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the signal cm be up to N tines lhe
averag€ power (whe!€ N n lhe nuober of
ceihn} Linq. amplifies lhar mn
nandl. fih large mplnudo veiation aie
less efiicient, Hard limiting of thc
t@snitted signal cene.ares inleF
nodulation predi.ts 6ar @ interleB
wnh adjemt chamels csulring in an
inoEase in ihe cmr 6!e I I,41.
2. OFDM Sqa.n
2.l Orthoronrlid ltr oFDM siqn.t

Sigrah ft onnogonal il thcy aB
outlally independnt of .ach oIhor.
tuhogo.ality is a pnperly that allows
muldple inlomation signah b be
ltusnitted perfedy
chenel and delecred without
inteifeence. Loss ol orthogonal iq re sults
in bluri.s b.lwee! lhes infmarion

htdgljodoFDMsynhEiiucmslhyl]sii3

2-! Inpl€menl.tion or OFDM U.in!
Frst Fouri.r Trrturorn rFFAn

The nain objeclions lo lhe usc of
paallel slslems aE th€ coEplexity ollhe
eqliphent EquiEd lo implemenl lhe
pdallel sys6n and tne possibilny of
severe Butual imedeM.e mooe
subcfiunels wlEn i6e h,nmi$i.n
tuediun distorts the signol. The
.quipmfl cd be Sead/ redued by
sliminating any pulse shapins d<l by
using lhe Dhcele Fourid Transfom
(DFT) to inpledst lne nodulation
prce$$ [5.7]. It cai be shoM lhat ai
oFDM signal h efecliv€ly lhe inveNe
Fouie. tesfom of o.iginal data sl@m.
ed lhe bant ofoh€re dmodulators is
eilecliv€ly th€ Fourier nanslom. All
opemtions that occur in lhe nansnittdr
de reversed in lhe Eeiver, lurth€r
eductio.s in complexiry ae possible by
using lhe lasl lourier Transtom {FFT)
algornhm to impldmenr the DFT
[2,8],Tne pEctical OFDM systm is 6s

2:1-S!!d&d!4i!-Sl!!4-Eis!!b
OFDM sig@l experience ISI whcn

then tdmitted symbols propagal€
thrcush fsding chm€ls, since th€
chdnel impuls Fsponse combinB
conxibution tum morc thon onc
rransmited sr4nbol al lhe Bceiver [2,9],

The sped of ihe duElion of e&h
baseband dat 10 a lalue nuch laBer lhd
lhe aveEge fade dudrion, meking it
rcbusr to $ding. Howelq, this sp@ding
nol o.l, a6ing ltrge lime d.lala, 6ut
also Equning aoouPte caEie.
synchmnizatio. technique due to closely
spmcd suEc8la i2, t 01.

Biidge ihe aansient efTec$ of $.
ransmilt d si8,al in lhe reeivc. 16r tobl
evoidance of ISl, can o.ly be
accomplhhed by intdducinS a Suard
time poiod Ts beflq @nsecufiYe
syhbols, The duBrion of the guard

The beband neque.cy of *ch
subceier is chosn io be an integer
multiple of$e @ipmc,l of slmbol ti6e
(T!), r€sultine in allsubcdien bovingan
inl€ger number of crlles in lhe inreN.l
(I,), The numtu ol cycles betwen
adja@nt subceie( diros by ekctly
one clcle, This ptup.ny sccoD.rs foi the
onlogonality betslen the subceid in

Anothe! way lo visw rhe
onhogonality popelly of OFDM sig.ais
is to look at its specrrun. ln rlr
ffequebc, domain, erch OFDM
subcarier has a s,ic Gin(xyx) frequency
Esponse. The sinc sh.pe h6 a naftq
main lobe, wnh many sideJob€s lhal
d.qy slowly pidr lie m.gnitude of the
tEquency differe.ce away libm entEr
frequency and nulls evenly spacen with
fiequency gap equal ro tle suboadier
sp&ing[2,5].

I7l



period shoulil be longer thu Oe woBl
(ase deloy 5prqd ol mukipalh (honncl
and mun be limired to etizc banduidrh
eficidcy [2,5]. On rhe orher hand. $e
durBtion ol rhc BUad jnFnat imptics a
Edudion in lhe rifre av.,lable tor fie
actual data tansfer, which redues rhe
chann.l capacity. Therefore, lne guard
period is alw.ys kept clarivsty sma as
comrard lo srfrbol durnion T, ll Ol.

