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A. BACKGROUND

sul*t of advances In commanica=ion zhecry ani
an lcay in the lasz decais <

OT sezvices has rapij

new demands on the radis spectrum. This growwh in ths rziis
frequency spectTum usage has rasulzeld

situatinn is get*ing s%2a3iily wcrssa. Seri

a
avwait those agercies and naticns which 310 not waain=cin an

active, progressive pra>gram to pIod=ect *heit exis-igg
ovarztions and tc provids fer accommedaticn ¢f answ plannzd
Systems. Comp=2+iticn for this vital spectrum rescurce has

D .
already r-eachzd *he pcinz wharte commuricziions, =naviua+ic:
+

and survaillance sys%ems 3in us=2 -o0day =2re tnfeasenai sy
enxczcachmern* frorm other spectrum usscs. In acédizien, anv
plans +*c In4trocduce =new systemsz +1L1 confzont <snachrun

avalliatbility as a2 formidable problan.

Spectrum demends havs bs=en mest =rz2di<icrnzily hv sinmoie
adminiszzative *echniques becauss <=c
increasina *he amount 3£ spectrum  sSp
reducing necessary bandwidth. Recentlv, <the growth
usable spec*rum has <slowed while ths demand plzac=d upon 1=
has growr experartially. This *urn of 2vents has inducsl
so2ctrup Mmanagers =o codnsidsr J2EL
fraquency allioca<ion &né zssignmert.

n
Therefore, alli users must rece

gnize the Imposesibili+y of
obtainir all *he spectrun requzs+t2d and the irtual
impossibili*y of exclusivity with, pechaps, sevsral
excep*ions such as Tac=ical Air Navigazion (TACAY).
Conditions must te develops=d for cosparative uss which gnes

e —— A
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far beyond the ccncepts of sharing th

a
Given that a banc must be wused by mdore than ozs

ustifiabls
user, +*he ©problem is *o9 determire +he spscific ccoiveria
which <can be arplied to two o more users or a@vtually
cooperative rather than a autually exclusive tacis for moza

effective use of the spectrunm.
To overcome this problem the concept ¢£ spread specirun
(SS} communicaticn systems has been advocat
a measure may be seriously consideccsd,
mental data must ke collected in orier *c cornfizr =za«
theoretically predic*ed behavior of <he new systen. The
experimental procram mustT include fiszid e
gation and interference =nvironmenzs a=nd
g

side with existirg scsrvice

n
.
4o/
)
< B
foh)
l‘-
:3

csrtain SS systeus may bz tentati

segments 0f certéin rands.

Cne of the Important aspects i1n applyinag 35S <ecanijues
+o *elecommuniceticrn 3is <the impact +they will ‘thave o
tems 2diffsr frcu

spectrum management. Spzead specizum sSvs
bo)

&m
coenventicnal systems in s2veral ways <hat @’
cu

approaches In spsctrum ménadement. They oc y nuch lerge:
raélo fzequency (RF) bandwidths, wmany c¢f <them <mpdloy
frequency heppinc (FH) arni dizect sesguernce (DS) =echnigues,
and, of*ten, they are Jdesigned *o be mul<ifunc+tional. Also,
SS systems are scretimes operated in nets ia which ezch net
may serve hundreds cf users in a rela*ively small gecg:izph-
ical arse. Sven in cases +hat spread specitum could be

assigneé *o a bard on a exclusive basis (a highly impz-ctabls
assumption, in view of the present <spectrum congesticn),
interac*ion with frequency division services would resul: at

national and regional bourdaries of such assigrnmen<+.
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B. PURFOSE

The purpose ¢f this thesis is t¢c provide an zugzssmsnt
cf the frequency bands that might be used by =prezd =zectrunm
sys*ers, with explanations o¢f the constsain%ts dus =c both
elactromagnetic compatihility (ZMQ) censiderations and
frequency alliccation regula tions. Also, this thesis will
crovide admirnistrative recommendzticns regardinc +he
approach £for accommedating SS systems in 1 fr2quency
allcocatior siruciure. Finally, i+ will recc uené general
rules ané rrocedures required tc allew *he wutiliza+ion of

these systems +while simultarneously pro%tecting =zachorized

conventicnal systems <o the maximum sx*en< pessible.

C. APPROACH

The thkesis begins with this brizf introducticrn andi then

divides Srread Spectrum Fre2quency ¥anagement intce Sour hasic
arease. Chapter Two explecres spectrum aanagement za2llocaticn
processes and problens. Chapter Three locks &% spread
spectrum systems wi*h =2mphasis on +the diffcre .

(FH and DS) ard hcw “their appiication affects spectrun
management. Chapter Four assesses the frequency bands that
spread spectrum npay possibly use and their egffects on
spectrum atilization. Pinaliy, Chapter Five explorss
possible spectrum allocatiorn altz2rnatives usirng spread
spectrum systenms.
10
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A. DBACKGROUND

The electromagnetic

radio frequency spectrum)

spectrum (or more =pecifically <%he

represernts a vi*tal and irtangible

national resource. It is a 1imited r=scurce, since ouly a
spmall pcrticn of the spectrum can be used £or any «aiven
purpose within tle bcunds of present technclogy. ach radio
operaticn requires a fini:e part of the spsctrum, & charnel,
in *he time and geographical domains. Uniike i&cs= othe:r
rssources, the radio frequency spectrzum Is =not wern  out
through use or misuse. However, carsisss or inefficient us2
pay prevent *he cbtainment of maximum benefits,

Beczuse of *he intense <compeziticn fcr its ucse, =hi=

intzoduction of Leth national anrd interna<icnzl ragulation

s
weculd achieve maximum bensfits. Tharefoze, it is csser+ial
&=

required by varicus users.

- -

Since Worlid War II, <he use of

has grown dramatically,

mun ications. This problem

the spectrum mznagement

among many goverrment and

tees, commprissicens, ajvisory

Because of this fragmentation

administra+ive, engineering and

and the United S*a
running out of srace *to accommodate futurs users of

is cempounded by -he fa
responsibi
noL-government agencles,
boards and user

no si

0n
o
m
ot
t
=
=]

“he availabis
<z
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lities are £fragmenzed
copmit-
groups.

ngle agency has <to%z2l

informa%*ion capabilities

necessary to provide optimum specirum management on a
naticnwide basis.
11
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The spactrug shortaaqszs <+het =xist and are develcoiag
v

ara, tco a great*t degree, due *o the use 35f conserva=zi
frequency daragesment practices from <th2 past w

based cn admiristrative conveniznca. Tid el G0 yrs
cemmunication systems hava used £r=gquerncy as 2 me€ans *o
separate one cemmunications chara2l €fr-em arcther. Often
these decisions on *he fr2quency t> be used ZSor differert
services were bhased cr available *zschaoclcagical ievelopinentis,
ard all the asscr=ed modulation *a2chniques whizsh wers mad2
without adequa te cvaral kncul21ge of rropagation

3 rtan%t usss +that night

chartacteristics »r o cther imp
require frequency Irn a varticuiar p
#i“hin a given frequency chznnel, thigh-signal pows:- has

s bean associz<zd with communizazion zeli:

P
S A
4
[+1)
L<

a
ke demarnd for ccmmunicastion servicss Incrsasad, d=signers
n+ methods £foz narrowin transnl

macdate more users withir <+ha 2xisting specirtuxm, whils
maintaining high sigrnal power for communication zeliablli+y,

This philosophy c¢£ spectzam usage is hasad on z nacticulaz

couzse c¢I 3evelcpaent which +he =©adio ars happzaned to taks,
zather %han or any fundamen=al physical psincilples.
Bowavsar, r2ducing assigned bandwidzh 2also hes ohvious
limitaticns, for the bandwidth assigned cannot continually
pe ceduced withcut Adegradina “he qualicy ~f systenm

per £ormance °or requi:ina more costly equip.
a

These practices ar2 conly now bagianin

*ake intc account sound engineesrirng p:i“cipl s -ha+t allow
bat~er spectrum utilization. SiEac nast and prasent deci-
sions Wwere made using thes2 conservztive practices and wers
Impiemented with largs =sjuipment ard installacion expendi-
tur2s, changes %o ccasaczve spec*tzum and allevizte shortagss

il
)
o
ct

therefcre extremely cost s €
cve <=hese practices In +the near future <+the ©Dresen*
gzcwth re*e in usage will ao s c

12
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B. SPECTRUM ALLCCATION PROCESS

By internaticnal agreazment, <he usab
spectrum was sub-divided into a number of

bands. Each of these bands was, in turn, allocat:zd %o (an
appointment of specific parts of =he specirum %o

more of the seveial recognized cztegories of redio services
such as <fixed, mobile and brcadcasrt. This proceduze ol
frequency division was based on <+he available technology
where littie was understood about the effects of +hs
propagation characteristics az the different ZIrzquency
levels. The history of majcr spectrum alloca%tions is then a
record of decisicns primarily concerned with the alle

of spectrum previously unoccupied excsp: for experimental
pur poses. The cspectrum was allocated as i®= bhecame usable
due +to advances inr radio equipment *technology. These
tecknical <changes ard 3innovations occurring Z“rom +time %9
+ime ZiIncreased the amount of radio <frequercy specirun
required, and resulted in the =<economical use ¢ specirum
btecause ¢f better utilizaticn technigues devaloved.

