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ABSTRACT

The Partial Transmit Sequence (PTS) method with low computational
complexity, called decomposition PTS sub-blocking was proposed which employs
the radix-2 inverse fast Fourier transform (IFFT) for the signals at the middle stages of
an N-point radix-2 IFFT and decimation in frequency (DIF) domain. This method (DIF-
IFFT) can reduce the computation complexity relatively with keeping the better PAPR
performance similar to other PTS techniques with using the same weighting factor. To
improve computation complexity for the PTS method, the Extended Split-Radix
inverse fast Fourier transform which can reduces the number of computation
complexity was proposed. However, the PAPR reduction performance is the same as
that for the radix-2 method. In this thesis, we propose a new weighting factor
technique in conjunction with DIF-PTS sub-blocking based on Extended Split-Radix
IFFT technique called Improve PTS (I-PTS) which can improve both the PAPR
performance and computation complexity without any increasing of side information.
This paper presents the various computer simulation results to verify the

effectiveness of proposed method.
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foya osnndeddndunideniiorlunisas deduidedaudesmsdsdoyaiiduTuaann
Tunandisie dnslunsdoyadsdnludosgemuluse waniflefinsTduluresdyaa
doanslimsannuiags wansenuain 1Sl JuRetu udidelfnadansiafmanduuuloion
Adalunsnmsdstoyaiiinisléadunridosvaeeduniouiu fudazadumvidosiiniiuds
anfudennnud ildanunsoldadunsidesvanaduildndoutulagliinnssuniudtu
menannswlstoyasanidudiug \edslufuaiuniigessnaglunanioniu vlisas
nsasdieyaludesdyanudosanas ieifisuiunmsdsioyationualufuadunideniien tdu
Aevilivesdygrandunwuu Narrow Band vinlinansgnuaindyunn 11 anasnuluse uay
Sefsuaemaftaziimanenndunsidesiioandeuthdeyalulfnu

Fewaiatnisdsteyarziasudoyanuvoynsduuuvruiunou uagdedoya
oonlundeufudiendunigesdivinstu uazidefearenefzinsasuteyanduain

wuuswudusuveynsy wethlldaussly

2.1 szuulaeWfdunugu

nmsfaRianduuuiisnudifeneainuselatenmdu iWunisdedyaruuuunans

[ ]

d' ¢ R Y] =~ 1%
AAuNvsULUUnisnldvannsdedyainnuuru (Parallel) nsanudlaedeyavzgndaly

=

Y a

) a ¢ 1 . ° & v ) a a0 ! adg v oA ¢
AUAAUNIEBY (Subcarrier) %']u’lu‘lﬁiN@'JEJ89']iqUGWW]WﬂqqﬂimﬂiﬂﬂaquwLﬂﬁn VNV

'
I a

TolanABuAfe YIELRNANUNUNIURBINARILUULADNALD LTDI91NATTUMUTUTLAINE



(%
o = Y

medyg s sunsdruveslatonAduvingu Tususnasiindudyyraimunlunsdlves
AAUNIALAE?
MTASFYIMLUUTUIUNAND g lUNY wiavdesdyaaagldiauainuaila

Houviufiu (Overlapping) titaUastun1ssuniudeiuiaziu lneusazdesdygyiuiinisuen

(%
YY)

wakenanfusdadrestilurnistafimandniends nnisfiwauaudlideuiuiug
wiasdmdunstestunssuniu uifunslduauanuiildiiuszansnm faduiain
wunAnfuszgndldnsdedyinnuuruiuiunisdafmanduuuiteniiud (Frequency
Division Multiplexing : FOM) Tasaslvifinisdeuriufiuvauaunnudld lianwauaiud
fifodldld dauandusud 2.1 wazifledianissuniuainnisdeuriiuvesuauaad udaz

A 61 = v & & o )
ARUNINYBYAIRNDIBNRIN (Orthogonal) Yanuaznu

/ N\ / ’\‘ / \ N N

/ | | | (I \
| | | | | | | | | | o
FDM Frequency

e 7%\7P<7><X7 \ - Saving of bandwidth  :
ERARER

|

OFDM Frequency

JUN 2.1 msifafudnddygasuuiitnnnuivasuuulaenfay

<

nanlasazludinannisdidguedleenddn Afon1suusnszuadaya (Data

o

Stream) Famnudigadudin Fedlamsinindt udduvurwuiuldiuaiunvides

1 o v 3

PN MLl naIvennard s nwaNINIL AINUAITTUNIUNIAIAITILAR

o

a1

MnAAunaeidtsdaanas uenanddafinsldinatau (Guard Time) iitedastunisunsn
donszingdedneal (Inter symbol Interference : 1SI) sy Cyclic Prefix (CP)
\elasfiun1suninasnseninemaud (nter carrier Interference : ICI) Tnen1siindaeyiol
dllutasnaiqudie Gamsinduiagiliuragaduniisiuiugnadududuuda
Tudhsvesmsduiinem Junalfaunsorsnusenlumsadinmansseninsusasadun
e aeldagnaniteniseduienisadrsdyaralownfidy meaunisneadaans uag

nszUIUNsEssdyaaloenRLew



2.1.1  aduignsadsdyyraleennbudisdunisnieadindans

[

Fyaruleedfidy Usenoumenasinaesnduniigesvans g aau Jluwnay

[ e]

dunigesenagnuegianlagldnsueguaniBaaumaia (Phase Shift Keying : PSK) %3e
WUUALBLOY (Quadrature  Amplitude Modulation :  QAM) wnneuwal a1l d, 1Hu
FydnvalAnedudadey N, Wuswiuvesndunidesild T Wuthaiavesdydnual
(Syrbol Duration) wae £, iuanuivesndumy azannsadewdudydnuaivesduyaio
TowRBuvilsdyaauiisuduive ¢ = t, Wfeunisi 2.1)

N

S
2

s(t)=Re Z

NS

i+0.5

dHNS,zexp(jZn(fC— j(t—ts)j , ot <t<t +T (2.1)

2

wititaadudredainideuaunisluguvesdymyraivanuunidedey  (Complex

Baseband) §@uni1sh (2.2)

N‘mz

-1

s(t)= D diwr exp(jZ;rTL(t—ts)j, t<t<t +T (2.2)

N “,_Z

Toed s(t)=0, t<t uas t>t +T

Tngauaisardiudunnwluaunisi (2.2) asiludiuduma (n-phase) uazAloins
1995 (Quadrature) vadyaaleevAun Uy Feazgnamieflandulaleluas ety
lyundianudvesedunidi(f,) weafruludygyralatenfduluduaninonssuiunis

AaNATIaRlARIIUN 2.2

exp(—jaN (t—t,)/T)

©

QAM data Serial
—> to

Parallel

OFDM signal

e><|0(J'7Z(Ns.*2)(t*ts)/T)

JUN 2.2 nsad 19dyeradlerenimidu (2]



JUN 2.3 dregvesdydnvalloonfdunindunivides 4 aau

9n3U7 2.3 Wudedwvesdyaialeemdulumenan illedunnides 4 adu il

a - = a 1% A & 1 & £ v ) al l &
LWﬁLLﬁ%LL@NWﬁ@@m’m‘U Y339 LLa’Jﬂﬁu%ﬂ‘ﬁﬂ@ﬂ‘ﬂﬁ‘ﬁm@%%ﬁ@ﬂi’lwﬂ‘LJL‘U‘LJE‘UL(ﬂEJ’J WA Wil

Tausniludygruresinazadunivides Weflagliiulusaraaun1videsavdesisiuiu

I I X

aneaulududnlugianm T Inefindunnigesiieginiuaziduaugnaiiuiieiu 1 an
anwnfiseaduduiiiiontnaandfinismininszniniuveusasadunvidos iules
gNAIBENNLIY AFUNIEREN k gnauealanlagyiin1s Downconvert &yay1adl

AU k/T wdBuingnuudIeIal T wansfaaunisn (2.3)

N

t+T -1 .
: .k S o
YO = [ exp(-i27 € 1) 3 .z XP127 (- 1)ek 23)

N

ts I=7?

E*1 t+T .

¢ : . i—k

= Z di+Ns/2 j eXp(JZH?(t_ts))dt :dk+NS/2T
- L

2

wiiuilumsiuequanadumgosil k 91nnsduiiinsnazldiendnaidenise
i, 12 (AAFBAIAIAT )  drundunividesdug nadwivesnisduiiinsmagivinfugued
ilesannmounasine (i—k)/T vilhAnduiugnedudusvuduludianan T vosnns
Bufiingm fetunadnsvesnsduiiinindavinfugudiae

aunsfl (2.2) Huateq udafe nsulasFiesuniu (nverse Fourier Transform)
voadayanuBunn QAM 1 N, ¢ Ssanunsaifeulvioglugufiaaiamaian (Time Discrete)

I@Ulsi’fmiLLﬂﬁﬂﬂ%Lﬂ%ﬁﬁﬂ%ﬁlmﬂﬁu (Inverse Discrete Fourier Transform : IDFT) kaglaka



Aeaun1si (2.4) Wnednnan t luaun1si (2.2) gnunuisleguesda n lunelfua nsudas

gl IFFT Tunsauan

N-1
s(k):Zdiexp(jZErll\l—k) 0<k<N-1 (2.4)

i=0

2.1.2 n'lsLLila\‘l‘i{\IﬁLEl%LL‘UUL%'J (Fast Fourier Transform)
2.1.2.1 msuvaslaenisaaveulumenvasnanud [3]
(Decimation in Frequency: DIF)

aa a = a I3 Y
'Jﬁﬂ']iLLUa\W‘\!ﬁLUﬂﬂEJﬂqﬁaﬂwa‘lﬂuLV]@N?J@Q@']']@JQ?W@J'WQLEUEJULUualIﬂ']{L@I

X(k):Nle(n)WN"k, k=01,.,N-1 (2.5)

n=

Wl N Wudwaugaves DFT

XK= S° X(mW™ + S x(w, (2.6)

n=0 n=N/2

NAUNITN (2.6) @unsarueulndlansaunisn (2.7)

(N/2)-1 (N/2)-1
X(K)= Do x(mW+W"? > x(n+N/2Ww* (2.7)
n=0 n=0

o W2 = e 7 = (=1) aunstt (2.7) Wenlvalldiduaunsi (2.8)

(N/2)-1 N

X (k)= [X(n)+(—1)kx(n +?)}W (2.8)
n=0

9NENNTT (2.8) anansahundeusenidu 2 aunis dmsvaunisi k Wuave was

aun1sn k Wuavd

(N/2)-1

XK= Y {x(n)+x(n+%)}NN”k dlo k Juiave (2.9)

n=0



10

(N/2)1 \ .
xXky=73 [x(n)—x(n+%)]W;k e & Juaed (2.10)

n=0

wiuAn k=2k o & \Juave uay wiua £=2k+1 o £ 1Twiavd Aty

(N/2)1 N
X@ky= Y [x(n) +x(n+ 5)}57;"

n=0

(N/Z)1 N
XQ2k+)= 3 [x(n) —x(n+ 2)]W;"

n=0

RN X (k)= X (2k)+ X (2k +1)

(N/2)1 N (N/2)1 N
X(ky= 3 [x(n)+x(n+?)}l’;k + Y [x(n)—x(n +?)}V;W;"" (2.11)

n=0

NauNsh (2.11) awnsadmndeuluwunmideldna Ui 2.4

O X(0)

O X(2)
N/2 - Point DFT

0 X(4)

O X(6)

0 X(1)

0 X(3)
N/2 - Point DFT

0 X(5)

0 X(7)

N 2.4 uHUNNAITUWEN DFT AUA 8 0 panlu DFT vu1n 4 0 2 i

N
[l
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NJUT 2.4 ezdiunnaunsasendoyasuin 8 99 eendudeya 4 90 2 90 fie Toya

¥

A & ! A & i o [ a o & o ¥
%@WL‘UUL@“UQ kAL VOUAYAVLUULAVA I@EJ’EJ’]ﬂEJ‘Viaﬂﬂ’]iL@EJ’JﬂUUVIWﬂ’]iLLEJﬂ“U’E]Hﬁ“UUWﬂ il g
1

