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" *. The Second.Report and Order in the proceedings relating to Docket No. 18262 published by the
-_ Federal Communications Commission (FCC) in 1974 promised.relief of the long-standing fregiency

. congestiofr .problems of the law enforcement commun{cations.community. Qncurrently, furdamen-
- tal- revisions to the procedures_and policies by which. law _enforcement agencies obtain access -
to the 900 MHz portion of the spectrum were made. . o o ¢ . Co

o

. N . . ) . . . . Y .
These proceedings allocated 30 MHz for all elements of the land mobile communications commun< )
ity, including law enforcement.  Of the 600 channels .possible-in this portian of the spectrum,

-..100 were allocated- for conventional systems, 200 for “trunked"l/ systems, and the remaining

300 held-in reserve. New ground rules were established for the assignment of these frequencies. -

’ . Block assignments reserving specified frequencies for designated classés .of users-such as law :
enforcement agencies were not authorized in this band. No provisions were made .for local fre-:
quency coordination. The procedufes.at 900-MHz call for the FCC staff to-use a first come,

’ first Served assignment technique based upon Commission-established. standards of channel ‘ioad-':
* ( g. The Comnission also mandated that all systems .requiring more than five channels’be -
.\ Mtrunked". < T - - x - AR - e
O I . : NN P . )
- ' These and related Goncepts were deve]opedey the Commission in recognition of the rapidly
= expanding spectrum”requirements..0f the land mobile communications community. 'Its stated
, - - intention was ta apply modern tedhnology to the problem of the:growing demand for a finite
©.* ‘amount ®f spectrum. But the impaﬁt of these policies, together with the &ngineering questions
-~ pertaining to the techmical suitalility of ‘this newly -available spectrum have, heretofore, not

. . béép_tonsidered-in light',of the specialized communications needs of law enforcement agercies. 3
" T In Febraary;1977_thé Law Enforcement Assistance Administration (LEAA) recognized that many
A ‘technithl, .economic and managerial questions ahout this newly évai]able'§pectrum and related

gl

3 - frequeBgd; agsignment philosophies must be answered ‘befoge the-potential benefits inherent in

.. DocketiNg. 18262 could be fully available to the law ‘rforcement community. Under LEAA Grant
-~ No. 77°S5-99 6009 the Associated Public-Safety Communicétions Officers, Inc. (ARCO) was res -
" quested to analyze thgse problems, make appropriaté recemmendations for future :actions, and

- . describg a progqgm«to’dembpstrate the pptential capahilities of thesg new concepts. -~
L N e - ’ " . e : ’ ' L C

[N () this study’ (called Project-16), APCO has_géterminéd that-these, frequencies do, in fact,
se pﬁésent’tpe opportunity for significantly improved SpectrumfavaiTSbility and -cqrmunications
. system perfarmince for law enforcement- agencies. -Conventional .type 900 FHz equipmégt;is now
ava?Tabig; It™is relatively.cost effective and functionally suitable for installation, main-~.
o _...tenance and operation ‘by many\]law enforcement agencies. The 900 MHz spectrum offers a major -~
" - ‘vopportunity to alleviate much of the spectrum congestion that has long afflicted the public- °
.. Safety communications community. _ : . ) I o
: Y ‘ M N C - . : , ' ’ u .
On the other hand, the present regulatory_envirOnmentIfbr.QOO MHz as established in Docket>
No. 18262 poses:‘certain difficulties that may-impede the effective utilization of this-vital
. & . portion of the‘spectrum. -The absence.of _hlock allecations, coupled with the elimination of the
<~ _requirement for local area coordination, can seriously jeopardize the implementation of inte-
grated and cooperative Systems. The firsticome, first served frequency assignment pol -
threatens potential, accéss to these ‘frequencies by the tax-supported members.of the la... .iobile
. - community. The rate at which the -business™and other economically-flexible elements of the -
¢° land mobile community are moving.to these frequencies raises-serious questions regarding the
.~ eventual availabdlity of frequencies for Taw enforcemént agencies. that are faced with the time-
‘consuming financial processes that must be complied with by tax-supﬁﬁrted entities.

"+ ¢ The question oY trunked system implementation by public safety-agencies has proven to-be highly
= ,complex. The ﬁgtentia1'for improved. spectrum utildization that might result from trunked .system
technology in the law enforcement sector has not been demonstrated jin 1ight of the specialized
. law enforcement operational needs; nor is thé responsibility of the taxpayer ‘to support these
' .. .~ potentially more costly systems, even if perhaps-they are more spectrum-efficient,- been estab- .
.+ Tished.. o - - , e . .

E}

L.

1/ See Chapter I for definitions. , 5 . : *
il - e : . : . , .
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. while 1mproved spectrum eff1crency may resu1t from ‘such systems, the degree of 1mprovement a
T~ "Tattainable seems. Targely dependent ‘upon the number of units “involved “in the system:” "Trunking -
systems with fewer than 300 mebiles offers 1ittle improvement in spectrum utilization. Trunk-
-ing larger systems, under present standards of loadwng, offers on]y marginal 1mprovements in

\

{poss1b]e channel ava11ab1l1ty - oo . o

,Ll&t]e spectrum-related beneflt derives from trunklng heav1]y loaded channels. Improved spec-.
trum utilization is not likely to result from trunking thé existing number of channels of a
: major metropolitan system that is currently loaded with 100 or 150 mobile units, ‘per channel:
> Overall increased spectrum utilization, while maintaining a present or an improved Tevel of ~_.“_\\\J
© . service in such systems, is more 11ke1y to occur in large municipalities if\multi-agency sys-
+ '« tems can be develoyed. Systems in which the communications needs of several (or all) agencies’
of a given unit of government could:be united, such,that lightly loaded channels can be com-
bined with the heavily loaded law enforcement channels (incorporating the time phase difference
.. §f periods of peak loading), could provide opportunities for improved spectrum utilization: by
\éhs1ng trunked techniques. Similarly, the combination of several agepcies of different but ~
5 contiguous units of government also offers the possibility of providing the,system size-and
channel availability needed to make possible improved spectrum utilization through trunking.
-Both of these options present significant manacement, ‘political and econom1c prob]ems.

s

A most 1mportant result of th1s study has been the 1dent1f1cat1on of s1gn1f1cant1y 1mproved
operational possibilities that are inherent in the trunked system concept. Such systems,.em-
~ploying digital address and contral channel techniques, make possible system configurations
+ that>offer greatly increased flexibility, multiple address system organization, automatic . .° ;
pr1or1ty designatprs, multiple System control points, channel redundancy ; flexible system ex-
. pansion® capab111 jes, and other advantages yet to be identified. These techniques can great1y
enhance -the functional capabilities of law enforcement communicatians systems. The trunked "
system concept currently mandated by the FCC offers the poss1b111ty of._ sat1sfy1ng law enforce--
ment cannhn1cat1on§.needs for the ‘mext several decades. : < Y

~

- Project 16 recogn1zed that the technolog1es nequ1red to 1mp1ement these trunked systems exists
today. .The principal 1mped1men{ to their immediate application,is the need to tdentify those
necessary functions that this technology can provide and to conf1gure a system that demon--
strates the -improved operational tapabilit<es that are possible. Project 16 cong des that .
the federal government should provide the initiative needed to. devefgp a demon: ration system -
that will make potent1a1 users aware of its capab111t1es'and resolvé those eng1neer1ng ques—
tions inherent.in-the implementation of new techno]ogles. . |
The study recpmmends that the federal government initiate a program-to deve]op a model'trunked
system demonstrating those operational featyres havipg” particular appllcat1on to law enforce-
ment cannun1cat1ons needs. It also recommends that the federal government absorb thecosts..
_ associated with system deyelopment, test, and technoidgy transfer,“and that the selected model
- commun1ty bear those costs associated w:th hardware manufacture and 1nsta1]at1on b . -
L T Al . < -
. PrOJect 16 has answered many d?‘the questions relating to the opening of the 900 MHzZ spectrum -
- to law.enforcement communications needs. It has pointed put certain regulatory areas that need:
- - modification if these frequencﬁ%s are .to be most effectively used. It has-shown that the ™
equipment needed for. ‘copventional, traditional type 900 MHz systems s ayailable today. . But
perhaps of most importance, it has pointed out the potential of trunked, 900 MHz systems' to .
exploit existing technologies in a.way that will provide new systems conf1gurat1ons that: wlll ’
accmnnodate the operational needs of 1aw enforcement agenc1es durlng the" comlng decades. o

- N - .
’ . : 3 . B ¥ (’ N
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" ‘'was- a 'landmark event in the history of mobile radio in the United State:.™ B

—wy

s

M_A,Mm““u_»m,u~,_;;gumi',iwjnzﬁgpqgr}gﬂwmh_mwﬂmwﬂg i A N e _
;The'OSening of the 900 MHz spectfum'for use by the }and mobile radio cc wunity
Federal Communications €ommission in its proceedings in Docket h.. 18232

by th 8z

v
this action the FCC almost doubled the amount of spectrum available to tr~ ":nd.
mobile radio services, offering a long-awaited hope of relief from constraints
on system design *caused by the limited number of‘available frequencies..

In this proceeding the Commission laid a foundation -for the future of mobile
radio. It authorized the development of “cellular systems" which may some day
make possible the establishment of-a mobile radio system able to serve the gen-
eral publtic .much as the public tel~ohone network does today. It set aside

40 MHz for the development of th+-ec ~2llular systems. ’

The Commission provided for the gruwth of private land mobile radio systems by
establishing two 15°'MHz bands (806 MHz to 821 MHz for base only; and 851 MHz

to 866 MHz for mobile only)l/ for use by the land mobile radio services. ' This
30 MHz provides sufficient spectrum for the eventual assignment -of 600 two-way
voice channe]sliq the land mobile radio service. . AN

. - ] ¢

-In this dction the FCC did “much .more than authorize much needed spectrum for )
land mobile use. It radically altered many of its long-standing/.concepts of how
this spectrum would be managed and how these frequencies would be assigned. The
Commission did away with block aliocations at 900 MH:z. That cpncept, long in
use in the lower bands, reserved specific frequencies cr g-cups of frequencies
for use by.specific services, to the exclusion of-other usc-s. In lieu of this
block allocation concept, the Commission establishez - "f ‘st come, first
served" frequency assignment procedure whereby all authorized users, regardless
of service, would be assigned frequencies by the Commission staff in the ‘order .
of the sequengé of their license applications, based ur~»n channel loading stan-
dards established by the Commission. : - - - . -

-
- - ~

The Commissi also mandated that the larger systéﬁs (tnose with loading re-
quirements Hustifying thé assignment of more *“-cn’' five channels) must. employ -
trunked 2/{/ system technologies.. -These trunk.: systems would be based upon -

. automated-computer controlled switching technologies that could instantaneously

select .an Uoused channel from among any of those 2ssigned to the system, rather

~than rely upon discretée assigmments of channels tc individual-wmobile units or

R

_ groups of units. . j . . . C .

" The Commission explained in the Second Repo#t and Ordér:fesultihg from Docket

< No. 18262 that it was pursuing these policies in -the interest of increased

. . . T -/ . . ) -
.2/ . For definitions of this and similar terms used.extensively in th{i\Docket, see Chapter I:

"spectrum effictency" and improved spectrum management. "It made clear in public¢
statements made in connection with Docket No. 1Z262 that it foresaﬁeg great-
growth in the demand for -mobile -radio systems, and that in view the finite -
1{iits of the available spectrym, the Commission was determined to_exploit the.
resources of technology.and management policy to best use the available spec-

trum. - _ N

e : N ~ ' . . o N .
The Commission reco;;kzed that the-trunked technologies it had mandated are -
1ikely to be expensive and, ‘in:some cases, might only be‘justified‘by’some~form»_

~ 7

\

1/ This newly available. spectrum has been referred to by several appellations during the
' development of Docket No.18262. -Technically, it is a portion of the UHF band and.cur-
rently it is frequently- referred to.as the "800 MHz" hand or the "860 MHz"-band. During much
‘ of the period in whi¢h Docket No. 18262 was active, the entire portion of the“spectrum under
consideration in that.-Docket wds whdely referred to as the "900 MHz" band. - In deference to
this historical precedent, this. Report will continue to use .that term to designate that portion
of the spectrum available for ‘land ¥pobile radio service use between 806 MHz and 870 MHz.

¥ . . T oo I-=1 . > -
. . N . - . -



«

of cooperative or common user mainagement organization. To this end it author-
-{zed--the-establishment of -Special--Mobile-Radio Systems, or SMRSs- - These SMRSs- — - —
would not be licensed as common carriers regulated by State Public Utilities
Commissions. They would be authorized to provide base station services to only

those users who are individually licensable in their own right. '

-The complexity of the Docket No. 18262 proceedings posed significant questions
concerning\the Commission's policies affecting spectrum management. While these
innovative policies had long been discussed in the near decade-of argument

preceding the publication of the Second Report and Order resulting from Docket ~

No. 18262, the impact of these new policies upon the special needs- of the public
safety sector, including the/ specialized needs.of law enforcement communica- '
tions, was not. clear. What are the. effects of the elimination of block fre- -

quency allocations? Of first come, first served frequency assignments? Does -
the Commission have the resources to support the frequency assignment program?

Will frequencies be available when tax-supported agencies have finally obtained - N
funds for system implementation? ' - ‘ T :

. - .(“-o

As with any innovative technology, engineering questions need answers before new
systems can be installed. What are the propagation characteristics of these
frequencies? Is equipment avajlable and what will.-it cost? Can it be maintain-

sdlgs;?g?ava11ab1e skidl levels and test equwipment? s it safe to operate? .
elfable ; - S .

The mandating of trunked systems technology raises additional problems . for those
considering designing large systems. What are the potentials for improved spec-
trum utilization? How many trunked channels will be adequate to replace a given
number. of conventional channels? What is the availability of the.equipment? -
How. will such systems work, and what will they-cost? 'What will it cost to de- .
velop and demonstrate the technol@gy and who. should pay for it? What rale will
the SMRSs play‘and how can they be applied to public safety. needs? .
J ; : -

A related family of questions of special interest to law-enforcement and other

public safety agencies springs from the operational potentiglities of trunked
systems. Given the development of this concept of mobile sommunications system
design, what are the possibilTities of new approaches to equipment design and -
system configuration to improve the opeérational capabilities of the using agen-

cies? ‘Considering the developmental "break point” inherent in the introduction - ,
of trunked systems, are there other techanogica] or conceptual innovations that .

might be introduced concurrently? - ., * .
. . o

The Law Epforcement Assistance Administration (LEAA) recognized that these and- = h
related questions must be resolved before the newly allocated 900\ MHz frequen- = <
‘cies can be fully applied to the introduction of modern law enforcement communi- - = ',
cations systems that are responsive to the growing demands‘“being imposed upon

them. LEAA also recognized that the adaption of the technological potential to vl

the command control needs of the law enforcement community-would likely call fo;) .

a comprehensive, formal development program that included scheduies, budgetary -
estimates’, and identified mana%fment, fiscal and technological responsibilities.. .

In Februmwary 1977 the LEAA provid@d Grant No 77 SS 99 69009 'to the Associated

Public Safety Communications Officers, Inc.. (APCO) to develop answers to these:

and retated questions. APCO was?qlso called upon to outline the objectives, -
schedules and costs associate th a program-to demonstrate the operational:

and technoloagical capabilities-inherent iﬂ-the tnunkgdfsyﬁtegrconCept. o .

J 3 il ) L 1 -
APCD, as the oldest and largest association of public safety communications
supervisors, operators .and _technicians, possesses special capabilities in this
area. With its voluntary m&mbership that includes system user responsibilities
operational experience, and technical expertise,.it.is in a unique position to O
provide policy level insighkts and technical® judgments, unbiased by-é€conomic - - L
self-interest, moderated by the awareness_that its members will be those most

affected by tﬁe'co;;]usi ns reached. ® . : _ -
/ . . .

S : I-iid . .
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To accompl¥sh this task, APCO established a task group compFised of -the' Boapd. -
of .Officers assisted by the Association’s Executive "Directo¥ and-the Project.
“Directar;, to provide overall project supervision and‘'policy-level represerta-
tion .of the Association's membership. A second-tasg'§rbgp,-made'Uﬁ of mernbers
selecteéed for their engineering skiTls_and'operationa];éxperighée;”was organized

-'to ‘provide technical guidance. Seminars were-condycted=gduring the’ regularly

.. scheduléd Regional Conferences 'of the Association duringf@hich the memberhip

-

‘particjpated in discussions with Project-personnel: to’.pravide insight into the -

.Tssues presented. A mail survey of the vendor community*was ‘made to determine
the status of equipment development amd likely projected-costs., Project .person-
nel participated in.conférenceﬁ-with_representa@ivés of »:the engineering and ‘man-
agement staffs of several major vendors-to detérmine the status . costs, poten--
tia)] problems, and opportunities that“they belieéved might.-be associated with
trunked system implementation. APCO's retained legal firmjyof McKinnon, Wilkin-

_.son and Kittner provided a summary of the regulatory background considerations

.

and-an overview of the final Report .to assure conformance.with regulatory con-
cepts. .A Project Director was assigned to the Natiosial Office of APCO,-working

-Under the general supervision of APCO's Executive Diregtor... ®

The Répdrt'is presehtéd in fiVé’Chhpteté’fhat describeutﬁe'CUrfénf-regﬁ]atory

*j~?a£ﬁmvironment, analyze the applicability of 900 MHz to law énforcement communica-

v

.. plete assimilation.at one. time difficult."

“tions, present the conclusions and recommendations that result, and ommends ,
a program for demonstration of .a working system. The first Chapter.presents the
“historical, regulatory and litigatory background of Docket No, 18262. The sec-
ond presents those factors, peculiar to the 900 MHz spectrum and the regulatory
environment created by Dogket No. 18262, affecting the applicability of this :
spectrum to the. satisfaction of law enforcement needs.. Chapter III describes
the operation of a law enforcement communications system and how trunked commun=-
ication systems work. This discussion provides a basis for understanding how
these new technical and regulatory concepts relate to law enforcement systems
needs. Chapter IV lists conclusions developed by APCO regarding.these issues,
and the recommendations associated with these conclusions. For the reader's ,
convenience, the recommendations are summarized at the end of the Chapter. The -
fifth Chapter establishes the objectives to be attained by-a demonstration sys-

* tem, and describes.a five-phase demonstration and technology transfer program,

including cost estimates and schedules.

The scope and complexity of the material presented in fhié document makes com-
Each Chapter has therefore been pre-.

;if:lparédfsuch that it may be.read alone: While this approach results in some

<
o w

redundancy, it Ts hoped-that it will imprové its usefulnessas a source of
reference materia11,2)' e B . Sy , o

‘Since the initiation of this Prbject,'the'CommissiOn'haﬁaégéh:fit to,rééognize
a number Of the -regulatory and spectrum management-issues-that now affect the

~ land mobile community. In its Docket No. 212295 published in June 197775 it

asked a number ©of questions.regarding spectrum management proceedings, fﬁequgnpy
coordination, and similar issues. APCO's response to this Docket, included as ..
Appendix I to this Report, presents a comprehensjve'overview of- its-position on

" . these subjects. L R o _ N

The following. document provides APCO's response to,.the issues and- opportunities

presented by the:proceedings of .FCC Docket No. 18262 as viewed from the perspec- :
tive of- the public safety community in general and the.law enforcement commun-.y:
ity in particular. . It is’directed toward the management level communications )
system executive. ‘While it is written in non-technical language, it assumes .

 familiarity with fundamental mobile communications concepts. A Bibliography is
inciuded -to provide source material for those ‘interested in-pursuing the tech- -

rical-analysis upon which the report is..based. e T : - S
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g : - THE 900, MHz REGULATORY BACKGROUND AND ENVIRONMENT ™ . A%
1. - . INTRODUCTION" ST e s e e
» .‘l s o ? ° .l- N .\ ’ .- ' 7 il "?_-':..- < ’ l“- : l‘ .‘. "‘;&"‘ -7 o s
1.1+ GEMERAL ... - o .0 Ul . T e
"In a proceeding titled "An Inquiry Relative to the Future Usé of the . |

A Freqyency_BaﬁH 806-960 MHz", ‘the Federal Communicatlons Commission taok =
steps"to.open a major segment of the rddio spectrumsfor public-safety

., communication systems and ether members of the land. mobfle radio com-

.~ munfty.l/ - Within,the new spectrum allocation, the Commission determined }
‘tosrequire innovative engineering techniques and methods of frequency -
assignnients among radio-systems as well as to continue-some ‘features of

stablished technology. and spectrum nmanagement systéms. -The stated: pur-
pose of these FCC actions was to devise and implement radio systems_ and
technologies that would use the newly available spectrum with. hitherto .
“unachieved efficiency while offering a wide .range of choices to eligfhble

., < '-spegctrum users. . - s : - T

- To this eqﬂh"the FCC 'did ‘not 1imit the-availability of 900 MHz frequenz -
R .cies to-the conventional individual and cooperative type of systems now
Vs prevalent in other mobile bands ~ although such use is permitted at =~

e 900 MHz. Rather, the Commission encguraged the use of "trunked” or .

~ camputer-switched technology in private dispatch systems, in which'many -

"- users can share a number of.frequencies by use of.computer controlled
channel-switching. Since these trunked systems might be more .complex
(@nd‘therefore more expensive) than single radio users might need or
desire, groups of eligible users and new, profit-making "Spenialized \\

.2

‘MobiTe Radio Systems" (SMRS) weire encouraged to design and operate.
multi-user”systems. For-public mobile telephone service 2/, the FCC
: : .mandated the provision of public mobile telephone service in the "900
- . MHz" band by sophisticated “"cellular®” systems that featured simultaneous
: use of frequepcies by small cells distributed throughotdt an urban area.
=+  The Commission's past practice-has been to allocate blocks of the radio
: spectrum to .radio services and then rely upon private radio service
coordimating .committees for thg actual frequency selection. In-the case

2 - .

.1/ The Jand mobile radio community includes all users of mobile radio or portable radio. units .
~ which communicate with base stations at fixed locations or with other mobile units. In .
addition to public safety radio users, major members of the land mobile community include bus-
iness and industrial users, taxicabs, railroags and transportation companies, petroleum and =~
' energy companies, all of whom use radio for their ,internal-needs. Telephone companies yand
ragig common carriers also offer mobile radio service and one-way radio paging service 'to the
. public. Lo - - . . : L SR '
K A

-~ -

" 2/ -Thé distinction between public mobile tglephone service and private dispatch service is a
. ‘constant refrain in the 900 MHz area. “Public mobile.telephone service offers two-way com- "
munications between a-mobile unit and any landline telephone or other; mobile unit; generally,
public mobile telephone service is used for personal or businesg conversations of 3-4 minutes
or more.~ Public service is offered by -common carriers who are regulated under Title II of the o
. Communications Act and Part 21 of the FCC Rules. Private dispatch service, on’the other hand,
“*1is a valyable tool in the internal management of a business or government organization, and it -
_.is ysed only for communication among officers and employees of the organization: E - :

. Typically 4in dispatch service, a controller at a dispatch center communicates with'a fleet

- .—gf vehicles or employees in very brief (roughly 5-8 seconds) transmissions related to the
business at hand. Private radio-systems may ‘be operated by any eligible organization, as . :
Specified-ianarts'&gf(Pub]ic Safety), 91 (Industrial), and 93 (Business and Land ‘Transporta- .
tion).of the FCC Rules, provided.a Ticense is.obtained from_the FCC under the applicable pro-
s bisions of the Rules. R . S . oo
e . T . ‘ SR § 1.1 . T i~ '
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’h\of 900 MHz appllcat1ons, thﬁAComm1ss1on determ1ned to have zts staff ‘\ ’ '
‘m&ke all théhfrequency ass%‘nmentswfnom_onemqpmmon pool of frequencies, .

i nk 1ud1ngf%hose channels. t& be shared by licensees, where such sharing. -

might-be necessary to achieve the -level of channel usage,’ 1n terms of

the numher of mob11e un1ts3 it has set .as feas1b1e and des1rab1e 1/

RICH The Comm1SS1on s decisiaons, for" the, 900 MHz band were tbe result of a

..~ . concerted effort by .the regu1atory offtgga]s, with substant1a1 support -
..+ -from the tand mobile 1nﬁustry, to.'go beyénd the- patterns of the :past’in

- the- hope of acﬁ1ev1ng a more’ effect1ve and efficient use of the "900 MHz

= band. ' "In particular, the. author1zat1on of the prof1t-mak1ng private . . ..
- entrepreneurs (SMRS}eto provide multi-user service and the selection of'_
— - a11 frequencies in.Washington were decisions by the FCG designed to h
.Shape.the techn1ra1 and organ1zat1ona1 future of land mobg]e rad1o'

B . us€.2f 4 _ B
", Because of the broad scoge of the 900 MHz proceed1ng, however, ‘the FCC
- did not explore or.deterfiine the- prec1se app11cab111ty of its decisions
4 7 té any. part1cu1ar radio service such as the publig safety.radio _field. - .
. Inm this study.the Associated Public-Safety-Communications. 0fficers, Imc.
(APCO) proposes to evaluate the effect of the policies established by
" the FCC for the 900 MHz band, including the applicability of “the ‘New
- system and technology contemplated by the FCC for @se in thathand,

- on tax-supported public safety radio users.. It will evaluate @he ut11-
. ity of "trunked" technologies for multi-channel systems and the. poten- —
. tial of non-profit and profit-making suppliers that might be set up to . °

; o provide these {{unked‘systéms In addition, it will evaluate the prac~

- tical effect dg the. decision. to abandon..block or pool  frequency assign-: =
- ments to- part1 ular radio services: and to remove frequency ass1gnment :
' and coordinat¥on from the private radio committees which have been an
integral p&rt of public safety radio planning -anid use.3/ As part of -
this latter point, attention will be giveh to the staff method of
se1ect1ng frequencies by "vertical stack1ng“'of systems -on each channel

s

. in, turn and the resulting "first come, first served"” licensing apparent- ‘o
© 1y without deta11ed cons1derat1on of the systems to be p1aced on each oo
' channel. -4 . . _ . - : :

. _ . Lo Sy
1 The basic p1an for the. 806-960 band was\announced in the Second Report and Order, Docket _

. No. 18262, 46 FCC 2d 752 (1974) and aff1rmpd'1n a Memorandum Opinion and Order on Reconsid- .
eration, 51 FCC 2d 945 (1975) The United States Court of‘Appeals for the District of Columbia
Circuit upheld the FCC in National .Ass'n of Regu1atory Util. Comm'rs v. .FCC, 525 F 2d 630 (D.C. . -
Cir. 1976). The Supreme Court refused to review the Court of Appeals decision, {legving it the .
Sinal word from Jud1c1a1 author1t1esypn the FCC dec1s1ons in Docket No. 18262. C(Cert. denied,

. 425 u. S. 922 (1976) K _ R _ . . ?E:?f"jf——‘t

' _/ Subsequently, however, the Comm1ss1on has apparentily reverséh jts decision to delete the -
s rule of the local frequency coordinator.in its entfirety. .Practices and Procedures for

: Spectrum Management in the Land Mobile Services are gbverned by Parts 89, 91, and 93 of the-

- Commission's Rules and are’ the subject of Docket Nes 21229, Notice of Inqu1ry, reieased May.;7

1977. For APCO's Comments on this Docket, see App ndix I.

! -

3/° APCO performs ‘the frequency coordination, work for many.. pub11c safety and 1oca1 government
radio systems applying for chamnels in the 150 MHz, 450 MHz, and-470 MHz bands.. In .Docket .
.. No. 21229, however, the FCC has begun a broad inquiry into frequency assignments in ali.land
mobile radlo bands and- into the role of frequency coord1nat1on efforts Not1ce of Inqu1ry, FCC
¥ 77-287, released Hay 17, 1977. - . _ - _ -

Q/ See, Cr1cago Spectrwn Force 'Will Be D1sbanded' bona1 D. Kavanagh, The APCO BUCLETIN,-
August 1976* : _ o S T
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- . CRart T.1-shows" th;/pr1nc1pa1 freqeency a1locat1ons author1zed in the
1%+ 800 MHz to.1;000 MHz portions of the spectrum S ST
| 'D}FINI’TIO‘N,S OF TERMS - -\ = | N ’j N

-

Through th1s pub11cat1on, severa] terms appear-wh1ch describe parts
of' the, FCC' plan foriradio systems Tn Athe 906G MHz band. . The fo]]og1ng

'def1n1t1ons are: provided for the conven1ence of the reader. e
t

Gommun1ty regeater' fa radio base (repeater) stat1on and antenna sys—
tem 1/ "~buiit and o erated by’ an.equipment vendor or other party who. 1s

N not :Ticensed by the FCC. The base:station and antenna facilities are - .
. " TeaSed to organizations eligible for licen3es under the FCC rules, and Ty
;:' ‘- these e11g1b1es -obtain a license for the base stationiand antenna, as . -
d C 5. well as mobilé units and F control "point from which the eligible's. rad1o,%

. ® fJ,  system will be operated. 'Since the community repeater equipment may be
S <+ licensed to ‘more than onexeligible organ1zat1on the arrangement is-also -
R : called- “mu1t1p1e 11cens1ng" of fac111t1es for pr1vate rad1o£;ystems.»

-

B Radio common carrier (RCC) entrepreneur who obta1ns a. 11cense for' -
. base station, antenna, mob11es and control po1nts ‘from-the FCC and then
offers mobile telephone serv1ce -apd oneiway paging service -to the pub-
-1ic., In concept, the RCC is requ1red‘té‘offer service to anyone who -
‘orders- it, and this pub11c offering distinguishes an RCC.operation from .-
the private. landgmoﬁile systems operated for the internal, business com-,
munications of the licensee. .As a general matter, RCCs.and telephone,
I - companies who offer public mob11e te]ephone service: and~paging serv1§§
e, . .are regulated by state utility commissions, as to their raggs and ter
' : of service and by the FCC (Ehder Part 21'of the Rules) for technical
: aspects of service. © . : , -
RS X ( - R ~
e Y Spec1a11zed mob11e rad1o system (SMRS) according to-the Reconsider-
. - afﬁon decision: : | ' L R
: o Under th1s category we w1ﬂ1 licerise base stat1on
T _— . facilities and make their use available (under certain
; ) restrictions andi]1m1tat1ons) to persons eligible in
the Public. Safety, Industr1a1 and Land Transportatron
~Radio Seryices./ The SMR system licensee may, in turn,:
make these facilities available to either an eligible
= jndividual or to. a number of e11g1b1e individuals in )
5° . one or more .of the service groupings set out at . .
Sections 89. 8&1 and 89. FOZ of .the Rules. . ' ‘ R AT %

S | -

SMRSs are expected to prov1de trunked systems for [ to 20 channe]s,
mobile un1ts and contro] ponnts»used with -SMRS-are to be licensed separ-
~ately to e11gib1e organ1zatwons The d1fferences between SMRS and .com-
munity repeaters ‘are ithe requirement for: trunked operations with SMRS _
~and the direct licensing of [the SMRS to operate the base station and
antenna facilities as opposed to 11cens1ng the community repeater cus-
_ tomer for the shared base station-and. antenna facilities. The primary
< - difference between SMRS and/RCCs -is the requirement that SMRS serve
S only eligibles in Parts 89,/91, and 93 and _not the general pub11c, a
- characteristic of SMRS operation that removes it from state and’ federal

. < e .
R common carrier reguIat1on. . o v o,

Convent1ona1_system._ a convent10na1 system in the Comm1ssion s def1n-

s ~ition is: ., -, ;.@
" * 1/ ‘The base/repeater station is called a mobite relay station in'thé FCC Rules.
& 4 h‘..:. ‘- - 1.3 -
v :
» . e Y :
SRR & £ o g .
N . . 2 < N M
- = o :




- T R T ~NT o e
. - - A method of operation in which one or more radio frequency ¢
.-+ #- 7 channels are assigned to mobile and base stations. but are . o
. -+ .7+ . not employed as a ‘trunked group. An “urban-conventjonal ' .
..o T #9.%  system" is one whose transmitter site is located within - e .
o w7t 15 miles ofs the geographicrcenter of any of the first 50 S - .
T Y Grbanized areas'?ranked-by population) of the United - ’ . -
© .7 4 - g States. - A "suburban-conventional system™ is one' whose - : :
L& .00 -7 transmitter site is-located more: than 15-miles from the . .

- . .

LM - 7 . geogra ic center of the'firs;f§b_grﬁahizgq;areas,f‘ -
;- Section89.602 of ‘the FCC Rules.~ - - -~ -
“A‘éonventional.system'ﬁust.be opefaﬁéa'by‘an:eJigible_orgahization or a
group(qfrgfﬁgibles.under,Parts’SQ,;Qﬂ?*agd 93 of the FCC Rules (the . .
private Tand mobile radio’services), but¥ome equipment may be supplied

and operated by an.equipment vendos* as a community repeater facility. .- - -

L If more-than.one;chanhél-ﬁs,involvedﬂﬂq}conventionai system operates by
.discrete assignment o¥ chdnnels for specific periods of-time by manual

" means. A conventional system-at 900. MHz Y/ Timited to five or fewer ‘

. . - channels under current FCC Rules; larger systems must use "trunked" or - =~

=<7 computerized--channel, switching equipment. . o . s

-

e

-‘3_ . ) . . . ; u_‘ - . . .'- .
Trunked system: -The Reconsideration_gpiﬁion_g1ves’thjs defin1tion:

S

.'.a N ‘E‘;' - .

T In simplest terms, a "trunked" radio system is a
~, .. radio ‘communication facility emploxing between . -
=¥ five and-twenty channel.pairs. Channel access by’ . -
- arly user at any time ¥s controlled by a computer
-~ - . MWhich.assigns that user the first available channel
. or places the *"call" in a waiting line until a cir-

» . % cuit becomes available.. * = _ C L
— _ , , . _ : A
Trunked technology can be used with any. system of two or more channelsa’

The:,FCC hasfrequiredéﬁﬁlfsjstems at- 900 MHz with more than 5 channels
to use trunked technology, based on the view that the switching tech- -
. nology is faster and more efficient than other-systems. Do

)
-
-t

P e

TN

. . N - . . » . : . » ) - $ .
. - Cellular system: a high capacity system in’ which -2 geographical. area is.-
{- - divided into. a number of smaller areas called.cells. ' Radio charnels are -

.assigned to each cell, and-non-adjacent cells share chanpels in order tc.

limit the total number of channels needed by the §ystem. ““Whena mobile

_ - unit using the system travels from one cell to another, its frequency °

T is automatically switched by the base stations to accord with the fre-
quencies assigned to each.cell. Under FCC -Rules, cellular technology .

" must be proposed for any public radiotelephone system planned for Lo

o 900 MHz frequencies.. Developmental applications and simplified:call or -
~ ' pre-celluldr applications will be accepted in the early stages of the e

—— . .

900 MHz ‘program. A
n = : , . A Qo ‘ S
Planned system:~ A planned system,refErswto a te]ecomﬁﬁhication network
configured: to integrate the policies, procedures, equipment, and person- !
‘e1l required to fulfill the communication.requirements of tax-supported
public safety entities.. Such systems normally involve extensive.time -
for requirements definition, design and funding approvals, procurement,
implementation, test and cut-over. They are usually designed to satis-
fy the total communications requirements of -one or more tax-supported _

‘. agencies. ~They frequently involve coordination of responsibilities of -~
several agencies or levels of government and require the commitment of

financial and spectrum resources for protracted periods of ‘time.

- . . . . .
4 ) . . . . : ’
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;- 2.T%7  THE INQUIRY PERIOD'- 1968-1974  '- . . = - - g )
"7 "¢« The frequency band 806-960 MHz w5§fdrigina1T?.assighed for use by UHF-

T ’ : . A N B
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"  mid-1960's, however, investigations began into the-use of the UHF-TV..-

_’5%;l{ TV, certain industrial-equipment, and government ‘experiments.l/ By the
i' * ‘frequency band and the government frequencies for the relief of crOer&: a

e ! " “land mobile radio services. The land mobile community had outgrown

v

T " wriginal allocations in the -25-5Q MHz and -150-160 MHz bands, even thodghL
‘ ~ the-initial channels were s¥tit several times to achieve 1631 channels //'
. e in the same spectrum space.2/  Channels in .the 450-470 MHz band were _ ’

S -."é]]ocatedyig 1949, split in 1966, and.still crowded by 1968.3/ The

" need for additional.spectium for long-term relief was voiced in Con-

gressiona]”hearingsi:fo'ihe Executive Branch and to the FCC.4/ -

The searchffor new radioc space. to accommodate land, ‘mobile needs quickly.
centered on the broad allocation given® to UHF-TV, then a small and ‘une -,
, .successful service struggling with the preeminence of .VHF-TV stations.5/ . o
. -~ After considerable promoting from land mobile users and its internal ~r
’ Advisory Committee, the FCC announced two inguiries, one.proposing
sha#ed use of the lower portion of the UHF-TV band next to the 450 MHz :
land mobile channels and one proposing to reallocate the range of 806- .
. 890 MHz in the upper UHF-TV band for-long-term land mobile spectrum .. .
~ ~ relief. . = = o : : : . L;//f
7 - = S o S C . LN A
“.In the first inquiry, Docket No. 18261, the Commission proposed to allow” .
’ ~ lahd mobile -users access ‘to one or two of- the lower UHF chahnels (chan-' ’
nels 14-20 or 470-512 MHz) din the ten largest urban centers.6/. The:

e / . , - . e : - :
1/ The! UHF-TV. assignment of 470-890 MHz was made in 1951. The band 915 MHz + 25 MHz (890-940

. .MHz) was allocated for use of.certain industrial, scientific and medical (ISM) equipment in. s
1947. " The government also used portiqns_of the 890-942-MHz band beginning in 1958. At this o

time, “land-mobile users shared bands. See generally; Frequency Allocations 25-890 Mécs, 39 FCC .f*
567 (1964); Notice of Inquiry and Notice of Proposed RuTemaking, Uocket No. , 14 FCC 2d '

312 (1968). '

=2

42/ " Docket 182615 Second Report and Order, 19 RR 2d 1585, 1591-92 (1971); U.S. Dept. of

. Commerce, Electromagnetic Spectrum Utilization - The Silent :Crisis at 12-13 (1966). The
expedient of making two channels from one was possible because of technical improvements to

- radio equipment that made it less likely to transmit and/or receive signals removed from the o,
assignment channel. : ' L X :

K}
<

. . 3 . . ) ’ T . . ' . “ .

3/ See, Channel-Spilitting in the 450-470 Mc/s Band, 11 FCC 2d 648 (1968). In this time period
Tand mobile users grew from 12,000 licensees (J949) to 290,000 licensees- operating. three :
million transmitters. Docket No. 18262, Réconsideration, SIQfCC.Zd at 963. . -

>

.4/ The sz%Bt Crisis, supra; FCC, Report of the Advisof: ‘Coﬁmitége for the Land Mobile Radio
- Services (196/); Hearings on the.%llocaf1on of-Radio Frequency and 1ts Eiffect on Small Bus-

- iness, before Sub-committee 5 of the Select Committee on Small Business, 390th CongresSy 2d
. Session (1968); Report of the President's Commission on Law Enforcement and Administration of -
Justice- (1968. . . — - - ‘ - ] ) T

5/ In 1951, the FCC allocated 420 MHz to UHF-TV set up as Channels 14-83 to-augment ‘the VHF
-7 Channels 2-13. By 1964, however, only some 200 of the 1550 available UHF channels had been
" applied. for. Frequency Allocations 25-890 Mc/s, supra, 39 .FCC at 595. . -

6/ Docket No: 18261, Notice of Proposed Rulemaking, 14 FCC 2d 297,799 (1968). The lower =
o channeis,-470-512 MHz, weye chosen for limited, immediate relief because of their proximity -

to land mobile channels in the 450 MHz band and the ready availability of land mobile equip-

' ment for that band. With the remaining 69 UHF channels, moreover, the loss of-one or two . e
channels to land mobile use was not_cpnsidered-fata] to UHF-TV movement : L

1.5 .
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" - Commissfon stressed, however, that the 470 MHz channels Would provide
onty limited spéctrum relief. To insuré¥efficient use of the shared . . .
-.ghannels, the Commission insisted upon freqifency allocations to pools
: kindred services rather tha discrete,allocations .to each radio ser-
s -1/~s-In addition, the ‘Comgmission pledged ‘a larger role for. the FCC
7.0 tuiskalf Th selecting channels from the ‘pools and-enforcing certain optimal
. levels of mobile units. fer¥ each channel .(channel loading standards).2/ -
- Notwithstanding thése efficiency meaSures, the FCC and land mobite pgrt-
' ies recognized the need forextensive Adong-term reliéf through broader
- . ailocations and.more efficient radio technology. These objectives were’
set'as thexgoal™Bf. the Second Inquiry,-Docket No. 18262, reallocation of
; the 900 MHz band. | S L I ST
o EITOR L e o . o ’
U ~.In the First Report and Second Notice of Ipquiry in Docket No:. 18262,
- : theﬂtqmmisiﬁonﬂrejected a-deterﬂined-defengéaof-thé:upper channels. by -
_ broddcasting int¥rests.3/ A tentative allocation gave ‘75 MHz of -spec- ~
“ ,’trum to- the . wireline common carriers, primaridy -AT&T, for the develop-.
~ment of “cellular" mobile télephone systems that could.serve entire -
metropolitan areas.4/.  An additional 40sMHz of spectrum was tentatively
allocated to the private land mabile-systems of Parts 89,-91,.and 93 for
» " ~long-term spectrum relief and tﬁe'imp]émenthtion_of.?nnovative_sys\ T
tems.5/ Mn making jts initial allocations, however, the Commission.. . ‘
stressed the intended use of the mew spectrum for new and mere efficient -
"'~ .+technological--systems, despite the cost and effort required in develop- '
ing the new equipment: ' : ‘ : = Tt

‘-.J.J

-
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-1/ Docket No. 18261, Secohd Report and Order, 22 RR 2d 1691, 1693-95 (1971). The system -of
discrete assignments of a number of. channels to each radio service (police, fire, local
.government, etc.) was known as the "block-grant" method. Its virtues were the assurance of |
> channels for immediate use and for long-term planning by eligible organizations. -Since some
.services grew more quickly:than others, however, the block grant system produced a checkered . P
pattern of relative feast'and famine until:all channels were filled. The service pool concept ¢ . l;-J

- was meant to insure more flexible use of frequency assignmenits by the sharing of. spectrum among
related services.: In May, 1977 the: remaining upassigned channels in the service pools were .
aggregated into a General Access Pool open to all private-radio services. Report and Order, - [ °
Docket No. 20909, FCC 77-226, released.March 31, 1977. B - :

°‘¢g/'.;g; at 1698-1705. Notwithsfaﬂdﬁngzthié gbeater'étaff role, the radio service frequency
‘coordination efforts which facilitated channel assignp@kts in the 150 and 450 MHz bands
. were specifically endorsed for centinued ‘service with 4R ENHz channels. - Id. at 1704-05.

3/ "19 RR 2d 1663, 1664-68 (1970). The broadcasters, represented chiefly by the Association - .
o . of Maximum Service Telecasters <(AMST), argued that land mobile service was not growing
as rapidly as expected, that its growth could be accommodated by“more efficient spectrum use
‘and that the upper channels wauld eventually be used for broadcasting auxiliary stations. The:
. AMST studies were rebutted by The Silent Crisis and other studies cited, supra, and the Com-
2 mission rejected the AMST position. - ] . - - )
. - - . ' . . F , . . v
'4/ 1d.-at 1665-67,”1673. As early as 1950, AT&T had begun arguing for a large allocation in
- the UHF band for a broad-band, multi-channel, high-capacity system. UHF AlTocations, .
-supra; Frequency Allocation 25-890 Mc/s, supra. Tﬁe cellular concept for high-capacity public-
- mobiTe’service was discussed in The Silent Crisis and-the FCC's Advisory Committeé Report. ‘

1o«

Y

.5/ 19 RR 3d at 1665-66. -
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The Commission s hopeful that AT&T, as'wellas- = - . ° : v
athers, will undertake a comprehensive study of ’ o .- .
2 market potentialss optimum system configurations
. and equipment des{gn Tooking toward the develop- - LT
. ment and dmplementation of an effective, high e T e T
capatity’ common carrier-service in the band 806- . - . . . S
1N\, -+ - 881 MAzi1/ Parties intending to undertake such . | : S Z,
i . 1 < studids are requested to so indicate to the Com- o
\ -, mission within 180 days of the release of this T L
R o _action, ‘including therein their estimates as to . SN - -
- when such:studies, will be completed. - S '

ppanc e T T

+ . Interested parties are encouragéd also to submit -
. Pproposals within 180 days, with-respect to the .

- manner in which the frequency bands 881-902 and - . ) :
928-947.MHz can be most effectively used in meet- 5 ek :
‘ _ ing-thqineeds of the private.land mobile users. L e
s We are tooking particularly for-innovative tech-— - = : S -
- . mniques applicable to bands thus far uncluttered . , .

" by land mobile systems. S . ‘ )

. . .
' .
B R R
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19 RR-"at 161&:77<}empbasis_sqpp1ied)., . , . . .

-

The period 1970-1974, between the Second Notice of Inquiry and the :
. +}| - Second Report and Order, 46 FCC 2d 752 (1974), was one of study, debate,
o ._ i ' and development for the Commission and interested parties. AT&T pur-
C " -sued its plans for a cellular system thg% would allow city-wide mobile
. service by .re-use of a number of freque ies.2/ - ’ '
- A key -aspect of the AT&T plan was a comprehensive.system for all mobile %és
" services including dispatch services, and the carrier argued strongly
“for an allocation of 75 MHz.for cellular;systems offering public tele-
phonme, air/ground and dispatch _service on a common carrier bdsis.3/
- Non-carrier parties stressed the beneficial role of the presenti com- .
petitive system for both public and private service and argued as
astrongly that the wireline carriers should .not-be permitted to extend
" ! “Ytheir monopolies over all mobile telephone Service and-dispatch service
3. . by means .of the unprecedented 75 MHz allocation and the monopoly re-
sources of- the Bell System /. mos e S

e .

.
ER T ~pmmpmaesre S L
. oot

m~ s

B 1 ST i

e

1/"The band 806-881 MHz was tentatfvélynallocated to;the'pub1it mobile §efvice because the'.
Commission considered its location away.from the 915 MHz ISM band essential to an inter-
. ference-free public-service. . Second Notice, 19 RR 2d at 1674-75. ST e, R

2/ * AT&T Comments and Technical Report, Dec. 20, 1971; AT&T Comments, July 20, 1972. The
cellular approach as discussed by AT&T envisions dividing a city into many small cells,
each with a portion of the radio channels assigned to the system. Each geographic cell would
_be assigned the number of frequencies it was most likely to use efficiently. Thes frequencies
 would not be assigned to adjacent cells. Calls would be switched from cell to celN\{and
frequency to frequency) by central .computer switching-facilities connected by wirelines to the.
base stations serving -each cell. The base stations would operate at low power levels to pre-
- vent interferencé and allow re-use of frequencies by other cells. AT&T's original cellular
. plan envisioned the offering of public telephone, air/ground, and dispatch service, using at
~least” 74 MHz qf spectrum. Motorola, Inc. and RCA submitted studies and proposals for cellular
- . systems on a more modest scale than AT&T's.. ; . R

|3/ AT&T Comments, July, 1972. . .. LT,

" ke

4/ Comments of General Electric Company, RCA, and Motorola, Inc., Dec. 20, 1971; Comments of - I

.6E and the Land Mobile Sectibn of the Electronic Industries Association (EIA}, July, 1972s. -
Comments of the Justice Department and the Office of Telecommunications Policy (0TP), filed
August 17, 1973, were instrumental in persuading the FCC against the 75.MHz grant to the comn-
mon carriers. - . " _ - o .

s
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Mithin tbe private land mobile community,.'the debate centered on the

L method. of ‘encouraging most efficient use of frequencies while providing
L. e the users' needs. Motorola and’the Electronics Industries Association *° _

(EIA)s drgued for ‘a continuation of single user systems and a specific
~allocation .of frequencies for them on the grounds that single-user sys-"
- -, tems would bring-immediate relief. to the bulk of ‘land. mobile users.1/
¢ “Motorola, also defended the "community repeater* type of multi-channel ™
- - operation in which base stations are used by several licensees in con- :
nection.with their own:dispatching facilities or control points.2/. -

° . General Eleetric and RCA saw a role for larger single-user systems but
‘argued. that the more numerous medium and small-sized single-user sys-
2 tems would be served most efficiently through shared, muiti-channel
¥ systems. The RCA system followed a cellular model and offeréd 2 high
..~ ' .capacity system for'a given block of frequencies.3/ General Electric's
“.o:-o--proposalinvolved trunked or computer-switched channels that could- o
' accommodate up to 3000 mobiles per MHz with only 10 seconds—of waiting—=""=""_
_ v - A pedingEs ol o

time for access.4/ - : e R oo

— e -y

- —speaking=as-a-major

User of private systems, APCO argued that the trend -~

CREE of -private systems in the public safety radio field testified to a need

2.2 .  SECOND REPORT AND ORDER

"% for significantly more radio spectrum and greater flexibility in its
-tse. In'its oral presentation to the FCC, the APCO representative sum:.

