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Uszananadinanans stage vesmsuUasiiesnndunuuiiilagnisanneumsainud (DIF-
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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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lapudnilaneu Melliteaiiuyszdnsamlunisdsdayanmunguivaenisdeans uaziiled
Uanevsnasinisnenndunidesisendeutindeyaluldi dauiuiadedidnlunssuds
v P v v A 6 1 a oo o A A o | v Aa a
Toya esandeddraunividesinglunisds dniullelaufenisdatoyaniluunamn
Tunamdin dasalunisdsdeyadsdniudesasulume uasdlefinsldnuludesdygyin
P ) < = o X A g a U a &
doanslianenusIge mansenuan IS 34Any uwiisldmaliansiafmanduuuloen
a & v Ao v A ' A o o = ! = ¢ 1 a &
aaslunisnisdeteyanimsldndumvigesnaisnduniouiu Fausazaaunigasilaiuns
anAugsud vinliausaldraunvigesnatsrauilandoudulaglitinnissuniuiu
mevannswlstoyasaniudiug wedsluiuadumiigossnsglunanieniu vinlidnsn
mdeyaludesdyanutayanat Wesuiunisduoyanmunluivaiungesiies Uu

A o

Aevilivesdygrandunuy Narrow Band vinlinansgnuaindymn ISI anasnuluse uay

= -

diefislanenmsfagiinsaennduniigestioanneuinveyaluldim
memadainisdsteyaszildeudeyatuvaynsuduwuvaniuneu wazdidaya
sonlunfeuiumsaiunigesidniu uasdlofularenisfaziinisUdsudoyanduain

wuvswuduwuveynsy WetlUldausely

2.1 szuulaeWfdunugIu

msaRwanduuullsnuBeisainuselatonmon Wunisdedyaruuuunane

[ ]

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

=

Y a

) a ¢ 1 . ° =~ v ) a a0 ! adg v oA ¢
AUAAUNINYBY (Subcarrier) Q']u’)u‘lﬁufl@'gEJ89']iqUGWW]Wﬂjqﬂimﬂiﬂjﬂaquvﬂﬂﬂ'} VNV

'
I a

TolanABuAfe YIELRNANUNUNIURBINARILUULADNALD LTDI91NATTUMUTUTLAINE



(%
o = Y

medyg s sunsdruveslatonAduvingu Tususnasiindudyyraimunlunsdlves
AAUNIALAE?
MTASFYIMLUUTUIUNAND g lUNY wiavdesdyaaagldiauainuaila

Houviufiu (Overlapping) titaUastun1ssuniudeiuiaziu lneusazdesdygyiuiinisuen

(%
YY)

nKenINfuLEIsres lurhnstafimandnends 91nnnsfikaunud ldeuiutud
ufagidmdunsiesiunissuniu widunislduauanuailiivssansan daduiaia
wunAnfuszyndldnsdedyannuuruiuiunisiafmanduuuntsnaiud (Frequency
Division Multiplexing : FDM) Tngeeuliiinisdeuiufuvesuauainudls viliasuauainud
Pgodldle c?fummiugﬂﬁ 2 1 wagtfiafnn135unIuaInnIsTouuiuTeaUAILE uRaz

44' 6 1 = v & = o Y]
ARUNINYBYAIRNDIBIRTN (Orthogonal) Fanuaznu

\

—3$ 783 A WY
N | SME-PrT— R i,

FDM Frequency
,;/ ?(\ , 7\ ,‘%\ .‘ -Sﬂ‘.-']..ﬂg of bandwidth
/ / ‘.T" / / \I 3
e | | Vvt —
OFDM Frequency

JUN 2.1 mssiafundnddayaauuuiininuisassuulaenfiay

[ 13

na1lasagludinannisdifguedleenddn Afon1suusnszuadaya (Data

o

Stream) gaimaniigadudine Fellamsinindt udrduvurwuiuldivadunvides

Nl psvigulvin i aIvesLfasdYa nwalINTU AIUUNITIUNIUNIIAI AR

a1

MnARuvagIRasieanas uenanissdinisldnaiau (Guard Time) ifletoatumsunsn
gonszningdednual (Inter symbol Interference : IS) sauwalinsiiy Cyclic Prefix (CP)
iietesfunisunsnasnsewinamanud (nter carrier Interference : ICI) Tnen1syfudnyeayo
dllutasnaiquine Gansinduiasyiliuragaduniisiuiugnadududuuda
Tughsvesmsduiingm Junalfansarsnusenlumsadinmansseninsusasadun
15 soluaznannfeniseSurenisadiedyuialoenidy Areaun1sneAnNnmans uas

nszUIUNsEssdyaaloenRLew



2.1.1  aduignsadsdyyraleennbudisdunisnieadindans

[

Fyaruleedfidy Usenoumenasinaesnduniigesvans g aau Jluwnay

[ e]

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

N

S
2

s(t)=Re Z

Ng

i+0.5

dHNS,zexp(jZn(fc— J(t—ts)j , ot <ttt +T (2.1)

2

weitiioA1udredsdnileuannisiuguvesdyaisuanuunidsgey  (Complex

Baseband) §@un1sh (2.2)

N‘mz

-1

AUEPY -~ exp(jZﬂTL(t—ts)j, te St St (2.2)

T
I

(S ‘V,Z

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

Tngdruaisavdruiunninluaunisn (2.2) asludauduma (n-phase) uazAloins
1995 (Quadrature) vadgauleteRPua NIy Feazgnamieiandulaleiuas ey
lyundianudvesedunid(f,) teasruludyyralaienfdnlutuaninonssuiunis

AINATIAAILARIFUN 2.2

exp(—jaN (t—-t)/T)

o

QAM data Serial
—> to

Parallel

OFDM signal

exID(J'ﬂ(Ns;Z)(t*ts)/T)

JUN 2.2 nsad 19dyeradlerenimdu (2]



JUN 2.3 fregvesdydnvalloenfdunindunivides 4 aau

N3UN 2.3 Wusedwvesdygaletenmduluniaan Aladunmiges 4 adu I

a - = a £ P & 1 & £ LY ) a l a4
LWﬁLLﬁ%LL@NWﬁ@ﬂL‘VﬂﬂU Y33 LLa’Jﬂﬂu‘l’ﬂﬁﬂ@ﬂ%ﬂ%m@ﬂ%ﬁ@ﬂi’lﬂﬂ‘LlL‘U‘LJE‘UL(ﬂEJ’J wrlundl

Tausnludgiuresnazaduniides efagliiuiusaraaunividesavdesisiuiu

& Y

aneaulududuluginm T lnenadunigssiieginiuaziduiugnaiiusiieiu 1 gn
anniisenduguiifionspaaudfinismainszniniuvedusasaaunidesiule
gNRIBENLIY AGUNIVIEREN k gnAuaalanlagyinin1s Downconvert  &wyay10didl

AL K/T wiBUiNIaUUEINIaT T Wansfaaunisy (2.3)

N

t+T St .
] ) IR ¢ 17T
V0= [ exp(-jor(t-1)) X diy , exp(j2r (-1, )t (2.3)

TN

ts I=7?

E*:l t+T .

¢ > o d=K

7 z di+NS/2 J. eXp(JZ”?(t_ts»dt :dk+N3/2T
SN L

2

wiiuilumsiueqanadumigosdl k annsduiiinsnazldiendnaidenisae
ion, 12 (AAABAIAIAT)  drupdunividesdug nadnivesnisduiiinsmazivinfugue
\lesainmounasine (i—k)/T vilhAnsuiugnedudusviuduludianan T vosnns
Bufiingm fetunadnsvesnsduiiinindavinfugudiae

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

IﬂEﬂﬁ’fmiLLU@Qﬂ%Lﬂ%ﬁﬁﬂ%ﬁmﬂﬁu (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(jZnT\l—k) 0<k<N-1 (2.4)

i=0

2.1.2 msuﬂmﬂj‘%t&lﬂmuﬁ'} (Fast Fourier Transform)
2.1.2.1 ﬂqﬁLLﬂa\ﬂ;ﬂﬁlﬂ']iaﬂﬂauGLULV]aﬁJsua\‘]ﬂ'J']lla [3]
(Decimation in Frequency: DIF)

aa a = a I3 Y
'Jﬁﬂ']iLLUaQZ\JliLEJﬁ@EJﬂWiaﬂwauﬁluL‘V]@llsﬂaﬂﬂ'gqlli\lﬁqll'ﬁﬂLEUEJULTJuaiJﬂ']{Lﬂ

X(k)zfx(n)wN"k, K&~ IR =¢ (2.5)

e N udwaugaves DFT

(N/2)-1 N-1
XK= > xW™+ 3 x(mw, (2.6)
n=0 n=N/2

INFUNISN (2.6) @unsavundeulnulasaaunisi (2.7)

