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mann,tnuDterof snnulb.mNu.n p€r cll.
The rc.ulls ot compuler sinulrrior clerrl' demoDslrar. ihe nelnific.dr
.nh.nccE.nr grned by tu use of rurbo coding on ih€ perlornan.€ ot
tl'e systen (bit error ne), FurlhernoE, il his h@u rouod thar rs the
i.erxtion number.nd frame si- incre.se tho ndvrnrrgs ld lolerrnca to
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I- EqsEs&s
The poposed lhnd geneGrio!
sielos syslom have ro suppon
vari.ble dae Gte fEn (:113 kbps) lor
husines io u, 2 Mbps f.r losal high
bil raie. Some of dr daia s.nher
rcquift hiShly Elhblo communication
having bit ero ares les ln.d
(10 ')fll.

scnemii',9 divo6iO, prihs one ol
xhioh h antnna diverity. In antema
diveniir, anenms ..n bc sepantsd
vcftically or horiDnrally in (he base
t.rio.. Scpaations benveen aniemas
o1 the .rdor ols!vc,"l tens ol uave
l.nrrhs me .equired t.1, 5l
ln rhi pap.i nrc perLnhan.e of r
ntrbo code ii e tu),leiglt Nluhipath
chanrcl $ studled rhrcugh
siirulalion Ser of simuiarion
prme'er\ \ !l' 6en ro I osey m.i.h
Ure l'' peneEooi ]IMTS
req(iEmenls Ite effccts on bn ercr
p.rloman.e wnh Aw(,N and
mulrip*h fa,llng h iiv.$lg.rcd by
high aM los 

'nobile 
speed wirh and

wnlDut diveEilr undqdifit.nr sizss
ol fione len8th, nehory ol
synematic convoluiioml codo ( RSC )
ro evaluate rM nuhb.. ol uses per

II-CDMAC,pe.is
The sy{en, io bc coisidered consnb
ol tru,nebls mobile (or penoral)
3trbsciber communicarion sith onc
o. rn iitle.ell sitc (or basc sbtior,
which rE inteeoDneded rith rohil.
telephony s{irchinE omce (MTSO).
We beein by consid.ring a sn'glscall
sl$em Erch Ner ol cDlvlA syr.m
occupies rhe sj,rSlc onrnc allo.ded
spesrrum, ehploling a direct
sequeocc sprerd tpccruh wdvddrm
we,sume a CDMA s]nem {
subscriber uit wnh die,hl basebe,l
prNes:ing mib as slmwn ii Fig (l)
x.m be dor.d rbar for a sinAle cell
sire with po*er.orlrol all ft v.6c link
.i-eml are reeived $e same power
level For n* uslrs, cach cell sile
demodulator pro.esses . composne
E.eived uaveaom conhinins the
d.lned signal having poser S and Ol-
1) inrerle ns sisal each also or

hcbnlquq nave be.n rongc$blhhed
ror stiim and nultiporh r. e.rion
ryplicatior Recenrly, oos fom of
spread spectum techniques, CDMA
cnpaci\, is only inledeft.ce limiled
lunl*e FDMA and TDMA.ap{.niei
whilh rre primaily batduidth
limii.d. Thu n is cfficine ii r.c.
applicatio. where theE is a sreat
dem{d on b.ndwidth. Funh.m.re
huhM voioe etiviry clcle is 35
percent Thus wh.n use6 !$igllod ro
c.ll de not brkiig vAD (roi.e
activiry d etion). ThkNillello* all
odd uso6 to benefit due io rcdlcad
,nulual inrerfeErcc. cDltrA is onty
tehnolosl th rakes advaftaee of

Parrllel conc.tcn.hd int rteavcd
codes poDuldly knosi 6 i, nrbo
cddes " h&ve shom to perlom rear
Shamon li,nil on the (AWGN)
chdnel nrh pov*ful ohannet
codlng rechnique has .ho beer
$trdied aor dignaL co'nnutrh.tion
sy{ch orer n'or. problemaric
rnel.s: ladlig ch.tuds, bd nlinly
for llat fading chameL and dDn lom
sp.ech tdshission snh narcn b0rd
(DS , CDMA) sydcm. [4j 5]
Div.6ity G a veilkiown re.hnique
Ior i,nprovirg performmce i', nobilo
ridio c.imunications rr r.litivel!
l.w co$. FdhennoE. th.re iie wide
r.ig6 of dive'siry iarplehenbrions,
m'y shich are r€r, pra raL and
pmvidc silnincint link in|rovcdenr
Thee aE dircrcnl tcchrhues fo'



powe. s. rhrs the siSn l-r&nolso

(r)(x-L)s (.v-D

tr h inrorcstn8 !o lole rlEt rhe
number of u*rs is linirod by the by
rh. usr SNR. Funhermore, lhc
encrEy per bit to noGc densiq drio is