-~ marized the statistical studies predicting heavy growth for public safe-

» .ty radio use and focused on the varied tasks and systems contemplated
for public safety radio_services: nresponse§ to the "911" emergency
-number; computer-assisted call dispatching; automatic vehicle location; - -
use of personal radios for foot- patrolmens mobile teleprinters, and _
facsimile -equipment; use of automatic. al’drm and signalling devices; ..
roadside emergency call.boxes and highway monitoring systems.5/ Other
lTand mobile users echoed APCO's presentation of the need for a suffic-:
‘ient allocation to the private services and the premature nature of-a

75 MHz grant to. the common carriers.6/ . s

The Second Repbr; and Qrder which set_forth.tﬁe'permhnent allocations in’

J

P a " T ’ ' S ‘ ' '
" Motorola Comments, Dec. 20, 1971; EIA, July, 1972. The EIA is a group of equipment manu--, «
facturers. o . . ~ ; .

l'-'g/ﬂ Motorola Comments, Dec. 20, 1971, at V-4 - V-6. The community repeater base station,

- shared. by a number of private systems, is defined in Section ¥.2. See alsg, Multiple
Licensing Safety and Special Radio Services, 24 FCC 2d 510 (1970). . R :

'3/ RCA, Dispersed-Array System, Dec. 20, 1971. |
4/ General Electric, Dec.. -20, 1971. The General Electric system would operate like a tele- .
" phone exchange where channels are assigned when a user calls in and reassigned at the ter-¢
mination of the calle With computer switching, 6E maintained, @ shared, multi-channel system
can achieve ‘great effeciencies over analogous multi-channel systems that are switched by oper-

-ators manually or with automatic terminals. ) . _

5/ Argument on Behalf of APCO and International Association of Chiefs of Police (ICAP), by . =
James R.- Cooke; May 15, 1973, Tr. 774-84. ... o oo o - :
6/ Land mobile parties appearing at the Oral Argument-were the NationaT Association of Busin;\i"

ess and Educdtioma] Radio, Inc. (NABER) and Special Industrial Radio Service Asgociation, |
. Inc. (SIRSA). -Equipmeht manufacturers, wireline common carriers, radio common carriers, and ?
- broadcasters also argued before the Commission. - - . . _ AR
- . . R . . - . . <
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.\\theJQGF MHz band reflected all-of these views plus the considerable

internal study of the FCC staff. - - X

.2.2.1 .The Allocation Decisions: The Second Report and the Opinion- on  Recon--
.- .sideration’ ‘° C ' : e : } -
v‘_'\—

In the Second Report:and Order, 46 FCC 2d 752 (1974), the Commission

5 "~ adopted AT&T's proposal for cellular, systems for public mobile telephone . -
' - . service, ruling that only cellular systems operated by wireline tele-
phone companies would be licensed for .public service at 900 MHz. The
cellular systems were given 40 MHz with which to proyide_two#Why mobile

. e “telephone service, one-way paging service to individuals, and.some dis-
T patch service to individuals, but not the "fleet dispatch” commonly. em= -
o . ployed in _private systems.1/ The Commission determined. that the ex— - -
‘T —pense, spectrum requirement, and wide coverage of a .mature-cellular sys-
e 7 temdgictated that only one system in each urban area wauld: be feasible.
R - "To meet. the.concerns of radio common carriers and others.who feared the
R ~competition ¢f comprehensive, subsidized cellular systems, the Com- "~ =
e mjssion limited ‘telephone companies to one cellular system, which must
be provided by a separdte subsidiary of the wireline carrier.2/ C

For private systems, the Commission authorized 30 MHz of spectrum; two .. -
technologies, and four means ‘of obtaining service.3/  The technologies
were "trupked” (or computer-switched) systems and Tconventional" sys- .-

" tems as used in*the lower bands.4/ The trunked systems wére clearly
encouraged, however, as the Commission allocated 25 MHz to trunked: _
applications and only 5 MHz to conventional applications.5/ Standards

. were set forth for both trunked -and conventional systems, governing * ' -

- antenma height, power, emission, and other operating parameters.6/ : -

: .For purposes of separating co-channel "systems and the establishment of
standards for channel loading, conventional systems were further classi-
fied into ‘urban and suburban systems depending on the location of the
_base station.7/ 1In addition, “channel loading standards" or specified

-
-

'le.46 FCC at 760-61. "Fleet'dispatching”, in which a basé station contacts all mobile units
simultaneously, was not ailowed in cellular systems, since fleet dispatching involved - .
-radio use inimical to the one-on-one communications with which re-use of frequencies by cells |
o js most feasible. Dispatch service of all kinds, however, had -been a staple of the smaller,
—' . ‘competitive radio_common ¢arriers and private radio systems, not the monopoly-based wireline
companies, and the“entry of the monopoly carriers into the dispatch market wassstrongly
opposed by non-wireline parties. . " o ‘ - ' :
-2/ 46 FCC 24 at 760. - N : ' _ LT S
- ’ . ( b . e - . - . . . '.
3/ The four methods are discussgd at Section 4.1.2.
¢ - . f T - ‘
4/ Conwentional 3ystems may have more than one channel and may be shared -by several- users by
_means of an adtomatic terminal or a;manual dispatcher. The differences between copven-
tional and trunked systems are discussed in Section 1.2. . ' : ST

'§j Because the Commission viewed trunked systems as more efficient, conventional syétems” L
~ seem to have been considered interim systems pending the availability of economic o
trunked systems. 46 FCC 2d at 754?55, 771-72.

6/ The final technical rules are ehbodied'in'Subpart § of ﬁart 89. A summary of thé tech-
nical requirements are discussed below at § 2.2.2.] : - -

-~ - 7/ 46 FCC 2d.at 774-75. - Because of the anticipated trunked technology and- improved radio -
equipmént, and because of the 45 MHz base-mobile separation, the Commission determined
that adjacent channel pfotection would not be given to| trunked systems or-the "interim" con:
ventional system. Id. at 773. e . . ot -

1.9
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numbers of mobile units per channel were adopted as the primary.
“ mechanism for assuring efficient use of each channel. - In the 900.MHz
: : band, channels were to be selected by the FCC staff from-'a single pool
- of frequencies, and each chasnel in a geographic area was to be loaded
with applicants up to its maximum number of _.mobiles before the next - .
channel in the pool would be assigned. i : .

Z.Zi? "Licensing Criteria

- - - . - . : .
i v -
- //'

. '2.2.2.1 General , _
' o The FCC has adopted ré§u1ations guiding the a]]pcations of channerJto
. potential users. A summary of these rules, as they apply to the public
. safety users of the 900 MHz spectrum follows. yd

S
-

2.2.2:2 Limitations on Power and-Antennae Height e ye

- The ®Xommission has established tables of antennae heigﬁ%s v. effective
radiated power (ERP) for base station operation. For trunked systems

- and urban conventional systems the-ERP shall be no-greater than 1000 W.

© and the antenna heights no greater than 1,000 feet above average ter-

rain (AAT). For suburban conventional systems, the maximums shall be

: ﬁj 500 W. and.500 feet AAT. Dépending upon the required radius of cover-
) - . age,. these figures must be scaled down in accordance with the Com-
E -mission's tables. . - S S

The maximﬂm.ppwef,output of the trapsmjttef for mobile §tation§ is

ey

100 H.'..: . _,’; N - /
For the definition of "urban area" see the list of the fifty major
- _metropolitan‘areas in Section 89.751(h) of the Rules. -2

2.2.2.3 Channel Loading Criteria S | .

- -In conventional .type systems, channel loading criteria for public.safety
- systems are as follows: . T o -

b

Police and'Firev.“Othef‘Services.

'single licemée user . ‘ 50/100 . 150/300
2 to 5 licensees/users-_ ’ e 40/80 . = 125/250
‘over 5 licensees/users’ oS 30/60 100/200

ﬁumbérs indicéﬁé the number of mobile units per*channe]/number'of?port-
able units per channel. For the purposes of channel loading, the Com-
" mission consjiders-one mobile unit the equivalent to two portable units.

The number of mobile units required.per system in a trunked system is:

ol . / ' S-channel 10-channel 20-channel "
UL .system O system Y sv-tem
. .Police'and:Fire; - 300 © 750 1560,
Other Services . T - 400, : - 800 . .- - 1600

For the purposes of loading criteria,  no dﬁstinétibn is made ‘in trunked
systems between mo?i]e and portable stg;ions. ' ) - -

The following criteria pertains to the establishment of 900 . MHz systems

near the borders of Canada and Mexico: . :’_k- 3

¢ -
e s
-
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. _ . a) No base stations will be authorized within 100 miles of the
- ' -~ Canadian/U.S. border; and between 100 and 125 miles of the
. : . Canadian border such stations will require spectal arrange-
L ments between the FCC and Cdnada. Between 125 and 145 miles-
- " . 500 W. ERP and 500 feet antenna height will be the maximum
ok . .allowed. Beyond 145 miles the usual rules apply. . Mobile .
. : units may not operate within 90 miles -of the Canadian border - # -7..~
T A~ and within 145 miles. are-limited: to 200 'W. ERP. All stations . , ~ 7~
: : f/ -within'250 miles of thebordeér will be authorized only on the T
v_// o conditi'on that no harmful interference to Canadian TV results.’ ..
_ ~ - by Presently, base stations are authorized within 85 miles of ~ .
the Mexican border  in California, but not within 100 miles
in Texas, New Mexico and Arizona. The attenae heightsiand.
power restriction are i¥n effect in California between-85 and
and 125 miles and between)100 and T25 miles .in the other States. .

2.2.3 Freguency As;ignmeﬁt and Coordination : . ; Co ;L_ S

A ' To accommodate the enlarged FCC.staff role in assigning and loading L
. ’ channels, the procedures for processing applications were modified from. :
practices that have been followed with applications for the lower radio- . .
bands. Because of the tremendous volumes of applications under Parts - °
89, 91, and 93 of the Rules, the FCC staff relies ob certain technical _
eriteria and voluntary frequency coordination effaerts to elimjnate .non-.
compliant or non-compatible~-applications. Applications for licenses in
- the 150’ MHz, 450 MHz, and 470 MHz tands are checked against specific
1 rules for power, emission, antenna height, numbers of mobile units and )
‘ - the 14ke, and non-conforming submissions are usually returned. The re--
* mainder are granted on.a fairly routine basis since competitive protests
- are not allowed and most technical or frequency problems are solved by

the service's frequency coordinator or.advisory committee.l/ " N

IEE/LOmmission'propoSed*to.adopt the same system at; 900 MHZ because of
i familiarity, but-with the important difference that the staff .would
make the frequency assignments, including shared assignments, from wone

N . . pool of frequencies, rather than relying upon the. tentative assignments
C - from a service pool of frequencies recommended by the volunteér fre-
quency coordjnator.g] ) I Tt \

" . The matters of frequency assignments, mandatory shared channels. from one’
" large pool, apd the "first in/first out" processing system, were; in .
S fact, larger ‘changes in the licensing procedure than the. Second Report
° . .appeared to have recognized. ' At the lower: bands frequency selection
’ and sharing of channels _are worked out largely by coordinating com-
: _ - -mittees of users in the various radio services; working-with pools of
0 - * availab¥e frequencies. While these committees have an ddvisory role,
_in practice their frequency selections are made after considerable work
with the applicant and are-normally accepted by the FCC staff who ‘then

L e - ~
-

: 17 .In the Tower bands, most services.have an association of licensees who perform frequency

‘ selection advisory services for new applicants. The Commission has recognized the ‘'value

of private.frequency coordinating organizations such as APCO and has relied on them for help in
resolving interference problems. Docket No. 18261, Second. Report and Order, 22'RR 2d 1691, -
-1704-05. o : : . . N oo o T - )
2/ ‘GG“FCC’Zd at 769-70." Recently -the FCC has undertaken a review of frequeney;coordinatfbn o
~ ‘procedures for the 900 M4z band tq consider, among other things, whether the user-provided

frequency coordinator should not be accorded a greater role than was originally contemplated.”
See also,- Notice of Inquiry, Docket No. 21229, FCC\??-ZS?,’May 17,-1977. See Appendix I. .
BRI & S N
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- make the formal assignments.1/ ' With the staff assuming responsibility.
,. . ..for all frequency selections at.900 MHz and assigning the frequencies ;|
»~—mwm~w§¥+—f"°mi°"eu1aﬁge«POOJ~ratherithaanrdm~Serv1cerpqolsuorfb}ockg;wapp11.~~-—f~;
. : cants may find themselves without the detailed planning and support ser-

K - vices rendered by the frequency coordinator. The "first in/first out"

_ processing system and the possibility of mandatory sharing of channels

L _gy‘compatible systems may result in a mixed pattern of radio systems

’ S nd 'services on the same and adjacent’ channels.2/ Unlike the system
long in ust in the lower bands, users will have little assurance as to

which :frequency will be operated in their geographic or spectrum vicin- -

ity and therefore what possibilities for future growth are-available.

Finally,-this procedural system is to be applied to the four means of

providing service authorized by the Second Report. : ; -

s

~

2.2.4 Methods of Service

- As in the lower bands, individual organizations eligible for licenses
under Parts 89, 87, and 93-0f the Rules can 'apply for one or more dis-
. crete.channels for a single-user private system.3/ ETigible organiza--
: tions can also apply for channels as a group proposing shared use of the
. -~ facility and its management by one of the sharers or a non-profit radio
.~ - service entity.4/ - I : . ; S

As a third alternative, eligibles can procure service from_an entre-.
oo ' preneur called a Specialized Mobile Radio System (SMRS), who is licensed
-~ to offer base station service on a profit-making basis.5/  SMRS entre-
preéneurs are -to stand in the shoes of their eligible customers regarding
compliance with technical rules.and use of the facilities. However, no
~regulations will be. made regarding rates charged to SMRS customers, and .
SMRS will not be -considered. radio common carriers. According to the -
Commission, the authorization of a profit-making SMRS- would attract cap-
ital needed for trunked systems and the radio expertise needed but un--

- 3 ~

e

1/ k?hesewcoordinating committees, including APCO, are normally established within geOQréphic'"
. regions so that local users work. together to achieve the best use of the frequencies allo-

cated to their services in the area.

~ 2/ The only modjfication from the. "first in/first out” assignment plan seems to be in the case
, "of~commyn1ty repeater systems, as -discussed below. - - : -
- 3/ The reader should Feca]lfthat'the trunked or conventional technb]ogigs'apply to the number
i of channels in.the radio system, regardless of the means of providing the system. .Under
the current Rules, Section.89.805, any radio system needing more than 5 charinels must use

trunkéd techrology. T . S —_
4/ 46 FcC 2d at 762-63. |

. 5/ An SMRS is an equipment supplier or other entity which designs and;bhilds base station
facilities to be used by one or more private radio stations. The differences: between SMRS,

- community repeaters.énd'radie common gaeriers_are_qj§cussed in Section 1.2. :

-

¥
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* available_to many smaller eligibles.1/ However, the Commission re-

: quired the SMRS applicants to show that the control points and mobile

o= s ypitsused-with  SMRS-would-be—owned-and-operated-by‘eligible-individuals-—
or. organizations.2/ o ’ » .

‘The fourth alternative is service-from a traditional community repeatér .
operator who supplies base station facilities that are licensed to-a ’
.number of eligible organizations.3/ ' : . T

AN

2.3 ° THE RECONSIDERATION DECISION : -
Virfdally every aspect of the Second Report was contested in petitions
for :its reconsideration. The decision to license only wireiine carriers
to operate cellular systems was attacked by non-wireline carriers 4/
- while AT&T objected.to the reduced allocation for cellular systems and
- the requirement of a separate corporation to offer the mobile service,
-~ .designed to protect competing carriers from a subsidized cellular sys-
‘tem.5/ The decision to license SMRS to offer service for profit but
‘not to regulate them.as common carriers was also cgptroversia], with a
~.number: of parties arguing that the Commission had no-authority to ab-
stain from common carrier-type regulation of any entity offering com-
munications- service to others. , ’ o . -

Other parties urged the error of federal preemption of state regulatory
actions in the 900 MHz area,b6/ the ambigquity.of the "ancillary" dis-
patch services allowed by ¢eTlular systems, the restrictions on the num-.
ber of trunked systems operated by equipment companies,7/. -the failure
to provide for non-voice communications and limited fixed gperations and
the mechanisms to facilitate the movement of users from lower-bands to -
00 MHz in phases.8/ "The problem of reallocating UHF-TV cthannels.for
land mobile in:the U.S. while TV systems operated on the same channels
~in-Canada ang Mexico was also brought out. o :

. -

- .
-

1/ 46 FCC 2d at 764-67, 781. . - .05 IR .
. 2/ 46 FCC 2d_at 769, 789. An SMRS:offering service. to the public at large rather than to
only a.few eligible organizations wouTd be in competition with the radio €ommon carriers
whose rates are regulated by the state regulatory commission. Limitations _on the number and
stomers served by SMRS are therefore key to their unregulated status. :
- ‘) - " B )

epeaters are discussed extensively below. See Seqpionn4a1.2.5m N

4/ Petitdons fog Reconsideration of Airsignal International,‘Inc., NARS, AT&T. Motorola
advdcated restricting cellular systems to an initial 12.5 MHz grant until the developmental .
phase proved the viability of the concept and sufficient demand for the service developed.

5/ Petition for Reconsideration of AT&T.. T VI ' o .
X et = ) . .

4 ) , - o ‘ . . ,
- 6/ The Commission determined that orderly and efficient development of the S00 MHz spectrum :
"~ required a nationwide plan. Accordingly, its federal powers were asserted to prevent any
contrary state action such as regulation of SMRS as raggo;common carriers. 46 FCC 2d at 766-67.
The National Association of -Regulatory Utility Commissioners (NARUC), an organization of state
regulatory officers, challenged this point in particular.. T - - '

'7/ Petitions for Reconsideration of Motorola and Land Mobile Communications Council, an organ-

. ization representing mobile radio users. , . LT .
E .. i . ‘; s . ] . 4 .: ) ., . ) . . . _'__ v,- _«»
8/ ‘Petition of 'Land Mobile’ Communications Council. s
. 1.13 . .o ' T ’ - I
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The decision on reconsideration answered most of these competing con-
- tentions and set the initial working rules for 900 MHz applications. »
m_;h~”The“cellular“sy;temmapproachmwasnmodified—sq-thatmapplicatiOns-woqu*bef¥~~>
accepted.from any group-‘that..could-meet rigorous technical and financial
criteria for building a. developmental system.” The separate corporation
requirement was affirmed for wireline carriers building cellular_systems

R . but developmental systems were exémpted from its strictures.
. ; . - . i M = .

For private systems, the Reconsideration decision also‘affirmed the

option of taking servigce from a profit-oriented SMRS. In the Com-

mission's view,,itkpossessed,sufficient,authority'to'adjure common car-

.rier rate regulation of SMRS where technical regulation would.suffice -

-and competitive forces woquicontrb1=prices.l/ The decision pointed

. out that the direct licensing. of mobile units and control stationsi'to

- . SMRS customers rather than to the SMRS base statjon, the technical. rules
as to: channel loading and use of thefsystem,vanﬁ'the.users' options of
applying for individual and non-profit shared systems, would keep the
SMRS in.check.2/ o T h o T '

On technical points relating to private systems, the Commission made ‘an .
'+ accommodation in its co-channel spacing and coverage .rules for the Los -
> Angeles area and.pledged a degree of flexibility in-applying its .techni- .
cal rules where other unique situations required consideration.3/ = Non-
‘voice communications were allowed in single-user systems and in trunked
‘systéms .if-used for establishing and maintaining communications within
, the trunked system, and other minor technical-revisions were made. 4y’
. " 0On other policy issues, the Commission stuck by its decision to encour-
' ~age trunked systems over conventional. systems %/ and to'require-
efficient use bf all assigned channels through the mandatory loading. of

. _ channels ‘with mobije units shertly after licensing.6/ " The decision to.
- have_the FCC stafffassign all chamnels from -one pool of frequencies, on
1/ 51 FCC 2d at 959. Appendix-B.to the*decision gave a further legal defense of the SMRS
option. - ST ‘ S : _ o
2/. 51-FCC 2d at,961;' In- this basSaée the Commission éffirméd the intent to license SMRS with-
- out regard to the need for the service or economic protection to other entities. The bene-
fits to be. derived from the-open-entry SMRS- policy .ec-e set out at 962-72. ' .
© 3/ 1d. at 979-80.. The geogtaphy of the ‘Los Angeles area was said to frustrate the urban- °
suburban spacing scheme for conventional systems, and the rules were modified:to.allow
" "wide area_ coverage: by stations exceeding the normal technical limits, one kilowdtt of power - -
and an antenna placement over 1000 feet above average ‘terrain. ' . :
4/ -1d. at 980-82. Non-voice or'aigital'communications are used in certain vehicle location-
" Systemss and tone-only paging systems. It is expected that public safety systems will
incorporate additional digital tommunication\features. ' o _ , .
§/,;Conventfbna1 systems are limited to five'chénnéﬂsi.ldfger systems -must use trunking tech-
- nology. -Id: at 983-85. o e :
6/ -1d. at 983. The decision requires a private system to be loaded with 70%”of the mobile S
units specified on the application within 8 months from licensingz f channels are not 70%.
loaded. within the time 1imit, other applicants can be assjgned to-the.same channel until its =~
loading maximum is reached. Adgjitional channels may be assigned to a system when 90% of .the
~mobile units specified as the channel maximum have ‘been placed -on. the channel. = - o
I -fkgw“___ » | o | v T
e Tose e T - - ’
- . . ,\' ¢ 7 . ) - . _7_;
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a "first in/first out" basws, was also-affirmed dtthough. 11m1ted modi -
_ ficatiops were made. 1/’ The Commission acknowledged the problem of
Je,-m_ee“eujncompatmble.land mobile _and UHF TV systems.operating_along. the. Canad1anee
' border, and its Rules provided that U.S. land mobile systems shoud d o
~ operate on a secondary basis to any Canadian or Mexican TV stations.2/
. At the same time assurances. were given of further effort at coordination
at some time in the fpture 3/ :

[N

2.4  THE COURT APPEALSH__

"In court appea1s of the Second Report and Reconsidée ation, part1es

- challenged the allocation of 40 MHz rather than 64 MHZ to cellular sys-
< tems, the authorization of SMRS on a non-common carrier basis and feder—

al preemption of state actions in the QGO MHz area.4/ - The United

States Court of Appea]s for the Distriét of Columbia circuit: aff1rmed .

_the FCC'on.all points’, although reluctantly 1é£5he case_ of several :

aspects_of‘the 900 MHz plan. For example,.th eliular’ system approach
and its 40 MHz allocation were challenged as nting the Bell System an
effective monopoly over the urban radio- telephone market including dis- -
patéch services.5/  The Copurt found' the Commission's 40 MHz allocation-
decision to be "precisely the sort that Congress intended to leave to

the broad d1scret1on of the Commission,. by 1mpos1ng a broad pub11c con~
ven1ence, interest or nECESSIty standard.“6/ .

The - SMRS decision also drew a lengthy analysis from .the Court, address- <
ing the nature of common carriers and the application of ' common carrier
principles and regulation. The -Court held that the single most distin-
gu1sh1ng characteristic of a common carrier is-an undertaking or "hold- =
ing out! to. serve all. members of’the public w1thout dwscr1m1nat1on 7/

_/ For exampie,’ the Comm1ss1on 11m1ted amendments’ to applwcat1ons whlch,proposed a substant1a1
change in ownership of systems, so that app11cants cou]d not sell-a place in the processrng
~ <line. . _ R

@

2/ 1d. at 949; Section 89. 751(9) of the Ru]es - 'f o SN
) ; e I NP | B _
-3/ .The border prob]em was also d1scussed in Docket No. 1826] 22 RR 2d 1691 1710; and it re-
majns unsolved. The FCC is currently ‘engaged in preparatlon for the 1979 Woer Administra-
tive Radio Conference (WARC) at which the international and Western Hemisphere allocations in
the 900 MHz band will be dlscussed See F1fth Notice -of Inquwry, Docket. No. 20271, FcC 77---

349, May 23, 1977. : ‘ . _ -

4/ NARUC v. FCC, 525 F. 2d 630. (D.C. Cir. 1976). The Court 1n1t1a11y stayed the effective-
' ness of the Commission's decisions to license SMRS pending review by the Court.- -The stay
was lifted when the Comm1sswon was aff1rmed and the Supreme Court refused to stay the FCC o

action further. - . . -

r

5/ 1d. at 636-39; sé§3a150, Br1ef for Petltloners NRS and 1111n01s Assoc1atlonqof Radlotele- L
Eﬁone Systens - - . SRS . . . .

l M - 3 . B - . - .
'6/ 525 F. 2d it 636." At the same t1mevthe Court acknowledged the pro-monopp]y aspects of L
"~ cellular systems and held open the prospect of future antitrust cha]]enges to the systemsv o
if the1r ant1 competltlve potént1a] canme to fru1t10n.; Id at 647. R o o .

) f 7/ 1d. at 641-42 " The act of "ho]d1ng out" or offering ‘service to the pub]1c'1nd1scr1m1nate1y B
. distinguished common carriers from private carriers, in the Court‘s analysis, a]though :

- ! both may serve spec1a11zed-port1ons of the. public and large clienteles. The .common carrier's
holding out to_the public gave rise to the common law doctrine of a duty to: serve -all .comers “up .
to the capacity of the system, 1n contrast to pr1vate carriers who may choose the1r customers .-

525 F. 2d at 642. . o S .
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Since, the SMRS, as projected, would solicit and serve only a few custom-
ers on a,long-term contract basis, the Court approved their classifica-
ﬁiﬂﬂwéﬁmmonzﬁommonmcahtiersllﬁ_“mHowewenﬁ4theuCountwadded,mﬂour“hc1dfﬁgmww
is subject to future challenge should SMRS in, practice behave as common
carriers. "2/ The Supreme Court refused to review the Court of Appeals

. ~decisieny Teaving it the law'of the land regarding the deliberations of

Docket -No..18262.3/ . . '
3. <REMAINING ISSUES "~ , .. |
3.1 ' LINGERING LITIGATION -

.Following the Court of Appeals decision, .the focus of litigation shifted -
to the FCC. Illinois Bell Te]eéﬂone Co. (IBT), an AT&T affiliate, pro-
posed to build a developmental cellular system in the Chicago area.: The
IBT plan involved 21 MHz of spectrum and $23.5 million for a system to
cover an area over 48 miles.4/ The- IBT proposal. was attacked by a
group of -.Chicago radio -‘common carriers as beyond the guidelines set out R
by the Commission for developmental systems and prohibitively expensive-
"and expansive for an initial model system.5/ The Commission .agreed
with the criticism of the IBT plan and_sugﬁgsted its revision.§/. JTti-
mately, a compromise was reached between the FCC and AT&T, and the re-
vised IBT proposal was approved as a two-phase plan for equipment and

- service tests and then commercial operation.7/ : . -

o

- - i .
- - . - - -

t .
- . .o

. s
v 4 .

the Court said: .
The nature of the dispatch services which SMRS will primarily offer appear
~. .necessarily to involve the establishment of medium-to-long-term contractual
_ s relations, whereby the SMRS -supply the needs of users for dispatch facil- |
-* : ..~ - ities.for a period of time® In such a situation, it is not unreasonable
' to expect that the'clientele might remain relatively stable, with termin-
ations and new clients the exception rather than the rule. It might even
- .be that the turnover will be sufficiently minor that, except for:the com- .-

/- 1d. at 683,

L mercial mode of operation, SMRS will be.much like non’ﬁ$gfit cQmmunity
1w - ,o- repeaters. ) R R Co - '/" - '-'L*‘ “" S S g -
2/ '1d. at 647. . o -

3/ NARUC'v. FCC, 425 U.S. 992 (1976). - . . o .

x

4/ Application of 111inois Bell Telephone Co. for Authority to Comstruct a Developmental Cellu-
- Tar System at Ten Sites at Various Locations in the State of ITlinois, filed July 2], 1975,
File No. 20115-CD-P-76., '~ . . e e T S

~

N »

5/ The criticisms were directed to the size of the_cé]is (8-mile radius), the height of an-
tennas and the minimal frequency re-use proposed.- -Petitions to Deny or objections were B
filed by Rogers Radic-.Communications.Service, Inc:, NARS,. Radio Relay Corp.-Illinois, Motorola . ...

and ‘the I11inois ‘Association of Radiotelephone Systems, Inc. . . _ )

6/ Letter of July 15, 1976, from Vincent J. Mullins, Secretary,.FCC to I1linoi§ Bell Telephone.
~ - The FCC required the use of only 12.5 MHz in two blocks of 6.25 MHz each and suggested a -
two phase approach of tests and then full-scale operation. ..The Bell System and other parties
petitioned for reconsideration of.this latter decision. T - o : :

7/ Order, FCC 77-166, (March 10, 1977). Appeal pending, “NARS v. FCC, 77-1357,.(D.C. Cir. fil-
T ed April 11,-1977). The Commissfon accepted a plan for independent tests of -equipment if -
the ‘Chicago system were scaled down to 10 cells and 135 mobile -units during the Phase ] tests

of equipment and service. - I1linois.Bell was further required to obtain authority for com-
mercial operation of its system Tfollowing the test phase and to file detailed financial reports.

= a
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-

for private $ystems, more serious litigation tered on the role of
community repeaters in the 900 MHz plan.” KA nd General Electric
_petitioned for clarification of the Reconsideration opinion on this .
. point, arguing that the similarity of unlicensed community repeaters = _
- to the licensed SMRS caused great ‘confusion in‘.the tndustry and in the ®
"Court appeal challenging SMRS.1/ Genéral Electric maintained that few
entrepreneurs would develop and. offer the efficient, .trunked SMRS sys-
‘tems, under FCC licensing, :if unlicensed community repeaters could offer.
shared services to single-user and canventional systems free of all re-
strictions.2/ In a brief Memorandum Opinion and -Order, 55 FCC 2d 771 °
.(1975), the Commission replied that the community repeater option would
"be available at 900 MHz since it seemed to meet the needs of many .
users.3/ - However, .the Commission ndted the method of “first .in/first
out" frequency: assignments by the staff, plus. the mandatory sharing of.

limitations on the utility of community repeatérs:

(W)e acknowledge.that the practice may have limited . ,
application at 900 MHz. There-we plan to assign T '
frequencies on a 'first in-first out' basis .and .
I there will also be."verticle" loading (mandatory ,
= sharing). These features will for practical reasons _.
restrict ‘'mulitiple Ji;ensing"of 'community repeaters.’
.52 Fcc 2d 7737 T - e - o L

-
»

" The question of accommodating community repeater operations with the -

" staff frequency selection ‘rules illustrated the conflicts between the
new rules and those radio systems having unique requirements as to who
they serve and how service is rendered, such as®public safety systems.4/
That: is, frequency assignments by the FCC staff on the "first in/first

- out" basis could result in shared frequencies between repeater and\non-
repeater customers, preventing economic loading of the repeater'baie '

- station. For multi-channel community repeater operations, the problem
of mechanistic frequency assignments by the FCC would remove assurance

Fe 8

-ff- ' - . of enough customers to pay for the facilities. With these practical.

ISR S A

. - difficulties, the Commission seemed to suggest that the spectre of un-"
> .li;eqsed.gommunity‘repeaper;,undercutting expensive.but efficient,SMRS

Soe T 30 R, T e T A e et . - L - .
- e -t e, o et el N T . ). .

ey

jzations in the 900 MHz-Band Involving Entrepreneurial Community Repeater Operations, - BN

June 19, -1975; General Electric €o., Petition for'C]ariJﬁcatidn_Or; Alternatively, for a Dec]d}-

t g - -

.atory Ruling, May 23,.1975,. and related pleadings.- = ... S .

. puterized system was assumed to be economical for eligible users only if it ‘was large enoug 'f;:

2/ Généré] Eiecfrié Petition ai;ﬁ-a, 11-14; Supplement to_Pétitibn at . A kéy éésumbtidh.
" the parties was the expense anticipated for computer-switching base stations.. A full

to accommodate several -thousand mobile units on at-least five channels. -The few single-user.
systems large enough for trunked operations were.considered sophisticated enough to.operate

-

channels until maximum numbers of mobile units are reached, as probable

-

=N

U

"1/ NARS;. Petition fo Refrain from Granting. Licenses Pursuant to Applications Filed for Author- . *

" their own systems, and the entrepreneurs pegged their hopes on_shared systeﬁs'forimany-smaIIer S

-7 “Docket No. 18921. . 55:FCC 2d.at 773. =

..eligibles. .. . -

——

'3/ 'The Commission acknowledged ‘some pfdbdéméiygth!cdmmnﬁitj'ﬁepeatérs whi;h_Were'étfissue in°

- 4 As discussed.in detail below, public safety radio systems have unique requirements for long-

term planning and growth and for designation and use of channels by function (special

. squads or patrol areas, for example) rather than by numbers of mobile units. Neither the long-

‘term planning need nor functional designation of.channels is consistent with a rigid applica-

.‘tion of “first in/ first out" frequency assignments or by maximum loading of channels by arbi-
_trary numbers of motile units. .. - _ L o : o ' :

~

- ) . -

-
»
-
~
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~~3.2°" " THE “CLARI F_'I"CA'I" 0] L ——

-
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In November, 1976 the Safety and Special Radio Bureau released a length
"Clarification of New Policies and Practices Governing the Assignment
and Licensing of Conventional Systems of' Communication at 900 MHz,"2/
which discussed the practical steps in assigning frequencies to commun-
»ity repeaters, customers, and other radio applicants. The Clarification -
explained the processipg system for conventional systems’, the urban- -
suburban distinction, eligibility, restrictions on use, channel loading .
.- .. requirements and frequency assignments. -0Of particular interest was the
: announcement -that a .degree of flexibility would be used in assigning '
.frequencies, including accommodation of community repeater operations by
-assigning five channels for the use of repeater customers in.a given .
area.3/” - This accommodation of formerly rigid standards to the unique
needs of individual systems may.be ‘of significance to public safety sys-.
‘tems planned* for the 900° MKz band. The Ctarification emphasiZes that
_ . - "in every case each proposal will be examihed to dé%ermine the require-
( .. ments of the applicant" and that "consideration wilY be givento. the
////’ mode of operation- planned and the purpose for which it is to be used,
g - a@nd . . . other factors, includ(ing) the. technical features of system
-~ des'ign. ~ (I)t is provided that applicants in one service group will not
" --be. required .to share with -applicants in other service groups.” The
Clarification also affirmed that the “Commission may take into consider-
ation any :other factor which might enable the persons licensed to use a -
given channel in more efficient and effective ways."4/ ’ T

o In a Petition for Relief of December 27,.1976, however, the National '
= Association of Radiotelephone Systems (NARS) asked the Commission ‘to -
nullify the Clarification as a substantive modification of the Com-
_ mission's Orders _and beyond the authority of the Safety and Special Bur-
. : " eau Chief. . NARS argued "that the "back door" ‘assignment of five channels
.to community repeaters would firmly establish that practice at 900 MHz
A - With all the problems of.its unlicensed-operation, and, discourage any
' licensed SMRS from the more expensive trunked system.5/ - Motorola -
opposed the NARS Petition, arguing the utility of community repeater
N . erations for single-user systems-.and- the propriety of a2 statement ffom
I .the: staff explaining. actual.processing matters.6/- -The NARS petitj s
vy .0 - °still. pending before the Commission, but processing of 900 MHz a
tions is proceeding in the meantime. _ . '

1. Commun?ty repeater defenders point out its efficiencies and- shared nature as- consistent
| . .with the 900 MHz plan.—Without-direct-control--over-the-base station,.however, it is not
- clear that the Commission can force channel l1oading to maximum levels by community repeaters
or remove a .possible incentive to monopolize desirable antenna locations and available frequen-

’ -

- 2/+ FcE Public. Notice 73035, Nov. 24, 1976, (hereinaftef cited as y cation"). -
: -.. ) N '-_. o’ "“-.s‘ [ . - -. . ‘ ‘1' ' ~”. -- -- ’ ’ ..\ ‘- ) . - ‘
‘3-'f.i c*!arIfJC?tTon Jla‘;.t-._'s.”i . .-. . -T | .~ . L . A .. ) ,. -. O;AI T - ’ : . 3 . .

"S5/ NARS Petition at.15. | It was assumed that the 900 MHz community repeaters would operate _

o conventional systems, possibly with.some switching, but "that the Commission would have no
means of forcing larger community repeaters to use trunked technology when the five-channel

. maximum for conventional systems was reached. S e

-6/ Motorola Opposition, Feh. 4, 1977. A major user group, the NatiSnélfAssociat%on of Busin-
. ess and Educational Radio, Inc.. (NABER) also opposed the NARS Petition. QOpposition, :
JFeb. 4, 1977. ., .- . -~ - B R '
| | | | 1.18 R .
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3. 'PRESENTASTATUS

el Agea - resu Tt o F - the Clarification-and other policy initiatives’ signifi<"
cant leeway has apparently been introduced into the "first in/first out”
channel assignment process. For example, SMRS are given two years in
which to build and load -their systems, and no non-SMRS applicants will
-be assigned to the SMRS block of channels during the two-year period. 1/

In addition, competing SMRSs will be licensed in the same area, and no.  °-
SMRS will be required to serve any unaffiliated applicant even though | i
.the apptlicant may be compatible with the existing SMRS customer. A sim-
ilar flexible attitude has evolved regarding trunked systems; while the
FCC will require trunked technology for any single system of more than
five channels, there is apparently ‘no bar to ar app11cat1on for a second
H#r third convenb1ona1 system by the same I1censee 2/ :

y .,

-

4.1 SUMMARY OF SYSTEMS CURRENTLY. AUTHORIZED AT: 900 Mz

The resu]t.of nearly ten years of ]1t1gat1on in the 900 MHz area is the
authorization of three technologies for radio systems and “five types of

servides for the systems. Each system and service is br1ef1y summar-v~

ized below. .

Ed

4.1.1 Techho]ogies.

"
Lol

4.1.1.1 Cellular Systems e | S

_ Cellular systems featuring city- w1de services, re-use of frequenc1es

’ ' among many cells, computer-switching and very high capacities are re-.

i ) ~quired for pub]IC mobile telephone systems. Public systems may offer
= two-way, paging and ancillary dispatch service.- There. appears to be- no “

~ - reason why the Commission would not also consider cellular technology
- for private systems, if the appropriate technical criteria can be met,
a]though the:-Commission's - dec1s1ons do not discuss this use. 3/

o~ 2o qu . ' " - - .

-4,13J?2:Trunked Systems

C e - . s . .","_ . . - - S
- ) . . ~

' ”°Trunked techno]ogy author1zed for pr1vate systems also 1nvolves computer
'sw1tch1ng among five or more, channe]s In contrast to. ce11u1ar systems, .

e’

A Non SMRS app11cants are requ1red to bu11d and'1oad their systems w1th 70% of the moblle un1ts
‘spec1f1ed 1n the app11cat1on w1th1n 8 months.' Sect1on 89 802. - ) o
2/ The - rules are not exp11c1t on this - po1nt but appear to be cons1stent w1th such an.inter-

-7 -“pretation. .At least the Commission has not-indicated a different view although obviously"
policy -considerations could be raised. In fact, the channel assignment system may encourage a.
Ticensee to apply for a-second conventional system rather than a larger trunked system, because

- the frequenc1es given trunked systems are far removed from those for conventional systems If -

~ a conventional system has grown and .needs more channels, it:faces-the choice of receiving five -
‘or'.more channels for a trunked system and relinquishing ‘its initial channels because. they-are
1ncompat1b]e with the trunked channels or because the -applicant cannot-justify both the conven
tional and the trunked channels, or of- des1gn1ng 2 second conventlonal system in order to re =

fb ceive channe]s near 1ts 1n1t1a1 ass1gnment.

_/ The RCA D1spersed Array System, for _xample proposed a dispatch operat1on using ce]Tu]ar
techno]ogy. RCA Comnents Dec. 1971. . .




(2"

trunked systems function by frequency. “sgynaan 1nstantaneous time

. basis rather ,than the geographic re-usqg@W®aEpt in.thevcellular system
R »Acpncept-anrJnkedutechno1ogy~ns #equxre-TFbr*nr&vatﬁ'sy$tems*ﬂs1ng more: v
- * than five channels up to.a v&mit of ’ twenty chqnne}s per/system. FCC

~f Rules prescribe antenna” he1ghts, power, ‘emissiom’ short-term and long-
' term channel loading standards in numbers: of mdeTe un1ts 17 - and ’
e]igible users for trunked. systems.~' . o : :
. (. < ., L L ’..\‘ .
4. 1 1 3 Conventiona] Systems. -_’"- ’ o i . S - )g

Conventional systems at 900 MHz ‘will be author1zed to eligible, users to
operate as single channel or manually switched multi-channel systems v
analogous to systems in the lower frequency bands.. Accordlng to the
Clarifdcation, conventional systems may use automatic term1na1s and -

- trunking techniques: if desired, but trunking will not be requ1red.
Efficient use of.conventional systems will be encouraged by short-term
and long-term channel loading requ1rements and shared frequency ass1gn-
ments, -made by the FCC staff, where necessary to load a channel in a
particular location. ) . _ D

L

4.1.2 Services -

4.1.2.1 Common Carriers

“Common carriers will be authorized to provide cellular mobile service to
.. the. public.. If the carrier is a wireline telephone company, its commer-
“cial (not developmental) system must be provided by a-separate subsid-
tary corporation whose cbsts and reveniues are dtstwnct from the monoply
- base of the parent carrier. Non- wireline carrikers may operate. cellular
systems without a separate corporation, and: 301nt apprcatlons rom .
groups of carr1ers w111 be accepted. -

-

4c2 2. 2 Private Systems

For private systems, e]1g1b1e organ1zat1ons under Parts 89 91, a 93
~of the Commission's Rules may app1y for single-user- systems. If more
" than. five. chapne1s are needed in Qne system, trunked technoIogy must be

proposed Sem ol S -

* . - i . I3
‘ N .. B P

L y

Pl

4 1.2. 3 Shared Systems

. Eligible users may also apply for a shared system to be managed by one- .
‘of the sharers or by a non-profit cocrdinating committee or organiza-. -
tion. 1In the case of shared systems, the. channel" 1oad1ng criteria will

- follow the highest level of mobile units of the services involved, and
trunked technology will be required 1f more :than five channe1s‘are

_/ The phrase short-term .and 1ong-term" channe1 Toad1ng requ1rements refers to the requ1rement
- that applicants be prepared: to. load channels with 70% of the mobile.units app11ed for within
eight months  of grant of the application. The long-term channel loading standards requ1re ‘an :
applicant to. show that the channel handles 90% of the mobiles specified in the Commission's
Rules as the maximum for the use made of- the channel before additional channels are assigned.
Channel loadirg criteria differ from trunked and conventional systems and by radio services -- .
:public safety, business and -industrial, taxicab, land transportation, etc. See Sect1on
89.801-803 of the Commission's Rules. ' - . : -

’

“1.20

= . .




: néeded by a sing]e system. A shared system managed by a non-profit en-

e gt tem, technlc&P-cr1ter1a -and--the-1ikes—— - - pes -
- ) L

4.1.2.4 SMRS . - .

" Eligible users may take service from (p0551b1y) profit- makwng manager
' ‘called a Specialized Mobile Radio. System entrepreneur or SMRS. The SMRS
will be licensed only for base stat16§ facilities; its customers must
g ~ - submit app11catlens for.control points' and mobile units specifying an .
agreement “to use the SMRS service. Further, the SMRS base station 1ic-
' { ensee" is bound to offer trunked technology if more than five“channels
"are needed, and to follow the Rules. for technical criteria and use of
the system prescr1bed for s1ng]e -user and. non-profit shared systems.

4 1. 2 5 _.Community. Repeater _ “f_-i. o ‘ -

. W\-s",
v
s

\

. ‘A, final type of supp]wer is the tradutponal community repeater vendor

“>; who provides base station facilities that are licensed in the name of

: . the customers. A community. repeater customer>norma]1y applies as a
> " single-user for base Station, mobiles and control points under the"

' single-user, conventional system procedures. >~ To accommodate community
repeater service, the FCC staff may §’?}as1de a five.channel group of
.frequencies for assignment to community repeater customer-applicants. 1/

" Short-term channel loading standards will be applied to the applicants,
but the requ1rement of trunked technology for systems of more than five-
channels is uncertain. The Clarification seems to indicate that additi-

~onal five-channel groups will be assigned to users of community repeater
- Systems, without regard to trunked techno]ogy, If the flrst f1ve chan- T
ne]s are 90% fl]]ed o - : -

5. .. THEszHAINiNG REEULAfdgy ISSUES

- “ For public-safety rad1 users, a. number of: quest1ons remain regard1ng
S ~ the legal framework s€t up for 900 MHz systems.- For example, will the
.. . requirement for trunked technology with SMRS systems or any operations.
'=_*< of more than five ehannels be suitable for public safety’ systems?2/
" For example, fleet dispatching requires a call -to all mobiles, inter-
rupting other conversations if necessary.. Will trunked systems have the.
" ability to handle fleet calls as we]T as 1nd1v1dua1 calls to the base

- “ station and otheér mob1]es7 -

5.2 A second major question is to what extent would an SMRS type of opera- -

. tion be usable by public safety entities? Does the fact that-an SMRS .

cat ‘operator might .be an. "outside” business entity make a differenceé to the
public safety entity? . Or, .to what extent _would an- SMRS-type facility,

-operated by .a- governmenta1 entity for its varied communication needs, be
des1rab1e7 Is the SMRS optwon, as created by the FCC -advantageous from -

o«

.1/ As noted earller, this procedure 1s not subJect to obJectwon 1n a pet1t10n f11ed by MARS
pend1ng before the FCC. . = L _ R _ .

"_g/ Indeed APCO has expressed grave doubts whether trunked systems will ‘ever reach, the1r

eff1c1ency potential with the unique .and varied requirements of pub]lc safety radio sys-
tems. See APCO Reply Cmnnents Docket No. 20271 March 4, 1977, p.3. - .