(N/2)-1 (N/72)-1
XK= D x(mW +W? > x(n+ N/2)W* 2.7
n=0 n=0

o W2 —e ke = (1) a@ums?l (2.7) Wevlmllsduaunisi (2.8)

(N/2)-1 N

X (k)= [X(n)+(—1)kx(n +?)}N§k (2.8)
n=0

9NauNTs (2.8) anansahudeusenidu 2 aunis dmsuaunisi k Wuave uas

aun1sn k Wuavd

(N/2)-1

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

n=0



(N/2)-1

X(k)=Y [x(n)—x(n+%)]W;k dlo £ Juavd

n=0

10

(2.10)

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

(Ni2)1 N
XQ@2ky= Y. [x(n) +x(n+ 5)}7;"

n=0

(N/Z)1 N
XQ2k+1)= [x(n) —x(n+ 2)]W;"

n=0

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

(W/2)-1] N (N/2)1 N
X(= Y [x(n) +x(n+ ?)}v;" +. [x(n) —x(n+ ?)}V;W;""

n=0

Nnaumsi (2.11) aansadnndeuluwunmidelsns JUn 2.4

(2.11)

O X(0)

N/2 - Point DFT

0 X(2)

O X(4)

O X(6)

0 X(1)

N/2 - Point DFT

0 X(3)

0 X(5)

9
L]

7

2.4 LHuUnINISLEn DFT Yu1a 8 0 panlu DFT vu1n 4 0 2 i

0 X(7)
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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 IﬂEJ’EJ’]ﬂEJ‘Viaﬂﬂ’]iL@EJ'Jﬂuu‘VIWﬂ’]iLLEJﬂ“UE]HﬁGUu’]ﬂ il g
1

x(0) e > —O X(0)
N/4 - Point DFT

S
x(2) .v’v'. b W"? N/4 - Point DFT o
VAVAN 0 X(6)

AN we-sauncer [
o N0
x(6) -lA‘“ ’ —O X(5)

2 & 0
Wy ] Wy | N/4 - Point DET
x(N o ® - —O X(7)

JUN 2.5 WHuAIMNISHen DFT 9u1a 4 90 2 9a eoniu DFT vu1a 2 99 4 4n

31n3U7 2.5 agladayaruin 2 39 31U 4 ¥a U1TeyaLsarYRNAUIMLUUHIED

2
v a4

(Butterfly) Fvanunsavilesadl fio

INAUNSNA 2.5 1ile N =2 azla

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(1)=xOW — (W} = x(0)— x(1) (2.14)

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

(D) = X0 =x(0) x(1)
JUN 2.6 WHuNMRERNSUUSNSEwS 2 90
Weyiin1s Butterfly dayans 4 gauds aglatayaruin 8 9a ideyanavualy

Ja3edlnieaneas Bit Reversal dzladeyavinnisulasyBiesodnaiivuin 8 9a fiauysal

Aawandlugun 2.7

x(0) = O X(0)

e ‘ o
x@ e
Y 5 o X(6)

x(3)Q _ . :
4 ,'0‘.0'0;. ey T o

x(5)C O X(3)
x(6) 0 O X(5)
x(7) O X(7)

JUN 2.7 mswdasBiesesnuiinuin 8 9n medsnisanneuluneuvesriud

2.1.2.2 ﬂ']iLLﬂﬂQIﬂﬁlﬂ'ﬁaﬂVIa‘LﬂuL'VIEJ&I‘U@\‘]L'Ja'] [3]
(Decimation in Time : DIT)

Tunsudamiesegnasilaenmsanveulumenveian wldisnsuendeya

;Y

Aevinnvidvuinanas laglumnseiudiuazaunsanenteyamudunnlviizuinanas

o o

dmiuisnistiavldnissindeyavunn N/2 qa 91uu 2 W’Lﬁﬁﬁlusﬁaua N 90 1 Y9 34l

[
a v a A

IBNT1TPNUY AR ‘Vl’m’]iLLEJﬂ"U’e]lla N g BBﬂL‘lJ‘Ll 2 g GUGWI‘LNL‘U‘L!LG“U?’] muamwmmmaﬁuﬂ

)]

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 WZ =W,
(N/2)-1 (N/2)-1
X (k) = XMWk, + > x(2n+ LW, (2.16)
n=0 n=0
I
(N/2)-1
Clk)="Y x(2nWyy, (2.17)
n=0
(N/2)-1
D(k) = x(2n + YW, (2.18)
n=0
ot
X(k)=C(k)+W,D(k) ;k=012,.,N-1 (2.19)

naunsii (2.19) asuiuin X (k) Jurasiugaduvesdeyavuin N/2 90 2 40
Tnefitaawes C(k) way D(k) TAmaus 0 81 (N/2) =1 wdiawes X (k) dasaus 0 s
N —1 safussdowiaunisit (2.19) 61 e k >(N/2-1) uag WN&H = i

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

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

X (k) =C(k) +WXD(k) ;0=<k<3 (2.21)

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

PNAUNTN (2.21) Uay (2.22) awrsadlUdsuununmnisudasiSieslumenves

nanluusaztuneuMSAUIM (stage) lRIgUT 2.8, 5UN 2.9 uag JUN 2.10
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x(0)o——

*Do—m

4 - Point DFT
Ho—m7M

x(6) O——————

x(1) O0——
x(3o——mMm—
4 - Point DFT
x(5)o——

(7 O————

sUN 2.8 msudasBiwsodiusivwn 8 gn 10U 4 90

Stage 2 Stage 1
x(0)o- > 2 - 5 O X(0)
2 - Point DFT Wy Wy
x(2)o- |W‘v' W XM
’ N
x(4) O 0 Ao ® v v O—>—0 X
2 - Point DFT A’A Wy
x(6) O > O ® O X(3)
= w2 0"‘ W
x(1) O Q ® 7o c‘%%‘o o O X(4)
2 - Point DFT v N ‘0‘ N
x(3) O | WEVAVANR Y

O X(5)
SN
x(5) O oA A‘o O O O X(6)

_ 2
2 - Point DFT -1 Wy
x(7Y O £ £ O X(N

JUN 2.9 nswlasSiesesnaniivun 8 a 10u 2 99 9w 2 gn
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0 X(0)

O X(D)

O X(2)

O X(3)

0 X(4)

O X(5)

O X(6)

O X(7)

3‘1.] n 2.10 ﬂ’]iLL‘UﬁﬂWiLEﬁ@H’NLTﬁJUW@ 8 0 lnunisaaneulumanuungia

2.1.3  9a2a1Us9ny (Guard time)

ammiafianunsafnduldtussuuiiinnsddyanauuunaigaiunisides

[

A NIUNINADATENIWARUN L DY é’mﬁaqmmﬂmséaa@ YIUNTUTDIF Y YU UUT AR
W9 (Multi-path fading channel) fauandlugui 2.11 FsagifiuinAImauan1esEning

Sruulafaluniedysdnwalrdudyarunsides inlsuaz Naesiulialdwindusuiuay

o Y a (% I A 4
9197 IAAANITTUNIUNUTENINIAAUNIALA (4]

Part of subcarrier #2 causing
ICI on subcarrier #1

Subcarrier #1

Delayed subcarrier #2

Guard time FFT integration time = 1/carrier spacing

OFDM symbol time

g‘ﬂﬁ 2.11 ﬂ’]'ﬁLﬁ@ULWﬁ%@ﬂﬂﬁUW’MEJ@EJ Luﬁlﬂ"mﬂﬂ”l‘ﬁﬁiﬂ WQJ, QUIUNIUYD ”z:g QLU ULARANIN
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a 1 1 =~ & IS

szuvlaenduiivofodod1antdeds IAUNUNIURBNITLARNISENTNADATENIN

Y

1 [

ANBALAYNITUNINADATENINAYYIAAUNIYEDE dULlDIuI91NNNTAsd QU BN

g7

[

2.

e

pdyaauudadny esandygraleenddutuazinisiivdisiardesiu (Gl)
Ifunng dydnwal Begranadestuiiadiluty agldisnsAnaenteyadiurnevaus

[ [ a & Y o val % o [ ¢ A [ 1 [y [
azdanwallatovfdniarilundindunivesdyanvalivoidudisnaitesiu fwuans

N

Gl OFDM symbol

- Ty e T »

Tuguil 2.12

gﬂﬁ 2.12 mstataanddeasiu (Gl) [4]

gratesiunldifiadluludiundvemng fydnuvalletondidududanviiiu T,

FragfmualiliaauInnIvInveIAIfadaUsageEe T, Yeeddyaauuiainim

madasindu faandusui 2.13

Ind

Tg
th
Gl N~ OFDM symbol
: /
Gl n™ OFDM symbol
Gl J n" OFDM symbol v |
e~ To —

JUN 2.13 fegwesdygraldoenfidunsuandesdygrauuudadinm (4]

[

wazgUT 2.14 uansinegedyaaloenaauiisznauniy 3 adunides Nin1sld

1 (% U A =

Gl Tidunngdeydneal Lazyin1sdsiunistesdygrunuuiafnnuiduniosu laed

q LAg7)

