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ABSTRACT

The paper addiesses the evvor performance analysis of selection di-
%oty and mamimotm ratie comb ming over Rayleigh fading chan-
nel= when the multiple access sighalling schemes vze DQPSK-
medolated COWA with randem sighatore sequences and arbilcar-
iy =haped chip wavefoun pulzes. Cloged-form bit ervor probabi lity
exprezziohd e derived based oh the uze of the Mandard Gaoszian
4 pproxitmatioh methoed, which iz fouhd 1o have excel leht accovacy
for OQPEKAype spreading. Yarious examples are theh giveh 1o
illuztraie vel ative peformance cam pansons amohg differeni mod-

ulatich 1ypes.

1. INTRODUCTION

Bblulti path fading arizex inmobile radic communicaticnz when the
zignal veaches the veceiver thicugh several propagation paihe, each
with a diffevent lime delay and altenpationh faclor The ariwing
sighal replicas may add comtroctively or destoctivel ¥ depending
ch their time delays fand hence, velative phasex). The vexultant
cain posite sighal Will then ha%e a randam floctvating am plitude,
giving vize to What's khow as maltipath fading, which constitvles a
gericus it paitment o mobile radic cammunicatich chanhels [9].

The uze of divecl-sequence Code Divizion Multiple Access
[COMA) zighalling iz 2 well-khown efficient techhigue patico-
ladly soited 1o combal distortich ih multi path fading chanhels [2,
%]. This can be achieved either by suppeessing late aniving sig-
halg az with cther usew’ mulli ple-acce=s 1 nleference i, move ef-
ficiently, by exploiting the inhevent divewsity provided by such de-
layed copics of the trahsmitled sighal . Theve has beeh a lol of Work
oh this subject, expecially with the recent growi ng intevestin wive-
le=s pezonal communication systems Where muolli path fading iza
major challenge.

The work peesented in this paper i@ ah extehsion of the er-
vor perfamance analjsiz presented in [£] for zingle-path unfaded
channels. Prewicos velated wouk, for the caze of BPSK 2preading
Wwith deterministic sighalure sequences, can be found in [3,4]. Tn
this paper, We derive additichal vesulls fou the case of arbitiacy
CQPSK-type modulaticn fi.e., with arbitradi ly shaped chip wave-
foum pulzed], ahd We alsc inclode Lthe effect of rahdom =preading
gequences. The latter foums of medul atich and spreading ave mote
velevant 1o the recentl ¥ intredooed 20 and 30 COWA standavds.
The erver analysis presented iz based on ihe oze of the Standaid
Gan==ian Approximatich (SCA] technique, Which was shown in
[2] 1o be wery accuorate for OQPSK-1ype sighals (veuy fmoch onlike
the BPSK caze [5]).

The paper is crgahized as follows. Th Section 2, We discoss
the signal and sysiem medels. Tn Section 3, several divewsity ve-
ceiver slrucloves are described. Then, ih Sectich 4+, We stody the
evor performance of these veceiver wing the slahdard Gapssian
appromimatioh lechhique. Muomerical examples ahd cotm parative
rexulls ave shawh ih Sectioh 5, and final conclusichs ave giveh in
Seclion &,

L SYSTEM ANDSIGNAL MODELS

We comider the basic model for OQPSK-spread DS-COWA sig-
nalling with A muolti-uses. The binay rahdem dala symbols of
the k-th oser, 1 < & < K ,ave splilinleiwe L& () =iteams hlil[t} =
Yo bt =T and 650 =300 bE,:P‘T'{* —iT},
whete gt} i the uhit pulse cier the bitimeval [0, ). The data
ave speead by randem sequences ﬂlil::t} = :__m ﬂli,m et —

