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" Department Respondents: Orange Co., OA - 7 
,Miami, FL '. - ~. 

Name Chicago, 1L - 1 

Dispatcher/Communicator 

Duties __ ~~ __________ ~~ ______ ~ _____ .1r 
i 

.:j 

Q. 

Q. 

Q. 

Q. 

Q .• 

Q. 

Q. 

Q. 

Q. 

Works regular shift as~dispatcher 

Works regular area board or sector 

Years as a dispatcher 

No . 

o 
" ,~ . 

"-;;;;MJ,L_-IIyea rs range 
total 

No ..-

What traj n i n9 s hou 1 d be °9i ven to· atl1 c~ dis r tc he'i' Who1s gO;"9 to Use 900 MHz? 

Know syste~'cap~bilities, spend~=t~Jewi.t~ ~at{~ol 'o'fficers, know the area, basic 

procedures: use of b~Ck"'up,eqtiipm/nt. .r . " 
/ II.' 

0,. • 

.. 

" .. ' , . : 
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:. 1- ,~ 
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I 
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el· 

II, 

SUPERVISOR 
" 

QUALIFICATION QUESTIONS 
Q 

o 
IT''''' <t, 

Depa rtment-....;R;.;;..e.-.s ...... p_oIl-__ .d_e_n_ts_:_' ~Or .. a_n~g_e-;C~o_ . .:.., _C-,A_' _-...,.3r--~ 
Miami, FL . - ,~ 

Name Chicago, IL ~ ~ 
~------------~-------'~------~~ 

o 

Duties 
--------------------~--------~~, 

I Sueervisoyf'Position (paMol Chief,Detective Chief, etc.) 

I 
I 
I 
I, 
I ;. c. 

,I 

I 
I 
I'" 

• -;::":Q 

',1: 

I 
I 

\ ., 

1. 

2. 
3. 

4. 

5. 

6. 

" 7. 

8. 

9. 

1 O~ 

11 ~'I ' , C' 

12 .. 

13. 

14. 

""i~.:.i""",", 

Number of officers under your direction? 

Numbe,r of patrol units under your direction? 

Length of time you, have been in this position? 

DOjoU write regulations and directives,? -

or··reconmend to others for adoption? 

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

Have you implemented any unwritten procedures 
b~cause of the 900 MH£radio system~? 

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

Which? Deployment? 

Operations? 

CO/TllTlunications 
~~.; ;','<. ';; 

procedures? 

Corrmunications techniques? 

' Describe 

'r 

Are ther~Do"ther" thangeswhi ch coul d be made because of 
the 900 MHzradi 0 system? .~~ 

0. 

c, 

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

.'.1 

,J) 

--~'--

Yes No 

@ D 
IT! 0<,:1 

D Ci1 

GJ 0 

CiJ . UJ 
0 UI 
tiJ 01 
D: ~ 
0 " [2] 
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2f 

"DD] 

[1';::0' 

~.!r 
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~. 
'0 

(I 
o 

:15. Oeser; be _____________________ .------. __ --<(J.. 

,i'-' 

B~tter 

o 

No 
Worse' Difference 
--\''f~) 

o 

I 
I 
I 
"I 

. ~;;' 'r: 

II' 16. Compared with the previous radio system,'"the 900 MHz 
o radio system is, ", 

I 
I 
I 

'I 

c.) 

c:J 

\l ~ 

17. 00 you bel teve the 900 MHz rad i 0 system is better, 
worse or the same in these respects ~ 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 
(;. 

~ 

area coverage 

reliability 

croWding of calls (channel loading) 

building penetration 

basement penetration ., 

,y0lce clarity 

equi pment characterL,stics 

ease of' operation 

I have no opinion. 

1 am not in, a position to evaluate. 
() 

().. 

" f) 

ITI 
" ITI 

27. . Are. there cautions about 900 MHz systems which shou~& 
o be. passed on to a city or agency planning to go to 

'I. this frequency ,band? . ; 

28. Some of these are,-'-"-__ ------------,-.---,.--

29. Are therebeneflts from 900 MHz systems that another 
, agen~.y should hear about,? 

Same 

rLl CI CI 
ITI CI CI 
IT] t:1 CI 
ITI CI CI 
ITI D' t=J 

,) D 

ITI CI t:l 
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ITI CI W 
CI C:I~ tTI 
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Yes N~ 
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3~ Some of these are 
----------~------~~~--------~ 

o 

~-=:!.....-"-;:) 

31. Do you have a means of documenting communi cat; ons 
difficulties over a period of time? 

o 
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