' v [
% & [ 1 v o 1Y

ANdaRNINALRENARTUAULAREARUN g DT UIA1UBENINALIA1UBY Gl vinlwATaasy

anansavinnsveguandyaauasliteyaifuignaseenula
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First arriving path
Reflection OFDM symbol time

-+ ot
+—P -+ ot >

Reflection delay Guard time  FFT integration time Phase transitions

=1

sUft 2.14 Syaaleenfduiiiummntesdyiauuuiainmnduaiesdu [4]

v

2.1.4  mMsuaqandygialaenfduiudyyinesion

dyaranvanvualotonfdududamnnunuizaufaslddesiiunig

Y]

Foadyanludunietu esneaivndAyme Jaunasuvesniudeglugunuansnsly

il
1 P 1 [ aa [ q’.j/ [ [ ¥ d' £ 1 a
31ng1uANTVeIYeLd Y IMATiet Ay Fednlusesdinisiaioudivgiuainuives
é’mymmaqumﬂlﬂiﬁa&ﬂmmmmﬁ%wmazgigﬂm Weonaglaaiunsadedyyaloten
a x 1 1 o 3 =) D [ [ a & [y a 6
AdurwYesdgldle Fsesvinisuegandyianuawuualaenfuiuaduaision

(RF Carrier) Midlaudnssfivtosdyan awuandlugui 2.15

Anti-aliasing Low pass IQ modulator
|
Cos
EX v
RF output
Complex OFDM RE Carrier r\ o
Base Band o
C)— A
Sin
Q
—»| DAC >

2z

Digital Analog

JUN 2.15 nsueguandyaaleenaduiudyayiaeisieon [5]

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

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

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

2.1.5 ns@9laslug (Synchronization)

1 PN d' o a a 6 1 1 v & a ao 3 v [
ﬂ@u‘t/lLﬂi@\‘]iU‘U%ﬁﬁ’]ﬂﬂiﬂ@N@QL@@@@U‘W’WEJ@EJG]Ng] iﬂuu A9 UUNDINN

'
(Y] 1 1 [ (% ¢

Wususuwsn A N15119ALaUAB YR IMAa AN valLaz Y I MmN zanlun15IUA

o

o Y]

vig anwal LWE]aG]ﬂ']ﬁLﬂﬂﬂ’l'ﬁLLﬂﬁﬂﬁ@ﬂﬁ”%’J’]\‘iﬂmﬁﬂEmLLa ﬂTﬁLL‘V]‘iﬂaE]ﬁ]i”‘M'J’N?{EUiU']m

<

%4

ﬂﬁu‘WTViEJl’e]EJ LLaﬁaﬂ‘Wﬂ@ﬂﬂﬁgﬁ’WiE)M’]ﬂﬂ@ﬂ’]i‘lmﬂl’m’ﬂﬂﬁaawmmLW@VT’]ﬂ'ﬁ%@L“UEJﬂ’NlIﬂ%EN

[

duanadeerfbunsudiun WeliliainssiunaudvesdyauinuAIoeEs [5]

A7)

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

Ul 2.16 mM3Bslasluglags Cyclic Prefix

N3UN 2.16  gvinswiegisiaidesiu T;laensaesisdu (Corelation)
5 ijaﬁmmmwmumwmaL’;mLLa ammmmmmm feaunisi (2.25) Fadlensiuan
T, fay mmiam'}mmimuLLauammaﬁuaqamawm‘IaL@‘V\ImLam Luaqmﬂm@mawasiu T,

tufFeteyatiegdnnevesdydnual Feavannsamaaiwazaradlunsddasludls
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2.1.6  MInTIvdudeyauuuladisun (Coherent Detection)

v PN | Y] a Y a s o & v A
Toyaignasluduaiesiumessutlatenfduiy adudeayanignuenian

Y

WUU PSK %30lUU QAM @4lun15ns3adudayanenulazesiutiusfemsuaAllauaz ey

[ a

WAOBBIRFUNIERENaY FelaeilUuannauazaunanvesdy g utuaziinig

Y

WaguwUaswuudy uaglunisnsisdudeyauuuladisun (Coherent Detection) Huazldnis
Uszananiiemannauazuounignsedevesnduniviges dedunisnsiadudeyatiulilag

PNiNELazLBNNAIATTUTEEReY uiasvinnsiSeuiisuiuteyaludyanuaineu

PUIUAY [2]

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

A

Y

\

\/

Channel
estimation

JUN 2.17 vhenlnesunsuvenaiessuleleduniinisasinfudeyauuulagisu

I > >
Phase
. isi Data
0 T Decision ——>»
I_> Symbol A L b il
timing
> regenerator
> Phase
»| controller
Frame

—> timing
»| regenerator

Y

Amplitude
,| regenerator

5UN 2.18 n1snsiadudoyauuulagisuy (Coherent Detection)

d' < d' U a = v o
‘U']ﬂg‘lh/l 2.17 LLﬁﬂﬂUﬁ@ﬂl@@%LLﬂiN‘U@ﬂLﬂi@ﬂi‘UiS‘U‘UIBL@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 nsmARATEwMAUREYgeER (PAPR)

[ 1 o w

MI1dIUNNR99UasEn (PAPR: Peak to Average Power Ratio) ABAIA1839U

Y 3

AN

Y] a % o w d' [ a 1 L4
Trvuzasanisuiumasiuedsresdygialoenady x(t) lurisiar 1 dydnwal (T)

Y 9

Feanunsouansldseaunisd (2.26) [6]

max Dx(t)ﬂ
E( )]

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

=~ 2 | a My o fo 1Y) PN Y] 2 A
Wl max{|x(t)| }ﬂa ANMANIUT IV IGIgAUDIdy Il ko E[|x(t)| } AN

[ o

Masuaasvesdygalurisniinisiansan te[0,T] Naun1si (2.26) Wodyyiad

T

wakuualoowmel x(t) dayiiu

X(t) = NZﬁl(xneiz”fnt) (2.27)
n=0

k - o a e @ o 2 ¢ U &

JGE fnzﬁ waz t=nT, Wesandygralaenidududyyrunoundnd falu
b

FyeauuanuunlelenouasaldeulAnsaunsi (2.28)

X(t) =m, (t)+ jmo (t) (2.28)
o m, () =Re{x(t)} waz my(t) = Im{x(t)} Naunsi (2.28) Lﬁlaﬁwmma@j

andgygauuuivaLuuilonAdudiduaduni f wseaduingneuiinisdsdygiade

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

AudveIRauNirseruraWINg TLeguand i udyaaiuaLuua el WRLdLE
fiannudgenduwuuiavivesdyaaleteonfduuin  f >>N/T wazainaunisi (2.29)

a0 v a

Ageanvesdygalaefdunaannnisueganduaiiuniid X, (t) slrasaunisi (2.30)

max |x, (t)| = max|x(t)| (2.30)
iladayandianniaIesds dnsuaguanluuuy OAM ENTIMMANIURALVDY

S[ATRTRrY E{|xc(t)|2} Ihernaunisii (2.31)

E ch (t)ﬂ = % E DX‘ (t)|2 J +% E qu (t)ﬂ = M (2.31)

IS

INAUNITN (2.30) wag (2.31) Liledeyandininiasesds dn1suagianiuwuy QAM

Y

vanunsavAitefiesvesdyanaloenfduiiniunisuagandafuadumi (f,) laes
aunns (2.32)

max Dxc (t)|2]
_max [|x(t)|2}

PAPR[x,(t)]=

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

o/ ¢
2.3 UEUUIUNIUUULNTE YU

NNgUT 2.19 Fyarasuaadlussuunsdeastiudiuannazsiaediuduga
SUNMUKUUMIAT U (AWWGN: Additive White Gaussian Noise) 349imanumuiuiiy
KRNGIAUE m%’mﬂmmuqﬁﬂa%u (uniform spectrum density) kagLOUNAIALNITHINWIILUY
& (Gaussian distribution) lagUnALaId#QIMITUNIUNEMUNYE (thermal noise) uax
dyarusunaunigliia (electrical noise) 1’7iLﬁmnﬂmwmaé’igzywszu%ﬁ@mauﬁﬁfum
White Gaussian Noise #ainanaufananannsndaesiiudygusuniuwuund
Feould Failsdduamuruuduvesanuinazdy (probability density function) wes

FUUUSUNMULUUINAIR 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
2o N
S B

i
—h

5UN 2.19 AnauURvesy I UNIURUUINATEY [2]

2.4 1A3R9VNEHYINNNR9ES (HPA)

o
£y 4 o

dyanaloewddunouavsiinisasluduaiessuiu Aesvinisvetedyyiueie
\PS0IUI8ANATES (HPA: High Power Amplifier) Livelvidgyanaleionfidndiidanuies

T

v 1

welgasaRumsluisduniesiu uirsoweaidgeildoginlutuasiinnuliduigs
HUYRIN1SVEIEAUYIN Ao lia1u15aYIIN1 a8 lana oYU RI Ay LI NI IBUNY
VBILATDIVYILAITNTIN TV F Y ULAINU [7]

lnedle g() Aelsidunuliifududuvenniotuensmasgs waz X Aaduynyii

o '
LYY £ !

