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I. IN|RODUCIION

Proposed third gndiion wiElss
srstem, such e 6e Ubiyqsal Mobtle
felecodnwicatioa Sr$s, ( t MTS )
tdetopto\id.8" dn! vherc any tine
" sNice have to suppolt vsiable dala
nte tom ( 348 kbps ) for businesB
(lndoor ) lo u 2 Mnps ) for locsl hish
bit Br€ ( rndoor ). soDe of the dara
$ryic6 eqlile highly rcliable
@mnuicalion havinr bit md ialer lesi
!@ tru' )./dro.oder m pmtusrnE
codidat s fd his}-bn-ra:e data
applicatids in Wide-bmdwidih Code
Division Multiple A**s (W-CDMA)
tsed t\id g€ndtion mobilo Bdio
srstm.[1,2]
PaBllel concatenaied iorcrleavEd cod.s
popul ly hDw " ,,/ro .oder " inteduce
havd b€er snou to pafom ned
Sl@on Umil on the Addilive Wbir€
Gesitu Nois (AVGN) ch@el. Thh
powrtul cn@l coding techrique h6
slso been studied for diSit l
co@uicdlion systm 016 EoE
lsblemaiic wir€les thding .h@is, but
haiDly for flal fading chMel md short
fom spftch L&sissiotr with IEow
bed diret seq@ mde divisioo
ntltide &css (DS - CDMA) Ertm.
12,31

Divmjty is a welllnoM rechniqre
for imprcving pedommc€ in mobile
E{Uo @mmbi.ations at Eactively low
@s1, FurtlEdoe, theE &e widc @ges
oI dive8ity inplmenialioN, mdy
which d€ very gnctical ad povide
signific t linl inptolm€nt TheE ffi
ditrerar tshniq@s foi genendng
div@ily paths one of which ere@
divesity, In dtema div.6iry, &rel@
c& be *!mt€d v.rticslly o! h@izo ally
itr Ue be staiion. Selmiions b.twe,
dten@ on th. oder of s*€Bl tens of
wave losts e Equircd [4. 5] sulficienl
sep@red ( 15 1.. 40 i. ). [6] In rhis paper .

of 
^ 

trtbo @de i 6 RarLish Mulipath

t rnrdi€d lteugh simulltion .Se1 ol
simulrion pamd6 h .hos to
clo*ly mflch fie l'" senmrioD LMTS
EquiEhc.rs, Th. cff.cts on bir cno!
pertoma@ wiih AWGN od nuttipath
fading h in investisated by hig! od low
noblle speed wnh tud wi$out div4ity ,
varyiq lle siu of ffue lmgln od
menory size of syst nalic @nvolutioml
.ode ( RSC ). S.vdal eDod in tnh filed
ad rlated subj@ts. slch 6 Jo$n P
woo.Lrd dd trjos HM[4] shov the
novcl clds of chm.l @des &d th.
€f€ot of mge of srsien pdddd is
inv*tigald. Imfil B.n@ci ed lolSd
M. 11 use rwbo code lo-serhq with
uiary sD@ lim€ moduladon. Fmn
which il @ obwed rtal tne turbo code

lrovid.s l0-l 5 dB codins eain at . BER
Io_rcomp@d ro the uirary s!&e tin€
oodulation. li&id R 6d M6oud Salchi
I8l desib€s a nw interledvn design for
lubo cods wi1h shod block length. Fed
De6he!.an, aod Mdim Mondin [9]
addrsed the prcbld of inlerleaver
d€sign for slially cond€Bred

rr-4044!E48EL
A fading Edtip,lh cneel is gen Elly

chrBctelied c a lin.d. rim.-varying
system having d Gquivalent low ,as )
ihpuhe r.spoNe c(t , r) (or a time-
varyins fi.q@y B!o@ c(1, 0) wnich
is a wide - s6* stationaly tudoo
pmes i, (t) veiable .Titue reiaiions in
ihe cbErel inpuls !€spotre or
iequelcy Espose Esfi in frequocy
sprEadin& g@ernlly crlLd Dopplcr
spEading .By asmins lhal lhe
multipath sisnals pmpagalins thrcuei llte
chdel ar ditrerdt delays e
un@rela&d . dolb,y sp@d .hame,
my be ch!ful{ied hy sttcrirs

t6l



nudion S{. , }, ) wlnch is a heaue of
loaer sp4trun of the .hm.el at delay
(.) and freqE.cy offser (r), rhee for
the delay power spectrm of chmel b,
siFply a %ryins s(. , I ) oler (i.1, i.e

noise , h

, (/) = l.('..)x('-rur ...... o)

