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ABSTRACT

One of the disadvantages of using OFDM is the larger peak to averaged power ratio
(PAPR) of its time domain signal. The larger PAPR signal would course the fatal degradation of
bit error rate performance (BER) due to the inter-modulation noise occurring in the non-linear
channel. In this paper, we propose the PAPR reduction method for which phases are optimized on
the basis of the which phases are optimized on the basis of the time-frequency domain swapping
algorithm and flipping technique. The proposed method can achieve the better PAPR performance
and BER performance in the non-linear channel with less complexity of processing at the
transmission side. This paper presents various computer simulation results to verify the

effectiveness of proposed method as comparing with the conventional methods.
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Digital Up Converter
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iien3035u3MYee a(k) ANTUIZAINTNNIMIYSZINUAMMIADYAUBIAIND

¥030®yQ 1 (Channel Frequency Response) 1Retnaiwmmaunisn (2.4)

2y = YO
H(k)= a(k) (2.4)

[l [
=S s S

MNAUNST (2.4) e H(k) femsasuausinnuivesdyauildeinms
v q:i ar a’; q' 3 U 9 "
Uszuuam °lunmmls1ﬁmnamuqnmmmuuuwmmﬁnmzmmsﬂizmmﬂﬂﬂﬂma

s

9 ' s ) [ > g . ¥ " a M
QnABY LA TunI AL mtymsumummmuuunawnzm"lﬂmsﬂs:mmﬂmﬂwam'lﬂ

o

2.3 @YRNAUTUNIUUVUYIIVIN

wngilii 2.15 ﬁtymﬂmmmu‘lu5:unms§amufudwmna:ﬁmm“lﬁsﬂuﬁagﬂpm
SUMINUULYIILIN (AWGN: Additive White Gaussian Noise) 393z iinanumunniuvesann
asumiluuyugivesu (Uniform spectrum  density) uazuanﬂﬁgﬂﬁmiu%mmnmmmﬁ"
(Gaussian distribution) TaoUn@Aud 1y 150N IUNIIQUNII (Thermal noise) LAz TRy 10
sUnUMa 1WA (Electrical noise) 'ﬁtﬁmmmwmuﬁtymm‘fuﬂzﬁf}mﬁnﬁﬁum White
Guassian Noise 339 nqaiarudananansediaesldiiudyg usuniunuy AWGN 18 &4
Aafsunanumunniuveanui1ezilu (Probability density function) YBITYYIUTUAIU

LUV AWGN ansouand ldamaunsi (2.5)
1
@, (/)= N (2.5)

- >@® ] —p r()=s(t)+n(t)

nft)

[ Additive white Gaussian noisﬂ

Amplitude pdf of power spectrum density pdf

A s
Variance = power

o~ A

s ad g VO Bl B

| t - f e Amplitude

JUN 215 quanifvesdyyIuIuNMIUIYYILIN
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2.4 2a5venenuu il adu
1uﬂﬂqﬁmzvu‘Iamﬂﬁu%’u'lﬁ%’ummﬁu"lmﬂuminmnﬁm%’um'sﬁammummu
Anuan39 (Broadband) aeravsvenoiiudadsuiludmsumedunioads it
{1 18mniieznasesvereiidiguaui@duFadu Lincar) aasAtMANG dayg i
sumuﬁsﬁm‘fuinfmﬂﬁ-uuwuuu'hir‘i‘]uL‘?atﬁ'uﬁnmﬁﬂﬁmﬂgmwmu'lé'ﬁwmmmmﬂa
veadyy I 29svewmusaniseeniiuasnlszinnlngjq droiy foasvsveoiinin
INAI5AIENI (SSPA: Solid State Power Amplifier) Haz9sveeiiuuUvaea
gayIna (TWTA: Traveling Wave Tube Amplifier) ’Ja115wwﬁ’mmuuui’:ﬁmﬁnﬁﬂz
oFwnumiAveI s EUAazAaTina 1R udwIIMS oFnoldd A ol
MUUAYANTITHINUIBII9TVEI0 IBO Seensouansdaaums 1R sd