Wanaduny feliy dygraiildarnieinnvedaIesweneiifgs awnsauanlas

[ Ae>]

AunSh (2.34)

X9 = g(x) (2.34)

[ [y ' =

waztiladyaadunmdudyyiusoillaamisnan (Continuous-time  signal) AnN@NA1TH

q A7}

(2.30) A AAUUNIULDIINNVDIATDIVENYAAIAS PIAUNITN (2.35)
v q Y
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X[t] = g(x[t]) (2.35)

ilannaeuinTesvenefidasefilaidudoiior f uagdnIIN1IVeILEIERTRLATON
vegidsgeliawiniu a detuagle | f(X)|<a|x|v3e f =ag uagievinngaaniigndud
YBAATBIVYILAGIGI Ao A At LilavuakeNnEYnvesdyadunniliaiawine asla

deyeyrauenvinm Faaunsfl (2.36)
lg(x)|< A (2.36)

o A o ¢ d{’ o w a v & jarg{x} _ i¢ & & UVLy
LA ld® ﬁy}iyJ']iUL@']VW\!V]GU@QLﬂi@ﬂﬂﬂqﬂﬂanQ\iNﬂqL‘V]']ﬂ‘U X—|X|e = P ANUUIT LA
i

L3 d‘ o o/ U dl
UL IMNNVBIATDIVYITNTIAIEN. ASEFNNIIN (2.37)

|9(x)| = F[ple!“**1*? (2.37)

A Y

e F[p] wazd[p] ﬂaﬂmaﬂwmsmmJﬁstLUaﬂmqLLauwﬁgmLLazLWamaqé’zyzym

q

'
[ |

WNnilasneIesvenafiidigs waegaelsnnu nsesveiaiidegnldiuaginluiiod

Y Y

v
v [ {

aneUseny Fuudazussnniuniiaudnuusiunndnsivesnlulaun
- 1AT99YYUMAYENLUY Soft Limiter (SL) F3aninsamallaunanuazing

Yaadayy 1 MINNLlaRaNn1sh (2.38) uaz (2.39)

Py PSA
F[p]={
A p>A

D[ p]=0 (2.39)

(2.38)

31NaNN1s7 (2.38) waz (2.39) wlavasdgygaemnniuazliinisdsuilanie

Weuiudyaiadunm dauaunsaloulaniaunisi (2.40)

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

uip3osuenemasgeuuy SL Jaglireefinsldnuetrsunsvaty ieannilunis

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

v

Nz vILRUNEYARAzIavRdaIMeINY Faunsh (2.41) ua (2.42)

Flp]=—2 (2.41)

1

2r 1or
1+(j

®[p]=0 (2.42)

'
a Y

o r AemisfimesmugumsiuFsuuasaingreiidudadugnduiiveaies
Ye18 F9yn r Tauiaiu oo udh SSPA Aarlinudnunsindeiuiedeseneiidsgauuy
Soft Limiter dayapinisumufiiintuainisasvensuuulsifudaduiasfndygasunuld
Faruauazitavedyaal MMUAANTTINIUY8NTTYNY 1BO S9ammnsnuaniseaunis

Tanatl

IBO =10Iog% (2.43)

(]

'
o w a a

d' [ [ [ a £
XN L‘U‘L!ﬂ'mﬂLQ@EJ‘U’E]Q&EQEU’WQJE]UWV]‘UEN’NQ??JEJ’]EJLLUUI?JL‘UUL“ZNL?IU oy P

n o q 0

u
fduedsvesdyyrasentinvuesisasveneuuuliifudady
aautRvesiasvgsuvuliiudaduriaasfdnd (SSPA) - annsaesureld
fhoaun1svesni (Rapp) luaunisi (2.33) uag (2.43) Amesiuldainenaissndds oy
aunszugnesntiusdugauaiRivesnsABuILUaIfuLeLNATA (Amplitude) uay
e (Phase) miL‘UgFJ‘LJLL‘lJaQ‘ﬁILﬁ@%ummﬂﬁ]i‘u&ﬂﬂﬁgﬂﬁaﬂﬁ’mﬁa%UWIugﬂﬂmﬂ’]iLUgEJusu’eN
LouNAgaUedy QMU TN N NAgvesdR I BN Yol
doidu AM/AM uazeSurslusuvesnisiasullasweunavesdya atoinmiiinainuey
WAPAVRIFYIUNIAIUBUNN VisalTRgTY AM/PM 2INANNITVDLINHENN5005 U

NsALUYINIMOUNGR wazalanaunish (2.44) uay (2.45) auanuy

F.[p]= W (2.44)

1+(V’Oj2r ’
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’]ﬁ']llLﬁ]Biﬂiﬁﬁﬂ’]%‘l\l@ﬂmﬁmUWU@ﬂﬂ’)’]@JlﬂJL‘U‘LJL‘ZNL’d‘L! bhgie vV NU a, WuUAIAIN

Lineat

-5

Relative Output Power (dB)

-15 -10 -5
Relative Input Power (dB)

(n) AM/AM

Relative Output Phase (Rad)
n

% 15 10 5 0 5 10 15 20
Relative Input Power (dB)

(@) AM/PM

JUN 2.20 AauautRvewsveenuuliilududu SSPA
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2.4.1  wansgnvananubiidudadaduvaniasvensniasgs
P = ¢ 1 [ a e a a o £ o
Weadunvigesvasdyaadeienaduiinisiasuiuninulavesdoyay i
o g v a ) & A = o Y1 a A s A
gy viLouNaInvasdyIMTINvMETuiiA1ge Feagyilvditediens (PAPR) denge uaz
WIaYINNIUE N H Y1 RINAIAINE1INIEATIIEIBINRIGS AwTIIdaIuN a1 mIng
VBILATIVYNY NN N BULYNVAUNTOQNAANIIULDUNTIAVOIHYYIU LTBIIINAT
MunndudietaIeeeiaas Faasiluanmaiinlianuruisiuidudane sy
(PSD: Power Spectral Density) uangumuinazensmuianainindoya (BER: Bit
Error Rate) flfniiuay #en1sifinduves PSD weng1muauity 919viliinn1sunsngen
sgringunnudnldnuiafedls dwalvaussousvessyuuiaias
Tngvaliudaunsovendrennuluisduvenasossnendegeegluguvesen
99518UMANILEINVaERfar a1 URAEYaIFYY 10NN Fa158nT1 Output Back

Off (OBO) &snsamenlassaunisd (2.46) [8]

2

OBO =101log W

[dB] (2.46)

w38 @1150UenTen duudureunietveteiaigsegluguresensidiuidanu
inmataasieiaauRdsvesdaIMBuNy Ja38n31 Input Back Off (IBO) dnunsanien

| Ensh (2.47)

2

IBO =10log W

[dB] (2.47)

2.4.2  AMSHNLNYUVDIAIAUNUILUUNAATIAUNASUUBNGIUAIUAD

dIQJ dl

iledyailaanniominnveunIeswegfidegs dugnudunsegninnig

£%
=

wounagnveddyqantiesainauliilududuve uaseweeidias  wasdanozind

A Q

1%
= 1

AULIADNITLRLTUTDIAIAMUNLIL UM BTsaUnasuueng1uALE 1HDIINATLANTY
yosgatinuasdygauninisiuisusunsaliosninnisvauvsednuendyyin Fuwandlily

SUT 2.21 [8)
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10

——1BO=0dB
S I AN A N N AN N B P IBO=-4dB ||
-------------- IBO=-6 dB
--------- IBO=-8 dB

-10

-20

-30

-40

,,,,,,,,,,,,

-50

Power Spectrum Density (dB)

-60

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

Normalized Frequency, fT/N

JUN 221 dnwazaiunasuvesdgialoenfioumdsainnisuenedmaiueie HPA

[

= LY LY [ a v
ﬁ]ﬂﬂ;iU‘VI 2.21 LLﬁﬂﬂaﬂUﬂwﬁLﬂﬂﬁif}J‘U@Qﬁmm’]ZNIE]L@WWLEJQJ NAINNNTVY YUY