T} andaf (t) = 3o GR . te(t — FTu) using N chips per
bit, and a chip waveform polse g (t) defined over [0, T%], #here
T, iz the chip interval. Offsel quadratuve meduolation i= oblained by
madulating the 2 peead data ohlo1'We in-phage ahd quadratove carii-
ews with half a chip T2 /2 delay in the T-branch. Standard OQPSK
is oblained With a veclangular chip pulse, bol the geneval model
and snbzequent analy=iz applies 1o arbittay polse shapes = well.
Drenating by r:{ £} 1he prododt symbol stveam a{2)}b{t), the rezulting
k-th per traremitled sighal is

ault) = alt — T jooafwet + 8a) + R£)ainwat + 83} 11)

wheve 83 15 the carier phaze angle and w, il= angular frequency.

The channhel model 2z80mes a slow-fading frequency-zelective
dizcrete multipath pmﬁlc [2, 2], wheve the equivalenl baseband
impulse respohse [as sech By the R-th mer, for examm ple) is giveh
by

L
halr) = 3 Bue®™ 8(r =), 2]

Tl
For simplicty, the nomber L of received vesclvable paths is as-
sumed the same for all user, ahd the path gain Bar. phaze &,
and delay rar ave modeled a= lime-independent randem proceszes
over each bil interval (2 valid assom plich for slowly fading, han-
timeselective channels). The gains assome a Rayleigh distiiboticn
with the pdf fg, (#) = Ze "% and the phases ate modeled
by unifoum BYs civer [0, 2a]. The path delays Ty ave also assomed

i1.d with a phiform distiboticn @irer the Bit intecval [U, T]



Al the front end of the receiver, the zighal prezent w(#} is the
gum of delayed, faded veplicas of the trangmitled sighals from all
aciive usews, corropled by an additive Gaussian noise process 12{t)
with two-sided power spectral density No /2

R
»{£) = nft) + E sy (2} w hgld) (3

=1

Withool loss of generality and becanse of the symmetry of
the model, We focus on the 1=t user Q-sighal, and assume a bil
B? =1 was senl, We alzo lel mp = ¢f1 = 0. For the cotmwenticnal
cchevent = ngle-nger correlalion receiver, 1the decision statistic al
the colpul of 1he corvelator is giveh by

J
Zl = ﬂ wirjad{r)sinfw.r)dr. 14

) RECEIVERSTRUCTURES

We comider cobevent detection where the recerver 15 able 1o coher-
ently lack onto each of the resclvable molti path echoes, With per-
fect acquisitioh of the path delays ahd phases. The paths strengths,
however, ave ohkhown 1o the receiver. 1112 uhderstood that such
2 cohevent veceiwer is difficull o implement becavze of the fazl
fluctoations in path phases doe o Rayleigh fading. [h practice,
the transmiszioh of 2 strohg pilot sighal is fypically osed 1o aid in
the coherent demadulatich at the veceiver, a8 18 the case with the
20830 COMA digital cellular standards.

A1l. Correbtion Recelver

Az a baseline, Wwe conzider 1he simplest, honh-divesity receiver
struclore made of azingle corvelator matched 1o 2 given path among
the ariwing ches. Becavse all paths slrengih= ih the model ave
identical |y distiibuled, the receiver conld use any che of them for
demaodulatich. For the covvelator matched 1o §-1h path of the Q-
branch of [ker 1,1he decizion slatislic 15 found a=

L
Zy = ByTyFi2+y ++/T/2 Y BuWu

T

/P2 E E,&MWH (5]

=i =]

whete the fisl tevm i doe 1o the desived sighal weighled by the
§-th path gain Sig, the zecond fecm 15 doe 1o thermal noize, and
18 zero-meah Savzsian With Yadahoe —NoT The=om in thethd
leim cepresents the sel f-interferehoe | ndumd by multipath, ahd the
o ih 1he last tevim 12 the other users” inleferehcedue 1o moltiple-
acoess ahd multipath combined. Tis alse foohd [1, €] that

War = apcoa{ @y — 015} — Var sin{ By —F15). 18]