Howevar, despite +he fact tha+t spacirum aarnagers have
teer able to obtain more and more spectrua and, s.mul%ane-
ousliy, better £requ=ancy uziliza+icen wi=1a iaproved
technclogy, +*his technological pace is still lagging behind
the demand for stectrum us=. It has r-eached a poin*t whers
spectrum managers wilil have to rely on their background aad
knowledge +o edministar <+he specirun vittout +o%tallvy
depending ¢z *technolecgy %o solve all their problzas. =
some cases the afministrazive route 0f£ers +the best hope for
improving this situation, but it is also the one which will
be the most tzoublesome and the hardest <o ccnicol. When
something has been done the same way since <he beginning,
and whaze there 1is coansiderable Investment in £finarcial
resources and <xperiencs, there Is going *to be heavy

13
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resentment and dJetermined <resistance 0 anv -attenp- o
modify the accepted way [Ref. 1: p. 334].

Thus, *he electromagnetic capatibility may b2 looks=d
upon as a systemic problem certaining s2va2ral solu*iors. 37
subjecting +he status quo to the effrcts of both natural and
man-made envirormer*s and zpplying s+andardized analiysi
teckniques, poten+tial shor+-range assignmen” soluticns wiil
be determined, and possibly 1iocng~-rznge allocation changes.
Finally, update the status quo in ccadinsss for fu<ure
problems, &and apply some means of <Izedback to close <hsz
10o0p. [Ref. 1: p. 336].

To achieve +*hese goals it is =esssential tha
planning fcr “he changing environment and fechnology b=a
coensidered by the spectzum manager o avcoid hav
with *hese prchlems. Also, *the preopagatiocn characteristics

D

of slectromagnretic energy are such that <he

1
allocation c¢f th2 radio frequency spectrunm
n th

ccordinated a* *he :interna*icnel &as w#z2ll as

m

level. This cocrdéination 3

n

a leng*hly p
requires advanced planning to avoid possidl
misunderstandings of +the Irequency ucs.

Effective u*tilization of the spscirzum demands much more

thar arn eofficiert machirery Zfor assigninag freguencies to
users and keepirg =zrecords of their use. It Tequires a
continuing cverall perspective cn the advances of “echnology
reiated :t¢ coamurications and zlectronics; constant awvara-

a
new needs and possibilities £

ness of the development o:f or
the use of radio sys*tems to aid the national security, =he
economy &nd +the society; and A responsibilifty %o view the

needs and problens of sociaty as a whole.

1L
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C. NATURE CF THE PROBLEN

Electromagne*ic compatibility (EMT) is& a tuwn way strest.
(=3

The usezs of the electromagne%ic 2nviconaesrnt mus+ shazs the
same resouzce ané get aiong with z3ach ¢+her. This was rnet a
problem ir *he past when fregusnciss we-e plenz:Zul and even
exclusive use of frequencies was commenplacs, The spzctrzun
is now more crowded and parformance threcholds are 1ikely to
be determin=d by <%he level of intec-f2ring sigrals, ra+=her
than by ambient noise. As a matter >% fac*, i+ is only whker
i

operational service ranges rzach <thsz 1li

marginal interference, rather 2han asise, *ha

{5 considered to be used =0 £full capacizty [Ref. 2: p. 17].
This dees nc+ iamply tha%t the spect

baing used efficiently under p2rgiral ia*zerfersnc

conditicns. I% dJdoes mean that wizh *he e €

e
urnder t+he condi+ions of =h=2ir use, Ln*ezfierencs A=fires %he

limZi% on the amcun*t of s2rvice which can be :nccemmcéa=sd.
Thus, if we @re * lgarn hcw +o use +itha2 spacirun
aefficiently, we must lsarnr *c study and predict interfarencs
ccenditicns accuretely enough o Jdetzzmine vhen interfarencs

heccmes an uracceptable <threat.

1. ZTrends of Spectrum Maragsmani

Zxclusive frequernciec and block fraequency alloc*ments
<0 user groups are luxuriszs spectrum managers c¢ah 10 icngex
affcrd [Ref. 2: p. 18]. goweves, the alternatives rTaquircs

a
+he supocrt of studies and mode=lis in morz d2tzii and with

higher engineerin pracisiorn than can be accomplished wiih

i
tke staffs, records and t2chnical zapadili+iss now avail-
able.

The density of planned use of the spsc=zum in our
dynamic and complex envizonment has f£ozced multiple zsuse of
each frequency and has rasulted in £frequency assignman:

15

| {

l' ——— P —




which admit * some potaantial form cf interference cu*tsiis

c
acceptable limits, As thae use of =-he spec:rzum p2c heccon
nore dense, *he reed for more efficiznt methods o0f usirg +he
spsctrzum, bYas sane kxind oI contiuclled marg
compatitkili+ty, has becoms evidernt.

Three ©pz:imary faczters dewzcImirne ke Jegree of

compatibili+*y in our elac*romagnstic envircnamsrnt: the

space, frequency and *im2 density of «pec run use, a8

characteristics of the equipaent ia us=, and the

distributicon cf +the avalilable fregusncy rssource ameng =he

users [Ref. 2: [ 17]. Any progzam *that i1s designed to
b o]

contzol EMC mus*t ke a
three factors.,
The resource we 2are In=ec-sst:d Irn mauaging ha2s =hks
ange characrecistic of being ezuzlly availabie =zvery-
wpnpere, Lut sub-ect to con*taminaticr a* %thz pd
h

u
esource is orly usable zt any one place %o +<he degrze

{1
[a

+hat *he resource is not conzamiinz=zed T fuim 2 &g

contamirate?, <tc the degrese that =he user can peretra*e the

centamiration ard still satisfy his rfiquirsmencs, Th=
ccmplex pattern of spacircum users cr=e*as an  snvizonment
a2 ané function, IOt

wi=hin which each user @must 12
T

v
spectrum manager is assigred the respo
tha utili+y of +te electzomagnetic spsctrum, he mus:t firse
understard *he existing snvircnment =224 then manipulate <he
future ervironmert in such a manner as <o improve spectcur

usefulness.
2. Spectrunm Mapagemsn: Probliems
The present spectrum marageazn® system d

+*he authority <+c¢ manipulate <these fackiors, s

o
X

igidly limi+ed frequency bands, and *hersfore cannot op*i-
mize spectrum utility. Ffurther, ¢x a c
e

ilkely to get the requirsd authority unless :h

16



means a= hand *o guarartae acc2p-able service lsvalie 4o
users already committed <0 spectrum osccupancy, whilas 2t <he
same time assuring reliable sezvice 15 new users. This caa
of 2nalyticzl msans

te accomplished only through the us
which have a decree of credibili“y accep*table to beth *he
spectruc users and +hes lawmaxers who mus* protect e€ach

user's commi*ment t¢ spectrum use aaxd who, 1 aéddition,

would kave +to canction ny basr.c <charge in ~he
administration &nd manag=ment of the spsc=runm. Each

propcsed method fcor spsctrum assignnent must be develeped,
tes+ed, measured, and proved to *ha sa%isfacticn s3NE ok
parties befcre it can achisve accsptarnce,

Additioneally, iaterratioral ailociation vprovisions
usually lag naticnal alleccaticrs and =2xperimen=za+ion. It is
difficult o demcenstrate, in advance o7 proof of need, +“ha+
a n1ew tadio service or ==zchnigue wiil
persuade 3 majority of <=he

a
rr (ITU) nerber countries <o =zgree =0

Oric 2 changes.
Especially when *his may rTequire “har +c adjus:t existing
operaticrs a* corsiderabls expense, pAar+iculacly when %hey
az2 not Irn a position 42 play a =zignifican* -Zole in tke new
+echrique.

D. PFUTURE ALLOCATION PROCESS

Because +the spectrum is 2 ccmpla<ely and irnstantly
e u

renewablie resource, using i% doesn't use it up. SHRICE
+cday's spectrum cannct b2 ved for tomoyrrow, restrictirng
use fo:r +the <sole <cake naf conserva+icr thas no Intrinsic
benefizt. The purpose ard only bernefix cf spectsun
ccnservation is to creat2 rocm for 24diticnali services now
or ir +he futur=. As *ime passes a1ddi+icral services will

zequire spectrum. To make room fcr thise services, systems
that ncw use a lct o0f spectrum should bte repiaced with

17
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improved technolcgy when spectirum becomes crowded. E

+his

prover dscisiorns,

¥

replaceman

sufficient warnirg shculd be given b2fore

ot

is required, so +kat inves*crs can nake
In this

review the alterrative of

N\l

regard, <the sp2cirum panassmen<
o

installinyg

using less spectium now in cempariscn with <he alternazivs
cf incurring a changeovas ccst ia the Zfuture. The latter

compares favorably wi+k the former in pro
spar texweern +he Zaitizl system ins=allatl
when the saved sgpectrzum actualliy bhaccass
should reccgnize that w
conserving spec*rum fcr a specifi=j I
advan+tage o o

neejed.

saving b2 *akern o7 existing systems if
wor“hwnile services are no* =o bes l2niad spectzum  spzce.
dha2n toc much spectzum is saved now. <he sxcess =zaved Is
wasted because i* is not b2irng usszd. IZ perfactly accuratls
predictions of +the futur2 could UL nade, spectrum pclicy
could strike a balance so tha*t the costs o these +two pclicy

extremes wonld always be avceidzd.
7o allocate *he sadio sp=zctr “he kasis of 2

Fational Table of Frequenc s inadaquée=e to =he
complex in=erleavina of dJdata <“eschnologies thaz%t is now
possible. Wha+ is need=2d is 2 aore flexible spec*ran
manaagement “echnigues in which the 21locaticns of blocks of
freguencies, time and space aze tailored to paziicula:z

situatiors.