9 Y 9
4 2 9n senudeyavuin 2 9a 91w 4 ga leRegui 2.5

x(0) e > —O X(0)
A N/4 - Point DFT

x(2)o 0 —O X(4)
VV" W | N/4 - Point DFT

x(3) ov‘ .v‘ ~ v 0 X(6)

NP AVAVAVAS = - o X(M)
Wy N/4 - Point DFT

x(5) -0 X(@3)

x(6) O A o4 . 0 X(5)
W,y ! Wy | N/a - Point DFT

x(N T O - —O X(7

-1 Wy -1 W @

JUN 2.5 WHUNIMNISHen DFT 9u1n 4 90 2 9a aanilu DFT u1a 2 90 4 4n

mﬂiﬂw 2.5 agladayaruin 2 99 311U 4 YA UNTyaLAavYALIAUINLUUHLED

4

Yo a A

(Butterfly) Fvaunsavilasiail fo

NAUNSNA 2.5 1ile N =2 azle

X(k):zzlx(n)WN"" (2.12)
do k=0,  X(0)=x(OWF2 + (YL = x(0) +x(1) (2.13)
dlo k=1,  X(Q1)=xOW — x(W} = x(0)— x(1) (2.14)

NN (2.13) wae (2.14) aansadludeuduununmiideldnagui 2.6
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x(0) — X(0) = x(0) + x(1)

x(D) = X (D)= x(0) x(1)
JUN 2.6 WHuNMRERNSUUSNSEwS 2 90

Weyin1s Butterfly dayans 4 gauds aglateyaruin 8 90 ihdeyaniavualy
Jai383lminag33 Bit Reversal azlidoyasinnisulanBiesogiuiivun 8 qa Nauysel

Aawanslugun 2.7

x(2)0 O X(4)

x(3) .y .;' - e i O X(6)
x(Ho ‘A"A - "y - O X(1)
O X(3)

VAN
.IA\“O o

O X(7)

x(T) >
-1

JUN 2.7 msudasBiesesiuiinwin 8 9n fmedsnisanneulunenvesriud

2.1.2.2 nsulaslagnisaanaulumauvaaian [3]
(Decimation in Time : DIT)

TunsudamEiesegaiilaensaaveulumenvesial wliisn1suendoya

;Y

Aevinnvidvuinanas laglumnseiudiuazaunsanenteyamudunnlviizuinanas

o o

dmsuismstiazldnissiudeyaruin N/2 90 99U 2 ﬁumiﬁlﬂu%’aua N 90 1 Y9 34l

[
a v a A

IBNT1TPNUY AR VI’Wﬂ’]iLLEJﬂ“U’e]ﬂJa N g ’e]’e]ﬂL‘lJ‘Ll 2 g GUG]‘VI‘LNL‘U‘L!LGTF’] muaﬂﬁuwmmmaﬁuﬂ

)]

NeaunNTT (2.15)
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(N/2)-1 (N/2)-1

X(K)= D x@mWZ™+ > x(2n+1W 3 (2.15)
n=0 n=0
e W2 =W, ,
(N/2)-1 (N/2)-1
X (k)= XMW, + > x(2n + YW, (2.16)
n=0 n=0
1
(N/2)-1
C(k)= X(2n)W,k, (2.17)
n=0
(N/2)-1
D(k) = x(2n + )W, (2.18)
n=0
ot
X(k)=C(k)+W,sD(k) ;k=0,12,.,N-1 (2.19)

MnaunsHl (2.19) azwiudn X (k) Wunasndaduvesdoyavuin N/2 90 2 ¥a
Tnefigasves C(k) was D(k) flendaus 0 9 (N/2)—1 urtaswes X (k) flendaus 0 &
N —1 fafuazfowhaunisi (2.19) 41 e k> (N /2-1) uay W N2 =

X(k+N/2)=C(k)-W,D(k) ;k=012,..,(N/2)-1 (2.20)

&l N =8 aunisii (2.19) uaz (2.20) iy

X (k) =C(k)+W,/D(k) ;0<k<3 (2.21)

X (k) =C(k) -WD(k) ;0<k<3 (2.22)

PNAUNTN (2.21) Uay (2.22) ansadlU@suununmnisulasiSieslumenves

nanluusaztuneuMSAUIM (stage) lRIgUT 2.8, 5UN 2.9 uag JUN 2.10
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x(0o—
*Do—m
4 - Point DFT
*(4o——m7

x(6) O——————

x()) O0———
x(3)O———
4 - Point DFT
x(5)O———

(7 O—

UM 2.8 msudasSiwsednusivwn 8 9n 1u 4 9a

Stage 2 Stage 1

x(0) o 5O X(0)
. W,
2pomorr | N W N S

(2o

'O'V o

x(4)} O 7O O X(2)
2 - Point DFT N W ' Wy

x(6) O - 0 X(3)
Lo 000 &

x(1) O - 7 YAVAVAVAS 50 X(4)
2 - Point DFT ‘ Wy

x(3) O O X(5)
WA\ %

x(5) O O ‘- 50 X(6)
2 - Point DFT w Wy

x(7)O- O X(7)
Wy

JUN 2.9 msudasBiwsediusivwn 8 9a 1u 2 9a $1uu 2 940
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O X({0)

O X(D)

O X(2)

O X(3)

0 X(4)

O X(5)

O X(6)

O X(7)

E‘L] " 2.10 ﬂ’]iLLUﬁQWiLEJiEJEJNLi’HJUW@ 8 0 Taunisaanaulumanuwa

2.1.3  9a97a1U89nu (Guard time)

Pamndafiaunsadnduldiussuuiifinsddyarauuunalsaiunsides

[ 1

A9 NMITUNTNADATENINAAUNLDY dUllow1INATdsd MUt oId L UUNa R

N1 (Multi-path fading channel) ummiuaﬂw 211 Fzdfuinmanuwandesening

o

Srunulefaluniedydnuaindu mmmwmaawmmLLawaaquumﬂuLmﬂummumm

o Y a (% ! A 4
9197 IAANNITTUNIUNUTENINIAAUNALA (4]

Part of subcarrier #2 causing
1CT on subcarrier #1

Subcarrier #1

Delayed subcarrier #2

Guard time FFT integration time = 1/carrier spacing

OFDM symbol time

g‘ﬂﬁ 2.11 mnaamﬂamamauwwaaa Luaﬂﬂﬂﬂﬂ”ﬁﬁiﬂ wiy, UIUNIUT B UQJ UL UULIAANIN
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= 1 1 4! A IS

szuvlaenAduiivofodog1antdeds IANUNUNIURBNITLARNISENTNADATENIN

Y

[ 1 [

ANBAILAYNITUNINADATENINAYYIIAAUNIYEDE dULlDINI91NNITAId QU BN

g7

2.

e

pdyaauudadny esandygraleenddutuazinisiivdisiardesiu (Gl)
Ifunng dydnwal Begranardestuniadiluty aldisnsfnasndoyadiuringvaus

[ [ a & ) val % o [ ¢ Id 1 [y [
azdanwallatovfdniarilundindunivesdyanvalivoidudisnaitesiu fwuans

T

Gl OFDM symbol

e Ty »le T s

Tuguil 2.12

U 2.12 msldvsnandeaiu (GI) [4]

P desiuiladiadiluludimihvemng fydnuvalletondiduiuiidnviiu T,

FragimualilianainuinninuuinvesdfadaUsagen T, vesasdyaiuuuudainiy

madnasiindu daandugui 2.13

ana

Tg
Gl n™ oFbm symbol
Gl n™ OFDM symbol
Gl | n" OFDM symbol v |
e To—

JUN 2.13 fegwesdygraldoenfidunsuandesdygrauuudadinm (4]

[

wazgUT 2.14 uansinegedyaaloenaauiisznauniy 3 adunides Nin1sld

1 (% U A =

Gl Ifunnadydnwal wazviinsdsiunisvesdygranwuudainininduasossu agd

LAg7)

(%
[y 1 v a1 Y

ANdaRNINALRENARTUAULAREARUN g DT ULA1LBENINALIAIUBY Gl vinluATaesy

anansavinnsveguandyaauasliteyaifuignaseenula
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First arriving path
\ Reflection OFDM symbol time

- N
ey + e 4

Reflection delay Guard time  FFT integration time Phase transitions
JUN 2.14 dyaadoenfduiiiunisitugesdyaianuudaininundaesessu (4]

[

2.1.4  msuaquandyaalaenfduiudyyiaeision

dygranvanuvunletonidududiaanunuizaufaslddesiiunig

padnyfe awnniuvesrudeglugruiunnsiely
v & = o @& v 9« o 1% 1 N
aatiu Fedndudesiinisindisudiegiuainuives

Yosdeypaluduniessu esgaumn

31N81UAUDVDIYRITY YU og

'
1 [

doyarasvanuudluiieglugiernudvestesdyan enaglaaunsadedyayialaten
Aururedyaalils Sadesinmsuegandyaiasvasuudleevmduiuadueisien

(RF Carrier) Niflaudnsafiudesdyan dwuanddugun 2.15

Anti-aliasing Low pass 1Q  modulator
|
—>f o {2 S
Cos
m RF output
Complex OFDM RF Carrier N
Base Band

O
%2 ™

Digital Analog

Sin

—p DAC

Y

JUN 2.15 nsueguandyaaleenaduiudyayiaeisieon [5]

< < n o = Yo
RNFNNITN (2.4) we |, :WLLaZ t = KT, amnsauansdyaaloenidulass

b
AunST (2.23)
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N-1 )
x(t) =Y X, el2 (2.23)

die f,>> f detiu agladyaanevivmastonsien Ao
X, (t) = Re{x(t)e’*"*} (2.24)

2.1.5 ns@9laslug (Synchronization)

1 PN d' [y a d' 6 1 1 v & a ao 1 £ [
ﬂEJ‘lWILﬂi@\‘ii‘U%Sﬂ’]lﬂiﬂﬂllﬁ)@jLﬁmﬂﬁu%ﬂ%ﬂ@ﬂﬁﬂﬂ"'] lmuu A9 UUNDINN

(%)

Jududuusn fe n1suigateusdevssusazdydnvaluazdisaimuinzanlunisduan

[

fudnwal 1eanNISIAANITUNINEDATE NI A NBAILAYNITUNTNEBATE NI I

o

o v

ARUNIEDY WarAINADINTEZYINABNIAABNISIIAIAINLD DD NLALNEYINNISYALAINUDUD

[

duanadeenmbunsudnun WeliliAnssiuanudvesdyanuinunIeeds [5]

A7)

TG
X(t) = [ rt-o)rt-7-T)dz (2.25)
0
Estimate Frequency
—> T — Conjugation maximum | offset
delay
phase
—> .[ —p-{ maximum | Timing
OFDM signal correlation

sUTl 2.16 mM3Bslasludlagds Cyclic Prefix

N3UN 2.16  gvinswiegisiaidesiu T;laensaesisdu (Corelation)
5 anqﬁmmmwmumwmanmu,a aﬁummmmmm feaunisi (2.25) Fadlensiuan
T, fay ﬁ’]ll’]iﬂ‘lfli’mﬁ]ﬂLiil(ﬂuLLauaGWHmJENaEUaﬂ‘UmI@L@W(ﬂLE)ZLI Luaamﬂmauamsﬂu T,

tufFeteyatiegdnnevesdydnual Feavannsamaaiwazaradlunsddasludls



19

2.1.6  MInTIvdudeyauuuladisun (Coherent Detection)

[
PN ] [ U

Toyaignasluduaiesiumessutlatenfduuy adudeyanignuenian

Y
[

WUU PSK %30lUU QAM @4lun15n53adudayanenulazesiutiuasfemsuaAllawaz ey

[

WAAOBBIRFUNIERENaY FelaeilUuannauazaunaynvesdy g utuaziinig

Y

WaguwUaswuudy uaglunisnsiadudeyauuuladisun (Coherent Detection) Huazldnis
Uszananiiemannauazuounignsedevesnduniviges dedunisnsiadudeyatiulilag

PNiNELazLBUNAIATTUTEEuReY uiasinnsiSeuiisuiuteyaludydnuainou

PUIUAY [2]

Binary
T R'.: ADC FFT = Cohergnt »| Deinterleaving Decoding —Output
Receiver Detection data

A

Y

A

Y

Channel
estimation

JUN 2.17 vdenlaezunsuvetaiasiuloenfduiiinisnsiadudeyauuuladisun

I > »
Phase
. isi Data
0 shifter Decision ——>»
I_> Symbol 1 L
timing
> regenerator
4 Phase
»| controller
Frame