Wheve 1he phase variables B include the cuginal cavder phases
as well a3 phaze shifls doe 1o mer asyhchionism and moltipath
delays, and ave modeled as vhifoum over [U, 211']. The tevms D
and Var ave g¥eh by

U =43 _; B (rar =g} + 00 B (s =g}, (7)

T - T
V= bil_i.ﬂﬁr {rar+ E—n;}+ﬁiln.ﬂﬁr (o + E—ﬂj’} 18

where the mrmlaﬁcg funclichs Fgy and .ﬁ.ﬂ aveablained 'i[l [1] a=
Rir} = Cly=N}Ry (5} + Ly +1=N}Ry (5) and Rir} =
£ e (8) + £ + 1}Ry (5). The chip patial corvelatich
functions are also spcciﬁnd in[1] a2 Ry (4} = [ ahelthbelt +

T, —a}dt and Ry (4} 2 [7= ghuithbe{t =4}t and Cay a1 ()
ig the disciele crosscorrelation fonclicn between the sequences
I[I[ﬂn}, I[n‘.m}} The vanable + dencles Lhe inleger erﬂj, while 5
tepresents the heavest-chip delay given by m — +I.. We prezent
hext cther receiver structoves thal explait the inhevent diversity of
the transmitted D&-COWA sighals in crder o gain back some of
the peformance |osxs cansed by fading.

A1 Selection Diversity Recetver

Sihce the receiver i= assumed 1o be able 1o lock onlo any of the
received mulipath echoes, i1 cah use each of these paths 10 com-
pule decigicn slatistics =imilar iz (5). The receiver canthen chooe
the largest che for decoding. This schemme 12 khoWwh as selechon
diversity (S0 veception [10], ahd has a better peifoumance than
the carrelatioh receiver becanse the different veceived paths ave as-
sumed 1o be independent, and hence, will have 2 smal| probabs lity
of uhdergerhg sitn ullahecs fadihyg.

For simplicity of notalion, we assome that 1he fist M ardving
paths ave psed (1 dive ity of cuder M. The expuession of the de-
cigioh stalistic used by the selection divesity veosiver is the same
as [5) with B1g veplaced By Bsp, wheve

Bso = Max {f11, B1s, ..., Sk [

For the zubsequent ervor performance analysiz, the slalisiics of
-S.%D Will be needed, and it i2 eazy 1o venfy thal its piobability
density functlion is givien by [10]

£ _mjﬂpq}”—ie—ﬂf“?ﬂ fore >0 110

.5|:u Epn {1

A3, Maximmm Ratio Combining Recetver

Ih dlow fadi hg, ah deal vece¥er cah fod her be agsoimed 1o be able
1o eslimate ihe path Avengths 814°5 10 addition to1heir phases and
time delays. Based on this additicnal infocmation, it 18 khown [2]
that optimum demedulation fin the absence of inlemymbol inter-
ference] i® achieved by cohevently cambining the decizion =ialis-
tics of each mth, weighled by the corveiponding path strength.
This maximuom ralic combining (MRC) veceiver nses the decision
statistic [for divesity order M)

M
Zure = 3 BiyZyg 11)
=1
Ih thiz case, the ervor peformance Will depend o the statistic

f— Zf—i A1, which has a chi-sqnave digtibotioh with
2M degrees of fieedem [10]

ﬁmc{f} =

e e 20 )

4. ERROR PERFORMAMCE AMALYSIS

The problem of evaloating the average SNR of DS-COMA sighals
with multiple-accez= and multipath inteiference has been =todied



previcuzly for deterministic sequences with EPSK [3, 4]. The case
of rahdotm sighalove sequehces Whith BBSK was ahalyzed 1h [7].
In the following, We poroe the extension 1o genecalized OQPSK
for the differen receiver sliucloves discussed ih the previous sec-
tich. We only uzeihe slandard Gaussian approximaticn technigue
Wwhich was found in [E] 1o have excellent accoracy with OQPSk-
1ype modolatich formats.