18
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Much cf *oday's €quipment and =m2py of todey's onerating
practices r2sult irn sevsere spectTum was*age. Sgscmrun
i

management “echnigues can tighten <h=

usage with a2ll me*hods that pro c

spectrum managemen* shcull be =2vcluticnary. Chernges in %hs
D

Ve
v

syszem stould be well thouga+ out 2and an
[ o4

1y prsparel or tha

continueé cooperation of those concerned will simply no% be
possible. Alsc, rsccvery of capital investment in equipmar*
should be corsidered in pilanning I2r changes. But nore of
)¢ ailts

+his mearns =hat evolution shoull conzipue 2t ke 3n
pac2 of the past. Second, sbper u
should continus to mcve away Iron

spec=zum usage <*hrouch simple but razhsr restrictive argd

rigid aédministrative rules, The movament sheculd be in +he
directicn ¢f increasing individualiizad techrical assessment
of applications npder  expiicily fornulatsd DT i GriTyY
criterie, and tunder a2 more flexindls employrent of block
ailccaticn concerts. This w%iil -2gquir2 much heavier use of
anaiytical and data processing capabiliiies ir *he ration's

spectrum managemsnt thar it p:ese“t. Bur it could resulit in
+ &

STrongar spectul managenm2

.J
9]
I
e}
pol]
o
(=]
[{7]
(o]
™M
in
=
'g
el
o]
5]

I

fl2xirlis and effective man2gement n22d24 1i£ faller spacszunm

Fianilayl srectrum management shcuid r=aquire oI zhe
£-2quency managsr a much roTz «xt=2nsive understandinrg of
“elecommurica+iors, basiz zechnology and <echnological
trands <than has peen =c=zyuirad in +7e pas: vwhen paking
fraquency allogatiors/assignaments. This rowladge iz
required no% only *o0 assess *he prioriiy of zequirzemen<s bu=
also tc re able %o predict impending rcequisements.

Thus, the srectrum managesr should to be fully cognizans

e evailatle techrology and of the plans and investments
cf +the variocus <cservices in orzder to make lcgical f£requency
aillccations/ assignments and ensuce op4imum usa o0f the

e g By

T




spectrum, If spactrzum management is <o be =
frequency mnanagers srould immediately begin <o prepare

themselves *o meet this challenge.

20
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A. INTRODUCTION

With +he grewiag =sumber cf ussrs crowding *he =zadio

spectrum and wit*h ccnventiocnal moculation bardwid<hs being
squeezed to fewer Hertz per chznne2l, any =technclogical
scheme that enalles more zcem in =<h: specizum cugh*t *+o be
investiga+ed, Fecen*ly, a technigue known as spread sSpec-
£Tum has beer growiag rapidly 3@ popuiarcity 114
praicticalizy. This systzm nas bsen around sinca zhe 16E)':z
but i* has bszen only cscen*ly =has %<a2chnolcgy has made the

system op2raticnal and cost effective,

Spreed spectiTun comamnicaticns is an area  Wnsre isch-

nolcay is cut-distanciny the zsadic regulaticrs. The cadis
regula*+icns adzeais us *o uss *he mirimum bandwidti
possible as a means c¢f improvinl sSpectrtum efficlency.
Hcwever, rc ma*%ez how legical *his 1ay seem, 3uch 2
requlaticn =may ac*ually ©oprevent us from Igplemsr=irng
solutions +c pravern* specirum crowding problems.

The rumerous developnsn* programs sponscred by the mili-
tary nhave produced a widz variety o¢f SS techniques 2and
designs. Two of <he *echniquzs *o be discussed are dirszct
sequence 2and frequency heopoping., Although extensive aivance-
ments have been made in techknology, <here are still m=ny
unknowns in :eqa:d o th? apnlication c¢f +ke techrnigues *¢c
mili+ary cperaticns and the establishmen®t of £r=gquency
aliocaticn/ a ignment policies and regula<icrs. Withirn <the

miiit+ary, study efforts on spread spectrum m@modulation

tachniques have already begun. Howzver, analyses are

zequireé before +“he requlatory aspvects of *he tachniques can
T

be addressed. Therefore, *he first stap %¢ introducs SS

21
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randon, wide band signal.

2. The bandwidth of the cariier
banéwidthn

3. Recep*ion
zeceived

generated

This is c¢nly

tablishing the

tachniques.

while svread spec<rum m=e*hods

nechnological

Tegulaticn

schames appe2

s minaimal.

evaluatz suc~
spectrum me+thod
should LO:

regulation.
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In ary communicaticn systam, the informa%ion =w=2%*e is

limited bv <three hasic fea+tures of <the coamunicetion

charnel: the irherant nnis=z densiiy, wa(vat:s/ﬁz), wi+hin
+ha channel, *he channsl bandwid<h, W (H2z), ani Aveilabls
sigral pow=rT, T (vwa<t3). T principle, censidering shs
basic properties, 1% is nossihle to 2ncode inforamztisn inte
either the power or hanriwii+h intaasive domain, Tach domain
eéxhiblits preoerties which the communication system Aszsigner

ms o2f <transfsrring informa-
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where N 13 *ne channel noize pcwer in watcs, Tails egua=icn

shows the reilaticnship thzrween <he 3bi lity of a channel t©o
'3 T oa
g in “he chanr2l a2nd <he Dandwidsh nsed
a t £ D
by any enccding tethod =0 send a4 = higher zatz and have an
£

itrarily low Zrequency =

rb c
nold true Zor +thre wers:t sagse cof
W

Yich each amplisude diss<cibu+ion i3z Gaussian.
In egua<ion 3.1, *h= channe cRipRCIRIEIS] 2 SEuRlcTAon O
~hree indevenden+ variabl=s, W, - ard N. Howsv by
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1
can alsc be used to éefins a new vzriable, W,, such %thzt

|.l-

[E8

where LA is “he baréwid*h which would vield a2 ©noiss pcwer
S

equivalerns <¢ whe signai povwer, Combininq equazions 3.2 =2ni

3.3, *he signal power~i0-23Itze ra*ic> can be express=d as:

/Y = K g W o= d, /M, (zqn 3.4)
Thus, +*he power-to-noiss ratic Is 2quzted %o the bandwid=zh
ra%io. s*i%uting 2quaticn 3.4 in+o eguaziorn 3.1 =anéd

Sub
ncrmalizing yields

C

N
=
(i}

W/dg 229, (1 + S /74), (=g 3.5)

rormaliized channel capaci=v. The actmalized variza

reflechts whe systema=zic use ¢f =-hksz available sigral o
a

mhe exvressicn fZcr channel capaciiy is now reduced *c an
hannel capaci<y is a func-
aTiablaz, W/Wg e A DECE OF

a
ized chznnel cagacity versus nertmalizad bandwid:h
3 1

norma

equation 3.5 is shown in Figure 3.1. The chanrel pcwer-zo-
noise ra*i SISENEISIE onted cn <+the sane grach in crier o
aid in <h2 intarcoeta+ion o9f the expi2ssion.

Ne*ice that nozmalized channzl capacity decreassas
rapidly as the nctmalized bardwid:h, W/W,, is reduced bslow
uni<y. In *his regicn of the graph, shown shaded in P%gu:c
201 7 tte power-to-rnoise ratio is greater “han one ani

increases rapidly S W/Wy decreases. This is the =zegion

a
+raditicorally used feor r=2liable powar énmain ccamunica<ions.
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Pigure 3.1 Necrmalized Thannel Capacity vs. Bandwid=ttl.

dcwevar, arncther regisn exists, /521 Wwithin which
irformezion can 2lso te *rinsmitt2d wi=<kir 2 channel. The

o
power~tc-noise 2420 1in this zsgicn is less *han one and ‘or
o

c
that reascn the Information is npet r2adily recoverable by &
(

simple detecti of signal power (as pcwer domain comnmunica-
+iors would :ypically be d= teczed). But i{f irnfecmetlion is
codeé befors i+t entess a channgl 2nd later decoded for
detecticr, advan*acge can pe takern 9f the P/N<1 fegion cf +ke
spectrumr fc: infcrmatien trTansfier., These prcperties preotzcs
the sigrnal from unwan*ad in%erfersncz, f-om Jdetec+ion in +he

axzmum pcrmalized channel ianforma+ion

c
Note that in Figure 3.1, to the lefs:

of *the W/Wy=1, C/¥
=1 point, +*he curve of C/d,ls power-sensitive, whereas to
*he rigkt of this point +the curve is bandwidth-sensitive,
The rationale for sprea2d spectrum communica*ions is +to
conerently convert “he signal, beforz i+ gniers tha charnnel,
25
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R TR mmmm Ya nq;}.(;t Wﬁ . n -‘



from the Dpower-intensive domain <o
P/N<1 Ceqgiorn. A+ +he rceceiving 21n1i

signal is converted or cornrelated ba
ans detec+=3d as 2z standari power 4dou
89].

C. SPREAD SPECTFJM PRINCIPLES

2 spectrum modulation =ys

m
ditions of verv low signal

w derectability). Th

achieved by *-2nsnit*ing a signal +h
other signals, includinzy iaterfercing
cvar a zime inte2Ivail, T, a sigral
nurhezs, *+he <hsa

fiituade or phase mol

+
2

EiolR on +the practical realizasio

7]

{pseudonoise sys*ems) and discrete
systems) , rather than continuous mod

26
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intzoducing both ampli+ud2 and phass

systwems which use phase mdoJula*ion anl

development of sysiems sing discrete

+ake

a

dvantage of *“hs=

s *the bandwiid<h~sprzad

ck *o

the power decmain

ain sigral [Ref. S5: p.

tems

~*0o-ncise ration
2

a

munica tion ¢ message informa+ion
)

c

tha* may te ercovntaered ite *o high cc-channpel in+

(inten+tional interferenc?) or lecw =iagnal levels (*rtax
s t

s
2 cepability o0Z spreal
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In principle the message information can

by any ¢f +=he corventicnal forms of amplitude,

chase nmeodalatior. Howaver, an additional rcegquirement,

usually placeé cn spread spectrum systems, is =hat the

| message modulasion shouid only be ecoverable by methods
tha* regui-= knecwledge o2 +he pseudonoise (PN) spreeding

ccie. This car Dbe ensured by convertirg the aessage *o a

digital form arnd conmltining *he digizal message wi*h <he PY

=or~ad_hg ccée before modulation cn a carcier. A spreading

code Zs a2 sigmal “hat is mixed With a ceonventicnal radie

f:equency (RF carrier Zor the purpose of spr=ading +%h=

"2l o)32 trarsmitted data. I« should be stressed

codes arce usually 1linear in
wcirher <he sigrnal.