> timing
»| regenerator

A 4

Amplitude
,| regenerator

5UN 2.18 n1snsiadudoyauuulagisuy (Coherent Detection)

d' < d{' U a = v o
‘U']ﬂE‘U‘Vl 2.17 LLﬁ@ﬂUﬂ@ﬂl@@%LLﬂiNsﬂ@QLﬂi@ﬂi‘Ui%‘U‘UI@L@W@LB@J FAIVAIIINNIIN

MskenAURINgeBNINdya A UaRULAkazYIINSIUABuNdy aewdenduiinea

<

ievihnisaveaian N adunmigeelidudygyiamisanudmenszuiuns FRT Geluusiay
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foysnuallowoniiBuiufasussnaudedeyauuu PSK vie QAM d1uu N A1 uazaedl
nsideuvenauaznsiudsuudasvouennagailiniueu lssanauantives
FosdyainduAuIRILIINASetEEnfua3essy TIudin1sranndeuTeteasii
audmaeiessu Tagludiuvesnsussanaundesdyaa (Channel estimation) fu 9z
yhnmsmAaLazLeNnAgnssBremnaduniges ilerislumsulasdgydnuailelen

Avududeyaluun3 Tnenisnsiadudeyauuuladisu Asgui 2.18

2.2 msmABaTEwMaURaYgeEn (PAPR)

[ 1 o w

mI1dIUNNR9UAsEn (PAPR: Peak to Average Power Ratio) A®AIAI&I9U

Y 9

AN

Punvasgafisuiuiauuedsvesdyaaloenion x(t) Tudisaan 1 dyanwal (T)

Y 9

Feanunsouansl@seaunisd (2.26) [6]

max Dx(t)ﬂ
E[ x|

PAPR[X(t),T]= (2.26)

= 2 | a I o o 1Y) PN o 2 A
e max[|x(t)| }ﬂa ANMANIUTIvRE gegnuasdyIo uas E[|x(t)| } AaAn

MatuRagresdypIulutIniinsiasun te[0,T] naunisi (2.26) edygyu

A7)

a1 I

wanuualolWmon x(t) davindu

X(t) = NZ‘f(xneiz’”nt) (2.27)
n=0

(%
o [

WaUABLIWAND A9y

o

K o y ~
T f =N W t=nT, ‘e ndygyruloenioudy
b

TyanasvasuudloenAduansodeuldfaunisa (2.28)
X(t) = m, (t) + jmo (t) (2.28)
o m, () =Re{x(t)} waz my(t) = Im{x(t)} Naunsi (2.28) Lﬁ'aﬁwmma@j

andgygauuuivaLuuilonAdudiduaduni f wseaduingneuiinisdsdygiade

wrAenlUludesdnn szanunsadeulansaunsi (2.29)
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X, () = Re{x(t)e’*"*}
=X (t)cos(j2r f t) - jx,(t)sin(j2x f 1) (2.29)

AudveIRAuNirseruiraWINe TLeguaad i udyaaLuaLuLa el nRALdLE
fiannudgendwuuiavivesdyaaletenfduuin  f >>N/T wazainaunisi (2.29)

Ageanvesdygalaefdunaannnisueganduaiiuniid X, (t) slrasaunisi (2.30)

max [x, (t)| ~ max|x(t)| (2.30)
WadayafidaineIesds In1suegianlukuy QAM A8aNTOMIMAINUREEUDY

S[ATRTRrY E{|xc(t)|2} I§naunisii (2.31)

E ch (t)ﬂ = % E UX‘ (t)|2 } +% E qu (t)ﬂ = M (2.31)

a0

INAUNTTN (230) wag (2.31) Lladeyaidiainiaesds dn1suegianiuwuy QAM

Y

vausamAfiefiensvesdyaraloenflduiiniunsuegandituadunv (f,) e

gUN19g (2.32)

max UXC (t)ﬂ
~max Dx(t)ﬂ

PAPR[x,(t)]=

= 2PAPR[x(t)] (2.32)

o/ ¢
2.3 UEUIUIUNIULUULNTEL YU

NN3UT 2.19 Fyaasunlussuunmsieasiudiuannazsiaediduduyaa
SUNMUWUUMIATEU (AWWGN: Additive White Gaussian Noise) 349imanumuiuiy
KRNGIAUE m%’un‘ﬂmwuqﬁﬂa%m (uniform spectrum density) kagLOUNAIALNITHINWIILUY
& (Gaussian distribution) lagUnALaId#QIMITUNIUNEMUNYE (thermal noise) uax
dyarusunaunigliia (electrical noise) '1'7iLﬁmnﬂmwmaé’igzmmﬁuazﬁ@mauﬂﬁﬁum
White Gaussian Noise #ainanaufananannsndaesiiudygusuniuwuund
Feould Failsdduamunuuduresanuinazdy (probability density function) e

FUUSUNMULUUINAIR YU dunsauanslanuaunsy (2.33) [2]
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@, (f) :%NO (2.33)
— (4 )——> r)=sm+n()
s(t) r(t)
n(t)

Additive white Gaussian noise

Amplitude pdf of power spectrum density pdf
A A

Variance = Power

1
N 7
e 4

-
—_

5UN 2.19 Aaandivesdyaasuniukuuinddeu [2]

2.4 \AIRIVNEFYINNNEIES (HPA)

(%
£y 4 o [ 14

dyaaloenidunouavsinnisdsduduniesiuiu Aesinisveedyyiueie
\30e18iNdegs (HPA: High Power Amplifier) Livelidgyaialeionfduiiidnuies

T

v 1

eflazanunsnidumslufeduniaesty whedesmeoidigaiildegiluduasinnliiduds
duresmsvenedyaa Ao ldannsainsvensldnasatisuesdyaruiidnameduny
YBUATBWEIIIETATINI TV F R [7]

Tnedle g() ﬁaﬁﬂﬁ%’ummwL*ﬂm‘%qﬁumaqLﬂ%wmaﬁwé’qqq way X Podaaod
WU meBunm Fathu Fyaudldainievinmusanieavereiidegs anmnsauanslads

AunSh (2.34)

X9 = g(x) (2.34)

[ [y ' =

waztiladyaadunmdudyyiusoilasmisnan (Continuous-time  signal) AnN@NA1TH

q A7}

(2.30) ALl E AN UL IVINNTDLAT DIV IS IAS feaunST (2.35)
v v q Y
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X[t] = g(x[t]) (2.35)

ilanageuinTasveneidasieflaidudoiios f uagdnIIN1IVeILEIERTDLATON
vegidsgeliawiniu a detuagle | f(X)|<a|x|v3e f =ag uagievinngaaniigndud
YBAATBIVYILAGIGI Ao A At LilavuakeNnEYnvesdyadunniliaiawine asla

Ayeyaneviny feaunisn (2.36)

lg(x)|< A (2.36)

ISP 1

¢ d' o w Y} _ jarg{x} _ i & & vasJ
']mLE)']VW!V]GUENLﬂi@ﬂ%ﬂqﬂﬂqaﬂaﬂﬂﬂqLV]']ﬂU X =[X|e = P77 ANUUIT LA

Y

A o
wazLladyey
i

L dl o L U dl
YLD IMNNVBIATDITVYITNTIAIEN ASETNNIIN (2.37)

|9(x)| = F[ple’ P (2.37)

A v

o F[p] waz d[p] ﬂaﬂmaﬂwmsmﬁmﬁsmuﬂawmuauwﬁgmLLazLWamaﬂﬁzyzym

q

'
[ |

WnnilaanniaIesveaiiaegs uregalsinnu inseseremdganldiuvediluiioy

Y Y

v
v A [

naneUsenn FedasUssiniuninudnvasiunndrsiueenlulaun
- 1AT99YYNUMINANELUY Soft Limiter (SL) Faanunsamaliaunigauazing

Yaadya I mMNnlafaann1si (2.38) uaz (2.39)

p, p<A
Flpo]= 2.38
[~] {A’ oo A (2.38)

®[p] =0 (2.39)

91NaNN1s7 (2.38) uaz (2.39) wavesdyaaeminniuazliinsdsuilanie

Weuiudyaiaudunm dauaunsaloulaniaunisi (2.40)

X) = % |o<A (2.40)
9(x)= Ae”, |p|> A '

uip3osueemasgeuuy SL Jaglireefinsldnuersunsuaty ieannilunis

gnvemgUnsainbinandRnildndlamuaunisdatnasu
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- nTesgneidegeuuuledngian (SSPA: Solid-State Power Amplifier)

v

Nz vILRUNEYARAzIavRdaIMeINY Faunsh (2.41) ua (2.42)

Flp]=—2F~ (2.41)

1

2r |or

®[p]=0 (2.42)

'
a Y

o r Aemisdmesmugunisidsuuvasangreiidudadugnduiiveaies
Y1y B0 TAuRU oo ud1 SSPA Aazlinudnunriadeiuiedesenefiidsgauuy
Soft Limiter dqyaasumuiiiintuainisesvensuuulsi@udaduiasfndygrasunuld
Faruauazlavesdyana MYLARANTIUYeNTTYeNe 1BO Saaunsouanideaunis

Tamatl

IBO =10Iog% (2.43)

0

a

d' ) o w ~ o [ a £
kB Pin L‘U‘L!ﬂ'mﬂLQ@EJ‘UBQ&EQEUWQJ@UWV]‘U@Q'NQ?TEJ']EJLLUUI?JLUUL“ZNLﬁu oy P

o q 0

Ju
fduedsvesdyqrasevinvesisasvensuuulifudady
anautivessasversuuuliiudadusiamsfsini (SSPA)  awnsaesureld
freaunsvensni (Rapp) Tuaun1sii (2.33) way (2.43) faediuldannienaisdds e
aunsazueneenduesusquantivesnsiudsuuUamnsnunoundgn (Amplitude) uaz
W (Phase) mmJ'ﬁauLLanﬁLﬁm%yufumm%%maﬁ%ﬁmdauﬁaﬁmsfl,ugﬂsuaqmiw?iausum
LouNAgAUBdy MU ANINLeLNAgAvesdR g A BUNN Ydeldeh
goidu AM/AM uazeBurglusuvesnsiasunlasueaavesdyanatoninmiiinainiey
WAPAVRIFYQIUNIAIUBUNN Mseldigady AMPM 2 naun1suessNiENsnesuY

nswiguvemsenndyn wasialafeaunisi (2.44) uag (2.45) aud1su

F.[p]= W (2.44)

1+(V’OJZr ’
A
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O, (p) =, (\%j (2.45)

d' ) ¢ v LY a ) LY L4 I
We p 1luiledduvesdyyiudunm A Wuseduvesaaiugiovinnuag r 1lu

a say Yo wa [ a £ [y I 1 PN
‘W’]S']llLﬁ]@3141611ﬂ’mu%ﬂmﬁmUWU@ﬂﬂ’)’]@JlﬂJL‘U‘UL‘ZNLﬁ‘L! bhgie vV NU a, WuUAIAIN

5
Li near\
~ r =ao0
8 ¥
~ —————
S
c% /\\X/r =6
"é_ / r=2
g -5
@]
2
8
&-10
135 -10 - 0 5
Relative Input Power (dB)
(n) AM/AM
3
2.5
T
=
&
3 2 . -
=
=
=™
215
s
c.
o
z 1
=
=
I~
0.5
0 : ; i
-20 -15 -10 -5 0 5 10 15 20

Relative Input Power (dB)

(@) AM/PM

JUN 2.20 AauautRvesasveenuuliiludadu SSPA
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24.1  wansznuanaalidudadaduveaniasvereindege
dlondunvidesvesdyaraloeniduinsasuiundunavesdyyio
witliueundgnvesdyyunuvnztuliings Swgiliafiofiens (PAPR) firigs way
Lﬁ'aﬁﬂmimmaé’ay,mmﬁmdnﬁménﬁaaLﬂ'%laqsumaﬁ']é’qqq ayildnyaanldmaevinm
veadedveeindegaiidnuazgnuduniegninnisueundgavesdygyin 1esainnis
yhufigaduiveaniesteneidsgs dsaziduaungiviilianumnuiuidadsannsy
(PSD: Power Spectral Density) uong1umnuiuazdnsmnuianaindndeya (BER: Bit
Error Rate) fiAnufiutu Ssn1sifisduves PSD uengruanuiiiu oravhlfiAnnisunsnaen
sewisgumnudflfautradesld dealvaussaurvesszuuiididas
Tnemluudrasnsaventrsanufuidaduronnisswensidegeeglusuvesdn
Sanduidanuesimmgeanseidnuadevesdnyaiaiewing da3end1 Output Back