A

MELATENT UGN AUIINISITRNTUYDIAT PSD wang uaImdIzkUsARuiUAT IBO

lngidlo 1BO diAnae Awanadnvienilugaduvensoensmasgeiguniy waslonial

1 v
a =) Y A ® 2/ LYY

dyanauenvinnazgnudunsedngonndundesas delu PSD wenguaudlguATia

Y

a1 1

anay udlunnauiumn 1BO feanas waneingaidududuvenniesvengnndags tu

a A o <

fAanassy - lenandgyganeinvazgnedunsefneenniuinTu Aslua PSD uonaud

Y

TFuATANALTUNNY  LaZe1aV A NANITUNIN@DATENINNEUANNANTT LT LALe

2.4.3  MsNTYLeAdnTIMsianaintndaya
nsvaUnRIfngendyanduiisainauliidudaduveaniesweeigs
S o o g Y I o a A v A oA X = A ¢
ge dullnavilvidrdnsiauRanaintndeya (BER) vaaszuullAiindy 1iesainaduniy

gosvasdnyn1aloenfantiugnsunIuINAUEISUeINIINTY U 1sanandfaunIsi
(2.48) [5]

X9 =g(x.)=kox +d*® (2.48)

= A o a = o w ! aa g
5} XT ﬂ@aiy}iy']m@u‘i’!ﬂsﬂaﬂLﬂi@ﬂﬂﬂqﬂﬂqaﬂgﬂiuﬁﬁjﬂL'Ja'] T NNA58UN ey k° A8

1
== v Y

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 3 a a1 1 - 1o w a
oAzl || dawinndn A whiiu 2Q(u) awnsameimdanuledeves

Fuausuniu (o7) Ainssviiuteyawuugu ladsaun1si (2.50)

2

1 < 57
= = B0 0y d -
o, —Q(,u) \/Zax ./[(x g(x))“e 7 dx (2.50)

[

wag @nsaansdnvazlnevunsuisndun LRIy (pdf) vesdyaiu

o

'
Y a

W VinMTgnUavsendya1laeLAsesUeemAateas kavdyaIasunIuiiAnTy AgUN 2.22

paf(x) pdf(g(x))

X
\ I/ . 90 =x+d

pdf(d)

JUN 2.22 lnezunsuilanduamunuiiiuvesaanuiiasdu x, g(x) wag x—g(x) [5]

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 /SSNR
SER =4 (2.52)
( vM jQ

Tusu# 223 wanspuduiusveIrdnsinsianaindyanyal (SER)  Uazen
dnsdIuvesdyyIuRedynIuuNIY (SNR) wagaingUasiiuindie SNR franadvsiing
Vil SER flAWANAL Uaga1nguaziiuinal SER 9iléian Gauss Approximation B #38910