Eoo.lefuR4.NLic+cil'

rcdnces rhe ini€rrDrcnce tem ii
dcnomindor of cqu, (3) b] a racror l
od lh. oumber or usc6 (N) is
approxisanly b! the same lactor. Lcl
N" be the number of use^ per secbr
ThD inrere'ence received by the
menm i, lhat pdicular sector is
pmponioml ro \ and lbc num6er of
use6 per cell h approxih.lrly dive by
N=3N".
Vdie.ciivity monitoring is a learure
prese.t in ,non ,liaiel vocoden
where rhe imtrsnhsion n suppre$cd
for that user wh.n .o voice is presenr.

14 the to a demtes the voico
ac.iviry laclo! which has been set to
3/3 (@r6ponding to the humd
voi* activiry cyole of I5 40 prcs.nl).
The inte.ferice cm in n\e

denoninaror oa equ. (l) is thus
reduced ftom ( Nl ) lo (N- 1) a . Thus

qctoriztion. ihe

Eb
s,'

tN )t%

*k

-lN tl '"

whee R is the inlomation bi. rae, W
h lh. lotal sprod &ndwidrh, and
w/R is rhe pr@$in8 Eain oICDMA
.yst h Ii b&krcund Nise due to
lpurious interfcrence d rhemal
ioise is aho considercd eq!, l

tN t)+(%) I Ns -r,d+(/st
(11 (s)

'fth implies lhal 1ne cipaci, in 1dn!s
olihe nuib€r of usss I given by]

x=1+: L z r4roZr, r

Here EbNo is thc v.lue rcquired lor
adequate pcrlonnallc Any spititrl
isolalion ofuler in a CDMA sy e'n
will be tandared dircctly inlo atr
incr.ae h the syim capacit.
Ld rherc @ ihee dn{tioml
dldns having 120 degi..
beamwidrhs Noq the in{dteeicc
sorme er be seen by xny ol tLre

and rho numb€r of u*s Per cell

,\r = l,vr= 3]l +11=-a --2r r(6r, o.,t,n J

IIl-:cd4s!i!g
A special ,pes of coNoluiioMl
@des, called RecuFive Sysbmatic
Convolurional Codes (RSC ). ar used

as rhc bnilding blocks of lhc tul6o
ode .ncoder as shown in !ig. (2).
fte e.coder ENC' o'l ENcl ofrhe
i{o .omp..ent RSC, encod he same
inp.r irrom ior bits (Ur) bu! ii
diffcrcni oder, bemuse of rhe



i erle8ver befoe r|e ENCI
Aprrcpriar pun.l*ii8 of parity bi!,
fiom so enoodeE can produce r
tu6o code of d.sii.d rare. A fir.d
leserdo Rmdm lnterler.' ir used.
Ii has beoi sol.cicd a many mndom!
genealed irterlsver !i*d on
iequ.ncy of low+eighl ourpur code
mrds for rei8hl-two xquen.e [3.e]
Fig. (3) xho*s rlt stuc{xrc ol turbo
code decoder. The so decoden
DEC r.J DECr @iiesponditrg to
encodeB ENC and ENC: e serblly
connecled lhough rhe sun nl3rl.lver
lharu$d inthe encoder.ln Fi!(l) an
inE k inC ls denotrd b, ir)$heer
(r ) denore\ Lhe inxEe p.mubr on

In d)is papd iredrive ru o decoding
is implemenled using Log-MAP
.lgorilhm Son Inpd Son OdE't
(slSO) deooderc ACprcgriarc soft
otrtpua lroto the de odularor C-rcr
are used is dhtution lor irfonnarior
bi$ I&tu d innialiad lbr rhe fint
ite.drioD by a$uing iiaoim.tion bits
ro bc equally probabl.. Howcver dftcr
rhe tu dccodinS rtep, t^r# wirl be a
aloiloble fton sofi outpuls ol
inromdion bns I!\ oompured in lhe
previous dccodina eag. Thc SISO
decoder cm be Dsed ro co'npure
extinsic infomation corespo din! ro
borh iilom'ation bits I.{ rnd 6ded

For ncntivo de6di.a ol 3 t bo code
.nly l.n js requirei atul h is pass.d io
Nxi de.oder after each ddodiirA Yep
ro impr.ve dr coredion capacit, ol
decodiry. Dere ion h uradc atcr
Unol ire6.i.n b, adding lhe a
p.steiori Drobabiliq values ol
inlbmlion bits Lm fro'n the output
ofthe la{ demding sh8e to the ulues
of a priori disribulioislA,i-[1q 11,
l2l.