Off (OBO) @nsnsavenlasisaunisy (2.46) [8]

2

OBO =10log W

[dB] (2.46)

w38 a1usavendanuduiduduvennisseteiaiaseglugiresadndiuiidanu
vinmasansieidInudsvedyyIMBuNy Fa38n1 Input Back Off (1IBO) aunsanien

I EInsh (2.47)

2

IBO =101log W

[dB] (2.47)

2.4.2 AMSHNLNYUVDIAIAUNUILUUNIALTIEUNASUUDNGIUAIUA

deJ dl

iledygauilaannominnveunIeswegfdegs dugnudunsegninnig

£%
=

wounagnvesdyqraniiesainauliidudaduve nasoweeidias  wasdanozind

A U

1%
= 1

AULIADNITLRLTUTDIAIAMUNLIL UM BTsaUnasuueng1uALE 1HDIINATLANTY
yosgatinuasdygauninisiuisusunsaliosninnisvauvsednuendyyin Fuwandlily

SUT 2.21 [8)
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10 ' :
——1BO=0dB
S A A N N I p IBO=-4 dB ||
-------------- IBO=-6 dB
--------- IBO=-8 dB

-10

-20

-30

-40

,,,,,,,,,,

-50 e

Trovia,

Power Spectrum Density (dB)

-60

-70
0 1 2 3 4 5 6 7 8 9 10

Normalized Frequency, fT/N

JUN 2.21 dnvaranasuvesdygialoenfioundsainnisvenedyaiueie HPA

[

d' L LY [ a ® [
‘U’]ﬂg‘lh/l 2.21 LLamaﬂwmzaLﬂﬂmimmaﬂammwmiaL@Wmau NANNNNTVYYE Y LUNE

A

o v <

AILLATRIVEIUMAIET ALWIUIINTRTUVRLAT PSD wangumudazulsnniuiue IBO

J < J

lnedlo 1BO fiAnas Awanaingieiilugaduveesomeneiasgaiguniy uaslonial

Y

¥
< 4 LYY

dyaaevinmazgnuduriesneennauiivesas fatu PSD  wengrumudldaunian
anas udlunanauiumn 1BO feanas waneigaiidududuvenniasvensnidags tu
fianawny lenandyaaevinvazgnudunsedneeniiuiniu Asiue PSD uonaud

T uAianfinTuny  kaze1avnlinan 1 sunInaanseniItgguauaNtdut1Laesle

243  MSNAUVRIAIIRTINTHANEIAUATRYA
nsvaunsedngendyamsuissananliidudaduvesniosweeids
S o o g Y I _ w a A v AN oa X = d' ¢
ge dullnavilviardnsianuianainlndeya (BER) vedszuuliAiindy 1ilasainaduniy

gosvasdnyn1aloenfantiugnsunIuIINAUESUaINIINTY FIau1saLanIfaunIsa
(2.48) [5]

X9 =g(x.)=kox +d*® (2.48)

= A o a = o w ! aa g
5} Xz_ ﬂ@ai‘gfyﬂm@uwvm@ﬂLﬂiaﬂﬂﬂqﬂﬂqaﬂgﬂiuﬁﬁﬁﬂL'Ja"l T NNA58UN ey k° A8

1
[V

Aeulidudaduves HPA wag dO? Aedyarasunuiiietuiudoyalunawmesn x
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483 M-PSK 158 M-OAM Tneflsridunuladdudadu g() faiuanaunisi (2.48) d*9

auiiendsaunsi (2.49)
409 = g(x.) —k°x, 2.49)

A 1 1 a a1 1 - 1o w a
doauivglui || dawinndn A wihiiu 2Q(u) awnsameiidanuledeves

Ty ausuniu (o)) Ainssviriuteyawuugu ladsaun1si (2.50)

2

1 < 5z
— _ 2 520y d -
o Ei;iﬁiizl‘x g(x))2e?* dx (2.50)

[

wag ansakansdnvaglnevunsuilandunuuituuvesnuiiazdu (pdf) vesdyaiu

o

'
[ =

L vinngnIauLendaaulagiATeMAEY uasdanSUNIUNIAAYY AsgUN 2.22

pdf(x) pdf(g(x))

X
R I/ ,  90)=x+d

pdf(d)

JUN 2.22 lpezunsuilaiduanuvuuiuvesanudiasdu x, g(x)was x—g(x) [5]

o

LAZENLNTOMIAERTIAIUVDI I U OF Y18 TUNIU (SNR: Signal to Noise Ratio) laann

AunSh (2.51)

SNR=—L , (2.51)
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dle o2, =02, |H,[ Aedhsuenevestedyaia (Channel gain) uazoy, Ae
Fyaasunmuiiiasessuiinssiiudydnuald k- dudedmualid o 1 Juwuy AWGN
AunsamAIEnIINITHANAINAYanwal (SER: Symbol Error Rate) vesdnydnualtdos M-QAM

@ EunIsh (2.52)

1 /3SNR
SER =4 (2.52)
[ vM jQ

Tusu#n 223 wansmuduiusvendnsinisianaindyanyal (SER)  Uazen
dndIuvesdyqnuredyyIusunIu (SNR) wagainguazimiuindie SNR faanadvsiing
VI SER flAWANAL waga1nguaziiudnan SER 9ilda1n Gauss Approximation B #38910

a a v U Ay ° A
dunv (2.52) "U%llﬂ')']iﬂ,ﬂaLﬂ‘ENﬂU‘Vli@Q']ﬂﬂ']iQ']ﬁ@\ﬁJ']ﬂV]?jﬂ

—&— Simulation
-------- Gauss Approx B
10™ —— Gauss Approx
Ideal
B e A~
10 =
_: ' [, \ — te
& 10 &
n
10" ~]
10°
10° bt
7 8 9 10 1 12 13 14 15 16
Equivalent SNR

<

g'ﬂﬁ 2.23 ATALINUSYIAISRNTINSRANAIAdSnwal (SER) uazA18nIIdIuTesdtyy o

(-

MDFEYYIUTUNIU (SNR)

2.5  Asmsdnarnudaulunisde (PTS: Partial Transmit Sequence)

Tun1sasArfiefienslagldisnisulsddudeslunisds (PTS) X (k) Hunnmasiu

Q‘

NUIYNIANUDT Qmmqaamﬂu P doudes X (k),p=0,1..,P-1 deuagld
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p-1 . .
X(K) =D X, (k) dwuald 6,1 0uenvengududszdns (Weighting Factors) e
p=0

6, =0 Fegnldludiudosves X (k) msunuivesdyyiadumhenisanungnivuali
W [9]

P-1 |
X'(k)=>"e" X, (k) (2.53)
p=0

nmsuUassiesunduuuusieilosvesaunisi (2.53) wayldauandiniududs

WuYes MIuUasSiesuniuwuusiaiies 15713sla

X (n) = IDFT (X (k)) = Ee”v IDFT (X, (k)

LN

— i

"X, (N) (2.54)

e
0

=}

'
a

7 x,(n) = IDFT (X, (k))\0u P vesnisuvsdrdudeslunisds (PTS) Tumiens
LA MsiesanaIdu X (n) daefieiens  (PAPR)  #ianfige daluluaaisnisnd

a aa

Usgdnsnmanangnrimualmniy

[91',492',...,6?;,71} = arg min]{ max |x'(n)|} (2.55)

[91'92'"”9'371 0<n<N-1

Y -

lunisideyaiunduunfisveanIesfuiudeinsvuianguvestoyaduyseans

(Side Information) wagde (P-1)log, W Jmsenilsloionddudyanual 1 W Asdiuiu

YeaA1dUUEANS (Weighting factor) 31naunsh (254) P vesmsulaslSiosundy
oA & v = & ' = 0 g v a ° v Y

wuusiaillas (IDFT) duaggnesensiazlu x (n) Feansailiinnisauinminududou

VLT
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X (Y] X 151)

| IFFT &) >
X @ X @ X @
X, N TS : X ‘s Y, S(t)T

DATA (= MOD [

> Add GI > SSPA

S/P
+

X r(‘V) X ;EV) X ¥

k
——| IFFT =<¥)___>
Y VY l i I
Peak valu Side information
optimization

JUN 2.24 vdenlaezunsuvesnsdsloyawuudndruadnlunisds (PTS) [9]

v s L .
2.6 nsdanguvesdayaduuseans (Side Information)
duaadeieaedlumeainisnsanefitefionslngisnsdnanuaiulunisas (PTS)

tudndusealidiuveinsdinguuestoyaduuszans (Sk: Side Information) werdunisuen

Timaesessud dulssansiigasindifvdeyainluyulafielinsinueiessugayundu

s
a a

panntoya Falunszuiunsandiiiieiioninisaswdulssavsinauneldlunisansiiiodn

Y

9158N38UINNT0E19A13° f9l Inedoyadnuiu X yadeua MAIRNHIY IFFT dyayin

Y

szgnuuteaniluyages {X,,m=0,1..,N-1}¥n doyadiuiu N Tedeyayaiiion

% 1 PN

Ty auaaumeuing Asaiadusandladaunts [9]

N-1
X=3X_ (2.56)
1

m=.

X =>b,X, (2.57)

¥ [
= [y

de {b,,m=0,1..,M } . Judunsmiaiaudwam M gedeya yulaztueiv
msmnunde1avzdu 2,48 vise 16 Yarioldpaudiudyyin X, uazUszdniainuves

A A Al v oa A Yo = 44' % ) a £
ﬂqia@ﬂqwLawaqiwlﬂzﬂgﬂLll@i%'“ﬂ']ﬂ')usq@lﬁ!llu']ﬂ‘] Lu@ﬂ"ﬂqﬂl&l@Liqaiqﬂﬁﬂﬂéuﬁuﬂiga‘mﬁuqﬂ
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gavunguivdeyanaziilontanazlamfiiefionsfauinauluseuiu wiazvinl

Y

N3UIUNTHANMLEIINUINTULAZ ITaANDUUEAVEA NNITdRuTEssYUY F9dLTudios

s
a

denni1sasagaduussansyuilliinunsaniuuragseuy wazillenvuagayy b, =e™

3

' '
v )

W diuusazgaiemAfiiefionsntesignanynyateyanazyinnisasluiiiesynifen

WINUUAIAUNTSAILEAIR 9T

(2.58)

naun1s X, uudedeyail n=0,1...,N-1uaz m=12,..,M 1udiuiu

909 IFFT vasdnyanns X, duuansladn Lﬁ@lﬁ"’zymmﬁmuﬂismuﬂﬂﬂué’cyzymwﬁwm

% ¥

pwddy deyalunisyaazifisunnfudiwiu 4 ¥a Fusrazidendifitefionsivesdian

Y
[

%Wﬂﬂﬂ‘ﬁﬁuaﬁﬁﬁuﬂLLEﬂ”Laaﬂﬁ’]ﬂﬂiﬁﬂ‘lﬂLﬂﬁJQ‘UﬂLaﬁJ’lLVi’Wﬁu %QWWQLﬂi@QﬁQ%SG\@QﬁQ@’J‘U@ﬂ’J']

=

auaﬂﬁuaﬂﬂuuLﬂuwlmmiwiﬂiwmqLmaaimumwma leflazldmn INFUTDIYY

Y Y

(%
Y

fimesuiosdsganiisniluuaslilddeyauvinsevesdaaeenin fadugamsudoyad

v [

Tlunsddlunsazisuazdodddtntayadnuiuniaieldidunyuaddylunisidoya

Y

' (%
= A a ¥ ! ¥ 7 a

7
gnieuln wardndudrdguilinelndeyavesnguvestoyadulseansiazianainviaan

'
=

o
I3

e

melunszuiunisdelidlalas wszaleyavendryuduussansdinnaiavieagymen

[%

Lﬁwﬁ’udﬁazdaﬁqLv\lsuhjmmsﬂﬁﬁw,l,azﬁwLﬂwﬁ’faqﬁfmﬁdq’majﬁuWiu wIodedIuTINgY
vostoyaduuszavsivy Judunuinuazvesismsveanadaifidoslinudfydediu

s

YBINTUBNTBYAY A TTONGUTDIUBYaFIUTEANTAINGT?
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ad 1 A =] 4 a &
Asn1sanANtaNasludyyalatenfia

tazn1stiNUsEansnwlinuseuu

[
= 1 = =

Tuun? 3 agnantseazdenLuuInassszuulalanAduRiniIsaneftafanslae

v o w ]