',f\;\'f' R . T.2i

e~

- tity-will stand in the shoes of.-its members 1n termsfof use of the Sys- ~
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a public safety viewpoint? .

a

5.3 * -What will be the role of ce]]u]a? systems or techno]ogx in serving-?ub-
. 1c safety radio systems? an cellular technology be adapted to aligoOYr

_some of the communications needs%of an urban public safety system? Wil

the 20-channel limit on private systems or other technical requirements
- for private systems frustrate the -development of private systems? Could
- the common carrier cellular system offer a cost-efficient means of serv-
ing some or all of public safety radio requirements? . .
‘5.4 How does the 900 MHz requlatory scheme-accommodate the long-term plan-
ning requirements and other unique aspects of public safety systems?
e "first in/first out" frequency assignment method determined for
900 MHz applications remgves the assurance of:a related block of fre=
‘quencies for. the growth”of radio systems. At the same€ ‘time, public
.safety radio systems have seen steady growth in the size, complexity
. and sophistication of communications systems. The prospects for the
M . future indicate even larger systems -- many operated in conjunction with
) other local government entities. These comprehensive systems call for
detailed planning, budgeting, approval by:appropriate local authorities,
and possibly phased cut-over from older radio systems. In short, they

require extensive and intricate planning by state and local agencies _as

well as implementation pver a- Tong period of time .as ¢compared to smad 1
private systems. If the "first in/first out" assignment system,“the
short-term channel loadfing criteria, and the mandatory channel sharing
*©  option are applied nigdrOUSIy by the FCC staff, will such comprehensive
system planning and implgpentation be. possible? . :

The need for chénnel assignment% by function rather than.by strict num-. .

e bers of mobile units is also unique to public safety systems. The, use
' of a particular channel by one part of the palice force or another. func-
. tional group may be vitally important to effective use of radio in the
tasks of a public safety agency.” In-.former block or pool allocation; -
schemes, the designation of -one or more channels to a particular. func-
tion could be accommodated, but the channel assignment.and loading plan
at 908 MHz seems to preclude functional designations. ~ LT

.. The CTarification promised a rule of reason and a degree-of flexibility ~

in fréquegcy assignments, but the potential for mechanistic rules and
mandatory-loading requirements- is troublesome to radio.system planners.
In order 'to assure the implementation of long-term. plannifg, should
there be.some form of “"block” allocation in the 900 MHz-band.to ensure

1

the future availability of needed spectrum? How should the FCC take:

into account state or local plans for ‘coordinated radio use? How should
.the need for functional designations of channels in public safety sys- -
tems-be accommodated.l1/ . . ° - I B '

5.5 The role of APCO and other service frequency coordinators in planning

- and assisting 900 MHZ applications -is also open to question. For appli-

“cants seeking freqguencies in the radio bands, frequency coordination:
committees are recognized by the FCC as the primary mechanism for o
selecting frequencies and working with applicants to-design interference
free systens.2/ Often this frequency coordination work entajls con--.

siderable time. advising applicants, mediating.between possibly con-

3

1/ ‘For detailed disc¢ussion of conclusions regarding théE%,apd'related questions; see” APCO;S e

Comments on Docket No.. 21229 in Appendix I. = - .
'2/ Docket No. 18261, Second Report and Order, 22 RR 2d 1691, 1704-06. .« i °
E R B 2 2 . el
- ¥
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~flicting proposals, and encohraging'thef@ggésign‘of systems where un-
foreseen interference creates problems g™ - .. 1 /| .

The FCC staff's rote in frequéncy assigpments_ to 900 MHz systems and the
L contemplated method for staff assignment of.frequenc¢ies may well suffer
-from the absence of the counseling, designing, and mediating functions
performed by the volunteer coordinatorsy “Even if APCO and the q}her'-
‘'service coordinators were to continué ig?aﬂyﬁsory-roles,gthg lack of in-

formation as 'to frequency assignment$ made by the FCC staff could effec--

tively frustrate theirfefforts. *Iit:is difficult tc/belidve that khe FCC
has the resources available on‘a.nationwide basis, needed to perform the
"counseling and mediation often required by smaller, local applicants.
In sum, the 900 MHz decisions- ' leave..a-'largei hole .in the application
process formerly filled by the, service ' frequency coordination committees
and the Tack of-full frequency coordination work may disadvantage many
applicants and burden the FCG staff: It is for reasons such as these .
that the FCC is taking a further look "at its po1icie$“governiq§§5reF
quency coord¥nation in-the:goy_Mﬁ1 band.17 . T
5.6 Finally, an issue ‘that pervades the whole future of 900 MHz systems is
' the abilTity of the.FCC staff.to carry out the processing and enforce- .
3 . ment role assigned .to it. Thé enforcement of technical rules, channel
/ loading standards and Ficense cancellations by defunct systems at the -
.7 lawer bands has been haphazard at best. With the help of frequency
.. coordination committees, the. FGC. has barely kept abreast of the flood of
applications it receiveS. -For 900 MHz systems, the FCC staff proposes
to make all- frequency assignments, presumably to enforce the eight-month
deadline- for channel 16ading. and.the 90% loading prerequisite for

!

-assigning additional<channels, etc. .Although the growth of 90CGSMHz sys- --

' tem may be slow in_thke beginning years, even an optimistic observer must
\have‘céhcerns'as to-the availability.of the FCC staff to take on these

. “ﬁariedﬂﬁasks.gl I , . . _

-oe T . » . . . . " ‘
) : - : . . . . -

.
o

bl

1/ .The topic of staff resources and efforts in spectrum management is ‘now under consideration
in a broad inquiry,.Docket No. 21229. Notice of Inquiry, FCC 77-287, May 17, 1977. -~ '~
Frequency coordination methods are also considered in some. measure. T £

|2/ See Docket No. 21229. Notice of Inquiry, FCC 77-287, May 17, 1977. . . .
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CHAPTER 1II . S ' .

T e "FACTORS AFFECTING 900 Miz SYSTEM PERFORMANGE
T : ELEMENTS OF THE 900 MHz CONCEPT.

. ’
» R ty

2.1 INTRODUCTION , ' L L _ .
: Chapter: I describes the regulatory history of Docket No. 18262 and the
Y. background that led to-the opening of the 900 MHz spectrums«for -use by
the Tand mobile radio services. It also describes -the present regqula-

" tory environment and presents some of the unresolved issues that affect
the application of.this spectrum to the needs of public safety communi-
cationg systems. - o R o “ )

\ . . : ) -
. This Chapter describes those engineering, economic, and management-
; ‘related factors, peculiar to the 900 MHz environment, that also affect’
: “the application of this newly available spectrum “to-publif safety, and
. - in particular Jaw enforcement, communications systems. This presenta-
) ion is -Aot Tntended to be an exhaustive.discussiofl of all the ®lements -
"of law enforcement communications system design, norr is it méant to be
. a rigorous, engineering analysis. It is intended to pYesent those con- -
N siderations of*law enforcement communications system design and opera-. _ -
- - tion that are, or may be, peculiar to the 900 MHz portion of the spec- -°
trum under the conditions by which it-has been made available to the
public safety community. It will describe those system-related factors
- .that affect system plamning, operation, and implementation decisions.

A-discussion of 900 MHz propagation considerations is presented\39-_
yield insight into the probability of coverage throughoui=a given" area.
Concepts employed in the presently envisioned trunked- system designs.
are discussed.to provide a basis for the discussion in Chapter IPI re-
. garding the roles-such systems might play ‘in the public safety environ-
. ment. Design considerations for 900 MHz equipment are presented to
provide an appreciation of the gystem—re]ated factors of cost, avail-
ability, maintenance, and training that may affect 900‘MHz-system‘im-

plementatten decisions..

e

: - .. This discussion is designed to assist the executive level public safety
=..~ 7 communications. system managers'.decision-making process. The technical
“aspects of propagation phenomena, noise levels, information handling,
. trunking theories, and similar related topigs ,are presented in a sum-
". . mary, non-rigorous form. It is intended to be.a- managerial level.sum-
"« . mary of the work done by authors,  listed in the-Bibligraphy; the- tech-
nical inputs of the APCO project staff and-the ‘APCO tg;k*ﬁ%hups'l and”
~II. For more rigorous, academic treatment, the reader is referred to®:
.~ the Bibliography. : ) , : . : -

2.2. 900 MHz COVERAGE CONSIDERATIONS . - - T

The history of land mobile communications during the last 25 years.has
been marked by the opening of higher and higher portions of the RF -
7 spectrum. Each of these moves to higher frequencies was accompanied by -
"\, ~uncertainties. How will the new frequencies work? What coverage can.
.be expected? What equipment problems will develop? Will_different .
base 'station locations, more repeater installations, different network.
o designs, be- requdred? Will:authorized antennae heights and power out-
*.  -puts permit the coverage of the required geographic areas with the
needed degree of certainty? - . . - g R

. ‘The opening of the 900 MHz spectrum is no different in-this regard. - .
".Prior -to the Report and Order resulting from Docket No. 18262, little
. S - . operational experience had been gaingd using thése frequencies in a
oo -"civilian, land mobile, law enforcement. type of environment. Even as
T S ¢ 2.1 T
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questions re1at1ng to trunked system concepts. equlpment costs and
ava1]ab111ty,_and system management problems must be considered, the =
] basic question of whether or not these frequencies will permit the re-
' quired reliability of communications .throughout spec1f1ed environments
s1ng practical systems conf1gurat1ons. must be answered. .
The fo]lowwng sect1on of this report discusses those inherent proper-
ties ~of the 900 MHz portion of the.spectrum that affect 1ts usefu]ness
R 1 law enforcement commun1cat1ons Ssystem des1gn._

2.2.1 900 MHz Antenna Perfbrmance

The area of coverage -provided by a 900 MHz system‘ls determined by those

) "same parameters that determine coverage of lower frequency systems. As

- in any radio communications system relying on line of 'sight transmission

. paths, transmltter power, transmitter and receiver antennae heights and .
‘ relative gains,’ system noise, generated either- internal or .eXternal to '

7 the system, receiver sensitivity and band with characteristics and the

"~ . nature and length of the path betweeh the transmitter and the receiver, ,
are among the more obv1ous factors that determine: whether the system \
will pass an 1ntellug1b1e signal between two:points. For rigorous '

treatment of these considerations and for add¥tional diScussion of the
more subtle considerations affecting radia frequency system des1gn, the
reader is referred to the 81b11ography. S

-

- of spec1a1 interest to those consLder1ng 900 MHz applicatjons are those
particular factors that result from the characteristics of the shorter
wave]engths that are character1st1c of these frequencles 1/

A basic, physwcal tons1derat1on, and one -that has long 1nh1b1ted the

. : app]lcat1on of the 900 MHz portion of the spectrum to mobile/portable

- app11cat1ons, is the reduction of the effective capture area of 900 MHz

' systems'-antennae, as a result of the use ‘of these higher frequencies.

As frequency 1ncreases, the wavelength- of the radiated energy decreases:
proport1ona11y and, sherefdre, the physical ]ength of .2 resonant antenna
decreases. As the.ph sical length of the antenna .gets less,-the area .
throughout” whlch it captures energy from anm e]ectromagnet1c wave gets
smaller. Therefore, the receiving antenna picks up as smal]er share of .
ithe energy radiated by -the transm1tt1ng antenna. . .

i For examp]e, a quarter wﬁve1en§th antenna. deswgned for a 900 MHz system
. would absorb only one fourth the amount of energy from a-1000 watt
~ 900 MHz transmitted signal that a quarter wavelength antenna designed to
: work.in a 450 MHz ‘system would absorb from that radiated by a similar.
e powered transmitter -- other factors being constant. In many ‘types of
systems, such frequency dependent losses can’ be compensated/fvr\by in-
creasing the gains 2/ of the smaller antennae, i.e.;, since higher fre-
quency means smaller antenna element length, antenna can have increased
: numbers of elements or increased electrical 1ength for a given physical
- , 'size with a resulting increased gain. This gain can be used to compen—
sate for the frequency dependent reduct1on of capturé area. :

¢l . I

1/ wavelength in meters = . 390 here f is expressed in megahertz. ‘Practical consideration.of ]
system design usua]]y«requires that antenna length (either transmitting or receiving)-be an
integral function of 1/4 of \a. wavelength. Therefore, as operating frequencies become higher,

the physical length of an antenna -becomes 1ess. At 806 HHz a- typ1ca] 1/4 wave]ength antenna is -

.approx1mate1y 3%" long.” .~ ‘ , .- e,
. \" N . ) :
2/ "Ga1n“ in this context<1oose1y means the’ amount of energy a ngen antenna captures - . -
- (or rad1ates) in a desired dlrectlon in compar1son to some standard radiator, usua]]y a
- ha]f wavelength dipole. . T : r
’ : 2.2 T v ‘ : Y
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But mob1Je/portab1e system operat1on ‘places 11m1ts on the amount of gain .
' . that can be tolerated. Antenna ga1n ‘can only be prOV1ded by- concentra-'
=~ .. . tion of available energy, i.e., ing eas1ng directivity. "Mobile and
’ . portable units must normally be ne&g?yybmn1d1rect1ona1 in a ‘horizontal
- plane and can. on]y use .1imited d1r€Ebm3th in ‘the .vertizal plane 'if .an-.
.tenna po1nt1ng 1s not to- become an operat1ona1 prob]em

- ,jg,Base stat1on antennae can norma]]y emp]oy langer f1gures of. vert1ca1 T
.(f_.vd1rect1v1ty, with resulting increased gain. In some instances where the
. needed coverage 'is not uniformly distributed around the- antenna, dir= -
- . ectivity, with resu1t1ng increase in.gain, can be. to]erated in the hori-
e o zonta] p]ane..--;'“. v : . : :
' Nonmpi engineering pract1ce'ca115 for system designs'that employ the
:max1me.d1rect1v1ty, and associated ;%1n, ‘that the system geometry will
- .allow. Therefore, in mov1ng from a lower frequency to the 900 MHz band,
.~ System des1gners ‘may not be able to rely on .increased antenna gain, over ,
that_ used in lower frequenc1es systems in the same location, to compen-
. sate for the reduced energy capture that results from shorter wave-
'1engths, i.e., the lower frequenc1es system is already using as much
ga1n (d1rect1v1ty) as the systems' geometry w111 permit. .

SO Th]S fundamenta] system-re]ated problem has, to a large extent, been
- - -overcome in_ recent years by advances in receiver design technology.
A characteristic of-the 900 MHz portion of the spectrum is the signifi-
cantly reduced level.of noise that normally exists in the environment-in '
. which the desired signal must be received. Without delving too deeply
- .imto what constitutes noise generated by $ources external to a radio
. system, it is sufficient to point out that those noise sources (when:
. added to-noise generated within the system} establish the minimum anp11-'-
o : tude of a usable signal, i.e. if a s1gna1’1s any weaker than the noise,
: .- it will not be 1nte111g1b1e . As a2 result, even a very weak signal.at. -~
I .~ 900 MHz, one whose amplitude is such that it would be.noc stronger than-
: the noise arr1v1ng at the receiver in a lower frequency system, can. be
-copied by a receiver hav1ng adequate, and . current]y ava11ab1e, technical
character1st1cs _ , _ L . -

. The techno]og1cal advances of the: past several years that now make
L . 9007"MHz a viable approach to mobile communications system-design is the
oo deve]opment of receivers hav1ng usable sensitivities at these frequen-

' cies .in the order of .25 to .5 microvolts and that are capable.of be1ng
mass-produced- -at costs comparab]e w1th ex1st1ng equ1pment

The above d1scuss1on has been presented w1th two obJectwves in m1nd
- first, to show the importance, of techno]ogy in° making the: 900 MHz por-
.tion of the, spectrum available for use; -the second is to illustrate the
need to maInta1n a noise-free environment for 900 MHz systems. Shou]d’"
poorly selected frequencies result-in significant intermodulation (IM)’
products, should spectrally "dirty" transmitters be permitted, even. at
frequencies well removed from systems under construction, or shou]d
- other ill-conceived or uncoord1nated operations be perm1tted, exp]o1ta-g
’ tion of the system sensitivities made possible by modern 900 MHz tech-
no]ogy will be impossible, and the usefulness of the 900 MHz spectrum '
for Taw enforcement and other pub]tc safety needs ser1ous]y comprom1sed.

~

-

2.2.2-..Shadow Effects

hd .
- -

BEEES R Eiettr agnetic rad1at1on is norma]]y env1s1oned ‘as trave11ng in
' stra1gﬁg Tines, much like ]ight rays. As a resuﬁt of this linear path,

... shadows often exist behind objects that either reflect or absorb- the

- .. incident rays. C]ose observat1on of the edges of these shadow areas

et
e
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. "will show-that these boundaries are not perfectly defined. ~There is a
- region of transition between.full illumination and shadow 2t the border -
-f . (called the Fresnel zone). "As the wavelengths become shiorter, the -
" ‘region of transition between illumination and shadow ,becomes more sharp-
- - .1y defined. The width of this transition region isa function of -
R ~ (among. other things) the ‘wavelength :and is'invetéﬁTy proportional to
’ * the frequency. . . ' . : . ' Tt

¢
=

"It.is this.transition region that permits much of our line of sight = - :
radio communications; hgwever, as noted above, as_ frequencies increase,’ -
‘the borders between_usable signals and unusdble s™gnais> become more RS
distinct. Above the 'UHF region shadows can ‘exist in which the movement
of 2 receiving antenna by only a few-feet can result in severe signal
degradation. .Tests 1/ at 900 MHz have shown that individual varia-
“tions from the.mean transmission loss at-these frequencies can be as
_High ‘as 30 db. ‘These tests have also shown that the amplitude of the _
‘'variations. from the mean path loss is, to .some degree, & function of -the.
) ‘ - “absolute field strength and that the variations become larger as- the .-
e .- : mean value of the path loss.increases. -This observation suggests that |
- %' " higher energy densities, i.e., more effective radiated power (ERP) than
~ . is normally indicated necessary by theoretical calculations, may be re-
“quired in some environments to minimize the -operational problems that /-
~ may.be caused by these largepath loss variations.. - N

2.2.3 Scattering effects ~ N
" - . | . P . . L - . - _.‘\ - - )
"Another phenomenon affecting the usefulpess of the 900 MHz band for * .
urban, mobile/portable communication systems is the increased reflectiv-
. ity of these frequencies. The short wavelengths involved make. energy at
~these frequencies more easily reflected by the typical concrete/steel
“ structures encountered in an urban environment. This reflection, or:

scattering effect, caused by the multitude of buildings and othef struc-

tures normally existing in a-typical city, can ' result in-a-distribution:

T of energy throughout what normally would be expected to be shadow -areas. -
Experimental data 2/ . supports the theoretical conclusion that this: !
~ scattering effect throughout an urban community-can greatly .increase. S
) the percentage of coverage in the zone of interest by “filling:in" holes. ..

—mnormally caused by thezshadqw'gffects,deScripedf?n_Sécti@pwz;ggz.‘_

.These scattering. effects-are of great interest to the designer of urban. = -

“.law enforcement communication netwdrks. .Tests. in a typical urban ‘en-

Vironment show that this scattering phenomena can have:a sighfficant,f»i¢"w

beneficial effect on overall system performance by.providing increased ° . )
.coverage within buildings, tunnels,and.tbr0ughout]the~high1yﬁtomp]if‘ :

:f'.'Cated propagatiou”paths;existipgAjn,a»tygicai-urban community.

. This scattering, however, is not a completely unmixed blessing.. As
¢ited above, there can-be variations as much as 30 db from the mean
_propagation.loss throughout the area of coverage. However; these - . |
"studies have concluded that coverage will be generally ‘adequate. for land
. .mobile communications, and in some cases superior to that available on

lower frequencies. However, "holes".can-and will exist. =~ .= . :

-

N

‘-252.4-' Building Penetration . L ' ; ' _ R

, Thé attenuation‘of e1éctromagneticlenergy passing:thréugh'ﬁaturaT b}
* ' man-made structures is-a majorﬂprob]g? in portable law enforcement

o . o s < Tayas: Base- Hobile Stations for Vertical Polariza-
1/ UHF Radio Wave Propagation 1in Dallas, ‘Texas Base to Mobile Stations for Ver: \
~ tion, by N. ‘H. Shepherd, GE Mobile Radio:Products Dept., March, 1975.

. "d.‘ . 'v-‘ .7 .."‘_.- ...vr- L .
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' System}geﬁfgn. _The'1iterafﬁfé-fhdf¢ates_that %00 HHz’frequeﬁcies;:

'Pen8t§g§e average ;trugturés with propagation losses in the order of
10. db.~ 206 db per 100 feet. :As.a result, massive structures*gcan cause

+

. 'shading that. prevents usable transmission or reception inside:of build-
s-ings br.similar structures.. -Though somewhat frequency-dependent; this
Phenomenon "exists at all frequencies. However, evidence exists - that the -

scattering effects of 900 MHz systems described above_sjgnific&htly im-

. prove the coverage inside buildings and tunnels. . S
“Foliage Loss @ “'¥_'r . f*-, . BRI .

The short wave, Tengths at 900  MHz are. susceptible to 'serious attenuation
from foliage. -This problem is particularly difficult to treat analyti-

.¢caltly due to the many variables encountered. The losses can be much

. 2;2;6
e N - N
B

greater ‘in summer when trees are in leaf than in. winter when. they are = |

- barren. Moisture after a rain increases _3osses noticeably.’ Different:
kinds of vegetation have different amounts. of "attenuation. A number ..
~often . used is 1.5:db loss per meter of vegetation for "ayerage" attenu-=

'ﬂationa Of more significance, perhaps’, is the estimate t thoiiagg _
+ Tosses at 900 MHz 'are probably about 25% greater than those ‘expertenced .
“at 450 MHz. ~ - - o Do e AU S

. P T T R
"Site Selection ‘Considerations- S R

’Thé7genéhatidn,and_tkansmf§STbﬁ of.radib.frequgnEy-pdwéf at 900 MHz %s
- more expensive than at ‘the lower bands. Tnansmission .line loss is of*

‘somewhat greater system-significance.at 900 MHz. ™~Conventional RG8/T1H -
ﬂtransmisSipn-linefhasvavloss.9f“2g8~db-per-TOQ‘fegt'az“JSO‘MHzm, Its . .
Joss-at 900"MHz 'is: 6.8 db per’ 100 feet. : 7/8" ‘copper foam flex.has a - . .
. --loss of 1.7 db per 100 feet;-and air dialectic coaxial-cables (with: - -
:gtheimhatté%dantuexpensive_présiuszation~sy9tems)*cause.IQSS5inuthe?5;.1”
order_of: 0.5 db per 100 feet at 900 MHz... This implies. that if the . =~ ~ .
and therantenna.is not to be

transmis§idthoSs‘betheen théftf?nsmitt%; _
exhorbitanty transmission. tine runs must be kept reasonably short. ..

These Toss characteristics -indicate that. fixed éﬁges must be selected

“with'.some degree of care.. ‘As’ a rule of thumb, the radius.of the area of

"coverage is.directly  proportional to the square rootiof the antenna
height. - Antenna height v. ERP is a .basic trade-off consideration in
systems design. .Practical.considerations prevent the radius of cover-
age from being increased to a great degree by increasing the height of—
theﬁmobiie_br_pprtable;recéiving.antenna.J Therefore, base station
héights ‘usually pust-be the maximum possible, consistent with terrain -

“ .

‘and-drea of° coverage requirements. - In the typical system, the need for =

maintenance-accessibility and structurdl cost considerations prevent
- the location of RF generating and receiving equipment at the antenna
near the top of a tower. " Therefore, at-900 MHz sites must be selected
. at which the transmitting. and recgiving equipment can be located reason-
ably close 'to the radiating.eleménts -of the antenna, such as the roof -

of 'a tall building otld‘gtrategicallx ]dﬁated mountain:top: .

It is perhaps unfortunate that a "strategically located mountain top"
“for a-900 MHz-system is. very often also one or other.systems.  This .

““can result in a number of antennae, serving.many different systems, . .

-operated by many- different users, being located - in close proximity to
each other. The potential for .intermodulation. (IM) products -seriously
degrading system performance. under such conditions is great. - This _
. degradation c¢an be minimized by careful system esign.. Frequency selec-
tion must.be based upon careful evaluation of sYystem-performance needs

.. and the frequencies, modes of operation, power output, and user ‘service -
. . of other co]locatedcorgproximate-system.jnsta]1at1ons_carefu]]yigvaluf -

ated. - e e

;  t: Lo e .zfszilgf n'_;; 3.3; .,~.?_f .T
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"f;As noted'1n'Par' 2.2.1, the 1nherent1y greater path loss exper1enced at

900 MHz. can’ be overcome by the lower ambient noise~existing.at these
frequencies,. perm1tt1ng full exp]o1tat1on of modern receiver usable T
sensitivity. This factor must be kept in mind in se]ectyng sites, and
then protecting thesg sites from e]ectromagnetac pollution. 'In .addition

" to the-IM ‘consfderatfions .described: above, site selection should 1nc1ude
f~surveys for possible, sources of noise, such as high power TV stations'

“on nearby channe]s, high powered control - stations directed .toward the

. site, and major industrial or medical ‘installations nearby that rad1ate

l:~W1th s1gn1f1cant levels of spectral 1mpur1ty

'_'2.'2'.77 »

-
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o .
.Phys1o1og1ca1 Cons1derat1ons '-'_- e f, -

The port1on of the RF spectrum in the vicinity of . the 900 MHz band has

.been used for various industrial -and governmental purposes since World

. War II. These. -frequencies. are only.-slightly.above the UHF. television ..

channels and are below, government radar and telemetry frequenc1es. s

"Many of those systems. have long used rad1ated power levels in excess of

hundreds of. thousands of watts._'

:'Desp1te thlS exper1ence, there is an ever- present concern about the pos-

sible phys1o]og1ca1 effects that these frequencies may have.on .equipment
users. Such concerns  are part1cu1ar1y appropriate when cons1der1ng the
emp]oyment of portable equipment. Although such equipment ‘is. norma]]y

- very low power, i.e., 1 to 5 watts RF output, normal .usage often places .

the antenna only 1nches au@y,ﬁrom -the head and'eyes of the user when.

" ta]k1ng 1nto a m1crophone_mo3hted on the- portab1e unit. - ,-1-

A e

"Desp1te per1od1c stud1es by the“Department of Defense dur1nQ»the past

.ment that migh

quarter’ century and more: recently by governmentaT consumer protectiofi -
agencies,; little specific information: exists. perta1n1ng to ‘the poten-*' '

encountered in. the Taw enforcement field. - The Chief

Trtial” phy51olog1c§? effects. of 900 MHz- radiation._in the. type of" env1ron-;"

2.2.8

\"—\(—~~

.-€ng1neer of the

'si

CC "has stated that 1/ - the FCC is now study1ng these -

~‘problems and intends to pr0v1de a definitive. report in the future-. - He .
~ further stated .that the potential extent of the” problem is. nat. known. but;f'
" recommended that, pending. pub11cat1on of the results of the Commission's "
N ?f1nd1ngs,‘personne1 work1ng in the prox1m1ty of such Systems exerc1se
;-reasonab]e care. ... : L e

"y .
- - -

: Snnce the max1mum power 1eve1 autho r1zed for base stat1ons, 1000 watts,

‘is jconsiderably lower .than that long in use by television stations’at .
%11ar frequencies, it Ts not Tikely that base station personnel  will-
be 'subjected to a measurable level of risk due to electromagnetic radi-

.'at1on. By the time portable equ1pment becomes available, it can be -~

‘expebted that the results of the FCC's investigation will be public .
‘knowledge.  As: recommended by the FCC's Chief Engineer, 900 MHz system -

. designers.. and managers should. keep abreast of pub11shed 1nformat1on .

:'relat1ng to. th1s consxderat1on Sy . o
. 3 . T R ~
1‘Sunmary o

The phénomena descr1bed above are s1m11ar “to those exper1eneed at lower
bands, varying only in degree. Cestain characteristics of 900 MHz.
propagation seem advantageous while others offer problems. None have
proved -to be unacceptably. detr1menta1 to. .communications system perfor-
‘mance.  Most are simply the inherent considerations: encountered in the
design. of communications .systems. -Engineers compensate: for their =
effects by other coverage ca1cu1at1ons or emp1r1cal Judgment and thereby

LR

K

_/ Presentat1on to the 43rd APCO Vat1on Conference,:AuguSt.24, ]977;éChicago,1111inois:
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determ1ne the'number of “f111 it répeaters, antennae he1ghts, or the e
ERP required.. . The. degree to which special measures may be required in 1
the 900 MHz -band is a funct1on of the operat1ona1 ‘impact that the -anom-
alies" pred1ctgd may create. :.FulJ. appreciation of the impacts that
900 MHz coverage phenomena w111 have on.operafional systems design can
. only be . determined by* experiernce. Ana]ys1s .shows - that there are no

- insurmountable difficulties inherent in 900 MHz system implementation.’
Empirical data, acquired by observations of ‘practical systems, will pro-
vide the guidante needed- for. future'system designers to configure their
“designs n- ways that best oyercome thé problems and exp]o1t the advan- .
tages offeréd by 900 MHZ propagat1on phenomena. S . -'

Lt .

2.3 THE TRUNKED/SYSTEM-CONCEPT S

J'n2,3.1t‘;Genera] 'ff- SR [;s 2 Pt

" The Second Report and .Order resu1t1ng from Docket No. 18262 has made
-~ 'mandatory the use of .trunked.system technidques in those. systems at. e
‘900, MHz ‘that require more than five channels. .While.a form of ¢runk1ng A
has’ been 1in.use by.the mobile telephone service for some time, all users'
. . of the 900 MHz band with requ1rements in the excess, of. f1ve channe]s ‘
@: are now requ1red to empToy trunked technlques LT - P
- The Comm1ss1on based this po]1cy on. 1ts determ1nat1on to assure "the ,/fv
. . most efficient use.€oss1b1e of ‘the 900 ‘MHz. portion. of..thé spectrum. D
.-+ - .While public safety agencies with their’ spec1a]1zed operat1ona] require- - .
- ments (see- Section 3.2) are required to consider -many factors in the '
“..t .- configuration of ‘their systems, they-also .consider spectrum-usage O
-eff1c1ency as: be1ng one .of the more 1mportant ";%, A N
Thxs Sect1on w113 descr1be the basic pr1nc1p1es of how trunked systems
- .. . operate. This description i$. necessarily generalized, as it represents
< . a synthesis of, several approaches now .under. deve]opment by the -vendor:
© community. -While sagn1f1cant differences of eng1neer1ng specifics may
‘exist, these systems have many basic characteristics in common. The
d1fferences do not dilute the usefulness of a generalized descr1pt1on
"~ 'of system operations to help upderstand how trunked systems canm be
-:app]red ‘to public safety commu£1cat1on needs : : S

“

»

~: . Trunking is not a néw. concept The nat1ona1 pub11c sw1tched te]ephone<
service is based upon :this. technology. -As stated, -the mobile radio - ,
‘telephone service has long used a .trunked type of- system. But this sys-
.tem,; the Improved Mobile Telephone System (IMTS), ‘uses an ‘automatic,
. sequential . frequency stepping: -approach. It is slow; ‘as much as 20 sec-
onds .can be taken to obtain access to a channel.. Such a system would ¢~
“be of little use to law enforcement networks where1n the typical’ trans-“
‘mission may average less- than 3 or 4 seconds. Therefore, the. following
- discussion-.is limited to those high speed, flexible systems. whose deveél-
'_opment ‘has. been made possible by the introduction of. high,speed switch=
o -1RG. equ1pment and rapid,-remotely controlled frequency change capab1]-
ities in modern mob1]e rad1o equ1pments . .

v .
LI
. . - . - .

2.3.2 .Trunkedggystem'"Spectrum Eff1c1ency"x "«:f ;;.'

"

The presumptive . obJect1ve of . the 1ntroduct1on of trunked concep;s is to,.
increase spectrum usage efficiency. For the.purpose. of this study, '
"spectrum efficiency". (a_widely used m1snomer) has been defined as the
ratio of the actual number of users assigned in a_ defined portion of .
the spectrum to some (not specified) theoretical maximum number. of S s
~users- that could be ass1gned to that port1on of the spectrum, ho]d1ng
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" the. level or qua11ty of service constant, w1th1n a. def1ned area. Slnce ,r””
- the theoret1ca1 ‘maximum number of users-that cou]d be assigned 'in a N
-glven area, and ‘a quantifiable measure of “level or-quality of service"

is ‘'not available, the term "spectrum eff1c1ency is not very.precisely"

- defined. -However, it does have useful ‘meaning in a relative, non-
".quant1f1ab1e way. Intu1t1ve1y, we feel that. techniques -that p§;m1t mores

users -to fit-into a fixed amount of spectrum or conversely,  th perm1£
.2 Tixed number of users.to be accommodated in a smaller portior of the
spectrum, without- 1nped1ng the1r commun1catlons effect1veness, 1mprove'v

_"spectrum eff1c1ency“ o _ PAE . ‘._______ , TP

-From th1s concept spr1ngs the coro]lary ‘that u sed a1r t1me is an 1nd1-

cation of spectrum usage 1neff1c1ency This idea is’'based upon the-
regu]atory principie that anyone meeting - minimum -established require-
ments  has a right to exercise his privilege to ut111ze a1r time (“use“"
‘being def1ned as an authorized transm1sston) » :

This concept m1ght have validity if-all users of the spectrum have the

. same requ1rements and made equal contributions.to the public's interest,

convenience or necessity. .If that is not7the .case, then the idea of
unused spectrum and -therefore-the term “spectrum efficiency" may have
little meaning. : The possibility exists that the worth of unused spec-

‘trum, by simply being available, may be: greater than the worth of spec--

trum fu]]y occup1ed by Iess essential serv1ces

As an examp]e, ‘the’ worth of the "hot 11ne" between the wh1te House and

‘the Kremlin is not measured by the number of messages’ ‘transmitted.  Its
“worth 1ies in its guaranteed, instant ava1lab111ty when. need‘d for the -
;good of, the commun1ty at 1arge o o e

.,.,

*fKeep1ng An m1nd the above cautJons regard1ng the genera] app]:cab111ty

0f. the term “spectrum efficiency", ~several analyses -of the poss1b1e

-contr1butwons of trunking. techanues to “spectrum eff1c1ency are .avail-
“able. These studies, deriving from telephone experience, show that '

‘trunking techn1ques can be- expected to significantly reduce the priob-
ab111ty of delay ln a systemof a. f1xed number of trunked channels

Chart No 2.3.1. shows thé“probab1]1ty of delays that have been ca]cu-'

lated :for var1ous numbers of trunked channels under various cond1t1ons,;

of loading.” A single channel system is included {see dashed ]une) to

"illustrate a boundary condition.. For. example, a %4-channel system, éach .

‘channel. Toaded 40%, would. present an-overall probab111ty of deday: of

T 40% to any ‘user 1f ‘the system were operated in a conventional mode.

{See dashed line. *Each channel has. the .same probability of delay as a
single channel system }. The chart shows -that. this . delay probability-
would be reduced ‘to 9% if .those-same four channe1s, each 40% loaded,

were connected in a trunked system. A 16- channel system, with all chan-

.nels-loaded" 40%, would provide any user with a .1% probability of delay

if opérated in a trunked modex: -Similar ca1cu1at1ons are possible show-

- ing the theoretical reductions in waiting times, rather than probab1]1ty
of delay,-that can resu]t from trunk1ng ava11ab1e channe]s (See Chart

2.3.2.

The app11cat1on of these genera1lzed conc1usmons to a spec1f1c mob1]e

© . radio service presents certain difficulties. The calculations from .

which the above charts are derived assume a telephone type. environment,

..wherein'a large number of randomly .selected callers are attempting to

‘communicate with a large number of receivérs over a limited number of .
channels. A similar situation may or may not exist in the.various ser-

" .vices that const1tute the 1and mob11e commun1cat1on commun1ty .

8.

b-Subsequent descr1ptTons of 1aw enforcement systems operat1ona] needs

ASect1on 3.2) Sshows - that th1s anaIys1s does not. exact]y represent law

2.8 : '3f - o ‘-9'7.11'p‘,3i -
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PROBABILITY OF DELAY IN

MULTICHANNEL TRUNKED SYSTEMS
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- "énforcement Qperatioqg., In those types of systéms, generg]iy'a sing1é

caller -(the dispatcher) must communicate with a large number of simul-
taneous recipiénts {the patrol units) or one :(or‘more) of the patrol .

units must £Ommunﬁcate,with/a dispatcher.
o : » 3 - : »

" Since the number of system/users at one part-of the system (the dis-

patchers) is relatively small compared to the number of users at the -
other part (the patrol units),. the basic mathematical formulations used

~to develop Charts Nos. 2.3.1 and '2.3.2 should-not be applied too liter-
ally to. the public safety service. For example, the nature of the law
‘enforcement- operational procedures may cause the probability of delay to. -

be not only a function of ‘the number of 'radio.channels, but also a func-

tion of average message/Tength,_timanrequjred'to serviceéa,me;sage, the

- number of umits’ per channel,.and other similar-factors.

' ber of channels rideded can be reduced from. the 10 channels required in a.

‘conventional.mode to some.smaller number if the system is operated in a

‘trunked mode.  Just how much of a reduction may be possible cannot be

" determined from these. figures. Law enforcement communication systems
designers  must provide near absolute assurance. that the systems-will .

RNV

2.3.3.1

These observations are/

future system design, onl,

i
J

not intended to negate the possibility of épec-"
trum-related benefits 'that might be. derived from trunkimg. \They-are -
offered to show that the present popular calculations of poténtial

public safety service. They are not likely teprovide a highly exact

benefits are based-upon assumptions that doigg;\frecisély-pertain to the-

basis for. determining the increase -in "spectrim\efficiency" that might
derive. from trunking public safety radio systems', nor calculiating the
number of trunked channels that will provide a required ijevel of ser-
vice. . R L. EE R EE

If one is Yo assume’some relatively large sized system, for example, one
having 10 ‘patrol areas with 10 dispatchers, it is possiblethat the num-

support. the level of service required to satisfy the law enforcement

- mission under peak load conditions. * Therefore, the possible reduction

law 'enforcement can be detérmined, with the credibility necessary. for =
from practical experience. : :

of channel needs'that,mig:;\resu1t fram the use of trunked systems in

.

Trunked-System-Operational Concepts ..

. , e
General- = - e S
— 0 .. .

A’ trunked communication. system is. orie_ in which users. at either terminal

of a multiple link path-have access to 'all the circuits between the two

connect- two exchanges. ‘A caller from one exchange can reach th* -ther

f'might_not be busy.

-exchange via any one line. The next caller to use the same cir...t is
given the next unused line, and so on, until all ‘the lines -are occupied.
~In" this way no one caller experiences @ busy signal until all .the 7Tinés .
.are in use. - e . o o Co

The antithesis of this approach is the "conventional" system, wherein *
one/ or qmore of the customers at each end are assigned one specific cir-
cuit. . In this case, as soon as a circuit is placed in use, the rest of

- the customers ‘assigned to that circuit must wait until the call "is com- .

" pleted, . even though the remaining circuits-between the twg exchanges
. i . : : ‘.- [ .—,,"."_-

»
- 7 .

* ‘terminals. In the classic telephone case, a small number 6f lines may .

~Traditioha1;fnéq0ency>assigﬁment1con6ept§ in- the Ténd‘mobiiejfadio“ser-i‘

vice have constrained operations. to.this ‘latter type of -conventional

service. Users assigned: to a*given”freqpenty‘must await the -avail=- .

- .
. “, .- f . Lo t tee
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“ability of that frequency to initifte their communications. -Even though _
“nearby frequencies assigned to others may not be in use, they are not =~ . '+
‘available to non-assigned users. ‘ R L B o
i Current concepts.of trunked system operation ovércome this difficulty by -. .
: assigning several frequencies (5 to 20 two-frequency . channels are now * O
-~ _considered by the FCC to be a practical number in 'a single system) to a'
larger number ‘of users.  Users are given specific frequencies by auto-
matic switching téchniques so that no one user experiences a."busy" con+"
~ dition unless all the frequencies assigned to the system'érb”ép use .at - |
- the same time. T S ) N NEEEE T
u i ) . L : ’ & - L
.+ The -nature of a trunked system is suc¢h ‘thagt it derives its spectrum-
; efficiency benefits by combining the RF channels into.a common pool for
use by all users of the system on either a first come, first served
basis or in accordance with some prearranged scheme of priorities.

. 2.3.3.2 Components of Trunked. Systems

- The techniques for ‘accomplishing this automatic switching involve.a num-
ber of system elements-described below. " - o . '
a). -The base site transmitters and recéivers. * . The base station install-

. “ation includes a number o: transmitters and receivers-equal -to the: -
number of '’channels assigned to the system, each-operating on a. -
designated frequency.  These transmitters and receivers are individ-
ually conventional in. operation and are connected-to primary power
sources .and antennae just as if they were elements. of a standard,

‘conventional system.. These units can be switched on.and off by a~ .
colloecated (usually) electronic control unit. c o

b) The portable mobile transmitter/receiver-unit. Thisspunit operates
: similar to a conventional mobile or portable unit. In addition,
. however, it incorporates a frequency change capability that can be
_“controlled by a data command signal. A data controlled frequency
" synthesizer-is a  possibility; howevér, a multi-channel crystal ex-°
- citer:might serve the function also. Incorporated in the portable/ o
~.=7 - mobile unit ‘is an address logic capability, i.e., the lTogic ability .. e
' t6 recognize its assigned unit designator. or address; .and_to comply -

‘with frequency assignment commands” »

c)- The control channel. This is the heant of a trunked system's-oper-

‘ ation. It includes a separate_transmjtter'and-receiver,at.theafixedv—
site, operating continuously-on a fixed frequency,'sendinguvanious-f‘
items of control information to all portable/mobile-units: or system

- control points.. Portable/mobile units monitor ‘or reply on this ~ .o
" .channel ‘whenever not transmitting or receiving -on an-assigned chan-" .
" “nel in response to-g-command.” . - = .o ' g e

-,

" d) The system's language. Here is included the many system features
: ~that dictate how the system operates. ' It-includes the data system
concepts that establish what the.system does and how the system . -
' functions. It -is made up of a digital.data stream transmitted on =~
-the -contrdl Qhanne1_that_addresses-each portable/mobile unit to-pro=
- vide information regarding RF channel assignments for each addressed
.portable /mobpile group or (nit. ‘The composition of this language
...~ - _ and .the constituent elements of the instructions contained therein .
a © directly determine system functional performance. . = ' e s
~ .e) -System control points? One or more transmit/rBceive units, usually
‘ Fixed But can be mobile or portable; [in the system having the abil-
_ ity td'qirect'the control channel. By so doing, these points can -
jriitiate calls to designated units or groups of units.or_in.other

L 210
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" ways  exercise control. over the system. " Such & unit would normally
- be assigned to -a dispatch center. There can be more than one con-

trol point in a ‘single ‘trunked systen, -each serving different users " -

,and generally unaffected by each .other’'s qperqtiong‘“

. .

2.3.3.3 Trunked System Configuration -

3
EN

~ ,-Each'mobile and control” unit of a trunked. system is assigned an address: ..
. This -address includes a group designator in ‘addition te the discrete- . ...
unit address,.similar in_concept-to a seven digit .telephone number.:  The . .°

- -base, station control channel ctonstantly transmits coded instructions. T

‘that include address-information ard frequency assignment information.

A1l mobile: units.assigned to the system monitor:this -channel ‘wheneveri- - "
- they are in a stand-by mode. ' - T L Ty T _
. . , . . '¢4:, {-..' :

When a dispatcher initiates a call to units in a patrol area, the-con- " -

: trol channel carries instructions to the units_ in. that patrol area {by- ~ """ -
-addressing them all via their group designator) ;and directs them.to-move =
from the control chanpnel to a frequency that the central control.unit. -
has determined to be unoccupied at ‘that time. Al1:units in the desig-" " ..
nated group hear the fixed site (and,a rebroadcast of the mobile transs, “-.
mission if the system is so configured). - A1l units . of.other groups re- '
mqig'oniphe,commanavchanne1'orvon a working channel if they are occu- "
pied. SRS ) o - - = , R C

When mobile units have moved to a-working frequency, a-"hand shake"

takes place by transmitting 'check' signals that assure that. the mobile
__units are on the same working channel- as the fixed station. _.This ‘all s
' takes pTace im small fractions of a second. Depending upon system or- <
L ganization, a working channel may be held for’ the duration of a méssage .
- - or of just .2 single transmission. ‘Upon' completion of the traffic ex- .
= - .change, the units ‘revert automatically-to-"the command channel.. o

s

e Should a member of a group wish to initiate a. call, he"automatically-
quertes the central controller via the command channel by simply de-
: pressing . the microphone switch. ' The automatic controller.selects an
. ~-avaidlableé frequency . and directs .the mobile unit 'to move fo. the channel
selected. . This commaad infqrmation_can'a150‘beﬂreCeived.byﬂother,mem-iﬁ”;
bers of that group and.their'unftS»automaticdl]y”movgp;tq;thegchannel :
'_se{ecteh‘so,that-theyiwbu1d*mohito£_3ﬁe;commuhjcatfqgs;hrﬂ-' ' .

" ":Should mobiles:be required to communicate with other-mobiles or units -
other than the dispatcher, both units would switch-to a-designated new
address..  For example, if a unit from- Group 123 .wé&s .required to communi-

. cate with a-unit from .Group 321, each could bé directed to-switch to a
common group -address 456. The-:control ‘unit would recognize this as" just
- .-another group cald.. .. -~ . N T T s, , ;

[ e

- The command channel is. a data*1ink} suitable'to a Standard 3- KHz voice & -
. .- .channel -band width. +Data can be .transmitted at a rate-.that permits com- .
-7 .7 pléte command information transfer -in small fractions-of a second.. As g
- -a result, all.of the automdtic chanmel-switching takes place in the -time . =~

‘.f - -1t takes, the operator tp_depress.the;mfkefbuytqﬁ; o " f

° ' ‘'There.are two important benefits to bé.-derived-from. these techniques. .
' . The first-is the reduction of probability of.delgy resulting from the - - -
'~ o. .availability of.all RF channels to.ajlfUSErééat'§g1 times.. (See S
.07 Section 2.3.2.) The second may be of-even gredter importance. The sys-~
tem's operational configuration is no-lpnger l+mited by channel avail-
ability. ‘Special functions can be accommodated-by setting up-special
group addresses rather than through. the use of discrete channels. The
-potential value of this latter tqolhimvanfiguring‘systems.to]providei_
complex, user-oriented functions is difficult.to -fully appreciate at
.~ this time. ST N Cea :
oy o vo- Y

.
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_‘Present ‘trunked 'system concepts allow.the command “Tanguage to provide
more items of informition - than merely.address- and frequency” instruction. .
‘Priority instructions can be incorporated. ~Status® information.can be -

... transmitted with the address ‘group permitting direct interface with com-. .
puter aided dispatch systems. .0Only careful analysis of user functional T

- needs will determine which of.the many possibilities:inherent in this

concept 'should be incorporated in a given system design.

R Because of the random frequency selection problems, it is impractical to.
T .. use remote repeater configurations.having fixed frequency- offsets to ex-’
_tend coverage throughout areas beyond the coverage<of a single trans- .

mitter location.’ . Trunked systems can be.used in repeater type systems-:
where repedt - transmissions are on the same frequency as the. primary
%ransmission. This technique, called “simulcasting”, has been used on
occasion at the ‘lower bands. Very clase tolerances of-RF carrier fre-
quency and- audio envelop phase shift are ‘required to prevent interfer-
ence in.the zone wheré signals .from both transmitters.can be received..

. Such frequency control has not been demonstrated in practical-systems

T at 900 MHz at this time.

- Py . -

This limitation does not apply.-to ‘satellite receiver sites. Shouldire- .
‘mote receiver capabjlities be required,-as in the case,of portable-sys- .-

- tems, each satellite installation would have equipmert required to moni-  _°

¢ - tor all frequencies avaiTab]e,to_the—sy§teﬁ,'each connected to the cen-

25 .. .. tralcontrol unit through appropriate voting systems by the usual land

. -line .or microwave system., - .

. -__ The above description of trunked systems is sparce. It does not.des-
o cribe various specific system functions considered proprietary by. those .
~<. -~ vendors now developing such systems. Tt does show the critical .elements. -
of .such systems and how they function.. It is intended-only to provide

T  fﬁ" familjarity with the basic system operation so that.judgments .can be'
- -made-regarding the potential applicability- of these techniques to speci-
» . - . fic user requwirements. L - - . . . o
o .o L - g S . R D .
2.4 ° CELLULAR SYSTEMS FUNCTIONING T RN )
. 2.4.1  General = . L R E

‘.- The concept of cellular systems contained in Docket No. 18262 poses one
of the most far .reaching innovations in.the history of radio communica-
tions. The ultimate objective of this concept is to make mobile tele-.
phone service available to the general public in much the same way that
the public switched telephone service; using fixed wireline connect- -

-7 ions, is used today. R R PR e
.The problem that has:prevented the development of such seryice in the _
‘past is the lack of the huge rumber of frequencies that would be.re- . =
quired to serve the large number of general .public customers, if present ..
day techniques were to be employed.: In a given service area,-using’a’
'« normal coverage pattern \perhaps 25 to 50 -miles .in radius), thousands of
separate channels would be required to service the hundreds of thowsands
of mobile customers that might-reasonably be found in the area.of cover-
age. R ‘ R SO TR v . PR AR

- o Lo C U N .
. -Modern' computer technology, coupled with the capture effect phenomena’ ‘
> inherent in a frequency modulated radio system, offers.the potential : .
“ for overcoming these difficulties. The possibility now exists-.that such:
-service can. be provided using. a reasonable, and ‘now-available at . -
~.. 900 MHz, number:of -RF.channels. . Several techniques. have“been proposed
v to.provide- these services. Development programs are under way in Chica-
e "go,-I1tinois and Mewark, New Jersey.  License applications hnave been
’ 4 ' e T "."_:‘ 2.]2 . ",1, . . L }

.
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‘filed for add1tiona1 deve}opmenta] cellular systems in Ba]t1mo¥e, Mary-f.q' .
.land. These systems vary in techn1ques and; geome'try, “all having a° -Comg :
"~ - mon ‘objective, "i.e., wide-based service to 'the general publi¢ using
computer -aided sw1tch1ng ‘and repeated use of frequencies within a
defined "area of ¢overage. _The {following ‘description of- the technical
.concepts is not intended to be an in-depth description of any one: sys—
tem. It is intended onIy to presenb the genera] principles. upon whlch---
. . such systems operate. -
- : - [y S

N

- 2.4.2 'Ce11u1ar System Organ1zat1on » '_; ) %”1‘ .