Iv-J!!9E!!x1Qqe!j!s
Thsrc a( h'o min issnes in
revie*inglhe prcpeties Df ai&halive
diveGiiy conbileB Tne fiN is
rtlared b *neft rhe combining
pro.es lsks pl.c. iLr the syslem and
dr secord is ho* to codbine ih.
div.(fty p.rh [1]1. In pmctical
application. 2 linear combiner is mon
often uscd. Thc .dlpul of a linear
comhins for (L) diveEily palhs .e

r()=Zlrtt1) o)

lhere qis$e \eidn a$igncd !o lhe
slgnal compotrenr in the krh div.Eiq
path esp*tively. h $c Sclecion
Drais,', C,,,i,,?r (SDc) the
diveEi9 pdh hai,e the srongcsr
slgMl h s.l.cled. $ rhe outpur of
.ombiDer iq rhe lame as rhat of
ssiSc$ divc6iry padr In thG c$e
onl) one ar=l ai any rine n.hosen,
orhra !re all z.n as sho*n in Fig.
(.1). l he inpub 10 hrdche in Fis (4)
arcih. Raylcigl, signal SLand Sr.1'he
signals S' aid S: .rc reccivcd \$
tunplilude n 3nd r: n irh ph es 0' and
0i respocrivdly. Bor[ hmnches are
..mp1cd by addilive n6ise sourc.s nr

and tr: rbjch ae ide.rically
dnbibuied vhne Gausid ioi*
sources The si3lGiics aor n, ad n,m
exccutd io bs e'tuivalent rirh zerc
mean and a varlance oa (Nv). rhe
signal to nohe ftiid dftlr sclection
.ombinliS h sifiply the orximun, of
borhbrci.h.!or.quiHLe l'

s '.4 =.ildia /^/i;.f, / !fi]
= r/J,\u-,{/.a(r.,,) 1s)



Since the noh. pow{ , Nv j is
seumcd to be coDsEn! NFljeq.(9)

lhere (v) h rh. sped of rro mobite
and (1,) is rhe wirclcosh or dE

Arolhci chdlelpanmeter callcd thc
ch anne L C.herence Tln e (T.*) rl, ich

chamel ha laee coheEnce lime
bd t]Il ladin8 ch nel has small
.oherence time. ln a sinitar
nanner tne chm€l coherence
hedwidth (B@,) cs be denned 6
tne .eciplocal ol nuttiparh s!@adv-D.E conntrnhsrion sr+4n

@!i!s
The low po$.quivaleni sinulalion
modeb loi sytrch.onols rinshi$ion
uscd i. this |)rpq G shorvn in FiE (5).
Tle tinsnittq seclioi .onsnh of
tu.bo mde cncoder . 6ltoqe.l b)
BPSK frodulaiion specifi.d by
UMTS. The dlla blb for each fime
are Senemled by rardoE d.l!
g.neftior sd pa$cd ro ilrbd code
ncoder. Since id*l tine
synchrniation is asumedi hard
limiling nmshiner a rccaiver filter
m omihed in tll. sinutarior mod.h
Rryleidl fading chatuels ae
considered lor a rypi€l urbe flat
fade. Complex oau$is 3anples are
fitered by a .lssic.l Doppler trtl.r
(slh order Besel fiher) ro lnlrodu.o
corcl ed fading typical high and low
(50,100 aM I50) mile&m inobih
sreeds m considerd. I.ten.e
naximm Doppler iequency slifts
for high ud low hobile speds arc

(t)

()

wheE Bi h lhe Doppler spc.d ot
the chenel. thus a slowly ladins

rl,e pmducl (T,, Bd ) is called the
sOread lacior ollhe channel
T*o eternas are nsud for dlverny b
select bo$ paths by usins $leciio!
div sity The best sigEl pi$.d to
BPSK dcnodularor sp€cified 6y
UM-rS, ,lh. Ebn!. G caloulaled
fm'n the cxad variance used Ir noise
so,Ee ofrhe simularion modcl. The
$ft ourPut are then pa$ed to the
turbo decoder fter ive rurbo
de.oding i i'nplemenled usin3 dre
L.g'MAP algoirhe in rhe SISO
d.code6 as descibed in rlt lrevious

vI- Slnditidn Result .nd

This simulsrion anempr b find rhe

I n'e perfom.nce, in cms of
sdunrag.s in tolemnce ro
additiv. *hito Gau$ian noise, of
ru6. code and ils relarior io
meinory siz., fiare lcq1h,