TgunsuFugnsnisdnaduanlunisdawuuiiugiu (Improved PTS) uazszuulolow

9

a g a v Y aa v o v ! | = o ! & aa
ALouTanANTUTaUYeIaNISIRaInUdIuluNTEITUSEAI D-PTS Tngyisdasisazan

Y

UuTgumieuiuisnisanAmfieienshuuiiugiu Besneasidenianunaznaniudiu
maly

3.1 Adnndliundenugegasianiasnuaisvasdyyind (PAPR)

[ 1 |

AL NS NTRANUTEANT N INVRId Y Y IUAITNTINRIUFIGARDANRRE VDY

fyuradluyaununan WudsSnsideuldinainisunievesdyuialoensduluinuaan

o

Feqantfvosariliefiensluszuuloenfidy nsueganvesszuulelenidy vdendeya
dydnwal N {X,,n=0,1..,N -1} Wusuuvviuendaydnualonnnsuegian Senitléfas
aenndosffurvesadunisigos (Subcarrier) Befidndall {f,,n=0,1..,N -1} $1urnves
N agmlaandiuysznauees ”@iyﬁmﬁ&y’qmﬂ (Orthogonal) u f. =nAf, ille Af e

[

1/NT, T Ao munaivesloyadyuanwalisusy  naadnsvesdygyiaiiugiu (Baseband)

Y

voszuvlonRduIzinny [6]

N-1 .
X(t) =) X,e'*" 0<t<NT (3.1)
n=0

[

Tngazduaiilofonsvesdyyundioanlusl

max |x(t)|2 max |x(t)|2
PAPR(X(t)) — O<t<NT — O0<t<NT (32)

E| x| NlTNjT|x(t)|2 dt

Tunsu juRdgaranldislusuulideiiomiia (Discrete-time)  usludidl

L Ae ]
|

Angegn max|x(t)| vesdsyayruanludrsieiiemieia (Continuous-time) d115uN151M1A1

Y 9

fefionsvesdnuaverfeamanavesdgadussuuloenmoy dealdanumuiiuu
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Usgnau (CCDF: Complementary CDF) 1185unefisnnuuiagiduvesmiiiefianss1sds

(PAPR,) #An91n9a8nada (Threshold) Tngazuandldsiod

CCDF (PAPR,) = Pr(PAPR > PAPR,) (3.3)

—6— Conwentional OFDM [
—*— Conwentional PTS ]
\
g . i
% 10 S
o 1 s
: | 5
< \ %
5 ) %
o]
£ 10 ; S
[a 1Y PS)
g at =
o \ N
O X ®
© 8
10° Q&Q
¥ g
K Q
X 5
4 5 6 7 8 9 10 11 12
PAPRo (dB)

JUN 3.1 uansnsiUSeuliisulszdnsnmeaniiteiionsseninaisnisloenfdunuuiugu

AUIBNIS PTS wuuiiugu

93U 3.1 JumsuansnmsiUieuiisulszansnmvesnsanaifiefiensiuszuule
a = a oA = ¢ o ~ | o a ac
Ay lagagileuiiisuariileiionivesdygaulieniunisanaiiieienslngdsnis PTS
WUUNUgIU (Conventional PTS) wazwuuliikiunszuiun1sandiitafians (Conventional
OFDM) Tpgvisapsagldnsuegiaiuiuy 160AM  Uagivuaduiuafumvidgesivinfiu 64
« ¢ 1 o [ 1 (- [ 1 o ¢ 1 v
ARUNgol I1uIuURendesviniu 4 uhenges uaziiuiuwmaurinmesiviniu 4 wla a1n

namlaziuledisns PTS wuuiugiudisiefiensniniisnlifinszuiunisananfiofiens

3.2 aswlasiesuuy Extended Split-Radix DIF-FFT [10]
uuIANUAANLgIUTEY Extended  split-radix FFT algorithm Al nsuszgndld

radix-2 FFT Tumeudiduduiug wazld radix-8 FFT luweniiduawa
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DFT §1w3u N 9 annsadeuduaunislassil

N
X, =D xW, k=0,..,N-1 (3.4)

n=0

LN

1ne?l W, =exp(—j27/N), X, way x, 1dudwuresdiuiudgou 61 N =2"

N/2-1

Xy = Z [Xn + Xoinr2 rjnk (3.5)
n=0

] (% P o 1 .
dmsumenliuIwIug (even index term) wag

X8k+1

N/8-1

= Z I:{(Xn = Xoonrz) = J(Xyona — Xn+3N/4)}
n=0

1 (3.6)
+E{(1— D(Xoinrs = Xaisne)
- (1+ j)(xn+3N/8 - Xn+7N/8)}i|Wl\TWl\?nk
Kok
N/8-1 _
= z [{(Xn ~Xoenr2) 1Ko — Xn+3N/4)}
”1:‘) (3.7)
_ﬁ{(h' j)(xn+N/8 - Xn+5N/8)
- (1_ j)(xn+3N/8 - Xn+7N/8)}]Wr\?n\Nr\?nk
X8k+5
N/8-1 )
= Z I:{(Xn - Xn+N/2) - J(Xn+N/4 - Xn+3N/4)}
(3.8)

—%{(1_ j)(me/a - Xn+5N/8)

- (1+ j)(xn+3N/8 o Xn+7N/8)}:|Wl\?n\Nl\?nk



X8k+7

N/8-1

= z [{(Xn ~Xninr2) T I Kginsa — Xn+3N/4)}

n=

1

+ﬁ{(1+ DXnre = Xnesnre)

- (1_ j)(xn+3N/8 - Xn+7N/8)}]Wr\17n\Nr\?nk

Na

Ausumauiidusuiud (odd index term)

\

X5
IRRHRILIS
EREERHLRR
RELHLRKS
/ S
(‘.
e/
CRKS
PN
TN

/

e s

5

[XIXTIXIXIX

311‘17; 3.2 1A59a57994 DIF extended split-radix transform structure (N = 32)

36

(3.9)

l stage WINV8Y extended split-radix decimation-in-frequency %QﬂLL‘UQL‘fJu

@1 PINTUAZUNUT DFT of lencth ¢ae 1 DFT 204 radix-2 wae 4 DFTs v84 radix 8 1u

wWuilludess aufls 2 stages gavineazLu conventional  split-radix (Iaelaidl twiddle

factors) wazfistage gavine 9¢14 radix-2 butterflies (Inelsidl twiddle factors). waunn

Butterfly 984 DIF extended split-radix FFT LLaﬂﬂiﬁﬁﬂgﬂﬁ 3.3
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X@©)o e X(0)+X(9)
XMoo S pAW+XE)
x@o N X px@exE)

x@o / DXG)+X(T)

xS ) [{(X(©- X)) - /(X (2)- X(O)+ T{(l DEQ-XG)-0+NXEB)-X U))}]W,

x®0 [ {x @ - x@) - i(x@ - x@6)}- I{a NE®- X)) -0+ HEG) - X(v))}]w;
x© {(1+1)(X(1)—X(5))—(1+D(X(3)—X(?))}]WJ‘
xmo {a+n(X(1) X(5) -+ N(XG) - X(v))}]w;"

gﬂﬁ 3.3 WHUNN Butterfly ¥e4 DIF extended split-radix FFT

3.3 F|msasdieiianlagldisnisdnaidudiulunisds (PTS)
1n3UR 2.26 uansislassairsvesszuulelendiduiuguiinnsanafiefionsves

STUUWUU PTS dmsuasnisuuu PTS tu Sﬁauaszmmiﬁt,%’wm X () gnuuseenidungumen

Y

IV ﬂaumu X¥ vy Tnedidouanmunvadlunday LNFUYNUNNIAUMIELAT

Y

LY £ J

a 7( o ! L3 1
uUszdAns b =e*” lilevimsmandyaaidafitefiensesiian (91 Inglunismien

o

SuUsEAvisTvnyauTaIuAay ﬂamaﬂf\]vLLam”meuaumimmaiﬂu

™ 27:1
S Uw

Weo W A9 91U R NanIua N lglun1snasan

=0,...W - 1} (3.10)

NAINNIAMAIFNUTEAVTVR ARz NgunanwaT Agladyyiuann1sTINiuYes

N9 NENNANANANNTT

y, = Zyz(b,f")Xff)) (3.11)

v=1

do 8P e AvduuszaAns
Tngazenhduussavsiddudieuielflunmsihduaanduiun %n%’ayaiu
a'*;uﬁ%L%'aﬂ'j'ma'maﬂ%’auaé’uﬂszamé (Side Information) d@wsuidnvesdulszansusas
ngumdnduu ¥ nduasidumimanzaumisiuunuresna Taeilethigasdriudeya
Tuusazngundnudiingundnunuiuaslidyyuiiafofieniianas Tadgmyia

VINMYRINTEUIUNITARAIe NS larlaRsEuns
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Vi =i(b<v> IFFT {X"})

=1

<

I
M<

(b‘”’ X(V)) (3.12)

H

V=

[V 4

NAUNIST (3.11) waz (3.12) asdiuldinedudszansildlunisaaudiivtoyaus

Y
[

] v O N A N d' a | a £ 1%
azﬂaqll‘ViaﬂuuzﬂgmﬂqﬂﬁwwqéluLLﬂuGZJ@QL'Ja']LLagﬂ'J']llﬂ I@IEJV]"USWqumqﬂqaﬂﬂizamﬁUQqﬂlﬁ

Souluduldssaunis

=arg min max
0<wsW 0<n<N-1

(3.13)

> (bx)
v=1

[ °

do vV dudeulalumsmanduuseandivilidyananinanfivefiensiimiian

3.4 PTS-Base Radix-R FFT

MILUasLesa1au N-point ¥asdaya x(n) aunsarmwiulalaensaanaunis
N-1
X (k)= x(nT" (3.14)
n=0

1087 k=0,1...N-1lusr n=01.. N—1

ReINTAERAITaNIsAWINMsHUawSesiuuUnd (OFT) Tudiuveanisulas
Wiwswuunndy  (DFT) a@1snsaviinisAuialalagyiinisld Complex conjugate ves

doyayraudunmviseteyanazionvinniurazildnisdwesnisulaniSiesiuuifediu dely

519glA [1]

N-1 *
x(n) = i{z X*(k)TN”k} (3.15)
N k=0

maudasiFesuuuund (OFT) anunsadieulalaeldidu FFT algorithm datiusnae

wiulunnsAuluwes FFT
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3.4.1 Radix-R FFT algorithm
FFT algorithm unisuennisAuiawes DFT algorithm lduasuuen r
FansAuIne DFT wguUasan r N /r-pointDFTlUL“fJu m=log, N stage Azdsnn
161 mn N = r™ mixed radix 7iflen r uansnsfuazgnldom msdmnuaududeuas
anas91n O(N?) 1Tuidu O(N log, N) susiay DFT aﬂu’]iﬂgﬂﬁ’mﬁmwfﬁ]’mLLNUﬂ’]‘WﬂL%@
i r WuAnfidenadesiu Radixr FFT algorithm @sanunsaldeulésts DIF 3o DIT