IBO =10log 22
P

o

(2.6)

o P ilundanumdovesdyaiuduynueddl vivowunu lidudadu uaz P,

ar 4 o a [ a
ﬁ'luwmammﬁwmﬁqmmmmvgmm'awswwunu'lmi'luwatﬁu

2.4.1 Solid State Power Amplifier (SSPA)
ey | L) ) A o o -
gaautAvessssvnouuy biduFadusiamsnedni (SSPA) dunsnod vwla

- as o a
ZuaunsuB TN (Rapp)luaunsf 2.5 uag 2.6 aavziiu ldnniendns 1981 Tavauns
weuoneenilueiusquamidvesmsndouuasmeduuenage (Amplitude) wazivla
< i s & o y 4 a &
(Phase) msulasunilasitiavuainiessvoonsaesdiuiesueluzivesmsnlasuves
- o o a a a 1Y
uoulAgavesdyg IunIesA e IMyn (Output) fnannueuilagavesdygyruniadiu
Summ (nput) nielddadeiilu AM/AM uazesuislugivesnsnldsuulasvesraves
o s o a o @ 3/ = - Yo
dyaraemyniiiannuenlagavesdyyiun1anIuaun (Input) wiolddadeilu
" ¥
AM/PM 9naumsvaasniaunsnesuionmsnasuvesiawenldgauazialddsauns

2.7 uag 2.8 MUAAY

v 2.7
Fs(p)=+r 27
1 YFE\2pW2p
[ +(A0) ]
4
D (p)=a, [f] (2.8)

A s ar = as 9 o
dio p iluiladduvosdyapudunn 4, Wuszdvvesanuzdwinnuaz p i

=3 P o e [l = 9 4 P
mﬁnmmnhm‘ﬂuﬂQmﬁuvmaamm‘luﬁ‘]uwammms v a'l‘ﬂuﬂ'lﬂﬂﬂ



24

(gp) 1o ndinQ aAane| o~.~

T w
8 | ©
TR LTI
= , = ||
L , \ =
a w..n‘
Q N
n u...
o ]
—
...w ("¢
% 1
>
-]
1
u
[—] w (= o
] p— 4

Relative Input Power (dB)

(a) AM/AM

heceecececdacaccce=

| |

| !

| [

! |

I |

L 1
ol 5 -

(pey) aseyq ndnQ a2y

Relative Input Power (dB)

(a) AM/PM

31 216 uaniAvesrsvenonuy liidhuFadu sspa



a
Unn3

ad 1 A = v A o
JEmsaamneesludyauloweaeu
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(Fluctuation) mmmsumwammmmummmﬁﬂﬂﬂ'lé‘ﬂugﬂumamm'mszmw
ﬂ1zﬂqﬂ-umﬁtgtgmiamﬂmauﬁammauuammm1mTa;aﬂmau1uﬂumqanym
ﬂiﬂl‘iUﬂ’J1ﬂ1WlﬂWﬂ'li (PAPR: Peak-to-Average Power Ratio) mmmawmmﬂm
“lumaﬂ;]unumwi‘lummamnuﬂ'lnwmsmamuamnwuwmqmiumunm
fdudadu ma"lu'imﬂﬂﬂtymmsumumnﬂmnmsmuaa-uammmw‘nmnm
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maé’wm?mﬁa51;ﬂumaqmwsuﬂaaﬂagmgmmmmﬂuau1aan (DAC:Digital-to-Analog
Converters)  NABUUIITIAMNI Lﬂmmmhqaqﬁuaxﬁ'lqmmﬁ'q;apmn%nmn
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'mmsuﬁ'hmﬂawuwmaamnﬁumwmﬁmuagmiamﬂman Wsednuurianeann
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MieHe1s v lAnniiga
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Tuunilezndfesivazideanuuilaesszuy loieva aduupunalllaeluil
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SEnrsaafiefiensilSouisuduszuuloedAaaunuITNITAAAINIONDIS
& aa v o a A Faq ¥ - aa VoA oA o
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3.1 suushaeavesszuulaerfdunuunall
FadonvznanludinvesnuuiiasvesszunToon@idy FailsznevlUdae
iﬂuummmiﬁmﬂm (Burst Frame) ‘vﬂ.ﬂuﬂﬁmﬁmmmuummaMHm (Burst mode)
LuUaeuntduazIngesly uaz uunmaﬂwammapmniﬂumsmammamm
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|
l