2 The efaecl olnobil. sped aod
fding nre on rurbo code

3 lhe perfomxnce ol lulbo code
with differenr diveEiiy

4 Evaluatin8 Ihe nuhber oa uso6
per cell Rith and wlthout rurbo



Ih. rinulatio. uses the torb.
recnBive systemalic cotrvolutlonal
ldcoder with genemlor maties
Ll,7,sl? anJ shin regisrer uemory:r.4
Tie lme siu enhe.5000 or 10000

To lnvestigat dE cffccr dliurnb.r.f
itenrion in nrbo decodervith lEne
lergih 5000 birYflane the Esults
slDu in Figi6) silll dillsent
trlnbcr olnemrd:,4.6, znd 3 lith
tai,fe. tundiotr [],?,51 over AWGN
has b.a1 obbioed xs clear rh lhe
BER deseEe qlEn nunbs ol
lealioi incHse The rdvurage
Biined in peformincc bcnve$ 3
itcrailoi ond 6 irer.iion is l.w
compded !i11,4 itection and 2
iteFtion, To evaluare dr cffeot of
fnme letrglh on lhe F.liomance of
ruil. ..d. dre'
molner narne lcnglh l,ave bcctr

performmco ar dilIereil ihmrion 2, 1.
6, and 3 unh hi sfe tu.ction [l ,7,511
.vsr AWGN hlve bee. evalua&d rs
shorn in Fis (7) The*re.uhs!ho{
rhd signinmft imprcremetrr ir
performoEc can be obs. ed wirh $.
iicrease in lrme length md itrmbcr
oI d.coding it.rdioi. Futhemor,
lhe pe.aotrance ol rurho cod! sith
difiere frtme lensrh ri 3 iier.tion
decoder otr AWGN wirh t trsf.r
fundion ll.7,5li have shoM rlrt an

edvlnuge O? dB { BER l0I harc
beei Sained wh$ lnmc longth larisr
nom 10000 bhs b 5000 bks rs
shNn i', [ig (8) TiE abovc
a$esfrcnt have becn inveniSa{eJ 6n1

wid difleEnt 1r5isf6r funclon
Il-ll,l5l, Th. resuhs of suoh Gn are
as sho1v, in Fis, (9) aid Fir (10) ror
differ.nl fr.ne lengrh 5000 bitrlrame
,nd I 00 00 bits/amm c, respediY e!
[ig 1ll) shd*s the pcrfomame of
turbo ccd. Rirh $rc 1/l sm. rmnr

Eoueodlfi.R*wnLh!c4it,

enlih 10000 bii! and differeir
hrsror rurcron tr,7.sl aDd

ll,1 1,lsli. The perromanc. shorsan
idvrtrb8es ol o.?dB mD 6€ gained
ThE pdfomane lulbo code on
.orel ed iadiog.hrtrtrel Rith 10000
bns/lime. 2 iteftlioi iid dlllitsnt
mnbile spqed lEve evrlu ed. The
.ofelared Jiiding chidnel uscs ja*.
l'Ci'rt simriario, nodel [ie (12)
sho!s th. pnlormanca cor.spondlia
ro speed 50.100, aod 150 nrile/[ with
channel coh.Bnce f ime (T."h)
0.00.15,0.0022- and 00015 rc. when
.a.rier 1ic{luenc) h 2 GHz. The
rcsulrs shos ihat low cohe.erca time
gives less .orel,ion of aadng
proce$e! Heme nr bets rhe

Pe orfr. ce Furtbemorc, the
pefomance ol turbo code on
loftl.ien R.Iligtr hulllpath loding
.hainel rid isc l/3 and ransfer
lunclion [].7.t} haviiB menory sia
cqual I lnd iame lenBlh e{ral to
10000 bns *ithoN diveniry and
diflercnr number oa irs ion 2, 4, 6,
aid 3, thEeffcctolincftase truhbsof
Itration are.b*ryed ir sho*n ii l_is.
(1r). II is clear th.r more odvad.ge
c,i b. gritr.d d D.bile speed ol50