a a v a U vy ° a
dunv (2.52) %m’mﬂﬂaLﬂ&Nﬂ‘U‘VIVLM’]ﬂmimaaw’qum

—&— Simulation
-------- Gauss Approx B
10™ —=— Gauss Approx
Ideal
~~~~~~~ =
10? %
= : S \ S te.
& 10° 5
n E <
10" ~J
10°
10° Bt
7 8 9 10 1 12 13 14 15 16

Equivalent SNR

gﬂﬁ 2.23 ATUALINUSYIAISRTINSRANAAAYSnwal (SER) WazA18nIIdIUTeId Yy o

(-

MDFEYYIUTUNIU (SNR)

2.5  Asmsdnarnudaulunisde (PTS: Partial Transmit Sequence)

Tun1sasArfiefienslagldisnisulsddudeslunisds (PTS) X (k) Hunnmasiu

Q‘

NUIYNIANUDT le,ﬂaaamflu 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) msunuivesdyyiadumhenisanungniivuali
WJu [9]

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

nsuUasSiesunduiuusieiiiosvesaunisi (2.53) wayldauaudiniunduds

WuYes MIuUawSiesniunuuseiins 15973gla

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

LN

) | 19

"X, (N) (2.54)

e
0

o

'
=

7%, () = IDFT (X, (k))\¥u P vesnmsuvsadudeslunisds (PTS) Tumiiems
LAl MIiesIaIau X (n) saefiediens  (PAPR)  isnfiga Falulua1aisnisnd

a aa

Usgansnmanangnimualmniy

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

[91'92'_"'9'371 0<n<N-1

Y =

lumsideyatiunduunfievenIasiulufeInIsuuIAnNguvestoyaduUseans

(Side Information) wagde (P—1)log, W Onsenilsletenfioudyanual 1 W Asdiuiu

YoaA1dUUEANTS (Weighting factor) a1naunshn (254) P vesnsuuassiosundy
oA & v =i & " = 0 9 v a ° v v

wuusiailas (IDFT) duaggnaeensnastu x (n) Feamnsailifnnisauinminududeou

VLT
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(Y] 1 vZ ()
Xa XD Xd
| IFFT &) >
A
2 2
xrg ) Xéz) XIE ) S
X, | IFFT g Y, (t)
DATA {>| MOD (= & | | i |4 >{ Add GI (-»{ SSPA
(v) (v) 7 (V)
Xn ><k >(k
—>| IFFT =<¥ )———>
Y VY l i -
Peak valu Side information

optimization

JUN 2.24 vdenlaezunsuvesnsdstoyawuudndnuaaulunisds (PTS) [9]

2.6 msdanfcjmm%’ayjaé’uﬂszﬁwé (Side Information)
duaraleenmenlunafinisnisandifiteionsinedsnsdnaauaiulunisds (PTS)
fusnudosiidauvesmsdnauuesteyaduisyans (S Side Information) Wilaifun1suen
Timandessud duussavsinusnifutoyainidumslamelinaiueiossuguuundu
sonndeya Aslunszurumsandfiefionsnisaiisduszavsmgauiiolilunmsandiiied
o1sinsruInmsedtnsng fall lngdayadiuiu X yadeya nasansiu IFFT dayayiad

o

szgnuutennilugagosq {X,,m=01.., N -1} va deyadiuiu N Jedeyayaiiionh

Y

¥

Frysynupainieafigeg Msrairatunandladaunis [9]

X =>b,X, (2.57)

¥ [
= [y

de {b,,m=0,1..,M } . Judunsmiaiaudmm M gedeya yulaztuegiv
nsivundensndu 2,48 wie 16 Yaieldgandiudyaia X, wasUsz@niainuves

A A Al v oa A Yo = 44' o o a £
ﬂ’]ia61m‘WLawaﬁiwlﬂﬁ]:ﬁﬂLualﬁﬁﬁlﬂujuﬁq@ymmﬂﬂ"] Lu@ﬂ'ﬂ'1ﬂLll@Liqaiqﬂﬁﬂﬁéuauﬂigaﬂﬁuqﬂ
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gavunguivdeyanaziilontanazlamfiiefionsfauinauluseuiu wiazvinl

Y

N3UIUNTHANMLEIINUINTULAZ ITaANDUUEAVEA NNITdRuTEssYUY F9dLTudios

s
a

Wennisasagaduussansyuiliiminsaniuusagseuy wazillenvuagayy b, =e

3

' '
v )

W diuusazgaiemAfiiefionsntesignanynyateyanazyinnisasluiiiesynifen

WINUUAIAUNTSAILEAIR 9T

(2.58)

NauNs X, wudadeyan n=0,1..,N -1 uaz m=12,.,M 1Judruiu

9Av09 IFFT vasdayeyns X, duuandlain Lﬁ@loﬁ”"’zyjiyﬂmﬁmuﬂizmuﬂ15114@%’@@514%1?@%

U ¥ Sdﬂl
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P e

d
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e
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unii 3
ad 1 A =] 4 a &
Asn1sanANtaNasludyyalatenfia

tazn1stiNUsEansnwlinuseuu

[
IS ! =2 =

Tuun? 3 agnantseazdenLuuInassszuulalanAduRiniIsaneftafanslae

v o w ]

THunsuFugnsnisdaaduanlunisdawuuiiugiu (Improved PTS) uazszuulowow

9

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

Y

aeuiguivisnisandfieienfuuiugiu Besgazidennavanaznanidudiy
moly

3.1 Adnndlumdanugeganaiiauaevasdyyind (PAPR)

(% 1 |

AL NS NTRANUTEANTNINVRIT Y INAITNIINIAIUFIFARDANRRE VDY
foyuradluynawnunan 1Wudsn1sifdeulddnanisuniavesdyuialoenmouluinuaan

o

Fennanifivosdriiefensluszuuloendidn nsteganvesszutleeniidy vdendeya
dydnwal N {X,,n=01..,N-1 Wusluuviuendadnwaloinnsuegian Seniiléas
aenndesfurnvasadunitides (Subcarrer) Bafidndadl {f,,n=0.1,..,N-1} $1urnves
N agmlaandiudsenauues "’@mmﬁéﬂgﬂmﬂ (Orthogonal) fu f =nAf, iile Af fe

[

1/NT, T Ao AULIAIV0UaYad AN wallSUAY  NaaNSYedyIaNugIU (Baseband)

Y

yo3szuuloenRduIziny [6]
N-1 :
x(t) =) X" 0<t<NT (3.1)
n=0

[

Tngazouaiileionsvesdyarundioonludiil

(x(1)) = ] - (3.2)
E| [x(t 2
— [ |x@®[ dt
a0

Tunsu juRdgaranldislusuulideiiomiia (Discrete-time)  usludidl

L Ae ]
'

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

Y 9

fefionsvesdnuaverfeamsanavesduaadussuuloenaoy Fsavldanumuiiuu
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Usgnau (CCDF: Complementary CDF) 1185unefisnnuuiagiduvesmiiiefianss1sds

£
P=1

(PAPR,) An91n9aenada (Threshold) Tngazuanslédiail

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

—6— Conventional OFDM [
—*— Conventional PTS [
\
g . X
% 10 ¥
o ; S
2 \ 5
< \ %
a
L 3 5
= 10 1 &
o T 7Y
g Bt =
o \ X
(@) i o)
© 8
10° Q&Q
" %
K [V)
A 5
4 5 6 7 8 9 10 11 12
PAPRo (dB)

JUN 3.1 uansnsiuiouliisuusednsaimeaniitefionsszninaisnistolonfaunuuiugu

AUI5N13 PTS huuiiugiy

93N 3.1 JumsuansnisiUiouiisudszansamvesnisandifisefiensluszuule
a @ a a A = i v dll 1 A = 6" aa
WAy lagasiUIeumguaiiteensvesdaanlioriunisandifiteienslnedsns PTS
WUUNUgIU (Conventional PTS)  wazwuuliikiunszuiunisanatiitaians (Conventional
OFDM) Tpgvisapsagldnisuonadiuiuy 160AM wagnmuaduuadumnidgesvinfiu 64
= ¢ 1 o [ 1 [ <@ 1 o ¢ 1w
ARUNIMERY UINURBNgoeiY 4 URendey warduuawrininesivindu 4 e 21n

namlaziuledisnTs PTS wuuiiugiudisiefiensnfniisnldfinszuiunisananfiefiens

3.2 aswlasiesuuy Extended Split-Radix DIF-FFT [10]

WWIAUARNUFIUYDY Extended  split-radix FFT algorithm  fia nsUszenaly

radix-2 FFT Tumendiduduiug wazld radix-8 FFT luwmeniiduawa
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DFT §1w3u N 9 annsadeuduaunislassil

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

n=0

LN

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

N/2-1

Xu = Z [Xn + Xoni2 r\fnk (3.5)
n=0

ﬁm%’umamﬁﬂuﬁﬂmuﬁj (even index term) way

X8k+1

N/8-1

g Z I:{(Xn X2 )= I = anis) |
n=0

1 (3.6)
+E{(1_ DX e = Xorsnis)
—(@+ D (Xoans = Xn+7N/8)}]WNnWh?nk
Xaii3
N/8-1 _
Y z [{(Xn X Xn+N/2) 4 J(Xn+N/4 — Xn+3N/4)}
1 (3.7)
_ﬁ{(h' j)(xn+N/8 2 Xn+5N/8)
~(1= PKnpans — Xn+7N/8)}]WI\?n\Nl\?nk
X8k+5
N/8-1 _
= Z [{(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)}:|WI\?n\Nl\?nk



X8k+7

N/8-1 _
= z [{(Xn —Xoens2) + 1 (X

1 .
+ﬁ{(1+ DXnre = Xnesnre)

14 _Xn+3N/4)}

- (1_ j)(xn+3N/8 - Xn+7N/8)}]WN7nWl\?nk

'

Aufumauiidusiuiud (odd index term)

\
7

X
KKK
XIHLHKS
SRR
RS
(
\Q)«/
S
r‘«'@%(
IR
N

[XIXTXIXIX

g‘dﬁ 3.2 1A59857999 DIF extended split-radix transform structure (N = 32)

36

(3.9)

l stage WINV8Y extended split-radix decimation-in-frequency %QHLLUQL‘TJ‘L!

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

wWuilluidess quils 2 stages gavineazLu conventional  split-radix (Iaelaidl twiddle

factors) LLazﬁstage Ejﬂﬁ’la 2814 radix-2 butterflies (nglaidl twiddle factors). WHUAIN

Butterfly 983 DIF extended split-radix FFT LLaﬂﬂlﬁﬁdgﬂﬁ 3.3
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X0, e X(0)+X(4)

AWM S PEM+XG)

\ :/i(\c;\\ 2 o [{(X(o),X@)),j(x(z),X@)}Jr i{(lf;)(X(l)fX(S))f(l+D(X(3)7X(7))}]W;

o _:3_} fffm?,‘,k [{(X(O) X(®) - (X X(©6)}- f{a NED)-XE) -0+ HXE) - X('f))}]»;?

/ \\‘of :;7%\\ v [ {X@- X©) JXO- XO) - {0 DO X0) -0 D) X} i

x(n o ’ A \7‘r [{(X(O) X(#)+ J(X2)- XO))}+ {a+n(X(1) X(5) -+ H(XEG) - X(?))}]W;"

gﬂﬁ 3.3 wHunIw Butterfly ue9 DIF extended split-radix FFT

3.3 25n1saadnanelsiaslgisn1sanalrnudulunisds (PTS)
"U'Wﬂﬁ‘lh/l 2.26 LLa@ﬂﬁﬂIﬂiﬂﬁiqﬂﬂJaﬂi 'U'UIEJL@W@L@NWU%WUWNﬂWia@ﬂWWL@W@W?UBQ
JEUULUY PTS ﬁTViiU'Jﬁﬂ'ﬁLL‘U‘U PTS uu Guagﬂaﬁunmiwmm X(n)QﬂLLUQ@@ﬂLUUﬂQN‘Viaﬂ

PV aguasl X9, A< v<y) Wngiteyanmuavasluunazngugniiunneige

Y

a A

o £ i) d o Y s v { 1
dudsgdns P =™ ovnmsmadugaiiliaditefionstsenga 9] Inalunismian

o

duUseansnimuzauvesuiarnguvanazianilamuaunisidaluil

™ 27:1
T

Yo W A 97uuvesnan e Nlslun1snansan

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

"

mé’qmﬂmi@mmawizém%mmLma ﬂawamt,a:] QA1) wmmﬂmﬁumumm

1%
a

YN NQUMENANLEUNTH

v

¥ =2 (6°xP) (3.11)

v=1

do 8P e AvduuszaAns
Tngazenhduussavsiddudieuielflunmsihduaanduiun ?z'fﬁazgaiu

dauﬁ%L%'aﬂ'j'mémaﬂ%’auaé’uﬂszﬁwé (Side Information) dmsuinvesduuszansusas