The bas1c pr1nc1pa1 of operat1on of ce]]u]ar system Operat1on "is ‘the E
division of the overal] area of desired coverage (for .the purposes -of
R th1szﬂ1scu551on it.will be assumed that the desired’area of coverage
{% is a ‘single city, though this limitation is by no means. necess&ry) into
a number of smaller’ geographic-areas, por cells. Radio coverage-of each
cell is: provided by low power (relatively) transmitters and fixed re-
ceivers. Typ1ca1 sizes of such cells may be only a ‘few miles across.
(The optimum size of each cell is a subject of centroversy and one of
the differences- b€tween the various competing—t&velopmental systems. ) "'- ;
While each cell has its own transmitters -and receivers, operating on i
signed frequencies, adjacent cells will have different frequenc1es,]
“but frequency conservation occurs by repeating, frequehcies .in cells
separated by other ce]]s As mobide veh1c1es move Ffrom cell to -cell
-the capture effect, , an FM receiver's. capab111ty of responding to
the :strongest s1gna1 on frequency and ignoring others, and the. re]at1ve-
« 1y Iow~power.of the f1xed transmitters, prevents 1nterference.

. As the mobile unit mEVessfron*ceII/fo cel] its received frequency of
: peratnon can be automatically switched as needed by technlques inher-
entsin the system concept. Central computer sw1tch1ng prov1des con=
tinudus connection of the cell in use by the mobile to the- system 1nter-
faceﬁ_s usua11y but. not’ necessar11y the w1re11ne te]epbone system -

- By. such a’ - system,‘the number of simuTtaneous conversat1ons poss1b1e
" 'within a ce]1 s 11n1ted by ‘the number of frequencies’ assigned in each
“‘cell. Mobile un1ts receive continuous service as they pass from: cell .
to cell through” “centralized* switching"of the cells in contact with the .”
: ° mobile unit. A reasonable number of frequencies-can be used to.. supporii N
t~ - a. 1arge number of custoners through mu1t1p1e repet1t1on of frequency '
usage. . . ] , . - .

- . The objective of such systems is to provide te]ephone type,,customereto-

- —customer service,. throughout a designated service area. - There is signi-
ficant’ technological development and economic investment ‘needed before
'such systems - become widespread. IE is clear that it will :be many years
before such systems will have demonstrated their capab111ty and reli-

, ab111ty to the degree necessary to make them a v1ab1e cons1deratlon 1n -

-, serv1ng pub]1c safety commun1cat1ons needs. .

.8
A

2.5 900 MHz ,EQUIPMENT-_AVAILAaILITY

kS

e o TS - _

2.5.1  .General , )
' . . R .. N . y:"‘ - . . . . .

- At the time thig study was initiated, none of the vendors in the land -

' mobile community listed -base station or: mob1]e equ1pment suitable for.

- 900 MHz use in..the public safety service as.standard catalog items. |,
Since that time sayeral-major vendors "have advertised comp]ete Tlines of
base and -mobile equipment.. Other vendors have ‘equipments .in development

-'and promise full availability. in the near future. By the beginning of

~ 1973 a fu11 Tine.of base and: mob11e equ1pment shou]d be ava1]ab1e from

-
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2.5.2

2/5.2.1 Conventlonal Base and- Hob11e 1900 MHz Equlpment "_ ,
\\ *\_ The most apparent difference between ,present day 450 MHz equlpment and -

-

2 5.2. 2 Portab]e qu{pment

2.5

H

~

) must be Tmproved to meet FCC standards Uut this has proved feas1b1e

jmost of the vendors in the pub11c safety f1e1d

Descri?tfon”of'SdO MHz Eguiﬂment"_' ' A

Costs clo$e1y track w1th those at 450 MHz Vendors clarm that’ 900 MKz
equ1pment will tost: initially between 10% and 20%. more to nanufacture
than similar un1ts des1gned for the 450 MHz ‘bands. L < < -

___At the”t1me of wr1t1ng, there is no 900 MHz pontable equ1pmen€£on=the
- market, a]though most vendors observe,that this is due to the lack of an

immediate market rather than because of technological difficulties. No
equipment specifically designed for use in pub11c safety. trunked systems

" is available. The following Section provfdes a ' description of these

equlpments and re1ates ‘them to past exper1ences on 1ower bands.

-
<. - -

[}

he. available 900 MHz hardware is- tne need for an additional stage of

'mu1t1p11cat1on in the transmitteér exc1ter -and receiver local oscillator .
chains. Designs now be1ng offered by major vendors 1ncorporate existing

chass1s, IF str1ps, audio boards,vand exciter cha1ns. An additional
‘doubler stage is ‘added;, and a new" final’ _power amplifier “for transmitters
and- new receiver front end are needed. -Solid state RF devices; able to
provide required levels of power output, are readily available at a cost
only slightly higher than for those at 450 MHz. Oscillator’stability

Strlpllne circuit Iayout techn1ques, Iong used in the Iower bands, f1nd
.similtar app11cation at 900 MHz, the.principal -difference being the

changed size of .the circuit and the" reSpltlng need for greater prec1s1on
in fabrlcatlon and hand11ng ' : .

.q -

A noteworthy character1st1c of the 900 MHZ equlpment now availableis
‘that full coverage of both the transmit and.- receive.bands is possible
without retuning. . ‘The bandwidth of the fronb;end circuits. i's such that
FuTIvcoverage of the authorlzed band" 1s poss1b1e by on]y chang1ng the
osc111ator frequency‘ s . o .

. : . - : - - .
1A - o Lo . .o - el

‘.

No convent1ona] portab]e equ1pment has been announced or promised for -
use at 900 MHz. Vendors are in general agreement that this 'is due to-
“lack of a - present market to justify -the research and development invest-

’ ‘ment. There are some-inherent d1ff1qut1es in the design of a conven-

tional 900 MHz portab]e_cranscelver, but none that appear to be beyond
state Pf the art reso]dt1on. .

The main difference between exlstung 450 MHz and 900 MHz equlpment is

the need for an additional stage - of doubling, botn for. the transmitter =~

exciter and for the receiver l1dcal oscillator chain. ~ This requires
additional space, and also adds to the battery drain. If units are to ~
meet the 5-5-90 duty cycle for’ an 8-hour .shift, then portable power out-
“put. must be. kept as low as practical, keeping operatlonal needs in- mind.
Estimates are that a 2 watt 900 MHz portab]e might have a size and power:
“drain similar to fhat of a 4; to 5 watt, 450 MHz unit. , ‘

. / ) Lo . -,.
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-2. )3 Anc111ary Egulpment - -a T

By

Antennae, coax1a1 cab]es, dupLexers, connectors, and snm11ar equ1pment
- 2.14

-
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‘are now available for 900 MHz-land mobile systems. A. vartety of anten-
nae configurations have been developed so that systems designers have '
- flexibility of choice. Low loss coaxial cable, while re]at:ve]y expen-
v4ﬁs1ve,_1s avallable.‘ B 5 ' ' ' '

e e e e e e g e s

_-The ma1n d1st1nct1on of 900 MHz anc111ary equ1pment is . the degree of" .
care with which- it must be handled. A poorly installed coaxial connect- -
or.-that would cause loss of several db at lower frequenc1es can - render

a 90¢C MHz system complete]y 1noperat1ve.;-' :

'2;5;3_ Trunked System Eqp;pment L “ .

. - There are no, trunked systems current]y in operatwon, nor-do any of the
. .known: vendors offer 'such systems as standard items. Several of the

i vendors describe- breadboarding such systems. Such. breadboard models are
being used to develop and evaluate system concepts-.: Many of the system
elements have long been in existence or have been .developed for use in
other types of systems. "  Remote: control or switching of transm1tters and
receivers. represents noth1ng new to the land mobile field.. High speed
“switching of oscillators is well developed. Frequency synthesis tech-
niques are well along. While there are many pitfalls poss1b1e between
‘the ava11ab1]1ty of a technology and its 1mp1ementat1on in a practical
system, trunked systems do not require the re$o]utlon of yet unsolved
theoret1ca1 prob1ens. _

As of. this tlne no definitive requ1rement specifying the functional"
needs of a-law enforcement trunked system, has been prepared. It is
-only to meet such-a specific set-of needs that a spec1f1c system. can be
designed. It.,is estimdted that the design and implementation of’ such a - o
. iyﬁtemhwguld requ1re 18 to 24 months after the spec1f1c needs were es-_ .
ablishe

‘Portable operation poses more d1ff1cult engineering problems in a -
trunked system.  The trunked, portable. unit has the same basic: des1gn“
requirements as the conventlonal portable described above. “This means. AR
increased doubler circuitry and resulting battery drain.” To the’ trunked -

- portable must - be added a muyltichannel exciter, either crystal contro11ed -
or frequency synthesized, plus-the logic circuitry needed, to decode -

- address and frequency instructions on the command channels. No’ vehdor .= ..
\has published any .indication of the early development of units with o
these cdbab111t1es that meet normal operatlonal requ1rements for size,
.we1ght and battery 11fe e . . ‘ S

Thls 1mp11es that near term trunked system deve1opment would involve
- mobile only systems or-some form of hybrid system using trunked: mobiles” -
LA . with- conventwonal portable unwts Depepding upon. the operational needs T
' o of the agency involved, such systems could be configured by having the -
- ~portable work convent1onaT1y through a trunked mobile unit in a repeater
or relay type mode, having a"separate ‘convenfional network for. portab1es
.that interfaces with a trunked mob11e system, or other su1tab1e conf1g-a
urat1on.,v7- : , _ o , . o Cel

. (-] . - - . L B . v
., . . . .

2.6-;._"‘_-'-'-MANAGEME-NT INNOVATIONS . Ly e
2.6.1 General .. |

T L The regu]atory env1ronment estab113hed by the FCC for operat1on —of ﬁand; ‘
R . mewle systems in the 900 MHz band ingludes. a new concept-of .system$& . 0 L -
o managemen?‘not heretofore permltteo.“ Community repeaters ‘and radio: L S
- ‘common carriers have long been in use by the business: communlty :at ‘the -
1ower bands and are a1%o author1zed at 900 MHz. In add1t1on,,the ng-' SRR
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- The SMRS Concept
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mission has authorized .the establishment of Spec1a1 Mobile Radlo Systems

(SMRSs) whose organizational conceptsiwere recognized as necessary to

fully exploit the advantages of the ‘trunked system technology. (For

def1n1tlon of these terms and detal]ed d]SCuSSlon of the1r_;regulatorx;m¥_::_m“

“roles, see Chapter T.)~ =

As described in Section 2.3 of th1s Chapter, the spectrum eff1c1enCy
advantages believed to result from.the trunked system concept spring
from a conceptual scheme involving a multitudé of callers, randomly

_seek1ng access to a mu1t1tude of call recipients. Statistical analysis

~shows that the degree of 1mproved spectrum efficiency resulting from
such a system configuration is dependent upon.the number of channels in r

'vthe 'grab bag" of channels that is randomly available. . The theoretical
advantage of sugh ‘a system is therefore largely" dependent upon the num-

ber of users th; can be combined into a single.system. In a major
metropolitan area this need could be satisfied by the requirements of a

" single agency due to its size. ‘However', in those communltles having n g
one~agency large enough to fully'exploit the inlrerent” capabilities of ~

.the -trunked concept, it might prove spéctrally advantageous and econom- .
ically necessary, to combine the communications requ1rements of a number

of agencies into one municipal system. . In this case, the SMRS concept )
prov1des a system management structure su1tab]e to support the needs of - -
all users. . _ : o

- ) s A

It seems heuristicz1"y evi-ent cnat <he typzcal community cou1d 1mprove
spectrum efficigncy .-d enJoy the opz-ational benefits .of" a .sophisti-
cated trunked syszem if several-diffe-ent community agencies, each now
requiring 'an individual communication network, could pool the1r avail-
able cHannel needs in such.a manner-t-at the 1nd1v1dua1 channels would " -
"lose" their. identification with the individual agenc1es and becone R
_ava11ab1e for the ‘uze of the entire commun1ty SRS S
“The obJectxve of estas11sh1ng SMRS was. to make such a- system more _ﬂf‘;'- o
attractive from-an economic and manager1a1 po1nt of -view. An SMRS, as ’
conceived by the -Commissi~zn, is an economic ‘entity established by an..
_entreprenmeur, on a profit- making basis (this profit-making element is-
authorized ,but it ¥s not an-inherent requirement under the Rules), to
provide services to those mobile commun}catuons users WHO WOULD NOR-
MALLY BE.LICENSABLE' 'IN THEIR OWN RIGHTS: . An SMRS has two uniquely
distinguishing cRaracteristics. - These are-~ (a). the SMRS -i's .authorized
to provide fixed radio-services (under current. rules the users of these o
services must own the control points. and mobile units themse]ves) to - N
land mobile users who are in themselves licensable under the existing - o

*

- regulations. ofithe Commission; "(b) the SMRS is :not authoriz€d to pro-

vide services-to the public in general and therefore is. excluded from

..regulation-as a common.carrier by the 1nd1v1dua] states.. All regula- -

tory author1ty over the SMRS res1des 1n the FCCV SR o i“\
d-

Th1s new- concept was the cornerstone . of much“of the controversy. regar

- ing the promu]gat1on of the present 300 MHz regulations under. Docket.

‘No. 18262. - Chapter I discusses. the 1ega1 ‘ramifications of this concept .

and’ presents some.of ‘the* questions,still ta be answered.‘ Chapter IIT : .
.discusses the posstJe app11cab111ty of this ‘Coricept to the law- enforce- 2 e -
ment commun1cat1ons commun1ty show1ng some of the prob1ems and the = 07 . .
opportun1t1es presented. - , ) e U T s

»

The ex1stence of such an entrepreneurIa] funct1on prov1des the commun- o
jtyleaders-with the possibility of contractlng the fixed -portion of: o

‘their community's tax-supported communication network, in whole or in S
part, through competitively selected_contractural arrangements. Superf T
f1c1a11y, 1t m1ght seem that such arrangements woqu reduce the tax- s

£ .
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T view 'should ot be Gvérlooked.

"~ supported manpower requirements of the community government, provide for

 increased efficiency through the consolidation of resources, and permit
greater managerial efficiency through the competitive contractural. . .
selection process.. However, the possible pitfalls of such a simplistic .

. . . . o - -
Such entrepréneurial functions should not be confused with "telephone .
type" service. As pointed out above, one of the distinguishing charac-
- teristics of an” SMRS is, unlike -the public telephone network, its exemp- -
tion from state regulation. Such organizations are prohibited from pro-
viding services to the public as a whole. It seems, therefore, that
many of the economics of scale now enjoyed by the telephone services.
might not be available to an SMRS. B e T -
‘. - Because existing restrictions on SMRSs preclude them from owning the
control points and mobile installations, the procurement and maintenance
problems encountered by a tax-supported agency would not be significant-
ly reduced. Finally, the degree of "competitive -procurement" that might:
acttually take place seems questionable. It is unlikely that, within a - -
typical community, sdfficient capital ‘would-exist to provide a signifi-
cant number of bids competitive with an established SMRS once its equip-
ment has been installed and amortized. , ’ T o
- y : . )
"On-the other hand,-there is nothing imythe existing regulations that CeT
_ precludes the establishment of SMRS by governmental agencids. Should a
- community decide that its mobile. communication service cou best be o
-provided through™@}single fixed station management entity, it now has o
available under'tﬁé Rules the mechanism to-establish such an entity.
 Whether this ser+vice would be required -to operate in a conventional'
- 'mode or as ‘a trunked system.would.-be a function of channel l1oading and -
* the Commission's regulations. . ;= R '

previous Sedtions of this Chaptel- describe :trunking concepts, the -, i

- .The p .
T ot staébs of equiphent therefor, and the functional impiications of thigv-.' o
;thechnique.éthESe disgussions have significant bearing upon any decis-. = . .

' -ions regarding the .desirability and costs f estahlishing SMRS. The- - . .

~readef's attention is invited to discussiohs in Chapter III which deal

' with. the-operational considerations and the functional requirements of .

. communication systems in support of the . law enforcement mission.  .These
basic mission-oriented needs must be the dominent considerations in the
selection of any communication system management technique.- . e 'J,

\ . . -
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) INTRODUCTIOV

5‘pract1ca1 now;~as wel] as 1n the future. -ﬂ ._ _,« .

'epol1c1es estabT1shed N the com1ng months and

'CHAPTER II1I- -

14

. _OPERATIONAL SUITABILITY OF THE 900 MHz SPECTRUM‘

Id

. ~

Chapters 1 and I1 of this report have descrlbed the background of the
10pen1ng of the 900 MHz -band for land mobile communications. They have:
presented the regu1atory, managerial, technolog1ca1 and economic factors
that affect the way in which this new portion of the spectrum can be
made available for law enforcement communications. This -Chapter pre-

sents “a generalized descr1pt1on of the operation of law enforcement = .

communications systems and the system needs that derive therefrom. This
description provides -a basis for the analysis of how the 900 MHz spec-

‘ - trum, as now made avdﬁ1ab1e, may or may not contr1bute to meet1ng these o

needs. - . . L : .

The- grow1ng demandS‘for public safety services by the general pub11c
and -the- 1ncrea51ng requirement for the application-of sophisticated~
techno1ogues in support of law enforcement objectives, have imposed in- .
creas1ng demands upon the capab111t1es of law enforcenent commun1cat1on»
stems. These demands are, in turn, imposing new and stringent -re-_

‘qusikrements upon law enforcement communication systems performance. They

. are p ac1ng even greater requ1réments upon the eﬂectromagnet1c spectrum

‘The advance of techno1ogy has recently presented new opportunwtles to
alleviate these: problems. It is now feasible to.produce ‘equipment that

‘-fcan operate at 900 MHz ina pract1ca1 day-to-day environment. This
technological devetopment, recognized by the FCC in its Docket No. 18262

‘proceedings, has nearly doubled the amount of Spectrum ava11ab1e to the
1and mobile community. . . Y 4 - .
o : _ I
,‘Trunk1ng techniques, as defined. in Chapter I and descr1bed in Chap-
ter 11, offer the p0551b111ty of significant- improvement in spectrum
“ff1c1ency and’a hope for dincreased spectrum.availability. These tech-
.igues also offer opportunities for new: approaches to systems management

_ " that may yield significant improvements in the way public safety com-.___ . -
- munication systems can-respond to the needs of their users. The pur-

pose of this.Chapter is.-to analyze the extent to which these technolo- ..
gies.can contribute to ‘the so1ut1on of law enforcement's present and
future communication problems. ~ To do’ this, At will jdentify those.
special .requirements -of.2a Taw enforcement communication system and
thereby point- out:the major functional capabilities that systems con~
f1gured under Docket No. 18262 requ1rements must prov1de ' .

L .- )i

The exper1ence of the Iast severaI decades 1nd1cates the na1vete of

.’

. stating that such-and-such a requirement cannmot be satisfied because.of

technological -limitations. A technical solution can eventual]y be pro-
.vided to almost any technological probTem. But these.sglutions may be*’
long in coming, and they are-inevitably expens1ve - The present problems
faced -by community, municipality and state governments demand. near term:
solutions. It is dnsufficient merely to assert.¢hat such-and-such a
capability “can be done" simply because it is technologically ‘feasible.
. Whether or-not it is rea11st1ca]1y feasible, whether or not it is cost
effective, whether or not’ the risks.- of'development can be borne by the

taxpayer, are - all. quest1ons that demand clear-cut answers.. er efore,:\~ :

~a study such as this must deaﬁ W1th the real wor1d of that hich ‘is

T

"ZHowever, in- the urgency of toda) S rob]ems ‘and the pTeSSlng needs for

0old of a new-era in communication management hile principles and

their so]utwons, we shou1d ‘recognize that 900 MHz represents. the: thresh- _
ars w11T be the
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. precedents for decades to come, todéy?s decisio
-near term needs of the public,safety communica

its ‘long term goals.
~wo—-=As-described-in -Chapter-Fly—trunked-systems-repyesent a signifrcanN ad= /"
vance.in technology. As of this writing a: runked. system fully sati®

fying the needs of the public safety commu ity has not been demon-

, strated. The *FCC has, in Docket No. 13262, promulgated a policy )

| -intended toilead to the eventual use of tpianked systems throughout the

" major portion 6f the 900 MHz. spectrum. The\“k. enforcement community,

* 'long awaiting the spectrum relief offered by t 900 MHz band, is now
looking toward the development.and demonstratioh of trunked-systems that
meet both the Commission!s goal of ‘increased spg um efficiency and the
community's needs-for cost effective, increasedleperational capabil-
ities. N A = ) _ KRk ol 01

LS B

Tﬁose,resppnsib]e‘fbr the expenditure of local tax funds ‘have .specific -
responsibilities. ‘Research and development,. and the risks attendant
thereon, are not normally parts of this responsibility. While: the' _
ffederaJ_gqverqment;can,.and;probqb]y-shou{d, take such risks to advance . .
~the state of the-art on a national-.basis, it is clearly“not the role of . .
. the taxpayer of a local community to engage-in the *high risk and high -
- . . .cost research and development programs needed to develop. theoretically
e possible but stil1l unproven-technical concepts.: A local community, to ..
- -'solve its problems, must rely upon proven techniques and established- !
concepts. The local .community must leok to ‘the vendor to aSsume tech- -
nological responsibility.  The local community must define its require- .

ments in terms of ‘the technology tiat the vendor is willing to produce
and guarantée. - " - o : : R .

- A -

- . ' Therefone, this stiudy will-evaluate the “echnolbgies and concepts of the
'+ 800 ™MHz .band-in.light of those equipments currently offered by the ven-
: . dor community,-or those technologies that the -vendor community asserts
N will be available in the near future. P {-’

3.2 FUNCTIONAL DESCRIPTION OF LAW ENFORCEMENT. COMMUNICATION sysTems 0

.. - v
. . A - v

3:2.1 ' General .~ T _ S ‘ SRR \\gﬁr .
S N . : - : - ; . - Ce
' - Public safety, -and particularly law enforcement, communication systems , T
: . have a common “characteristic that distinguishes them from other services ‘
 in-the land mobile communication community. This characteristic is - - -
'simply that-they deal.directly with°the safety of the public. . The .~ - . _ "~
.agencies these systems support are directly responsible for the protec-- )
. tNgn of the 1ife and property of the citizen.. In the performance of. )
this responsibility the individual members of many of these agencies .-
have as routine an element of risk to their personal.safety seldom -

" known to the'rest of the land mobile communication community. . '_13;'§;' e
 These systems, therefore, must have performance characteristics tail- -
~.ored with this consideration in mind. The safety.and ‘the protection of =

life and property bears with. it a responsibility far:-beyond that of
public -convenience, entertainment, profit or-mere economic efficiency.
, Since the risk element of, and the dangers to, members of- the agency

j are unpredictable factors never precisely foreseeable far in advance,
the 'system must jbe tailored ‘to satisfy both normal_andfpeak4fequf¥e- o L

. ments on.an instantaneous, 24-hour'a day basis. . e v Ce
’ The§&_qon§f¢ératiohs‘@re.not thecretical «in, nature.  They -have very. T
_.- 7. - practical aspects in the developmént of pubhlic safety communitation sys-. Lo
. _temsgﬁesignr HWhile these systems must obtain maximum.utilqu;iqn of . . .
T o I L ot T .
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. the 1limited spectrum, they must also.maintain the required degree of
: ‘ - performance at the least cost to the'taxpayer. -Above all, they must
guarantee to those responsible for the agency's performance that the
;wsystem will work as needed to-fulfill that agency's responstbilities
~—%»rw—fﬂ‘~mm*~under -all1- reasonab1y"foreseeab1e—cond1t1ons—_»m~~—w—‘~"~~~~~“-m~—_~~———~~4~w—
These systems must be cost efficient to operate 1n the routine mode, but
: ‘ ~they -must also. have the capability to handTe peak loads in a highly
ST - effective, operationally efficient manner. -~ They must satisfy local
..+7  needs while also supporting ‘regional and national systems requirements.
K . They must be capable of expanding to meet growing community requirements
PR " while also able to operate rat reduced levels under conditions of man-
-g‘ R made ‘or natural d1sasters. L
- - The safety con51derat1ons and. the operational procedures established by
. ‘¥aw enforcement agencies must be the basic. criteria_for design and.
planning decjsions in the development of public safaty communication
. - networks: \Eﬁhnnel1zat1on plans-cannot be drawn sol on the basis of
regulatory charnnel loading standards. Channel utilizat{gn, measured in
s "terms of .percentage of occupancy, 1s not - the only cr1ter1 n of the
- - effect1veness -of design. :

Nhlle 1t is valid To“éﬁns1der lToading standards as a measurement cons1d—

‘eration when. desigmifig a routine dispatch network, the public safety i

"system planner must j7always keep in mind the fact that life. and property

o - can be jeopardized by inadequate communication facilities. The effici-

o ency of the public safety system is measured not -by how mang mobiles can ; .
o ~ be placed on a’ giveh number of channels, but rather how ctively the,
system supports the\performance and-safety df their personnel as they
fu1f111 the1r respons1b1i1t1es for the protection of the pub11c..~<

The. nanagers of law enforcement communication systems are respons1ble

“to -the ‘etected officials of the community. This responsjbility cannot

‘be delegated to a regulatory body Nor should it be diluted by regu]a-
t1ons or gu1de11nes perpetrated for adm7n1strat1ve conven1ence.r IR

e ' The folTow1ng descr1pt1on of the genera1 operat1ona1 character1st1cs of
s 5 “51'”' typical.- fiunicipal law enforcement-agencies is provided ‘to-assist . the - ... - -
: reader in understanding’ the role that.must be performed by a 900 MHz -
~law enforcement .communication system. For more deta11€d exp]anat10n,
the reader is referred to the B1b11ography 1/ . e

Lo e
> . -

3 . - . N . ] ‘ R

~ ©3.2.2  Law Enforcement;ﬂgency Qperat1onal fﬁ:Tosophy e S T
S Any an;¥ys1s of the su1tab111ty of a part1cu1ar communication techn1que.“ -

for a particular law enforcement ‘function must be based upon an under- o
. .standing of the rolte that the communication system must fulfill. . The PR
> first step, therefore, in determining the operational su1tab111ty.and .
A the technical adequacy of ' the new 900 MHz band is to understand the way . |
o ,' “"that law enforcement communication systems support Taw enforcement \\{

s

IR agencies' operat1ona1 needs.-ﬂv_ . _ : . N 2 R

R T

T e Hh11e a great port1on of a law;enforcement communication system s a1r
T time.is. spent in what appears t¢.be "dispatch" type operations, 1t

.shoqu be. recognized that there are profound differences b ween” Taw -
. _enforcefment ¢ggmmunication functions - and jhose of oaher users of°the ’
I Tand mob11e Spectrum._\ et. _.\\ . R

L - - ’ a o B
© . - . -

1/ Pol1ce Telecommun1cat1on Systems, 1971. Product of ProJect Three Phase Three of the o
= T ‘Project. Ser1eS~Fou‘dat1on of the Associated Public-Safety Communications Officers, Inc. -
- prepared by -ITT- Research Inst1tute under Grant No NI 70-091 from the U S. Department of Jus— o

- t1ce, LEAAFNItECJ e R S A U g SR
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The first and most obvious difference is the fact that protection of
1ife and property of the public and of the individual police officer are

-dependent upon the speed and accuracy of the communication network.

: - While these priority considerations might be difficult to relate to
~m—ﬁ_—%¢SPECtrum~aJlocationmconcbptS3~theywmust~nonetheTessvbefkept~1nfnﬁnq~whenj'
"evaluating. the _dggree/of compromise with which public safety communica-

tion users-can view tfade-offs between system performance and spectrum
conservation. . .. S 4 )

~

The term "dispatcher" as applied to a law enforcement communication net- =

work may be an unfortunate misnomer. It may lead.those not familiar

with law enforcement operations to .confuse the functioning of a ‘law en- -

forcement system with the more widely used. and Berhaps better understood

"dispatch" systems found-in- other portions of the land mobile communica-..

tion community. In a law enforcement radio system, the dispatcher. is

~an extension of the command authority needed to. supet¥vise and coordin-

ate the activities of the deployed forces on duty. As such;, the dis-

patcher does far more than merely direct mobiie units to specific loca-,
“tions. - ' - o e

There is an iterative communication process between the dispatcher and
the patrol units. It is through the totatl provision of all available

_ information to the patrol unit, in even the most routine case, that the

patrol officer is able to properly plan. his actions upon arrival at the
scene of an incident.. This prior preparation and employment of optimum
techniques suitable to the situation-are vital to the safety of the off-
icer and the fulfillment of his responsibilities to the citizen. = -

A further requirement of this law enforcement network, imposed: by. the

need for command/control type operation, is the capability. for instan-
taneous .substitution .of the routine dispatch function by that of a =
supervisory level officer. 'As incidents increase. in level of severity,

‘the communication network ceases to resemble a dispatch type. function

and assumes a command/control nature. -The communication network must -
make possible reliable, multiple communications between commanders and

selected units in the field." The duty supervisor must-have the ability

’to'recéive-information-dep1oyed“fnom units and towissue'instruction§ to

- Inherent in“the fufctioming of a Taw enforcement patrbl'?oéce_is'ghéﬂh;ﬂi;'
‘concept of mutual support. Each officet keep: abreast dfidevelopments‘"'

PR

‘those selected. =~~~ . .. . =

Lz

within his area of patrol responsjbility .by.mcnitoring the dispatch -

"channel. - This is the primary means.- by-which he iearns of developing
,Situations and can be prepatred to -render ‘assistence to other officers -
cina.minimim amount of time. ° ' R N

~4

-

"Fpe patrol element is the cornerstone of most\law,enforcement agencies'

" functional procedures in the fulfillment of their responsibilities for

. . . :pUbI: * . -
- one-man (sometimes. two) vehicliggﬁgggned for a given period of time to

the safety and welfare of the A patrol element is usually a

patrol throughout a designated ographical section of the community.

~This geographical-area.may vary during different tim of. the day or- i
- different days of the week. The number of vehitcles “assigned to a given -

~

area may also be a variable, adjusted in accordance with operational = -

and managerial decisions of supervisory . .officials. -
i e ) ~

The“TiféIdne*of"this,patroJ officer is his comhdnicafion 1ink with the

- - dfispatcher. In the case‘of routine complaints, the dispatcher.is ad-" ..
.. vised of the nged for service via a telephone call received by the -

telephone answering desk, or in some cases by .the dispatcher himself..
Informatioh.obtained during this telephone conversation (frequently

- from a disturbed or highly émdtioné?.gitjzeh)yds_then.re]ayed.to‘the
‘patrol vehicle most .appFfopriate to respond,to»the;comp1@intﬂ' Based -

B TIPS :1374' B fu,,:" L
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upon the nature or the severity of the 1nc1dent, more than one veh1c1e
may be aSS1gned to service the complaint. . A L

-In many of the 1arger systems much of the complexlty of the dlspatch

o function -is-assisted- -by -computer-storage-and-information-processing.——— -

These systems not only improve resource allocation through optimum
use of manpower; they also provide additional information to the off-
icer, thereby contr1but1ng to h1s ability to effect1ve1y d1scharge his

respons1b111t1es. : . ) : S . : ? .

-+

'In a routine case, tbe patro] off1cer rece1v1ng not1f1cat1on -0f the
~ need for service makes judgments based upon the information received
" regarding the most appropriate manner for him to respond to the.situ- . .
~ .. ation.” The decision made at this time can greatly affect the safety of
= the citizen and the officer involved. Should an officer arrive’ at the,
scene of :asxdisturbance unprepared to handle an-armed criminal, his 11fe
‘may well be in jeopardy. On the other hand, over-reaction to a ‘routine™
family disturbance can waste a community's res@urces and cause undue
embarrassment to a norma11y law aQ1d1ng c1t1zen .

"Norma1 resource management requwres a f]ow of 1nformat1on between the
.dispatcher and units in his patrol® area. Status. reports and updatlng,
.. including such ‘items. as in or out of serv1ce, report on scene, aSS1gn—
~-_ment. compTete,‘etc. from each unit as appropriate, prov1de a continuing
p1cture of. the activities and resource.situation throughout the patro]
area needed.to make necessary management dec1S1ons.. oo fo o

-As a sxtuat1on deve]ops, 1nstances occur that’ requ1re an. 1terat1ve
. series of .transmissions between 'the dispatcher -and the patrol vehicle
~in_order to exchange mnecessary -information. If the: officer requires
; the assistance of additional vehicles to properly contain an incident,
- this information and any needed gu1dance regard1ng their disposition is-

relayed to the.dispatcher. If an incdident grows in scope, the communi- ”;."

..

cation ‘1ink can then be switched to a watch officer, a senior super-’
.. Nisor on duty who is capable of prov1d1ng 1nc1dent management and h1gher
s 1eve1 superv1S1on. ‘ B o . , R

vDepend1ng upon- the procedures of the agency 1nvolved ,communicat1ons
_ . -between patrdl units mag be required to- coordinate their - responses to,
¢ . @n event. Such .flexibility of communication can be vital .in prov1d1ng
.\:‘._‘rapid coord1nated support to un1ts 1nvolved in cr1t1ca1 situations.

< B - R <".
wh11e one maJor 1nc1dent may be in- progress ‘and conSum1ng s19n1f1cant
portions‘of air time, the" other routine ‘agency activities throughout"
:the rest of ‘the.community must continue to be supported. ‘The. routine
dispatch channels in support of other requests for assistance.must be
un1mpeded by the focus of attention on any one . s1gn1f1cant event. .

Larger 1aw enfoﬁcement agenc1es also have specua] ‘squads providing on- -
going -services. in support of specfial investigationsyand other law - -
: ~enforcement activities. -Special squads for part1cu1 r.surveillance
. actlvztues may be established. o - . o :

-MaJor pub11c act1v1t1es, . e, parades or other gather1ngs may-require.

..the’ organization, coordination and command/control of a specialized

- group of officers for limited periods .of time. Mass demonstrations or

;public disturbanges such as.riots may occur requiring ‘large concentra-
.. tions.of law enforcement activities, coordinated ard ‘managed from a .
~- .single control unit.. At times of a Jarge .public disturbance or wide .=

area-disaster, extensive ¢coordination may be required among.law enforce=- - -
ment agencies and betyeen them and other public safety agencies. Exper-;

jence has often-shown the need:-for’a separate  command ‘chiannel, cpen to .
the overall emergeney activity supervisor and those subord1nate unit
commanders directly responsible to him._-Avai]abi1ity'of such a channel

35 “
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. - N . . . .
-reduces confusion by insuring communications flow that follows the
chain of command,.thereby insuring the orderly dissemination of .
“instructions, . ' - S o : ‘ -
=~ criminal Justice system has.provided a new and valuable tool for the
: routine processing of law enforcement_complaints:“Mobi]e and portable
. digital terminads in the hands of the individual patrol officer are .
now giving _him the capability:for direct access to_state -and natiopal’
criminal history files. - These wide-area information systems are rapidly .«
becoming-an inherent part of the voperation of modern law enforcement - .~ BRI
agencies. - The ability to check license plates and drivers' licenses .
wagainstjstate files has become a major contribution to increased “appre- -
. hension rates.. Routine checks for .stoleh articles and -vehicles.in =~ |
. national files have contributed significantly to°the recovery rates and

- .apprehension of wanted.criminals..” - .
The .above generalized -descriptiom of law enforcement communication sys- .
tems operation applies. broadly to the majority of municipal law en- - o

: forcement agencies.  While the basic principles illustrated “apply to atl - -

" systems, there .are many local variations in. techniques. ' ‘For example, LY

. ’-some agenciés may have incoming calls received by one complaint taker - ’

who, in turn, makes the initial dispatch of .a patrol car to the .inci- . ° -
dent and then redays ‘control .of the .incident to a separate dispatcher- ~.r -
to monitor activities in the patrol area. Other agencies may have .
... .- individual dispatchers receiving calls for assistance and then dispatch-
v ing the needed assistance. _In larger systems:, complaint calls .are .
received by one individual.(or one of a group of individuals designated )
- to receive complaint c311s) and appropriate information.passed to a o "
‘dispatcher who maintains radio contact with units in his assigned o
" patrol} area. But in any event, there must be one centralized point
_i»whe;e kgowledge of the activities within a designated patrol area is .
- centered. . ' PR S .. ' : -

‘Law enforcement systems can have many additional operational require- L
_ ments that -affect the organizatiyn of the communication network. . - ' . R
~Depending- upon geographic.and pglitical requirements of the agency,
.~ 'many .factors affect the .design of the system.. Some agencies require:
. - ‘mutual aid channels, area coordination channels, interagency. coordina-'.
7 -ation-channels.and varijous.intra-organization links. .These coordina- .-
: - . tton links, can often be.provided by relays through a central communica~
5 - tion center. This technique is prevalent in the larger municipal areas.
.. Also, a number of agencies have d need for interagency cammunications
' ‘between the mobile units of many separate activities. In suburban and
‘county type agencies, each car ‘needs not only to communicate with its.
central dispatch and confrol points but frequently must also have-facil- ..
L . ities for car-to-car communications with such agencies as highway .
- 7 patrol, fire, and-other public safety activities.: . o

W™

This functional description:is intentionally sparce. - Lts: purpose is -to
give the regder a basiC'unHer;tanéjng of the nature of law éenforcement
communication networks.. It is intended to show some of the special -
Characteristics of these networks and how their functional characterise
tics differ from a.typical -business or industrial Tand mobi]e,COmmumii
+_cation-system.. Pgblic safety systems are not purely dispatth systems
. “wherein a central office broadcasts general information of ihterest.to - -
. . ‘ahy one or to all:-recipients. They are complex command/control systems,:\_
« :'providing.for the inter-relationship of diverse gmergency-oriented :
. ac¢tivities throughout the community. The efficiencies of these sys-
;_;-tems<%refnot,measured only in terms of dollars_.or by some standard of
' " channel 'loading. . The efficiencies of these systems are measured in
-~ the lives saved am@.the'number cf criminals apprehended. . S ' \
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3.2.3 " Minimum Fdnctiona} Needs

" Law enforcement systems have certain minimum functional requirements in
common. They are: : . - . S . o

-
: . . [ .
T - g

. a) Certainty of cdmmuniéationﬂ

% o This concept includes requirements for total coverage of the desig-
Co " nated area of responsibility, reljdbility of equipment, intelligi-
bility, and immediacy. - The gole of the law enforcement communica- -

utigd‘systig in the preservation of 1ife and property and the appre-
‘hension of criminals places high emphasis on.these characteristics

B . . of the system.
"b) - Multiple user monitorihg‘capabilities. ' - ' . S o
The operational procedures of mostvagencies\réqUiré that all desig-
i ~ nated units in a given area monitor designated communications with-
in that area at all fimes. . This is necessary to assure informed,
. ‘flexible, mutual support when needed. . - S L . -
q)‘ Discrete, sub-unit channels. -

Various designated groups and/or-activities require communications
indépendent of the basic dispatch channel. Special squads; such as
detective, narcotics, etc., or special events such’ s ‘riots or

_crowd control, require individualized communications, controllable

, . from a field and/or central point, simultaneous to but not inter-

B fering with the. routine dispatch systems. T '

’ : ~ , LT e T T

d) Inté;aggncy coordination éapabilfties. s -

“Mutual -aid réquirements between adjadent.agené{es; and coordination .
-, -and‘ cooperation needs_ among different law-enforcement networks and . . -
5.between'rélated¢pubkic‘safety'agencies,;demand often complex and '
c o oo -7 flexibile interagency communications interfaces.- = = |
o ;;)/ " This summary is not intended'to be a comﬁréﬂehsiﬂef&ﬁst'df system
. requirements. ‘Ideas such as cost effectiveness, reliability, main- -
oL tainability and operability certainly are important. Many different -
agencies with different_spans of responsibility will have other <
~ vital needs. It does represent, however, the fundamentsl, irreduc- .
. ible minimum requirements, that any regulatory scheme or technolog- -
‘ical capability must accommodate. : oo A
. . . L B e 5 ) N : ) -
2 o Ca L , _ T
R N R TECHNOLOGICAL APPLICABILITY o ‘ .
. . ) . . .. - > . . . ) . m "

3.3.1 Gener&i

..This Section discusses the technical capabilities of the 900 MHz 'spec-.’
- trum as-they relate to public safety communication systems needs. It
-deals with inherent 900 MHz phenomena as dpplied to .public safety needs:,
. - For the sake of clarity, the analyses of this Section are limited to-
o conventional type systems. For those considerations peculiar to .
"trunked technologiés, see Section 3.4 §F1bw.~ '

. R = . '\ ' . ‘ v - . .
T 3.3.2 Relationship of Propagation Phenomena to-Law Enforcement Requirements

”Tﬁé'probagation phenomena associated with the 900 MHz spectrum.des-
‘cribed in Chapter II indicates several éhangcteristics of ;ignlficant




“ . y . .

" importance; to the public safety Jaw enfbfcement;;ommunityf' The most
Ci_ obvious of these are'path loss calculations, scattering phenomena, and _
.noise characteristics.- T o K S o

3.3.2.1 Path Loss Considerations. -

PropagatiOn caquﬁaEioﬁé'show that “a “horma]“'Q&O MHz system débign,
‘involving usual or readily obtainable mobile and base station powers,
- antennae heights and gains (and FCC limitations), in an environment

where electromagnetic pollution has not-been permitted to-~develop, -

"~ results in an urban coverage radius of 15 to 25 miles.  These figures
- indicate that the 900 MHz-.band might be quite suitable for typically

'?,' urban ‘and, in many -cases, saburban systems. , .

- 0On the other hand, "normal" VHF high band systems, using similar standard
or readily available cpmponents can be expected to provide coverages
with radii in the order of 50 miles.. Therefore, the VHF-high band .cah

- usually be expected (other clonsiderations not dominant) to provide more
-econamic systems for rural or wide area.coverage,. such as statewide-or -

- countywide systems-.- It must be emphasized, however, that this is not &
.. 7~ - - hard and fast rule but rather a  broad.generality. There are many other .
*. . 7 variables that can affect ‘'specific systems designs. Spectrum avail-
. " abilitys; interagency coordination concepts, topographical factors, are
- "Just a few of the tonsiderations that must be evaluated to-determine
' ’ the optimum‘frequency band to be used in a specific application.
A .variable, of yet incompletely defined operational effect, is the sus-
" ceptibility of -the 900 MHz frequencies to foliage attenuation- Various
studsies have discussed this phenomenon but no known analysis has
yielded definitive data regarding its impact on urban operational sys-
tems. In regions with heavy foliage, coverage has been found to vary
Wwith seasons as trees shed or grow their leaves. 1In the typical urban.
environment this phenomenon can be expected to have little impact. How- -
ever,foliated areas such as parks, located near the extremities of the
area of coverage, may well require more than the usual levels. of signal
strength to assure reliable communication at-all times. S -

L4 . 5

3.3.2.2 Scattering Effects . = . - o ) L S
One -of the most important phenomena associated with 900 MHz that affects

- ‘its’applicability to public safety,systems is the scattering effect -

‘-demonstrated by. these shorter wavelengths.. Theoretical considerations=. -
vand experiénce: to date have shown that the. short wavelengths of 900 MHz
radiation .are randomly reflected by man~made structures normally found
in.a typical.urban environment. . This scattering has the benefigial
effect of filling in "holes" or .dead spots that often exist in large
metropolitan areas when using lower frequency systems. These holes can- .
cause serious coveragé problems ‘at the lower bands., ..~ ' B

~ The ‘end .product of this phenomenon “is an as yet imperfectly defined
‘propagation characteristic. No forma] propagation -model fully account-
ing fpr these effects is known. Experience to date indicates that -
coverage throughout a given area-can be ‘significantly better than the
theoretical projections using classical propagation anaTysisgg?Nhﬁlq )
the coverage radius of a 900 MHz system may be somewhat less for a o
° - fixed:amount of power ‘than that of the lower bands; the probability of >~
. . coverage throughout the total area of interest mayy-in fact,. be greater.
"A corollary of this phenomenon is that 900 MHz signals-also- appear to -
give ‘improved peretration within man-made structures. -Evidence to date
and results described in Chapter Il indicate that communi¢ations within

b - ’ : - "a ERE AN ' -
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. and through buildings, tunnéls,'efc.; m&yi in fact, Bé better «than that ;

A . possible with the lower bands. These two phenomena suggest that 900 MHz
~radiation may have characteristics particularly suitable for the public '
g ~safety communications in more densely popu]atedfﬁrban areas. T .

,'v C .
R

3.3.2.3 Noise Immunity o
AU LW . . N )
"Theoretical calculations and observed a: cal measurements indicate -

" “that the level of ambient noise existent.in the 9Q0 MHz-portion of the
spectrum is ‘normally negligible. Nojse caused by thunderstorms, solar
temperatures, and other natural 'phenomena does not affect system per-
formance at these high frequencies. | Man-made noise such .as ‘ignition,

. neon signsy-electrical mbtors, etc. has_a}sb‘less noticeable effect at-

... 900 .MHz.. -As-a result, in densely populated urban areas-.in which the ' -

* .ambient..noise-level-constitutes a major consideration of system design - ;¥ 5
at Tower frequencies, 900 MHz can enjoy '@ measurable systematic ‘advan- .,
‘tage in that full . benefit can be takensof the sensitivity and-low noise

" figures possible in modern receiver designs. -~~~ - B SR )

I NN L Lo R s . PRI R
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3.3.2.4 Foliage Effects - T i o

- a’ 4 .

There are two characteristics of the 900 MHz spectrum that may cause
. operaticnal difficulties. As'stated, the shorter’wavelengths of 900 MHz

- ' are susceptible to attenuation by foliage. Studies by the Department of
Defense have shown such attenuation can be significant while at the
same time difficult to predict. Credible engineering answers regarding
the extent of this. problem in a typical urban -environment have nalL. >
developed. Systems are now being installed, and the measurement-OtA
operational characteristics experiencedq can provide the basis“forki
systems design calculations?, ’ e . '

© 3.3.2.5 picket Fencing Effects - N

Another phenomenon associated with these s-~or:~r wavelengths is the
characteristic called "picket fencing". The reflection of these shorter
wavelengths from terrain and structures causes random reinforcement and
_cancellation of. signals arriving at the receiving antenna. *This results
in areas of ‘greater than expected_signal‘strength followed by severe
signal loss only several wavelengths away. To the system user passing
through such a fieJd of coverage in a:vehicle,. these rapidly fading and
reinforced signals.may pose difficult problems of intelligibility.

This "picket ;fencing” phenomenon is -particularly pronounced at the outer’
'reaches-of coverage.. Researchers have indicated holes in which signal
" strength’ ' may vary as ,much as 30 db from the projected mean path loss.