Nos, suppos rbar rhe b&dwidrh (w) of
x(r) n mnch snall d,e coheEnce
bedwidth of the chdoel i.e
( *<< Bd) . 'ften all the ft€qwncy
conloicnis in x(0 undergo the sme
atlenuation ed phe shifl in $e
lraMi$ion lhrcugh rhe chamel . But
rhis implies lhar , widin rhe bedwidlh
(w) occulied by x(t dre ine v&io1
tEnsfs tuncrion dt .1) of the chmel h
.onslel in li€quency v&iable .Such
chenel h called Ftequerct Nah
Selectbe ot Flat Fadins .

Ine Fbt Fadihq .ra,rol used in lhis
pa!.r is sith deferenl Doppler splead.
lor the licquency - non selsti,e chamel,
lhe Eceived sisnal (0 is equal to

4n = 4t,q lx7)e)1d'dI

s,c)= (r)

Similuly,lhe Doppler power spectrun is

',,,,'',,,,(2)

Tle nnge of valus ovei which delay
pow! spectrun s.(')is noum k
defiied a multiparh speded (Ti) of the
chamel simildly rhe lmBe ofvalues ove(
|9hion $e Dowlet Po6et Srecnm S.
(i) G non Erc is defined as the Dopple/
spread lBr ) ol the Chanhet A.noth.t
chmel pameler coll€d the Cra,rel
Cohefthce Tine (r"d) wheie oai be

..(6)

(l)
l7)
(8)

B"* = l/T- ,,,,,,,,,,,,,,(4)

Tlus a slowly fading chmel hs lsge
cohernce time ed f6r lading channel
has small coherence time. In a similar
nM{ w€ delD. the chmel
coheEbce bmd -width (B!o, 6 liie
Eciprccal ofmultipath speded i.e,

, ,, ,, , ,, ,,,(9,)

d(t) rcpEknls the envelope dd 0(l)
Epr€snls the phase of lhe eqnivelenl lo*
pas chmel Esponc$ [ l0].

A tuibo code encodcr wilh two
conponent codes h shom in ng(l).
Sp.cidl tyT* of convolutional odes,

The pmduct (Tn B! ) is called the spiead

lf lT. Bd)<l,the chdrel is eid to bo
uder spead olheruis,i1is overeltead.
Let u &w consider Ihe etrecl of the
trmsniited iignal chamrerisiic o! the
selection of lhe clumel model ihal is
arpmprire for specinc sirml, ler a(l) be
lhe eqnilalo.r 1o{ !6s sisnal trasmirted
ov€r lhe chtuel , E eq.iwlor low pss
Eceivcd sisnal , €xclsive of addiiive

cahnl,liondl Cot1.4 P.SC ) ,ile 8.4 
^sthc building blocks of iubo code

encodcr. Tn€ mcoder ENC, and ENCx of
lhe two componcnl RSC, encode lhe
lhe sme input informtion bns (LIk) but
in di,fcEnt ord€r, bmause of lhe

T6l
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ilt*leav* befo!€ nh. ENC, apllopdale
pbctuine ol ldiqy bits itm hro
€ncodeB c Plodrce a tubo ede of
dBiEd aie . A lired Pesct.lo Raido
I z odq ia $.d h ha\ l,em slectd a
muy tudomly gen€Eted interLever
tded on frequercy of low-weishl ourpul
code {ords for veiS}ltwo sq@nce.Fis
(2) shm ihe struclue oa turbo code
decoder . TlE two decoder DECr dd
DEC1 coresponding to the contained
e!@d@ ENC| ald ENC, de sridly
.omected tlrcuelt the su iltdlmvd

I! Iis (2) m inl€rlBYins is d oled by
(r) whdms (r r) dsores th€ invw
lmutation ( deinterl€aving ).
In this pspd iklatiye rubo deoding h
nap,en5t d $iag Log-WP .llgtthn
sof l"put Sol outp t I slso ) d.6des.
Apprcpliate soii ouFurs &on rLe
denodulator cd @ u*d a d8tnlion
for inromation bits I Alid e inidalized
for the first ileralion by Gsuins
infomation bits io be eqnally ?mbable .