The.c dre tuo optjons tor rhc
guard inkryal, cy!t'c pEfiy (Cp) and
zeo paddinS (ZPl.tn rhe cJctrc prcfix
rcP) rh. lon pan ot rhe nme domain
OFDM syobol is .opien ed pul as a
pE6mble. which $res as a SxJd pe od
ro cohbat rsl Ih. oFDM synbol
dumton T, rhen oriE,nales koE lhe sufr
of lhe duEiio. ol cxtension and usetul
symbol inre al, Ts and T,, respecrivery,
65hoM n fiBlre l2)[2,t0]
Another approach for ClaE teeinE
symbol d€l@bbihy over rsl cha"nels is
ro modib rhe oFDM setuD. tn{.dd .f
indlcin! rhe c?. cach tFiT nm..se,j
block k zm padded Zp. byaL t;n man)
2eros 4 tlre chdnel ords lfrh. nlmh.r
of ab.padded equa I uyclLc oEltr
lmsrh. rhe zP.oFDM lnd cP riFDM
rramnission have rhe same s.ech,r
erfici€ncy12,l()l.
3. OFDM SEten Mod.t

The OFDM syseh nodet is
shoM ib figud (3), The input srial dala
strean is lorhafted into the lord size
requiEd lor hdsmhsion. Tne dat. k
fien tEnsmired in parattet by sssienrns
eo(h dala qord ro one cdrier in rh;
fi'ansoission. The dal. ro be rhnsmnt d
on e,ch caftior is nodulated in to a psK
fomat, The data on each svnb.t k
mapped and a lSK signot h ;encmed,
H.re we usd BPSK modulati.o. Aft.r
the Equied speh.uh is $lrked out, an
invebe Fowier tmnsforn h used lo fihd
rhe cotresponding time wavetom. The

rircsie'ioi oroEDM syncm Eih-chlrr by us[s

s0ed period h lhen added to rho slal1 of
eeh syhbol. The guard periods used
heE are clclic prenx (cP) md &o

A chan.el model is lhen lpplied
to lhe t@snited sisnal. The model
aliows for thc sielal lo noise ,atio 6nd
nultipath to b€ conmlled. The signat ro
noke latio is sel by addinS a knowi
.mounr ol whiie noise to the tQnsnnted

The Eceiver bsiqlly does lhe
invee olehtion ro the ftnsmifi.r, The
guard period is @mo!ed. Tne FFT ot
each sybbol h then laken ro ffnd lhe
original llmsmitted spectrun, E&h
fianmirted canie! h th€n €vrluaEd and
conleded bdck to lhe dala word by
n€modulatin8 lhe Eceived synbot, Ttr
dao words are then combined b&k to rhe
s@e *ord siz. as fie oiginal dar!.
!. The Ptupo*d Dlrod-S{ucn..
oEDM Svst h

There arc lwo conmon wlys ot
sr@ding ! sisnal. spregding in tiEe
which is usually refefted 10 as dnect
scque.ce spr€d specton (Ds/ss), and
spr€adins in lreqlency, also knom as
&eqlocy fioppi.g sprqd specrrum
(FrrSS)[8,11]. In rhh work lhe DS/SS
aas used. L DS/SS the specrrum
sprcading is efccte<t by mulliplying th€
dala s(0 by rhe sp@diis code co. rn
lhn case. holh 6E ssuned lo be bina,X
sequence taking on 6e value +l lnd -1.
Thc duBdon ol data bn is T!, and rhe
dumion of spreading code chip, catted
chip petiod, is T., TheE &o usuall,
many chips p.r bi! so that T!<<Ib The
spreding code is chose. to havc the
propenies of o rsdoh binary sequence,
a. oie. used choi€ aor c(t) is a Prv
$q,.,.?, Hoseveij a scqucnce h
geieded using nonlinear Aenerarion
lechnlques h used lor security
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The proposed diEct sequene
OFDM syslem G shown in neue(4). The
spreadi.g geneetor pfi aad binary dala
sou@ ro sptad the orisinal dala
accordin8 to processing sain. fte
Hadmdd Walsh code used to spead 6e
dala, The Hadm$d wahh code is used
b@use it is an oltinum orlhogonal st
dd do nor have to pay anention to lhe
auto{relalion charaderisiic of the
spFading codes. At r.cei*r the
synchonized spreading genmtor is used
lo despr@d th. eovdFd data.
5, Conouter Sinrlatiop RButlsr -

An OFDM system 16 simul.t d
using Marlab 10 auw vdious paeeleB
olihe sysem lo be vaned od tesled. The
dh of doing lhe simulalion ws 10
mesure th. perlomde of OFDM wilh
Rayleigb fadi.g mobile 6dio channel
conditions. ed 10 allow for diileenl
OFDM co.n8uratio.s to be tested.
FunnermoE, tte pqlomece of
proposer! DS/SSOFDM sysiem te$ed
under th€ sEe condnions wnh diilerenl
spreadi4 s.quene genera&r n?e. The

Pamet€rs lod system co.fisuralion
usen ir fic simulati.n dan be summ,ri?€d

2 Mbps
BPSK
64,128,s12,

64,t28,512,

2MH.

254 Hz

hwdig"hdomMsF@EnfudndbyU3h!

Thc compeison berween
pefomance of sinele oatrier syslem and
OFDM system (whei numbo ol
subcmier N =123) over Rayliegb ladinB
hobil. ndio chenal is as shoM in FiE
(5). u is cl€ar llat the p€rlomanc. of
OFDM is bener lhon lhe perfomane of
single caFier by abour lo dB at bit emr
Bre L0'. Tnis advontaee rn Eoin sdue ro
the cdcellalion of fadinB elfeds by the

To iivstisut. $e eff@t of
nuober of subceior on lhc OFDM
systcm extE resr uas @ried ou. 6
shown in FiBUre (6) Frcn the figure,lhe
perfomance ol system is e.noned as lhe
number of subc.dler increaes.