As of this time no reports have been developed detailing the ‘effects of

this phenopenon on -the day-to-day operations of a public safety communi-

cdtion system. ' ® L ’ T :

e

A

There appear to be several solutions to this problem. The.first would
be to define the operational area of coverage somewhere within a radjus
in which the phenomenon did not cause significant performance degrada-
tion. Another approach would be to significantly over-design the sys-
tem power level for the radius of coverage needed and thereby "brute
force" the coverage to maintain a level of signal sufficient for receiv=-
er 1imiting at all times. (This approach is seldom satisfactory.) A
third solution might be ta pravide fill-in repeater systems.. A fourth
possibility is to incorporate significant advances in the sophistica-
tion of receiver design. . R L

~

These problems ddinot‘appeqr to be unsolvable. They are merely engin-

L ) s 3.9
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3.3.3

’ ) " R X . ~ .
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egring_diffiqu]ties.to_be.oveqcome in any given systém-desigm,'t\ o

Operational”Suitability o

3.3.5

-Cost ﬁhknowns_f_ :7 N - e . ' - o,

" atjons than those experienced in similar lower frefuency systems.. This

_Considerations for Conventional Personal Portab]étsystem Deéignf

*..The introduction of personal portable radios in law enforcement communis

Improved building penetraiion and fill-in résultiﬁg from 900 MHz scatter

effects s ggests that these. frequencies have a potential for an -improved.
level of ervice in-urba ﬂareas. The increase in the probability that
communications will be maintained with.-agency personnel throughout the

assigned area can contribute to the. safety and. effectiveness of the law

enforcement officer. .

]

' . ~ [ . . ) .
As this report. shows, howeyer,vthere.may°be gaps, or holes, in coverage
,due to propagation anomalies. The absence of documented operational '

experience with these frequencies makes it difficult‘'to fully evaluate

the impactxof such gaps. 'Experience with lower frequency UHF systems
indicate ‘that coverage problems resulting from such .gaps can often be .
minimized by operational procedures. - : T

Once practical-experience has been obtgined using operational systems,_
it is reasonable to expect that empirical engineering. data will be
acquired that will permit system design techniques that will redude: the
effects of such gaps to acceptab]egievels. —

— -

2 >

As to be expected of a developing technology, 900 'MHz system costs can

“not be projected with a high degree of "accuracy unti.l considerable ex- .
~ .perience has been acquired by both the vendor -and the user communities..

- However, general cost projections are now possible. At the current. -

- state of the art, and as described in Chapter II, prices for conven-

ional 900 MHz equipment are somewhat higher (about 10% to 20%) than’ for
yower bands. - ‘ - ' - vt Lt

s - - .
LS

These cost projections are_bgsedwupoﬁ>ﬁﬁdividhai elements of hardware.
"They do not ir:. --orate all the ramifications of overall system design..

Until such’time a: more system experience has been obtained, calcula-

" tions as to _t-c aumbers and.Tocations of remote receivers and repeater’

equipments Tus: pbe based upon estimates. Depending upon the' experiences
gained in éWaluating "picket fencing" and foliage ‘losses, there may be
a need for' a greater number of repeater and satellite receiver install-

problem may be particularly significant when personal portable system
configurations are considered. (See Section 3.3.6) =~ '

‘Considerations for 'Sité Selection : . . o

Antenna locations-and heights .of fixed stations are. impdrtant. in 900. MHz

- system design. The loss characteristics of transmissioh lines at those

frequencies make it: necessary to locate transmitters and receivers.

.reasonably close to .their antennae. While the cost of low loss trans-.

missiorn line is somewhat greater than more conventional.l4ine, it is
still within the normal budgetary constraints. of public safety -communi-
cation systems.” Site selection must be done with care and cable runs
kept.as short as practical. However, there are no inherent technical

’

.characteristics at these frequencies that differ greatly from those e -
-perienced in the 450 MHz band. - ) T.
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““THe cost and system'deé?g

- there appears to be no/technical reason why conventional.9

*. General -+ © S e S . E

-y
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cation systems is a majo} trend of the future. 'ﬁoré and more of the
metropolitan agencies are using this concept to provide continuous :
communications with ‘the patrol officer. This system configuration, how-,

__ever, requires special-attention for the 900 MHz system designer.

Present personal portable system design is based upon a network of sat-
ellite receivers sited throughout the area of interest, cannected to the .
command: center by either dedicated telephone lines or microwave systems: i
Low power personal portable transgeivers can receive messages from . '

~either a high-powered -central transmitter or-through remote repeater’ .

ransmitters. However, the limitations_on the amount of energy 2 port-
able battery can store, and the need to have the unit operable through-
out an 8-hour shift, 1imit the portable"s. output power to usually be-
tween 1 and 5 w. Reliable coverage is ‘provided by the relatively large
number of satellite receivers. The portability of the unit itself de-

~ mands that it ‘be Tight weight and that the antenna be as small and non-<
fdirectfve (therefore.with re]atiye1y low-gain) as possible. -

. ~

" The presenthstate df the artvof,?ecefver désigh, coupled with the low

ambient noise of the 900 MHz region, indicates that overaT])- system per-

formance at 900 MHz will be comparable to that achieved in the‘450_2§¥ W
. region. The potentially greater efficiency of _the small,.-higher fre=- .
i quency antenna,.and the likelihood of ‘more efféctive ground piane pré~ .
‘videdrby the portable.unit itself and:the body  of the user, appear to - . Y
2 approximately compensate for agy overallepath loss deficiencies. ST T

~ v

" Ahother considpratfoﬁ-iﬁ‘poftable'sygteﬁ design is the DC to RFigONVer-

sion efficiency, i.e.., the efficiency with*which the power amplifier fn - -
the portable converts battery power-to 900 MHz RF. energy. At the pres- ' -
ent state of the art, the conversion efficiency of the final amplifier- .

is only slightly less than that experienced at 450 MHé&/fﬁn additional _ -
stage of multiplication is «cyrrently used to provide e higher fre-» -
“quency.excitation to the amplifier stage. This means that it takes a

. greater amount of batteqy'qupgy to generate the same amount of RF out-

put power. _ r

-

'Theserconsiderations=ind1caté that no significant, fuhdamehta]'prdblems

confront the designer of conventiomal personal portable systems at .
900. MHz. The number of satellite receivers may have ‘to be -increased 1n -

..some cases.. :If the power output is to remain the same as at lower.

_bands, there may be a need®to improve battery 15ife or .reduce batteéery e
bulk and weight through the use of more advanced battery techniques.

‘. Future portable systems might also provide for recharging facilities® -

" during.the patrol shift. - _ K - : oL

- implications of these factors cannot be

until such time as specific personal portable

identified by the vendor communitg. ‘However, . -
) 0 MHz portable ~

units that -satisfy the public safety market's needs cannot be developed, _ -

determinéd with precisio
unit characteristics ar

" .once sthe user demand justifies their development costs. L

OPERATIONAL APPLICABILITY OF TRUNKED SYSTEMS

~ ' . ot

In view of the rate of development of modern technology, it is not a
_very productive exercise. to question whether this or- that law enforce-

.ment communication system requirement can or can not be satisfied by

trunked technology. 'There is no inherent. characteristic of the trunking
concept that makes it theoretically unsuitable for the ‘law enforcement
need -- given ‘the rightlassumptionsﬂ» > : o :
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“i.o. . There-are, however, such eaT world quéstions tb befhn§§éfed;as£3fﬁhdt”*;ﬁ

..~  What benefits-accrue to’the community as a whole? _What costs are-in-
-~ ngveq?-;Hhat\gechnp1og1ca1 and_procurement risks exist?" What manage- -
-~ . ment problems are. involved? 7 S T e e

+ AU
.

¢

kahépSfthe]mOSf‘imﬁdrﬁiht qqestion'is:n'ﬂill thesé»ﬁhreSb]yegiqpéstiohs

- ‘bénefits .accrue to the using agency. from the use€ of ‘trunked technology?. e
. o

delay. solutions to the urgent,  present day problems? WIT1 a debate over . -

~ .. trunked system$ and their operational applicability, their costs and = . _-
. status of-development, only obscure the néed for immédiate Soiutions to -
A»_immediate;probTemsz'7He'shoU]d'také all possible steps to assure that.

- this does not.happen. B _ o S
The following géscussion.addresses these questions in light of system
-operational needs, current Tevels of technology, budgetary limitations; igi
~and existing political and managerial concepts. 2 e, TR

R AL S .- , . - R

NP

y3.4.2 ‘-Tfﬁnﬁin;_for Spectrﬁm Efficiéhgx

The reason stated by the FCC for the application’of trunked systems to
-large 'scale systems (over five channels) is_the degref of improved spec-
. trum utilization (efficiency) .that may be expected. The spectrum, when
. viewed in its-entirety, must.be carefully managed if all the evergrow--
.. ... -ing, competing demands placed dpon it are to be accommodated. Without

~¢ .- -—careful mapagement, vital services and valuable public needs may be con-
~-straiped or unfulfilled because of crowded spectrum conditions on some

P { v .

‘frequencies while others remain unused.

. This.can.be true of the entire spectrum -- not just one- part.. Unused TV
channels for example, are as much in need of modernized spectrum man-
-~ agement techniques.as are overcrowded land mobile radigzchannels.
o . Lo : . - I - ” . s
- In the-world of present day spectrum management, the objective.of "in-
* . creased spectrum efficiency" me%ns making more spectrum availdable ‘to .
. .more users, within a given geographic area, at some defined‘level of |
_service.:r-At the present time, for want of .a better standard’, -"level of
‘seryice’.in the:-land mobile radio service translates into-channel load-
-ing“which is currently.measured.by numbers of*mobiles assigned to each
. _~channel. Chapter I:of this study .descrihes present Commission standards’
"of loading in-terms ofymobile and portagle- units .per channel-at 900 MHz.
These standards vary %gpm service to seﬁViCe¢;ﬁ§pey differ depending - .
upan-whether the system’is operated .in.the tonVéntional or trunked mode. -
D . . - RS A e : - i RS
Under the fommission's present rules, the decision of a public.safety .
-dgency to-operate’'in a conventianal_mode or in.a trunked mode has-only
- 1imited effect on the availability of spectrum for other users. 'It
.affects primatrily, the level of serﬁice(expprienced by .that agency.. -
- ST Foo C o ST . Lo
By way of illustration, assuffe that a municipal law enforcément agency.: .
ty, thestandard "is 50 mobile units,per channe7l for a conventional sys--
- . tem), that agency could_apply for six channels, (assuming the Commission
" "would-allow six conventional channels for the “sake of discussion).  ‘Once-
.-, ~these six channgls are assigned, .the total remaining 900 MHz land mobile
.. %" allocation (indlucing reserve) of’594 channels are available for event- ..
» - ual assignment to-other authorized users within the same area of cover-
.- - 'age.. Should the_,agency be. permitted to operate thése channels in a e
. ' conventional modé; it would enjoy one level of service. Should funds be
‘¥ avadlable {and technology permit) for the agency to operate a trunked
mpde;'a~1eve1‘offsyrvice'&tteqdagt therewith would be attained. -But—
since .the loading standard established by :the Commission for trunked
'systems is 60 units per chaprel,. the number of channels required would
be six: five for.the mobiles plus. one channel for control of. the -
o R . 332 0 o (\

oy

has 300 mobile units. Under exist®ng<loading standards (in pBblic safe-- - .



‘truffked system. There would still be only 594 channels available for .+ -

use by the rest of the land mobile community. The decision; "therefore, .
. might affect the-level of service attained, but would have -1itti1é effect: -
. ‘upon the amount of spectrum left for use by other§. B -

e S oo N C .

. We should not be misled by-the fallacy of measuring public safety com-
munication system:.channel requirements by: some relatively arbitrary
i standard of "mobiles per channel®.. While tFis term may. have some use. -
T+ L dn configuring a heavily populated *dispatch" channel, it takes little:
" -account of "the functional needs for interagency comminjcation channels’, .
- 'special forces channels,  and other complex, operationally based system .. - -:
design needs. (See Section 3.2.) e - B o S
.. - . . . . N Co- M . s - » .
- The-discussion supports two very useful observations. The first-obser-:.
... vation is that trunked techniques yield little improvement in spectrum
--.. .efficiency -unless they are applied to relatively large systems. ~As the’
B ‘above.discuss9on shows, no meaningful increase in available spectrum” ,
_results from trunking a 300 unit system. A similar example applied to a
" “system supporting 1200 mobile units v - 1d yield seven channels for use
by -others when configured in a trunkea mode rather ‘than*in.a; convention-’
al mode.l/ | e L e T T

3

: . A-second conclusion is that the-degree-of iﬁbrdved‘speCtrum‘effjtﬁency'%j
e " to be expected frgm trunking_is-related to ‘the number of mobile units _-& "
N~ ‘that can be accommodated on each channel, at a given- levél of nvice,
- when the system is operated in'a trunked rather than a conve tional
mode. - While estimates of this figure can be .made, no firm figures will .
be available until evaluation of an. operational system has been made.
(See Section 2.4.) C ' : . o S ,
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3.4.3  Trunking for System Capabilities =~ - <

”,

©3.4.3.1 Trunked System Capabilities ~ - e

The arguments pro and-:con regadding the potential:for spectrum efficien-"

. cy inherent 'in the trunked system concepts should not obscure 'the other ]
T~ potential’ benefits of this:idga{,thﬁis,:perhapS,'easigt_togunderstand Lo

these potential bewefits if the system js-viewed more :as ar“contgg11edﬁgv

uffff;system~natber than as a “"trunked" system. = .= .7 7. SN

4 . " The existence of a continiously operating.control channel, directing . .

, ~specifically addressed (with such,unit.addresse55¢hanggab1eéat;wibl<--Jﬁ

) : ‘units--of~a system to any avaitable frequency offers opportunities for -
J/ . 'greatly enhancing a communication-system's effectiveness. By carefully’.
S "_;matching1@hé*ﬁys;emﬁggggganizationito=the needs Zof ‘the user, unique  :°
'y . opportuntties. . for ﬁ.{_;esed-dperatiqﬁa1'f]gxibi1ﬁty;~improyed'reTiabin_'
C..  Tqtys.and-asignificalEd¥. increased Tevel of service are presented.. ‘The -

% follewing “is but.-a. pa¥stial list of the kinds of functions that can be .

“JDEﬂf?xmedjby a trunked system.. -7 e T T gy T T
. . j< o N .

e
. g

o M 4
[~4
. - B~

B R .. . . A B - )
e o <7a)” sFlexible organizational response~' The ability to -address individ-
. s = Fal units or groups of units within the.system is inherent in the

This ability permits the configuration:of.

trunked system concept.

.-’ 7.+ ‘groups of.mobile units, -each moritaring all communications -between -

» nt .7:‘P'.;5j-athat.groupgqnd;its coptrol-point, but indepéndent of "the other. .’ ..~
e “-.groups in: the system.” If-a given patro] area is identifjied by-a .~ .

. e e : - o o 'b»;"'-~"'~- PG

= -?1] :Preééht standafh§5¢é11:fbr'channeT loadings of 75 mobiles per ¢hannel<in systems using oQér -

-

. ten channels. -1200 upits would require 24 conventional channels>or-16- trunked channels ;
.- . plus-one'control channel in a_ trunked system. "The channel saving: theoretically possible,” = -
. .- therefore, 15.24 less 17, ‘or 7 channels. : I e : »
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y-growth process.

L A*trunkedr$}st¢m51eﬁ¢5 itselfﬁto’in o j
“As system/ requirements:iincrease, addition- -
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by the participation of ‘other. groups. - - '

-.’its .own group and

.ynaffected

and.

tion process in the mobile
the designated section of ‘the

This capability makes pos-

1 public safety or.local government
ing. each element operating within.
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< . .~ . " .Relative’system costs ére;difficqntggp‘establfsh'since:they_ﬁéf;?'
Lo s T Y e f-ré‘&refhjghlx'Sensitivesto_féctors.suchfas numbers” of mobiles, - ' }-
ot ~site preparationicosts, numbers of .channels, and other- considy”
e 7 eratioRs. Such cost ' eStimates are made’ even more tenfous due -
"-. to the lack of éctua1'ekperience; However, gross estimates ‘-
Y - < @vailable at this -time indicate_that:trunked,systems-mig%: cost .-
B e T akolE T times ‘'to a maximum.of 2 times ‘as much as a cons sntz’on-«a%
‘ ' . @F-system, the amount .of difference being a function of the o

fi}fijg;jiqegrgg{qf}sophisticationlang.¢apabi]jty'required;'

- f~°;4) Lack of portable Equi ment. - ‘Just’ as 900 MHz conventional sort-
T R SRS R .7 ableequipment is not available’, noe trunked pdﬁiable equip- '
SR e e 'megtvis:on,the-market; -The -development of such trunked:equip-
ST e ;ment’ﬁsgsung"to,b more difficult-than;the‘developmen;nof con= "
BT SRR S ventional ‘equipm at{g,ngig;cirtuitsvaSt-be.coﬁfiguredfto fit -
Pon T EET T L e the portable -package with power drains that are compatible .
BRI ) S VL wWith existing battery life requirements.- While such develop-
.. :ments-‘are foreseeable, it can be assumed that a large market
B Will have to exist before the vendors can be expected to ven--
ST ‘ §ure;the“deve]ppmentTCOSts*necessany.‘VThis;isfcertaﬁh1y‘sev-'
B S ..eral years in the future. . Therefore, ‘early trunked systems can
e :Jlbe«gkpegtgd-;q:operajé,in¢a mobile only mode -initially. - = =

T , B )} Inter-syStem incompatibilit .~ There  are 'a ‘number of trunked

IR ", ¥ -'system concepts now being proposed. It can be . expected that

R o . i lunits for one _vendor's system will not be compatible with .
c.o..- . .another vendor"s system. ‘As a result, vehicle to vehicle com- "

SRR T I patibility between different systems- is not likely..- Such,com- . -

SR .~ .munications will reguire pcintfto‘pointhling§ between ‘the .sys-" = -

B e ._21»i;emis-fixed‘cpntfo1forfdjspatchaTocdtfons or. the ability of ~ -

o 'e}ements"of-the'system'toeopérate'in a2 conventional ‘mode when S

o , ‘ ‘ .o R ‘e

 " ) ‘k, . :

T SO0 -required.

" From the above’ summary of trunked system considerations, both positive
" and 'negative, it can be seen that these Systems'can;ain‘fact,“satisfy
the publicﬂsafety‘users,needs-if they are carefully configured to meet

ki

- these needs.” There are .certain elements of technological risk to be
¢+ faced. But this has. been true of every-advance in communication sys-~
--tems-capabili;y:~~{n'SomeuwaYS'thb.riskgéssdciaied withitrunkea.System;
4‘imb]ementationyjslno‘gréater'than'that already. taken in moving from the
- VHF high_band- to. UHF, or fn‘imp]ementing'COmputer:qided'dispatch sys~ -
ST tems, integraped_data-networks,,on;othgr,sophistﬁcated-techno]ogica]‘_
v - - tools. It a]so.appears_that-system costs"mayzbe somewhat greatdt, at

LT least initially. However, considering ‘the-greatly enhanced capabilities
= ... . possible,: and also the possibility of the eventual consolidation of num-
PR ;~erous-municipa1_systems-into'cbnsolﬁdated;-f]exible, mytua]]y*supportf
. 1ing_systems, long term costs may eventually be Tess. - o Ty
o (':._3"" o —_— o - . T " E “ o . o r )
"'3.4.4" Trunked System Applications L T Y

© - . The heterogenous nature o?'ﬁheir,pﬁb]iq;servicenactivities is character-
- .istic of most communities. .Highway mainte¢nance canbe a function of. . -
- state government; emergency_medical services’ can be provided by private
. hospitals, individual n;re€reneurs, or community government; fire ser--
VfCeSfcanqbe;p?ovided‘by,VO unteef.groups-or,]gga]hgqvernments; ' SR

" This mix of services and political responsibilities is due to the var--

s -~ ied politit@1-and»spcioTogica]'strhctureuof;the nation's communities

oo v and municipalities. - They can and do use large numbers of frequencies

w oo . Sinsupport of specific functional requirements. - . ©

~¢= " .. -In such .cases. the concept of trunking may-offer significant improvement.
AT ,in'spectfum;uti]iZatibh; in addition to increased operational .flexibil-- . -




- s . . Y ) - B . A

. ity 'One#can conceive of «dn entrepreneur or-governmental agency pro- - ol
.viding*a single centralized trunked system which serves several agencies ..> . -
of more than only one political entity as customers. {or in trunking - S
terminology, groups). ﬂShoqu\érunkeq_repeaper¢or'§imu]cast systems be-=.

- : p

“come. practical, one -cap also cpnceive of a significant improvement:in
spectrym utilization by combin}ng such resource demands throughout a ' '~
.. geographical region of independent communities. ‘Analysis of -the’ mini- = .
o -.mum numbers. of units and/or ageh ie’s ‘needed to be combdined to justify .-
“* " .the capital outlay required for trynked systems would have to-be con-

- 7. ducted. Such a study, of course, wruld “include -considerations .of equip-
"+ ‘ment cqst,~eqmjpme@tzavailgbilityb,t rrain,-geography,-and political . _..i" .1 "
' “relationships, in“additiom to the. primary consideration-of functional~ -. = .~
" needs.> Lo - SRR S SR P I e
- If such-a concépt were to be pursued, it seems.:.reasonable to: believe ~ R
.- - -that''the-mandgerial and’ system p]ahning~pf0biems¥attenﬁaa$_¢héneonawoqulx
-3.-;{,'felangreat,jfant'greateﬁ:than'the';échnoiogit’1”prob1emsfthatfmu3t'be'
K Q.;‘j,overcome.ﬂ,Reseaﬁch"hqs*1ndicéted{}ha;rthe[tec logy for a trunked sys- -
N 71tgm‘is,procéédingf&pateyu-Ihe;oﬁganjzéﬁjon$;p]a ing and cooperation -
¢ - 'necessary to'deVe]bp*andﬁpnovidéféwppﬁrt of . such a system throughout -
“ f- . Y complex political and:bd eagtfatﬁb/injsfons;woulg_pose a' procedural <.
.- = challenge of signifiéapt~d+mequbﬁsgot;,Z e M T : TP

*s

= The'large.numbers'offmobile&andvportabﬁémuniféapfeSentJy-invd]yéd.jn"tﬁeq
,hiJaw:enﬁorcementfcbmmqnjcatﬁbnfsyStemeofﬁthe'mgjor;metropo]itaq'aréas ,
“;;might{seemfto'make:thqmjkikely‘candﬁdatés“ﬁorlthe‘é cAy—S@mplementation” :
. of -trunked systems.  The probiem of obtaining the-economigs of scale-are oo
"quTCkﬂy¢§p1veg-inasdchjsystemQ;;-preyér;rtherque3tipn,o~ operational = . '
-~ suitability is:-ndt so-easily laid to rest.. e T R

. Channel loadingdgs on presently used dﬁspdtch-eak% els. in the major metro-.
politan areas” are already so great  that they of er Tittle hope for sig- -~ .
-,nifiCant1y'intréased,operatfonaliefficigncy‘thnbugh}trunking:ofibne“'_,- L
agency's system. (New"YprkJCitx.Po]iqe-Departmentjs'channel Tloading ’ oo
standard is 150 mobile units per dispatch channel; Chicago’s is 100 | _
- mobile untts per dispatch channel.). Making a channel from Area A avail--
able,to units in ‘Area B offers little hope for improved communications = ..
i{f .Area*A.and .Area B channels.are both fully loaded practically.100% of .
‘the .time or at leastk -at the same time. . . e PO

‘As” theoretical studies discussed in Chapter."II show, little improvement-
‘can be -expected from a trunked:system when .all the available_channels o
- assigned to that system are fully loaded.: The opportunity. presented by "
“‘the trunking concept is that enough channels can be:'made 'available .to
‘relieve ,this dense channel.loading -by combining channels currently '~ '
assigned to other municipal agencies whose utilization is-not -as great.
- Such an approach takes advantage of trunking's. ability to-"level owt" . . "~

Ao a -

- the load. i S o

Technological, operational and economic*bonStrdihtS'preVént~many-ofztheﬁ_~
‘major urban areas from moving ‘their public safety communications to- the
900 MHz band in the immediate future. - However, the 'same constraints are.

not affecting. the other eligible users of this band. = - oo

. The very popuIétion”densfty,ofgthesexurbaniggpas,th%t creates the need = <.
for Taﬁge*pdb]ic;safety-requirementiﬂalsc:geneﬁatés_theﬁg;eater number

of non-public safety users of this spectrum. In- the absence -of -block - .
allocatidns‘to~assure?the~pubtic,safetygUSerswthe'avéi?abi]igyiqf_chan3<

nels when needed, serious-consideration must be given\tofphéﬁpggéigi1ity .

that ~sufficient channels will not be.available:when circumsitances: ermit - <
.public safety agencies. in the’dhjonﬂmeproprﬁt%ﬁ,aﬁeashtojMpye‘toﬁthe' R
... 900 MHz band.. .Should this;prb$é‘truésitheh”theasamé-hﬁgh{1eVe]]ofvin=,5- PR
S dﬁvidualjchhnnelj]dading-cgnmbé=expé¢téd5,withffheﬁrgs&TﬁTngancknpﬁvV”“ b
. improvement in level of seryice, whether the ‘systém is’ trunked.or con-. "
.. ‘vegtional. AR %Dingf R MU O

X N oo -
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35 s'pé‘chRun -"nANAGEM'ENr- CONSIDERATIONS -

- R The concept of spectrum management used by those responswb]e for the
. ..., ‘management of this. valiuiable resource ‘determines level of “spectrum =
e effiglency" ‘that- wil¥-be ‘attained.. -Advances-in technology notwwthstand-li,»
: ’__-1ng, the. management concepts used ww]] determine the extent to which: ‘the '
e Spectrum will be’ ‘av@ilable to sat1sfy the pubJ1c S- needs, 1nterests, e
' 'convenwehce,gor necessuty e LT L ,.‘.c,nlqmﬂﬁ~; .

AR The 1ntroductron of Bocket No. 13262 revolutwon1zed the spectrum manage—p;q
o “ment. concepts that -the Federal Commun1cat1ons Commission has. followed a~ -
S ) for the past- four decades. Recogn1z1ng some of -the 1nherent 1ncons15-d‘i
s+ L. - ‘tencies. and” 1neff1c1enc1es in. the:-blocKF allocation congept, the FCC =~
SERC launched a. new.’ amd 1nnovat1ve approach .to- the -as gnment of frequenc1es
'_{71~rﬂﬂ the “900.°MHz band. ‘It allocated 100 channels. a nationwide basis’
o .for usé by convent1onal sys¢ems, 200- channels :for. trunked ‘systems.; ‘and
held 300 channels in -reserve. @;CtTOn '3.5.2 of this Report wiill treat.
. _ these- spectrum management-policWes and the1r effects upon the 1aw en-
-7+ forcement communwty P R R SR - e
. . . . - - c,,_‘./_‘,'u

a

“3°5 2 o Convent1ona1 System Spectrum Management
Hav1ng dwspemsed wuth the concept of b]ock al]ocatwons, the Commwsswon
“-anpounced;-in its. Second Report and Order in Docket ‘No.” 18262, that = . -
frequenc1es in. the 900-MHz "band wou]d be assigned to- app11cantsvdn a oo
first-.come, first served basis and"that each channel would be loaded in
accordance wwth Commission standards baséd upon numbers of mebile units
C per channel. (For detailed discussion see Chapter I.): ‘The.’ Commwsswon,
< +in - its. ear]y pub11c announcements regarding spectrum management at .
. 900 MHz, said that no further use would be made of. service-oriented -
- " . . coordinating committees and -that their services- would not be required,
s1nce the selection of frequenc1es wou]d be done . by Ihe Commwsswon. .

Fu]l ut111zat1on of the 900 MHz spectrum S. potent1a1 1s more demand1ng'
- . of careful spectrum management than any 6ther segment available 'to the
"7 land-mobile community..  Full use of the low noise, sensitive receiver ”
front ends that makes possub]e the..needed gaﬂge ‘of - communication is . -
. dependent wupon preservatwon of a low noise environment in the v1c1n1ty -
- of the receiver ‘antenna. This requ1res that conscious efforts._be made
- to. prevent..electromagnetic.pollution of potent1a1 antenna locations. .
_ Careful selection of frequencies, based upon intermodulationm™calcuta- .-
~— tions,. is necessary at each :common installation site.’ Adequate con-
- sideration-of such: important eng1neer1ng needs ‘are. “likely to Tesu]t
from a. mechanlstwc frequency ass1gn nt process. ;_ . - o

The Comm1ss10n the Land Mobwle tommun1cat10n Counc11 (LMCC) and APCO
subsequent]y acted ‘to -clarify and refine these- policies and make:- them
-more responsive to the spectrum man gement.needs" of: the: land mobile : ~;‘,
‘communications community. As a res) 1t the Commqssron re -visited” the =w;+[;
subject of spectrum management at. 9 0 HHz.' Subsequent "c]ar1f1ca-hﬂ.-;; .
~tions"1/ and, other. pronouncements by-the Commission have indicated” -
" that . the Comm1ss1on ‘intends to assure that these. channe] ass1gnments
w111 - be; made on non mechanuca1 reasonab]e basis.:= - S

In Apr11 ‘1977 the:Commlssuon publlshed;nocket No. 21229 sd/ncitingi"jj)>:

N

1/ Clar1f1cat1on of New Policies and’ Pract1ces Governwng'the Ass1gnment and L1censang o. w«".-'ﬁ:"
'Convent1on, Systems of - Commun1cat1on at 900 MHz,;:F ROPRUTEE

C November 24 }976
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.. tions-and ‘the need for .integrated: acfivities 'and operatiornal coordina-.

R

7. It is important that_.the Commission's - regula
i~ dures-take notice.of these -plans. ‘
" mission be-assured .that reasonable consideration has.been given.in the -

. cy. By mutual coeoperation of the LEAA and . the FeC, steps are now being:

k4

- I e . - ~ .

" comments-to assist ‘it in-arriving at-d spectrum management philosophy
‘that will satisfy the needs -of the land mobile communications -community-
and at the same time ensure proper protection of the- pubTic's vested -
interest in spectrum efficiency. .In pursuit.of solutions to ‘these:pro= .
_blems,.'the Commission has shown a growing sophisticat¥on in its .under- .

/- standing:of-the,comp]exitiés of frequency allocations in the ‘public ..~ B
. safety sector. White the ultimate resulty of these.deliberatjons.cannot ' ~

~be projgtted.at.this“time»-eyery~evjdence'indiCates-théq the Commission
~is-lTeaning toward-again relying- upon service-oriented- frequency coordin--_ ‘
ators.to assist in the complex task of relating.frequ y_ assignments to - -

.- S
S . B R

Concurrent with the Commissionfs;deyelomen;hoT“SrOWing awaféde§§ of the. -
- "complexities of spectrum management..in' the field of public safety has -~ -~ .
been: its recognition® of a major -increase in planning sbéphistication _ - L
- resulting from the -stimulus ‘provided by:the LEARA. ~APCQ"'s+Projects -13. "~ .
.and 13-A. have developed p]aﬁﬂﬁngqguidéline§$f0ﬂ;théidévélopment*bf*]dngv““ij —l
“range plans that can result in intedrated, mutually supporting, compat=.. =%
ible public.safety systems.: The complexity 5f public’-safety.communica-

.Ln,- S

}‘tjonfhas_mandatédfa;moéern;jmanﬁgement-oriented;apprdqch_to commuhica- -
> tion system-design. .States ar¢ now developing.goal-griented statewide '
pTanS‘in~response-tp~these,guide]inesim_The objective of these plans is'

. to stimulate-development of systems that match the growing technology -~ - - -
..-and management needs -ofiathe public safety agencies ,at all levels on’'a ot
statewide basis. These plans are not only intended to.recognize the
particular needs. of individual communities but also to accommodate the -
.jmutua]_suppqyt-responsibi]ities of agencies .throughout a State. o = .
In addition to these opérational needs for coordination, these plans .
" .are-being developed with the objective of optimizing spectrum utiliza-. .~ |7
tion. They are further intended to insure compatibility of equipment . -~
between related agencies. They ‘have as objectives the assurance. that
"jndividual agencies throughout the various political jurisdictions will
~evolve their systems in a manner that satisfies -the needs of those °

=agencies- and .their political jurisdictions in-a mahner compatible with .
the ultimate: evolutionary ‘goals -of {the statewide system.: The intent I

of these plans is to assist the -ind vidual - systems,to grow so as to be =
mutually supportive. of Other'systems, rather than in conflict with them.

. . Spectrum efficiency is only one, albeit vital, consideration. in the ,

~development of ,these plans.. They are not written by. the FCC, nor are
they prepared only in.response to its needs. They are prepared by in-

. dividuals responsible to the community's ‘taxpayers and ‘responsive to~ .. - .
the needs of these taxpayers. These plans-are. by necessity of long- L
term implementation.: In addition gfo spectrum management and operation- -
al needs, they also.respond to lTegal mandates established by the legis-
‘Tative 1eaders-of-the'indiwidua]-communjtiesiand*other,statutoryAre— -
quirements often ‘beyond the perogatives of federal agéncies or, in.some = ~ -

- instances, even the state government. co ' - S

tory decisions and proce-

‘It is-also important that :the Com-

of these planned -systems to the needs of spectrum efficienl" -

_development

~ . taken: to satisfy the$e needs.

~ . - v,
. -

,wThe 900 MHz'poftion:may be thewliét frontier of the land mobiJeﬁcbmhpn7_

.*. ""Jty. There does not appear to bé any -remaining, as yet untapped, por-—. ‘"~

~..accommodate:.]

‘tion-of ‘the;spectrum.that has théﬂppdpdgatjon’Chérac;eristjcs,géedeq;toFE

_ i ,ndﬁmqbilezcomMuhﬁgationaneedsﬁﬁflt“isfvita],-ﬁheréfq;eJ;~j.:_?

" that thé speftrum mapagement. concepts-employed possess.the means to.." . -
accommodatej,btﬁjpgesﬁhﬁiaqdifuturéﬁreqﬁirements of thefbﬁb1ic safety :

BV B B . L ) ) » , _
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USers'within'this poftion-of the spéctrum

" A maJor obJect1ve of the pub]1c safety communlty part1cu1ar1y at

900 MHz, is forma7 recogn1t1on by the Commission that arbitrary, fmechan-
istic approaches to spectrum management cannot satisfy the complex and -
highly 1ntegrated requirements . for long- range planning and modern oper-.
-atjons in public. ?E{g;y communications. -.Once this is recognized, then

the next step is to ellop those new mechanisms and resources Weeded to
1assure order]y 1mp1ementat1on of. future p]anned Systems.‘: _ e
Trunked System Spectrum Management -'-"fs~ : f, '__‘ _-'.<~ R

4’

L

.

The current regu]atory env1ronment of trunked systems an the land mob11e

"radio service is sparse, s1nce hardware is not avarlablexand exper1ence'

1s! therefore1 n11 o wy ”,_ . c ,4~ =._ S

- . . . - o PR

.sion:'s present 900 MHz" rules. The first: reserves 200 of the 300 ‘than-

reQUlresvthat any 900 MHz System requ1rﬂng ass1gnment of - more than f1ve,
_channels :be trunked. R AR TR N T -

= BN

The f1rst of these pol1c1es has J1tt]e 1mmed1ate 1mpact in v1ew of the
-100 channels" available for- assignment, to conventional systems. It does
‘give- not1ce, however, of the Commission's determination to promote ‘the
~trunked systems concept. - This: poses a probTem to- the development of-
10ng range : p1ans by large mun1c1pa11t1es . In the major: popu]at1on cen—
.» ters there :i's concern by law enforcement agencies that.the few (]00) :

cally” f]exrb]e, profit-oriented - elements of the land mobi communica-
 tion community before the future public safety communication. needs for

-y

Th1s prob]em is. part1cu1ar1y troub]esome in ]1ght of the poss1b1y
quest1onable app11cab1]1ty of trunked system technology to many public.

safety communication requ1rements. In view of. the present status of
trunked ‘system deve10pment and .in view of the cost benefit consﬁdera-
-tions ‘discussed .in’ Sect1on°3 4, current long-range planning must rely:
-on "the assumpt1on that” convent1ona1 channels will besavailable in “suf- .
f1C1ent numbers to sati$fy the commuth1es 'needs until such . time in the
.future as cost effective trunked systems.are developed. Since- )00 con-
‘veptional channels seem un]lke1y to be.sufficient.for the needs- of--the
-other land mobile users . ny densely populated locations during the- -
‘next .decade, public safety users must rely upon.eventual access to- con-_
‘ventional channels in the reserve pool at such tlme as the1r needs are:
adequate]y demonstrated..“ S SRR . o B S :

o _q¥ . e L ) oo

The mandatory requ1rement for trunk%ng of those systems need%ng more,
“than five channe]s*has a present, ch1]11ng effect. - Those ‘agenc iy
long:strapped for’ pecessary. communication support oW’ f1nd them e]ves
in a "Catch-22" s¥tuation. Press1ng needs-spring from- growwng popu]a-
t1ons .demanding larger and more’effective.communication:systems.. Lack-
"of adequate spectrum in the Tower bands has .prevented -the.needed -expan- }

.sion, of exlstnng‘systems._ Now.that ;added_'s ectrum ‘has been.made ava11-_,if{f
1 able at 900 MHz for multichannel, high .performance system > the Commis-. . -
sion has neverthe]ess mandatedause of trunked-technigues-’in_%hose- sys-g;~.

tems. that require capab1]1t1es for such: performance more thaw 5 chan- -
vne]s) But ‘trunked- technology.-i5 not avaiTable today, ‘and the expected
“COSts poss1b1e operational complexity, and techno1og1ca1 risks make it:

-appear "to be 'an unattractive solution.until an operational system has voem

cw

been successfu]]y demonstrated oy T
v : CEEEVIN LT

A further prob]em assoc1ated -with- the mandatory requ1rement for trunklng

- S e S - -

Regardless, two p011c1es d1rect1y affect trunked systems in the Commas— 33

ner presently avafﬁab]e for- aSS1gnment to €runked.’ systems.: The second{fh'

conventional channelS provided Wwill be. quickly ‘océupied. by the more f1s—':
e

pnvent1onal channe]s can. be planned and 1mp1emented - .‘_. O

._.‘. . . R 3 20 " : - . . _” .
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of more than five~ channe]s is the. 1nh1b1t10n 1t places on the rat1ona]
growth of systems.. © A 5-channel system has a practical 1limit ‘on expan-
-sion, ¢for if it should have to ‘grow: to more-than five channels, existing
.equipment might have to be replaced with ‘trunked. equ1pment - Such, a .
policy, if stringently enforced, would make the 900 MHz spectrum of -
.little use to medium-sized law enforcement’ agencies, . (300 ‘or so veh1cLes)

.-

ln the solut1on of their present day prob]ems N - L

' : S ) . R .. [ __" “
S.PECIAU-ZED MANAG‘ETTE_M.';Aﬁ-pRo'ACHEs N e S
Management of C0nvent1onaT Systems t::t“ulu_;3ﬁ 7} a,;' : SR

<o A .
Techn1caT consaderat10ns assocjated with 1mp1ementat1on of. convenﬂ?bna*éb
type 900 MHz public safety systems present no ‘management problems s ig-
nificantly d1fferent from. those presented by Tower frequency systems.-
:The add1t1on 85 - still.one more band using equipment that cannot- cover
"Tower band ° redquencies further complicates the-existing- 1nteragency~ oL -
coordination problem. This is a Sltuatlon long experienced. at lower :
f?equenc1es The probTem 1s not d1fferent OnTy 1ts scaTe has changed

The frequency ass1gnment po]1c1es now . belng fo]Towed by tng REC may re-
quire the- development of new mapnagement relat10nsh1ps among channel -4
.sharing agencies. Urder present .policy, agencies having fewer than'“the - T

~

.number of mobile units necessary to fu]]y load a channel may be required

to share that channel - with other agencies. .Such sharing can present
special management- probTems‘That must be soTved to assure.compatible .-
‘operation on.2a non-interfering basis. Some agenc1es are now usimng these
. techniques on the VHF and UHF bands as -tools to improve coordinatidn and
“to-reduce costs. Consolidated- and c00perat}ye d1spatch centers are be- L
comwng more prevaTent‘ ) . N )

v@

h ]
' For many va11d reasgns there has beeh 11tt1e use by’ publlc safety agen-
cies of' communlty repeater” type service provided by vendors or entre- -
preneurs. WhiTe.many of the consolidated and/or cooperative dispatch -
organizations have—features s1m%1ar -to the communaty repeater type’ of
operat}on, management and control. is vested in tax- -supported agencie
The reasons for this includé: respons1b1]1ty to elected officialss _
compliance. with legal requ1rements,_re11ab111ty of serv1ce, and stand- 0
L‘T-procedures, Just to name a few . e

.7
& . . . . . =
. - - . .

't of Trunked Systems'

The nature of trunked systems is such to require 1 rge.. cap1ta] 1nuest;

~ment. The hoped-for spectrum eff;c\encles can-only-sbe: obtained by sys-
‘tems:’ emp]oy1ng ‘many hundreds -of mobile- and portable”units.. . There is. :
enly a reTatlvglxaimaTT number of;gub11c safety agenc1es of 'such . 1arge
dimensions o : _ : e R S N
Ce] O } . _ N _
The ECC recogn1zed this re]atlonsh1g between spectrum eff1c1ency and
;he s1ze of.a- trunked system in its Docket Ho. 18262 pteceedings and - .
establlshed the ‘Special Mobile Radio System (SMRS) concept descrlbed in’
“Ghapters I ‘and II. Such a concept could .make possible the implementa- .
tion of single, Targe, trunked’ systems that provide ‘base station facil-
ties. foxg -groups -of 11censab]e agegcies. By serving »the needs of many-
Js1ng agencies thrdugh a single base station system, the needad econ- o
omies of scale may be attainable. Through suzh 1ntegrat1on of users. the
pqss1b111t1es of 1ncreased~5pectrum efficiency are enhanced. However, . -
the immediate: appTication may‘be limited by the necessnty of single
“transmjtter 51tes (See Sect10n 3 4.3.1, Page 3.15. _

The natu:e of a- 1?unked system, w1tn_1ts c0nt1nuogs1y operatlnd 0ntroT

. B - 3.21° . o, o ,;1 //f_
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3.7.2, 'Neédéd}Technolbgies.‘l.igf:j;ql:ig
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. channel ‘and associated grou

~ability to configure the ne
a moment's notice. This' ca
of certain groups of users:.
features allow the possibil
-the policies and direction
respbnSibi]ﬁgy.for and ‘auth

A §pécia1’featuﬁe_of‘fhe;truﬁkédP;ystem*conéépt:1s‘the”imdibidué1“§ys;'

- tem integrity and privacy ' p

# nels.  Since system users o

units with authorized addre
. jng.addresﬁ.assignmentsrso
. c¢Yuded. Thus, each user gr

completely private and dedi

- ThesFCC_authorized profit-m

‘w.services but does not fimit

supported agency to ‘provide

~* under':its direct Jurisdicti

such’ services to date.

Until ‘trunked system hardwa
_‘tems implementation. begun,
" .such management approaches.
._Widespread, the SMRS appear
"7 tal costs could be shared b

AR
/

\n Ty

P

: nel “and p hddressing,.permits;a-numSef'of{bdé?ét{onaT~'
‘possibilities heretofore not possible. . Such systems- .would possess the ’

twork to meet varying needs of the.users .on .-
n be done simply by adjusting the priority
at the system control point. A1l of “these
ity ‘of centralized management, responsive to .
of that level of government having overall
ority oyer a1l users of ‘the system.. _ - ,- .-

ossiblé, despite the common use of .RF char- -

nly receive those transmissions .addressed to.® -

sses.,.group privacy is~assured by restrict- .
that other users. of the same channels -are ex-

cated only to his.organization: -~

oup has access -to“the: systém as.if it were .. .-

- . . e e e LT . . < '"‘. s
aking entrepreneurs to provide these SMRS .- -

- R T ] _their licensing to-only -profit-making enti- .. ’..
ties.  Jt is-réasonablé that a ‘unit. of "government could establish(.a tax=", - -,
~SMRS services limited ‘to those activi ies " . 1.

on..” No:SMRS has beew'ligensedlto;prdvi

e N ) . e

re-has been made available and trunked sys-
there seems little motivation to initiate .

Should use of trunked techniques become
s'to be a viable vehicle by which their capi-
y an appropriate number of using agencies.

. NEEDED EQULPMENT CAPABILITI

/ . .
General’ a
.The opening of the_ 900 MHz
sents-an opportunity for th
innovations in public. safet
"~ advance :in technology initi
the spectrum-and the.. innova
ted simultaneously, provide
ber of additional features,
in forthcomjing equipment.

;1Thé:fo}lb@fﬁg'discdséfén_bf

ES” - e T

2 .

rgpectrum to the Tgnd‘mobile community pre-: -
e.introduction.of significant functional =

y communication, equipment.  The step function

ated by the.opening of this new portion of
tive spectrum-utilization concepts implemen--
a special jopportunity¥jto incorporate a numf

'10n§fsbugptzbyﬂthe‘puh\ic safety community, o
- L. é - .-'.-_,’,‘- R . . )

. [ T - A “ .
7desirég'éapabi]ities'is'thg-fé§01tﬁof.in;.”

“depth analysis of needs developed Qyithe‘Professiona]-membership;off”

APCO,.~ These expressed .neéd
-tion -ﬁng;pfeseniations pro
;shipfa% seminarsvhe1d;albun

: ' - S :

v

s are“a.distillation of the -comments, sugges- .
vided. by representatives of the APCO member-
d the countrys . : Lo

@ - o . - L . s . -
- e . . I o

POS \ . . B FAE R

, 3.7.2.1 TrunkedSysteéms.Signaliing Standards - B Lt
) X .o . - . P EE . .

As described in Section'2'6?'this‘thapter,‘there_are—seyefaT cunrehtlyiw,r

. >

cenvisioned approaches to th
of -the time of wrjting, at
trunked systems equipment.

e developmentiof trunked "technofogies. -As
Teast 'two major manufacturers ‘now propose.

It is-certainly foreseeable that; in rec — .5 -

sponse “to the stimulus of ‘the—FCC, many manufagtyfers will evéntualy -

participate in the development of ‘trunked .systess .for the Tand mobiles

L T

e

[



m T L #®adio community. "Even though, this equipment -may not be available in the
o 1mméd1ate future for app11cat1on to public, safety ‘communication needs,
T Lits ultimate W1de spread use: s 1nev1tab1e,vbarr1nq maJor changes Fn FCC
T -”'p011cy B e o : -

T
-

. ..--T'Least cost- procurement 1s an 1nherent requ1remenﬁ uf and a cont1nu1ng
et e . problem to, ) tax- supported agencies in the public“safety; communication
o % field. This results in a national policy to st1mu1ate maxxmum vendor
Lo compet1t1on in. tax- supported procurements\ o _-; : "

tems..are both te ol®g1ca1ly and. econom1ca11y helpful. It isi to be
0 ”hoped that. competition can cont1nue to expand in"the. years to come. .

* . . - However,;-this techno1og1ca1 competft1on should. not. be permitted to- de-v;,_
Lol o veloprte “the point that it becomes seTf-defeating.. ‘Under, present’ condi--
s st tions, an~agency that ‘procures “a trunked system from -a. vendor is for- -

... . . ever after locked into a sole source procurement positien with that ven-.

. . .dor. in: the event of need - to expand or improve . jts .basift system. 'Once an -
SRR . < agengy .has-procured.-a system from one vendor:, that vendor would be. the.
‘v - only commercial entity dn a pos1t1on\to prov1de add1t10na1 equ1pment
'~;conpat1b1e w1th its basrc system., : S " : .

q;j'.'- 'f- Compet1t1ve eff rts of the«severa] vendors now deve]op1ng trunked sys-
~e5 St

):'Th1s prob?em can be a1Lev1ated 1n the ‘same manner. the Comm1ssron has
" used to stimulate competition in. other services: --" through: the promu]-.
“..:. _gation of. techno1og1ca1 system standards. Just-as the Commission has
.. established television- broadcast1ng system standards so that all manu-.
facturers' ‘equipments are «capable of-operating’ within.the basic system,

. ...~ 'so should: the Comm1ss1on estab11sh System technoigg1ca1 standards for _
I "trunked system$‘g~e,hj_ : Lo : )

'"These standards, deve]oped a}ter exten51ve test1ng, ana1y51s and con-
sultation; should. define’ ‘the software” Ianguage and system .ope€rational
philosophies to assure ‘that -all vendors" equ1pments coqu beéeompetm-

- tively 1ntroduced 1nto ex1st1ng systems S R .

S X RN ' ..