Eowd* aod the fist dsoding st p, I

^ei& 
will be a aEnabl€ fron sofi outputs

of inlomation bils I !( computed in the

!rcvious d€@ding staee. The SISO
d.coda can be used to conpute erhinsic
infomtion coresponding lo both
iifotution bns I d md coded bitr C dr

For ileralive deoding of a iwbo codc
only I d' is FquEd , ad it is pased to
next decoder afld cach decoding step to
im!tuY€ the @detion ca!rcig of
de@ding . Dctlction is maie aftd iinal
it€raiion by adding the a losl*ion
prcbab'lity values of inf@non bitr la4
Iron the oueut ofth€ Isl d.coding nag€
to fie Elu€s of a priod dislributic I
Apriori . [1 l, 12, 13]

rv--2!u8!!z!-@4?1NE8S
ftere e t$o m6in issues in reviesng
&e pbpmi.s of altemtiv€ divesi,
mmbinm .1he trst is relal€d 10 wher. de

&mElionn.siL'!d

conbining pMess l6l.s plac€ in the

srsleo ed rh. Pcond is low 10 combine
$e divesity palh. 041
I! pBclrcsl sppli€ddon ,a li'@ @mbiner

The output of a lin6 combirer for (L)
divqsity patLs cd be expresed s :

t@ =ra,4() ,,,',,(10)

Wherc a* is the reight *signed lo dE
sieral @npolenl in the L-ltt drveBily

In rhe Serec,,o, Dlwttity CMbiM
(SDC) t\. divmiry path haviry $e
strongesl sig:ral is slected. s ilt. @lPut
of conbiM is ihe lme 6 i.'81 of
slong€st dimity pa1h. In tnis c6e only
one ar =l al @y liBe is chosen, olhe6 ee
al z€m . as shom in te(3).
fte inputs !o b@.hes in fis (3) de &e
RaieiEh stEtdl sr d s? ,'me sig.als
Srdd S, e re@ived *ilh mplitude .l
&d & will pbas 0r 6d 0, Esp*tivelY,
BoU tmches e corulied by addirive
noise ew6 n! &d nr EpdtiveM nl
ed n: e identically distribDted ,&ird
Casslar Noke ,tar.es, the slalislics
for nr dd n, e q.culed lo de

equivalcd Dirh m meo md a

vdi&ce, o.@i* pomr of (N).
IE si8nal lo noise utio an€r slection

conbinins is sinply tne mdimum of
born bmches or equival€ndy

sNR-- \ranttl.lN,11talNl ... .( ll)

(B)

Y.DATA COMIJNICAIION SYSTEM

TIie low pss4quivalsnt siBulalion
models for syrch$noE ftMission
ued in this paDtr ls shoM itr n3(4) ,

N
.........02)



T]1e lresnitta s@ion consisrs oftnrbo
code encoda . Iollokd bv Rpsx
modulation speciied by UMTS,
Dala bit Bte foi e.ch fme seneBled by
tudon dara geEEied dd pssed to
&rbo @de €n@der.since ideat ime
synchrcnizariotr ir asMed: hand
lnning lrtushifta ed re.eiv6 th€r de
ohited in the simuladon hodels.
Rayleign Adirs chm€ls @sidsed
asming E iylkat Ude IIat rade.
Compl* Gausid S@pt6 a6 fihded
by a classi.al Doppler lilr€r ( 5 Ord€!
B6el !ih* ) io itrttoduce coftlated
fading E?ical ldgh ed lo- (50,100 tud
150) mile/kn mbile sp*ds e @Eid{
- Hoce naia@ Doppler neqlency
shins ror high nd loe mobjte spoeds de

