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ABSTRACT

This thesis proposes the peak to average power ratio (PAPR) reduction in orthogonal
frequency division multiplexing (OFDM) system using smooth clipping method, to reduce peak
amplitude of OFDM signal and becomes limited to desired maximum level appropriate to the
high power amplifier (HPA) in transmitter. This thesis presents various computer simulation
results to verify the proposed method as comparing with the conventional PAPR reduction
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the improvement of bit error rate performance of OFDM system. The proposed method can be

reduced the iteration number of clipping noise compensation under nonlinear channel.
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Soyaiignaslifuniosudrssun o sudludeyafignuegumauuy psk
HIBUUY QAM c?a‘lumwmﬂ%”Uﬂ’fayawNﬁmm%’"mi"mfuﬂz¢’faam1uﬁ1l,ﬂﬁuawauwﬁgﬂ
$198evesndumidesou c?ﬂﬂtl‘ﬁ'a"lﬂuz’{mﬂﬁuazuauwﬁgmmﬁfymgmfmzﬁmiuJ?i'u
wlaswwugy uaglumsasrndudeyauvnTaBisus (Coherent detection) 1uvzldnns
Usznauitemaurauaziounigadudvesndunnicon c?aiun1smsa%%’u%’auua1fu"lﬁ"lﬁ’q

a A [y =% ] a v ° =t =1 o Y o o L4
mnmlmmzueuwagﬂmNnumummqmm Lmwn1manscmmemﬂmﬂy,a1umgams;iu

i 4
Aeuniiiany
RF Coherent Binary
—> —> » . —> i ine F—>1 ing —>output
Receiver ADC FFT Detection Deinterleaving Decoding datg

Channel
estimation

H A o/ -4 4 o
UM 212 ydenlreuninveuniesiyTewrAby Allnsasansudeyauny Tagisuy

I » >
Phase o
shifter Decision[—Data
Q > P>
»  Symbol 4 T 44
timing
»| regenerator
»  Phase
L —p»| controller
Frame
»| timing
»{ regenerator
— Amplitude
»| regenerator

! ¢
U1 2.13 msasaedudeyauuu TaBisunl (Coherent Detection)

' 4 ™ & o [
nngdil 2.2 udasudenlasunsuvsuniessussuy oSy Fandeinims
uonnNudINgee RNy aUanUNALaziImsdsunndyynewiaeniduisasa

A a A PR 1 yit] o a9 & s
lW’B'V]']ﬂ']iﬂilﬂﬂlaﬁ N aaUNIMyDY L) uﬁngzymmammnmuns:uQums FFT cm‘luuﬂas
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¥
dydnwei TeevlAduiuiezsznoudasdeyauny QAM nie PSK $1uu N i tazeeiinis

o
(]

=)

euveudauazmadouulasveweundgah luniven iflssninguauiidvesyes
as P g a ] & 1 o g s 4 o A
dygnanaduauniIuIMeTeIdunduniesy sauiimsamamdsuvensiuiia
{ A a ] ) [} o/ . n‘: o
AMvIMansessy Tasludauvesmsdsenaisiyesdyaal (Channel estimation) 1 92
' a = A LAl A 1 [ o
mamAuHduazieundgaduBvemnaiuniies wetaslumsutlasnindydnyeiTewed

Adududeyaluws Tavmsasaedudeyauuylndisud degud 2.13

2.2 msmfﬁé’ﬂﬂihuhﬁaa1uaa§aqaqmmmﬁ'mgtymimaﬂﬁné’u

ABATIAIUMANIUGIYA (PAPR: Peak to Average Power Ratio) ﬁ’e)?hmﬁ’\?\ﬂu‘f;‘?
vazgegaifisuiumssnumivesduynio Teddy x(t) W 1 foydnvel (7) $
awnsouaas ldasaums (2.8) [21,051,061,(13]

max [Ix(t)l2 :

E[ x|

PAPR[x(1),T] = (2.8)

[]
=1

1o max“x(f)lz] AefidInIuF v NgIgauesdyana uazE[[x(t)lz] flof

o o a o v oA, a 4 o o
Masnumasyesdygulugnninimsieisan 7 €[0,7] vin (2.5) e G BILMLIAG!

wyAd x() Nawity

N-l
x(1)= ) (X&) (2.9)
n=0
k 4 Y 4
Tay f”=NT waz t=nl, wesnndygiuleevddududyguneumin
b

L4
v

audyanavanuud leeWaBumusadou lddeaums (2.10)
x(t)=m,(t)+ Jmy(?) (2.10)
1o m,(f) =Re{x(f)} uaz my(t) =Im{x(r)} NnaumMs (2.10) eitmsusgian

o o ad y o Y o A o ) A a ' ° 1 o
dygrasuauuud leeWavudifudifuadund £, ufeaiuing douimsdedayanule

Ayl uvesdyana szannsadouldfeaunts 2.12)
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x,(f) = Re{x(e**} @.11)
= x,(t)cos(j2z f.£) - jx, (H)sin(j2z f.1) (2.12)

a A ¢ A a4 A a a Y o o o s o
ANdvendumMTMIaaudatuIngivegaaihiudyanaumuuud oAy
4 ' ' o o a
wiinnudganiuuuainivesdygialemdddunn £ >> N/T uagnnaumsii (2.8)
' a o o o A o a1 W
Agegavesvesdaaa Teelfioundmnnmsueqaadiuadund x,(f) szlisdauns

(2.13)

max |x, (f)| ~ max |x(?)| (2.13)

¥ P

iiedeyandinimnTesas Imsuegaaluuuy QAM sransamiidenumasves

U

Toyeal E{lxc(t)lz} 130 naums (2.14)

E :lx(t)r']
2

(2.14)

%, (t)|2] = %E[Ix,. (r)]z] + %E“xq (r)ﬂ 2

7|

: : 4
MAaNMIN (2.13) Uaz (2.14) Wedeyaiidinninsesds inmsuegmaluiuy QAM

Y

waunsamal PAPR vesdyauleewdduiirumsuegaadhdunduny (£) 1ddq

Uy (2.16)

PAPR[x,(1)] = %ﬂi(%l (2.15)
x (¢
~ max[lx(t)l :l =2PAPR[x(?)] (2.16)

N E[[x, (t)|2]/2



A e
SANDTUANTN NITTOUNANIANTZIN I
Q

4' U o W
2.3 IRTBIVENYTYYIMAINIGS

o ad v ° ° ] o A o Q’l’ 9 ° o/ b 4

doygnuTeevanunewinsimsdalfuaiesiuin deuhnsvnedyanudae
(AF99V81011189g9 (HPA: High Power Amplifier) tite 1 doyana ToleWABudmdsnuiivane
4 % N 4 1 Q" Q’I’ 1 IS
Hiransadunnliteduniesi ud HPA #ldeginlihiueelinnm hidhuFaduveans
vedgyana e immnsanimsvneldnaeadivesdygnaiidmimesuynusanies
YeeR0dasIMIvedynaufoai [1-2],[5-7]