ngumdnduu ¥ nduasidumimanzaumisiuunuresna Taeilethigasdriudeya

Tuusazngundnudiingundnunmuiuaglidyyuiiafiofieniianas Tadgmyia

L@WWWW%@Qﬂ'ﬁEﬁ‘U’JUﬂ’ﬁaG}ﬂ’]WL@‘W@'ﬁu%ﬂ,ﬂﬂﬂauﬂ’]ﬁ
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Vi =i(b<v> IFFT {X"})

=1

<

I
M<

(b‘v’ X(V)) (3.12)

H

V=

[V 4

NAUNIST (3.11) waz (3.12) azdiuldinedudszansaldlunisaadiivtoyaus

Y
[

] Y N A N d' a | a £ 1%
azﬂﬁjlﬁfiaﬂuu%gﬂﬂqﬂﬂwwiﬂuLLﬂuGZJ@QL'Ja']LLagﬂ'J']llﬂ I@EJV]"US‘W"qumqﬂqamﬂizamﬁu.ﬂqﬂlﬁ

Souluduldssaunis

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

(3.13)

> (bx)
v=1

[ °

do Vo dudeulalunsmenduuseansivilvduaaninandivefiensiisiian

3.4  PTS-Base Radix-R FFT

MsuUasLesaIau N-point vestaya x(n) aunsaAuiulalaen i nauni s
N-1
X (k)= x(n)T" (3.14)
n=0

Tnofl k=01 .. N-1uaz n=071.. N-1

I519BeNsTAERiTANNTALIMMsKasesuuuUnd (OFT) ludiuvesnisuas
Wieswuunndy  (DFT) a@1snsaviinisAuialalagyiinisld Complex conjugate ved

doyayraudunvviseteyanaziovinnburazildwisdinesnisuuaniGiesuuuifediu 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 unsuennsduiames DFT algorithm lfduasuuan r
FansAuIne DFT wguUasan r N /r-pointDFTliJL“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 mmaagﬂﬁflmmléfmﬂLLmumwﬂLﬁa
i r WuAnfidenadesiu Radixr FFT algorithm @sanunsaldeulésts DIF 3o DIT

DIF Radix-r algorithm anunseléusnainauniss (3.14) fe

N/r-1  r=1 N

X (rk+k)= > (O x(n ars )T )T (3.16)
n=0 i=0

W9 ky=0,1,...,r =1 LaziloN15a1ngUkuuvesaunis (3.16)  1o1Minnved

WU NELEDN stage v azTu

N/r-1  r-1 N

X, (rk, + k) = D" (O %, (n, + DT )T (3.17)

P4 N/
n=0 =0 r

da k, =0,1...,(N/1Y)=1, n, =01, (N/r")=1uae v=12---m

v

'
[ =

nadnsvesudantaezunsugnivualinigun 3.4 FILAAININ1TANAIVD S

Y

Y I

N / r-point DFT #iluksiay stage TILNUAMNTIMUAGNIUGITIWIU 1T ASY AR 1

[
R

stage  windvgnbdauniieasauazlu stage 912 aggniig roase  Asduazladu

r'*x N /r'"*-point DFT ﬁstage v owag r'xN/r'-pointDFT ﬁLaﬂﬁwwuaq stage v
wnnes X, (rk, + k, ) tunsdnsesdundluidudunnves r' x N/ r'-point DFT lu stage
solU 71 stage A8 v =m, twiddle factors 1 trivial wagazilunilsgn DFT

Tudues DIT radix-r algorithm wasaun 57 (3.14) annsandeulsidu

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) ] l ol oy
v — L . > N/F
X, | WN/ry-1 > point
X, ((N/r)-1) - o . »| DFT
XN/ —> | g
X AW /Py +D— > oo [ | VT
X, QN 1)) e

X, (rk}+1)
X, (rk,+r—1)

X((r-DN/r")) —»]

; ™| NI
X (-DN/r)+1) s R (r-1X(V/7)-1) #| point
XWN/r ) ——» Ll DFT

\

«———— Stagey —8M8M8M8M8M8MM

g'ﬂ‘ﬁ 3.4 uananisanasluifu N/ r-point DFT e DIF radix-r 71 stage v [1]

e k=01, (N/r""—1uay n, =01, (N/r"*™)—1 §331n3U7 3.5
WARSEINITEARIUDI N / ™ " -point DFT #28 DIT ?iﬂumzﬁﬁmumwﬁy’wmgmusgﬁmu
r""vﬂ%ﬂmw}'az stage Fadu r"* x N/r™ "-point DFT 7 stage v A8
r™" U x N/ r™ " -point DFT ﬁﬁuwmm stage v i stage Wsn ,v=1, DFT Lﬁwﬁm ay
twiddle factors LU trivial FagnanuAiidunmeglusuuuuvesinund waztewivmazidu
digit-reversed Osilu DIF wazwnufidmsu DIT algorithm azdwnnléan twiddle factors

7% \Ju trivial (£1uag +7) Tusiag stage 371Iv04 twiddle factors T, uag T

Nirt Nir™™

\Wo n, 20 uaz &, =0 i trivial wrsgrslsimuazyiinisariuiunuuines Taglifa

[

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

=

Feynmellalanaansninalfgaiy



41

0
X,(rn,) 1 | | X, (k)
X(0) — N /v SNy -t -
X(1) "1 | point
x(N-r)—L | DFT g
X(l) - N /rm—v+1_ . >
x(r +1)_§' point TN(,’\%TM)il >
X(N-r +1)—E DFT T
X, (rn, +1) X, (k, +N /™)
Xv(rnv+r _1) Tro e
Xv(kv +(ril)N /rm " )
x(r-1) — W S _L,
xer- — | NIt |7 ey o
i | point — N/rmY T g
X(N_1)— | DFT =\ ¥ >

<+—— Stagey ———»
gﬂﬁ 3.5 uansnisanasiuidu N/ r™Y-point DFT $e DIT radix-r i stage v [1]

3.4.2  mMiesginmsduInaNtudaulssuliguszndng DIF uag DIT
N15AUIUAIIUTU B UAINTAQNAMUALATINTINIUNITAUAUYBY
nontrivial twiddle factors Fauandlilugui 3.4 uag 3.5 Tuduves T uag T, 1y

nontrivial twiddle factors dm3ulevinmnyas k, @aegnielu n,vea N /r'-point DFT a7

DIF waz DIT auasiu Adviuali aP't ifudwnuwes twiddle factors Th;’;':‘j,lﬂ stage v
NasIMUYeY N, uaoWinmvesNunnilEe k,aunsadeuladu
" =r(r=)N/r")=1] (3.20)
wazAenTIdIusEna a2t Weuladu
DIF v
N/r')-1
S (LA (521)

ai  [(N/r')-r]

DIF s

aziulainfiauinnimis asdu a®" avanasluauusag stage wazil v=masz

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

Wweuladu
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" =r™V(r=)[(N/r™)-1] (3.22)

LarA1RIIEIUTENING "

Weuladu
a‘VDIT _ [(N /rm—v+1)_1]

= = (3.23)
a0 LN /T =]

Aepsrdullazdosniiviauey al'’ aziindulunuusiay stage N v=1 d1uduil

m-v+1

=1 Tuaunsil (3.22) e DIT algorithm fnsurumspaiu

uiluaudn N/r

Y84 nontrivial twiddle factors dusnegilugdiuanvneves stage luvag DIF algorithm
1in15A1UIUN19ANAUYBY nontrivial twiddle factors diusnnagiludniiuny 91uIunns

AUTIMIAYEY nontrivial twiddle factors §w3U DIF radix-r auasadiuinilalagld

Aun139 (3.20) @MU m—v stage Ao

M. = Z o i r(r =N /ry-1] (3.24)

i=m-v i=m-v

AusunsAuIed DIT aunsavinlalesldaunisi (3.22)

3.4.3 n1saaAtiane1slagld3s PTS based radix-r FFT
FuMvUHUN WALERT stage v Tu N-point DIF radix-r FFT gnlddmsu

1 3 < 1 [ Y <
m3uuseaniliuvdendes ausanmvualndy
x P * *
X" (k) =Y 0:X " (K) (3.25)
p=1
nsudasiBiesuuunnduluannisi (3.25) asldnadnsoenundu

X (n) :%[DFT(X'*(k))]*

:zepﬁ[nmx;(k»r

p=1



a3

p
=>0
=1

p

p

DX ()T

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

4' l * * 19 1 ~ a ) [y
1319 xp(n)zﬁ[xp(rk+k0)] ONATNUUNINNANNTN (3.17) 91 stage v @MU

a

Bnsegeirelunisiansandunvvesnisklaiysies X(n) wnui X7 (k) dygrudunni

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

x,(0) x, (1) XN T =)

X,(N/r") X ((N/r")+1) o X (2N /1) -1 (3.27)

n_
X, =

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

o r'x N /r'?*-point DFT 7 stage v #sludrunosdunnaunsouanslonduy

=| xt x? T Fusaramedly x Wuwndndluaunis 3.27)  wnquiondestes
X, ¥ 19, . 3 ey X, : 109

PTS 9zgnulanasaidunvues x, wazdiudiuie m—vstage T radix-r DIF algorithm gn

o

lgAansaaiuimuavanIshlaaslsdIunvae
47U trivial twiddle factors T fialnaifenuludsag stage  Ingvia radix-r
DIT %38 DIF algorithm ¢itiu aaesdslinalunisuuasiSigsuuuieafunmieiladunm x,

d7U31UU nontrivial twiddle factors Th;‘;':s,l Lay Thf;f&,v Tlu DIF %39 DIT wansneiulae

v=1,...,v}={T“vko

e lv=m-V.4, m} Astivunens

mvualmluluniy stage wsid {Th:‘j‘:&l

Waanuansiastuldulunig stage v 91naun1si (3.20)  way (3.22)  @eavla

{avD'F|v=1,...,V}={aD'T|V=m—V1---'m} Wszazty Buwn x, gnludwmsu DIF PTS 4

v

wanenaiuliieannannisauiuves twiddle factors U stage usndia V' luagdl PTS wuy
DIT n13AauiuYes twiddle factors nilounaus stage m—V s m Aty Usgdnsninves

ANaNATILENDSUBINIARNSAIlAlNALALINULALLIaNANSUINTTAaRAIALENENSAY radix-

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

v

r algorithm dmiu 2" ey «

° Y PN X v O .oa v a a N A saa 1 = a
FANNTUAT r NUINIUY ASUU radix V]q@ﬂ]u‘ﬂgiﬂﬂiga‘lﬂﬁﬂqwsﬂaﬁwL'E]W'E]']ﬁ/]ﬂﬂ'ﬂ'] %ﬂiugﬂ‘w 3.6

wansadavadnisanansudnlunisds (PTS) wuu radix-r DFT
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% Xy [IFFT(m-v)-th X . .
% stages b,k
X IFFT | X £ [ X e X > = X
H > = stages :
? v-th g y 5 N b2 A + —
i | stages = 3 [IFFT(m-v)-th| : 73 R >
: g "] stages Vb
H ie] 3“
: S X
: a X4 | IFFT(m-v)-th| 74 > >
: %) stages : v ‘”ﬁ b‘?
: Optimization of
______________________________ I_'_:FT < weighting factor

3UN 3.6 laseaiaveanIasds OFDM sagn1sann1sAuInmududau Ingldisnisdnasu

daulunsds (PTS) nuIuAdamasiniu 4

HSiane

v

Serial to parallel, Mapping and
Partition into clusters

IFFT

y

Optimum searching and obtain the
optimized weighting factors

Y

End

3UN 3.7 Tildan3mnn19vnaueesdsnis PTS wuuiugiu
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N3UN 3.7 wanslildvianisvinuveismsdnddudiulunisdauuiiugiu

¥
v [

Tnefindannisvinnudsdl dygraniinisguiussgnulasaindyaiawuveynsuliiluy

e

[ o LY

dyaauuuny MNUuAIRINITeAd MUY QPSK %se QAM ladyaiamis

o

ANNAKUUIUIY wasdygufignuegantulzgnuuseaniduseniluadaimesaiuiig
uuald dutu 2, 4, 8 vise unnll Faluusasadawmesdyaavnmnudifazgnuuadli

aglustuuudyaramiaiailaeniswlasiesuuunniuwuuisy (FFT) disladayaiamng

a

watun Tunszusunisiiiesfagriinisgadygiuniaiaidaienauuesdudssdns

(Weighting factor) ifnuuald daaiu 2, 4, 6 ie W1ANI1L - LaWNTALMAYQIALiAN

'
a Say

oiensuesiian lagldisn1sAumILUU Optimum searching ilalanguduyseansanaeanis

warfvgrdennquéndseansuunandiludvdyyiamaaial nieududinguuesdoya