DIF Radix-r algorithm anunseléunnainaunss (3.14) fe

N/r-1 r-1 N

X(rk+ke) = > (O x(n +T|)Triko T (3.16)
n=0 i=0

W9 k, =0,1,...,r—1 waztiof15unnNFURUUVRIANNTT (3.16)  L01INNva9

WNLAMNRLEDT stage v azidu

N/r-1  r-1 N

X, (rk, +k;) = Z ((Z X, (n, +—1)T )T M (3.17)

v N/rvt
n=0 i=0 r

do k,=0,1...(N/r')=1 n,=01...(N/r*)-1uae v=12---m

1

[ A

naansvesudanlaszunsugnivualisigun 3.4 FILAAIDNIN1TANAIVD S

Y

(%
[ Y 1

N /r-point DFT #iluksiay stage TILNUAMNIMUANIUGITINIU ' ASY AIeE g 1

[
R

v = & = o 3 ] v
stage LL?ﬂﬁ]SQﬂI%QWUWU\TﬂiQLLaziu stage W 2 WANW1 r A @\‘iuu‘ﬂzl@LUu

r'*x N /r'*-point DFT ﬁstage v hag r'xN/r'-point DFT ﬁLaﬂﬁwwﬁuaq stage v
wINne X, (rk, +k, ) unsdnsedundluidudunnaes r'x N /r'-point DFT lu stage
solU 7 stage gATNe v =m, twiddle factors 1 trivial wazazifunilsgn DFT

Tudues DIT radix-r algorithm vasaun1s (3.14) anunsadeulsidu

N/r-1 r-1
X(K+k (N/1) =D O x(rm+)TTEOT, (3.18)

n=0 =0

[

dlolinmuedukunwiidel stage v 1y

r-1 . X
X, (K, +Ko (N /1™ 1)) = > %, (rn, +0)T T ™

N /rm7v+1
i=0

(3.19)
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X (rk))
0 | |

X_(0) 1 l ol oy
v —> L . > Nir
X, | WN/ry-1 > point
X ((N/r)-1) ol o . »| DFT
X NIy — | .
X ((N/Y+D " I - Ag;t
X,Q0N 1 r*)-D-——> i e

X, (rk}+1)
X, (rk,+r—1)

XA(r-DN/r")) —>]

N ™| NI
X ((r—DN/r)+1) — D)D) | point
XN/ HY-1) ——» Wit DFT

\

«—— Stagey — >

g'ﬂﬁ 3.4 uanansanasluilu N/ r-point DFT ¢1e DIF radix-r 7 stage v [1]

We &, =0,L.,(N/r""™M-1uag n,=0,1,.,(N/r™*")—1 §33103UN 3.5
WAAITaNI5aAa9Y09 N / " -point DFT e DIT Belunsaliiununmmsungniugiinuiu
r"vasslunnas stage  Fudu r" xN/r""-pointDFT 7 stage v  f1g

r" U x N [ r" "' point DFT 19unvves stage v 7 stage usn ,v =1, DFT Junilsgn waz

a I

twiddle factors +Ju trivial Fegnanufindunveglugluvureslnund wazievinnazly
digit-reversed Unlu DIF wagunufidmsu DIT algorithm  azdanmlain twiddle factors

T™ Ju trivial (¥1uaz +7) uday stage 91UIUVBY twiddle factors T;"k" WAy T""f"

h,wl NI

\Wo n, 20 uaz k, =0 Ju trivial wasgrslsimuazyiinisAuiuunuuines laglifa

[

§1uaves trivial twiddle factors WiotUSeuifloufiusewing DIT-PTS, DIF-PTS way C-PTS

=2

Feynmellalaraansilnalfeeiu
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0
X,(rn,) 1 | | X, (k,)
XO) — [ Ny -1 —L:
x(r) "1 | point
X(N =) i DFT >
X(l) - N /rm—v+1_ ) >
X(r +1)_§_ point TN(/’:QTMH -
x(N-r+1)—- | DFT [
Xv (rnv +1) Xv(kv +N/ rm—v+1)
X, (rn, +r 1) T° e
X, (k, +(r=N /r™")
x(r-1) — — 1 o
x(2r-1) — N/'.’ 1 (rp Nty T
. pomt L | TN/I’m’V T (r-1) >
X(N -1) — DFT | — _

<4—— Stagey —M8M8M8»
31117i 3.5 uamamsanasluidu N/ r™-point DFT #38 DIT radix-r 7 stage v [1]

3.4.2  msanTeinsAuInANLdudeueuiusEning DIF uag DIT
nsAUINANFUdauaINITagNAINUALAIINTIUIUNITANAUYBS
nontrivial twiddle factors Fauanaliluzui 3.4 uag 3.5 Tuduves TH9, uag T, 1y

nontrivial twiddle factors dwulevinmues k, dsegarelu n,vea N /rY-point DFT fag

DIF uaz DIT anuddu dwueld a™ Wuswauves twiddle factors T, 41 stage v
NATINAUTRY N, UazoWivvesNUnWEEe k,anunsadeuladu
> =r(r-)(N/r')-1] (3.20)
wazAsnsIEIuTEnIe alt Weulaidu
DIF v
N/r')-1
8, I/ (321)

ai  [(N/r')-r]

DIF s

aziulainfiauinnimis aslu a®" avanaslumuusag stage wazil v=maz

Andugudds N/r'|  =1luaunsit (3.20) sl a®T dusiuau nontrivial twiddle

v=m

factors @4 T "9, sio DIT stage WasiuYd n, WazioWMnvmMUAWHLFD Kk, @13190

Weuladu
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" =r™V(r=)[(N/r™)-1] (3.22)
wazAendIusEnang aPm Weulaidu

a‘VDIT _ [(N /rm—v+1)_1]

= = (3.23)
a0 LN/ =]

Aensiduilazdosniiviauay al'’ azsiindulunuusiay stage N v=1 91uduil

m-v+1

=1 Tuaunsil (3.22) e DIT algorithm fnsfurumspaiu

uiluaudn N/r

Y84 nontrivial twiddle factors d@unnegillugdiuanyngves stage Tuvagd DIF algorithm
in15A1UIUN1IANAUYBY nontrivial twiddle factors dausnnagiluduiuay 91uIuns

ANUTIMIAYEY nontrivial twiddle factors 13U DIF radix-r aunsadunlalagly

Aun139 (3.20) &MU m—v stage v

M.t = Z o’ = Zm: rr =[N /r')-1] (3.24)

i=m-v i=m-v

AusunsAWIYed DIT aunsavinlalaeldaunisi (3.22)

3.4.3 nsanA1fiteNeslagldis PTS based radix-r FFT
auwwuaumumwﬁt,?iaﬁ stage v lu N-point DIF radix-r FFT gnlgd sy

1 ) =3 1 [ Y <
msudsesniuuiondes anansamvualiiu
x P * *
X" (k) =Y 0:X (k) (3.25)
p=1
nsulasiBiesuuunnduluannisi (3.25) aslinadnseenundu

X (n) =—[DFT (X" (K))I

1
N
=3 0, ~[DFT (X ()T

p=1



a3

p
=>0
=1

p

p

DX ()T

P
- zepxp (n) (3.26)
p=1

~ l * * 19 1 ~ ~ ) [y
119 xp(n)zﬁ[xp(rk+k0)] ONATNUUNINNANNTN (3.17) 91 stage v @MU

=

Bnsegreirglunisiiansandunvvesnisklaiysies X(n) wnui X7 (k) dygrudunni

stage v @nsadnbieglugvesuming x/dwsu 1=01..,r-luag n=12,..,r"

x,(0) x @) XN/ D)
X (N/r") X(N/T)+1) o x(@N/r")-1)

N1

(3.27)

Xv((r—l).(N/rV)) &((r—l)(N/rV)+1) Xv((rN)rV)—l)

Wo r'*x N /r'*-pointDFT 7 stage v #sludruvosdunnaunsouansladuy

= xt x2 T fudavdiueely x Wuwvindluaunis (3.27) wnquiendesves
X, =| X, X2, X! ¥ U X, : 1n9

PTS 2zgnulauasandunvves x, uavdiufiude m—vstage lu radix-r DIF algorithm gn

o

lgAnunsgauiuiauavasnsUasiesdiunvae
91U trivial twiddle factors T ™ falnalfesniuludmas stage  1nevia radix-r
DIT %38 DIF algorithm fsiu MieaesdsdinalunisulasSiesuvuiiefuinieiladunm x,

d2U31U7U nontrivial twiddle factors T;;':L LAy Th';;f"mﬂu DIF %39 DIT wansnaiulag

v=1,...,v}={T“ka

e v=m=V, .., m} Astivuneng

mvualmndulusny stage waa {Th:‘j‘:&l

Wannuansinstudulusig stage v 91n@un1sh (3.20)  way (3.22)  Feagla

{aVD'F|v=1,...,V} ={aVD'T|V= m—V,..-.m} Wzazdy Bunn x, gnludwmsu DIF PTS 4

wAnenaiuLienaINn1sAuiuYes twiddle factors lu stage usndia V Tuaagdl PTS wuy
DIT n1sAaufiuves twiddle factors nilounaus stage m—V s m Aty Usgdnsninves

ANaNATILENDSUBINIARNSAIlAlNALALINUKAZLIaNANSUINITAaRAIALENENSAY radix-

DIT | fiyiJunnu stage \Julunuaunisi (3.20) uag (3.22)

\'

r algorithm dmiu 2" ey «

° Y PN X v O .oa v a a N A caa 1 o= a
FANNTUAT r NUINIUY ASUU radix wqwuﬁ]ﬂ‘mﬂizawﬁmwmmwLa‘wa’]i‘wmﬂm ‘?NI‘UEU‘V] 3.6

wansnadavadnisanansudnlunisds (PTS) wuu radix-r DFT



a4

g | X e iX .
% stages b1 Y
: = :
x; FET X < X, | IFFT(m-v)-th X, > X
—‘ » = stages i b A 5
[ vth = N - +
stages | X | IFFT(m-v)-th | 73 - )
Qo stages b
'g : 3“
] H
a Xy | IFFT(m-v)-th X4 > >
(%) stages R W"* b§

: Optimization of
IFFT weighting factor

3UN 3.6 laseainaveanIasds OFDM sagn1sannisAuinmududeu Ingldisnisdnaisiu

dulunnsds (PTS) Inuiumdamaswiniu 4

C Start >

Y

Serial to parallel, Mapping and
Partition into clusters

IFFT

y

Optimum searching and obtain the
optimized weighting factors

A 4

End

3UN 3.7 Tildan3mnn19vnaueesdsnis PTS wuuiugiu
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N3UN 3.7 wanslildvianisvinuveismsdnddudiulunisdauuiiugiu

£%
v [

Tnefindannisinaudsdl dygiuniinisguiussgnulasaindyaiawuvsynsuliiluy

e

[ o LY

dyaauuuny MNUUAIRINITeAR MUY QPSK %se QAM ladyaiamis

o

ANNAKUUIUIY  wasdggufignuegantulzgnuuseaniduseniluadaimesaiuiig
uuald dutu 2, 4, 8 vise unnill Fdluusasadawmesdyaavnmnuddfazgnuuadli

aglustuuudyaramiaiailaeniswlasiesuuunniuwuuisy (FFT) disladayaiamng

a

watun lunszusunisiiiesfagriinisqudygyiuniaiaidaienguuesdudssdns

(Weighting factor) ifnuuald daiu 2, 4, 6 Wie 11ANI1E LaWnTALMdyQInLlaId

'
a Q‘dy

oiensueeiian lagldisn1sAumLuy Optimum searching ilelanguduyseansanseanis

warfgrdennqudndseansuugandiludvdyyiamiwiad nieududinguuesdoya

o

#uUszanSvaammazedamasiunsaufunisasdnueanludumsassu

T o

{ Start >

Y

Serial to parallel and
Mapping

Y

IFFT v-th stages

Y

X "is partitioned into clusters

A 4

IFFT (m-v)-th stages

A 4

Optimum searching and obtain the
optimized weighting factors

Y

End

5UN 3.8 Tld1130n19791uve35s PTS based radix-r
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INFUN 3.8 wandlwldrv1$0n15v9UYesIanTs PTS based radixr lagiindnnis

nuell Fygraiviinisduivasgnuiasanndyarasuusynsulududyagiaiuuauny

U o

INUUALTIINTUBYEAFYYIULUU QPSK 1138 QAM ladyayraimisnnudivuuvuny

doyaramsanudnliazgnuiadlidudyaiamsnaaniaier IngriiunszuIuns IFFT

vth stage  azladmans X (1n3U7 3.6) dyaatliesasgnuuseandundaines Juus

avagawmoTazgni L lUTuNTEUIUNT IFFT (m-v)-th stage Tindeay wazladnyaiumis

L4 s
a a

& [ [J N v ! (Y . .
£381 1umzmumiqun%mmiqm wﬁUy’]m‘Vl’NL’Jﬁ?ﬂﬂ'ﬁﬂﬂﬁjﬂﬂ@ﬂﬁﬂﬂi%ﬂ%ﬁ (We|ght|ng