4.1. Correlation Recelver Error Per Drmance

We begin by finding 1he average SR at the cutpol of the veceiver
a=mguming thal the total i nterferehce [mullipath plog multiple-acces)
18 Capsgian With 2 vesullant waahce thal adds oh 1o the Lthecmal
hoize Wariahee. By fimt conditioning on the path strength ,8‘9_{, the
conditional SMR is cblained, and avevagi ng overtihe Rayleigh p.d.f
D‘F'Sj_.{ givez Lhe fiha| uhoohditichal probability of ecwor. Fuom (3],
1t follows that

ElZcr|81y] = By T/Tf2 (13

The total varance of the decision slatistic 11 alse given by

3
Vau[Zegr] = iNaT+% ( E ButWu + EZ ,SLI'WH)

=1 0] 2 =1
(14

Ln 1he abowe equaticn, we note that the muolipath tecms in the flmt
som [doe 1o User 1) are uneovvelaled with the fecms 10 the zec-
ohd sum (doe 1o moltipl e-acoes and moltipath from 1he vemaining
users). This cnn be seen tl:sy cohditiohing ohihe sighatove sequence
af = («fy,6f;,.. ., 6¥ )} and using the fact that, for & > 2,
EWIIWHl_?] = E[‘Wul_i S E[Warla®] = 0. Then, averaging
over g? proves the rezull. By a similar argument, it is also clear
that the Wir's are nhcoveelaled, ahd 2o are the Wip's for & &£ 1
Thevefore, We cah add the second momens of the random van-
ables in the lasl expectlatich of [14] 1o oblain the moltipath ahd
m ulti ple-acoezs inteiference variances

L

op = E E[f'f:] E['Fi"'fr]

I 1 It

L
= pof’ 3 B, (15)
I, vt f
and

2 -
Ohal =

E E E[8a]E[Wi]

Bl Jem ]
= pol E Z E[Wi]- (18]
Bl Jeml

The exprezzich of the multiple-acces Ya Hahce E:IM cah be vead-
11y used from the vesnlis of [€], and is given by

E[Wh] = 2NTe M., =2,.. K, i=1,...,L (17)

where the the parameler M. 4 #LTC R::,__ {ajis represents a

chip mean-squaved corvelation parameter thal depends oh the ac-
tual shape of the chip wavefoum Yl (£). It then follows that

ma = (K = )L BT, My, (1z)

where E = E[,SEI]PT = ZpyEp 8 the a.\rcmgc faded energy pev
bil. On 1|'||: olher hand, the vanance EMH of the self-multipath
term is deived differently becanse it invelwes the avlocoreelaticnh
functich Rﬁ fru), § # . The details of the derivation of B[W]
ave cmitied heve for space reazons. We final ly oblain

E[Wh] = (3N —1) T M., {19

and 1 hevefore,
e = SN_I{L—I]'ELTEM.: 120
= E{L—I}EEEM.:, 21

Wheve Lhe |a=t appromimatich i oblained for lage V. Considen hg
now Lhe average SHR fou 2 fized value cfﬁu,ihm s g veh by

(E[Zcr] )
V[ Zeg)
_ 8L T ) 122

" 22
INaT + aﬂ o+ i:r.M Al

SME =

Subetitting [18) and 23] into [22] and regrooping leuns, the ex-
pressioh of the SMR conditiched oh 81 becames

WBiafp) B Bl g (23)

M.
Mo+ Kopp Bf = Zpi

SMR =

where Hopp = 4K L 4+ 2L — 6§ denotes the effective nomber of
mulivser ahd muolti path caim pohents, and SMNR,, deholes the aver-
age SMAE given by

2E}

ENRg= ———.
M,
M+H¢”E£F“

124

If the thertnal hovse 18 heghgi ble [y, = 0),1he average SME be-
comes independent of the fuded bit energy and simplifies to

N
EMBEy = ———— (25
* T KoM 123

From the expressions of SMRE4 in [24) and (25), we poinl ool
the impoance of ihe watio M. /W lor equivalenily, the nocmal-
ized bandwidih-tmean-squared-corvel atich prodoct BA ] as a sin-
gle parameier for comparing the eror performance of diffevent
chi p wavefoums. Thiz will be further discosed nexl.