Y

Taudie g(-) AeiladduanuliduFuduves HPA oz x Aedwanafidhuims

o

y []
ouyn duiudygiui ldnneniynues HPA aunsauaaslddeaums 2.17)
xf =g(x) (2.17)

§ o a o o 3 4
uaziiedygadumiludyguaoilemeIat (Continuous-time signal) 910 (2.17)

v lAdygaueniynues HPA A1aums (2.18)

x8 [t] gy g(x[t]) (2.18)

ienaoy HPA muilvidudeliios £ uazdasimsverwgagavenniotuniomhds
bl H 3
guiidunfiy o dniuld |7 (x)|<elx nie f=ag uazeniynmgegaigadudives

ke 2
HPA fio 4 aniudisvinaueundgavesdyaaduyniisiganng v lddyanaueiyn &

qUNIS (2.19)
le(x)|< 4 (2.19)

4 ; -3 o’: o
waziiodayanaduymyes HPA fiswiiiy x =|x]e’*™ = pe/* Fuiuselddayana

1BIMYNUBY HPA FIaun5 (2.20)

g(x)=F|[p]e (#+0le) (2.20)

L

e F[p] waz ©[p] fequdnvuzmsdounammueunigauaziaves

Tyaaueniynii 1den HPA
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o a

4 o @& o " @ n’: ' P (K] n‘; [~
inFesnwiidageildiuegia liulieguarnlszian Fawdazdsznminniinu
dnvaziansuesnly 1dun
4 o @ .. - ' a
1. 1AT0UMAIGUUY Soft Limiter (SL) Feannsomaweundyauazimaves

Tyanaueniym ladsaunisii 2.21) uaz (2.22)

_|p ps4
F[p]—{A’ > A - 21
®[p]=0 (2:22)

1N (221) ey (2.22) wavesdygamemiynivee lulimsuauudauiedisudiy

v v

L4
Fyanusuwn auiuvinamisalou lddaunms 2.23)

Ae?, | o> 4

g(x)={ % o< (2.23)

A o o :ly L sq g (] A [~ =
umﬂsawmﬂmmqqnmu SL uﬂz"lnﬂaau"l*mwwaw Lummmﬂumsmnmzm

gnself Idqaaidamail@nd ldmwaunisdhadu

2. Lﬂ?ﬂwmﬂmﬁ'ﬂQQLLUUT“KaﬂﬂM‘ﬂ (SSPA: Solid-State Power Amplifier) ﬁﬂm

anvaizveeundyauazMavesdy eIy faums (2.24) uag (2.25)

Flp]= —# (2.24)
2p
[l A (LO-J :'
A
®[p]=0 (2.25)

A P} = I’ a [] o o = 9/ ] a o &
e P fewinilimesmugumsnasunlasmngniduiudugyadudiveunies
2 1 1w o LY | Y 4 o o
VY HIMIn P ﬁmmmu 0 llg’J SSPA ﬂ%$ﬁﬂﬂl'ﬁﬂ‘Bﬂlz'ﬁﬂé"lﬂﬂ’ljlﬂiﬂﬁ‘llﬂ'lf]ﬂ']ﬁﬂq\ill‘lj'ﬂ

Soft Limiter ..
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23.1 wansznvomadbifhufaduveuniosvenoindegs

dendumvidevvesdyana Toenfduiimaadudumadavesdyaassh iy
uauw?ugmmﬁmm1miawm$1fuﬁfi1qq Faozihlde PAPR fishge uamilervhimsven
dyanudnandas HPA s dyanaiildmaueniynues HPA Sdnuuzgnuduusegn
AANIUBUNATAVDI TRy 104 iosnnmshnuiigasudives HPA Sevshuiluaungiivh s
ANUNUIMUNMAUTITnATY (PSD: Power Spectral Density) uanti1umm‘€§ua;€m1ﬁ¢1
wanfiadoya (BER: Bit Error Rate) fifufiniiy amsiiiuiuues pSD wentmmmuiiiu
pwhififamaunsnaeasenindunnuifldoudifiosd denaldaussousvesssund
fdag

Tavii Wudraunsovenganmuthufaduyss Bpa oflugivesmsasdaumi
nueyngagaremindsvesdyanmeniyn FauSund1 Ouput Back Off (OBO)

usama ldasaunsi (2.26)

2

OBO=10log W

[4B] (2.26)

wieawisovengunmuiududuves HPA sglugdvesddasidaumdanuent
1 o W d. S a é ~ T v
WngagaremdwTntoveddyanuduym $uSundt nput Back Off (IBO) #wsoma1la

A uN1IN (2.27)

2

E[|x(:)[2]

IBO=10log [dB] (227)

23.1.1 MafsduvesmaImmuIumuTwanFuuentiua g

Lﬁaﬁtytymﬁ'k’fmmmﬁwmm HPA ﬁyugnmﬁw%’agné‘fﬂmmauwﬁgmraqﬁtynuhm
e lifududuves HPA wardsfivzifatuamanfonsmuauyesinumn
wiuddudaalnasuuenduanud nﬁmmnnmﬁw‘ffwmm{uaﬁnmmﬁfgmomﬁﬁmi

i N =) L4 e é d'
wasuzinsuilesnnmsvdunsedavendayniu Swaasldalugld 2.14
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——— |BO=5dB
~-~- 1BO=9dB

1.5 2 2.5 3
Normalized Frequency, fT/N

q' @ o o a g [ o 9
Jin 2.14 dnvazanlnaiuvesdyg s Toewaiby nassnmsversdyenndae HPA

4 s [ o o s o
1IngU7 2.14 uarasdnpuzadnasuvesdygiu ToeWaidy ndsnnmsveedygiu

.
=)

' -a' 13 L 1] d' o W J
#v HPA sztiuhmsiindinuesan PSD wond1uadnd szualsundudus 180 Tauiile 1BO
a (IR {d a d & { o a
fifhge AuermehgaeiiluBaduves HPA Aigatunw uaz Tomaidqanaieniynizgaudy
. g 2 = @ u’:, ] 4 o T 3 v w
niednvoaniiuiiiesas daiy PsD wendmamdldauiiisaans udlumenduiunia
1 o dd A &5 [~ o o d
IBO iifhanas uerashiyniitiu@aduves HPA funanasmn Temanduyansueninnee
a A e A da S dq ¥ da s A X °
Qnuauniodaveanduniuiniu AU PSD usnAud ldaunlinuiuiuaiy uazerh

MWinamsunsnasaszniniuanudnlsudrufodld

D\ 3 "o N C~,
2.3.1.2 matfinvuvesmdnnImsRanaaindeya
= A @ o/ v & bl ] ﬂ a g g ot ° Y
mMsvavusedaveadygaduiennany iilhuguduves HPA Wuilnathlde
o = - \ Q’ 3 4 4 1 4
Sasimsianatadiadoyn (BER) vesszuuiiAuiuiiu diesnnadunivitesvesdoyanule

ad & 4 d a 44 2 I @ P
eWARNTUgNIUNUIINATUITNOUATIRNAY Feeansoudafaaun1sh (2.28)

xf = g(x,) =kEx, +d*® (2.28)
e x, Avdygmduynves HPA lugianal « Aesan uag &% femanu i
a @ i a é’ o i )
Fuduves HPA uae 4% Aedygrusuniuiifatufudoyalunamesin X v M-
oo [] a o 3 {
QAM n3e M-pSK TauilsdduniuliifuBadu g¢) dutunnaums .28) 452 il