X i xAt) ¥ (2) 8, (1)

n
Data Input Add
’ Gl

IFFT
P/S
|

Modulation - %

- AWGN

Remove rk (t)

Gl

Data Output
tp‘__‘ DeModulation e— %

FFT
S/P
T

M-1 j+— .-

+— N-1

1 q' o d &
qUn 3.1 voalaezunsuilFlumssassszuuvesszun Teendduuuia

3.1.1 puwuveuiisanin sy (Burst Frame Format)

smualigluvuveudsadsy  (Burst Frame) ¥o45z 0y Toreraiduuusia 1y
fytuuuaugilit 3.2 Falszneu'lidre dydnuaitSiewia (Preamble Symbol) $147U 1
Fudnuel  uardydnuaifeyadau L dydnwel fidrumwesndazdydnusl
92QNI19AURIY GI (Guard Interval) o ldaamsiiamsunsnaeasyniadydnual (nter-
Symbol Interference) Suiiiounennsdadyaaiuyesdygyrauuuiadninviag
Taesa1ves GI wdssiidunnnimgagavesdndmilsavessosdygrauuuliaans
(Multi-path delay spread) unzdganuaifiioudaszgnneliidudydnusiusnveanna
disalsy  Burst frame) e 1¥dmsun1sFalnslud  (Synchronization) daygyial
#501émaduniosiy a3 LNAINIABALBIAMAYDIYDIAYYIY (Channel
Frequency Response Estimation) Iﬂuﬁmua“lﬁm?m%’ui'mﬂ’fﬂyaﬁda‘luﬁ'ﬂgﬁ'ﬂudﬂ?mmﬁa

(Preamble Symbol)

= Burst Frame = —
Preamble Data Data Data
Gl | "Symbol | O'] symboi1 | G| symbot2| __ _ Gl | Symbol L
<« — »le L Data Symbol ]
OFDM
Gl Symbol
bN-Ng bN-l bo bN—I
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3.1.2 HUUSIABUATOIA

-] - & ° 4 ar & '
nnudenlaezunsulugdil 32 FWEAWDVTIABIVBAUATOITY HAZIATEIA

o s 1 4 1 ' A LA s d’
smduszuuToeaigy ludmvouniesdedoyarnms Feeglugilvesdyauluus
(Binary Signal) 3xgnifasunindoyaeynsuannumiags Tiiludeyauuuvuiu (S/P: Serial
to Parallel) MiANUEIAIRL taznndyaunduMIuoATY IWIUVI6QAM N30

A o o
64QAM (QAM: Quadrature Amplitude Modulated) Fadgarudoya A4,() fmua

Wi lauaunsi G.1)

X, =4,+ B, G0
n=0,12,.,M-1
1=0,12,..L

ile A4 fedwis waz B, Aemiiuammvesdyman  16QAM N30 64QAM
o o o ' ar ' o @ @ o
Tuununamu@ gy M s nuvestesdyanudes uay L Aednaudydnueideya
A 9 ° o as a d 3y
Fol¥ass1aeenisiiauvesdygiu Toendidunisdiuununailndinos
lumalfiasuiiuszdouiindiu MGon1FT5uNAAY (Zero Padding) Taomsinua
' ar ' n’: 1 o [ d v e o o
Yoady 1uges  (Subchannel) ieADIdIMVRANARZTYANUIMINUFUY VMUY
- A _y ~ v o 4 A‘ 1’ = n’: A
093 15UNARY (Zero padding) IMNU N-M aungideunud lsunadaiulszmaniig
g A A 9 o ' - = ar a wa
daome W dygradumedununaiianulndifesnulumaljia  wannms
v " L
Ay muisuanvesd Isunadsimmd hin  szdeunanimianiniy 4 mwes
o & ' o o a a o ¥ '
$uanvosnaunideya  dezinldninenasdndix] Tasidyguvoyaunas
ar ar S A ] s a e 2 I e o
ﬁtyaﬂmumamu'umun‘licn'isuwﬂmmﬂumi‘lu X, (D) %3 n IMAUNUIUIAVOI