3- lerflolrrrfu of lurbo code in nobil€
adio coDndication aith difercnt

The turbo code p.fmece under
AVON md fiding chmel envircmais
werc leste!. The rcsults lnd€r rlre AWGN
see 6 a Ef€redc€. Tne simulario. uss
lh. tu bo Ecu6ive systeEalic
convohdo@l cn@der widr geomlor
banics 11,7,512 ed shi& resisre'
Dmory 3,4. The frde size is .ilhe.
5000 or 10000 bhsfrme.lo inlesrg.t€
Ihe e1I{r of dmber of it{aiions of rurbo
de@der wfth nee lenslh 5000 bils /
fme me slDM in Fis.6) wiil
diFer€nt ahber ofitEBtions 2, 4. 6, md
8 wiih a l@fe! tunction [L7,512 over
AWCN, It is cl6 thar rbe BER d*ea*s
ed nuhber ofitenlion wifi inclesing,
the advstage gained in p€rfontu@
bebven 8 ileraiiotu snd 6 ir€rations is
maU coDlE with 4 and 2 iterarioro.
TLis advmlage com€s &oE shding tbe
infotulion fron one deoder widr
aoth€r. In this wo*. lhe ft$ demder
does oot have lhe ihfo@lion of lie
$cond encod* oulput in rhe fist
ileration. ,{,lle! ihe Ih1 nqation, rhe
ouqut of {r sco.d d*oder pill feed
back into lhe in!u! of &e 66t d*oder.
Tils nBl decoder has th€ mo@
infomalio! in lhe second iteEtion ed
decodinC lErfom € should be
inpeved.FunhemoE io €vrlule the
effect of fime Imglh on thc pdfoftece
of turbo code ovo AWCN cbdmel

odB fr:de lea8h Is been cnosn
equal to 10000 bils / f@e ro show the
perfomdce ditr€renc€ in UE cae 2. 4,
6, 0d 8 it€mliors aifi tdsfd tuncdon
lt!7,51, ov6 AwcN. Howfld, drese
Esulls show ihat signitcmt inprcv.menr
in perfoftace c bo obs@d tor
irclEe in &!he lery1h &d nubn of
d€coding ilerrtions. Fron the above, i is
obs@d LrEt the pe.fo@n@ of $e
tubo code inc@cs wiL! incBing
nlnber ol itmtions. How€ver. the time

$1'@ (v) is speed of eobite ed
the wve lenst! ofcuier .

(14)
(r) is

A lwo et€ms usd for diversitv r.
slect best paths by usi.s sedton
diE6iry, the b6r sienal pased to BPSK
dmolulator sp@i6€d by IrrNIiS, Eb /
No is calculated fr.o &e exd vaiee
lsed in noise sore of tne siellation
6odel-cb@cl soft outputs d€ tne.
pdsed to the iurbo deoder . tentive
turbo decodin8 is implme Ed neing the
Lg-MAP algorithn in $. SiSO
d(odeE as d.sdibed in lhe pevious

14. S IMUI.4TI O N R E S'J LT
Pertumece is evEluted by Atihati.g
bn ero! nte (BER) v€s6 sisnEl to noke
rdlio E b / No baed on s,Btem 6odel.
The sinulatiotr esuts sas .eled out
uing Matl.b 5,6, ftis paper puEws

l- lerfommce of tlrbo code rclared 10
nefury sizq fme lensth, sd nmber

2- efsr of nobil€ speed on tubo code
md el&cr oI @related fade



used will aiso incJte li,@ry wirh &
Dmber of itdaiions. Iis iDo€66 in
de@ding tiEe ps birs wjll lsd to

Turbo code wiLh dilfwd ftme Ergth at
8-ite€ton decodq on AWGN will
tasls fr{crion !.7,s1, e compaEd in
fiC. 0|, lt tu be ken lh,r thc sain ro
advdhg€ belween 10000 bii. and 50OO
bils ai .&h Ade eq@le 0-2 dB ai BER
10r d shom in fig.(?).
FieG) d ns(9) show the perfodmce
of tubo @d€ witr differdt Nmber of
ileEiior 2, 4. 6, md 8 with resfa
fu.tion fl,1t,1511 qd ditrmt tl@
length 5000 bils/free ud TOOOO

bilY&m€ rcsp€crively. Fig (lo)
showslhe perfotuce of tubo cod€ wi{1
rate ,3 with rhe sm. rme leDgdr
10000 biis tud diffeenl trsfd nDcfion
Il,bl1 ud [,11,15],. h. llrlomane
has m advelage 0.2dB betsre thm al
BER l0r. Menory size of encoder
depends oD ransler nDction. &ch
6codd has n€nory to stoE rhe
pEqtine bits/slate infmatiotr. 'fte
meDory sirc of 4coder tu rh€ n@be. of
bivslate ca be stord in rh. ocodd,
theEforc moE adve&ge ce be gained,
The size of lrellis fotued is dpoMtially
prcportional to rhe elcoder mdory size.
'me e*loftDti.l inc@e i! conpLxit/
of the de@ding abonthm Rjll @e the
d€codi.g time to inclcde dmaticaUy