AINIANNTT (2.29)
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d%8 =g(x )-k®x, (2.29)

deamninzdud [x| fdunnnd A vidy 20(4) awsommimidsaumdoves

Tonusuniu (o2) Ainsedifudoya vy Tadaaunsi 2.30)

—x?
_;m _ 2 202 : .
o’ = Gee Aj(x g(x))?e** dx (2.30)

o 7o [} ]
Lmzmmmuﬁmaﬂ‘ymz"lﬂazuniuﬁqn‘vumwwmuuummmmuwzrﬂu (pdf)

Qo d' L o o d' o J o {
yesdganaueniyniignuaveadygialas HPA tosdygiasuniufidaiu degui 2.15

pdf(x) ; pdf(g(x))

; L b O - g0 =x+d
I

F

pdf(d)

g1 2.15 Tasunsuilandunrumuinivvesndnningdu vee x, g(x) uaz x—g(x)

uazgunsamadasdInvesdygrudedyaasuniy (SNR: Signal to Noise

Ratio) l@91naunis (2.32)

SNR = il Txk (232)

A 2 o ' o
die o}, =03, |H,[ fedasimsvervvesvesdyn s (Channel gain) uas o, fio

v W e

s { 4 -3 ‘; -3 A 4 o
yayusunuiwiessuinsshfudydnuald £ Sulledmuald o, Wuuuy AWGN
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@ o LA

aunsammeasIimsAanatndaanyol (SER: Symbol Error Rate) ¥0edqydnyaltos M-QAM

1ddsaruns (2.33)

‘ )Q 5K 239

SER ~4|1-——
[ JM M-1

4 v v 1w o o @ T w
Tugali 2.16 uamannuduiusvesaignsimshanandydnuel (SER) uazA1das
danvesdyanuneduanasunIuSNR) uaznngilziiiuiuile SNR fisanasvziinariln
v oA 3 4 (R -
SER fiAufindu uazeingdeziudin SER 9114910 Gauss Approximation B #3093 1n0A1A1S

2.33) wziinnwlndifvedud 1dvinmssaeunniiga

] —a—  Simulation

107°k{ = -~  Gauss Approx B
i{ —+—  Gauss Approx
ot R == Ideal 5
10‘6 1 2 . n : i '3 2

7 8 9 10 13 14 15

1 12
Equivalent SNR

31 2.16 muduiusvesmdasinisianandaydnyal (SER) uaza1 Sastauvesdya i

] s

ADAYYIUTUNIU(SNR)

v v
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2.4 MIAAMOATIEIUMAINUTIGAUVUNHGIH

as

MsanmBATITIuMAIUgega (PAPR) maﬁ'muﬂpmiamﬂﬁﬁmfu e I dayey et
Yusieh PAPR fimnzaufuquautalumsvnodyanaves HPA woziite¥msneuaues
¥84 HPA ﬁaﬁtgmgmﬁﬁ’f’ummsﬁuwweg'“lu‘]hqﬁﬁ‘lm%mﬁumnﬁqﬂ HaezgawanTenaiioz
widifamsvauniedaveadayanuleeddulae HPA lunisaan1 PAPR voadyanale
mﬂ?ué‘niﬂﬂ?’ﬁnﬁﬁmﬂﬂﬁmmﬁmﬁu wﬁ1msf‘imuﬂ‘umﬂuauwﬁgmmﬁmmmﬁuumﬁa
TWiie PAPR Fmmnzaufuguandalumsvniodan uues HPA uaz;ﬂﬁ 2.17 ueaq
An¥ULMIanf1 PAPR Tﬂamsﬁﬂuaﬂﬁ’mumum“luuuvﬁugm Faazldladduluntsdaven
ﬁmwmmmumsﬁ (2.34) wazimsangsueiinuendiunmaiiannnsdaseadaaa

Taomsnsesdaaauuunuusg dudaslugli 2.17

PAPR reduction

X i E A .
—%5! Clipping e, Filtering = t HPA
5171 2.17 msans1 PAPR Taunisdnsendeya o
X, 3 'x,,| <A
Ve = 0<k<N-1 (2.34)

A=) x| > 4

i x, fodyanalemWdiBuas 4 ﬁauauwﬁgmaQﬁmumumimaﬂﬁgé‘uﬁﬁmms i
nnaums (2.34) deszduvesdyadunmiileni 4 sefudaanoueniyni 8feed
shfudyausuym uazifiessfudyanusuymannimioniiu 4 szduvesdyga
pymzfusTAY A4 Taoiifreansa meavesdygimes Wiimsn/fouag &
ﬁﬂymzmaaﬁagmgm*?imﬁ’mﬁ"uuaﬂ‘luunuﬁfugmﬁ"’u mmsmmm"lﬁ’fﬁagﬂﬁ 2.18 UATYFN

naiidygugndaveadie 7, 0 7-7,
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~
Y

4 v o 7 4 4
3U7 2.18 dnvaizdygrungndaseanduluuuyinig v

Wiedyananuauuus loenady x(7) fsuiy

N-1
W)= 2@ v (2.35)

n=0

E; o A o o g Q‘J
VIneuMsH (2.35) Ay TeenAiduligndaseadyana lutuuiugu szlifladdu

AuaunIsi (2.36)

y(t):{x(t) ;0st<7, N(#—-17,)<t<7, (2.36)

J@  nsts(r-z)
910 (2.35) uag (2.36) 92 laflsiduvesdynna lusrunafiveanaugndasen lilfie
f(@)=4 7, <t<(7r-1,) (2.37)

maeynsuyfiSosiFuend InnuGoaves £() 110 (2.37) s¢ldmamauns (2.38)
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F=gn (nzr%) (2.38)

n
nz

NS1LRNUIIN (238) 0 f(F)= D Fe™™ v laauaums (2.39)

n=—c

fo=2 i lsin(m-;fg-)ef"%' . (239)

n=—

o A S o A4 R o o Y a 4 o

ﬂ-lﬂ?‘lh’l 2.7 WA 7 WHUAUNNUY HAAIIYINIAN ﬂJﬂJJ]mQﬂﬂﬂﬂﬂﬂNﬂ’]uﬂmﬂlu 170

n‘: (=1 ] o A aa A o o a o] &' Yo
HUIN (2.39) i)ztﬂu'n81511911ﬂ‘ﬂlﬂﬂlu'ﬂqinﬂﬂ'ﬁﬂﬂﬂaﬂa’iyiy'lmilgn‘uu']ﬂﬂqqmu llﬁﬂ\ivlﬂﬂq

' } 4
s <

{ ° a v 4 Ea 1 o a
U7 2.19 uazagiIfidamssuniuszninndunidesthafioa 14 udersuedniifiniuuen