D. SPREAD SPECTEIUM SYSTEMS IMPLEMENTATION

Only recen*lvy has *echnolegy com2 %o <lLe
circui<ry aad sy=zt=ms rsasonably small, <Tell
rensive sn &s +o enaltle praciical Zinplementat
spic*rum ccnesgpts, Vie mo+ivazing fcr
<he growth i =he field, this racsnt develop
+ical spre2d spectrus Ssystems mus*t be rTeln
addit ionel pressure cf more ard greater demand
communication zystenms “han ev
traffic frcm a nigher number of users is ¢

To*ec*ticn of informa<ion frzcm intzrfarsnce,
mili+tary, bu* ir a cemmericil environmant zs
z2sult cf *hece 5 <hs ava

twe me jor Zfacter
syszems and ccmponents coupled w
s

cemmunice=isn, nas thrust

intc the %*achnical communi+y.,
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There are many reasons for its in

c
rinciple factozs being +ths desize fo

. usually in a single us2r &p
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T
p
men~s progressed, %‘he SS concep<*s
2 well cuived +«c¢ precisior rargs and posicziorn location and
AR
-

mest recen*ly have heen 2pplied to multipls access sizu-~
a*icrns invelving many usars sinultansously.

Over the last ten ysars, *he work ia +his £i213 Las b2en
mainly assccii==23 wi+h pmilictary applica%ions, 2w programs

in bo%h milizazy and commericazl ar=as, using spr2ad spec<cun

methods, are beinag conceived at a1 sver incriasing

JTIDS, PLRS, SZTEX TALK, HAVZ QUICK, INCGARS g3C=-28, <=2

name a few are such proqrams thas arcs bsginninq el pEe

Zurther romsn*um towards smallsc, lighter and a

svstems tha- are readily adaptabla +o voluan b
Therefore, +he <echnignues which *hese pIog:

aze crucizl. The *=rades>fis beiw ch e

d2teznine whaz advantagas or disadvant

or suppresssé, Twe 0 *h?2 t

order +c cvrovids the rzad=sar with 3 nore ccmprzhen

of spread spactrum cape pbi

f-equency heoping systems

E. DIRECT SZQUENCE SYSTEHS

noise-like signals where the spectrum appea=s 25 c¢casist of
noi se, In order <“o analyzsz the bp2rformance of the DS
systems, i+t is nece

ation of the med equipment. Thus, 2

Aef inisica of direc* sequence *hat adequa<el ceflects <he
4

oparational characteristics of this %<2chnique is:

28

e sy - 0 S AL T S -
= .& e r’vm g o e 3 Sl PR TS :
. . G HEST N

!



usually modulated Dy
bandwid+h

“he carrier

Trese signals aze

keying +uLe carrier, Thz wide

due to “he high 1ate at which

In a direct se2quence syst2m vhe bandwid<h cf =he
PN

sigral ig dizectly related to the rate oF

cate) ., T™h= malrlobe bandwid+h s =vwice *:

-

e
Typical kandiwidtis feor direct sequence sigrals var
o oy

e
(tens of kilohertz to hundreds £ m2

EThe G

ahartz).

s ]
—
o
hY
*3
(o]
=
'l-
'.l
(]
o Q0

arerally dg-ea*ar
€

Th= cacziar ated (phase salit vzy=d)
a spreading code which Iis a neariy candom (pszudorerndo
sequence clsman ts, The primarcy parpcse

mcdula*ina —he czarrier with a spraading coée is t
bandwid-h o7 th sional. The spr2adiaxqg code elcemernts 2
generat=d a:* a higher rate *han %“he +zaffic cods =lzment
This causes the phase c¢I the cacrizr to be shif+ed ac
fregquep-’ly z2d “herefcre w22 bandwiith is Zncreazed.

Since ““he *ransmitted ©power of “hese signals is spra
cut over 2 wide 2andwiith, the signal-to-nciss <ratio of
receiver 1#1s* be considerably lowsr <+han =ha<t which
ne2ded Zfor reliadle r-owband signal transmission. Th
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F. FPREQUENCY HOEFPING SYSTEMNMS

A f:eq cy-hopred communicatisn
svactrum syster in which the sp
achieved by changing (hopoing) =
signal at reagqular:r intarvals. The freq
signal can ke thcepped are usually spaced equally across %he
desired frequency band ani <the sigral 1is hcppad *c thesa
frequencias in a seemingly random =seguence called a hcpoing

pattsIn. Typicalliy, data “raasmission is 2ccomplished bv
msars ¢ conventional binary or multitona <ISrequency shif-
kevying {(F3X) modulaticn of +the carriar signal. On2 o< mcre
bits can bz +ransmit+ed usirng FSK duczirg the <ime that +he

carc-ier =igrnel is thLoppel %o *he romiral £fzegquen
&

c
ect, *he modulatsd signeal occupizs a small band or slio*
cen*a2red around =the nominzal fregusaacv. T c

h

D

th
H

®
Lo

o

m

b |

sigral iz hopred fron lct to =lo* under contrei 0f <hs
hepping pattern tut +hsz 2xact frequsncy wizhin =he glc* is
determined by -“he data modula<icn. I- is aiso pessiblie <c
us2 2 houping rm+e In 2xcess cf “he data rate so <zthat

frequancy heps occur during +he *ransmission ¢ 2

70
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e
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<4
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if a jammer sign

q
presen% in oI nea:
2 Y

some of the freguency slcts and alsc reduces dstec+ablity of
unvan+ted sigrals,

The rrequency nopping *echnique Is similar *c <hat of
direct sequ=hce. The main diffsr2nce is in <«he way *h2
transmitted spectrum is gJanerated axd in “he way interfer-
ence 13 r2jected, As with DS a cenitral <Zsz2*ture Iz
pseudorandom code generators a* bo*h the transmitte2r and
rTeceiver, capable of prciucirng ider=ical c¢cdes with preper
synchroniza“ion. As before, there is no resiric*ion on *he
choice of information modulated. In “he frsquercy hoppinc
nethod, +he pseudorandom code sequence is used to swi*ch *“he
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carrier Ffc=quency instead ¢f direc=ly modulaxing =iz

o

he handwid*h cver «hic ~he =nerqy is spre3ié is
a

essen+ially independent of <+he cciz2 clock raze an i
deteozminsd by tte highest and 1lowas* £-equencies 0€¢ +he

n
frzguency hcpped carriers.

G. APPLICATION AND ADVANTAGES

There are mary reasons and applizablliiics £0r sdrezéding

the spectrum and, i€ Jdone properly, a mul-iplilici+y of
bernefiis can accrue simultaneously. Three c¢f the mos*
important benefits ars interfa2rencs suppressiorn, 2neTgy
density zeductior and ranging or =imz delay measusement.

The 108t impcriant of these is th2 supprsession o inte=-

farar.ca which may be charactezicz

ed a
fzllowing: 1 othar ussrs- intentional

nultiple access-cspecitzum shariag by coordina%tsd users ard 3)
mul<ipath self-jamming by delayed signal.

Protection against in-ba interf2-ence is called an+i-
j2aaming (AJ). This is probably ~he mos=  s¥Xt2nsive
application of spre2ad spactrum communica*icns used %cday. A
similar a2pplicat on is <chat 2f muitinle access by numerous
users wh¢ sharte <+he saze spectrum in a coordina<ed marner,
in +hkat =2ach egploys signali: charactzristics which a:ze
digtinguicshable frem *hose of a1l other users [Ref. 7: p.
1173,

The las= Zfort of iniecf=zre

+zum technigues is the s=2if I
s

in which delayed signal 3 via alterna«e 9Ddaths,

interfere with tte direct transmission. |
) The secoad <class of applicatisns centers about <+he

reduction of the ernergy i=snsi: transmitted signal.

I+ has a *wc-fclid purpose, to meet i
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Tequlaticns and 0 minimize 3da2tzc=abilisty or precvidas
privacy. The imror+ant point in this discussion is <ha“ <h2
sane level of average radiated power Is requiced Wwhe+ther

+his power is spreed cover a very wide Dbandwidth or iz
concenctratzd in a very narzow bandwiicth. Thus, *he pcw=ar
spsctral density radiatad from a spread specirum cSys*enr is
significan=ly less than *h2 power spectral d=ansi=z-y -adiated
fror & ccunven*icpal nacrowband sSystem as illustrated by
Figquze 3.2.

CURVE A

=]
nt
S
g CURVE B
g CURVE C
=17 VBT // //
RECEIVE |
/// ////// . /"";////
FREQUENCY

Pigure 3.2 Comparison of Radiated Power Spectral Density.

