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ld tlis prper discrct urel.t nrnsforn b,sed ordog..al frequ.ncy
Jilision nrultiplexine (D*T-CaDM) sJncm iis proFsgd n) iDprorc the
bandNidlh crliciencJ b! .enodq the .yclic prelir {Cn- Ior fnrthcr
.nh,n&orent of perfo.mrNe of the DroDoscd t WT-OItlM sysicn mod€l
a conbiration of direcl scqu.ncc ap.e.d sp..r.dm (DS/SS) riih DWl:
OFDI{ syst m nls nropo*d,
CooDuler sinulalions a.re prcs.nt d for shosing rhe perfornancB ol
sys.ch3 orer sel4tivc Aayl.ish fadi4 chanrel, Th€ sinuhiion p.o&$
ir.ludcd a comparnon bet$en sinBle .arie. sysl€n, ITT-OFDM srslom,
DS/SS-OFDM slncn, nrcposed D\II-OIDM s,stem, and propos.d
DS6S-DW1-OFDM slslem tor differenl cordilions, Th€resullshowcd ih.
pr0nosed DWT-OIDM sysrer ! bc.lcr p.rforo.nco thin EFT-OFDI!
stsr.m. Furrherm0re, .he perrornancc oI Dwl-OrDM s}3Icm
dhxn..ncnt hy using DS/SS systcm,
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Onhogonal Frequ.ncy Dilision
Muhipla{ing (OFDM) hs bcn
.6tid.En a, prmisiis dndidd€
ro 0 hish mrc dah rftistr'issiotr in 0
nrohilc cnviNmenr. Tlr. principlc of
rhr OFOV t ro soln . high-nr. drb
shdt inio ( numh., of low.r hre
n!.ahs rhrl are lffisnrincd
sirulh@usly ovcr ! nuf,b.r of
dcrhpped sub..nie6i rh.*
nrb(mi.6 e onl'o8oi,l u!

6roM is . trhdul,iio schm. dd is
c.pat 1. of o,.rcoming inrcNymbo,€
i'ror rePnca (rSI) on lrcqu.ncy
sldrile cltmi.ls in . rcry efiici.nl
*5y. A sinrt. diAiul inforn.rio
(Ean is divided i o mDtiple
infohalion $r.ams, Th. doE strMs
rr. nmdul.(.n md m'Dp.d m
onnoeonil crFi.6 Thus oony ld,
bit r.re signdh are ronsmilkd iI
prnllel, inrl.d of unc higlr bit mte
sigml. Thc lo* bir dr. siprls h.dly
nrrTer frd'n ISI in r'requ.ncy s.1.. rc
ohinnek, aid hNcrus ol
ontogmrliD ot d,c sutBdi.ts, it G

P6sible b d.modul& rhe rc&i*d
signd Rnhour cs$ull bcN..n $c
iiiormliiotr otr the subcanerel

Ahhogfi OFDM is Bllri*ly in0une
to lst. ir c.i ,iu ht afiecl.d ind
equaliatiotr !illhelp ro cosbat wnh
ISI .nd Inr.rcanGr inr.r|.erc (lCU.
Morover .qulia6 fd OFDlv,
s'{.m will mr(h le$compl.\dtrc ro
rl'. Easont d.ri6.d rb.v. Atr
cl.gmr dd lihph m.rhod is b ue !
so,callcd gu.rd inrcBal bet*.oi lie
ksnsdittcd syn,bols, Thh i5 .Lso
rcfcnd a clrlic pEfix (CP)
dtnsbn. A numbtr ol synbok fmn
lhc end ol ach bl k c0 be
appeid.d ro rlE br8irtrins of dr
bl*t 6 .lclic DEfir (cPi. Th&
!i.r rh. convoldior }nh rech r.l