'<An anc111ary but "no ‘less 1mportant need for th1s standard1zat1on 1: tm T
perm1t compat1b111ty between adJacent systems ; ~ ‘ ) h_{

N1th1n the pub11c safety f1e]d there is.an’ operat1ona1 requ1rement fOFQ\b/ff
,1mmed1ate and intimate .coordination among many.related services and ‘' .~
~agencies.. Should a babel-1ike pdethora of technologies be"permitted: to "
be. random1y 1mplemented E%hen -the-ultimate resu]t of -the -introduction: of

, : __trunked techno]o y..inte” the public¢ saftty field" cou]d be ‘the—-erection of °

N unsca]aﬁﬁe techno]pg1ca1 barr1ers petween conti ous agenc1es..,_:-” e e

3:v;2.2~Porﬂab1e Rad1os for Trunked Systems

"I€7the trunked system concepts are to. be fu11y usefu1 to the pub11c T

- safety® community, portable radios- meet1ng current. phys:ca1 and ‘opera-. -

.tional criteria must be avagTab1e ‘for use in such systems. The tech~: -l
nology ' needed to prov1de’trqpked capab1]1t1e§§1n mobile” systems . is . Hjjh_f

- .-.¢ either at. hand:- or under. deve1opment (see Chapter Il).- . However, the s
.=+ +incorporation of this technology in the smail phys1caﬂ\s1ze -and: w1th the

" low_power consumpt1on requ1red ‘for, portab]e eqUTpments has not yet beema;

PR . demdnstrated RN .J.u-: RN ,”-

"o

',4..- “. . . . I ‘...' -

~The’ comp]ex1ty o?’the techn1ca1 grob]ems to be so1ved will. He s1gn1f1- -
_cantly affected by the configuration of the system in which the portab1e_.%
“units must- operate. | The aumber of channéls on which" the portab]e must -
.operate, the. comp1ex1ty of dts’ ﬂog1c, ‘the battery 1ifé . expected,: and‘
votrer circuit requirements will- be great]y determfhgp by the owgan1za--
“tion of ‘the ent1re trgnked system . " TR
PR v /' . “‘ 7 L e P PRI e g = - ' e ,‘ ,-f_;;' : .
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It is neces%ary, therefore, .that together with bas1c trunked s stems
development, parallel programs "be.instituted to assure the eventual -
ava11ab111ty of portab]e un1ts capable of operatlng w1th these systems-'. ;“;;

-4
_\ - - . v ,_\- .a.-
- -

3 7 2 3 Slng]e P01nt Test Capab1]1t1es‘. o ".ﬁ' - -

-

N

~

IS -

oL The deve]opment of standard1zed s1ngle po;nt test ph110$0ph1es w111 be
% - . especially compat1b1e>wu§p the’ 900 MH:z techno1ogy-- The promulgation of
S a-standard plug design and pin cénfiguration would permit the develop-
o _ ment -of universal test sets, compatible with equipment provided by any
T vendor.. Such a single point test- ph110$0phy would resuilt in s1gn1f1cant
’ reduction of maintenance costs and equ1pment -down times by maRing pos-
sible ‘the rapid=identification of defective sub-assembliies. i,The re-. LS
. .. _piacement of defective sub-assemblies, wwth their eventual repair by . - .
e - 'skilled technicians with specialized facilities, would greatly simplify.
. the. rout1ne matntenance prob1ems assoc1ated Xxith modern, sophisticdted. -
: equ1pment. . _ A K\\ T SR
_> o7 . - ’ )
‘.3.8.'ﬁ- TECHNICAL;;QNSIDERATIO&S FOR DATA SYSTEMS . o ‘ﬁy.( :

There is noth1ng 1nherent within the 900 MHz spectrum that" prec1udes TtS‘
,use for data transmission.s A 900 MHz -mobile data System ha's been in. ‘
a operat1on (Chicago Police Departmen ) for some time. The previous dis- ,
. .--cussions :regarding propagation and technoiogy for voice systems apply . ‘
IR : equa]]y to data transfer: systems. However, data systems are more strinz..’
L .. - gent _regarding continuity of coverage. . A data system lacks -the ability
; to 1ntegrate 1nte111gence ahd extrapo]ate between“known factors possess-
s ed by a’'voice communications network. When the data system signal drops
ke - out the information._ Jis 1ost, and either an- 1ncomp1ete transmission re- -
.sults-or the transmission must be repeated. . Therefore, the coverage . B S
phenomena described previously as "picket fenc1ng“ must-be resolved if - °°
.2 data system is to provide the degree of reliabl®€ service needed. A"~
reliable, high speed data system demands & degree of reﬂ1ab1e<coverage

!
. A -

- - for which the system must be deswgned cer e - A /ﬂ _*__“,i_
3.9 RELIABILITY AND MAINTAINABILITY CONSID.ERATIONS T |
T _.__..-> L ~¢-~- o . B - ! e T
' ;*)- ""There isino 1nherent redson why §00 MHi equ1pme9t should ‘be 1ess re111“ L

"~ " able than .equipment on the lTower banpdsi.. Given a’'reasonable level. of.
~ experience.and system "r1ng1ng out", it can\be expected that 900 MHZ
~systems will prove-to be highly‘ re41ab1e in*,the public safety environ- v N
ment. As a.matter of fact, since they’ represent a new genErat1on of ;\ ,
techmology, many”xnnovatzve compogent features -are now. ‘béTng. 1nFoxpor- N
. ated .in such systems. A cont1nu1ng increase: in-use ©of m1croelettronacs '

D 3ndrch1p techno]ogy is Fmproving. the*re11ab1P1ty of all modern commun1-_@gv i

S catlons equipment. Therefore,‘1t can ‘be expected. that 900 MHz . equipment . -

© - v 7 - 'will be-as reliable if.not more reliable than présent day equ1ﬁment not - -

" #- because it [s-9080 MHz but rather because-it. wnl] emp]oy the Iatest tech—"
n1ques of ever- 1mprov1ng techno]ogy\ _-_v;_ S -

- . ,-"-' . ’ - \'1.

Much of the 900 ‘MHz . technoﬂogy is. the samé as in’ lower bands Modu]a— _—

tion, -1F, -RF;, ‘audio, c1rcu1ts,upower and - controb cab11ng, are generally C e

the. same as ‘used at Tlower.bands. ._However, the final .transmitter . RF .am-= . .

L g sp11faer, the receiver front end” c1rcu1try,~and theﬂan enna_coaxial. ~75p11;~.
- .-~ 'cable concepts may involve changes.  The: technﬁques are s1m1Tar tq T s

‘ i ~those-used at 450 MHz, if perhaps, somewhat more demanding." Part1cu1ar

xial. cabte connector cable 1nsta]]-;,

attent1on will be requ1red to - RF°

;;_?“_; "atInns Defects that WQde have-\minor effects-at."VHF and be merely .a: \

-« tsdurce-of reduced performance at ! ¥; can,make arsyStém comp]ete1y in=

et “,'operat1ve at.900-MHz. . R ‘ N A i}
.. - - A r., ’ ;.::!\“_.‘. . l, . ' ;- ..~. 4-.““ . e - - ~ -.1.-“ . . . .. ," -, r. b‘/ R . o ‘:.“' '_.- .‘:
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Most present test equ1pment desxgned for VHF u111 ‘efther work at these
R frequenciés or can be adapted.

Technicians: fami}lar.WIth UHF shou1d
have 11tt1e d1ff}cu1ty 1earn1ng 90& MHz systems& N T
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4.1 " INTRODUCTION ¥ - g N P

T TheprecedingTGhaptersiihave déscribéd the regulatory -and administrative
.+ - Dbackground of the opening 6f the 900 MHz spectrum for .use by the land
- - :mobile community. .Theyehave 'presented the technological, ‘economic,"and
- : . management facters that affect the application of these frequencies -to
- the communication-needs of the public safety .community, and they have s
e described what these needs.are and how. such.factors can be applied 'to ..
- these needs: - = . .- : o : o N ' .
. This Chapter prqsentffthe conclusions and recommendations that .result --¥ _.
. . from analysis. of the considergtions-presented.in the preceding Chapters -
S -by-the-APCO“hembership‘as,repgﬁsented‘by their project participants and-
L elected officers. -~They relat? the application of the:900 MHz spec= T
¢ . trum to law ‘enforcement communications problems, under the conditions
~ ' ;. .+. defined by the FCC in its Docket .No. 18262 proceedings. Since law'en- A
» e forcement communications.are -an inherent part of the total public safety
) communications' environment, some conclusions. presented w§ll be expressed
o . in terms of all public safety communications needs. This does not imply
- - /" that -such cqnclusiqhs{miGht'haVe~Tﬂnited.applicatibnSQ;o}]aw enforcement -
e /. systems, but rather, "that.they apply_.to ‘the total public safety communi-.
;\ “cations;prqb]gm, including law enforcement needs.: o “aT ' :
o . - v - ° N = . N . - S
- There-are four broad.areas under which-conclusions are.presented. These
- .-are ‘the .technological suitability - of ‘900 MHz t6 the land mobile problem,
- -3 7 the role of trunked systems in.improving spectrum avajlability, the role -
P o of trunked systems in enhancing operational capabilities, and the effect
T *Gf the present:.regulatory.environment on 900 MHz system implementation.
= -tach of these.areas has its.own set of-conclusions .that pertain to '
' specific considerations. - = °° = LT o T Lo T A

<

-

C Cleér,'absolute[bouhdafies'bétueen_the“fOUr,fundamental‘sectioﬁé.ére not
~ always possible. There ‘are numerous interrelationships .between the n
o --conclusions reached under each of, the four major headings. Such rela- _
% - -7 «<tionships- serve weTl to.demonstrate how complex are the elements of this
e subject.:. Regulatory policies regarding frequency coordination may be
' _ significahtly;dependentgupOn_techno]ogical'considerations.affectingv-
© equipment performance. ‘Spectrum conservation considerations resulting.
) from the introduction of trunkéd concepts may be, ¢losely reTated to the .
; - degree_of improved operational capability they provide:andvthat there-
: “fore justifies their cost to the taxpayer. . S o - a

,

.o =7 In.the {ﬁtéfe§t”of'brevity;fééch?Gdnc]uéibn is supported by a summary .

statement of the.rationale leading to its development. . For complete .- - ‘s -

= justification, the reader "is referred to the precedfnnghaptefs. "The
' recomhendations that -spring logically from these conclusions-are pre~- .
sented following; the assocjated conclusions. For :the convenience of the .
- .’ reader, thesFecommendations.are summarized at “the end.of the Chapter. .
: : : 4.2 . - T T S s
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4.2 TECHNOLOGiCALfSUITABiLITY OF 900:MHz- . .~ . ...
- ;:\. . ' . L . -
4.2.1° The "technical characteristics>of the 900 MHz spectrum are su _« for .

T 'dse by public safety communications T agenciesT ~The propagatits pnenom=
.ena associatéd with this portion of the spectrum, coupled with current.’
.. . '.developments of equipment sgitable’ for these freguencies, provide a
oo :,r:j? signifjcant contribution to spectrum availgbility for public safety .
-.Q? .t communications: networKs. Coverage achievable closely parallels that
' atta1ned in the lower port1on of the UHF spectrum (See Sect1on 4.2.3.)

. "Recommendatwon Pub11c safety communucat1ons system des1gners consjder.
. 'use of..the 900 MHz spectrum~in: deve]op1ng new systems; making add1t1ons» E

to present systems, and the deve]opment of future p]ansh- T

R

. _, R

‘;4.2.2.'uThe someuhat shorter range of propaga¢1on to be expected us1ng the
: 800 MHz spectrum, compared to the lower frequencies, together with the
: *1mproved ‘building penetration and shadow fill-in coverage atta1nable,_
_~«" indicates that these frequencies are particularly. attractive in urban
areas. They-might also - bé Suitable for ‘suburban. and rural: areas due to
€ lack,of ava11ab111ty of 1ower frequenc1es or other system re1ated

,;Cons1derat1ons L A S

- ,Recommendat#on Tho§§/mF5jn areas confronted with bu11d1ng penetratlonA-

T or. Shadow.- effect problems cons1der\p1ann1ng to implement. 900 MHz Sys-:

o © -tems at such ‘time as replacement of existing.systems become’ feas1b1e~
,//.' Such plans should be filed w1th the FCC at the eariiest, approprxate mom-

ent. .. . - T
/ . .

e
\.».; . - N .. -

4.2.3 - The operat1ona1 1mpact of the propagat1on character1st4€s of’ thg 900 MHz&»‘

) - spectrum are.not .precisely known-at this time. The'- effects that “p1cket
fencing! and-deep “holes™ m1ght ‘have ‘on gpe wtlonatgprocedures -and the
specific engineering criteria that may b ; -"to oxercome\ihese
prob]ems have not yet-been documentedc

-Recomgéndat1on . A study be-: conducIed to assem-1e the: know1edge ga1ned s
B -from experience with.thesé newly 1mpTemented systems to mé%e th1s knowF ‘
v.{iﬁ' . edge _available to a11 pub11c safety vgenc1es._ L€ e T e
. .o'~ e . "'}I“ % P, " ' !." -
‘4. . The; proper performance @f a 900 Mﬂi&systequs dependent.upon preventlonnf'
..°.7 - of nofse pollution of ‘the env1r0ﬁment.l JIf IM products and.other ‘noise..’ .
=, *: '« sources are permitted tb;prol1ferate,,the“u;efulness 0f:900 MHz w111 be"

C _.s1gn1fgcant1y reduced. i~ a;-.h‘”i‘ ‘,;, ,gg: T :

| Re&ommendatron S1te management programs be deve]éped‘tO’preve.t hoise f
‘po]]ut1on that mmght affect use of 900 MHz systems 1n the-future...fﬂt

: -
" H . N B R -
N - [ - e ,',

J'.— - ". ) : .' ; - .
-5 .

. 4.2}5-;_Techno1ogy is now ava11ab12 for convethona] 900 MHz law enforcement’ e
- -commun1cat1ons sys tems. £ Major vendors catalogs . now, list 900 MHz bage
. station dnd ‘mobile equipment simidar to that aya11ab1e on lower bands..
. g;MQﬂufactur1ng,costs are quoted a$ being approx1mate1y 10% to 20% h1gher o
zrzt'?fthan ‘lower .band -equipment: No portable upits are presently fisted as - ©
§':“_:.j “"availdble. = Those agenc1es,cons1der1ng ‘900 MHZ-early’ 1mp1ementat1on must
T?;.'.,‘therefore eic]ude the portabﬂe“concept unttl portab]e un1ts become o

> e P S : ;
JeR : -\.’...‘ B S S 4 2 ‘ L, s .. ; ',_' \_{9

. Ne

aw enforcement commun1-“""‘,

T T



available some time in the future,‘or resort to crossband operation <,_,$;u?;_.

S Recommendat1on The vendor commun1ty proceed w1th the ear]y deveTopment
S of QOﬁTMHz portable equ1pment , . .

‘ “4.2.6 The ava1]ab111ty of opt1mum 900 MHz s1tes maffbe ﬁ1m1ted in a given c0m-
-_mn_ﬁmm~m~-~mun1ty —--High-antenna—@Focations-are— necessary ‘to -provides required-cover=-
: '~ age, while long transmission:-lines between transm1tters or receivers and’
their associated -antennae. degrade system performance Therefore, ‘prac-
tical-consjderations 'suggest- increased emphasis. dpon the use of tall . o

bu1]d1ngs and mounta1ntop s1tes for. transmrtter/rece1ver Tocat1ons. " o

1)
-

Réhpmmendat1on Thoge- agenc%es foresee1ng the pos 1b]e use 6f 900 MHZv'
““should pTan early to reserve .necessary facilities 2top existing or -
~planned sites.and to 1mp1ement appropr1ate site- management.measures.

(See Sect1on 4. 2 4" ) EERS Do e DR o

- 4.2.77 Convent1ona] 900 MHz equ1pment w111 not - present ma1ntenance requ1re-
S ments significantly. different from those posed by UHF systems. 900" MHz
systems use techno]og}es similar to-present UHF technoTogy, requiring
.somewhat more care in their app11cat1on :Those agencies’ fam1T1ar with
. UHF systems maintenance and. operation. should exper1ence 11tt1e d1ff1-

- cuTty 1n the trans1t1on to 900 MHz

Recommendat1on Agenc1es empToyIng 900 MHz systems ut1112e personneT
fam111ar W1th'UHF ma1ntenance techniques L e S

¥ I
-

.83 ﬁTH_g RO:LE OF TRBNKED sv_sréms"rn’ IMPROVED. SPECTRUM UTILIZATION

v : oo - . { 3 '__‘ - v &v._'
. r . .

4.3.% Precase ifeans: of determnn:ng “the number df frequenc1es needed to prov1de,jg
- 7 'a required: Teve] of ‘'service using trunked technologies has not been dem- .
' f,‘;‘_};jvonstrated. “Present calculations are- based on teTephone‘éxper1ence and& T
T do not. necessar11y ‘reflect the unique. needs of the service required. - . .
) ... by complex law enforcement command/control communications systems.,"
T Therefore, the number of channels needed in a trunked. system- canhot be _
e predicted with the accuracy necessary for law enferceﬁEﬁt system des1gn
--3___-unt11 operat1ona1 exper1ence ‘has been- obta1ned .ep . ,'4_ )

-

f::“t"r - Recommendat1on . DeveTop a demonstrat1on Taw enforcement trunkedﬁsystem ,
in which different levels of system performance that are.the resutt of.
T variations. in the number of trunked channeTs a7511ab1e'under var1ous

P operatxona] cond1t1ons can be measured T -~1; _

-
. . ¢

.,

403020 Undér appropr1ate cond1t1ons, trunked systems can- prov1de s1gn1f1cant e
S .7 increased capab1T1ty (see Chapter 111 and Section 4.4).: Their costs may
e ‘be" dﬁ%ected‘ﬁo be higher than conventiondl systems, the amount depend-*
,ﬁg%T;r;'f ing. .upon deslgn features incorporated.’ whuTe,the-1nd1v1dua1 mob11e ‘ Lo
S ‘;' units. may-be more- expens1ve, ‘S ome- savmngs can accrue from ‘the reduced: .
_;J/*f” -~ number of base station” transm1$§ r5s and, sate111te rece1vers that m1ght ~_ AP
IS .}' ‘result from the fewer frequenc s needed _ S el R L
e RecommendatIGn- Imp]ement.a demonstrat1on progwam uﬁder wh1ch actuaT By
- cost f1gures can ‘be determ1ned ..Those cost elementssnow-associated L
. w1th -development risks. that: are. 1ncorporated in current trunkung systems;
est1mates coqu fien bg,eﬂ1m1nated ST . R
el ey s ‘ . ...-;..~-___.e‘

o QFBuB. The amount of spectrum usage 1mprovement to be expected from ‘trunked . .
RO system 1mp1ementat1on 1s a funct1on of. the ndhber of‘users.of: the sys-‘_{ -

L - :
. . . . _\ . . e
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S ,Ij' _possible! operat1ona] advantages) excépt when sufficient frequencies can
IR be incorporated” inTthe” system “to “reduce” channe] 1oad1ng be]ow satura=-:

e = _— P S
, - .

tem. Very 11tt1e can’ be gaJned oy “trun 1ng syStems of 300 .1/ or fewer

units.. No-upper limit on the number 0 un1ts a trunked system m1ght

accommodate has been demonstrated o L R -), ,
. I t P N 3 /

Recommendat1on Those 1arg heav11y loaded metropo]1tan systems . 7
approach1ng saturatfon should not p]an trunked- systems (not consideri

t1on levels |

. : B
| -

4.3.5 , Heav11y loaded maJor metropo11tan systems w111 benef1t from: trunked

technologies only if 1éss-heavily loaded. frequencies are incorporated.

(See 4.3.4.) 'Those’ communities w1th heavily loaded.law enforcement com-

" -munications systems ‘can be expected to derive spectrum benefit from

- trunking if other munitipal agencies, having "either less heavily loaded a
systems or different times of maximum" ut1]1zat1on (peak load per1od) are ~

I 1ncorporated 1nto the system . , B

ST

v

Recommendation: Major metropo11tan areas initiate comprehen51ve 1ongF , .'1
-~ range p1ann1ng for the u1t1mate deve]opment of comb1ned commun1cat1ons L

- systems R, _ o . , &

.4s3.7" Trunked_pub11c safety systems shou]d on]y be in ta11ed where 1mproved

4.3.6° No one commun1ty can be expected to assume costs.associated with. the

- " research and development needed to implement the innovative technologies
associated with trunked systems. A selected ¢ommunity might provide -~
facilities and. personne1 and assume cértain hardware-related costs _
associated with~the equ1pment to.-be used by the community: Those costs .

~assocjated with ‘the technology transfer aspects of ‘such systems, to in- ¥ /

“clude . sibility studies, functionaTl .requirements .development, and: Lo
test and evaluat1on ;are the responsibility of the federa] governmen;“itL/zﬁé:

Ré§ommendat10n ' The federal government part1c1pa¢e in a development
and demonstration program of- trunked systems technolog1es as descr1bed

i Chapter v of th!s Report S -

.‘. - <V

-

system performance will result. 'The taypayers ot .the~ dndividual .com-.
"munities should not be required.to bear additional. costs, of “trunked
systems 1mp1ementat1on solelv tc attain jthe objectives of improved

. "spectrum eff1c1qmcy "~ If the:only justii f1cqt1on for a specific tr&nked-r
- " 'system is improved: spectrum ut111zat1on which,-in turn, means mak1ng L L
ava11ab1e channels for some other (perhaps non-tax. supported) use, then S
~the propriety of ‘expenditure of these jtax- prov1ded monies-is” quest1on- ,;v.-*?_

.able._ -1t is even more questionable to require such expendifures in —1§'*
areas:- whe?e ‘eventual spectrum congestion.within the radius of coverage
of ;he pub11c safety system 1s on]y remote]y conce1vab1e :

Recommendat1on -4The dec1s1on to 1mp1ement trunked technologﬂ!s din-a’
pub]1c safety. -system, design be based, upon: the: needs of the system and-

ewm . qthe community involved, not upon an arb1trary standard establlshed for:f-

genera1 app11cat10n *“J_', . Lo e

1 4.3.8 The deve]opment of tranked portab]e equ1pment may be costTy and t1meh

consum1ng ‘The physical” size-and- battery life constraints 1mposed on

',_,ql-:, portab]e g5u1pments pose s1gn$f1cant chal]énges to the eng1neer1ng of af”

- . . . . . - ~

1/ See Section 2;3.2'for analysis.supporting this figure.




. 4.3.9,

>4.0

48010

4.4:2

- Recommendation:

.o.teria.for-thess
;spetlfjed 13 S

}Recommendatlon
,1ng at 900 MHz +n connect1on w1th trunked systems.

M
d

”d_.f e K
such equ1pments

the eng1neer1ng and development costs necessary to prov1de such equ1p-1:
ment. - . : : .

A program “be 1n1t1ated by the federa] government to
Specific 'performance cr1-

develop trunked portable 900 MHz ‘equipment.

on 4 3 6 above

L E . s <
. . L am e ',r Ces . > ', = st e T . "

While it is not practical at

swmu]cast1ng

A program shou1d be initiated to demonstrate swmu1cast-

L 4

'd'PO?ENTIAL FOR fMPROVED OPERATIoNAL CAPABILITIES USING TRUNKED svSTEMs'

@

‘The d1gwta1 addresswng techntques 1nherent in current1y conceIVQd

trunked system-concepts provide the potential for’ -significant .advances.

.in the operation and control of" law’ enforcement communications systems.
Digital dddressing techniques can be applied té system design in a num-
Many of -these techniques can provide totally new approach-’

ber of ways:
es to -law enforcement communication system confijguration, management and
operatlon A major problem with this .new array of potent1a1 techniques
is the need to select for implementation those that best prov1de the

ﬂneeded capabilities in a realist1c and cost effective manner.

Recommendatwon “A’study phase be- 1ncorporated in. the demonstratwon

. Recommendatwon.-

bilities made possible using trunked techn1ques in‘a mode1 operat1ona1
Taw enforcement commun1cat1ons system,;_~x _ -

Y
Ny . “r . " .
e . b B -

-

: A'demonstrat1on'trunked:system'can prov1de 1nformation regarding channel
‘Toading, channel utilization, peak load requirements, 'emergency requwre— T
-ments!fand the numbeE\of channels” requ1red to support a-specific agency-

“.under various operatiBnal situations.
“for .many ca]cu}atlons, heretofore unavailable, needed. to prov1de an ob-~

'Ject1ve basus for: spectrum management decls1ons.

The trunked system demonstrat1on program (see ‘Seetion

4.3.2).

-development by

"It ca
‘by d1Eferent ‘vendors will be incompatible with each other.

include a clearly identified test’ program and the associated re-
sources needed to-accumulate. that factual data netessary -to prov1de'the

‘bas1s for future system des1gn and spectrum management de§1510ns

» .. -

-

In the absence of nat1ona11y estab1wshed standards, trunked~system

different' vendors w111 resu?t in noncompatible systems.

be expected that the current. command channel languages-developed
Unless-'the

regwfatory -agencies specify a standardized language format for system-

'organ1zat1on, the introduction of .trunked: technoﬁog1es w1}1 eventua11y

_resu]t Ln a maJor prob]em of - system compat1b111ty.»

> .
. e

_453. et

Given the foreseeable, 11m1ted market for SUChnGQUIP— .
. ments, 1t is Tikely to be some time-beforg the: _vendor community risks -

;Trunked systems are present]y best suited -to those communwtnes that can.'
. be served from s1ng1e base station sites:
- the’ present ‘time -to use trunked techno1og1es in conjunction with mul- .
" ‘tiple site repeater type systems, studies indicate that trunked technol~
‘ogies would be compatible with - ‘"simulcasting"” techniques;-. ’
-3t 900 MHz has not been demonstrated in a practical environment. - This® -
~does -not imply that satellite recewver concepts are not compatwb]e with
trunked techno]og1es . L

_1:?: :--ltff;ylfg?f;" i -,C.ff .;%;i;'”i't ,’:‘T}:

..

1ts would.- bewdetermwned by- the demonstra¢1on programwummum~~m

- -program ( see Section 4.3.2) to identify the spec1f1c functional capa-

Such 'data could provide the basis
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Recommendation: The FCC adopz a standard .command channe] format for o
trunked systens to assure system compat1b111ty . e : . R

3
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EFFECTS‘OF THE REGULATORYjENVIRONMENT ON_900 MHZ‘SYSTEM IMPEEMENTATION‘“

. RSN .
, .

_@_4 Shl,_gThe 1mp1ementat1on ot_the 900 MHzZ_ system_nequ1res deta11ed eng1neer1ng_nﬁi;m;_m;"

and frequency coordination. Successful use of: these frequenc1es depends.
“to -a s1gn1f1cant extent :upon the lack of noise pollut1on The pronems'
“of ‘frequency selection and IM minimization Jan become extremely complex.:
Therefore, RF power level, antenna lgcations and heights, frequency se-
“lec¢tion and other, factors must be carefully. considered to su1t the tech—
n1ca] and operat1ona] ‘needs of each 1nsta]1at1on\ ‘ .. R

Recommendatwon. The FCC'Rules reflect the: needs for 1oca1 coord1nat1on S
for each 800 MHz 11cense app]1cat1on v . S e . L
R ¢ . . . L Co. . . ﬁ
The roTe of celluTar systems w1]1 not be s1gn1f1cant in serv1ng pub]1c = ’
safety radio needs in the foreseeable future. Notwithstanding the ﬁ
present. developmental effort, it will be a number of years before such

systems are implemented throughout much of the country.  The nature of
law enforcement radio communication systems is significantly different

“from the public switched telephone netwé#rk. Law enforcement radio sys-

tems are conf1gured to.provide routine-:dispatch service and, also command

‘control support.. They must be capable of handling routine and emergency _' o

‘traffic. Tae need to recognize the priority of public”saféty communica-
-tions makes it. impractical to share- channe]s or fac111t1es w1th users.

from the general public. .

L~

Recommendation: The role -of ce]]uTar systems in._ support of pubTic

safety requirements be cons1dered only when such systems have been im-
plemented and have demonstrated- the degree of technical- -sophisticatyon,
-reliabtlity, and capab111ty su1tab1e to the needs of. the pub11c safetly
commun1ty,- . - _ . o

o Ll -,
The SMRS concept Can'provide a useful tool for the management of commun-
ty-wide tax-supported systems.’ ‘This concept prov1des ‘one more appreach
toassist . the present - ‘trend toward consolidated and cooperative systéms.

It shou]d rece1ve cons1derat1on when trunked systems become more common -

RecommendatJon Pub11c safety users initiate a pol1cy to support the
SMRS,concept wherever determ1ned appropr1ate (See Section 3.6.)

" -

The present standards fﬂr convent1§€a] and trunked sys*emi}hanne] load-

-ing fail to reflect the needs of spkctrum management or tHe user. Cur- = -
rent standards .are -based ‘upon- unsupported estimates and founded .on ad-- s
ministrative convenience. They do not- relate ‘to the user's operational
doctrines, philosophies. or to the community's ‘needs.. They. can permit
.inadvertent wastage of the spectrum on one hand and i h1b1t agency oper-j-

ation on the’ other . : _ _
Recommendat1on- The FCC develop channe] Toad1ng sta dards that reflect’. L
those conszderat1ons needed to measure the Teve1 of service requ1red by i
the~us1ng agencies. = ... T .o o LT ot e :

- N

Tw
- -

The requ1rement to 1mp1ement trunked systems now- conta1ned 1n the Ru]es
does not reflect the needed: operat1onal capab111t1es, the responsibil~ -
ities of- tax- supported agencies for cost effective design, or prov1de,
for the flex1b111ty needed to conflgure system de519n to user. needs.

L _ : 4 6. : ’“?5-
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; 1 Recommendatwoq,c The requ1rement for trunked system 1mp1ementat1 ntl Lo
“"the public sxfety sector be: removed from the Ru]es and provisi made ﬂ“'
for trunked systems 1mp1ementat1on based upon a case-by-case amdg is }, ii;”h

of the needs of the using agency. . » . iﬁflffﬁf‘ SR )
o | . ) g M e

"'r

4.5.6 . The ‘rules perta1n1ng to Ilcens1ng of 900 MHz systems have been eVe]oped ‘
- .on.a.generalized..nationwide, basis. and- therefore.may-not.be- opq—gum AR
.J o - specific application.. “The problems associated with. licensing - ‘of such” ,
' -systems vary" s1gn1f1cant1y infdifferent port1ons of thetcountry. Avail- ° '
_ab]e channels are. rapidly beifg consumed in the denée]y populated-urban -
° % areas. - These ‘are:the same areéas of high crime rate where_sophisticated
commun1cat1ons systems of the future will .be required. ,the -other B
hand, there are many communities whose geographic ‘and: demograph1c situ-
atlon makes inconceivable the foreseeabTe saturation of thdﬁQOO MHz '
spectrum Yet both types of communities are bound by the same rules
‘requiring’trunking- systems implementation, and one-by-one channel

= assignments, to attain an arbitrary standard of channel. load1ng (Seé ";;;';
Sect1on 4.5.5. ) ) . P R
. E Recommendat1on The Comm1ss1on s Rules- requ1r1ng trunked systems at

900 MHz should be revised to recognize the different spectrum alloca-
‘. tion problems and needs in different portions of the country hav1ng
different geograph1c and demograph1c s1tuat1ons

. 4.5.7 . The Comm1ss1on 's. Rules” currently make little prov1s1on for the 1mp1emen—
tation of p]anned systems. Consequently, they inhibit long-range com-
munications systems p]ann1ng.* Large scale, sophisticated systems that .
are configured to opt1m1ze utilizatien of spectrum while concurrently’

~satisfying the users' operational ‘needs are time- -consuming to prepare,
"~ approve, fund and implement. They must be developed based upon the-
ava11ab1]1ty of specific frequencies, and such frequencies must be re-

. served 'S0 that they are ava11ab]e when the plan 1s implemented. .

Recommendat1on - The FCC aSSIgn resources necessary to rev1ew “approve

and monitor the 1mp1ementat1on of long-range plans. Procedures be es- S
. tablished to’ _protect the integrity of such plans by recognizing the1r o

frequency requ1rements dur1ng the period ‘of their 1mp1ementat1on. _ -

“4.6 SUMMAR?-OF;RECOMMENDATIONS

~ hd L . . /

Ty

' 4;5;1?"Technolog1ca1 Su1tab111ty of 300 MHz

e Pub]1c safety commun1cat1ons system des1gners consuder use of the _— ,
. 900 MHz spectrum in developing new systems, making. add1t1ons to ‘present”

"systems, and the deve]opment cf future pIans.e L R . s s

o Those urban areas confronted w1th bu11d1ng penetrat1on or shadow effect
problems consider p1ann1ng to. 1mp1ement 900 MHZ.systems at such-time: as

. replacement 'of existing systems becomes feasible.” Such plans shou]d be I
-ﬂ1f11ed w1th the FCC at the ear11est appropr1ate;moment.;, Do o >;.' -

v

e A study be conducted to assemble ‘the knowTedge ga1ned from exper1ence '[
~ with these-newly:- 1mp1emented systems to make" ‘this knowledge avai]ab]e '

_to al] pub]1c safety agencﬁes. f _ T 9 _ _
e _S1te managemept programs be deve]oped to prevent no1se poI1ut1on that
L m1ght affect -use of 900 MHz systems=1n the future S o P
s ' . ¢ .‘ ‘7 " .
: . ¢c e o ST : _ . e . v
Tn9 < S S B
CERIC - w0 e e 8 T e
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K e The vendor comTun1ty proceed W1th the ear]y development of 900 MHz port- .
abie equ1pment ) . . / -
';f . Those agenc1es foresee1ng the poss1b1e use of 900 MHz shou]d plan e%LL{/,”;‘
.. to.reserve necessary facilities atop existing. or p]anned sxtes and R
";1mp1ement appropr1ate site- management measures. I -
;JQ%5,~nfomAgenc1es emp]oyxng 900-MHz systens ut111ze personnel famt11ar w1th UHF e = e
IR ma1ntenance teo gques s ;% o RN o o RN - S

- -5¢ e ‘¢, (€] ¢
;Q' ‘e Deve]op a demonstﬂht1on law enforgement trunked system in which’ d1ffer7/
‘ent levels of system performance that are the.result of variations “ia. / L
the number- of trunked channe]s ava1]ab]e under var1ous operatlonal com- ™
'd111ons can be measured "” A e T ;,,*.fr / ) ’,
° Imp]ement a demonstrat1on program under wh1ch actua] cost fxgures gé
be determined. Those cost elements now assoc1ated with developmen
risks that are 1ncorporated in current trunkxng systems est1mates c u]d . i
then be e]1m1nated - Voo , : -\ /ﬂ‘ﬁ Ty -
In those systems in wh1ch a. s1ng]e agency 1acks a Suff1c1ent number 0
- units to justify the app11cat1on of trunked technigues, give consider-
ation to combining compatible. users, other factors permitting. Such
communities foreseeing future .needs for increased communications capa-
bility shou]d beg1n p]ann1ng for cooperat1ve trunked system deve]opment
.. Those large, heav11y 1oaded metropo]1tan systems approach1ng saturat1on
- -should not _plan trunked systems (not considering possible operational
advantages) ex§ept when sufficient frequencies can be incorporated in’
“the- system to reduce channe] loading be]oW'saturation levels

° MaJor metropo]1tan areas initiate comprehensive long-range p}ann1ng for : -
© the u1t1mate deve]opment of . combaned commun1cat1ons systens v ,
. The federa] government part1c1pate in a deVelopment and demonstrat1on T
N program.-of: trunked systems techno]og1es ‘as descr1bed 1n Chapter V-of - T
- this: Report. ‘ .
. ;- ‘ : .
° The dec1s1on to. 1mp1ement “trunked techno]og1es in a public safety sys- )
tem design, be based upon the needs of the system-and.the community-in-
‘volved, not upon an arb1trary standard estab11shed for genera] app11ca-

t1on . ' T .~‘ . 3 Al . ’ \ ’ -t MR - A -.
o A program be 1n1t1ated by the federa] governnent to deve]op trunked T
; portable 900 MHz equipment. Specific performance criteria.for these .
.units would be determined by the demonstrat1on program spec1f1ed inocl
5ect1on 4. 3 6 above . ‘ o . Lo ,3-_-5;—'
: - C \o ' * L L
_ .0 A program shou]d be 1n1t1ated to demonstrate s1mu1castang at. 900 MHz'1n‘.'.~v 7
- connect1on with trunked- systems S e :
g A . . _ o
‘.- A study phase be 1ncorporated in the demonstrat1on program to 1dent;fy
- the spec1f1c “functional capabilities made- pos§gb1e using trunked tech-:
n1ques in: a- mode] operat1ona1 law enforcement commun1cat1ons system.

o The trunked system demonstrat1on program 1nc]ude a.clearly 1dent1ffed : a

) test.program and the associated resources needed to accumulate that : -]'
" factual data necessary to provide the bas1s for future systen desﬂgn
;- and.. spectrum management decisions. v S SR _ :
o The FCC adopt a standard command channel format for trunked-systems to - R
- assure system compatibility.. 7 . . L

-
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‘ A A S T ,‘A"::A. R A
e The FCC Ru1es ref]ect the needs for 1oca1 coord1nat1on for each 900 MHZ -
' 3 11cense appllcation . 5 . ,,,,nr’< ) o \ x» T
{\ ;- N N o
-‘9 'y The ro]e of. ce]]u]aﬂ systems in support of puque'safety requ1rements e ‘
%ns1dere¢“n nly when such systems have been implemented and have demon t
. strated ;the Hegree of technical soph1st1cat1bn, re1}ab111ty, and capa-‘ ’
-~b111ty su1tab1e to the needs’ of the pub11c safety commun1ty;r ‘ .,'3 e
g "“*“:LbuST?E”;é¥EEy"E§Eé§'1nit1ate a pdﬂ1cy support the SMRS concept wQere- 55'{
- “ever determ1ned appropriates SR Jb L L c
. ®.The FCC deve]op channel-Todding standards that ré&]ect those. tons1der-: o
ations needed to measure the level ‘of ‘service’ req 1red by the using . -
agencwes.‘ . N o Tl
v ' 2 ' * ‘ FO Y
e The requirement for trunked system 1mp1ementatwon,ﬂn the*pubTitﬁ o
- sgctor he removed from the Ru]es and “provisigns made . for trunié &
s ms - implemeptation based upon a- case by- case ana‘;s1s of ‘the needs of
theyﬁs1ng adgncy.‘a ST e e T
e The ‘Commission's RuTes requ1r1ng trunked systems at 900 MHz shou]d be, teT
revised to recognize the.diFfferent spectrum allocation problems ‘and - o
. .. needs in*different portions of the countfy hav1ng drfferent geographic -
. and demograph1c s1tuat1ons L. N
. . . &
T The FCC ass1gn resources necessary to review approve‘and mon1tor the .
. "1mp1ementation of long-range plans. Procedu#i; be, estab1lshed to pro-
tect the.integrity of such plans .by recognizing ¢
.ments dur1ng the per1od of the1r 1mp1ementat1on
' ) : ) | < N
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"~ The preceding Chapters of .this study dewelop. the c0O tlisionwthaﬁ“ihérw
.. 900 MHz spectrum will provide a necessary and valuable, resource for

S . $p@blic safety -communicatiyons. “Propagation phenomena assogijated with

~ _© . fhis portion of the spectrum offer potentially attractive characteris-.

S tics for "its use in both urban and suburban commupities. -Benefits to be

‘derived from the application of .trunked system technelogtes offer an

-

-~ . _  opportunity to enhance:the operatjonal capabiTtities ‘of public safety -’ &
» systems and the possibility of improved spectrum utilization. However,:- T
, - a trunked system has yet to bg configured and tested in -an operational :

A . law enforcement environment. . ,
_.A\\\’//§hough technology is available, the design-and implementation of an . 3
~/ ‘initial system involves innovation.; As with any untried technology, :_‘l
engineering problems must be resolved and implementation difficulties . o
~ overcome during ‘installation of the first operational system. The optiéi;;a
R mum configuration that fully expltoits trunked ‘concepts-potential for
. : improved @perational capabilities can’only be determined by designing a
" _system to meet a specific need andfthen_bujlding_and'évaluating that '

- "-"system's performance. - o S Lo -

- .. The prattical demonstration of-an operating sysfem will be of benefit
<~ "to all potential-users throughowt the United States. - Develtopment of the-
- operating procedures, engineering data, operational concepts, and sys-
'& ‘tem performance standards associated with such systems will provide sub-
sequent -systems designers with, the necessary foundation upon which they.
can base the design of future systems that satisfy their individual . ' .

- >~ needs. - P : o A ol S ‘ E

"® * The risks and costs associated with the implementation iof an initjal .
.. trunked, 900°MHz system.are beyond the -responsibilities of ‘an” indiwidual,

. . -local community. Only the federal.government 4is in a position to pro-

S vyide. the jnitiative, resources., and level of responsibility needed to
Ce ‘resolve these issues.in a manner having application to alt potential _ o
users. The federal-government's™xole in developing technologies for use -

: by communities £hroughout the country.gives™it responsibility for .es- s
,\\\;fab1ishgng.theobgpctivésjof a development program, monitoring program : ‘

" N\yimplementation, evaluating results, and disseminating $#e technolegical, .+
.. Rnowledge obtained. .. - - i 7 ‘ e e S

SRR N _ /L e o B S . .

- - The 'nature.odf trunked systems is such that large -amounts ‘of redundant .

B " mobile .equipment are\required in a systﬁm’lgggﬁ?%nough’to illustrate °

" the.principles. involwed and.to -demonstrate tlhe objectives sought. Once ..
such: a system has reached-an operational status and -its test and eval- ,
uation have been completedy\'the economic. investment involved demands . cet
that it serve on-going needs. It is therefore appropriate that-the com- -
munity selected for the demonstration system bear- the costs of the hard-

- ware that will ultimately be used in .an operational :system= On the: _
other hand, the federal government should provide those funds associated .~ -,
with: those program.requirements peculiar torthe development and demon- - . - .
stration’ of the _new technology, its¥evaluation and test. . -~ : a e

The following program, therefore, is based upon-the assumptions that a
designated,. Cooperative community will bear equipment and faCility- .
_related costs associated with the :satisfaction of its- needs, and. the oL
"-federal government will provide those funds associated with the develop-:-- =
" .ment of .the innovative technology, its test and evaluation, and for the , -
technology transfer.program needed to benefit the rest of the country.. a7

. Q o -, " e 5:] . .," - .\.— ee o \/\{’
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" 5.1.2  Objectives offY/gemonstrat1on Program 3 DN 'f

;. that -the capability.now exists %o 1
.vidual communifies can address’ . $ gni
funding and engineering problems assbc,/ze

.~such systems must b; accomp11shed

' ,program T These are - _ .-

-'a) ) Ident1fy the degreedof 1ncreased spectrum ut111zat1on'that can be-f“

?1Program 0ut]1ne g

&h1s study has analyzed- the ab111ty of _ trunked ' MHz systems to mee.

"law enforcement needs and concluded that such systems are feasible and .

will contribute §1gn1f1cant1y to the _level of capability .of Taw enforce-
men te agencies throughout .the cquntry A rev1ew af technology has shown

ant planning, mahnagement,,
d with.such .Jdnnovative sys-

tems, ‘a practical demonstration of the 1mp1ementat1on ‘and operat1on of

-

The. analys1s c9nducted?rn Chapters II and IIJ "of th1s study 1nd1cates :
that “there are three,ob3ect1ves to be sat1sf1ed by such ‘a aemonstratlon

>

T

expected to result from the implementation.of trunked technologies.

. whily analytical studies may yield evidence ofy,spectrum savings

_ t' might result from 1mp1ementat1on of.. trunked systems, the:

. ac al extent of such savings carn.only. ‘be determined with a reason-
-ab degree of certainty by meaSuremopts made in an operational
‘etvironment.,- Such factual data must be accumulated before accurate
cost benef1t Judgments can.be: made for follow-on systems. .

The demonstrat1on syst emp1oy1ng trunked technologies should

1dent1fy acceptable channel loading: standards for a trunked system

in an operational environment and ,compare such load1ng w1th those
\\standards appropr1ate to convent1ona1 systems. —

b) Demonstrate specific operat1ona1 capabilities made possxb]e by,.
trunked technologies, -and. the effects that such operational im-
provements can have upon uszing agencies' capabilities. Trunked
technolagies offer an opportunity for a new approach to law en-
forcement *communication 'system design, and’ the-potentia] for sig--
nificant improvements in their performance. A suitable demonstra-"
-tion program should develop these concepts, demonstrate their use--
fu]ness, and provide a funct1ona1 model for other agencies to-
foT]ow jn systems of*their own. o :

kc)' Reso]ve eng1neer1ng and;procedural prob]ems. The demonstrat1on

program .should resolve possibie engineering problems that can arise
.in_the implementation: of new technologies. .Proceduralland organ-
izational .policies .that may be necessary to. fu]]y explolit the -
potential of new techno%ogy shauld be: 1dentrf1ed Upds-compiet1on
_ of such a program, - -other: agenc1es can then adapt these\concepts and-
. techno]ogues to the]r own needs S e - _

s

;.» . ‘\,6

< T
e -+ . . -
7 C-

The development d¥>a new technolog1ca1 capa 111ty and 1ts sgbsequent
app11cat1on to practical proplemsmgst folldw an orderly ‘praocess

_.-While various system development and technology transfer program out-

- structur, Tikely to be invo

. ltnes have been developed, most: include $imilar. stmps In view of con-
's1derat1on “of economy, thej\status of techndlogy, and the management
ed in.the develogment of 900 MHZ trunked

-systems, a- program cons1$t1ng f f1ve phase§*1s recommended These
five. phases are:. - b e _ «.

e . : S . ., — .

ient.'such systems. Before 1nd1«,>
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1T‘Pha5e-1L' Feas1b1]1ty Determ1nat1on' ' ' LT L .ﬂ:’- ,
A: program to 1ntroduce untr1ed technology or procedt a1 concepts : o

should first detErmine the technolog1ca1 ‘and operational feasi--
bility of the ideas involved. - Such a .détermination requires:
analysis of the’ proposed technology and determ1nat1on of its
) potent1a1 applicability ‘to the problems needing solution. - Assum-- .
..ing that the analysis. indicates -the feasibility of the techno]ogy, L
it is then necessary to- 1dent1fy ‘those questions and/or problems . ;

' Z( ~ . that can-‘best be resolved through practical demonstrat1on Once
S * - the. feasibility has been established, the outline of a plan for.
. ' _,1mplementat1on and test of a. demonstrat1on system shou]d be pre--
. pare o / CoN LT b : 7 P
L Phase;ZJx‘Funct na] Requ1rements Develppment 'ﬁﬁl;*> f”ﬁ'“:(wyyf”:,-_ _~v_i Lo

\ ;N‘) ._’ § PG N ,.\
7, . 1 A demo stratnon program requ1res the def1n1t1on gf speq1f1c ‘*~£ o
R functi
_ A site fom the demonstration mode] ‘must- be.. selected and "the speci-
.- - ficC funct1onaJ requxrements ‘of the system-to .be implemented in_ .

S that environment identified. A detailed schedule for 1mp]ementa-:
I jt1on, 1nc1ud1ng ‘costs and management concépts, shou1d be prepared
\

Phase 3. ‘ImpTementat1on Program " 5 -

S ot Based upon the fwnct1ona1 requtrements and program schedule o
St f.’developed in Phase 2, an. orgah12at1on ‘responsible for 1mp]emeh%a- R
tion management should be- des1gnated specifications prepared, and R
procurement activities requt1ng inequipment design, test and' - . .
‘production accomp11shed -After successfu1 testing of the devel- _
" opmental system hardware” componentg full scale production and. . 2.
.. installation can proceed. ®0nce.in8tallatipon is completed, the . . -
~° dindividual components of.the system can be tested to -assure com- .
" . pliance with spec1f1cat1ons ?hls’step is._necessary prior to
- overall system evaluation to assure that equent system per-
. -+~ formance measurements are uncorrupted by. d clouded by faulty ~
N component performance o~ N S .

2
~

-~ - . -

E Phase‘dﬁ 2Test and Eva]uat1on"

HThe test and evaluation program has two obJect1ves Th fﬂ§st is .
“to determ1ne if the individual, pieces of equipment perf m-as ; I
& Lol specified "and then to determine-if they combine proper]y into a .