(I
dunnudifudiia lasmsnsesdagnanuuuuudmg dagui 2.17

i 20,05

11 2.19 aulnasuves £ () Wenldvua 7, uasnu T viaad
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NMAAMONTIIIUMAINUNATIgalaansinapad

= o A g
HUUIIUIIEUY 8!’6'18;’!!1]1]‘%1@93531]1]1@!91/‘]91!911

MsanA1sATIEINMANIUgIgA (PAPR) voudggaTeeWdiduldiisiminzan
4 []
fuguanta lumsvnedynuves HPA wWugslinisaeuausives HPA aedgyguiidh
a ' A a P2 <& ' P a a A w
wmduyneglusridudaduinniiga Fezyivanlemaiiziiansuivniedaven
(K] 14
dwanulay HPA Mldmanumuuniuddudenlnady (PSD) uentmawdinaiiuen
v
a g o LY 1 1 g
msvavvsedaveadygialay HPA Wy Haaeay dmaldaussouzvesszuvddiu lu
t 4
Imniinusatuiiinaueitnisannl PAPR vesdgniaulewdddulasitnisdaven
dyauuus1EeY (Smooth Clipping) UazIMsaad1 PSD vendn AT IR IWTBe
nAMIAaveadaas TaumsnseIdaRIMUUVHUUANIE
& v e o ad ° Y a %
Tuyniisgndniwuyiaessunlowdanuildlunsdasidisnsuiiunes uaz

Fmsaan1 PAPR vesdana Teevlddu TasnsdaseadyanauunsuGoy

0 A
3.1 nuud e nIaeas
a. & =t : B 4 ; 1
TuinefiwusildTsinsy Matlab lumssiaesszuy dagruunlumsdadoyain
' a P ] i S
szaelugiliuuved Burst Frame flaseardiamglfi 3.1 davzilszneuluian 1Suewda

(Preamble) $119u 1 daydnual nozdeyasuiu L dydnuel uazhidanivesyndadnusie

v W

& ' v 4 a '
gnmqﬂué’f’m‘mnmi’]mnu (GD L’Wilaﬂﬂ'lilﬂﬂﬂ'lilmiﬂﬁﬂﬂ‘i%ﬁ')'}\‘lﬁﬂmﬂyﬂr (IS1) 91nN1S

9
]

y
dadyanaruresdyanauuuiadwisiads uazilSusuiarzeiiduiveann Burst

4 o o a 7 o { o 4 o '
Frame (o 15d1m5ums$Ins luddyaansulanmuniossy wastlszinuainsasuaues

ANudYBIYeIFyIU
| Burst Frame >
Preamble Data Data T Data
GI | "symbol | O | symbor1 | GI | symbot2 | | G1 | symbol2
k_Psr;glnggle >« L Data Symbol >|
OFDM
GI symbol
bN-Ng byt B L

51U 3.1 Taseadveunlsudoyauuy Burst Frame
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16QAM I Zero )
Data Modulation Padding IFFT
e PAPRreduction ________
Up P E Bandpass I Smooth !
Converter | - HPA ! filter Clipping |

71/ 32 vfenlaesunsunesdeszunTeoviAidy

{ o 4 U é U
uaze1nglfl 3.2 wamsdnvuzvsunsesdiszunleeddvy Fulszneudavdlu

a v

suiladeyauuueynsy (Data) uuudy wazhnmswdsunndeyasynsuanuSigelnidu

1 4
9 & & o

Foyauvuuuu b, AlinawiSidas S M nqudeyalundasdydnual Auiusou

(]
9y e’: v W L4

tiadeyaavuanedydnyal (5) mansad@oulddsaunis (3.1)

o

b =Y (3.1)

P a 5 &
uaziile X, (n) Aedeyadadouinlavinmsveqaadeya b, Tuuuy 16QAM Falu
Qs o 4 u’: o " o 3/ LY o’: 1 o [ 4 a9 A
1 dydanyalvuesisvauminy M Jeya aviuluunasdydnvalssidoyane
[Xo(n), X\ (n),, X, ,(n)] u.aznﬁm’]mfTumiiumuua:ﬂﬁumﬂﬁaﬂizﬂinﬁnﬁnyaf
° R Ay K 4 9 Aoty 1w 4 o & 1 tY o
N5 lad 15unafe (zero padding) HIBYBYANUAUINUGUY Tudrrunouniuazua

v W o & '3 (- o {
nnqdgydnyel Fedlduaumity N-M Jeya dwaaslugliza

Zero Padding
X, .
by B Xy P
, > I
Data . | 16QAM - | IFET | * Paralle][—>
. |Modulation : : to Q
_bM_-l_, Xt > Serial | — 3
XNt |,
Zero Padding Gl "2"

.Y

51 3.3 m374d zero padding Wiudydnwal TeloWAidy
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é - ] ' Qy ° 1 o °o_ ] @
e {X, 1" uarldFTsumada Snauehiy N - M Tuddureuniuazndng
4 [] []
dydnual vinfudeyavuunuaiudzgmufouldeguuununmdienszurumsutandy
vheiyises (FFT) Taofi$uaugavesnszuaums IFFTmifu N 99 o2 lddganoTeevd

d H
BUNRNIN B x, MWAUMIN (3.2)

N-1
x, =) X  0<k<N-1 R X))

n=0

P o = o [
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3.4 MIMIMANITOUSVITSUY
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M15197 4.1 A5 1A ATWIATTIU IEEE 802.11a

Parameter Value

Channel Spacing 20 MHz

Number of IFFT point 64

Number of Sub-carrier 52

Carrier Spacing 312.5 MHz

Nominal Bandwidth 16.25 MHz

Effective Symbol Duration 3.2 uS

Guard Interval 0.8 uS

Modulation BPSK, QPSK, 16-QAM, 64-QAM
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Parameter Value

Modulation 16QAM
Demodulation Method Coherent Detection
Number of FFT point (&) 64

Number of Sub-carrier (M) 52

Allocated Frequency Bandwidth (W) 16.25 MHz
Symbol Duration 3.2usS

Effective Symbol Duration (7) 4.0 uS

Guard Interval (T,) 0.8 uS

Data rate 52 Mbps
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HANUIN .