m.mory i! clee.d the e.d olesh
block rhk cyclic prclix iiscnion is,
n@wr, is iN rcdmdect &d
dE@eth.inf(nD,iod.JJTheE
drc nvo major ob$oles ir usinB
OrDM in hismission srdar. Fid n
is €lv lcnsnir io frequ cy o6sr
c sed l! rhali8trdcnt in c.rE.
tequerci.s or Doppls siih Thesc
i'npedetions *i!l de*roy $,b-cari.r
onhoBonaliry and in@nucc irGr
catrier mr emnce llcl) dmdnE sub-
carilr li rddirion ro adenu.lio. aDd

rcBlion ol @h of 6c b*iers
phas. Th. s.ond diedvur.8e h
that rhc p.Ek poB.r oi the sioal aM
b. up io N cr rhc a,ds. poicr
I 
",h.r 

N E lne rumbcr of(u'.61 'r
hnssi'rB symtol duraiion will icsull
in ldNr rr. parall.l luberiets The
rmnsit.r a fi. Edkr for
OFDM slrh c$ be lnplcmoned
(mcie Ly by 6ins ln{ l'omf
,r (m Grr)kchn€@r. 

^ddmsa crrli. prclix (CP) 6 th. mir *ay
for rh. Fou.i.r based OFDM ro
climinarc lhe ISl. Ho*cv.r, rhis Bn
dEEe 6. bridwidd .mci.re]
granly, \Yhi.h ne.ns th8t rhcre is a
long *rj- go to irpro!. lhc
blidwidrh edici.lcr. To deE& nE
trnd*id$ mne bouEhr by addinA
CP, warcld ba$ is prcposd due to
ns excollcnt onnosonaliry b.twe.tr
sb€ricc rd wd.rtul spehl
conuinm. . I. s.v.ld b3*d oFDM
the IFET ond FFl blNts orc simply
Eplaccd by u iivetsc discdo
*!v.hr rtulronn (ID$ r) .nd
d scftr. ,.v.ler kaiifom tDwIJ',

D* @ high.r $.d€l contdm.nr
beM.n sub.h'nn.E s'v.lcr b3ed
OFDM h beit& ablc ro am.liohre rhe
elfec6 ol naroPbond intcricrcncs
md is inhee ly n,m {bui *nh
resped ru lcl rh.n radirional Fouriei
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b8.d OFDM. W.rc!, OEDM is
implmtukd vir oqlaDo.d
s,vetomstu pr*Fe dlh raGro

fhe FFI-OFDM sy3ien model is !s
droM in fiBlE (l), Th. itrrur ri.l
d.ra jEm ir fomlEd ido th. rsd
siE rcquirtd lor t.nsision Th.
dlta is lhcn hnsnin.d in parall.l h!
6siA.iiE .dc,, drE word io onc
codierir lhe taNnk.ion. The dlla to
b. hrsmitLd on ea.lr canier k
hodnlated inro a BPSK fomr. Ancr
ilr. required sp.crrum is work.n d(
s it@ Fouria hnsamn (IFFD k
u*d b find tr @n€potrdirS rin.
qlwfom. Thc gu.ri Friod is rh6
odd.d to the $!n ol .eh symbol.
Acyclic prefir i. used here 6oguard

A chanoel oodel is $co applied ro rh.
rENhined 5ig..l. Thc ,nod.t . ows
for lh. sighol ro noi$ dio rnd
mukipld, b be Mrrcll.d. Th. sisdl
lo noi. mtio is ser by addinAaboM
amoDl 0f *hirc notre ro dr
'Ihc reeivcr bGioully docs $o
inveB opemtiol ro dE nlnsnrin.r
'fte ctclic pr.Iir is Gnsed. Th.
fFT oa ach synhol is rl,q 6kd ro
ilM rhe original rousmined sp.4rdo
SinBlc hp frqu.icl dord! equlier
is used ro eih5ie rh. deteclio,
pafonn!0cc. Elch tmnsflri(cd crd.r
h Ih.n.valu.ted ond conved.d baok
r. th. dal! sod by d.r.drlsring rhe
r@iwd symtol. 'lhe &t Nds !r.
fiq combhed brk b rh. s3m m.i