U system that fulfills. the functional. requirements .established at
R . $he outset. ;ﬂﬁ second objective is to. determ1ne the extent by.
o %hiih these functional requ1rements contr1bute 'to* the” or1g1na]
I ~fgoa1s of ‘the program, for _example, jimproved agency effectiveness, . -
..~ . r'increased resource utilization . efficiency, improved spectrum - . N
Y ‘ ptilization, etc. The test and evaluation program determines how™ '
T v well the system, taken -as a whole, sat1sf1es .the 0perat1ona]
‘% ', needs. "It provides a basis for costibenefit decisions by future.
J - -users.of the techno]ogy It atso pr Svides: information needed. to -..
: - spec1?y system parameters so that they- can be app11ed by other
'15 .. users’in deve]opIng systems of the1r own. - A , R
PhaselS Techno]ogy Transfer S, . ‘ _4'_ BT o .

-

L ] ,Data acqu1red dur1ng 1mp1ementat1on .test and ‘evaluation must be’ ,
' made available to potential users:of the stechnology. It should. mT\-.:

- - -therefore’ bé developed in a manner that will provide maximum: . "

h 'ass1stance\fb»other .agencies who mIght benef1t4by app]1cat1on of

_fhe demonstrated technolog1es i e N L
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5. 2 3. 1 S1te Se]ect1on

-2
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stration system R L . /- T T N

'Requ.rements Deve1opment : o : o

-~ L

ThE'cost and durat1on of each of these Phases .are functwous of the

system té be developed and the problems.to be solved. Phe ‘following
cdemonstratfon .program for a trunked 900 MHz law enforcement telecommuni-~
cation{system -describes each of these five Phases -in terms of the objec-
tives presented in Section 5.1.2., Since it constitutes the next step -
of a recommended program,’Phase 2, the Requirements Dev%lopment, fteis g’ 'uﬁ
presented E)th a degree of detail. -Phases 3, 4 and.5 are each presénted - -
in d1mwn1s 1ng detail as they are progress1ve1y farther'1n the- future S

S

- PLAN FOR THE DEMONSTRATION PROGRAM

Genera] __ | ‘_;: -?;Th o T _‘, o o 1\- \\n' .
The’ fo]1ow1ng Section d1scusses each of the above f1ve Phases as app11ed -

to :a 900 MHz trunked . system program. The objectives of each Phase are

descr1bed, and the steps that must be accomplished .to .attain these ob- .
ox1ves presented Budgetary and schedu]e cons1derat1ons are- conta1ned
Sect1ons 5.3 and 5.4,

- - - - .
B I - i . ¥
~ . . ~ L e

The Feasfbi1ity.$tddy- e T SR

The objective of Phase 1 OS the 900 MHz program is: to eva]uate the ,
feasibility of ‘the proposed technical concepts -as they may apply to the ST

. problems presented. The aﬁa?ys1s conclusions and. recommendations pre-,ﬁ\t‘~
"sented in the preceding Chapﬁers of this-'study censtitute-such a study" :

and represent Phase 1 of a progrpam to | velop and_introduce to the law- - SN

.enforcement and public Safety“communicathan communities the innovattve

concepts and ,technical .advances inherent in the development of 900 MHz

- trunked communication systems: It has described these new techno]og1es . "

and their potential. to contr1buteij the operational capabilities of the
natt%g s law enforcement agencies.. .It concludes that such technologies -
are asible and: within the present state of the art. It points out the

-objectives of a pract1ca1'demonstrat1on It provides the basis upon -+ = = =
‘which to make: decisions to proceed with the next step, i.e., the. need .

‘for identification of the spec1f1c functional requ1remeﬁts of a «demon-

- B / ’ - N - e
. . s . - e - S

-, : ,"‘-‘ g0 ot o>

.
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The ob3ect1ve of Phase 2 of the demonstratlon program s “to prov1de a.

“detajled- descr1pt1on of - the functional ‘requirements that must be met o .
- by the ‘model system. This statement of spécific:functional requirements "'"'GR"

should- be in sufficient deta11 to permit accurate budgetary. forecasting

Uf and the deve1opment.of contract spacifications. Jo do this, the tommun- -

ity in which’the model system is to-be implemented must beb;E}ef%ed B
‘The. specific operational functions that must be performed

‘the law en- - . #,'
forcement communications system of that model ‘commynity. have to be de- - .

;'f1ned ?hasqaz also includes an 1nformat1on acquisition phase during . L
-~ .which. 1nformat1onﬁperta1n1ng .to-the ‘operational impact of 900 MHz propa- - " -

gation phenomena s accumulated. This information will be of signifi--

‘cant impor®dace to- those iaking system conf1gurat1on decisibns for . L
. f011ow on programs . . J- T .

A e - o ‘f - .--o"_“ : . - ' J&
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The se1eot:on of an. appropr1ate commun1ty ﬁo be des1gnated for the con—

. duct of this demonstrat1on program is one of the first-steps ‘that must

“be taken-dn this Phase. Jhe€§;1ter1a for this se]ect1on are as follows:

. -
. h Y

5.4 . -



a) the selected model commun1ty mUSt«Qf a‘voluntary perticipant'invthe
test program, - . T .

b) a new law enforcement commun1cat1on network should be needed by R T
‘that community. ~An approhr1ate standard might be that the commun-

_ . jty's present system be in excess of seven years old or that signif-

~ ‘ﬁf icant, new requirements have developed that require the implementa-

i ._Em;_twon of a_new_ system o e e e et et e e e 2 T et e

-

portion of the .spectrum wi¥l preve -suitable coverlage. The need for -
_repeater transmitters to fill shadow areas makes /the introduction of 7
“trunked concepts technically difficult at-this time and could cause’ ° -
- costs not directly related to the objectives of the demonstration

) N pro@ am: Therefore, the area of required coverage should -1ie within

- "~ ra.radius of 20-25 miles and terrain be such to .permit coverage from_

- s1ng1e ‘transmitter location. (This does not preclude a second

' site for backup, reliability purposes,\or the-use of sate111te

c): The- eTectromagnet1c env1ronment should be such t%at the 900 MHz

';L ’ rece}vers .
k'd) The: commun:ty must be willing. to commit funds needed for ‘the captta]
outlay required to support its share of tne project costs. These e

funds may include local monies; other Federal (LEAA Block Grant .
» program) funds, or combinations thereof. The community must also

be willing to .provide project management personnel, site facilities

and locat1ons, and other resources necessary for such a progrgm

o N

-~ e) 0ff1c%als in the commun1ty should be w1111ng to work w1th the LEAA SRR
and/or its: des1gnated represem;at1ves in the conduct of the test S
- and analys1s portions of th1s progect .
. p .
f)  The community should be representat1ve of a typ1ca1 urban metr0pol1s
~ - . . that might utilize the /900 MHz spectrum. While it-must be large _
N . ;" enough to demonstrate the - usefulness: of multichannel trunkedasys- « -
B tems, it shouldinot be so large as to. reguire an excessive “level of s
PR : . .redundant hardware to'produce the needed test results.. A law en- - PR
©" S+ 7 - forcement agency (or combination of agencies) emp]oy1ng more than :
300 mob11e un1ts would/be appropr1ate . : . _ .
" 4" 4). Since trunked portable un1ts are not likely tc be commercidally e
T ‘avaiTable. in time for the demomstratien program, the,community's \ a
NS law- enforcement communication®pérational concept should be such .
© ¢ '3 . that portable-units will not be required -for several.years or. that
. .7 & -the requirement: can be Satisfied by a bybr1d (trunked mob11e ‘and
. “.‘r s convent1onal portab]e) system sl o @ ‘ <
PO The final dgc1s1on regard1ng the s1te to be sexected shoqu be}mede by -
s \.-»theLEA/r b L 4 :
. : ) "o‘ .". ﬁ_\ s \." g .,‘/.

e [” The se1ect1on of an Optnmum site ‘for the demonstration of a techno]og:-
sosle o YT cally and .operationally ;omnﬂex system is important. Much of the~”
te « " #. success’ or fam]ure of the'’ program and the nltimate costs assoc1aYed5 .
! “therewith will’, to. a great extent, depend upon the. appropr1ateness of - .
-.Ac “the demonstrat1on site 'selected. To'assure'.that‘all suitable candi- .-
"dates«are considered, a nationwide ‘survey:-to identify 1 'cities meet-
1nq the'.specified criteria- should 'be conducted. “The Survey-could. be °
h accomp]1shed by providing spegific criteria: in ac;ordance with the con-d-. .
;ents of Par. 5.2.3.1 to the Chapters of APCO. TheSe Chapters are in - "'
- - an excellent pos1t1on to identify those cwt1es w1th1n the1r reg1on§
e m€et1ng the above m1n1mum cr1ter1a S _ - . D oo

‘['3_1 .

- - -

ﬁ‘ b : \."-. ) 3
' From this list of voluntary part1c1pants, d1scuss1ons'c0u1d be @er' -

"¢ with community representatives to further refine mutual understand1ngs_'
'.-of the opportun1t1es and respons1b1]1t1es 1nv01ved From these.disz .

" ) 4 - ~

- . > o . » - . . .
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| P , . N .
.M-AHMM-CUSSLOBS aJJ1st of _those_ c1taes (approx1mate1y f1ve) w1111ng and ab]e to
part1c1pate would. be presented to the LEAA for’ 1ts f1na1 determ1natIon.

Al |

5 2.3.2 Management Re1at1onsh1ps . ek s T ﬁﬁ;//" L : -

E .
- Once a s;te ‘has been ‘selected, _aﬁresentat1ves ‘of the agenc1es partici- _
pating. in the program.-should dev 40p a- Memorandum of Agreement defining »
< the ro]es and“.responsibilities- 0 .each of -the part1c1patﬂng agencies. -
. . This Agreement should 1dent1{y overall proJect management respons1b111ty"
- (wh1ch should bé vedted in the law efiforcement agency actually pracuring
- and . us1ng “the system) and the areas of-participation by other partici-
pants. in- the project. It would also outlire the.develophent program,
identify schedules and specify funding responsibilities. .

3 o <. : . .
. - - o . ) -

,ﬁgf,

e

5.2.3.3 Propagation Datd. Anaﬁysis . - - - ‘ o o

"The fea51b111ty study conducted .under Phase 1 of this program (APCO s 3 3 -

"Project 16) raises gquestions regarding potential, operat1ona1 problems )
Y that can occur under certain conditions of propagation. ' The extent and
--nature of these prob]ems Should be determ1ned basedxupon the practical
.experiénce of. the agencres now -employing- \systems.- Concurrent with
the site-'selection ‘activity, a .sufvey of principal 900 MHz law =~ - .
enforcement syStems -that have become operat1ona1 as of the outset of
Phase 2 of the;program shou]d be conducted. Data describing the oper-
. ational experience wifh these frequencies should be accupulated. Any

" information available regard1ng the techn1ques used to overcome such

= problems shou]d also’ be acqu1red . . o

el

This data- shou]d be avam]ab]e by the time- the final system conf1gurat1on ""-'H
decisions .are made,” In this way‘the data will. be available for analysis )
and application to “the individual requ1rements of the mode] commun1ty at

the time the functional requirements are prepared. T . - . f_

f
° . : -~ < o .
. . .
. - - ¢ ? ~
- . . . .
. - Lt
.

5.2.3.4 The'Development-of Functional Requirements- , .

0nce the commun1ty 1n which the mode] system_ is to be 1nsta11ed has L
AN been selected, those functional requ1rements of :the. law enforcement N
- communications system that must be satisfied to meet the needs of that 4
) city can be determined. Such functional needs must be deve]oped in. .
b close cooperation with the authorities of the city selected.- They must /ij§§
h recognize .the operational procedures. and respons1b111t1es of the’ .agen-
- cies  involvéd. . They should exploit the ‘many pdtent1a1 capabilities - .
. inherent in the digitally addressed, trunked system concept that.will 7 e
best serve the needs of th{zcommun1ty, are fechn01091caT}y and economic-
ally practical, andserve. the objectives of the[demonstrat1on program.
They must also ‘be developed in a manner to insgre the orderly transi-
. tion from fhe existing system with 1ts estab11shed procedures, to the
- T aew system. o . N i

. l

-

) These functional requ1rements .must include the;geed to develop pro \ .
cedures, train personnel, provide documentation, .and* deftne ma1ntenance ,
requirements as part of the implementation of the«new ‘system. - The 1n— . <
novatijve nature of trunked systems and their pote jal for new opera- - . - e
tional capabilities require that the development o¥. the funct1o ad R
requirements include-concepts beyond the usudl scope of law enforcemerit .~

. syStems development activitiés. .Individuals familiar with the\poten-
tial capabilities of trunked systems and their-operation should be. .
selected to participate in the d?ﬂelopment of this funétional require--- .
ments document. -Those individua with broad exper}ence irh 1aw ~enforce-' ° !
‘ment communication systems and also-having the technical background . . ] ra
needed to appreciate the potent1a1 benefits to be derived from such sys- . o

tems shou]d be -chose€n. 5 . : _ . N
e s 5.6 . . o - o

17

.

o

-

- . ~
‘

.9.1 N o




553
5.3:1
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5.3.2

", IMPLEMENTATION PHASE, - ;

o

&

Phase 2- of the program. w111 yield the following spec1f1c resu1ts

/
a) -selection of a community for the demonstration. program and the
deVe1opment of necessary management’agreements, .

b} the accumu]atlon, consolidation and analysis of available 1nfcrma—

.tion regarding the operational impact of 900 MHz prdpagat1on based\-'

-upon pract1ca1 experience with 1nsta11ed systemsb )

c). a functional’ requ1rement statement specifying™ tﬁ;se system per— '
formance requirements that must be met by the 900 MHz trunked sys-
tem to be demgnstrated. This document will,provide the basis for
the deve]opment of the statement of work ‘and spec1f1cat1ons for .
hardware deve1opment and 1nstaI1at1on .

- -

General.
. . . v : Lo

. The 1mp1emenfat1on program will involve the development of equipment
“.that requires new configurations of ex1s 1ng technologies. -A complex
portion-of this program will be the deyvelHpment of the software (control
language) needed to agcommodate the functional requirements of the sys-
tem. The statement of work and qu1pment specifications.can *be’ pre-,
"pared based upon the functional requirements’ ddcument -prepared in '
Phase 2 of the prdogram. Upon commitment:.of. funds by responsible agen-
cies, this statement of work can be 1ssued‘to the vendor commun1ty as
part of a request for proposals. A compet1t1ve source selection process
would then be:conducted to select a deve1opment and 1mp1ementat1on con?
.tractor. _ —— . - . g

g : .- ST Y "
A ‘working model of the system must be. demonstrated beForg production Js
authorized to test equipment design and to de-bug the software. This
can.be done by spec1fy1ng a mu1t1-phased hardware de"e1oozwnt and pro-
cdrement program,. in which the vendor is required to demonstrate a work-
.ing model of the system, including the gontrol ;ﬁgpne] command lan-.
guage, base station RF equipment, and two or mofe mobile units (as a_
minimum) before rege1v1ng approva1 to proceed with product1on of the
tota1 system. ) . S

) . . Lo . ) / ) ot
Once the ,system is 1nsta11ed the individual components of. the system
“should be tested, thén the ent1re system tested as a whole.- Review and ,
anaTys1s of the test resu1ts by the us1ng agency will prov1de the basns
s for system acceptance ' o S :///

A‘&'-. ‘) . . . .

o . : >

§Eec1f1cat1on Deve]opment o . _;

’ P S
Given -the approva?l of the funct1ona1 requ1rements dpcument developed in
-Phase 2 of the.project, hardware performance specifications’ shoqu be -
~ prepared to provide vendors with the_specific techn1ca] and env1ronme#t-
1 requirements upon which to base’ the1r proposals. These specifica-
tvgns should be prepared by a team of individuals familiar with the-
rall program and its goals and objectives, representativés-of the.,

modél community knowleageable .irn" the needs of .their agency, and consu]t-‘f_

’

.ing ‘technical spec1a1wsts quaﬁ1f1ed in RF equ1pment and trunked system,
design. « . / o . O
. ; L 7

L LY ¥ e
~ -

The spec1f1cat1ons should also define those hardware capab111t1eswand

. S : . - M . .‘
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_the test po1nts/or 1nterfaces needed,to perm1t measurement of those ;H;MfA
' individual hardware and system .performance factors idéntified in the,
test program (see Section 5. 5 below). It would .contain- the following. .

“sections: General Conditions, Special Conditions, Scope of the: "K? ‘~3

Specifications, Equipment:. Specifications,’ Performance Ver1f1cat10n,.
Tra1n1ng, Ma1ntenance,«and/Schedule . . -

s
% t

" The Statement of Work’ (SOM) SRS
= " : . . P .
The -SOW should be prepared by the same geam that. prepares "the spec1f1ca-
tions and 1ncorporated as a part: thersof. , It should outline a phased .
B program, i.e.; demonstration of & work1nbfmode1 (probab]y at the '

‘'vendor's fac111ty),-1nsta11at1on of the system, test' and chetkout of- the ..

system, and system cutover from the existing system to- the new trunked -

system;  The SOW should -also. identify the requirement to. demonstrate a.

~working sampTé gf the system before. full scale production is authorized. ﬁ,;nw;
The procuring authority should have the-option to, terminate the <aontract .5 %

. in the-event of-unsatisfactory performance of "the model; at -minimum
~cost. . An71mp0rtant element of the "SOW'will be” the definitiongof what'
'const1tutes an acceptabie system“ and how dt w1]1 be demdnstrated

,-( ‘.

The- sow should spec14y ma1ntenance support of the system for d minimum
tpernod ‘tprobably ore yedr) after system acceptance, and incilude "over . .
the shoulder™- training- of maintenance personnel if in. accord-with the
maintenance concepts of the using-agency. It should 1nc1ude ‘the re-

AN qu1remeu¢ for the developmeént of any specialized:-system maﬁagement

g ational repfesentat1ves of the using_agency #¥n -addition to personnel i

+ contract chiangés. = . . X AN ; {;‘_ .

“‘apd/or operat1ona1 procedures that might bevnecessitated by the new _
,:technoiogy. It should a15011nc]ude tra1n1ng personnel in any new oper-
‘ational techn1que§ 0 A S . Co R —
-The’ work statement “should 1ncorporate those phases of the test and eval—
-yation program {see" Sect10n~5}5 below) that:can best be accomplished by
the dgvyelopment contractor. This wodld include testing of individual
~hardwaie 1tems, ]dent1$1ab1eusystems, and overa11 system 0perat1on Jooe

- K cutover prqgram shou1d be def1ned Specwfy1ng the ma1ntenance of the

requ1red leféﬁ‘bf operational capability by the using agency during the
transition: bé?jod. -Vendors should be. requ1red to- submtt deta11ed plans'

For cutover as;part of the1r proposa]s o . o ) -

% : .
N -, A ] o v . .
. ) . L 1 N . - . . o *
- %4 =

.\,.. “- r~- . _'.' 'e_é‘f‘_{,, ‘.'
Procuremenﬁ Insta]]at1on, Test and Acceptance - Co

s
1

Procurement respon31b1l1ty for the System should rest with “the commun1ty
in"which the demonstration System is to be installed. A procurement -
’team should be established, under: the direction of .a Project: *Director

% wh& has been des1gnated by the agénqy that will eventually be the user ',
‘of the system.- This procurement. team should include techn1ca1 and oper-

“.experienced.in ‘the demonstratton program itself, as representat1ves of
.the sponsor1ng federal government agency. - S . AR

. , .
- . [~

THi's procbrement ‘team..should act as fhe source select1on board super—
‘vise tontract act1v1t1e§, mon:tor contractor progress, rev1ew contract-
# or tests, and make recommendations regard1ng»hardware and system accept--
. ance. ‘This team shoudd be- the on1y “group hav1ng authohqty to recommend

4

. . [
- . - -

b

'The*brocurement team,'under the. d1rect10n of the Rrogect D1rector,
" should monitor instaljation, acceptance’ testhg; and" cutover activities.
It should also have access torthe resburces’and adm1n1strat1ve channe1s

- needed oto coord1nate dnstallation and cutove;_actxv1t1es.
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ThoSe members of this team represen¢1ng the sponsorung federal govern--

- ment agency should be responsible for preparat1on of and submission of
>’ o test reports that will-document for future usée by others, the technical

~ - data and program-related exper1ences obtained dur1ng the 1mp]ementat1on

phase of the prOJect "~

5.4 THE TEST AND EVALUATION PROGRAM

1 . -~

. 5.4. 1 ‘The Overall Test1ng Concept - ' o

.
<

f
. The comp]ete test program for. a 900 MHz ‘trunked system 1ncorporates,
. : fqur levels of test and evaluation, several of which are interleaved

with other phases. The first level of -tests determines the adequacy of
. ~. the basic system dessign and hardware’ conf1gurat1on prior _to serial pro-

duction. These tests will demomstrate thé validity of the engineering
¢oncepts employed by the vendor and identjify pg_§1b1e interface prob-
. lems. . Upon successful demonstration of th1s mock -up system, product1on
' LG "and 1nsta11at1on can proceed : _ (. o
e " The second level of te§m1ng, conducted by the contractor after install-
T - atiognis comp]ete, is a component-by-component test to demonstrate that

. S des1gn spec1ch£twons In the event. that 1nadequac1es are found, the
- S contractor shou]d be- held respons1b]e for the1r correct1on

o~ : The th1rd=1eve1 of test1ng is the overa11 system test. :This test, also
g Tt "conducted in con3unct1on ‘with the implementation ¢éontractor, demon-

=t S strates that the system *“plays together" as designed. These tests show
., that interfaces: have been proper1y conf1gured and the system perForms

- as required. ‘ :

.
.
Yo

"3

> : The fourth ]eve] of the test program prov1des an eva]uat1on of the .
4,; P .funct1pn1ng of -the system, showing -its ability to meet those operat1on-
. » al goa1$ e%tab11shed in the -functional requirements: statement..” This
v . .phase o
« O F. ,' of. the,program It>includes anaiysis of data acquired during preceding .
™ .+ - Phases to document the solutions to6 the problems and the -answers' to _
¥ - 7 _questions posed ‘at the.outset of the program. Performance'bf ‘the. sys~-
f&’ Ttem in the opérational environment ‘must be monitored to:évaluate the
1% extent by whith the. system meets its. obJect1ves. The tést and. eva]uaﬁwq
. ) tion Phase should-yield a document, or-series of documents, su1tab1e ’
for publ{cat1on and future use by a]] who might benefit. from applying
- *trunked system technologies to the.problems of their own agenc1es

Such“documentation should- include a descriptidn of the system's 'perfor-.

-mance,a1ts ‘technical ‘operation, suggested operat1ona1 procedures, and _
any other “topics that might be’ of assistance to those agéncies wha
could’ benef1t from 1mp1ementat1on of the concepts deve]oped '
' A\ .
o - This eva]uat1on phase is to be-conducted after the: system has beem cut
. over and is. funct1on1ng in an operational environment, The data, coT-
T lected, as outlined in the test program, will provide a factual basis ~
5"*wh1ch the -performance of- trunked systems n be compared with con-/
-, vent1ona] systems. This information wotbld.describe average de]ay times
’ @s a function of number ‘of units per channel and similar factors that _
= ' qffect level of service. The number of RF channels available for use ’
T . -would be varted dur1ng various' conH1t1ons of operational Joadﬂng and _°
D the -effects on meSsage de]ay measured. The- figures, recorded.would- show
oy T average .amount of atr time ‘vs. channel occupancy, and system and com-
- ponent. re]1ab111ty., The information acquired during this evdldation
. A will provide insightt into the potentiaj- for enhanced dperational cap+
- ' ability of trunked systems, and constitutes an important source of v 7,
- + relevant data upon wh1ch to base future spectrum manadement dec1s1ons -

Lt . -
.

- : . . . . - .
- . - . . . . .
. . . - .-
. . .

the individualzelements of the system function in accordance with their-

the.fest and evaluation, program will be.conducted under Phase 4

¢t : . ) . ' ) . X, . . .
- . b § -
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A _test.and evaluation proegram as outlined must be conducted by a tech-

cads

nically competent group, familiar with the trunked systems program and

also familiar with the operational needs of law enforcement agencies.
This- group would work under the sponsorship of the government agency
that provides overall direction of the program. The results of its
work constitute the source-data for - the following technology transfer
program. . » B » . -

C s +

TECHNOLOGY. TRANSFER S .

-

‘Once, 2 demonstration®system has been ~implemented and its test and evalu-

ation completed, the remaining task of the program is to make the knowl-
edge and experience gained available to the entire community.

There are three elements to such a task. The first s to accumulate

the engineering and operational data in a manner useful to the several
levels of individuals dinvolved in imblementing such systems in their own
communities. -These levels include the executive personnel who make

-decisions' that determine the 2v::lability of implementation funding, the

operational personnel whose judgments determine functional'suitability,
.and the éngineering personnel whose skills make possib]e_thé design and

. operation of such.systems.

_government-related ‘association conferences, meetings and seminars.

The.second requdrement -0of a techno]ogy transfer proéram is-pub]icity.“'
‘The *information collected will be of scant value if potential users are’

-'{ unaware of-its existence. A concerted effort should be “launched by in-.
 volved government agencies to make state and local officials aware of
.the results obtained from the program. This can be done by publication

“n the 4rade press and participation in appropriate professional a.

. -
» - .

' The<thirdnélemenilof a successful technology *transfer ‘program is the

availability of those individuals whose participation in the program

* gave ' them experience and knoﬁ]édge that would be of significant value to

." phase-of the program-are accomplished in conjunction with the preceding
- phase. - . ‘ . o - - '

‘also assumes the'-availability of funds {see gectiop_5.7) in tifme to .
. authorize.the beginning of each step-of the program immediately follow-

other agencies contemplating the installation.of trunked systems. of
théir-own. Such pedple should be considered a valuable program-related-

asset, and their identity, location and availability should .be provided

to potential system users., . L R .
SCHEDULE ' ; oER L § #a

~

Thart 5.1 shows the recohmgnded schedule forufﬁé;dehonstraticn program.

‘This s&hedule assymes the sequential-implementation of each phase of the

project  to insure continuity of personnel and agency invplvement: It '

ing the completion of a precéding step. It further assumes that activ-
ities necessary to secure funds and authorizations necessary for each

- -

‘ o L a '“ B . ) . , - i .
This_ schedule 'is intentionally. generalized. It-depicts only major

2N

-

" phases‘,and "tasks so as to present a view of the overall-scope and dur- .. -

, BUDGET™S" . .

N R "y - n
v ’ - . " . -t . . “ . b . a '}
o - - “ :
R ac ) vr /7 ‘
T - . “ _ﬁ

. .ation of the demonstration project. . - _ .

» —

The program budget 5 hased upon the same assumptions Tisted under

._Secticn 5:6. The. budget presenteéd further assumes the. continuation of
" present-costs apd a competitive source* selection#process..for hardware

_d@velopment,‘pr duction and insta}Jation;'and the par%}cipgtion of
- ° . \ .
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Costs of the program are divided between the federal government and the
model city. The division Of costs is based upon the assumption that :
those program costs related to development, evaluation and technology
transfer are allocated .to the federal government. Those costs involved
in-th Production, installation, and acceptance of system hardware are

to be borne by the using community. . L. . )

Under this concept,'theffederaT government will be responsible for
Phase 1 and-Phase 2 of the:project. That portiog.of Phase 3 that in-

- cludes development and test .0f the mockup model is also a federal .

responsibility. "Costs of hardware'production, installation, cutover,

and training costs)are assigned to the’model city: Costs af Phase ¢,
\& g >

Test and Evaluation

and Phase 5, Technology Transfer, are shown as
Costs to the federal government. .

Phase 1, the. Feasibility Study, has been accomplished with the sub-

-mission of APCO's Project 16 report and, therefore, funds assaciated

with this task are not shown. Since no date for-the beginning of each:
‘task can be reasonably assumed at.this time, cost schedules .are related

" to the program time frame in which the task is to be accomplished, not

to‘a specific fiscal year. . . _ .
The costs of equipment production-and installation are dependent upon o
the size of the model city selectéd, the number of mobile units toL%e‘ ' Y
used, and’ the.number RF channels to be used in the system.- For-the - .
purpose of this budget, a-system employing 300 mobile units and six RF :
- channels will be assumed. ' . - T
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individuals representing the model city at no. cost to_the. project.. . . . om. ..
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'» SUDGET SCHEDULE . o
S SO S ,A,u‘i\_"ﬁ_wu_____,m__:k "Federa] e . -
Tine AV ) Funding " Local
- Period  Task | - - 7o (Discretionary). " Funding' -
4 ‘ . A o [ » ‘ o ' ’
‘ ‘l ;, . ’ ‘.\ . '
( COMMSEL L - L S
I-1st year Feasibility Study . - o . COMPLETE L
e - N
2nd year Model City Selection - |
S Operational.Data Acquisition ; oy T | ' '
Functional Requirements L S 150,000 §
o PHASE 111 R SRR e
3rd year Procurenent Activity and Monitoring” . , 200,00,
SR  Produce Hock-up and.Test oy k 275,000 5,00
4th year Prodﬁction, Installation Phese ) ; ' A N \
- -, 315 mbile.units (5% spare) . . I 630,000
< G RF Channels andControl Unit  ~ 15,00
- - Installation, Cut-over, Training and instruction manuals, * . = 215,000
.« Progran Monitor, Test and Checkout, Documentation 175,,\@0 | 50,000
CAEN B ;j
5th year ==~ Test and Evaluation . . R 150,000 .\ '
;MY L L
bth year - Technology Tramsfer - o 25,000
o - (Printing and Travel)  ° PR -~ |
' ' . ) G 3 .
, : s A ¢ ’
| r%‘o .-‘-\'{‘,‘f S~
2 \‘k“ ‘:\ , ¢
. ; N .
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Federo.l Communxcohons Comrmssxon
WASHINGTON, D. C. 20554

In the Matter of

Inguiry into the'P#actices ‘and ©
Procedures for Spectrum. Management
in the Land Mobile Services Governed
by Parts 89, .91 and 93 of tﬁe~Com-
m1351on s Rules. -

Docket N&. 21229

N\ \ .

[ Nt Nt Nt Nt r

Comments of Associated
Public-Safety Communications
Officers, Inc. (APCO) N -

J

\ The Assoc1ated Publlc—Safety Communlcations Offlcers)

N

'Inc. (APCO), by its attorneys, submlts the followlng-oomments
, 17

in response to the Commlsﬁlon s’ Notice of Inguiry herein.~

b S Intfoduction ‘to APCO and -
.Its Spectrum Management Activities .

-

APCO is well known to the Commission as the nation's

oldest publlc safety radlo organlzatlon. Through 1ts thirty

v

active chapters and 3100 members, APCO has been a major force
{f -3dn ppbl;c safety communications for the past forty years. AF&O

members are drawn fram lice,. fire, local government, hi hwa
” 2 & g g Y

. - . . . -

maintenance; emergency and forestry conservat101 agencies; and

. many members have worked as volunteer frequency coordlnators for
2
s

1/ Notice of Ingi¥ry, Docket No. 21229, FCC 77-287, released
May 17, I 77 1here1nafter cited as "Notice"). L

10s

—eem - BEFORE ‘THE -~ oo o roesos osmcmtiens o i
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varlous publ;c safety radlo serV1ces. “The assoC1ataon has. N~

b *‘4\ '\_’

‘»partac1pated in lengthy ‘and thorough 1nvest1gatlonsﬁgf numerous

publlc safety radlo t0p1cs 1nclud1ng frequency coorﬁlnatlon-and -
\. ‘ .-

plementatlon of statewxde publlc safety telecommunlcatlons

4 : . l/ »‘-j - . . "!"i. ‘ s .
,cplannlng. . ,f_‘ , I L :]

o

hrough 1ts act1V1t1es in support of effectlve publlc

safety radxo systems, APCO “‘has. taken the lead in recognlzlng and

adaptlng to changes in the- functlons and technlcal capabllltles
| of publlc safety radlo systems.- APCO supported the 1ntroductlon
of d1g1ta1 technolOgy, for example, as a means of. performlng

b
tasks like vehlcle monltorlng and telemeter1ng of emergency medical

data. APCO has encouraged the trend. toward 1ntegrated publlc

;safety radlo systems‘Whlch comblne pollce, flre, ambulance,'and

— -

~emergency serV1ces into planned and coordlnated systems necessary
-Hto meet the1r publlc respon51b111t1es for saV1ng lives and property.

G‘jFlnally APCO and- lts chapters have served as one of the off1c1al

‘e

frequency coordlnators for publlc safety appllcants in’ the 470~
2/

-
h

'512_M32 band as well as 1n lower bands. ; -

-« .. .
P . - . . . R . . 5

l/ APce‘s Frequency Coordlnatlon Manual (Pro;ect 5) and the‘
recent ‘investigation of statewide telecommunications planning
(Préject 13 and:i3a) funded ‘by the Law Enforcement Assistance
Administration are ‘particularly applicable to the Commission's:
endeavors. An earlier manual of Public Safety - Standard Opera—
ting Procedures (Project 3) is also pertinent to this inquiry -
and will be referred to at various points. A list and brief
description of APCO's 16 projects. and studies in the publlc
safety communication field. are 1nc1uded as Exhlblt ITX.. . .

2/ See, Land Mobile - UHF TV Shanng;, 30 F.c.c.2d 221 232- o
27 F.C.C.2d 371‘(1971). ) \

U . - : ;7
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The Comm1551on s Notlce requests comments on matters

.")'

,at the heart of APCO's ong01ng act1v1t1es. The Notlce announces 2
. ===cE X

rs

hna new reglme iy land moblle spectrum management to be comprlsed

of a natlonwrde data base.of land moblle systems, standardlzed
jfrequency cgordlnatlon procedures followed by. prlvate (non-FCC)
groups,kand.mon;torlng of land mobile transm;ssron to chart
channel utilization: (paragraphFI) Much of the analyszs in the:~'

-

Notice LS drawn fr?m the Commission's experlence w1th the ‘Chicago

e

'Reg;onal Spectrum Management task force whlch attempted a cen-
tralfzed and_gomputerlzed approach to frequency a351gnments and
spectrum management. The Commission has detetmined to carry

over the concept of a computerized data base and channel monitoriné\

. .
from the Chicago plan, while turning to private frequency coor- .

-dinators for the -bulk of the work ‘in adv1szng appllcants and re-

commending frequenC1es. (paragraph 21).- Comments were requested

on each element of the plan, partlcularly the organlzatlon of ,'
)

the data base and the format for channel monltorlng and use of -

channel occupancy data. (paragraphazo, 34) Standards and gulde—

»

llnes for frequency coordlnators are to be promulgated by means
of a ruremaklng proceedlng devoteﬂ to.that tOplC (paragraph 22).
o The Comm1531on .5 plan for spectrum management is ambl-
tlousvand far-reachlng, lt calls for serious and thoughtful
efrorts ond the part ofﬁthe Safety and - Special Radio Serv1ces Bureau

‘and the land ‘mobile communlty.*.TO'respond to the proposals and

. -
. - o
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toplcs set forth 'in the Notlce, APCO "hés assembled a spec1a1 '

S oy e Vs
task force made up of_membyrs w1th experlence in spectrum manage-‘
- ‘..4 ,
ment . and frequency coordinatlon matters. ‘The task force lncludes

Y
ki
kS

'representatlves of all gesgraphlc reglons of the country and or__'

-state and local:publlc safety organlzatlons.. Some members were o

N -

'actlve 1nﬁthe Chlcago area r%glonal speCtrum management experlment

¢ ‘

. from whlch.much ‘of the data and proposals 1n the Notice were-drawn.

The comments presented by APCO reflect the collectlve judgmegts‘

- - v 4"

of the task force, the offlcers and the Natlonal Offlce, made

N - . , -

after exten51ve study’and debate.\' o ¢ , . NPT
> summary of Comments» - ‘

T

o

h

The Commission has requested comments on three distinct

- . . . . .

but related ophases of an overall spectrum management‘ﬁmogram:,
'the organization'and use Of'an cc data base; a system“df priﬁ

3 vate frequency coordlnatlon, and- a program of monltorlng actual

spectrum usage. For convenlence, APCO w111 dlrect 1ts ccmments

: L 4
‘0 -7 . C . f’ - .
to each of these elements 1n turn. AN ' , : i/: -
I - * : A T ‘
e The FCC Data Base can.be. azj}yzed in terms of its | o,
three prlmary elements- 24 what infdrmation belongs in the data ¥ ~ﬁ

base° b) how to acqulre and accurately maintain the needed data?

>

"and c) how and to whom should the 1nformatlon be made ava;lable’
& 4
The Comm1551on has made excellent progress in developlng a number -

-
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of data items falls to come to grlps wzth the basic

!

1

|

of elements fbr ;ts da%a base, - and it has recognize

[

t

hat the

APCO has made certain sucgestlons 5o

réj_"w1th the. FCC alone._ |

. ° * - P -\b/;:}

. regardrng the lgst of data -items developed by the Commlss;on ;&

P . ! ;‘ - : J: . - ~ ._:

‘wélchfgre attached as Exhlblt 1. §~f. g : h | -
¢ . o . :

e A ¢ 1] e
"y At the same time, we feel that the Comm ssion' s llst e

- m‘*‘“\ v y.;- : :f:'

ilssues of

fog

'der1v1ng mean1ngfu1 channel- loading crlterla and 1ncorponat1ng f"
. 6\ °

the data that determlnes compllance w1th that cr1ter1a ln the . .

data base. That is, - determlnatlon of the constltuent elements

SRR

of channel loading crlterla is ba51c to any ratlonal dec151ons

regardlng spectrum management, and th1s determlnatlon cannot

:
L/

rest on number of moblles alone.

The monltorlng data, acqulred

by the Spectrum Management Task Force (SMTF) and set. out in -

‘ AppendigBB shows the lack of correlatlon between numbers of

'veh1CIes a551gned per channel and channel occupancy in terms of

_utlllzatlon 1n the context of how that utlllzatlon pertalns to

?;41n the publlc 1nterest,

decxslons regardlng channel a551gnments must be arbltrary and

0,

conven:.ence r-

or nece351ty.,

3

aalr tlme. Further, nelther of these factors descrlbes channeb

-

N

the ablllty of publlc safety systems to meet thelr responslbllltles

Untll measure—

' ment of channel utlllzatlon in relatlon to needs is establlshed,. L

e

'devoted to’ thé“manlmal objectlve of preventlng lnterference between -

N 9

channel users rather than struct

»

ithat accounts for the wide range of publlc

R

-

<

u&1ng a spectrum management program

safety responsibilities.
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- ‘ s . o L ot - .. C e -
e . \
v . -~ Ih the absence of‘comprehensxve crlterla relatlng
‘ . /A . _
channél usage to the llcensee s needs, then the level of ser-7 )
N \//- - . .
-~ 7 .

c ;1 e., the waltlng time or probablllty of delay that ls

: acceptable to each channel user, should be the criteria Sy whlch

" wehicles a551gned‘to the channel. Slnce.these con51deratlons

K

the nglmum or optlmal channel.loadlng can be measured Numbers

of vehlcles per channel 1s gnly oneifactor that determlnes the

'l° .

level of serv1ce that can-.be’ expected 3Average message length,.-

message handllng tlme, .and frequency of messages per un1t bear f

- -

gust as heav1ly upon channel avallablllty as. does the number of

L4 ’

. are’ fundamental to channel usage and critical to” frequency asslgn—

1Y
» o

ments and channel sharlng concepts, thls 1nformatlon or 1ts'

:algorlthm should- be defsved for each servzce anda-ncorporated .

i/ . y e

_1nto the data base. S : : , o S .-

In sum, APCO belleves the Comm1551qn should employ
‘\ :

tools that measure channel loadlng in term§ of the lfcensee S.
/ :

service needs and act1v1t1es, and 1ncorporate the appr0pr1ate ' o

e -y

data ztems 1n the data base% Addltlonally,.procedures to valldate

- & tw

‘e K .
data base 1nformatlon perlodlcally need to be adopged. ; - ,f

¢

Oncelthe structure of a data base has been.establlshed,

the next problem is to develop the machlnery and procedures‘ , "...'

L

needed to acqulre and maintain such data w1th the degree of accu-
racy requlred. It;ls_APCO s posrtlon that the acqulsltlon and

-. . "

~

1/ ' See, APCO's An Introduction to. the Theory of Waitind Times,
Thomas Church and Janis Church, December 15, 1973.. -This
* study contains information needed for a mathemat;cal calcu—'
latlon of waltlng tlmes for a publlc safety system.. W
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malntenance of such a,data base qs clea lyﬂthe responsiblllty»
-

of the CommlsSLOn, sxnce only the Comm;ss;on has the authorzty

thr ough its llcenSLng procedures to 1ns1st that such data be

prov;ded by the users of the spectruh and to apply sanctlons to

those who fall to comply. Once the d;\g'ls collected th°

T3

organization and storage of such data isg a purely mechanlcal

f

funct;on that -can be accompllshed by sys efs developed by the.

4

[ -

FCC or by a prlvate data proces31ng organlzatlon under contract

to the Comm1551on.

-

Flnally, the data base must be made avallable to =

those most needlng 1t. As: long as the Commxssxon must depond

"3 N
upon others to fulflll its respon51b111ty by coordlnatlng fre-

- .

z 4 -

_coordlnators w1th the tools ‘they need. Since ouhlic safety

coordlnators serve the CommlsSLOn on . a- voluntary basxs, the _

t

BT g

Commxssxon must assume the responsxblllty of providlng them ‘the

' means of access to its data at v1rtually no’ cost. A toll free

: number by Wthh a coordlnator can obtaln immedlate access to the

P

data base may be adequate ln many ‘cages . In‘others,-a termlnal-

-

. y

facce551ng the data base at thencoordlnator s loc§%ion may be-

- approprlate. ~In all cases,'updated printouts o£ licensees and

I

act1v1t1es 1n the pertlnent areas should be prov1ded to each

7

coordlnator on-a perlodlc basxs. _
PRI 2 foo

s . SR
. i . .:f. 7/ - T .- . -;.‘.' " - < . s

by
B s
AN

. <
. Py-o

quencyaselectlons, the Commlsslon has the duty to;support_those.



- spettrum management rests with the Commhs

¥

re ' -

, \ ) 'Burning tO frequenty \coordlnat'lnn, APCO has long

-

marntained tha% the responSibLlity-for frj}uency«assignment and

on. Under preﬁent

oY 7 . s - -~ -
= .

-1 and foreseeable levels of tommisSion resources, however, APCO

A\

- wholeheartedly concurs with the Comm1531on s recognition of the

-

role that must be played by volunteer service coordinatora. TeT

t

APCO 13}1 continue to participate in such a program and eupport

the Ce ission to the limit of APLO s abilfties» Should the

Cqmmission'deternine that it is in its best interests to develop"

a Single p0int of cortact for public safety coordinvtion, APCO

is w1111ng to prov1de such a serv1ce on a representative basig;3
> . ’

- The role of coordinator is of such mZQnituae in spac-

-

'trum'management that plans and polictes assoéiated therewith

~

must be based on a realistic evaluation of current resources.

- {

' When the nationwide data base attains the necessary accuracy and
oo ' -

‘ completeness, coordination policies can be based upon the exiet-

-

$

-

.ence of such data._ However, until such ajdata base becomel ’

available, the coordination/function and proceduree should rely

on the information that,now exists and the E?Ehjnt workable eyetem. -

We also suggest that any Program of coordinatio‘ shojl:/iﬁcor-

bilities for and standards of all coordination performed under

poratéfthe development of guidelines that define the ponsi -

e

N

the auspiccs of the Commission, 80 that the Commisshon e "audit” 3
-1/ : |

function can be fairly performed. _ o o L .H

- B
- LA . . —~

L SR : i‘ ST D Tl

. - . . . - X )-,’

1/ Guidelines for coordination procodures should be prepared
Pﬂbq-user qgroup: in conjunction,with the Commission staff.

offers its fullest support to the Commission in the‘

ev pmcnt of such standards and quidelines.§ o

115
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:ﬂ~', o Flnally,’the,Commlsslon 1s aware of APCO s bellef{“//
L. -‘-w»-: LS 7.
* 1that t?e development of statewzde,‘mun1C1pal, and\reglonal

- - <

. -planpang for publlc safety systems is. benef1c1al to both the
o ° 1/ e . 0 . )
taxpayer and the Comm1551dn. f*Such systems enhance the opera- ‘ //'
tional capablllty that publlc safety agenc1es can. prOV1de from

PR

a. glvep 1eve1 of resources and when concelved w1th suff1c1ent

N
N .

con51derataon of spectrum conseryatlon needs, work towazd theJ

Comm1551on s stated objectlve‘of 1ncreased efflclency in spectrum
- utlllzatlon.- The Comm1551on s present procedures fail to accom-

-

modate the spegtrum plannlng and long term 1mp1ementatlon schedule ;/f

-y 2

- _* -~
‘often asscc1ated w1th _such systems, and ‘this defltlency shouid

_be corn@cted by the development of procedures and Crlterla for
g - 2/
<:approval and 1mplementatlon of publlc safety plans.

-

R In terms of the CommlsSLon s spectrum monltoringgpro-

. gram APCO supports the Comm1551on 8 determlnatlon to lmpr%ve 1ts o

spectrum management data and has suggested paramete{s for.mea-
-~ A . .Q'

.fsurlng publlc safety radlo needs and uses.‘ To_the.extent that

the Commission considers its present,,llmlted capability for'
. 3 ot ]

-

o ~

speCtrum—monitoring Witﬁin-localised aréas ] %r cost effectlve

ass;stance to 1ts accompllshment of lts spectrum management.kx

respon51b111ty4.we support‘the Comm1331on s decls;on, vWefdo not; =

' . - -

l/ See, Notice of Proposed Rulemaking,_Docket No. 21350,  °
FCC-77-523. ‘August 30, 1977, at para. 5. A;%\' ’

2/ ‘see also, APCO'S Comments in response to the Notice of Pro-
'posed Rulemaking, Docket No. 21350, filed October 7, 1977.

e
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Gl

"1;feg& that'any tool of?such llmlted appllcablr/ty should

- ‘9

.“ be consxdered to ‘be a panacg? pnoper spectrum management must
. (D

be based upon the\Comm1551on s commltment of. adeguate resources,
- N = N

coﬁtlnously\vyallable,»on a- natlonw1de basxs. - For the interim’

s 3

perlod, it sho?ld be. noted that valuablefﬁhannel utlllzatlon
M

dataacan be'obtalned from the llcensees by requlrlng relatlvely

-znexpenszve and unSOphzstlcated monltoflng devices, entries in -

2 4 ’ v'& ’ L

statlon logs, ghannel,recorders, and other steps.,' Tl
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the. enforcement of techniealfstandatds, N
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'X. An Accurate and Access;ble Data Base

is Essential to AnysLong Term Spectrun
Management Plan- +

) N
) -

-

< ' In discussing the ommission's d

for ffequency assignments

A N

long—term SCheme

=
ment in the. 1and mobile ?erv1ces, one poir

'dlrectly ‘and on a threshold Jevel. An eff

-

ment plan is crltlcagly dependent on an ac

data base organlzed and malntalned by the

" the information on which spectrum decisior

-

other party is in a position to compile ar

bensive”data base because no one but the E

ment of all frequencies, licensing and rer

authority to establish standards and’ to in

non—compllance- Thus lt 1s readlly appare

'holds the key to the success of its. spectz

the establlshment and,malntenance of an ac

-

and accesslble data base-

The utlllty of the data base in

undex current-spectrum.management pollc1e=

_accurate 1nformatlon-as to the present occ

P -

the technlcal and operatlonal characterlst

-

and the extent of theixr use of the channel

tem of assignments of freguencies to each

-

N
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local freguency éoérdinatqfs;and‘the ?Cc_séaff could keep.

. . . . . 3 - . ) L] e
: fairly?SimpIezrécords-qf channel assignments’ and occupancy.