Gf
factor) Wiuuald wawihnisrumdyarandaieiionsdeenan lngldignmsAuniwuy

o

Q‘d'y Y @

Optimum searching alanauduuseavandenisuainagindenngududseanstuaaid
Tiudanamaia neuivdinguuesdeyadudssansvesuwavadamasluniouiunisds

fynueanluduniosu

3.5  wuudnasuAIesdInaziA3eiuvesszuulaenflduLuuNiEue
Tuinerdnusiiaueisnsanaitefionsvesdaualeenfon lngldisnsdndisu

drulunnsds (PTS) 7uAUATNNSY9 D-PTS base radix-4 Lialglun15anmnNugdusauYad

= a o w

S3UU A savibidyarafivssaninnlunisanariitefionsinalAesiuisn1sdnannu
dulumsdaiiugin Hunsdsauedsnisnmuaatdulssanswuulniiveldanaiiteiionsads

136137 Improved-PTS fsaznariludiunsly

(Y o w ]

3.5.1 3Fn1saaA1itaiienslaen1suuuseaisnisdndraudiulunisdeuuy

Wug1u (Improved-PTS)

a 1

aa 3 v I Y] s =
8N19 Improved—PTS ‘Ua@ﬂm@%a@uv\l‘mﬂﬂLL‘U\‘]@@ﬂLUUﬂﬁﬂLW@i YIVY

9 Y

1% '
[y ]

=) L v aa U o ! =1 ! aada o Q’Jl
witlounuAuIsNsInasuaIulunsas (PTS) EULLUUWL!:@']L! AIMULLANEA VDI NUIAUDUU

Wisuilsuiugluuuiiugiu fe wiazadawmesgnuusesniludiuivilawazdiuniass de

[ v 1

wanslugun 3.9 dunntlazdiunassveindanoiazgnimvuamemdussansiunnedig

a (7 (% aad o

fupgslsinnuardulszansianiansanamnuduius duanamieanuddmsuisniaus

Y} g7

aunsanvua iy [111,[12]

o
LN

X (n) = (ej("px'p (n)+e'*x; (n)) (3.28)

b
o
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A jo" jo! = o a £ . . ° YRR A = | =] d'
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A9 4.1 AN NAINISIEM S NIBLUN1531a99N5YINUTBITLUU

Uaya (R HIEEE
Modulation QPSK, 160QAM, and 64QAM
Demodulation Coherent
Allocated bandwidth 5MHz
Number of FFT points (N) 128, 256
Number of sub-carriers (M) 64, 128
Number of cluster (V) 4
Number of weighting factor (W) a
Symbol duration 12.8 pS
Guard interval (GI) 1.28 uS
Non-linear amplifier SSPA
Non-linear parameter of SSPA (r) 2
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Radix
stagel stage2 stage3 staged
2 4 6 7 0
Extended
4 0 0 0
Split-Radix

NANT197 4.2 wanensiUTeuLTisus i Nontrivial twiddle factor luusas stage
U84 DIF-IFFT based radix-2 @y Extended Split-Radix lagdnuiugaves IFFT iy 16
9 Bmsdunududoursamsnuiuiomnuesisnmg PTS-Based radixr anansavild
naunIsi (@.8) Tnermualisuuadamesitu 4 adames Suiunmsnuiuiomnues
33M3 PTS wuuiiug aunsadunildaindiuiures nontrivial twiddle factor wavua
Y8INTHUINT I SUUUNNHUYEY Radix-2 FarasIuv0991uIU Nontrivial twiddle factor
favmsluusay stage Tewiifu 17 1o Fduaraunsamsununisquiuiaanves

8015 PTS wuuiugulau

MPT = 4(17) = 68

total
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=

Faziiulainnisaaiuvesdiuin Nontrivial twiddle factor ¥8438n113 PTS wuuiugiutiuy
funmsauiaun 68 a3 TudiunsnisAuiuanuduteureianig PTS based

radix-2 Azbdusail

M P02 = (4+6) +4(7+0)

m-v=2
=38
M 292 = (4) + 4(6+ 7 +0)
=56

AUSUNIAIUINUBIIBNIT PTS based Extended Split-Radix azla

M 2 2% = (4+0) + 4(0 +0)

m-v=2
=4
M &0 = (4) + 4(0+0+0)
=4

NNFAIUNITIUTIUTENIN PTS based radix-2 wag PTS based Extended
Split-Radix %Lﬁu'jﬁLmu'qﬁQﬂawqameuaqmzmuﬂ’rit,mamﬁLEJ%GU@&LLm'az Algorithm
wams LI PTS based Extended Split-Radix @11150ann15AUIMANLTUSoUY0935n13
PTS wuuiluguldfindn PTS based radix-2  ludiuvesszuuiiviaueiiu ansnsafiuani

AU 256 90 TneAsn1sAurunzadeiu 16 99

] = = ° v v aa A o
M1919 4.3 NSLUTYUNEUNITANTUIUAMUYUYBUYDIITNITNUNEUD

Reduction of Computation multiplications

Complexity (P=4 and N=256)

(m-v=6) | (m-v=5) (m-v=4) (m-v=3) (m-v=2)

Conventional
NA NA NA NA NA
OFDM
Conventional PTS 0% 0% 0% 0% 0%

Radix-2 DIF-IPTS[12] | 24.68% 36.77% 48.48% 59.40% 68.76%

Radix-4 DIF-IPTS[13] | 51.72% - 69.28% - 83.32%

Extended Split-
37.65% 47.01% 54.03% 61.45% 76.66%
Radix DIF-IPTS
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INATIN 4.4 LERINISIUIIUIZUNITANUINANUTUGBUAINSUITNNS PTS WUU

(%

ﬁugm, DIF-PTS based on radix-2, DIF-IPTS based on radix-2 W& Extended Split-Radix
ANUAIRU AT ULARIDINISIUSEUNBUNSANUIANUTULDUYID19D9910 PTS WUy

1%

gy Faaziiuléan DIF-PTS wag DIF-IPTS based on radix-2 #131308ANNTAILINAIN
Fudould 48.48% 7 (M—q),., , =4 dewSsuifiausu PTS quﬁugm wag DIF-IPTS
based on Extended Split-Radix wann1sann1smuiaeududouldniy Feaunsaanlads
54.03% 7 (m-q)_ =4 lew3suiiisuiy PTS wuuitugiu aunsaasuliinisd
‘L‘hLauamuWiaﬁﬂizﬁm%mwhmsaﬂmé’mﬂdauszwiwﬁﬁé’qqqqﬂﬁiaﬁﬁé’qLaﬁaﬁuaq Heyeyned
warannsmumAnNdutouvessruuiewSeudiouiu PTS quﬁugmuaz DIF-PTS

based on radix-2



uni 5

A3UNANITILUATUBLEUBLUE

IFN15anAIRLE NSRS UNISANEILALIN1TITEE19NI19YI10TU FTNISLU15T

(coding) T57i7iea ieaueadu wariSateale (DSI: dummy sequence insertion) \Uu@u

A o

Femamaniannsnandfiefiensléidusgei uilifedesfio silvignmmssudstoyades
asndndeyaiiu (Redundancy bits) w3e sruunsds-Sufianugeendudouunniu an
fodentiiludneitoussiuuiBnsanafiefiorsuuulmiqitelianunsnanefitefionslé
pgelivszAndanmiensislidsnanssnudesninisdeiudeyaniedwmansenusoniu

FUIDUVDITTUUNNLINTY

Tuingrinusatuilladnausisnsanafilofionsvesdygradoenmon Ineddns

AmuaA1duUsEaNSIINAUNITUUaTIESUUY Extended  Split-Radix agagyiin1suus

] '
) =%

wiazadawmeseanludiuiviluasdiuniass udrtusdazdlunauiua weighting factor

v 6

Nr1eiu Gemduussandtdulinnuduiusiu elidymalaefduiiafilefionsanas

WAZNTAUNUANAN YNNIV YYIUVDUATOIVEIUNANEGS BaagYruanlonial

] U

v

Fyaaazgndansognudvsenndulasiniesvetsindsge esnnquandilaeilves
\ndesueneindsgearidnvurvesaalliudady Tnefvuinngudoyadulseanssaian
whiudsnmsingdudnlunisdauuiiugin Snveisnstdsannsnanaududouvesnis
aufuvesisnsdadfudnlumsdsadlddnmvils TngldmsuvamsuvasfBiosuuunndu
sondudosdin duusniendt v stage uavdrufideniunin m—v stage QRFGRTRMLLE

[y

A uﬂizﬁméﬁué’fgfgmiaL@WﬁLémmqL’gafmzLﬁmﬁuﬁﬁwLLwﬂQLawﬁwmmaq V stage 3935013
fazdvansuiuniseaiurediinsindidudndunisdaiuegann shldszuuiian
Fudeuanasuaziiinuszansnmlunisdeinudoyalsifusdsi Tunisneasailenidn
Usz@nSamvesszuy 1938nsdansnisinnuvessyuulaenfdusmensuiiames uaz
Amnsfinelilunsdiasaszuuagldriensdanunnnsgu IEEE 802.11a uagtdonns
UDALARNYEUIULUY 64QAM NHaNsAaRINUIIEnIsTitaueiivssansamlunisan
Afefiensinindsnmsuuuiiugiulseana 05 dB  LAZAINHANITNARBINUIIATSAT)
Aawannvosdadoya (BER) davndrszuuildisnsuuuiugiu Wotmuald BER was
CNR wosszuuilaasl seuuiliisnisiiiausasiinsdunnmududouaniosaniy

Tmswuuiugu Tuvusivuinnguvestoyadulsyansiavingy
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slbstract—The Partial Transmit Sequence (PTS) method with
low F ion lexily, called decomposition PTS sub-
Dblocking was proposed which employs the radix-2 inverse fast
Fourier transform (LFFT) for the signals a1 the middle stages of
an N-point radix-2 IFFT and decimation in frequency (DIF)
domain. This method (DIE-1FFT) can reduce the computation
complexity relatively with keeping the hetter PAPR performance
similar (o other PTS techmiques with using the same weighting
factor. To improve computation complexity for the PTS method,
the Extended Split-Radix inverse fast Fourier transform
(SRIFFT) which can reduces the number of computation
complexity was proposed. However, the PAPR reduction
performance is the same as that for the radix-2 method. Tn this
PApPCr, W¢ Propose a new ightil [actor techni in
conjunction with DIF-PTS sub-blocking hased on Extended
Split-Radix IFFT technique called Improve PTS (I-PTS) which
can improve hoth the PAPR performance and computation
complexity without any increasing of side information. This
paper presents the various computer simulation results fo verify
the effectiveness of proposed method.

Keywords— DIF-IFET, PAPR, SRIFFT, PTS.

I INTRODUCTION

Orthogonal  Frequency Division Multiplexing (OFDM)
micthod has been standardized as the European digital audio
broadcasting (1DAR), the digital video broadeasting (DVD)
and the next mobile communication (1. T14) systems. However.
a major drawback of OFDM method 1s that the OFDM signal
has higher peak to average power ratio (PAPR). The higher
PAPR leads the fatal degradation of OFDM performance in
the nonlinear power amplilier (HPA) [1].

Partial transmit sequence (PTS) method [2] 1s proposed as
ohe of the distortion-less PAPR reduction methods. Flowever.
the computation complexity and the size of side information
would increase as increasing the number of clusters and
weighting factors to improve the PAFR performance. To
reduce thuis computation complexity, DIF-PTS method was
proposed [3] which employed the intermediate signals within
the TFFT and used radix-2 decimation in the [requency
domain (DIF) to obtain the PTS sub-blocks. Multiple TFT'Ts
are then applied to the remaimng stages. The PTS sub-
blacking is performed in the middle stages of the N-point
radix FFI DIF algorithm. The DIF-PTS method can reduce
the computational complexity relatively while it shows almost
the same PAPR reduction performance as that of the
conventional PTS OFDM scheme.