!- the PmF..d DWT OFDM

lh. discret *{!elor b sfom
(DWT) op€hr.r on d.u vector $ho$
Icnsrh is an inr.s.r pottr of 2.

lskm0dMuhi9di.dijEcl'sNl

r6nsfmins ft in ro nuftriolly

rn thh prp$, llsar *av;el is
cmplo)€d du. ro simplicity. Th.
dcscripiion of Hlor savelel nr linc
8nd fEquency dom.in resp€.liwl]

*.,-1.,0',.,,, ,,,

dt!,- :. i(rr? |

Th. DWTOFDM syncn m6del k.3
sto*n in fiauE (2). As in the EFT-
OFDM model, fi. ilpu. si.l d{.
siEim is cmrcn.d in io pmlLl uord
si4 rcquned foi tusmission. n.
dota lo be tr.nsnitl.d on o&ch crler
h modulated into o BPSK fomd, an
irv.6e di*dc *.vcld t&sfom
(lDwT) is us.n to fi.d lh.

r5v.fom. fte IDWT requare M
Emupl of dara irpur, lhe 6d pcn
called appbxim iotr md dr sond
36uI, callcd d.roilr (fic lensrh oi
apprcxinalioi .quul !o ihe lhglh of
dehils) L lhe pBposcd sysrem r
inpur pdllcl BPSK datr repBenb
rppoYjft{ion p.n, *hilc 4os rre
inlefred as ! dcbils D.n.TlE l€ngth of
ouqur signrl am the ID{r'T $!3c
cqual to doubl. rhc len$h ofDmallel
BPSK dae. Thk outpDI dara !re
.otrv. cd to serial vccror, ircn fiis
ve;ror convolure siir slecrire

Ar ihc Bcivs sid., rh. D*T is u$d
b nnd t. corcspqrdirg 6.quen.y
domain of rlE pi6ll.l dara. Th.
l.leih oldauour is2N The fiElhdf
of 2N outpur dn. tNm DWT shae
rcprcs.ft $e ec.iv.d slgnal, ed th.
sc.oid half rprcsc d.Eils and nor
{srd lor d.r.criotr. Sinslc up



FEqu.ncy d6min cqudliz.r h used to
dklonidn- E*h

tdnlhined sub.uid is rhen
.v!lur.d ud 6n((.d b.ck lo dc
drll wd by &modularing ih.

l.Thc }ropo.ed DS/SS,DWT-

ln DS/SS rh. speiofi spEding is
.chi.nd b, nuxipling rnc drb s(4
by spBading cod. c(r). li h Ntrmd
rhd rhc bin.ry squ.ic. r.kinB on fie
vilrc +l and L Tlrc dudilon of dati
bn h Ti, ard thedtrdrioi orsprcldils
codc chip, called .IiD Fri,4 n Tc.
Thcrc erc 6ully muy chipr p€. biq
s rh{ T.<<\. Th. speldina cod. is
cho*n ro hrv. rh. pop.ni.s oa
tandoh binary sequcnc., dn ohon
uscd choicc aor c(t) ie 0 PN{equoicc
Hos.vei a s4!enc. i. gercmred
usim n.nlinetr E.n.r!li.n rdhniquc
k ur.d for scuie- q!6'.
Tn pbpced Jirq ntucna OFDM
slim h a shown in figuE (3) Thr
spls.ding &.nemor pui after bi.ary
lato source ro sprcd (r oiglnd ddr
tccoding lo pr.c.$iig gain The
Gold.od. and Wrllh llld.mddcod.
sqoctrG m ad as sp@di.8
diLr Ar rh. nc.i!.r fi.
symhrcnird spE di.3 !.n.@ il
uscd to dcapEod ln. rccov.Ed dab.