Another impoztan® ccnsideration concerns %hse

ress and efficiency ¢f sprzad spectiunm sys*ens. It <can b

shown tha* <he number, N, of adjacen+,

(Fiqure 3.3) couvld be ceplaced ty N/2 wideband channels as

skowx by Figurse 3.u, but with multiple access capability

such *ha* spectrum u+tilization wiil be “he same. Wha* gives
32

narrcwband chann=2is
n

"t T e =




1 [213]4| ***CHANNELS —d= cee |y

[ |

5571
RECEIVED NOISE
VIV /.
F.

' FREQUENCY 2

b= ———
. e o —

POWER SPECTRAL DENSITY

T

Figuze 3.3 i Narrowband Channels.

a ynchsonized %o the
<rarsaliter it is copying =2nd <hus, tha spr22d specirunm
receiver reiects nndesired ard aonsynchronized sigrais. |
This, In turn, sugges=s the pessibiiity tha+ s Shats Niple

c
1 communica*icn systems <2 ccexis:

=]
n
pa

a
rumier, @, of siread spectrum syste

in a ccmmorn fraguancy
v

[
Q

barnd and in *he sane electrcmagret spectrum en

shown Dby Figurs 3.5.

The 2applica*ion c¢f spread specitum for <sanding or

positier lccaticn Is raoidly gaining in impertance. A |

conmorn type of range measurement wmethod used is radar. E |
* consists of measurindg %hz delay of a pulse or rpulsas from
“ime of transmission and raceipz. T spreal

spectrum rTanging is that %the t:

}I
=1
'.l
e
«Q
=
W
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Figuze 3.4 N/2 Widesband Channels.

using the spreadirg ccde as the stania-i of measure. Highly

m
Q

surats Zanging measursmsn%s can be cbtained when high code

re used. Thus, a spread spectrum system usinag 10

b

a
n Pps ¢odse 1rate can providz rTaaging zzsolution  +9

H. SPREAD SPZCTFIM IMPACT ON SPECTRUM MANAGEMENT

e choice o0f spread spectrzum =e

c
n tne assumed goal of radio reguizations is 4o

e whe
conserve tha frecuency spectrum and cer+tainly not wus2 nors
bandwidth than necessary. Surprisingly, spread spactrunm
techniques solve a problem that at £irst glance they seem *o
create, that is, spectrum conssrvation (Figuzte 3.9).
TradZ +ionalily, radio <ca2gulations *ried +o keep signals
34
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Pigure 3.5 SS Svsteas Coexisiing with Conventioral Systems.

within the radi¢ Iregusncy environment separated by
assigning each 3igral to an alilecczted Irsquency slot,
However, =heze are otker methods of s=zpec-ating signels, or
in the general cuse, infc¢rma tion souccss. Consider th»
difference retWeen TFirequancy Division Mulziplex (FDM) and
Time Division xul+iplax (TDM) . In =he formerz, each
inferma=icn scuzce is assigrned =z pre-selacta2d frsquency
siok. In “he la*ter, 2ach informa+ion source, af*ter being
digitized, <is assigned z time slot. In both mul+iplexing
tecrniques, +he paramezer +hat nain%*ains the separa+ion is
el~her freqgusncy cr time.

As a result cf spread spectrum +echniguss devaloped over
the vy

e yeacs, a “tizd signil multinlaxirg <techrique, called
Code Division Multiplexing (CDM) can be identified. 7In zhis
c

hrnigque, totk time and frequency ares utilized.
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Each infcrme*ion source is assigyned a unlique or*iacgonzl
code which, when added to t+he origirnal source édaxa, pzcads
this @a%a irn frequency and pseudorardomizes the dz-a in
tine. Coda Division Multiplexing ailows coamanunica*icn
system desigrers to actualize the poten<ial of Shannon's law
of <reding sigrnal power Z£or bandwid=h. Using this
nmul+iplexing me<hod, many can be

information channels
3]

the same frequency ch

<ime, without intersference bstwean channals. Codz Divison
Mul Siplexin ray be <=ha mest promising spr2ad sp2a2c=trua
t2chnigue Yhecause Lt allows inoplemsntatica of a mul*iple
access sys*em ir walch many users can shar=: the sane charnrel
in an ursynch-cnized way, witih 2ach user bsing assigred a

ent ps2uderandenm coie.
W th2 use ct spreai 3pecttu
impossible £cl coozdinat

u=ilizatien amenc tzansmivtters ¢ provide a c¢lsar bro
of nazrowpand (NB)
ccnsequence. Dte *¢ range disparitv +“hase NB i:
may te received mary crdzcs of wmagnitud2 tronger *h

g o}

signal anrd =<hus come provision must be made f

’

There ace rnumercus operational =zdvan+ages fcr spread
spec*rum tha%, *aken togetnner, impact on spectrun mnarage-
men+t., Scue of %tese advauitagses are [Raf. 8: p. 2647

1. Tte use ¢£ a large number of £requencies I each

waveform results in a forma of frequency divsrsity
that significan<ly reducas the degradaticn is
perfcrmence that nor Irom rawid fading.
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excz22ds tha dJdesign value,

S
=he result 1is a dagradation of parformance for alli
users zatlsr *than isnial of accsss.

4. Sincas Aall users occupy the sam2 banéd, zil ussr hari-
ware 15 3ien*ical excep= for +*he filters associztad
with *he wmique signal sezx.

5. Yrder circums*ancas in which the full capacity of %he
systan is not reguiced, spr2ad speciTum Systems may

on how sprzad spectrum sSystems wili impac= 2on pec=zum
majagepen+®, dowever, <%h=2 numercus opsra*lonal advantacss,
<he pore uriformt and higher quality perfcrmznce ani the

ability =20 «capitzlizs upon *ecanciolical azdvances ls2ds <2
the conclusion tte: such systems ars sezicus con“end=cs foo

+h2 ccamunicatior system o5f +he Zfuznrs.
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A. BACKGROUND

y Zcucre thke frequency allocz=ion *2blas and consider
£ 3 G

ceapliarca with freqguency allicca les. Becayse a2
Istszrrasicnal :rné national cadi Tegulaticns do RO
curTently edidress 535S syszems, existing naticnal axi in+=sona-
Silcina 1 notification, conzdinaticn and Tagistrationm
zoceduzes shonld bhe followed “o ~b<ain cecognizion and

protec=zion 2z all lesvels,

To facilita—=-e¢ the auzhnozizaticon prcocess and insure that
spectrum compatitiii+y aexists 3x & par+vicular lccaiicrn an
EMC analvsis is required, This analysis <hzuld consiiler
cesite, intezs.te z2nd edjacent channel andé bané coperations
wi*hin *lLe commor 2leceromagnetic 2nvi-cnmernt. This necss-

o] ) her
Speciruir acceptance &amOng internazi
bs achieved, h
svs+ens would be delayed un
oped inm such e manner as *

o
allocetion tables and radis zegulations.
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The ijentificaticn of frequency bands %tat car bhe uszd

by SS systems Tequizes consideratiorn of & rnumber cf fac%crs,
including freju=ncy &allocazion regqula“ions, present usage of
the spec~rum, fcssible tactical usage and the Dpossible

variaticng ir SS systems design.

The present frequency allcca%ion rTegulaticrs par+titicn
tke spec*rum intc frequency bands which are usad by cer+ain
services, such as Zixsd service and mobile service
addiszion =0 “he zllocation of the spzc*Tum servica
frzquency allcoca*iorn rulzae defins the <ype ¢I us
in each band as governm2n* usSer °r nCclR-governmen* USsT,
Naticnal frequency allocation zTules zlso def he
{zation c¢* each band (the <fregque:nc a
betweer. usecs) and the maximum allowzble bandwii<th.

o]

5
withir the coverrnnm

ent alloca%*icn, Izequerncy b>anés now
ussd by <he military =should bs corsidered tefore =oon-
nESEE Ay barés because cocrdina+ior and 2lZcicexicn
applica=ion procedures will oaecur only within =he mili+zary,

zather ~har withkin beth *the military and o+*hkez cgcvzrraoen*
m

€ not possible, <hs

3

useTS. Fowever, when *his

+he sharced

a
cped and preved zeliable, The inzroduciion
S
e

£ NS vstems intc *“he non-government fraquency
ranéds is, dn th cpinisn c¢f <hs antkoz, =no% & feasibls
alterna<ive a* +*hics +time because of +the present users
determined resis<%ance *o sharing thei- frequency barndéds.

B. TFREQUENCY BAKD SELECTION

A sprread spectrum systam which Is designed for low-
density use, suck as a low rumber cf 1links ia specific
locations, «can te intiroduced into bharnds used by many <ypes

39
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¢ convertional <quipment if prep2r ccordinatiosn technigues
are used. Antenra discriminetior, physical siting and power
programminc czn be usad to ensure that a low-dersity SS
system will be compa<ible with <conventicnal rnar-owbard
systems in the same frequ=2ncy barnd. 4ideband cspreail spac-
tzum 2quipment car. operate in the relatlv
mul+i-GHz <Teqgions of +the spectrum without EMC problems.
However, Liagh-densi*y SS systems, such as theses for tactical

informpa=ion use, gernsraliy use omnidirec=-icral arn+tenrnas and

Y}

r2 spaced *hrouchou* +h2 communicaticn-elec*rornic environ-

ment. Elzactromagnetic compa=ibility can be achieved crly by

using a band *hat is rot in use in *he par*icular environ-

ment or by using a band tha+t 3is used by equipments that ace
patitle 2% clcse range wi*h SS sys<ens.