Einally, the bit error Ercbab‘i [y iz approximated by integrati ng
[23) o%er the pdfn‘Fﬁ Pwhich i expohential, with parameter
2pn). The evalpaticn of 1hl|: integral iz a clazssical vesult [9], @iving

[ﬂ g (\fsrigy) f (a)ie 120
1[1_ { suR,
b SMNRE, +2

Py ==

127




4.2 Selection Diversity Error Performance

Fouv the case of a delectioh divesity veceVer, 11 Was soggested 1h
[3] that the Bt evror analyeis iz similario the corvelation receiver
caze, eace pl that averaging of (23] shouold lake place over the dis-
Liibution of B, as given in [10) irstead of that of By, However,
we poinl oul heve that this i not exactly accocale becavse he paih
slrengihe of the vemaining M — 1 paths thatl ate hot zelecled ave
ha lohger independent and Bayleigh-distiiboted since it i3 khow
that they ave smaller than the given ,an. Thevefove, in compot-
ing ihe zelf-multipaih inleference vanance u'fm, 115 pol accorate
10 teplace the second moments E[8};] by Zpy these second mo-
ments should be smaller]. The cotrect approach is 1o characlerize
1he joi 0t slatistics c:rF,S';’D and the remaimng M — 1 pathe, and vze
il to cblaih a heWw expreszich for i:rf,,, ahd EMBRa. Botlthig joint
chaacterizatich proved 1o be difficult. Cn the cther hand, it s be-
liewed that 1the a postedion i hdependence ahd Rayleigh disti botioh
asumpticrs for the noh-zelecled paths after largest path zelection
Will lead 1z ah upper boohd ah the bil ervor probabality that 2hoold
be faily tight, and this iz primadly for 1wo reasons. Fimst, the con-
Liibotich of the self-mulipath from the intended oser 1o the total
interfeve noe vaviance {denaminalor of the SME in (23] 12 cam par-
atively simall, especial Iy with a lavge humber of other independent
interfere s, each with 1 moltiple homber of paths. And secondly,
when the divesily crder M becotnes lacge, the aforementiched
asgumpticts Will ke move ahd move applicable ihce in Lhiz casze,
2 large valoe fou ,33,, will tend to vestore the independence ahd
Rayleigh statistics of the hoh-selected path steenglhe.

Thevefoue, ih the following, e lake a similar apprcach as in
[3] and make vze of ihe previcus dervalicns for the eror perfor-
mance with covrelatich veceptioh. To thig effect, We hole that the
expansion of (10 gives fﬂ?;- {ar} as a weighled sum of exponential

pdfs

MM -1 -1)™

where pivn = pof{m + 1). Thevefore, a5 shown in [&], the bit
eror probability 2 a 2um of levms of the fovm [26) rezulting in

s [ o( V) e
o a3 (A1) o0
N m [ 2mt1)
SN RN
[I_Jm 129)

4.3 Maximom Ratlo Combining Error Perbrmance

The performahce of Lhig veceiver is determined by cohzidering the
decigian slatistic in [11) conditiohed on the {G1g }fii . We have

M

3 Bu B2 8y)

=1

M
= Ty/Fj2 ) Bia (30)

i=1

B Zum [{B151]

and

M
Vol Zumc {815} = Y By VarlZig|1y]
=1

M
1 M.
= 3 (ma* +KEHE£F)JZI:£,{31]