5-Cohpurer SimDl.rio! Tell ! l

An OFDM sysi.m *!s siDularcd
usiig MATLAB vGiotr 7 ro allor
ririols pammer.ts oath. sysrcm to be
uri.d and tn n. runh.mor. rh.
pcdormd..€ of prc|,osd DWT.
OFDM mod.l lestcd uDder the sn.
$trditions. Wh.n rn number of
strhc!ft is.qul ro 128, ih. oumb.r oa
lDwT r.i.. cqual ro 256 {123
rppoi@rion dd 128 daloils) Arln.

rc.silci. fie loslh of daE lui t'rcin
rh. DwT equrk ro 256 ($e liNt 128

rubffier rcp.cs. rhc e.iv.d d{a
*hilc lh€ sond l!8 $h..rid

Th. p.fom.n* ofthe abovq
slsrms ws tcrcd *nh proposed
DS/SS-OIDM sys.n w [ difercrt

The pdhcl.6 od sy$cn
.onliglon.n {s.d i. r slTdLrion
wcrc rrl4 fiom rhd sh&rds of.he
rhi.d geneanidn frobil. dd OFDM
st3tenr. .ho$ p.r.nolcn c0 be
summarized by thc followinss

aPsx
128
128
2i6
256

(cP)
2 MI,IZ

To i.Bri8.r. ihe eller ol
ntrnbd ol subcldicr on rh. OfDM
srr.n c*a t rl w6 anicd our as

sho*. in FiguE (4) rrcm $e fi8urc,
rhl p€rfominc. ol syster ii
.nhm.i a dE nun$n of sub.anio
iicrer.€d. In rh.rc tns the scldivc
Ildins confieuErion conbins :
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lingc6, l-fif,9e6, 4-liigEa, and so
otr, th. utIcd of inc6isirs nuhber of
finr.r on thc pedom.n.. of s,sten G
.hown in fiFr. (5) Thir in@ in
thc nombq of i.36 6u<t
ptrfonffe degmdrion. Fm rh.
,iEuE n i5 cler lhd rlE p.rfmnce
ol 2.linger is hc[cr rhan tlE
pulo.narc ol4-fillA,s br $our 2
dB bn enor mr! l0r. Also $c
p.rfomse ol 4.firls btner n'.n
lh. p.rlo.mnq of6.lints.6 5, rhour

The rclation h.l*eetr dr.
i mb.r of subcadi.r lnd cncra p.r
hh 6 noisc 6rio (ti,N") in dB !r
dillcMr nuSq ol fitrsru w.s
shNn in 6sr (6). n. E!^o (in dB)
dkrr<al r( ih. n,,nb.r .f ohc,rnr
incred. Thn rchrion !r hh emr

The perfotormce of OFDM
syncD viln difr.reil mobiL velooiry
(in nil.A) i. sho*n i',li*urc (7). Th.
Du.foom.. dcghd.r with inc@rd

risure (3) shoqs th..fie.r oi
in(.{riDA dro vcl6ity ol mobilc
ihtion on rhe p€rfornMce of OI'DM
sysr.m !r difLrc Nmb€r of
subceEicr. ft. lhlE r[oqs rh.
pdfom.lE degld. uid inc]aing
vclGity. When rhc !.j*iry iides.d
dre Doppler fEqtr.ncy increaed, ind
hcnc. th. number oilhd. per s.cond
incrorscd. 'Inerefor, rhe perfomucc

Th. rcl.tid b.sq (h.
nuhb.r oflingtr lnd Eb,NolindR) d
bir.rd mre l0'' qs jholn in nsure
(9) 'l'hc bo$ perro.mdn.. occu6lvn[
-inihum trumb.rolfingor Whe! lh.
numb.r incrtdsed th. Ytlre of
inlcurbol inh cEnc (ISl)
incEa$d. Th.ErN, tu pdamre

s*notgMd'iF6.dh&6,m1

A onpdkon b.nven p.rfo6.ncc
ol FFT-OFOM md pEposdd DWT.
oFDM was shown in 6surc (10). Thk
compsris !l dE se Nmbs of
suhori6, .nd un&. rn. lrm
.henel condirions. Fm rhe fiB!rc. ir
is clqr rhar obdr 5 dB ot bir c@r
rab lo-ris giifud 6y oriig $c
prcposd DwT-orDM s,srm,
Fisurc (ll) shows fid fi.
pef.mane .f ,qr*d DWT
OfDY modul .NEned *ifi
incre$ins numbs ol sub.lriq lh.
Defomance wh.n N'=51: bder rhan
lhe pBriomare of syst.m qh.!
N=64 hv ,bdui s dB ar bir.dr Br.