Since frequartcy tand usage can b2 categorized by *vpe of

user, £fraguency band selection for SS systzms cen bha aided

by knowin ~he spread spzc*zum desicn cons+traiats for EIMC
withir each cazegcry of user eguipmenc. The design
censtrairnts can be d2*%srmired by zaralyzing the EAC of
cseveral tyves <¢f SS systems with ypical users, <hus
proviging a relative measurs )2 electromagretic
compaztibilizy be*weern <%hLz various tvoes 0f spread spechzunm

equipsent and corventionazl equipment.
The standard fcr comparison ig “he dis*znce sspara*ic
:equired be“ween the SS system anéd the equipamsnt in ezch

fun<ticrzal categcry cf conventiornal

quipmen*s, +=hus giving
ar indica%ion ¢of the ability of th2 =g

W

uipments =0 operata Iin

+he szmz gecgraphical ar=e as the SS me=hods. The levels of
“he noise-1like Tesponsas they prcduce Irn narrovbard
Teceivers are tclerabls provided +hke dis*tance separations

ard/cr +the frequency s=parations between the offending

scurces and ihe receivers are sufficien* [Ref. 9: p. 26].

Attaining sufficient sepzration in si*her dimensicn may he
S

@¢if £ic@dy, depending on +the resource avzilable. Ths
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(2]

distance sevarations ars necessary to reduce the SS

n

igza
to acceptable levels at the conventional receiver location

and to rsfuce the coaventional +transmit=er signal =c

acceptable levels a+ *the SS receivar loca*ion. In general
for corparable radiated power lavels and baseband band-
widths, ~he distance saparation requized ¢ avoid
interference *o SS rec2ivers will e the

diz*ance separa*ion required to 2

conventional cecsivers, Thus, the distances considerseé ara
required *o preveént interxference from SS systems to convean-
tioral receivers, since spread spsctrum impact on existing
systems is of primary concern in the fr=acuency allocztion

apprcach,

L generalized <£r-equsncy b de d
ch restric<icrs as
i Freq

:
-Oo.

e}
fu
@r
)

= U} o) T
ation tables car be used tc s=21zct candidate band
bessé ¢n *he service ¢ the SS =equipne

system chould be gcvernment opzratsd. To dexsrainz
em

\Q (1}

r20usncy bards *hat w11l be compatiblie with SS systenm
M1C anzalvsis Wwith present band us2rs must be cornsidered

ir deteil by analyzing *hs vpcessible interfierence effacts ¢f
+

+he systems (spread spec+<-unm and conventional). Obvicusly,
this must be <resolved p2fore +h2 communicatiosr community
will accerpt wide-sca2le us2 cf spread speckrum sSvstans.

1. MNear/Far Inteczfersncz Problem

~he near/far problam, which <cccurs when a o=

c
is located near an offending <ransmitter znd is faz fzca tae
o
e

[aT}

)t
(4]

es ¢ transmitter, can be formidable when SS systa2
@ G

0

-~ T
[

€
mployed. The problem can ke expariznced
well as by the cecrnvern=ional receivers %
with +he SS systems.
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In operations :involving oaly conventiozal =cziio
systems, a <Teceiver and any nearby offending traunsmitier
would operate on different assigned channels, Usually =<hey

can be separated by several channels so that 40 <o 89 4B of
rejection results frcm receiver selsctivi+y and transmitter
KF £il-er {Ref. 10: p. 9]. Becanse »f *this off-f-aquency
rejecticn, the rear/far problem can usually be zvoided with
ceorventicral narrowband systens.

Tn opera*ions involviag S5 radic s n
Tecelver located near an offerdiag trznsmitster <ha%t sharss
re or mcze chanrels with the receiy we

ob~ain any off-frequency redjection. I

45)

+his si%tuatica, 2 SS
receiver must havae sufficient p-ocsssing gain ¢ overcom=s
+he unvan*ed signal, whil2 a corventioral receivar nus*t have
a very rarrow bendwidth to precvide zn-+tune re2jecticon of an
unwanted SS signal.

75 mitigats this prchlenm, vazious *“ecknigues o
rejecting unwanted signals must be emplcyed. The attairaens
of EMC deperds crn hcow well urnwan*ad signals can be rediec+taj.
03 cre of *he major facters that will determine =he

S, a
practicality o¢f applyving SS techanigues %o nili-ary rcadic

operta*ions is hcew well unwanted signals can be reijectizd in
receivers opera ted in 2nvizcnments tha+t cen%tain  both

cenventional and spread spactrup sys*sms. There are s:zveral
means for rejecting signals. In e2ch case, *he 2mount o
refecticn cbtaired is usually depsnédent c¢n the “vp=s of

recelver and the nra+ture of +the unwant=d4 signal. Thus, <he
rejaction attainment 1in ccerventiosnal <Ceceivers is  cf=en
different from *kat cf SS systems. A coaparicson cf various
neans of rejecticon [Ref, 10: p. 13] is as follows:

1. Redecticn Raesul+ing from ?rocessing G

a
correlator in a SS receiver yields an enhance
c

mert of
the signai-tc-intzrferance ratio. The amcun+ ¢of
ernhancemart, I1s refsrred to as *he processing gairn,
42
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2. Off-F-equency Rejection~-ccnventional NB sigrals -=ha+

are several channels or more from the channel used by
the victino receiver carn be attenuated U0 =c 60 4B by
the selesctivity available 1in most ccrnventinnal

o
“eceivers.

3. On-Turne Rejection--is determined bv <+he chip rate of

.

+he SS signal and the iptermedia*e frequerncy (IF)

2

bandwidth of the victim NB —receiv=zr, For *ha
present, SS systams are limited +*c bandwiitks of
2bout 200 MHz. Thus a <conventicnal NB receliver
cannct redect SS signals nearly as effectively as i+

cen reject adjacent-channel N

t‘ s3]
n
'l
Vel
e
ol
o
0
[

4., Signal Ligiting Rejection--un i f
amplitudes may be limita2d by +the action of =2 limiter
T h

circuit oz by amplifier satura+tiorn.

u ntad
signal occurs in shcrt bursts and has a low duiy
cycie, =such 1limiting can be z2n effective n=ans of
Te jection bz2cazuse 1+ rajuces “he average oow=r of the

intexfererce.

es not occur in £requency

|3

Trterzefore, *the near/far problsm 4
hopping <systenms, since diifera ces iIm ply
]

diffarernt hopopinag pa*tterns, sSo a*%

mo m
signal will be ¢n a diffezernt fresguency frem +the desirted

2. Inpacti of Interf=c2nc2 on Spread Speczzum Sysz=zps

Frequency hopping interfersnce from unwan+ed signails

23 produced wher a £raqu2rcy compolen*t c¢f the de-hopped
unwan*2ed signal falls ir fthe IF bandwidth of the receiver.
This will occur 1in +*wo situations. First, i+ will cccar
whan the receiver code introduces 2 frequency shift in the
receiver identical +*o0 <=he shift in +the unwanted signal.

Secondly, it will «cccur in a zon-linear «chznnel due to
m

iatermodulatiorn be*tweer %Lvwo or ore irnterfering signals
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producing an 2quenCcy

ntermcdulation product a*+ a suitable f:
ver [Ref. 11:

with respec* to the current value of the recel

p. 3-1810

Fer hepping =zates that are high compared wi=h the
informa+ion <zrate *he intsrferance produced frecm unwan+ed

sigrals will be noisa-1ika, This 1s beczuse =zach spectral
ine will Dbe spread in a (sin x2?)/x2 fzshion by arn amcun+
rouahly equal tc thre ppirng rate and this spread will

exceed “he raceiver information rate. Tates low

Por hcppirng
n

D

b2

ccmpared with the informatiorn ra<e, =-hta spread on each 1

of the “ransmi+tted spectrum will bz small comparzd wi*h the

information andwidth and *hae ZIntorference effects fron
unvan+ted signals will tend +o be cohzrent. fowzver, as +he
hooping ra%*= is low (cne or *wo Lops per secend) “he occu:

T ?
of cne Lop duration suffzzcing heavy iatzscfarence separa+2i
(Gl

by long pericds ¢f interfarence frez rzczpticn., The differ-
ence in *the 1long tec-m avarace performance from either high
s

or lcw hopping ra%es poobably small

then be mede it vpractical systems as %0 what =

unvwar*ed signal interference is prafzrablz,

Diract sequence
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1 multiple access situat
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c
assianed a commcen frequency bandg, ere signals
S

®
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n

o

ry
R
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ttrer
of +he

Assuming *he pseuvdoncise (PN)

common repeater, ¢r wher=

which delaved versions
uncorrela+ed, ther 3
ncreasing the
will be able

interfarence

&nce are

&
clock ratz of the PN cod

'Jn

n
+he message in Lighe

+here

to democdulara
Alsc, d y3
*he interferenca

are savera
bacomes the sum of +he
gnals [(Ref. 11:

signals, rower

pcwers of +he in+erfering si
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The above statements are valid providsd *+he dszsice
signal and the interference are uncorrelated. If th=2 cod=
clock rates are <*he same, howaver, *he signals cannoz bz
considered to be uncorrelat*sd. The spectrum then will

depené upon the rela+*ive delay betwzen *he two cleccks.

3. Spread Spectzum Interfersncz *o Conventional Voicse
SYyszems

For conventional communication syszems, it  uas

dztermined that approxima®t=ly the same perZormance is

obtained for a given amount of undesired power within +hs IF

filter -esultin from 2 DS signal o- whize aussian noiss

[Ref. 12: Pe 2841, Addizionzily, ~he erformance

dagradation *o a conventiosnal voice F¥ raceiver caused bv an

intezfering DS signal is greater +han that -encountered bv
conventional voice AM receiver,

anc+ther interferazance affect on convertional svstienms
s whern *he <£fregquency separation ba+twesn adjacen<
frzequercies of ke PH sigrnal L1s reduced. Wker +his occurs
the Fd signal increasingly contribuz2s *o operfoimancs
degradation 2f tte vcice systams when freauencias o-her +han
+hs on-+tune f£r=quency ars used. Thus, the sam=2 verformance

is cohtained for *the =same I1n-pand in-s-iecence power Whe
*he powsr is contribu*ed by only =h2 instantanscus specirum
du2 to +he on=-%un? frequency or by instantanec
“0 several frequency hops. Thereifors

14
intarfering signal ‘t*raving orly one of its frequencies hoo

wizhin +he IF fil*er would resul%t In approximataly *he sane
performance as a periodic pnlsed signal in which thez dwell
*ime of t+he thopper is equivalent to the pulsz wideh of :tha

periodic signal. [Ref. 12: p. 28u4].