To evalEte the perfotue of nnho
code o. corelated lading ch@€l with
10000 bidnde. 2 itmrioB and
difieEnl nobiL sp*d. the .orelated
fading cn6ne1 ued Jmk! ladine
sinulalion hod.l. Fis(ll) shos tlte
cuv6 cmspo.ding lo spe.d 50. 100,
a\d 150 rite.4l qt\ Chonrel cohqence
rtu? G@i) 0.0045, 0.0022, erd 0.0015
se. when cader iequency 2 CHz. The
lN .oherence tt e erulLc less
conelation orfading !rcceses, hen4 the

g.trdidiEdb.gem

To i.verligate pefoft €e oftu$o code
in lorelated Rdyli8h multipath hding
cl@nel wirh de tA dd irdnsfd
tunclion [1.7,5], havins nenory sie
equl io 3 md fEme lengtt equal io
10000 bih wiuoul divGity &d difl@nr
numbd of il€Etions 2, 4, 6, ed E. The
eff@l of inc@se in luber of itediioB
cd be ob$Ned in fig (11). 1nat siv6
morc advetase at nobile speed of 50
mile['. [is 02). &d Fis 03) sho{ Lhe
pedoma.e of tuto code in Rayleigh
fading chmel with chtuel coheence
lime (Td ) 0-0045 s, ued ,irh two
tuteM divosiry @hbiftn with
dif€eot nunbd of nemriou 2,4,6, ,nd 8
snd tee le.glh 5000 biis/A&r€ &d
10000 bilyfilDe rcspeciiv€ly.
fie effect of menory sie on
pedodue of lubo @de is shoM i!
Fig. (14) with ndory si4 4 md
tresfs furcdon [1, ] 1,l5], with difee
nMbc of it@iioB *ith div6ily. To
cospre between perf()l]lm* of tubo
code ii Rarish 6ding ch&nel wilh
chmel ohffice line { T@i ) 0.0045

with bvo etenna divesiry
combim ed willolt diYelsity. dre
rcsulls show the diveBit, givi.g
adlola8e of (4 dB ) at BER equal
t0iwilh 8 ileratios ed 10000
biivtme as shoM i! 6s.(15).
Iie.(16) shom dre elfecr of hdsfer
turction on lhe ldfomece oler
Rayeid fading ch.tuel wifi ohEm€l
cohe@ce dhe ( T-h ) 0.0045 se. wilh
lwo tutelm div€sity @mbiMs, rle gain
advelaSe is €qual 1o 0.8 dB al BER
l0r when iie menory size inc]tes

WI.CONCOLUSIONS:

The pald prcsots lhe coEpute!
simulation of 3!d eenmliotr mobile
@n4u4carion syston rhat show rhe
el&d of i@laiod of !u$o .oding ed
divecily in $e {5t 6. IurthmoF, it

165



studies ihc etlecr .l lurbo (odin8 ond
d^r6rry DarmeGr on rh. RFR
perlomuce ot the s)sLem rogelher wnh
cheea in lhe chmet condnDn hoh
AVGN to RarleiEi hutripa$ tadins

Tle simulario. rcsulrs show thar
the turbo code achi€ves a sipificmt
adv@laee in role.ea io AWGN over
syllem sithoul tuba ooding Tle mon
rmDort l colclusiun ooinr\ rhn h:!. re
dEM 60m rheE t€$;uks doi
The nmbn of iieatiotrs will vield tou
BER bur r detaj in lne 'd{odr;a

fte, krse kme len6h witt erve [-rr
Frlomece b( Oe delay rn decodrns

Ldge nemory sie of €n@dq rsulis in
iow BER bul fie disadv&lage is lons

The memory siz of mcoder is moE
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