lMing rh. nmber of cieNl
fing.r haE d. se .tr6r wnh
prcpmd syst.m, r! s\(M in fi8uc
(12)
The perfod.nce oa proposed OVSS.
oFDM ftod.l n lhoM in fieuN (13).
Th. p.rfmmc. of poposi DVss.
OFDM b.er $r rh. p€rtu.m. of

!l dB 
'1 

bir ff
mt lO'', and nuDbs of sut !Ei.r
(N) =!23. whlls, ihc perrodoncc or
proposed DSrss-DwT oFDM wrs
Aaircd by {b{ul l.ldB c@pe.d rirh
dE Ff@ticc ol pmp6.d Dw't'
oFDM (shNn in nguE (10)). tl lrir

Fudhsnrrc, lh. Derromrncc of lhe
proPosed Ds/ss.DwT-oFDM b.ner
d . iho p.rfomlnc. of lhe pop@d
Dvss-otDM b, obon 6dB.
Gold co& siEn pcrrollrc b.lt..
thrn PN codc by ibo.t ldB 6 sho*i
in fisure (14), lh.refore Oold codc
was used in th. propo*d syrc .

Fmm rhe ,bo* rcsulis, n cu b.
@luden th.r rhc p.ramre ol
OFDM sr{m etrhuc.d airh
increas.d the number of subcnlitr.



On the odu hrnd p.ilonnuce of
sJ,s.n desEdes with in*.s. oflhe
.,.biie veloci9 or in(ease of lne

The p$fonnancc ol OFDM sy$etu
car bc enhanced turther by rhe use ol
proposed DwrOH)M sy$em b]
abour 5dB aI BER=105 The cyclic
prcnx (Cl) not used ln re prcposeJ

banduidrh efficlcicy of p.op.sed
system also enh.nccd. thr
enhanceftent h periommc. of
propoled synen ecordiig ro
adva aqes of -aveler tmtrslom.
-Ihe perfom.ncc ot borh IIT OIDM
syssn 0d ihe popo*d DWI-
OIDM syslen can be eihanc.d b!
using the dnel seqDcn.e spEad
speclrun (DS/SS) syeem, rhe saii i,
ihe popo*d DS/SS.OFDM sJne,r
sbuur rldS r BER= 0' (omFred
wnh tF'r-oFDM whiLe DS/SS

131 Misbfa s., Design .nd

perfomsc Ly rbod l4dB 3r

BER=10) .ompmed wrh DwT.
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Pcrlor !n.e.frFT OFDM Synem et DiftereDr Mobite
Vobcnr iii jnte/h)
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I3 oraumrsra L,! v..i pen.rni,re.rF OFDM lr,l
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Fis (l ) Perorhame otpoposed DWT-OFDM Svsbh,
Dlllerenr Nunbn df Suh..rrhr

trig ( 1?) Perfomancc dt poNsed DW r -OIDM Sv{eh
DiarcreDr Nuhbe' ot Iinsers. ard N=t2R

4I!e"



l'3 ( :l) CdDprr kn bdqeen PcrlDrnui.. of Propo*d DS/SS-FFT-O|_DM
Nlodelrnd Ptupos.d DVSS.DWT.OFDM Modet ar N= 123

I r (r.1)(oiirxnrof hertr$rPsr,bmrnccofColdCode
and l,N aol. in Propo\.J llS/\S-OlDlvl Mod.l