Takingthe ratic of the 2quared expectatich 1o the Yariahce, Lhe cah-
ditichal S™R 1= fouhd 1o be the suin of the 1hdivwidnal conditichal
SR’ per path

M
No+KeppBio5 =1
= LSNR“,&:WE 132)
Fiv

Eihal Iy, averagi hg o¥er the P-dfcrl:,ﬁm.:: 1h [12) gived acloded form
expressich for the bilevtor probabi ity [9]

P o j:n g (VSNRIB,: ) £ _(e)de
1 { =MR = 1 {M—=1+m
—_ —_ — “_ —_— - .
- oM [1 EMNRa +2‘| gzm ( o )
{ SNR4 "
[1_ SMRo + 2 331

4.4. Comparing Different Mod o latlons

Ih order 1o have a fir comparisch among diffecrent modolatichs
oh the basis of the average SHR, we also have 1o mpose equal bit
vate and equal bahdwidth cohstraints. Considenng 1Wo modola-
tioh schemes 1 and 2 with bit dorations T, 7 chip ducations
T, T and having hormalized | power bandwidih occupancies
B and B™, we need

1 1 nd BY _ 8% (34
—_—— = — a4 —_— = — )
T~ TR T @

Which impliesthat
NM B = I g#l, 35

To detecini be Which system pefoums betier, We compare the ratics
ME N and M v ®T Recall that the nounalized inte der
ehoe faclor M, 12 ohly a funclioh of the chip wavetorm shape, and
ig independent of ils docatioh I, The hom ber W howewer Would
have 1o be changed With chip doratich T ih owder Lo satisfy [35).
Conzidering fou simplicity the azym ptotic SMR (Na = 0), it then
follws that the dB gaih lor loes) of Syslem 2 over Syslem 113

BmM.sﬂ] .

— (36
BM )

L lﬂlﬂgm [

!based on the in-band power bandwidth oocu panciez W 1 gng weid,
nomalized by the mspective chip mtes l]f'll':tn and 1;'1',5“.



The abowe equaticn demonzicates the impadance of the nocmal-
ized BM, parameler a2 a gihgle figure fou comparing the pefor-
tn ance of diftevent chip pulzes in DE-COWA. The lavger this prod-
uct the higheribe SR gain ahd the better the evtor pedformance,
or equivalently, the higher the =y=lem capacity las meazoved by
the humber A of total active userz] for a given ervor performance
lewel.

5 MUMERICAL RESULTS

Ln thiz section, we preserl numerical results 101 llustiate the perfor-
manhce of the vecm¥er strocluves discimzed above, ahd We also give
further comparizohs amohg differert madolations which include,
in addition 1o standard OQPSK with a rectangular chip polse, B n-
imum Ehifl Keying (MEK) with a half-sine chip pulse 4he(t) =
\,ﬂ'ﬁﬂin{;j"-.";}, Sinmoidal Frequency Shifi Keying (SESK) with a
Yot} = vZan(T — 1ain{%7}), and Time-Domain Raised-

Cosine shaped OQPSK with ghe(t) = 4/2/3{1 = cos{ %)),

Fig.[1) shows the eram ple of WISK fou a channel with L= F
paths. W = 137 chipa'bil. The bil ervor probabilily is shown as
a functich of the hum ber of vzer= fou all 1hree veceiver fypes with
increasing dive =ity cudews fa spreading factor W = 127 is uzed).
A lso shoWh oh the same plot is1he peformance of the corvelatich
veceiver 1h the absence of fading. A= expected, seveve degradaticn
iz canded by multipath fading and the pefoumance of the cowve-
latich receiver [With ho divewmilyl is quoite poor. With selection
divewzity, theve is a modest impeciiement in pefounance as the di-
ety order M ihcoeases | and the bt evvor level 18 onl¥ folerable
when the nom ber of oses iz small. Wotice alsoihatihe i noremental
improWelnent in performa hoe tends 1o satoale with i horeasing M.
Cn the cther hand, maximum ratic combining performs =ubstan-
tially better ahd =teadily im puciies With increasing M (and Woold
asymptoticall¥ appecach the ohfaded limiting case [10]).