Major'additional complexiéies arose, however, when the édncégts_

-

of pools of"kind;éd;services and mandatory channel loading

LA

w@téndards in terms of mobile units were introduced in Docket

1/ .-

No. 18261.” For assignments from the éeﬁeral A¢ce53 Pool and

2/

the 900 MHz channels,  the frequency coordinator is presently

- totally dependent upon the FCC for information as;Fo whicﬁ‘chahnels

-

have.been assigned.to the various services and licensees. ° The

‘;?CC';ééponsibility for di;gto-day'coordinaiion and frequency

3/ . -

YN

l*selections has'groyn propottionatgly.:'aﬁ_ Y

-

.l/

27 F.C.C.2d4 371, 30 F.C.C.2d 232 (1971). ~

The Commission determined to assign fregquencies by service

" pools rather than individual services in its decision to

allow sharing of'certain UHF-TV assignments. The frequency.
coordination systems in the lower bands adapted to the ser-
vice pool concept by expanding the services performed by
major coordinating groups. Land Mobile ~ UHF-TV Sharing,

In Docket No. 20909, the FCC determined to place all fe-

maining unassigned channels in the UHF-TV shared band,

f

N

470-512 MHz, into one General Access Pool rather than leavin
e ] g

unassigned channels in th Sservice pools. Report and Order,
FCC 77-226, April 18, -1977. The channels allocated at

900 MHz were placed in a single pool at the outset, with the
~FCC staff making all assignments. Second Report and Order,
46 E.C.C.24 752 (1974). T - T . e

o
-

In order to iﬁprovebebkMHz'fréquenéy assignments, some_ fre- |

quency coordinators have petitioned the FCC to allow private
- coordination in 900 MHz frequency selections by assigning '

coordinators certain starting points in the channel pool.

See, RM- 2908, Comments filed July 20, 1977.  For the General

Access Poohﬁ frequency coordinators are advised by the FCC

~when a "channel ha$: been assigned to their services,.and

coordination work starts anew from the ghanﬂels assigned.

112

~
?

-’



‘stored for easy retrieval on a timely, inexpensive basis.
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When the problems of 1ncreasrﬁg size and complexity-

- . 1

of public safety systems are, added to those of poollng channels

\

'and mandatory channel loading standards, the information reguired

\

- by the frequency coordlnator and the FCC ecomes more oomplicated.

Wlth 1nter-serv1ce, co-channel and adjécent channel sharlng§

information is needed on the types of systems operated by each

licensee, including: the antenna height and power of the systems;

\
\

.the functions performed by each system; the number of mobile or
"portable units involved; the location and antenna characteristics

. of remote receivers; the type and frequency of tone controlee-

—

vices employed and any other unlque aspects of ‘each system.
Those factors that affect channel availability, such as message
length, messages per unit and number of units per channei, are

some of the additional topics that must be considered in making

channel usage decisions. A computerized data ‘base offers the

e

best mechanism for keeping accurate and accessible records of

~ = 3

ex1st1ng and proposed systems and thelr characteristics. The

J’

CommlsSLon is to be commended for mov1ng toward the goal of a

data-base;in.which this vital information is.coded, indexed, and-
: 4 : ' ' L : :

A. Item§ of Informatlon Needed J.n
the ﬁhta Base. , :

Turning to the specific items of information to be

inclﬁded;in the data base, a number of items should be added to

the list for the new application form im Appendix A. These items:

R £-T;
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range from the telephdne’numner of the appiicantrtoitne_antenna
'patterg'for any remote receivers;_ For the-CommiSSion's-con—~ﬁ
venlence} APCO s suggestlons have been added to the format ln L
”Appendlx a, and a revised listc is attached to these Comments

as Exnlolt I. Nost of the-suggestions ése seff—explanatory,

but a few items will be emphas1zed brlefly here. =

~ %A -
-

In the section- Nature of Proposed Modlflcatlon (Item 5),
the list of technlcal characterlstlcs should be ;evrsed to
state (A) "change inapower" andlIE) "change in artenna height,
gain or directivity" instead of "increaSes 1n those factors.

The assignment of channels may be affected by a reduction or
other change in power, antenna height, gain and dlrect1v1€”¢w'
as well as by an ;ncrease thereln, and 1nformatlon on any.changes

/ -

_w1ll be needed by the frequency coordlnatcr. ~Other useful %n“;

Y

formatlon 1ncludes an 1ncremental estlmate of moblle unlts

. \._/
'(Item 6 II) and the number of portable-moblle units as. a class ’
» ~ . ; :
of mobile unlts. S o . _ : o

-

© B

In technlcal data (Item 8), a category should be added

‘for Coded Tone Squelch frequencxes or systems, since the use and

. characterlstlcs of these systems have a 51gn1f1cant impact on
adjacent and co—channel compatlblllty. Other items should ﬁé

added to cover the antenna pattern and dlrectlon, the antenna ‘s,

‘center radlatlon point and _the antenna pattern of any remote

”recelyers, since such‘characteristics affect the potential for

’ . ~
-

interference to and from the system. - 3
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—_ The above;suggestions to Appendiﬁ:A of the Notice
are essentially minor in nature: APCO's major recommendation | .,

ls/that the- Comﬂlss10n develop accurate and meanlngful cflterla'

for measuring channel loadlng and that thlS data be 1ncorporated

in the data. base., In the'publlc safety area, channel loadlng

cﬁéterla in terms of numbers of’moblle units or - portables per

v

.channel are 1nad°quate to descrlbe the actual usefulness of the-’

channel in meeting publlc safety respons1b111t1es.' Factors

- 1

that affect waltlng tlme before access to the radlo‘System,

. such asiaverage message iength, message handling time, and fre- s
- . $ -
_quency of m/ssages are crucial determlnants of whether a publlc

R

';safety radlo system provzdes the support requlred .by publlc
safety personnel. In many cases,'for example, a»lengthy /altlng

'perlod tor a*cess to tbe system can mean the dlfference between
; llfe and death for pollce offlcers, victims of: crlme and ﬁire .
dlsasters, and others lnvolved in emergency sltuatlons. The

-other named parameters of service have. 51m11ar lmpacts on the

actual’ functlonlng of publ;c safetyvsystems to meet‘thelr
- - / . R - ) P

,respons1b111t1es._ ' - . .

APCO recognlzes that ‘a load1ng~cr1ter1a based on ‘the

‘number of moblle unlts is s1mplEr and eas1er to admlnlster than

\
-~ N \

parameters that determlne waltlng tlme, such as message length

o frequency of messages and the llke, but the s1mpllc1ty of the .
A.preSent crlterla.should outwelgh their severe drawbacks in accuracy.

.

. ¢
'The Commlss10n must-dev1se a more accurate and - sophlstlcated

N s
R )
PR ‘ :

AN

R

. ‘ : -,

.l/ See, APCO An Introductlon to the Theory of W.iting Times,

o Thomas Church and Janis Church. December 1S, 1973,_;
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_‘measure of channel occupancy for publlc Safety systems based

on the role they play ‘in publlc safety Operatlons.' Numerous

.studles have been made of pollce and other radlo systems,

‘ and these resources are avallable to help the Cc1m1551on 1n :

[

.determlnlng adequate channel loadlng crlterla. Wlthout this’

g effort, however, the Comm1551on S data base w1ll not reflect

public sarety needs.t )

°

- B.’_ACCeSSfto the Data Base.

Access to the data base may depend in 1arge part on

- .

the scheme of frequency coordlnatlon whlch the Comm1551on adopts,
as the frequency coordlnators and/the FCC Staff are seen as
-the.prlmary users of»data base._ Nonetheless, a number~ef_generala
observatlons can be made regardlng the klnd of access heeded by
any network of coordlnators.. Flrst, some coordlnators may need
on-llne ‘access to the/data base by means of a toll free telephone 2
network,wor from low-cost terminals connected to a telex or TWX |
network._ Such 1nstant access to valid data may be a nece931ty

in some areas to prov1de accurate, current 1nformatlon when the
frequency coordlnatlon work-load is heavy. Since the coordlnators

are performlng a job that is essentlally the FCC Sy moreover, pro-

vision of the tools they need should be an FCC responSLbillty.

'l/ APCO S Progect '3 was one study of police radlo operatlon.
. The summary portions of the Project 3 Report (Phase One)
are attached as Exhibit IV. -

. N - . v . -
i T - R ) )
_ . : o 129~
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Second, coordinators'should be sent periodic'printouts
f_or mlcroflche of all pendlng and recently granted appl;catlons in
" their geographic service areas; alternatlvely, coples of all lzcenses,
ﬁ'modxflcatlons, and renewals should be sent to the appllcable coor~
4_d1nator. It is recommended that the prlntouts be monthly so that
‘}the reportS‘WLll have sufflclent currency to. be useful. |

_ Th;rd,.retrleval_access;to the\data base should/be possihle'
by gﬁy interestea.party'including-engineering firms, ecuipnent_vendors
andvlicenSees, uoon payment:of*approprdate fees if necessary; o
) A As'for modes of.retrieval} thevlist of primary search
key parameters in Append;x A (p.- 10) is’ adequate for frequency ;
'coordlnatlon work. APCO s prlor experlence 1nd1cates that the ;v
hfllcensee s legal name, servzce, call 51gn, frequency.and geographzc

area are the most useful parameters, and these-flles should be

: cross—lndexed w1th each other to assure easy reference. Informationf”

-4

under thes' search keys should be available by geOgraphlc areas,. -
thes i N

-------

~

1/ The frequency coordlnator in . Connectlcut, for examole, may ,
‘need information on systems in Rhode Island, Massachusetts, >
" New York, New Jersey, and Pennsylvanla, while the coordinator
in Los Angeles may need only -Southern California data. .An
- index of geographic areas for Wthh data can be retrieved

would be helpful

. . P ‘ . .
. -




. .II. Frequency Coordlnatzon Procediires” in : :
’ the Interwal Until the FCC‘Data Base: - ‘ »

lS Implemented s,

A
. - ‘ ) . «
K . ) - N
~ . .

As the Commission is well aware, APCO's basic position

- is that, in concept, frequency cooﬁdlnatlon is the responsxblllty

and burden of the Commission as a necessary step in meetlng the

purpose for which it was: created : However, unless’ and until the

_Comm;ss;on 18 equlpped to do the job properly and effectlvely, APCO

will cont1nue to be a strong supporter of frequency coordlnatlon
.performed by volunteers from the various radio serv1ces and has -

.commltted major efforts to that end.. APCO members take part in.

"1local frequency coorZ;Patlon adv1sory commlttees for public safety

e

radlo applxcatlons ir¥ many parts of the country.- As part of its

R YN -
emphasrs on reglonal communlcatlons/plannlng, moreover, APCO has

"stressed,the*role of frequency coordlnﬁtion in assuring effective

use of frequency assignments.
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Under present COndltanS, the Commxssxon s decision;ko o
_rely on voluntary frequency coordlnatlon efforts, rather than
'analyze all frequency questlons by- the Comm15510n in Washlngton,

meets Wltu flrm approvar from APCO. At the same tlme, the fact

!

Y

) that the volunteer coordlnator is taklng on a part of the Comm15310n s

- ,burden should ‘be recognlzed.: Such volunteers must 1ook to the Com—
'{mlssion for support. As noted earller, the e%ﬁ llshment of a proper -
'data base w;th prov131on for means of access borne by the Commlssion

i . [

is one'way_in'which such support'can'beiprov1ded.

-_»'A; Organlzatlon of a. Prequency Coordlnatlon o
System. : . A

a
-

»

In d;scuss;ng frequency coordlnatlon systems, certaln . /*

> <

fundamental deflntlons and ground rules should be agreed upon by
'the Commzssxon and prlvate partles., APCO“s experlence Wlth frequency

coordlnatlon act1v1t1es performed by area coordlnators or commlttees

¢

'of affected users has been favorable and successful. APCO proLoses

'rthe,follow1ng deflnltlons and criteria as descrlptlve of those seeklng
. o i
to assume the'critical role,of,a desrgnated 51ngle p01nt coordlnating
g | v - - -
/ . N
organiqatiOn;;_ﬁ . s

. ,"v"‘.{ ’-‘ B R

w0

(1) Designated Coordlnatlng Organlzatlon.

E Deflnltlon_ ‘A natlonal organizatlon of radlo °pectrum users

<o that is authorized by the FCC to provide coordina-

" tion services on.a -national bagis €o llcense app11~‘
cants 1n de51gnated user services.ij; SR .

¢ ’ . * ’ . A
R o - . e . . e e
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,lElements:.

4.
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4 .

o prov;de unlform ‘administrative and super-

visory support to its selected coordinators

" on a single point of interface between such

coordlnators ‘and the FCC.

'l) An establlshed organlzatlon havrng a

~ national distribution of radlo service " -
user members.

R

25“1A permanent natlonal offlce employlng a -

'+ permanent staff.

'derdinatorwf

Definition: .

r Purpose:

s Elements:

1Definiticnf“

.

" Elements:

L JER

‘-Zi' Re51dent of or employed in the geographlcal

.area. , : M.

3) A governlng mechanlsm, responsive to the

: membershlp ‘and authorized to exercise
- supervisory jurisdiction over the’ spectxum
‘management related act1v1t1es of 1ts mem-
bershlp; ‘ ‘ . :

T

A member of a De91gnated Coordlnatlng Organization:
authorized to ‘accomplish a coordination function
for specified land mobile radio service(s) in a
spec1f1ed geographlc area. ’

To prov1de coordlnatlon serV1ce to approprlate
radio frequency llcense appllcants in a des;gnated

Sl ]F‘_.. AN ';,? .
'l) Authorlzed by the Deslgnated Coordlnatlng
'AOrganlzatlon.‘- - .

~area in” which he acts. B o ) =~

<

3)t_Comp11es Wlth establlshed standards and pro-
ceduresq L S - . .

-Cocrdinating-

Purpose:

Comm1ttee-*‘

‘.

A commlttee of coordlnators authorxzed to coor-'
“dindte for spec1f1ed user serv1ces in a de51gnated

geographlcal area.’

To assure max1mum utlllzatlon of rhe RF spectrum

-:by spectrum management decisions of the committee.
1)~ Comprlsed of authorlzed coordlnators.

2) . Membershlp 1ncludes those. dlrectly affected

by spectrum management dec151ons of th° ‘com-
mittee.: | . .
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1 (4) COordlnatlon- ' \' - x
Ji - Definitlon:,_An approved procedure for proceSSLng requests
L . . . for radlo frequency recommendatlons.[\- ,
‘ PurEose:_ To achleve ‘and malntaln an. optlmum level of
) , compatible communications systems in a glven :
i geographlcal area.- | .
- " Elements: - 1) Advzsory in nature.
. 2) Prov1ded by authorlzed 1nd1v1dual (s). .
S (5) Adv1sorx Procedure.- - ‘ .
Definition: .The process of maklng recommendatlons on technlcal,
‘ administrative®and regulatory matters- affecting
utll;zatlon of the,radlo.frequency spectrum.
Purpose: ' To assure that maximum operational benefit is
' derived from use of the spectrum avallable._
i Elements:. fl): Reflects local geographlc and system rerated
g - ,requlrements.
{ _Z)I_Accompllshed prlor or subsequent to lssuance
L : of a llcense. _ o
. “géi*'566faihéfioﬁ Plan:i ﬁ“**#wxswrf-__”“ e ’f D
- ;Definition:.:A document, approved by the.FCC, that.deflnes e
BT the. procédures by. whlgp the coordlnatlon functlon
o o ‘\Wlll be accomplished.- , _N_'; - e
?urpose:f" ~To deflne respons;bllltles, authorltles, procé res
IR _'and practices associated with the coordinationd_ -
< Gess for the .benefit of those affected by spec i)
imanagement dec;szons., ' " S
-/ Elements:’ 1). A formal. publlcatlon of a Des;gnated.Coordlna-
S T '”-tlng Organlzatlon. : -
- 2)‘»Approved by the FCC.A'“”‘"‘ . -
- Available to llcense appllcants and users of i

-

‘the spec*rum.

128
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w_’ An organlzatlon seeklng -to become a deSLgnated coordlnatlng organl-_m;w_wm,

zatzou should- submlt a plan for FCC apprOVal that 2ets ‘the above

definitions and covers:

1) Elig;bility{

e 2A) Name of organlza ion AT
. . %  "B) List of its current officers-
- C) Address of its principal buslneSS'offlce
D) Aims and objectives, and geographic. scope as
7 .. documented by .a copy.of its by-laws . -~
E)\cIdentlflcatlon of its served radio services .
-as gpecified By 1ts by—laws membershlp quall-
flcaglons" i

*

2) Abllltx.

'A) - Resources: administrative:

(1) Number of paid employees, .job descriptions ,
(2) - Background and experience ,

. : (3) Office space and equipment .
~. : -_(4) Legal services : e L

B)’ Resources'z membership'

._“S : g B b-(l)‘ Number of members by membershlp category

T ' '~ (2) Number of members by radio service
o .. - . . (3) Geographic dlstrlbutlon or members (chapters,
oY ete.) B
Tt “v'(4)j'Typ1cal job responsrbllltles of members‘*
' o - (5) List of current coordlnators, job tltles, ete.

. C). Resource5° flnanC1al-

o (1) Copy of 1ast annual” flscal report
(2). Copy of current budget
(3) ,Indlcatlon of ‘change, if any, caused by pro-
posed coordlnatlon procedure

I 3-.3“3)_ Act1v1t 1;i~p:£”; e ”_§‘ L o
PR 3 S ' I I o :

PP ]
B

- --.._.and others
' B)”Part1c1patlon in Comm1331on proceedlngs"
C) Trade .shows. ' .
D) Seminars and schools’ ' :
E) Chapter, regional, and natlonal meetlngs
F) Pxojects and studleS' .
G) Other )

. '4) Coordlnatlon procedure.'

S .~ A) .As currently performed ,"i -
o ' '~ B) .As proposed 1n att ached documents

; o o L 0 ) ‘_ 12\-'4 - =

A)',Serv1ces regularly prov1ded to membershlp A e



:,f;or that dupllcatlon may occur w;th multlple requests for a
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In APCO s v1ew, Elimemde‘f{i{itian“sw‘ana'""é:"r'i?:"ér”i'é"'Eéf:“6{'1'{& T
'above establlsh private frequency coordlnatlon efforts on a sound
‘basis. for the publlc safety radio serv;ces in all radlo bands. We
urge the.FCC to. adopt these deflnltlons and crlterla as part of
lts program to rely on a private frequency coofaanatang entlty in.
the publlc <=afety rad:.o serv:.ces "and to the extent i ﬂproprlate im
other serv1ces._ In addltlon,‘certaln‘other fundamental'pOLnts ‘;3

- should be lncluded 1n proposed riules to formalrze the scope needed

L4

for a public safety frequency,coordlnatlon.system. ' o

B. Scope of a Public Safety Frequency
Coordlnatlon System.

Flrst, as noted- above, APCO supports the use ‘of prlvate
'-frequency coordlnatlon efforts in a11 radio bands lncludlng 900 MHz.x
N & :
It 'is our v1ew that the frequency coordlnatlon process,'wlth ltS

,detalled work before and after llcenSLng of systems, ls the best L

V}method of lnsurlng the ex1stence of compatlble and effectlve radlo RN
systeps. The 900 MHz spectrum is no exceptlon in thlS regard..
- Second, APCO supports frequency coordlnatlon for all vf_
publlc‘safety radlo appllcatlons 1nclud1ng those whlch are, pa::t:x\ﬁ-\é
;:of reglonaljplans, whlch propose shared ‘use of relay faCllltleS,'::

a and whrch employ fleld*englneerlng surveys.{ Whlle we recognlze

'~.that some appllcants may choose to use a’ fleld enganeerzngﬁ%gﬁyey
ed

'}_relay faczllty, the jOb of the ‘coordinator can- be serlously com- o
promlsed by frequency aSSLgnments made on the baszs of appllcatlons

of whlch the local coordlnator 1s unaware.. slnce the coordlnator

\‘l‘ : - N - .o .

@



P <
. E
e A_L, IR AN

has ‘been a351gned ‘the major resﬁOnsrbllity'for.g;equency;recom-

- -\--‘.

mendatlons, hls work should be supported by requlrlng appllcants

AN

to submlt a copy of thelr appllcatlons to the coordlnator at the

same tlme a flllng is made w;th the FCC. Thls contemporaneous

.thlce is necessary for the coordlnator to have an opportunlty to

comment on the appllcatlon before it ls granted and to av01d con-

L

-flzctlng frequency recommendatlons durlng the 1nterval between the
filing of an uncoordlnated appllcatlon and the grant of the applz-
| qatlon,l/ ST , o S N ) |
\ Appllcatlons which are made.ln connectlon with compre—

hensive’ publlc safety telecommunlcatlons plans should also be sub-

'Ject to the frequency coordlnatlon process so that the coordlnator

can advise the part1c1pat1ng agenc;es and be adv;sed of any changes
2 .

- or modlflcatlons in the plan. : In addltlon to. spec1fy1ng frequency

v coordlnatlon for comprehen81ve plans,‘the new Rules should contaln

:ya process whereby the FCC and the coordlnators monltor and.part1c1pate

.,

i/ To preserve the optlons of field surveys while also keeping
coordinators abreast of applications, the request .for coordina-

tors' ‘comments should be combined with. the FCC application form.
With a space for the coordinator's recommendations and comments,

.'the form would contain all the information needed’ both by the.
FCC and the coordinator. Whatever mechanism is adopted, the
‘Rules should provide for ‘the notice needed by thé coordlnator

: Fat the time’ the appllcatlon is flled

’2/ ‘APCO recognlzes and has promo ted the process of preparing, :
) adopting, and .implementing statewide plans. Freguency coor-

dlnatlon ‘should be an aid in ldentlfylng necessary modlflcatlons-

-

—
T
€y
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1n “the lmplementatlon of“a plan that has™ been approved:“”The -struc--
h -
ture of ‘an approval and 1mplementatlon process is dlscussed further

below. - (pp-. 30-31). - S L

' N

for all appllcatlons, APCO does not call for a delegatlon of authorlty

S ' Third,'in'endorsing privat frequency coordination efforts

‘from ‘the FCC to the coordlnators.' Just as the FCC is the only

entlty that can organlze and malntaln the data base necessary for

any system of frequency aSSLgnments, the Commission must ar/o bear

™

‘the ultlmate authorlty for frequency asslgnments, monltorlng, and

enforcement of its license prOV1510ns. The frequﬁkgy coordlnator

'should make recommendatlons as to the channel a531gnments and tech-

nical or operatlonal conslderatlons affectlng area use of the channel,

‘but- the coordinator should not be empowered to delay submlss10n_of

i/

an appllcatlon unless or untll his. suggestlons are adopted. : Slml-

"llarly, in cases of dlspute§ between the coordlnator and the appllcant,

:glncludlng dlsputes over - appllcatlons based .on fleld englneerlng

g -

surveys, each party should have an opportunlty to submlt wrltten

'comments in support of hlS v1eW'prlor to an FCC dec1slon. The Com-

' mlss1on s dec151on should ‘be conflrmed in wrltlng, accompanled by

v

a brlef statement of reasons, and prov1ded to all partles to, the

dlspute.

1/ By the logic of APCO S posltlon on thlS p01nt, the frequency

- coordlnator should ‘not "administer” a- publlc s~ fety telecommuni-
cations. plan. ‘The ‘mechanism ‘for approving andéd. implementing' a
statewide plan vis-a-vis FCC requirements shouid be an FCC pro--
‘cess clearly set out in the Rules. . . .

S K -
- . . . .

132 .
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' Flnally7 the FCC computer model for selectlng frequezc1es,-

the Automatlc.Frequency ASSLgnment.Model or,AFAM, should be avail-
R able‘to provide assistance to the coordinator. As the Notice ‘
'acﬁnouledged’(Raragraph 21),}reliance on AFAM aé'the sole source
ofmfrequency Selections in the Chicago'region,was-unSatisfactbry
because of - the 1ndlv1dual gudgments and human factors 1nvolved 1n : o
" many appllcatlons.' Indeed 1n crowded areas frequency coordlnators‘;“ﬂ”\
vtallor systems to an exlstlng env1ronment;‘an 1nd1v1dual process
that,has not.yet been programmed for computer solutlon. The com-
;fbuter's:capabilities can be'ualuable to the coordinator if used
for a flrst order approxlmatlon of all pOSSLble.freqdency selections
nfrom calculatlons of the appllcant s coverage requlrements and
;those of eXlStlng systems.; A prlntout of AFAM s frequency recom—w'
}ffmendatlo;s-and the supportlag calculatlons should be avallable to
the coordlnator at hlS request for use in maklng a frequency recom- .
mendatlon. "In cases where the coordlnator s recommendatlon dlffers
‘substantlaily from AFAM's selectlons, a statement of the unlque
-factors of the appllcatlon mlght be requested to explaln the devzatlon.
- In thls manner, ‘the AFAM model can be used to asszst the frequency h

1/

coordlnator as well as to assess hls selectlons.

A’l/ APCO's program for rrequency coordlnatlon *in the Chlcago reglon'
'~ follows’ this approach. See, Exhibit JES Y infra. This program -
could be a model for future efforts W1th AFAM. - _ R
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" C. APCO's program “for Frequency Coordlnatlon"i“”M“'”“‘m"”“““”m”
in the Public Safety Radlo Serv1ce in the s

Near Term.

The eventual frequency coordlnatlon system determined as
ast sulted to the publlc safety serv1ces will depend uponﬂ

the escabllshment of an FCC data base hav1ng necessary 1nformat1on,

accuracy and currency, together with the.means of accesgg&o it.
g . _ .

It will require the adoptiondof fundamental &efinitions and ground

N Fs r

rules, -and the establlshment of a frequency coordlnatlon process
that results from future rulemaklng proceedlngs ‘on frequency coor-
dlnatlon as announced 1n the Notlce (Para. 1) . 'fb\?

The questlon\of guidelines and standards for frequency .

~
coordinators.’is one which APCO has Qrev1ously,addressed at some

ienéth. -In 1971, an APCO task force drew up'a'Frequency-Coordination

, Manual as a model for its local coordlnatlon commlttees., This

-Manual was deszgned as a gulde to publlc safety c00rd1nators ln the -

Y

.

'unlque-aspects of publlc safety radlo whlle recogn121ng that each

1/

local area may dlffer in applylng the.suggested procedures., If
the FCC determlnes ‘that one organlzatlon should perform frequency
2,

coordlnatlon for allspubllc safety radlo appllcants, APCO has the

e

,.

r,,

1/ The dlfference between publlc safety radio systems across the -

T country have led APCO to operate its frequency- coordination work
by local committees under the administrative supervision’ of its
‘National Office to a great extent. . It is our view that efforts

- will always be requlred by public safety radlo personnel who are
"well 1nformed ln local areas.: : , _ , 1

2/ A number of‘land moblle radlo organlzatlons have petltloned the

_ Commission- to establish four national coordination entities: for
coordination in .the 900 MHz band.r Rm 2908 Comments flled
July 20, 1977. '

~

;“léiézsd.
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“T_“capability“towassume“thatfrole:““The“framework"adopted“would”be“‘

”\publlc respons1b111t1es for safety of llves and property, and a.

- other in’ degrees ranglng from everyday worklng arrangements to a

' | priate for publlc safety systems, a poznt diséussed . in detall elserf

- where.‘ ‘The publlc safety coordlnator must-befknowlLdgeégie in- the,

-28- o .

-

sufficient_unto itself bit would provide for participation of
otner«public.safety organizations shouid they desire to do so‘
AEQO is prepared to move toward a more comprehen51ve system of
coordlnatlon, unified under 1ts Natlonal Offlce and organlzed for

Comm1s51on audltlng, as. may be necessary.

\\\\\N“E?e Comm1551on s comments about lack of standardlzatlon,

oo .
however, must be con51dered.1n lfght of the wxdely varylngﬁcﬁarac- .

-v.teristics'of the radio services. Public safety radio systems have .-

\ Il

'unlque factors of governmental 1nvolvement in- plannlng and budgetlng,

¢ —

'need for all local and state organlzatlons to coord;nate€w1th each

A B ) 1" b

'cognlzance of abllltles and functlons 1n t;mes of dlsaster and

| emergency. " These unlque factors mean, for example that channel

-

.'nnlque aspects of publlc safety radio systems and. empowered by- the

Rules to make frequency recommendatlons that best flll ‘the- perceived

o needs. A frequency coordlnatlon prOgram that 'is standardlzed for

all serylces and lImlted by rlgld channel sharlng and loadlng rules
w111 not yleld the’ best results for publlc safety systems.

s
3

4
- .
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'D; H?requency Coordlnatlon in
Chicago Region.

che

- APCO is prepared to
efforts in the Chicago region
APCO. members have worked with

{ -
regarding possible procedures

coordinators. Exhibit iI attacned to these Comments'offers a

throughout the Chicago experiment, and discussions have been held

- - - P ‘ .
resume its frequency coordination
on any date -the Commission may set.

the Spectrum Management Task Force -

’ M -bn

for ‘increasing ‘the role of private

v ',

proposal for private frequency coordlnatlon in ‘the ,hLCago reglon, :

1/ .

'.bulldlng upon' the task. force experlment. Our proposal envisions ';_

use of the. AFAM model at a prellmlnary stage in tne appllcatlon

- <>

¥process with the flnal frequency selected by the FCC staff from

.A.

the AFAM calculatlons and ‘the

coordlnator s recommendatlons.' ThlS

<> -

IAPCO plan could be 1mg}emented by a&l radlo serv1ces or, only ,ublrc

safety serv1ces. It w1ll be necessary, of course, for those per-'

formlng coordlnatlng act§v1t1es to have access to the present’data

-

. ®

base of Chlcago area llcensees 1n order to start thelr work and

pe

- to contlnﬁe rt. Access should be arranged on the basis descrlbed

N

in Sectlon I above, and this experlence may offer fleld data for

' de51gn1ng the natlonwlde access program R

¢ ) . ,

7

®

g1 . . . "
. R

.1/ The proposal in Exhibit -II is based upon'discussions'bétﬁeen

APCO and Comm1351on Staff
of the Chiecago 'experiment.

officials shortly prior to termination . -
There was basic agreement that’ such

an. approach would be tried. However, it was not- implemented

~ .because ‘of termination of
- ment wanreached. ,

‘the. experlment shortly after thefagree- N

‘o .
4 4 i Coe r
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. T CL a.)rm
”Spectrum Monltorlng and Channeﬁ%h%age
- Data are Tools in Effectlve Sp
. Management. :

- L .
- -

The thlrd area of 1nqu1ry 1n the Notlce 1nvolves the

COmELSSlon S, program*of monltorlng land moblle channels to complle

data on actual channel usage. The«Notlce reports the prellmlnary

experlence-wlth spectrum monltorlng in Chlcago and requests com-

ments on the data to be gathered and the use of the data. As the .

..

Comm;ss;on recognlzes, a comprehen51ve program ‘of spectrum monltorlng .

is difflcult to melement and uncertaln 1n results.r (Notlce, Appen-_

dzx

B)., Por publlc safety radlo systems, moreover, spectrum

monltorlng must recognlze the characterlstlcs of publlc _safety sys-‘

'Jtems and the way they dlffer from those of; other r"dlo serv;ces.

W«

Publlc safety systems must operate 24 hours per day,__fﬁ‘

seven days a week to meet thelr publlc responslbllltles, 1ndeed,

a large percentage of thelr act1v1t1es occur outslde of normal

1/

: worklng hours. Monltorlng of publlc safety systems should take 3

into account this fulltlme use. The monltorlng data should alsor

{ B TN

 be read in- llght of other Operatlonal factors such as: the need

for

5 ‘o

1nstant communlcatlons when an incident occurs. A major per-ﬁ

~

‘_ formance crlterlon that must be satlsfled in the deszgn of publlc ff;'

N *

v

Studles of. crime statlstlcs, for example, show large percentages
of crime at night and on weekends. Slmllarly, large numbers. of

- traffic.accidents occur durlhg the evening rush_hour and on

hollday wegkends. Major civil disasters and‘emergencles call

.'for 24-hour-a-day radio systems until the ‘crisis is over. See, .

e.g., National Comm1s51on on Crlmlnal Justlce Standards and Goals,

~
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. K o
safety radlo systems is. the waltlng t1me of moblle or portable

. unlts before effectlve contact thh the control p01nt 1s establrshed,<

"; unlts may be ass;gned a channel\for thelr use-only to lnsure lnstant .?

51nce an - unduly long waltlng tlme can mean the dlfference between
& "‘to"
llfe and death in- certaln s;tuatlons. Apart from such extreme

cases, publlc safety communlcatlons in general must place a hlgher

o

prlorlty on qulck access to a control p01nt or to other moblles or j:

portables tnan many non-safety llcensees, and the FCC channel loadlng:

3

crlterla should recognize thlS need.

h ) S

Another factor unlque to publlc safety systems 1s the j'?

need for functlonal deSLgnatlon of one or. more channels in a system.

e

Detectlve or undercover polrce un1ts,'v1ce squads, and other polzce
access to a control point or. other poznts of communlcatlons and to :_

protect the 1dent1f1es or locatlons of undercover personnel. An—~-r

N

'other channel may be a551gned only for dlspatchlng purposes, so

that dlspatch orders and calls ‘to a&l unlts can be made w1thout “”ﬁ
o .o

delay or 1nterference.; These functlonal desrgnatlons have a v1ta1

- -

_ role that should not. be overlooked 1n an attempt to evaluate spec-:

.1/

trum use. ,

l/'-APCO 'S PrOJect 3, the study of publlc safety operatrng proce—~ o
~dures, contains detailed support for the unique factors' of. Creew o

opublzc safety systems. A copy of the Summary from Pro;ect 3
- is -attached as Exhlblt IV. r’ i , v .

.
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A fourth factor unlque to punllc safetv radlo svstems - :ﬁp-'

”1s the 1ncreaszng use of comprehen31ve telecommunlcatlons plans.

| Worklng w1th the Law Enforcement ASSlStance Admlnlstratlon, APCO

f

'has encouraged the development and use. of local and reglonal plans

:Jthat prov1de for eff1c1ent use of frequenc;es and the development

of - operatlonal compatlblllty between many CLty, county, and state .
i

publlc safety agenc1es. In prev1ous flllngs w1th the - Comm1551on

'\w,

f_,based on the- extensxve studles of Progects l3 and 13a, APCO urged
'hthe acceptance.and accommodatlon of publlc safety plans in- frequency

'P:aSSLgnments and channel loadlng requlrements. Slnce ‘this proceedlngw__

- o

Y

'_fmay lead to: proposed Rules to a1d spectrum management,-prov;s;on

;,Tshould be made for a process of FCC approval of a publlc safety

”ﬁ;plan.~ The fbllow1ng deflnltlon of a publlc safety telecommunlcatloﬁsﬂfff

';:fplan‘should be recognlzed by the Commlssion as the flrst step in.

thls prOCQSS’.“l”i_szljf.;:fﬁj‘?'.

'F.iﬁﬁu-. Publlc Safety Telecommunlcatlons Plan

”A document which defxnes the use of portlons
- .of ‘the radio frequency spectrum in a specific
T telecommunlcatlons system by a’ tax-supported
N - _agency ‘or agencies. Such plan must be Justi-
~ fied by analysis of operational requirements
in light of channed utilization and by. év1dence
of financial support.and other factors which .
: ,»Wlll insure implementation within a- planned -
T .. time frame. - All Public Safety" Telecommunlca- -
..w. -~ .tions Plans. should be accompanied byha state- -
.~ 'ment from fregquency coordinating committees i
lndlcatlng potentlal avallablllty of‘frequenc1es‘

T T SRR
;/ See, APCO's Petltlon for ReconSLderatlon and Clarlflcatlon
B flled in Docket No. 20909, May 2 1977.4. o :
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If a plan meets these crlterra, 1t‘shou1d be submlttedgto the

FCC for rev1ew as to ltS llcenSLng needs.. Upon the Comm1551on s: =

a2 o b L

f_.concurrence,-the agenc1es part1c1pat1ng 1n the%plan and the appllcable’

lcoordlnators,should be glven wrltten assurance that frequencles ;*3

E w111 be made avallable, preferably those recommended by the coor-

: management system,,APCO supports a contlnuatlon of monltorlng to

'noted that a full-tlme, comprehen51ve system of monltorlng would

J kl

o dihator,.to 1mp1ement the.plan. -,‘“u._ﬂ U “L”-'h*h e

’ Apart from urglng the Commzsszon to recognlze and accom-

”{-modate the unlque aspects of publlc safety systems in- any spectrum

the extent the COmmlsSLOn fee;sguseful 1n major c1t1es where a -h' ):7;fl

w

'u

S -._- _(4' o~

"\

-fl'entall a »comm:.tment% resources and Pr:Lor:LtJ.es far above the level'

‘l'commlt the resources needed a number of lnterlm steps can be taken_

snmonltorlng data when requested.v Any suggestlons for lncreased

! S

to obtaln accurate and useful data.- These steps 1nclude 1ncreased

. o

requzrements for entrles-ln a statlon 10g, 1nexpensxve recordlng ;‘_'

dev;ces or- tlme keeplng attachments to the statlon transmltter and

-rece1v1ng equlpment :’p'_f';/ _'"f -~-if a ‘\jwif

Ui 7
n

: tlons and the frequency coordlnators should have access ‘to the .

-’ -

_. .

| sharlng of channels should be made ln close consultatlon w1th the

. J

'i,coordlnatqrs.~ _\”'*_gg'j;}ff,_g; A_';_..,g .'"7;f7‘.f3?f?'ﬁ

S~

ﬁispec1f1c need fOrrchannel occupancy data may ex;st.' It\should be ];gigfj

}contemplated ln the Notlces.,auntll the Comm1551¢n s prepared to';pfv B

Under any system of monltorlng, publlc safety organlza- fﬂ_{-73



ffasources.- The Comm15310n 1s the only party that can assemble the

:FCC to fulflll 1ts responsxbllltles w1th1n the llmlt of lts re— o

v'f.. _. | --'.'_.:‘.: - .4 -3::4‘- .'. '-.

 gomclusion=~ - 7 o

R
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t

| The 1mplementatlon of an effectlve system of spectrum

.1management and frequency coordlnatlon for the land moblle radlo

serv1ces w1ll be crltlcally dependent upon the determlnatlon of the

-

°

Lflnformation and resources to construct an.accurate data base Of o khy

i gram of channel monltorrng, taklng lnto account the operatronal R

(Tmﬂfactors of the systems surveyed, analyze the data ln accordance

Cu

_llcensees and prov1de low cost access to 1t. Slmllarly, the Com— |

C

fffmlSSLOQ is the ouly party Wthh can organlze and. carry out a pro-f.;“

. , .

qfw1th meanlngful crlterla,'and enter thls data lnto the data base.

Al

"fthe frequency coordlnatlon program. APCO has made suggestxons as

'jIn the publlc safety area, the data‘base and channel loading stan— f

a

”fudards must take lnto account average message length, frequency of jf

;ﬁ_messages, and other factors whlch affect the waltlng tlme for access

L= .

o the system. R ..-”- rdi'rr

In the interim untll establlshment of an- adequate Fcc o

‘_-data base, certaln measures can be taken to ratlonallze and upgradei.

;:to deflnltlons relatlng to frequency coordlnatlon act1v1t1es.- If

~ the FCC determlnes that one organlzatlon should handle frequency ﬂ;ﬂf
:_icoordlnatlon in the publlc safety radlo servxces, APCO is prepared |
‘ato assume that role through 1ts Natlonal Offlce and Local coordlna-'f

Etlng entltles._ APCO has unlgue quallflcatlons to do so stemmlng ,'?”

~r

from 1ts organlzatlon, membershlp expertlse, past studles, reports,

e ld -

and other progectsgbearlng upon publlc safety matters, and other
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o resources as dlscussed above. Further changes in. the frequency

a

) cbordznatlon system should awalt the organlzatlon a%d avaflablllty .

of the FCC data base and the comlng lnqulry on frequency coordlna— -

t;on procedures. o '-.a"; o f e ﬁ

Flnally,}ln any spectrum monltorlng and channel loadang

~ program adopted for the future, APCO urges the Comm1531on to recog-i

‘nize and . accommodate the unlque aspects of publlc safety radlo e

- k—‘*.

Lo systems. Chlef among these factors are planned and 1ntegrated

-systems, the 24-hour, seven-day work week of our systems, and the

<

< S ~

need for functlonal de51gnatlon of some channels -and nearly 1nstanta-‘
_ neous communlcatlons in many 51tuat10ns. For these reasons, channel

loadlng crlterla must be more meanlngful than the number of moblle

P

B

'h unlts per channel, .and frequency assxgnments must be tallored for :

the 0perational requlr\‘Ents of publlc safety systems.
T f:, : kvRespectfully submltted,.f
o o
[ R T .-"-__ASSOCIATED PUBLIC-SAFETY
B e ;V;M,”_».jCOMMUNICATIONS OFFICERS INC.

L

'Q.* gfj~~ . 1;.'“df;‘Joseph M.;Kitt??r_

L. ) - o e Lo e

virginia S. Carson“

, _HcKennay Wllklnson ™~ Klttner
- 1150 Sébenteenth.Street, NW
Washington, DC};.20036“ :
SR N Its Attorneys. =~
‘ o . e R . >, .

-.octoberp13},1977”.."'_'7 'v- }'3 .:;$7'f-“@5.fﬂ~‘ o N e j:"-
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_ABBREVIATIONS?

' AMSTl o AAssoc1 ation of Max1mum Serv1ce Te]ecasters
-APCO . " Associated Pubhc-Safety Conmun1cat1ons Off1cers, Inc.
A AT&T SEERE B American Telephone & Te]egraph Company
AVL v - i‘.x.':-‘Automat1c vemc]e ]ocat'lon : " o .
CAD _ Computer a1ded .djspatch ’ =
db  petibel. - - '
: E'IA=»" RN E'lectrom cs. .Industr1es Assoc1at1on
..ERP- . _ . Effectwe rad1ated power
_ .FCC ‘. Federal Conmumcatmns Comrmsswon ’
“IACP ~ Internal Assocntmn of Chiefs of Police
IBT © . Illinois Bell Telephone '
I . ,Identiffcation - o s
IF. I ,Intermed'late frequency .
ﬁfM'T'S. _:__ T _Improvtd Mobﬂe Te]ephone Serv1ce .
ISM B V'Industr1a’l, sczen_t1f.1_c a-nd__med'lca‘l ‘ | :
' -]E:E_AA'_" ) .;'7 ;l'.aw.:'Enforce‘ment;Assi'sten'—ce- Adniini;trac’ion‘_".-\_-'. o
: LMCC ' Land Mobile Commumcatmns Council | |
| ‘_NABE_R' . Nat1ona1 Assoc1at1on of - Bus1ness and Educatmnal Rad'io, Inc. o

“NARUCS T 7 Nat1ona1 Assoc1at1on of Regmatory Ut1hty Commssmners |

e S 0TP .;"_f ) 50ff1cg of Te]ecornmumcat'lons Pohcy R . ,
. .RF - ':,Rad1o frequency o o ‘ - | |
: SIRSA .Spec1a1 Industma] Radw Serv1ce Assoc1at10n, I-nc‘.', o -
' .~_ SMRS - - ‘Spec1ahzed Mobﬂe Radio Systems ' _
"lUHF_- Ultra high frequency f
| VHF - fVery hagh frequency : .
WARC : Nor]d Adm1n1strat1ve Rad1o Conference: o
, : _b ; . J\
B 3
UAB-i !
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:ambient,ﬁoiseh, ‘ PR —Envxronmenta1 or background electromagnetlc noise ® B
: . B . 1 . : -
antenna gain- _* : -An antenna character1st1c that 1ncreases the power - 3ens1ty 1n a

- g1ven d1rect1on by c0ncentrat1on of rad1ated energy

~

~authorfzed transmissiom ' -A message whose content is 1n keeping with the authorxzed pur- B
! ' poses of the 11censee ;, A ‘ . R
. . - . . i _l ) ,'. ' . T . 1.'..."1
" automatic vehicle location _-A techn1que us1ng RF- energy to automat1ca11y.determ1ne the
' .. .- Tocation of vehicles" and to report thelr pos1t1ons to a central

control fac111ty .

channel loading standards -FCC standards des1gnat1ng the number of mobile- un1ts that must
- i e - - be ‘assigned to a single channel before that channel is. con- N
. " 'sidered "fully loaded", thereby Justxfy1ng the assignment of = - | .
- - add1c1ona] channe]s ﬁ ;' T L : ',-‘ :

" community repeater = -A base statxon used by more. than one llcensee to. prodee an -

‘ AR .. .. . ... - extended area of communication with the licensee's mobile units.

L " . 2 ..Ml users of the community repeater JO]Ht]y -share the commun1ty -4

. e T repeater s 11cense responsxb1]1ty . . :

. coordinating committee. =~  -A comm1ttee of coordanators author1zed to coord1nate for Spec1-
- f1ed user services in a des1gnated geograph1ca1 area

.

S coordinator , oA member of a des1gnated coord1nat1 organ1zat1on author1zed ,
I . ceoT ... to accomplish.a coordination funst{gﬁ\for ‘specified land mobile - 4"”
o L T rad1o serv1ce(s) in a, spec1f1ed geographic area - - o '
fleet dispatch . ... , - =~ A commun1cat10ns process by which a. nu&ber of mob11e un1ts
o , : ", 7 monitor-all transmissions from a common point to receive infor-
o ST oo ..v . -mation that may pertain ‘to on]y cne -or more un1ts of the fleet
oo ,-1n any given 1nstant . , N
.foliage loss I S —Attenuat1on of eIectromagnetic energy "caused by the absorption
e T by trees or other growth in the path between transmitter-and
~¥ receiver . - - .

1

,frequency;aSsignments : -—A frequency authorized by.the FCC for use by a 11censee for pur— N
o ' - Lo _,' poses spec1f1ed on the license «- ..~ e e “v).')*Q
f"functional reoufrements C -Thase capab111t1es a systen must prov1de to fu]f1]] the opera-f'.
e T ‘ t1ona1 needs of the user - C . _
'*gedgrabhit re-use  _Re- -use of a spec1f1c frequency made possible by geograph1c .
‘ B separat1on or sh1e1d1ng from undes1red 51gnals L

\;Jf"' o

'~isotrooic’madiatorﬂ,jf: ' '—A rad1ator of e1ectromagnet1c energy that radxates equa]ly we1]
B ["‘“”“’ s in a11 d1rectlons {a theoret1ca1 concept) A S R
. 1icensab1e_,:.__*.}' . _An app11cat1on for use. of the spectrum that 15 1n comp11ance
: ' " .o with the FCC!' s Ru]es .

- =A commun1cat1on service .in wh1ch a base station prov1des one—way_,
* communication to subscrlbers usua11y 1nv01v1ng on]y "beep tone"

: not1f1cat1on co o . o T

paging

-~

Tpath loss - .- f-The attenuation’ of e1ectromagnet1c energy over the path; between -
o T two po1nts < T T : o




S
. .. peak loading -
radio common carriers -
‘satellite sites .. -
{
P . . . AN .

... simulcasting -

ol
> 'system configuration .

. v wireline carriers

edc Tl S L

Aruitoxt provided by Eic: . A .

- o
- /
/

]

/
f
-

‘~The maximum traff1c ]eve] to'which'a rad1o channe] may be .
. subjected. Peak loading of law-enforcement channels. usua]ly

" occurs during. per1ods -of maximum ¢riminal act1v1ty or major -
conmun1ty emergenc1es :

= ‘
' “Those who prov1de radlo commun1cat1on serv1ce to the general

pub]1c I

!

. —Remote transmitter and/or rece1ver 51tes connected to F-] centra]

control station: usually by landline or.microwave’ ‘1inks that
prov1de radio communications coverage of selected areas that ‘
cannot be served adequate]y from the base site e

_-A techn1que of transm1tt1ng from two’separate sites s1mu]taneous—

.1y on a common frequency. Careful control of both audio and

.radio frequencies at each site is required to preclude distruct- - -

ive- 1nterference in reg1ons covered by more than one S1mu1cast1ng
transm1tter o ‘ :
. » of. Lo PR

~The arrangement of procedures, equ\ ment and organ1zat1ons that

. have been se]ected to accomp11sh the unct1ona] nbgect1ves ofithe
system - - ‘q' . :

'n

"--—Pub11c service ent1t1es that- provide wire type commun1cat1ons

servicés.” While“the term implies telephone type wire connec-
tions, many such carr1ers use m1crowave systems within the1r
systems - : : . v R e
- 4
'. , ,w ’
. 2
s
2, v -
- ‘ . W,
N _ ; ‘ -
e - :__ o . ; - - X .-
G-ii ; . - -
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