15219115 IFFT (Inverse Fast Fourier Transform) ﬁillﬁﬁQﬂ‘INﬁHﬂﬁﬁ (3.2)

:0<n<((N-M)/2)-1)
;((N—M)/Z)Sns((N—-l)—((N—M)/2)) (3.2)
(N=((N-M)/2))<n<(N-1)

n

0
X, ={X,
0

A A or 3 - ' a nl: yﬁ Y

e X, A9 daguusyansguuIAuYeInu ninmiugnulasiiludyn
a ' ] . P
NoYUULNULIT TawrunszvIums IFFT (Inverse Fast Fourier Transform) mwz"lé’\’

fanaloenAidude x, (/) awmunsi 3.3)
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l - i2mnk/ N
x () == X ™ (3.3)
; JN Z;

¥ ¥ v
o N Ao $waugalunszuaums IFFT ndanniudygaszgnuldouglivunnuin
b

Li‘lumgnsu 91T uzNsld GI (Guard Interval) N30%039111090Y (Guard time)

3 4 o 1 o ' o = ' @ e de a

Aoudtssiimsdadyan edlesiumsiianisunsnaeasznitdydnyaiiinaun
" o L] ar o o =g é ’ ﬂ’l 1 \l

msdadyaaluresdygradiadnsvlans Fayesnaves GI uu 92ADINAIINAIN

Mdndanlsageqa 7, veaesdyyrauuuiaanislaonsld GI uannegiln (3.4)

o ad A a1 ' o 5 ' ' 4 o 4 4

Fyaraloerddudlefivdiugesnniesiuudr Tasyasmaenisdyanaesnuiu

v
ansoouuauns laaede 1l

Yien, () = X, (1) (3.4)

oSt

OFDM Symbol

X X X
0 k-N k-1
Xg-N, X *

g1 3.3 FEmsldveanaflesiu (61) Werumaiamsunsnaeasyriedaydnul

3.1.3 nuudraesyeadaanamuyliihuyadu
ar ad aa i ' @ 4 3 =4 o s
FyaraTereraduiiudiuvessesnarflesiuGonioouds  Aezgnddelids
A A o @ 1w o [ o = & a wa
L vy Ead davziiuldduden laozunsug Ui 3.1 Fasvsvenslumaljia
1] 1 4
udrnziiguaid hidlwdadui liinadygyiusunauininveiol Ty e 1mMyn

" ¥
deruasssvoonuy lidudaduansadiow 1ddsaunisae T
arg(thg )}

Seon, (0 = Fllyy, 0" o

e F Jiluilsdsuvesrsvsvnouny hidhudadu  y, () Wudyaudunnuesdans

voouvyiduFadunas s, (0 Hudggraeninnvesisssvnouuy hidhadudu
AT 33 ENNI0RIZEFINONE 1993 VLTTANIIANGNII (SSPA) 1AZINNTVUW
yHuANaIATYYINA (TWTA) ﬁ'mutgmLﬁar«hu:miwwﬁgnﬁaﬂﬂnqﬁmﬁtymm Aol
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v
asneiuelddsaunsae il

s(t) = y()+i(r) (3.6)
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All > o :i = ] = 9
o i(r) Lﬁuﬂiyimmmnmmﬂﬂmnuﬁ]i\lmmmu"lm.ﬂmimau