Additionally, performance degrada*ion %o a conven-
“ional voice AM (FM) receivser caused by £requency hopping
signal 1is slightly 1nore (less) than that produced ky a
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pulsed signal having a 1low hopping rate and a long dwell
time; wherecas, a frequency hopping signal produces sligh*ly
less (more) in*terference than a pulsed signal having 2 high
hopping rate and a short dwell *ime.

Narrowbard voice systems can be compaztibls with
certain types 0f SS =systems withou:t extensive coczdina*ion.
Frzquency hoppirnrg systems with hopping barndwid<hs on <+h2
crder of 100 MHz will b2 compatipls with narrowband voice
receivers in the same 2xvironmernt. If bandwidths of +his
crder a-e no* available in *the fraquancy c-ang2 selac+ed, an
alternete method ©possible fer frequsncy bands wi<h narzcw-
tand voicse receivers 1s a programmeblia FY systen This type
of system hops among thos2 frequencias (channels) tha+ ars
not utilized in the immediate vicini-v.

Widebard voice (FM) equipm=n=s howavaT, ara n
likely *o be cormpa*ible with SS svstems withou* =X
coordination. That is, specific fraquency sS23gm=nts Mus*H
ccordipated for €S ase through +the procedures row used for
obtainirg assicnments £or wideband point-mo-Ddoin% or
3atelli+e systens, To raduce this coordinazi
selection of S5 system bandwidths similar *o *h2 bandwidths

0f <he systems using the band should facili*ate the process.

4. Spread Srectzum Interfsrencs z2 Conyentional Digiial
Syszens
As in vcice systenms, SS dz2egigns fox intrcduc*ion

into bands used by narrowband digital systems mus* differ
from SS designs for introduction Iato hands used for wide-
hand digital systems.

For conventional digital rac=2ivers, the iniarfsrence
power and wavefcrm are rela*ed to receiver nperformance in
*erms c¢£ bit error probability. For other conven<tional

rec2ivers, pearfcmance dzgradation iz measured in terms of

n
an interference threshold for =he specific waveform and
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Teceiver “*yve. The main distinc+ion is <+that veId
cenmunication can take place without undue s*train on si-her
+he talxer or the¢ listener even if part cf the “ransmission
is garbled, Dbut digital communica*tion systems requiz=2 error
correcting codes to maintain the quality ot tha
+ransmission.

Spread sgectrum interferencs to narcowband A
systems can be avoided if SS power dutput Is contreolle
+he bandwid*h of the SS “ransmission (the chip =rz2<e or =ha

n

on *=he order 2f 100 Myz, That is, low-

hopping z-a*e)

]
H ]

power, DS o< systems using wide bandwidths can
2

compatitly in +te same envircenment with narzowb

recaeivers withou* much conrdination. As with narro

b
veice systems, rrogrammable FH systsms c¢an zlsc bs used in
m

frsquency bands used by narrowbarnd digi+al systens.
4ideband digital equipments are not likely *o L= 1
compatitle with SS systems withoutr ccordination. Thus, +he

u
seme ccrsideza*ticns apply %o wideband digital as aprly %o

wiiebard voice systens as previously discussed.

C. SPRZAD SPECTEUM UTILIZATION

iithough spread spec=rum compunica+ion systems have besn
wilzly studied apd used 3Ior specialized applicaticn, they

ara not usually considered *o be z2fficient <from =he staad-
hi} c

poin* c¢f spectrur u+tiliza*icn. However, when informa+icn
*hzory is used %o comp2re the nunrter of simul%anecas,
compatible users of a fini+te segmsn: of +he spectrua which
conld be =suppor+ed under two diffsrszn+ operztional schemes
(nazrowband and wideband) +the results sugges= tha* wideband
or spread spectrum may =njoy 2 gr=2at advantage with -espect
to a NB sys*tem i3 terms of spectrzum u*iliza<icn +hkecry.
i
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One concern which arises centinuou
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LS g
same ncminal <carrier freyuency arnd occuvving +he szme RF
tandwid=h permi*s as man total wusers of a band =as
corventional frequency division chana2ling. A universal
response +o this question do0es not sszem possitls tecause ths
relative number of users that «can be obtained by either
approach depends upon the model assum=2d £or the user, signal
power distributicn, message length 2is*ributicr and charac-
teristics of equipmen* us2d.

The apprcacht to detarmining how pmany sprz2ad spactrum
e

users carn simul*aneously cccupy a giver band is based upon
+he interference margin (M) cf the systen. his interfes-~

ence margin Ade+srmines &~ he gigral-to-in*e

(2]
th =
(1]

n o .
1]
3

g O

zatic which can exist 2= the Inpu:t to +hke ==
maintaining adequa%<s sigral-to-interfesrce
{Ref. 6: p. 30)]. The equation £for irn+erierence margin Is

¥ = G-L-(S/7), (eqn 4.1)

whare G 1s +he SS preccessing gain and L is the systenm impl

m
]

men+aticn lcss. To illustratis equaticn 4.1, consi
bandwid+k 1000 *imes +*hat of +he infcrmation bind
<hat+ G=204dB ard if S/I is reguired to> b= 103B 2
as 24B *hen the :interfer2nce margin equals 1
+hese assumpticns, +he Interference TpTCW2T cou

the wan+ed siqgnal powsr by morce than 18dB znd still mzin*ain
the desired perfc¢rmance,

With some mathema*ical manipulation, i+ can ba shown

T & ¢given bard is

+hat +he number of wusers possibkls 1

10 log n = ¥+L = G- (S/I), (2qn 4.2)

whare n is *he tctal numher of users.
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Since in corventicnal alloca<tior, a single ch2nnel i
assigned %o a sirgle user, 2 nuch hiqher percentage of the
available channels would b2 made available *c users th
SS allocation. The exac- number assignred is deperde upon
how mucl spectrur is used +to provide protection fren equip-
ment characteristics which cause in%t2rference over a bard of
frequencies widexr <than th2 requirad information barndwidch.
hecefore, a low efficisncy of spectrum use Ly SS sSysteams
occurs when the asars r=2guire continudsus access *o the
cemmunicaticn chana £t leas* a high duty cycle, ird,

a
for such cases, bandwidth expansion systams ac2 usually nos
n

n
(3]
v
ot
(¥

w
spectrum us» efficient. Howevsar, whsn <ach icn Or user

{

Fn

, wijekend

of
"a
B3
[{1]

is cnly traasmit*ing a2 fzzction of =h=z *o*al
systems provide grea<er commuaica<ica capaci*y and spectzunm
utiiizazicn than do narrowband syszzms [Ref. 6: p. 30].

In a conrngest=2d tand operation, In which a service is
assigned various bhands of frequenciss wi+thin the bani, the
communicatich cafacity using broadband systems exceeds +h
of narr-cwkand systems. Thus, as +the cumber o0f us=ars
inrcr=ases ir a2 congestezd bard opszration, <sc tha*t +*he s/Y
édec-eas=s, oOr &s *the ZJduty cyﬂle ¢Z opera*ion decrzas-esg,
proadltand sysiems show inc easing supericrity over nar-cow-
s [Ref. 6: p. 31].

Thus, in 2n 2aviropment Zn which all use

bznd one

on an assigned frequency, lcw duty cycla operat
systems give gqreater communication capacity for a given
d*L alioca*ed to th=2 service. The r2a 13

<hat fcr a low duty cyci2, the narzowband
spectrum because mos*t of the allocated channels in the band
will be Z1dle a+t any agiver +ige. The nacrowbznd allocation
elimina*es inter ference bsetween users, while in the broad-
tand case, sach staticn appears as noise *o “he cthsrs. The
broadtand system takes advantage of the low duty cyclz which
keeps the noise 1level low and incrcsases the G[per-circuit
capacity.
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At high duty cycles, the NB system resul%=z in

spectrum u+ilization

allccats spectrur using

met hod for high 7futy systenms.

in whica large rnumbers

and i+

“he conventicnal fregquency divisien
g

For low duty raxs

cbviously makes <csense <o

2f users rTely upon a commch T=slavy

pcint, or systenms wbich permit many users %o opberate on any
of

a number of frequenciss in a

spactrunm.

In “he £iral analysis,

bard,

systems can e2sily prove tc¢ be more 2£ficient ussers

airece

efficiency is 2bcut doubkls that for

u
q
is tan*amour* To doubling the procsssing
techrclogy may heve an edge in achi=zvab

one or mcre orders of magni*tude over DS spr=a
S

which grea=ly «<vershadows the

sequerce [Ref. 7: p. 18

D. RECOMMENDATICN

In orac*ice, the

Spectrum systems shculd b=

with f-equency alloceati

1.

m
on cegulaticns *to =
tio

ss=cuence spread
frequency hoppirn
gain. He

pcssihla., The primery functison of =he SS systen s
the same, if possible, as *the service to which <*he
allccatad. Irn addiion +he band shoulid be cdesigarn
gevernmen+ use, Finaliy, the techaical characteri
conventicral communica*tion equipment shculd be consi

+he design oI ary SS
band, to*h in terms of
sys*ems and in terms

rzeceivers.
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BLE 2 OF SPREAD SPECTRUM PRINCIPLES IN
oM

V. POSSIBLE ARILICATION

SPECTR ALLOCATION

A. BACKGROUND

Spread spectrum *echniques have heen developad irn +he
past to perait comnunicaticrn of message information und

e
difficul* conditions of very low signal-to-noisz ra=in (such
)

as iray ke encountered due +o0 high co-chanrel irntsrfeczrnce),
lew signeal lavels, or transmissions hzving lcow dzteci-
G ShEALEIE They were not davelcped #wi*h a primary objective
of ctrum use imprcvemsnt, and y2t the objectives for

€Epe
which 4fhey were developed appsar tc be desiraple for spec-
“ram allocatior <considararions. Two s*rz*sgiles foz
enployirnc spre2d spectzum techrniques *ha* warrznt further
ccnsidera<ion as %o thei- useiulness f£or irncre
efficierncy zrnd =VStem pecforcmance ac S:equ

and dedicated spread spectrum band allocatzicen.