Tsunsuilslumsdrassmsmniuvesssuuleo sy

96****************************************************************************

% TlsunsulumsdraesmsihnuvesszuuTowewdidy uas
% myaamsanammasnumdsgegadmsuszuuTeeraby
% Tasl¥msdnveadyanauuusivisoy

O e b e st s e o e s sk o s e ke sk e s o ke b ke obe s e s s ke s se s s o ok e s s s sk s ok e o s sk sk ok sk ok ok s sk sk s sk sk ok ok sk o ok s ok ok o ok ok sk ok sk e sk ok

clear all;

clc;

%%% Define the Randdom Message Points N %%%%%

BW=16.25;

NMess=16;

Nov=2;
N=52+(6*Nov);

M=52;

L=10;

CNst=10;

CNx=26;

Sten=2;

TgRatio=0.1;

Aver=1

Num_count=20;
D=sqrt(1/5);

DI_DS=1;
PO=sqrt(1-exp(-DI_DS));
Ets=round(M/BW);
Dg=Ets*TgRatio;
Ts=Ets+Dg;
DeltraF=round(BW/M);

% Band width = 16.25 MHz

% Range of SignalsB

% Number of FFT point

% Numbers of subscriber

% Number of Symbols
%Carrier to Noise ratio (dB)
%Carrier to Noise ratio (dB)

%Step of Carriet to Noise ration (dB)

%Numver of average

%Number of loop testing bits error performance.
%QAM Normalize to Average power equal 2
%Delay interval and Delay spread Ratio
%Multipath channel

% Effective Symbol Duration

% Guard Interval Duration D %%%

% Symbol Duration Ts %%%

% Deltra Frewuency
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DeltraT=Ets/N; % Deltra Time of symbol
Zerop=round((N-M)/2); %Number of Zero padding
Ng=round(Dg/(Ets/(N-(128*Nov)))); % Number of guard interval
Mess=M*L; % Number of Signals
Nt=N+Ng;

NNt=Nt*L;

L1=Zerop+1;
L2=Zerop+M;

96****************************************************************************

Iter_st=4;

Iter_sp=4;

for Niter=Iter_st:Iter_sp; %olterlation of compensation
for CN=CNst:Sten:CNXx; %Loop CN

for count=1:Num_count; %Loop Counter bits error

96****************************************************************************

0, WA LYY I
v

Zerol=zeros(1,Zerop);

RandSignal(1,1:Mess)=randint(1,Mess,NMess);

StoP=serial2parallel(RandSignal,M);

LengthSt=length(StoP(:,1)); %This Value equal Number of Subscriber
SubSt=length(StoP(1,:));

Signal=StoP;

% A

Oy s e s ook sl s s st s o s sk st skt ke s s s sk ok ke o sk sk stk ol ol sk o ok o sk s sk sk okl R ke e s s ok ok o sk sk sk o 3 ke e sk sk ok e s ook ok sk ok ok ok oK

% 16QAM Modulation
96****************************************************************************
y=Signal;
for k=1:LengthSt;
for i=1:M;
if y(k,i)==3, x(k,i)=(1+j*3)*D; %1 Quadrent
elseif y(k,i)}==2, x(k,D)=(3+j*3)*D;
elseif y(k,i)==7, x(k,i)=(1+j)*D;
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elseif y(k,i)==6, x(k,i)=(3+)*D;
elseif y(k,i)==1, x(k,i)=(-1+j*3)*D; %2 Quadrent
elseif y(k,i)==0, x(k,i)=(-3+j*3)*D;
elseif y(k,i)==5, x(k,i)=(-1+j)*D;
elseif y(k,i)==4, x(k,i)=(-3+j)*D;
elseif y(k,i)==11, x(k,D)=(1-j*3)*D; %3 Quadrent
elseif y(k,i)==10, x(k,i)=(3-j*3)*D;
elseif y(k,i)==15, x(k,i)=(1-)*D;
elseif y(k,i)==14, x(k,i)=(3-j)*D;
elseif y(k,i)==9, x(k,i)=(-1-j*3)*D; %4 Quadrent
elseif y(k,i)==8, x(k,i)=(-3-j*3)*D;
elseif y(k,i)==13, x(k,i)=(-1-))*D;
else x(k,i)=(-3-j)*D;
end
end

Txflk,1:M)=x(k,1:M);

Xt1(k, 1:N)=ifft([Zerol x(k,1:M) Zero1]).*sqrt(N);

Xt2(k,1:Nt)=[Xt1(k,N-Ng+1:N) Xt1(k,1:N)]; % Assume we have a frame delay.

end
Stx=Xt2;

%****************************************************************************

% Smooth Clipping

) oo oo o oo ok o ok o o R s o ok o
[Row_clip Col_clip}=size(Stx);

IN_clip=parallel2serial(Stx);

N_clip=length(IN_clip);

CLIP=4,

Pclip=6; %Clipping charteristic
CLIPmean_power=mean(IN_clip(1:N_clip).*conj(IN_clip(1:N_clip)));
A_clip=sqrt(10"(CLIP/10)*CLIPmean_power);
CLIPabs(1:N_clip)=abs(IN_clip(1:N_clip));
CLIP_ph(1:N_clip)=angle(IN_clip(1:N_clip));
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Pclip1=2*Pclip;

Pclip2=1/Pclipl;

for k=1:N_clip;
CLIPout(1,k)=CLIPabs(1,k)/((1+(CLIPabs(1,k)/sqrt(A_clip))"(Pclip1))*(Pclip2));

end

CLIPout1(1:N_clip)=CLIPout(1:N_clip); %XKeep input power equl output power.

OUT_clip(1:N_clip)=CLIPout1(1:N_clip).*exp(j*CLIP_ph(1:N_clip));

Stx=serial2parallel(OUT _clip,Col_clip);

O ek ke e s s st ot e e s s st o sfe f e s e st sfe e e s sk s sk s oo sl e ot e skl skt st ot e ke s ok e ok s s s sk st ok s e ool e e s ok ok o o sk ok ek ok ok ok

% Filter for Oversampling
O skttt kot AR KR AR Rk ok ot ok ok e e ok ok ok ok koot ok ok ok
for k=1:LengthSt;
Stx_fil(k, 1:N)=(fft(Stx(k,Ng+1:Nt)))./sqrt(N); %Remove guarg interval
Stx_fil2(k,1:M)=Stx_fil(k,L1:L2);
Stx_fil3(k,1:N)=ifft([Zerol Stx_fil2(k,1:M) Zero1]).*sqrt(N);
Stx_fil4(k,1:Nt)=[Stx_£il3(k,N-Ng+1:N) Stx_fil3(k,1:N)]; % Assume we have a frame delay.
end
Stx=Stx_fil4;
(%)****************************************************************************
% Solid-State Power Amplifiers (SSPA)
0y e e ekl s o ok sk o o ek kol ok Kook s o ok o kool ol oo o ok o oo o o ook sk
[Row_amp Col_amp]=size(Stx);
IN_amp=parallel2serial(Stx);
N_amp=length(IN_amp);
BOI=-4; %Back-off input
Pamp=6; %Pamp = control the smoothness of the transition form.
Pamp1=2*Pamp;
Pamp2=1/Pampl;

AMPmean_power=mean(IN_amp(1:N_amp).*conj(IN_amp(1:N_amp)));
AMP_nor(1:N_amp)=IN_amp(1:N_amp)./sqrt(tAMPmean_power); %Keep Power transmission

=1.
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AMP _nor1(1:N_amp)=sqrt(10°(BOI/10)).*AMP_nor(1:N_amp);
AMPabs(1:N_amp)=abs(AMP_nor1(1:N_amp));
AMP_ph(1:N_amp)=angle(AMP_nor1(1:N_amp));

for k=1:N_amp;

AMPout(1,k)=AMPabs(1,k)/((1+(AMPabs(1,k))(Pamp1))(Pamp2));

end

AMPout_aver=mean(AMPout(1:N_amp).2);
AMPout1(1:N_amp)=AMPout(1:N_amp).*sqrt(tAMPmean_power/AMPout_aver); %Keep
input power equl output power.