3.1.5 nuudiaeuniesiy
Tuineiinuii lumsiassszuuimualfifumsdedyaururesdyg o
HunuueIuIn (AWGN) maguasessudya o Teiowddy (OFDM Signal) #isu1diie
Wins@alaslud (Synchronize) Taofmualimsdalaludiuuuugaund wazndannmi
sesimsion e1gasailesiy G esnuaziimsulasdygyrusineynsulviily

o & o = o 3 niv =
wanuuuuvu Fadyanunsu iz, (o) durasldamaunisi ¢.7)

r (D)= s, () +i (1) + n (1) (3.7
A -~ s Ao b3 3 A o
do () Aedygruniuldnmeauniesiy
A w ad A A [
5,.(1) ﬂaﬁngtg'nmTamﬂﬂmu‘nmmmmﬂﬁmm
i(t) fodwmesuegaNnduLend (Intermodulation Noise)
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devhdyanm s, (r) lUkmnszuIums FFT (Fast Fourier Transform) doyarunld

el % 4 . 4 i 4
wawunszuaums FET swiludyga R, duiludyaufeguuununinud s

Taauaunsh (3.8)
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R" s Zn(t)e—ﬂ:rnklﬁ
k=0
N-l ) N-1 _ N-1 )
. S (lk—;ZMnk."N i Zlk (t)e—j.’.imka s an(t)e—_;lnmklh’
k=0 k=0 k=0
=X+ +N, (3.8)
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Tusunsudmsummnefiens
clear all;

cle;

%%% Defined parameters %%%%

BW=5;

NMess=16;

DSI=16;

M=64;

Nov=3;
N=M-+M*Nov);

L=20;

CNst=10;

CNx=20;

Sten=5;

TgRatio=0.1;
Num_count=20;
Ets=round(M/BW);
Dg=Ets*TgRatio;
Ts=Ets+Dg;
DeltraF=round(BW/M);
DeltraT=Ets/N;
Zerop=round((N-M)/2);
Ng=round(Dg/(Ets/(N)));

Mess=(M-DSI)*L;
Nt=N+Ng;
NNt=Nt*L;
L1=Zerop+l;
L2=Zerop+M;

for count=1:Num_count;
count

Zerol=zeros(1,Zerop);
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% Total Bandwidth =5 MHz

% Range of Signals

% Total number of dummy sub-carriers
% Total number of sub-carriers

% Number of Over sampling

% Total number of IFFT/FFT point

% Total number of OFDM symbol per frame
% Staating CNR (dB)

% Stop CNR (dB)

% Step of CNR (dB)

% Ratio of Guard Interval

% Number of loop.

% Effective Symbol Duration

% Duration of Guard Interval

% Symbol Duration Ts %%%

% Loop

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

StoP=serial2parallel(RandSignal (M-DSI));



55

LengthSt=length(StoP(:,1));
SubSt=length(StoP(1,:));
Signal=StoP;

0/
o

%%%%%%%%%%%%%%% Modulation %%%%%%%%%%%%%%%%%

0/
/0o

Y=Signal;
for k=1:LengthSt;
ComplexSignal(k,1:(M-DSI))=f_EnMQAM(Y (k,1:(M-DSI)),NMess);

end

for k=1:LengthSt;

%[ Txf(k,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_64N64DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='Proposed DSI';

%[ Txf(k,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_64N32DSI(ComplexSignal(k,1 :(M-DSI)),M,N);
Tlable='Proposed DSI'";

[Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_64N16DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='Proposed DSI";

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_64N8DSI(ComplexSignal(k,1 :(M-DSI)),M,N);
Tlable="Proposed DSI'";

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_64N4DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='Proposed DSI';

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_64N2DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable="Proposed DSI';

%[ Txf(k,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_K64N64DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='Conventional DSI';

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_K64N32DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='"Conventional DSI'";

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_K64NI1 6DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable="Conventional DSI';

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_K64N8DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='"Conventional DSI’;

9%[Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_K64N4DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='"Conventional DSI';