B. TREQUENCY BAXD SHARING

One strategy would bz +o overla
rum users In selec+ted frsquency bands new assi
number c¢Z narrowlkand users and *o use *the £frequ=
taneously by bott kinds of users. The burde
and demcns<ra*inc¢ practicability wounld

trum usec-s becauvse most o0f *ha sopzctzum in us:z +

users c¢f the spectrum carry a burden of establishirng sharin

CEUER A

Aa apprcach +to iImplema2nt +his st-ategy would be to le=
present users cortinue opzrating as th=y are =oday anéd bzagin
building an overlay of soread spactrum users on the presen:
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network. The <spread spactrum users
develop their systems so

o the conventicral csystems as well as being
e

@
o
th
't
o

satisfactory operaticnal performanc

systems In *he piesence of many interfering si
W

p. 29]. Spread spectrum systems shculd

same as converticnal syst=ams. If =2 spread spsc+rum systen

complies with applicable rules, requlations and prccedures,

*he sys+em should be affcrded =hs szme «cT=cogni+ion 2ni

pzotection as conventional systems. However, 1f noncompli-

ance exists, the spread spactrum systam should be allowed t
C

operate on 2 noninterference basis, until su
can be made available %o show coapatibili<y. Whern rulss a2
esteblished, %hey shculd accommoda<e spread spect

wherever possible. This stratecgy should bs prac
as summarized in precedin: chapters, +%he

& e
signal s a low censity signal (irnhszzernt because <he signzl
ocwer 1s spread cver a wida bandwid+h) wnich %2 zhe cc
“ional system apr2acs to be incoh2rea* 2réd is viewed as »z2ly
a small noise Increass.

Additiorally, +he requizemern= +hzt *“he spread spectzum

2
system be able +c¢ operates ir <h2 existing interference envi-

= od

ronment iIg alsc implicit bacause of i%s inheren=s capabilisy

t¢ provide interference rcejecticrn “hat is probably no=
me.ched In any ot*her sys=<za. As discussed earlier, inzar-
ference 1s =c2ject2d4 by “ha2 spread spectrum Ceceiver up =0
some in+terfsrence wmargin lavel which is a funcition of +ha

ccde sesquence rate iIn a direct

runber of <frequency channels
systenm.

One recoumendéed method for accom
band by assignirg orthogcnal co

raceiver empleyirg the sams code

overlay is

S
wil be capable o0f decsding <*he “ransmitted
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W

recovering +he infecmation signal. By assigning =ach
receiver in a ne*work a dif ferent code, +the user m2y =olec-
tively eddzess a particular rsceivez ty =mploying <+he
cerresperding ccde at the +transmit+er. 3y assigninag
different code sequenc2s *o differzn+ syc-ams, many
+trarsmissions car utilize the same portion ¢f the fzequancy
SpRCTTUL. This could be done without ]

ordira*icn necessary for trunking, <time divisi

access, cr frequency division multiple access. Transnit*arcs

will be able2 +o0 <communicate only with =*h=2ir in=ended

receivers, In fact, =zach system =zhoull be unaware of *hs
opataticn of otler systsms. This urcoordinated channel

sharinag Is calle code division multiolsz

The main cbstacls *o %h
ovarlappina spread specir
existina narztcwktand systz2ms 3

a
S )

cur-ently 2u*horized frequencies 5 shaze ~hem whsn ~hszv
o

appear *o have ncthing tc gain, T> ovarccme *his obs*zcle,

careful planning, <ccoperaticn, and 2xperimenta<tion ausz

prove that the current users have nosthing to lose an? +hat
c

socieﬁy, 22 a whole, will benefi< fzzoa in

ion capabiliity.

C. DEDICATED SPEEAD SPECTRUM BAND ALLOCATION

Thke second stra*egy fo:- acccamddating sp

n}
®
v
(o7}
n
Re]
w
Q
cf
ri
=
2

sys+*ems iIr +*he frequency spec:trum is %o b

bands fcr spread spectrum systems and “o assign crthogcnal
ccdes rather *han Zrequency bands. Ore poss v
acccemmodating dedicated spread spectrum
alleviating scme of <+he d2mand £or the
+0 Lhigher frequencies wher=2 there 3is les
usage. If systens can be designed %o
above 10Gidz and handle the propagaticn e

.—-—_———_

e W - P ¥ - = - .
I.:u.._'g I"\' * P = -
e oy "-'*'”!"’" Al o

S




higher fr iesg, the bandwid*+h available for redic =rzrnz-

[ (]
- Q
- e
®
2y

c
Fecome several

mission wi “im2s the to*tal o2f <hz2< usei
+oday.
Cne mus= nsider that 2t frzquencies above 10GHz,

a+tmospteric absorption by rair and fog as well as the 2igh

ncise caused by higher temperatures make “hese high
ciss 1less desirable using currant technolcay. Ths
propageticn effects for a spread spectsum signal is much the

same as for any cther signal, with +ha 2xception thz2t wids
u

bandwidths employed sometimes restrict system use [Ref. U:
P. 227]. The wideband modula*tion tha*t can cause system %o
be res*ricted in sone areas can €r aceas.

Therefore, zpplyin

and design at +*hnese fzequencies it a2y Improve I:sz picform-

anca cver conventional systems.
-+~

This strateqy cculd be implemenzzd in an svol

manner as an ouitcrow=h of the first strax

g
+heir advantages +he number of spread

ovezlaid in a band gtew as racrowband

Additiorally, wten advantages of spread spectrum t=achnigues

beceme mere widzsly recogrized, Jdzcisicns could te @mads =

.

implement spread spectrum systems inp csztain bands wi<kh =ocde

assignments, as suggested [ Ref. 6: p. 301.
irally, tte managa2ment o©of <fraquerncy barnds +tha+*
ncompass only srread spectrum sys*emsS could conceptually bs
simpler than +he management of bands occupi=d by
convenzicnal rarrowband arnd bardwidith =sxpansicn equipmen*s.
Once a rand has teen designated Zcr spread svectrum use 2143

+he modnliation techrnique d2%+ermined, =he primazy cocncezn is

to insure that *he same spreadinq cades ar no* being used

by mores than one user. This could be accomplished through

car<ful code assigament *echniques nd/or «reco=dkzeping
procedures.
54
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D. RECOMMENDATICN

Two 2approaches have been proposed for acconmcdatiag
spread spectrum systems in *he £frzgu2ancy spectrum. Ornzs
apo-oachk is to cverlay wideband spreald spectrum users in
selacted frequency bands now used for 3 number of narrowbkand

users and to wuse the frequencies simulfansously by both
kinds c£f users. The second approach is to establish certalin
bands exclusively for spread spectrum sys=<ers 2rd =~¢ assign

crthogcnal codes.

n

In practice, the band sharing apor
€

o]

vsteme and corven*ionai svyszen ferrzd cver <+h
allocation cf a few specific bands foz S s

a rcealis*ic aprraisal c¢f +he likeliho

£
interrational and national acceoptabl:z £regquency bhanrds.
n

Typical SS <systems are not inh
conventicnal radio systens, thea=< is, SS emissions are nc*
transparent %o ccnventionzl recelvers, Yowevsr, Zc-ecuency

band sharing between SS sys*ems and convanti
=

possible in a rurmber c¢f Zraquency ranges 1
@

The <“ypas <¢f SS =systems 1least likely *o cause 3IMC
problenms are <those Sihials in=rod
interference irntc¢ the conventicna S
must hop or pass through the receiver bandwidth celazi
infrequently, which means tha* thes SS sys<em should be & FI
and +“he receiver bandwid*h nust bs gquite nacrow compazad

with the SS baniwid=+h, Unint2rrup~2d DS spresad soectzum
Systems a2re no* as 1liksly <o be compatiblie in the same
environment with narrowband ccenvzntional systeas. Thus,

alternaete methods of achiaving EMC with conventicnal systeas
are *o use rela*ively narrow bandwidth SS systems and %o
coordirate frequency usaqge in the usual manner, or *o use
programatable FH sys*ems, which can avoiid +the conven<iicnal
system frequencies Iin +the same geographical acea.
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The dadicated barnd approach appears
2> this +*ime from a military viswpoint becauss ~2% <khke

possibility of Jammer councentration in the selecrtzd bands.
+*

However, it may be a fezsible 1long *erm solutiorn feor
accemmoda*ing spread spectrum sys*tems as +achnology
improves. T

herefore, <+he ccncept 0% allocating dszdica+ed
fraquency banrds for SS systems use should nct be pursued at

this time.

Thus, based c¢n a realis*ic appraiszal of obtzining inte:r-
national nd mnetional acceptance, banrd sharing between
spread spbechIun systeuns and conventicnal =systeans is

preferred, while <selected fr-equency bands c¢cculd become an

u
outqrowzth or end result from the £irs* strategy.
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VI. CONCLUSION

ftey *o the con%tinuin growth of

availability of radic freq