OUT_amp(1:N_amp)=AMPout1(1:N_amp).*exp(j* AMP_ph(1:N_amp));
Stx=serial2parallel(OUT_amp,Col_amp);

OUTmean_power=mean(Stx(:)'.*conj(Stx(:)"));
Stx=Stx.*sqrt(CLIPmean_power/OUTmean_power); %Keep power equal Original power,
for NAver=1:Aver; %Loop average

O skt e sk s o S R o R o b R A o R
% Noise

% side of noise refer input signal
96****************************************************************************
[Row_noise Col_noise}=size(Stx); %Stx is reference of noise

Noise=10(-CN/20);

randx=[randn(Row_noise,Col_noise)+j*randn(Row_noise,Col_noise)];

Awgn(1:Row_noise,:)=(Noise).*randx(1:Row_noise,:); %Random phase & Random Amplitude

96****************************************************************************

96****************************************************************************

Rtx=Stx+Awgn; %AWGN
Rtx=Rtx./sqrt(CLIPmean_power/OUTmean_power);
for k=1:LengthSt;

Rt_in_time(k,1:N)=Rtx(k,Ng+1:Nt);

Rit(k, 1:N)=(fft(Rt_in_time(k,1:N)))./sqrt(N); %Remove guarg interval
Rt(k,1:M)=Rit(k,L1:12); %./Hf est3(1,1:M); %Multi-path Fading
end

Adj_x=mean(x(:)".*conj(x(:)"));
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Rt_dar=Rt;
if Niter>0, %Check 0
Adj_Rt_dar=mean(Rt_dar(:)".*conj(Rt_dar(:)"));
Rt_dar1=Rt_dar.*sqrt(2/Adj_Rt_dar);
Rt_dar=Rt_darl;
for iter=1:Niter; %lterlation of compensation
0 e bk AR R o o A R R R R A R
for k=1:LengthSt;
for i=1:M; %Normal
rx=real(Rt_dar(k,i));
ry=imag(Rt_dar(k,i));
if rx>=0 & rx<2*D & ry>=2*D, Rr(k,D)=(1+j*3)*D; %1 Quadrent
elseif rx>=2*D & ry>=2*D, Rr(k,i)=(3+j*3)*D;
elseif rx>=0 & rx<2*D & ry>=0 & ry<2*D, Rr(k,i)=(1-+))*D;
elseif x>=2*D & ry>=0 & ry<2*D, Rr(k,i)=(3+j)*D;
elseif rx<=0 & rx>-2*D & ry>=2*D, Rr(k,i)=(-1+j*3)*D; %?2 Quadrent,
elseif rx<=-2*D & ry>=2*D, Rr(k,i)=(-3+j*3)*D;
elseif rx<=0 & rx>-2*D & ry>=0 & ry<2*D, Rr(k,i)=(-1+j)*D;
elseif rx<=-2*D & ry>=0 & ry<2*D, Rr(k,i)=(-3+j)*D;
elseif rx>=0 & rx<2*D & ry<=-2*D, Rr(k,i)=(1-j*3)*D; %3 Quadrent
elseif rx>=2*D & ry<=-2*D, Rr(k,i)=(3-j*3)*D;
elseif rx>=0 & rx<2*D & ry<=0 & ry>-2*D, Rr(k,i)=(1-j)*D;
elseif rx>=2*D & ry<=0 & ry>-2*D, Rr(k,1)=(3-j)*D;
elseif rx<=0 & rx>-2*D & ry<=-2*D, Rr(k,i)=(-1-j*3)*D; %3 Quadrent
elseif rx<=-2*D & ry<=-2*D, Rr(k,i)=(-3-j*3)*D;

elseif x<=0 & rx>-2*D & ry<=0 & ry>-2*D,  Rr(k,i)=(-1-))*D;
elseif  rx<=-2*D & ry<=0 & ry>-2*¥D, Rr(k,i)=(-3-j)*D;
end
end
Rtdec(k,1:M)=Rr(k,1:M); %MRC
end

O/ %okt ok ook KRR R Rk o o s ok o e ok ok o s o o R s o R
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for k=1:LengthSt;
Rtt2(k,1:N)=zeros(1,N);
Rtt2(k,L1:L2)=Rtdec(k,1:M);
Re_sspa_time(k,1:N)=ifft(Rtt2(k,1:N))*sqrt(N);
end
0 ek A A AR A AR AR AR AR A A e A A o
[Row_clip Col_clip]=size(Re_sspa_time);
IN_clip=parallel2serial(Re_sspa_time);
N_clip=length(IN_clip);
CLIPmean_power=mean(IN_clip(1:N_clip).*conj(IN_clip(1:N_clip)));
A_clip=sqrt(10~(CLIP/10)*CLIPmean_power);
CLIPabs(1:N_clip)=abs(IN_clip(1:N_clip));
CLIP ph(1:N_clip)=angle(IN_clip(1:N_clip));
for k=1:N_clip;
CLIPout(1,k)=CLIPabs(1,k)/((1+(CLIPabs(1,k)/sqrt(A_clip)*(Pclipl ) (Pclip2));
end
CLIPout1(1:N_clip)=CLIPout(1:N_clip); %Keep input power equl output power.
OUT _clip(1:N_clip)=CLIPout1(1:N_clip).*exp(j*CLIP_ph(1:N_clip));
Re_sspa_time_out=serial2parallel(OUT _clip,Col_clip);
for k=1:LengthSt;
Err_sspa_time(k,1:N)=Re_sspa_time(k,1:N)-Re_sspa_time_out(k,1:N);
end
for k=1:LengthSt;
Add_err_sspa(k,1:N)=fft(Err_sspa_time(k,1:N))./sqrt(N);
Rt2(k,1:M)=Rt(k,1:M)+Add_err_sspa(k,L1:L2);
end
Rt _dar=Rt2;

end %Loop for compensation

Adj_Rt2=mean(Rt2(:)".*conj(Rt2(:)"));
Rt=Rt2.*sqrt(2/Adj_Rt2);
end %Check iter=0



Adj_Rtxx=mean(Rt(:)". *conj(Rt(:)));
Rt=Rt.*sqrt(2/Adj_Rtxx);
for k=1:LengthSt;
for i=1:M;
rx=real(Rt(k,i));
ry=imag(Rt(k,i));
if rx>=0 & rx<2*D & ry>=2*D, Rr(k,i)=3;