'th. pcrfommro. of tnbo .ode ir
Rrlleigh lad s ch.nnel sirh chani.l
!ol,@nc. rim.(r.d) 0.00a5 sec. cm
he imrcr*d frnher qith xdenna
divc6ilJ. is slrrvn in fig(14)andFig
(15) lqo antennRdildsiq coDbiier
Nirh diffcr.ni trumbor i!(diDi 2.1,6.
.rd 3 a.d lr*ne Lerg 5000
bnsrlBfie atrd 10000 6ns/irme
tuspecrnelyhrve becn nsuhsd.
The .fled ol menory srr .n ihc
perfomunce of turbo code h shown in
tie (16) \irh ,DcD,oL- i;r 4 and
.a,srer function [1, ] 1.15]: nh
diff.r.nt u ibq ol i(eBion and
dile,si!_. To .onpde bes.fr

111



pedommca ofturbo code i. Ray.ish
lbdins chMnet xhh channet
coherence iime (Td) 000a5 sec.*iti 1wo anrenm div*sity combiner
and whhout dir.^jq,, The Esuhs
sho* thediveN y gave adMnlas. (4
dB) ar BER equat t0,wirh B
irem.i.o atul 10000 bittrianre as

FiE. (13) shoh tlE ctaed otrmsfer
funotion on the porrommc. over
Rayeigh ladinE cltuetsnh chun l
coierenee ljhe ( Ts ) 0.0045 sec
*ilh l*o dteni. dive6i* co'nbi'r.
the gain ad!.nhge .{tual 0.8 db {r
BER l0' wnen the me.rory size

Tic capaoity saloulatoi tor CDMA
reseae Unk depended on rhe

r Thc spread ba.dwidrh W is
cho$n ro be l,25MHz

' nic bne rate is 3 Kb.s rd e
neely acc.pbbb bjl-auatiw

. A voice acrivj!, factor a ot l/3

Fig, (19) sho*s tne relarion bcrsatr
ih. numbn ot u* per ce I ro BER
shei a Mt'o code appt ed ar Rryteish
mu,tipail.hdh. ar drfirreDr chiaie
coh.rence tid. The fisuE shops rh
rhe number of trser rn(rc:r5 \hcn tr
.hmel eherenr rimc densles as

T.hle r Numb{ ofus.r per.e| tor
dinarm BER a! differerr cha8el
.ohereNe rirne s nh rale 1/3 jbsisLr
tuncrion I1,7,512, ftama eiglh ro00o

))

'rhe ell'd ol nunber ol irerorton on
lhe caprioi pe. oell can bc seen ii
Fie, (20) which shows that at number
of ireEtior increrxsas lhe numberof
user incEa$s. Ar low BER inoreasc
nunh€r of Dser but ar heidt BER rbe
effet ol rhe numher of n.rarion does
ior affecl olnumberoruser Dives,e
Echtriqu.s have perlormuco rcduc

n!re6. ndmber of lser ner .el as
shotrn in F's i)tr snd Fi& r:2) dr
d,fternr nrmber ot bir oer frane.
vhercas rhe nunrber of user respec o
BER are shown idTobtcsS-4.Finaltv
the alied or menor) o. iumbd ;i
us6.an b. shown in Fis. (21).



Table 2 Numbcr ol user per c.Ll for
dificrent BER ar chantrel .oheEoce
lime 0.0045 sec wnh ruG 1,3,
rorNfci rtrncrion !,7.r?, frurc

i*"1
ini&.1

'ib6rren. ) I 4

,o-, lrs: l:zo

rc1 ]22' ]t1

Tabte 3 Nunbor of nser per cell ior
differom BER wnh nvo ant nn!
diveBiq at channel coheren.e dne
0.0045 *0. aD,l fBnre l.nerh 5000

l 5

lable.l Nunber ol nsr per cell fo(
differsnt BER and so afenM
diveFiry Er ohanncl coherence tine
00045 sec. Nirh mte 1,I1. hisler
tuoctio! [1,15.1!]2. rraDe letrslh

:

Tl,. paper has prese ed rhe compurer
sim rtiotr ol 3r'l eentrarion mobile
comnunicdion sydem that show the
etrect of i,olus,on oltulbo codins and
diletsity in th. system, fullhemoE il
$udies the efied oftorbo coding and
div siiy panmeter on ll,s BER
performance ol rlE sy em togdher
Riih changc in I'e charnel coMnion
froin AWON ro Raylelsh muLtiprth

Tho slmDlrrlon rosulls shoq rh0r lll.
turbo cone sciieves a sisrificMi
3dratrEge ni tolerarceroAWCN ove!
s!$em Ni$od lurb. codi.g Numbe!
ol rer ircreas.s rhen using rurbo
code $nh diveGiry. Th. mon
lmpoMnt coiclusion pdinb rhat have
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