Cohsideri hg the velative ervor peformance of OQPSK, BMSK,
EFESK and TDRC, the diverity order iz fized ot M = 4 fora
channel with L = ¥ equal-slvenglh paths. Anequal bil vate and
equal 99.2% ba hdwidlh occopahcy cohsteai il ave also mai Mained
imposed. The nuomber W of chips/bit s 56l 1063 for DQPSK asa
reference and ad) mied accoding 1o [35) for the other modolations,
theveby vezulting in V™% = 662, N°™" = B45 and W™™" =
1074. A= an exatmple with MRC, Fignee (2] shows the bit ervoc
probab lity wemus the humber of uses K, and it s clearl ¥ sech that
CQPEEK s largely oulperformed by the other medulatichs, mainly
becanse of itz large BM, prodoct.

Finally, we give additichal com pavischs With increasing diver-
=ity owdes in Bigoees (3) and (4). T8 seen that, in the cazse of
zeleclicn dive iy, increazsing the arder M quickly reaches a paint
of diminishing vetucns and the erver probabi ity stads satocating at
2 given floor. For maximum ralic cambimhg hewesker, this s not
the caze and the ervor probability comtinoes decreasi ng with higher
diver=ity. Il ig aleo haticeable thal the velative gape in peformance
between the differeni modulations getl increasingly lavger as the
diversily coder M incureases.

6. CONCLUSIONS

The paper addrezzed the e rror perfouma hce ahalysis of selection di-
wersily ahd maximom ralic combi ning over Rayleigh fading chan-
hels Wheh the muoliple acomss sighalling schelmes nse DQPSK-
modolated COMA with randem sighatove sequences and arbitrar-

ilyzhaped chip waveform pulses. Closed-foum bit evver probab ity
expueszions Wewe derived baged oh the use of the Standard Gaus-
giah Appromimatich methad, which is found 1o have excel lent ac-
cutacy for DQPSR-1ype spueadi ng.

Selection diversity was found i yield medesl improvements
ih ervor peformance even With a high divemily cuder. Ancther
disadvanlage of selectioh diversity is that the bil eror probabil-
iy imprcired at a diminishing rate for increasing diversity cvdecs.
Mamitnutn vatie com b hihg, oh the cther hahd, offered moch bet-
ler perfoum ance, Withootl =uffering from the dimihighing vetocns
problem of selection divewsity.

Wavicus examples that ill mlated velative peformance comm-
parizonz among o ffevent modol aticn types were also given, and it
Waz the best ervor perfoumance 12 achieved by chi p wavefoums that
have 2 smallest hormalized bandwidt h-mean-sgoaved-covrelation
produoct.
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Fig. 1. Comparisch of veceiver sleuctoves: Correlatich Receiver
with no diversity [CR), Selection Divesily (50, and Maximom
Ratio Combining (MRC). Resnlts for MEK with W = 127. Mo
thermal noize (Wo = 0. Nomber chPaihs =T
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Fig. 2. Perfoumnabce wWith mammom ralio combimhg. Bil eror
probabi lity vs. hum ber of vsers for different moedulatich schemes.
Parameters: (Vo = 0], humber of paths L = T, divewily owder
M=4
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Flg 3} Selection divewsity I} ws. divesily oder M. Paamelers:
EpfMNo = 30 dE, nomber of me K = 10, humber of paths
L = 1§, mean Paih steehgih 2pgp = lf 15.
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Flg 4. Mamimuom ratio combining I w. divewsity cder M. Pa-
ratn elers: EﬁfNﬂ = 30 dE, humber of nserz A = 10, humber of
pathe L = 15, mean path strengih Zpa = 1/15.
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