%1 Quadrent

elseif rx>=2*D & ry>=2*D, Rr(k,i)=2;
elseif rx>=0 & rx<2*D & ry>=0 & ry<2*D, Rr(k,i)=7;
elseif rx>=2*D & ry>=0 & ry<2*D, Rr(k,i)=6;
elseif rx<=0 & rx>-2*D & ry>=2*D, Rr(k,i)=1; %2 Quadrent
elseif rx<=-2*D & ry>=2*D, Rr(k,i)=0;
elseif rx<=0 & rx>-2*D & ry>=0 & ry<2*D, Rr(k,i)=5;
elseif rx<=-2*D & ry>=0 & ry<2*D, Rr(k,i)=4;
elseif rix>=0 & rx<2*D & ry<=-2*D, Rrk,i)=11; %3 Quadrent
elseif rx>=2*D & ry<=-2*D, Rr(k,i)=10;
elseif x>=0 & rx<2*D & ry<=0 & ry>-2*D, Rr(k,i)=15;
elseif rx>=2*D & ry<=0 & ry>-2*D, Rr(k,i)=14;
elseif rx<=0 & rx>-2*D & ry<=-2*D, Rr(k,i)=9; %3 Quadrent
elseif  rx<=-2*D & ry<=-2*D, Rr(k,i)=8;
elseif rx<=0 & rx>-2*D & ry<=0 & ry>-2*D,  Rr(k,i)=13;
elseif  rx<=-2*D & ry<=0 & ry>-2*D, Rr(k,i)=12;
end
end
Out(k,1:M)=Rr(k,1:M); %MRC

end

Output=parallel2serial(Out);

96****************************************************************************

% Loop test Bits crror ratc performance

96****************************************************************************

Biterror(1,NAver)=biterr(RandSignal,Output);

end

%Loop average
o
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%

o, _— S
CBER(1,count)=mean(Biterror(1,:));

end %Loop Counter bits error
BERaver(1,CN)=sum(CBER);

PBERaver(1,CN)=BERaver(1,CN)./(4*Mess*Num_count); %2 is one information have 2 bits.
PBERaver

end %Loop CN
PBERniter(1,Niter+1)=PBERaver(1,CN);

end %]ILoop Number of iteration to compensate
figure;

semilogy(CNst:Sten:CNx,PBERaver(CNst:Stcn:CNx));
dlmwrite('pber_Perfl6QAMbothC.txt',PBERaver,\t");
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ABSTRACT

This paper proposes peak to average power ratio
(PAPR) reduction orthogonal frequency division
multiplexing (OFDM) system using smooth
clipping method, such that the peak amplitude of
OFDM  signal becomes limited to  desired
maximum {evel. Afler that, it passed though
filicring and nonlinear high power amplificr (HPA)
in transmitter, the out-of-band radiation reduced in
that adjacent channel interference to be occured. In
the receiver usc decision aided reconstruction
(DAR) technique for clipping noise compensation.
This paper presents various computer simulation
results to verify the proposed method as comparing
with the conventional PAPR reduction method. The
results shown the improvement of bit error rate
performance of OFDM system. The proposed
method can be reduced the iteration number of
clipping  noisc compensation under nonlinear
channel.

KEYWORDS
OFDM, PAPR, DAR and SSPA

i. INTRODUCTION

In the future, the current demands for the higher
speed data communication such as mobile
multimedia service, higher speed wireless local
area network (WLAN). The orthogonal frequency
division multiplexing (OFDM) transmission
technique can be served this demand. The OFDM
consists of a number of independently médulated
subcarriers, which can give a large peak-to-average
power ratio when added up coherently [3). And
when passes it through nonlinear high power
amplifier (HPA) [5], the bit crror rate and out-of-
band noise increasing, so that adjacent channel
interference (ACI) may be occurred.

Effect of nonlinearities on system performance,
when the transceiver signal suffer from nonlinear
distortion, the system experiences two main
problem, namely, power spectrum  density
degration and bit error rate increase [4]. One of the
disadvantages of using OFDM is the large peak-to-
average power ratio of OFDM signal. One popular
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solution is to limit ¢ clip the amplitude of OFDM
signal, however, increase the overall noise level by
introducing a clipping noise [1].

To recmedy the above problem, this paper
proposes a peak to average power ratio (PAPR) [4]
reduction  using smooth clipping. The paper
employs smooth clipping to improve the clipping
noise compensation of DAR method. In the
following of ihis paper, Section 2 persent the
OFDM system model assumed in this paper.
Section 3 persent the computer simulation results
to verify the proposed mothod. Finally we draw
some conclusions in Section 4.

2. THE SYSTEM MODEL

This section presents the OFDM system model
for the computer simulator including the structure
of transmitter and receiver.

2.1 Transmitter

Zero [FFT

Daia Modulation padding

U Non-lincar Smooth
Converter[] amplifier (] Pre-filter 4 Ciocine

Fig. 1. OFDM Transmitter block diagram

Figure 1 shows the block diagram of transmitter
for the OFDM system. Using smooth clipping
technique to reduce PAPR of OFDM signal before
passes through nonlinear HPA.

The modulated data converted to OFDM signal
by performing an IFFT can be written as [3]

1 & e
Xy == X el OgksN-1 (D
LUNET

Nl .
where {xn}"‘o is complex symbol signal and

N is the number of subcarriers. And then PAPR
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reduction to desired maximum level beforc pass
though filtering and nonlincar high power
amplifier. This paper proposes the smooth clipping
method to reduce PAPR of OFDM signal.

2.1.1 Hard Clipping.

Clipping is the simplest technique to reduce
PAPR of OFDM signal. The hard clipping is the
conventional clipping scheme, the clipping signal
can be written as {1]

=1 ot <4 0<ksN-1 Q@
i PRV P R )

where x, is OFDM signal, A is desired

clipping ratio is defined as the ratio of the clip level
to the average signal amplitude, the clip slope
value about zero. Figure 2 shows the characteristic
of conventional hard clipping. The clipping ration
(CR) is defined as

CR =20 logﬁ (dB) 3
(o)
s
liard Cl.ipping{
or Lincar
- W
3
%4
?5;!0
3
st
-20

20 .15 -10 -5 0 5 10 15 20
In put Signal (dB)

Fig. 2. The characteristic of conventional hard
clipping

2.1.2 Smooth Clipping

The propose method is smooth clipping which
similar to the solid state power amplifier (SSPA)
characteristic as shown in figure 3. The SSPA
output is written as [4]

yk(A)= ( 4 4)
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where A is input signal, A4, is the output as
saturation leve! and p is the parameter to controls

the smoothness of transition from the linear region
to the saturation region. Then PAPR of clipping
OFDM signal is expressed as [2]

max{ff }
P. APR:mwrh-clip;ml = -2 (5)
Ex,
S I
P=oo\"
0 - '.< :
= P=6
g
= P=1
Z.10-
é
.15+
T L 15 T 5 0 s

Input (dB)
Fig. 3. Characteristic of the SSPA.

The effect of clipping is out-of-band noise
increasing, so that ACI may be occurred. To
remedy problem of clipping, using filter has
bandpass property to get rid of the out-of-band
clipping noisc.

2.2 Receiver

Figure 3 shows the block diagram of recciver for
the OFDM  system using = decision aided
reconstruction (DAR) technique for clipping noise
compensation.