o

FuUszansvaiaradamasiunsauiunmsasduaiaeanlldunsassu

R

 Start >

Y

Serial to parallel and
Mapping

4

IFFT v-th stages

Y

X "is partitioned into clusters

Y

IFFT (m-v)-th stages

Y

Optimum searching and obtain the
optimized weighting factors

A 4

End

5UN 3.8 Trld1130n197191uve35s PTS based radix-r
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1NFUN 3.8 wandlnldrv1$0n15v9UYesIanTs PTS based radixr lagiindnnis

nuell Fygraiviinisduivasgnuiasanndyarasuusynsulududyagaiuuauny

U o

INUUATIINTUBYEAFYYIULUU QPSK 1138 QAM ladyayraimisnnudiuuuvuny

doyarameanudnliazgnuiadlidudyaramsaianiaie IngriunszuIuns 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 hmigU’JUH'ﬁ‘LJLBQﬂQS‘VHﬂ’]i@mﬁ WEUU’]EIJVI’NL’Jﬁ?ﬁﬂ’lﬂﬂ@ﬂﬂ@ﬂﬂﬂﬂi:ﬁﬁ%ﬁ (We|ght|ng
3y

[

factor) An1uualy waIIINISAUNIE

1A

grunliafieienstesnga lagldisn1sAuniwuy

o

LAy ]

Optimum searching alinguduuseanaidenisuainagindenngududseanstuaaid
Tiudanamiaial wisuivdinguuedeyadudssansvesusavadamaslunioutiunisds

fynueenluduasosu
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Number of weighting factor (W) a
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Guard interval (Gl) 1.28 uS
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Non-linear parameter of SSPA (r) 2
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Extended Split-Radix IFFT fA1ffaanin Radix-2 IFFT @eily Extended Split-Radix IFFT

A111508ANISANWIUANUTUTDURILARNIT Radix-2 IFFT

AT 4.2 P159uans1uIU Nontrivial twiddle factor 499 DIF-IFFT LUy 16 n

Number of twiddle factor (Nontrivial) N=16
Radix
stagel stage2 stage3 staged
2 4 6 7 0
Extended
4 0 0 0
Split-Radix

NANTI97 4.2 uansnsiUSeuisusIuIL Nontrivial twiddle factor luusias stage
U84 DIF-IFFT based radix-2 @y Extended Split-Radix lagduiuanves IFFT iy 16
9 Bmsdwmnududoursimsnuiuriomnuesime PTS-Based radixr anansamild
naunIsii (4.8) lnedaualisuuedamme sty 4 addaed Suiunsnuiuiomnues
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favmsluusay stage Tewiifu 17 1o dduaraunsamsununisqaiuiaanves

8015 PTS wuuiugulau

MPT = 4(17) = 68

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

ASUNIAIUIYNIoNS PTS based Extended Split-Radix azla

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

m-v=2
=4
M 229 = (4) + 4(0+ 0+ 0)
=4

INNFAIUIUNTITUTIUTENING PTS based radix-2 wag PTS based Extended
Split-Radix %Lﬁu'j'}ﬁLmu'ﬁmmmmeuaqﬂismum3LLUaﬂWﬁL8§Guamm'az Algorithm
waRliliiuan PTS based Extended Split-Radix &11150aan15Auluaududouyosisnis
PTS wuufiugulifingd1 PTS based radix-2  ludauvesssuuiitnauotu anunsafiuomd

AU 256 90 InedSnsAunaivzageiu 16 90

=] = = ° U v aa A o
M19190 4.3 N15LUTYUNBUNITATUIUAMUYUYDUTDIITNITNULEUD

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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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 wilh using the same weighting
factor. To improve computation complexity for the PTS method,
the Extended Split-Radix inverse fast Fourier (ransform
(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. In this
PAper, W¢ Propose a new ightil [actor techni in
conjunction with DIF-PTS sub-blocking bhased 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 resulis fo verify
the effectiveness of proposed method.

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

[’ INTRODUCTION

Orthogonal  Frequency Division Multiplexing (OFDM)
miethod has been standardized as the European digital audio
broadecasting (IDAR), the digital video broadeasting (1DVB)
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
one 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 this 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 stapes. 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 Section [V presents the
proposed method. Section V' presents various computer
sumulation results to verify the effectiveness of the proposed
method as comparing with the conventional PTS method.
Seme conclusions are given n Section VI

II.  PAPRPROBLEM AND CONVENTIONAL PTS METHOD

Let {X (k)i denote the frequency-demam signal, where
N is the number of FFTAFFT paoints and & 1s the frequency
mdex. The discrete time-domaimn 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
= vz,\'(klﬂ;” 1)
L T
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 OFDON 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
framsmit sequences (IPT8s), the [requency-demain vector
X (ks partitioned mto 7 disjoint sub-blocks as given by the
following equation

(&Y

FPAFR =

k=3 ik (3

=0
Let 0, be the set of weighting factors with 8 =0 which
are apphed to the sub-blacks X, (k) The substitute
frequency-domain signal are given by [5],

A2

Xh)=%

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}

P

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

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

‘The basic idea of an extended split-radix FF T algorithm is
the application of a radix-2 index map to the cven-indexed
terms and a radix-8 index map to the odd-indexed terms. That
is, the extended split-radix FFT algotithm is based on the
synthesis of one half-length and four eighth-length DFTs. For
the odd index terms, [6] gives the following equations.

AiR=l
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=il
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n=n

+%{” +.j](x,;+\' 8T Koy 2

L) TN [ e

The first stage of an extended split-radix deccimation-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 {I1 - 00 Ko 1 e mﬂw:
I I IR

b Kelf g {11t - et 1 111K x;liw.‘“

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

B. IFET-Based P1S Technigue

The DFT of an A-peint 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 N/ p-peint  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(eh k)= \f([ix[ﬁﬁ,—}ﬂ ]T\’T*w JT“ (8)
3

n=it i=

where ) 0< ky Si=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 gz, and
7, 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,

- o) T
Xrk, + k)= {Zv"; [q, *%‘J T )T\, {9

—u

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

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 tox ¢ 0% -point DTS at stage 4. 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 + (A ()t 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.

! D/A (1)
]+ o 4G B & SSPA

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-
X (n)= Z(e’y".x‘p(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.

6, =18,

oL an
a :{ﬂi:o,l,...,w—l}

W

whereg is the phase coefficient for the first part of clusters,
and g, 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 »=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 | ——sa—Cluster 2—

Ist 2nd Tst 2nd Tst 2nd

e 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. Number of Subcarrior=64
¢ DIF-PTS, Number of Subcarrier=128
—©— DIF-IPTS, Number of Subcamcr=64
F— DIFIPTS, Number of Subcarrier=128|
e s =
i
- |
s I
z I
% |
+ + +
Z ' 7
3 ! -
e
. —— i T
|
1
i
\ \
o 01 05 0.75
X

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 T:}f";‘,, and 7% .The twiddle factors 7%

are trivial (£land +; ). Let M 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,
MS =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 bym.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:

Ay = 2™ 4 M, (14)

The Extended Split-Radix algerithm 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

81



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-FTS 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 Aq]ym>i =2 when 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

lu=-FRady
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 PT 5 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 is 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 comparing
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-IPTS based Radix-2.

TABLE 1[I
COMPARISONS OF COMPUTATION COMPLEXITY FOR VARIOUS METHODS,
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Figures. Comparison of PAPR reduction performance between conventional
PTS and proposed Extended Split-Radix DIFIPTS methods.

VL. 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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