In this paper, we propose @ new weighting [actor
technique for the PTS method in conjuncuon with DIF-PTS
sub-blocking based on Extended Split-Radix TFFT technique
which can improve both the PAPR  performance and

978-1-4673-2025-2/12/831 00 32012 IREE

computation complexity than that for the DIF-PTS method
without any increasing of the size ol side information,

In the next section, the PAFR problem and conventional
PTS are reviewed briefly. Section TIT presents the PT3-base
Lixtended Split-radix technique and Secrion [V presents the
proposed method. Section V presents various computer
sumulation results to verity the effectiveness of the proposed
method as comparing with the conventional PTS method.
Seme conclusions are given n Section VI

I.  PAPRPROBLEM AND CONVENTIONAL PTS METHOD

Let {X (k)37 denote the frequency-demam signal, where
N is the number of FFTAFFT points and & 1s the frequency
mdex. The discrete time-domain OFDM signal 1s obtained by
taking an N-point inverse discrete Fourier transform (TDFT)
of Y'(k)as given by the following equation.
1 N e
xm= vz,\'(klﬂ;” )
AV -
where # is the discrete-time mdex. T, =¢ 7" (known as the
twiddle factor). and ;* ——1 . The frequency-domam signal
Y(kywould add constructively and generate a time domain
sighal with larger peak amplitude. To evaluate the envelop
variations of OFDM time domain signal, the ratio of peak to
average power of the signal as given in the following equation
is usually used.
max |,w(n)|:

EECH

where the discrete time PAPR can be evaluated precisely by
using a minimum of four times oversampling [4].

In the PAPE reduction method ol using the partial
tramsmit sequences (PTSs), the [requency-domain vector
X (k) is partitioned mto 7 disjoint sub-blocks as given by the
following equation

&y

PAFR =

Xk =3 ik (3

=0
Let 0, be the set of weighting factors with 8 =0 which
are applied to the sub-blocks X,k The substitute
frequency-domain signal are given by | 5],

I-L

Yk =%

p-U

4
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Taking the IDFT of (4), and using the linearity property of
the [DFT, the following equation can be obtained.
ol
XM= IDFT(X () =3 ™ IDFT(X (k)

=

=§€N“.\'w(n) (3)

p-l
wherex/‘(n) =IDFT(X, (k) are the / time-domain PTSs. To
determine the sequence x'(s) with the smallest PAPR. the
following optimization criterion is employed.

[&919, ‘]:\:rgmin{ max |x‘(n)‘} (6}

PP

In order to recover the data correctly at the receiver. the
required side information is (P—1)log, W bits per OFDM
symbol where Wois the number of weighting  factors.
Accarding 1o (6), P IDTTs arc required 1o obtain x'(n}which
leads significant incensement ol compulational complexity.

I PTS-BASED EXTENDED SPLIT-RADIX TECHNIQUE
A. An Extended Split-Rudix FFT Algorithms

‘The basic idea of an extended split-radix FFT algorithm is
the application of a radix-2 index map to the cven-indexed
terms and a radix-§ index map to the odd-indexed terms. That
is, the extended split-radix FFT algorithm is based on the
synthesis of one half-length and four eighth-length DFTs. For
the odd index terms, [6] gives the following cquations.
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The first stage of an extended split-radix decimation-in-
frequency decomposition then replaces a DFT of length by
one DFT of length 2 and four DFTs of length 8. The length-

DFT is then obtained by successive use of such
decompositions up to the last two stages. where some
conventional split-radix butterflies (without twiddle factors)
are needed, and to the last stage, where some usual radix-2
butterflies (without twiddle factors) are needed. A general
elementary butterfly used in the diagram is illustrated in detail
shown in Fig. 1.

230 Xolho g {l1 - 00 Xad 10 e mﬂw:
1 IR

b0 Kelf- g {11t O Rt - 1 111K x;liw.‘“

‘I\lx-)(ll)‘%;—{\‘-l“ﬂy-‘:(l'\‘"\\}l()-’(:ljv‘:l
Figurel. Butter!ly method for IDIF extended split-radix FF1.

B. IFET-Based P15 Technique

The DFT of an A-point sequence X(k) can be directly
computed by using equation {1). The IDFT can be computed
by taking the complex conjugate of the input and output
sequences while using the same DFT parameters, we need
only consider the DT calculation. Thus, we only use the
corresponding FFT computation.

An FFT algorithm recursively converts the DFT
computation  torx A /p-point  DFTs  recurring  through
Hi= Iog, N stages. The value of r corresponds to a radix-r
FET algorithm. The DIF radix-r DFT of (1) is given by,

X(rhtk)= \f([ix[ﬁﬁ,—}ﬂ ]T\’T*w JT“ (8
.

nei i=q

where ) 0< ky Sr—1, is the index of the butterfly outputs. As
we consider the inputs Lo stage g lor PTS sub-blocking,
symbols and indices are represented with subscript qix, and
a, for an input x and time index », respectively, which X, and
k, for an output X and frequency index 4, respectively.
Considering the form of (8), the butterfly outputs at stage ¢
are given by,

- VoY
X (rk, + k)= {Zv"; [q, *%‘J T )T\, (O

-

where kq=U.l,.... (\I;"’)—],nfu.l...., (VO -1, and 5.

7=12.... #", denotes a particular » /" '-point DFT at the
stage g. Fig. 1 shows the recursive reduction of the p-th
A e -point DET o ¢ 0t -point DITs at stage ¢. 1t is
assumed that the input sequence is in normal order, and the
output is in digit-reversed order. Similarity, we can obtain the
butterfly outputs at stage ¢ for decimation in time (DIT)
domain.

The inputs XM + (¥ (rfyhat stage g are used for cluster

partitioning, in the proposed PTS technique and the remaining
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m-q stages are used to compute the multiple transforms as
shown in Fig. 2.

T L DiA 5()
T b sat o & ssp

¥ i
Peak value Side information
optimization

Figure2 Structure of OFDM transmitter with a low complexity PTS
method.

IV. PROPOSED METHOD

A.  Proposal of New Weighting Factor

In the proposed method, the input data block is partitioned
into the cluster as the same as conventional PTS method. The
difference of proposed method as compared with the
conventional method is that each cluster is partitioned by first
and second parts as shown in Fig.3. The first and second parts
of cluster employ the different weighting factor although
these two have the predetermined relationship [7]. The
frequency domain signal for the proposed method can be
given by,

r-1
x(n)= Z(e’by"x‘,(n)+e"ﬁ:x;,(n)) (10)
=
wheree’” and e’ are weighting factors for the first and second
parts at the p-rh cluster, respectively. x‘ﬂ(n)and x;,[n) are the

data sub-carriers of first and second parts at the p-th cluster,
respectively. The weighting factors of proposed method are
given by the following equation.

a,= 20,

. {ﬂ (an
w

»

i:[),l,...,W—]}

where 0, is the phase coefficient for the first part of clusters,
and e, is the phase coefficient for the second parts. However,

this fact leads other advantage in the computational
complexity for the proposed method as compared with the
case of y=0.5[8]. If ¢ is 0, the phase value of second part
of cluster can be obtained by g);“’:aq"":oand the
weighting factor for the second part of cluster becomes
¥ =" —1. This means that the proposed method can use

the original time domain signal without multiplying the
weighting factor for the half part of subcarriers.

j«—Cluster |——»«—Cluster 2——»

Tuster V——m

Ist 2nd Ist 2nd Tst nd

le———Total sub-carrier in frequency domain———=
0 N1
Figure3. Structure of OFDM symbol for the Improved PTS method.

From the above results, Fig.4 shows the averaged PAPR
performance for the proposed method when changing y. The
best PAPR performance can be achieved when j is 0 and the
proposed method with y=0can reduce the computation
complexity. From this fact, the proposed method shows better
PAPR performance than conventional PTS and DIF-PTS
method with keeping the same size of side information and
lower computation complexity as the conventional PTS
method.

—— DIF-PTS. Nimber of Subsarrir—4
¢ DIF-PTS, Number of Subcarrier=128
—€— DIF-IPTS, Number of Subcamcr=64
F— DIF-IPTS, Number of Subcarrier=128|
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Figured. Averaged PAPR Performance for the proposed DIF-IPTS
method when changing

B, Computational Complexity Analyses

We define the multiplicative complexity of the DIF
IFFT algorithm as the number of complex multiplications
by twiddle factors 7% and T,"“ .The twiddle factors T,"‘“

N

are trivial (*+land +;). Let ¢ be the number of real
multiplications needed to perform a 2™-complex DFT with
the Extended Split-Radix algorithm. By using (7), we can
obtain the following relationship.

Mo =M +2M: ,+3-2"" -8 (12)

m-1 m-2
And, with the initial conditions M,= 0, M,= 0, we obtain,
Mg =2"(m—-3)+4 (13)

Disregarding for a while the number of additions needed
to perform the complex multiplications, the remaining ones
can easily be evaluated by m.2""', since, at each of the m
stage, anew point is generated by a complex addition. Then,
since the number of real additions needed to compute a
complex is equal to the number of multiplications, we have:

A =m 2™+ My, (14)

The Extended Split-Radix algorithm has the lower number

of both multiplications and additions than Radix-2 algorithm.

V. PERFORMANCE EVALUATION
This section presents the various computer simulation
results to verify the performance of proposed method. The
receiver is coherent detector. The transmitted signal is taken
over sampling by a factor of 4 (L=4). The simulation
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parameters to be used in the following evaluations are listed
in Table L

TABLE [  SIMULATION PARAMETERS.
Modulation QPSK
Demodulation Coherent
Allocated bandwidth SMHz
Number of FFT points 256
Number of sub-carriers 64
Number of clusters (V} 4
Number of discrete phases (W) 4
Symbeol duration 12.8us
Guard interval 1.28us

Table II shows the comparisons for the PAPR

performance  and  computation  complexity for  the
conventional OFDM, conventional PTS, DIF-PTS based on
Radix-2 and Extended Split-Radix, respectively. This table
shows the comparison computation complexity which refers
the conventional PTS. From the table, the DIF-PTS and DIF-
IPTS based on radix-2 can reduce the computation complexity
68.76% at  (m q)mm ,=2 comparing  with
conventional FTS. The DIF-IPTS based on Extended Split-
Radix shows the lower computation complexity which can
reduce up to 76.66% at (m-— g) =2 when comparing

Split=fads
with conventional method. From these results, it can be
concluded that the proposed method can achieve the lower
PAPR reduction performance and reduces the computation
complexity as compared with the conventional PTS and DIF-
PTS based on Radix-2.

Figure 5 shows the PAPR performance for the
conventional OFDM, conventional PTS, DIF-PTS and DIF-
IPTS based on Extended Split-Radix, respectively when the
modulation technique 1s QPSK, number of subcarriers is 64.
From the figure, it can be observed that the PAPR reduction
performance of DIF-IPTS method based on Split-Radix can
achieve better PAPR reduction performance when comparning
with DIF-PTS method based on Extended Split-Radix. From
the figure, it can be concluded that the proposed new
weighting factor can achieve the lower computation complex
than DIF-TPTS based Radix-2.

TaBLE 1T
COMPARISONS OF COMPUTATION COMPLENITY FOR VARIOUS METHODS.
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Figures. Comparison of PAPR reduction performance between conventional
PTS and proposed Extended Split-Radix DIFIPTS methods,

VI CONCLUSIONS

In this paper, we proposed the new weighting factor
technique for PTS method in conjunction with DIF-PTS
method based on Extended Split-Radix. The proposed new
weighting factors for the 1" and 2™ parts have the
predetermined relationship so as to keep the same size of side
information. To reduce the computation complexity, we used
the Extended Split-Radix DIF-IFFT technique. From the
computer simulation results, we confirmed that the proposed
method shows the better PAPR performance and lower
computation complexity with keeping the same size of side
information as compared with the DIF-PT S method.
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Computation Complexity (P=4 and N=256)
(meg=6) | (m-g=5) | (m-g=4) | imeq=3) | (m-q=2) Publishiers, 2000.
Conventional . .
COFDM NA NA NA NA NA
C“’“I','.:'}"_“’m' ® 0% 0% ®o ®
DIF-PTS [3] | 24.68% | 36.77% | 4848% | 50.40% | 68.76%
““";’;‘;:SI"I" 2.68% | 3677% | 4848% | 59.40% | 68.76%
Proposed
Extended
) - 7 7 5 9 76.66°
Split-Radix 37.65% 47.01% 54.03% 61.45% T6.66% 2676,0d. 2010,
DIF-IPTS
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