The etrect ol addi.s o cyclic
prefix (CP) in OFDM gives advdtages
ahoui 6 dB Nhen N=i54 ruhcrrier and

about 3 dB when N=128, 256, and 512
coBnsred Nirh oFDM at bn emr mk l0-
- as shoM rn xque (/) lh6 edvdrrse
8lined becaus the itecdier inrerterence
(lcl) is remaven or reduced in CP-
OFDM and also complete c $llstion oi
inle$ymbol in&.fe6nce occuFed. rhe
eflecl ol addi.g cyclic prefix increaed
with incl%ed numb.r ol palhs in

When zerc padding (ZP) is used
insread of crtlic Oefix (CP), it giv$
advantages aboul t dB when N=64
subca er, dd aboul 2 dB when N=128,
256, &d 512 (odpaed.wirh OFDM

dcurc (8). Thsefoe. $. cP-orDM
gives bener advdrages do the zP.
OFDM.

A conpdison beN*. lhc
perlornmce oa OIDM, CP-OFDM, and
ZP-ofDM al rumbor of subcarier
N:128 wd made d shoM in figue (9).
F@m $e ligure, ir can see drat rhe besr
perlomance occuE in CP-OFDM.
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The rclalion benvec. the .umber
or subcniets (N) and rhe values of
EbNo in dB at bir eEor iare (BER) =lo-r
h shown in llgure (10), The Eb4.,ro
decleased with lne incr.ased vatuc ofN.
The reladon bdween the number of
submnieB (N) dd the vales ot BDR a!
EbNo =l]dB k shoM ii figm (Il).
The BIR is daEased wilh rhe inctused

The pe.lormmce ol rnsle.dtrier
d ..( sequence spread soe(rum IDS/SSj
cm be simulared by usns gord code.
q th renFh sequence eoual to tt ss
spr.adins seneBror (proc,$i.e sain=jl)s +o\n jn figuE lt2) The sd\ontge
b, usingDS/SS syrem €bou2.l dB ar bn
enor mre l0')ompmd uirh unspEad ne

Tne ptrfomone of rhe proposed
DS/SS/OFDN{ sy$em .o6peed silh
DS/SS single caftier systeE is shoxn i.
figuE I l) In rhis len. lne prcpo*d
,rnem used rhe walsh H.damrd mdP i\
spre:d ng generrror, ,vtrh lffEh=t2 &d
rhe nuhbn of subcki; N=t2s
Funheimore, a compaien between
perlomece of OFDM system and
prcposed DS/SS/oFDM system h shown
in figurc I l4r. Froh fiEurc (D) it k ltee
lhai abour 5dB a' BER=10'1 n sained br
dsins rhe prcoosed DS/SS/OIDI! lvftn
coopared with DS/SS single ;arGi
sysrefr. whie lom ncue (14),r js ctear
$* abotrr adB r BER=]0'r i5 Sarned b,
usins rhe proposed DS/5S/OFDM rsrem
cotopired with OFDM s!ftfr
Thereforc, ihe proposed sysle( bettsr
tho OFDM slslen.nd DS/SS sysrem.
6.Conclusions

Irom the above resulis. i c,n he
concruded thst rhe cP oFDM and zP-
OFDM glves adv,nrlees vhen inserred ii
OFDM symbol because ir Emove
inteNymbol inlerlereice ISt aid Educe
inle&nier inte.feranoe ICl. The cp-

hwnhdior doFDM srbn Esaram by ushe

OFDM Bives bekr pe ormancoda!ZP
oFDM. Th€ pcrlo@ance ol oFDM
sysren is ffhancod wi$ lhe incEased
numher ol subcanier. However, thh
nrcrease h limitcd b, the I'equency
ofset. The pe6mance of rhe OFDM
systeE can be enhucad lunher by lhe
use olpropo*d DS/SS/OFDM s)rem b,
lbour 9dB at aER=Io'] Thh
enhan@mcnr in perfomance according
to the advantlges of sprcad specrum
stnen. Also ihe pefomanc ol lhe
DS/SS single ca ier synem cm be
cnhanc.d by lhe use ol pmposd
DS/SS/OFDM svqem bv shour sdB 'rBER=lor. rhs ".i,."".-."' "pcrfomance accoding ro lhe ldvant ges
ol OFDM syslch. Thee lore the
proposed systen eives a bener
perlomlnce lhm lhe OFDM system and
DS/SS sinsle trier systen
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Fig.(l) OFDM system implemented with FFT
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OFDMTranshitle.

IFF'T

Radio Chatrnel Model

OFDM Reciever

Fig(3) OIDMModel Used in Sinutatio.
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OTDM

0

Fig(4) Propos! DS/SS- OFDM sysam
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Fig,( l4) A compariso. beMeen perfomece ofOFDM sysrefi .nd
DS/SS/OFDM syslen at (lroesi.g eain =12, N=]23)
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