Channel
estimation

v
t Down Lol |EFT |3]Equalization

Converter

DATA

Fig. 3. OFDM Receiver block diagram
The received OFDM signal after removal of the
guard interval are
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M
=2 M Yimy tAWGN, 0<ksSN-1 (6)
rQ

Performing an FFT on {"k } in (6) gives
Z,=n,Y,+W, n

where A, is the channel impulse respond at lag
m and w, is the the AWGN.

To estimate of the clipping signal {},‘} by
performing IFFT on {)7" }. where

N

Y= ()

=

And then, decision on the transmitted symbol
are made in frequency domain as

X0 = “«‘3}’[251) -n,X|, 0snsN-1(9)

Where / represents an iteration number with an
initial value  / =0and Z,‘,O) =Z_ and then

converted back to the time domain using an IFFT,
yiclding new OFDM signal {,\7‘(/)}. The new

OFDM signal though c!ipiing process yielding

{;f(l)

smooth clipped signal X, as shown in figure 3.

The noise compensation can be found below as

e =z %" 0<ksN-1 (0

F =5, +el!) 0sksN-1 (@D

(n

Then, converted ),

to the frequency domain

yielding {}7"(/)} and increment the number
I=141 and go to (9)-(11) until completes the
I™ iteration of the DAR algorithm.

3. SIMULATION RESULT

[n this section, we provide the computer
simulation result of OFDM system conducted to
verify the proposecd method. The simulation
parameters are given in Table 1.

Figure 4., we can sce complementary cumulative
distribution function (CCDF) of PAPR, there are
PAPR mitigation of smooth and conventional hard
OFDM clipped signal are similarly.

The spectrum of smooth and cdnventional hard
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clipped signal can be shown in Fig. 5. Both the
clipping methods can be achieved to reduce 15 dB3
of the spectrum regrowth out side band.

Table 1. Simulation parameters

Parameter Value
Modulation 16QAM
Demodulation Method Coherent
Number of FFT point (N) 512
Number of Sub-carrier (M) 128
Allocated Frequency Bandwidth (W) | 5§ MHz
Symbol Duration 28.16 pS
EfTective Symbol Duration (Ts) 25.6 uS
Guard Interval 2.56 pS
100
Conventional
10! 1
A
2103
n Hard clipping
£ 103
s 1
e Sofi clipping
[¢ 9
& 101
O
MEST K 3T & I o
PAPR (dB)
Fig. 4. PAPR reduction
10 1
gr?z(.“;f* BO =6 g Comventiona)
g of Clipping=4d3 [ T e
=
G.10
& Ci tional
S-zo onventions
Ey
2

Smooth clipping

-mw ’

-0 -8 -6 -4

E &

200 2 4
Bandwidth (MHz)
Fig. 5. Spectrum regrowth of OFDM signal

Figure 6. shown the bit error rate performance
of smooth and conventional hard clipped OFDM
signal under the additive white gaussian noise
(AWGN) environment, the bit ecrror rate
performance of smooth clipping signal is better
than conventional hard clipped. The smooth
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clipping method use iteration number of clipping
noise compensation less than conventional hard
clipping in DAR process as shown in figure 7

1P
10 16QAM 1
SSPA P=6, IBO=4dB
mz( Clipping =4d0 1
§ 103 Smooth clipping  {
&
@ 1oy H? clipping
103
106, 1
107 t -

10 12 14 16 18 20 22 24 26
SNR (dB)

Fig. 6. BER performance under AWGN

akis

105k

Z0ls Hard elipping
o Smooth clipping
o yet?
= >
1
o3t ;
101.9
0 I 2 3 4

Iteration number

Fig. 7. Noise compensation performance of DAR

4. CONCLUSIONS

This paper proposed PAPR reduction for OFDM
system using smooth clipping method to reduce
peak amplitude of OFDM signal becomes limited
to desire maximum level. As the simulation results,
the bit error rate performance achieves better than
couventional hard clipping. The smooth clipping
uses short time for noisc compensation in DAR
algorithm less than the conventional method
because using the iteration number of clipping
noisc compensation less than conventional clipping
method. However, both the clipping methods can
be achieved to reduce 15 dB of the spectrum
regrowth out side band.

161

REFERENCES

(1] D. Kim and G. L. Stuber, “Clipping Noise
Mitigation for Decision-Aided
Reconstruction,™ [EEE  Communication
Letters, Vol. 3, pp. 4-6, Jan 1999.

(2] H. Gyoon Ryu, B. Il Jin and [. Bae Kim,
“PAPR Reduction Using Soft Clipping and
Rejection in  OFDM  System,” [EEE
Transaction on Consumer Electronics, Vol. 48,
pp. 17-22, Feb 2002.

(3] R. Van Nece and R. Prasad, OFDM for
Wircless Multimedia Communications, Artech
House Publishers, 2000.

[4] 1. Tellado, Multicarrier Modulation with Low
PAR, Kluwer Academic Publisher tech House
Publishers, 2000.

{5] J. Amistrong, “New OFDM Peak-to-Average
Power Reduction Scheme,” 1IEEE VTC20, pp.
756-760, Jun 2001,

(6] X. Liand L.J. Cimini, Jr., “Effects of clipping
and filtering on the performance of OFDM,” in
proc. VTC'97, May 1997, pp. 1634-1638.

85



1.

86

a z:; Vo A a d
Nmmmaammsw‘lmummwuw

E. Puttawong, P. Boonsrimuang, H. Kobayashi and T. Paungma, “PAPR Reduction using
Smooth Clipping in OFDM System,” 3" Information and Computer Engineering
Postgraduate (ICEP’2003), pp. 158-161, Songkla, Thailand, Jan 30-31, 2003

Wiy yayeSides enwug wnsied qawa yoduns uaz 03a A, «marfisitlszing
nmnﬁmwaﬁ’zyq,nmsnmmﬁmmnmsﬁ’ﬂaeﬂ&’cyzym&]H%’uszunimeﬂﬁxé‘u” ELp)
asaanszde T 19 afudi 4 Weusunan wih 50-55

013 funeanana eavug ynsad 03a fan ez WYY qUINBY, “MT0ONUUDMS
31«5umﬁawamm%"u’lummsmaaszunimﬁ’wﬁﬁv’uﬁmwnmzhmgﬂﬂa PCT” M3
dszguirnisniadainssu i adadt 21 (EECON-21) nugisnssueans

wn1ImndumaluTadnszoemndsuys 12-13 woadniou 2541



87

1] wa Y A
ISINRIVYYH
v d ¢ a A o oa o o o o o

wmenuf ynind Madiedud 25 nsngiau wea. 2518 Aifanadihs dudams
AnufSyanaiimassumanstiuda aninnssudidnnsedinduaz Tnsmnnay 9na
Sniranssudidnnseiinduaz Insavuiau augdeanssumaas aofuma TuTatwszeen
ndudisuys Tudlmsdne 2540 wazdfnyde lusedudiyan In nangasamnssumaens
wtludia mandeanssulidh augdmnssumand doiumaluladnszesumndudingo

nmsamnszile udlmseinu 2541