%[ Txfl(k,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_K64N2DSI(ComplexSignal(k,1:(M-DSI)),M,N);

Tlable='Conventional DSI';



Xtl(k,1:N)=reshape(ifft(reshape(Txf{k,1:N),N,1)),1,N).*sqrt(N);
Xt2(k, 1 :Nt)=[Xt1(k,N-Ng+1:N) Xtl(k,] N, % Added GI.

end

Stx=Xt2;

Stx_Bypass=5tx;
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for k=1:LengthSt;

PAPR(count,k)=f par_dB(Stx(k,:)); % PAPR Output of IFFT

end
L B T o T T e o 2 L B o o o o

pause(0.1);

o R R

% Solid-State Power Amplifiers (SSPA)

o R

[Row_amp Col_amp]=size(Stx);

IN_amp=parallel2serial(Stx);

N_amp=length(IN_amp);

SpiLLIIIILIn I

IBO=-6; % IBO (dB)

Pamp=2; % P-parameter of SSPA
y ARIAIRRIRATEE EANREL!

Pamp1=2*Pamp;

Pamp2=1/Pampl;

AMPmean_power=mean(IN_amp(1:N_amp).*conj(IN_amp(1 :N_amp)));
AMP nor(1:N_amp)=IN_amp(1:N_amp)./sqrt(tAMPmean_power);
AMP norl(1:N_amp)=sqrt(10*(IBO/10)).* AMP_nor(1:N_amp);

AMPabs(1:N_amp)=abs(AMP_norl(1:N_amp));

AMP_ph(1:N_amp)=angle(AMP_norl1(1:N_amp));

for k=1:N_amp;
AMPout(1,k)=AMPabs(1,k)/((1+AMPabs(1,k))*(Pamp1))*(Pamp2));

end
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AMPout_aver=mean(AMPout(1:N_amp).*2);
AMPoutl(1:N_amp)=AMPout(1:N_amp).*sqrt(tAMPmean_power/AMPout_aver);
keeped equal output power.

OUT _amp(1:N_amp)=AMPout1(1:N_amp).*exp(j* AMP_ph(1:N_amp));

Stx=serial2parallel(OUT_amp,Col_amp);

L A B
for k=1:LengthSt;
PAPR4(count,k)=f par_dB(Stx(k,:)); %PAPR output of SSPA

end
L = e o O
MeanLoop(count, 1 )=mean(CountLoop");

end %Loop

AllMeanLoop=mean(MeanLoop')

Max_papr=13; %Maximum values of PAPR measurement
Min_papr=0; %M iniumu values of PAPR measurement
St_papr=0.1; %Step size of PAPR measurement

Prob_papr=hist(PAPR(:)',Min_papr:St_papr:Max_papr);
cdf length=length(Min_papr:St_papr:Max_papr);
for cdf=1:cdf_length;
CDF(1,cdf)=sum(Prob_papr(1,cdf:cdf length));
end %Loop for 1st-CCDF function
figure;

semilogy(Min_papr:St_papr:Max_papr,(CDF(1,)))/(Num_count*L),'bx-")

hold on

Prob_papr=hist(PAPR4(:)',Min_papr:St_papr:Max_papr);

cdf length=length(Min_papr:St_papr:Max_papr);

for cdf=1:cdf length;
CDF(1,cdf)=sum(Prob_papr(1,cdficdf_length));

%Input  power

end %Loop for 2nd-CCDF function

semilogy(Min_papr:St_papr:Max_papr,(CDF(1,:))/(Num_count*L),'gx-")

grid on
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title(Tlable);

xlabel('PAPR (dB))

ylabel('CCDF')

StrM=int2str(M);

StrDSI=int2str(DS1);

legend(['Total Sub.=',StrM,', Dummy Sub.=',StrDSI]);
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clear all;

cle;

%%% Defined parameters %%%%

BW=5;
NMess=16;
DSI=16;
M=64;
Nov=3;
N=M-+(M*Nov);
L=20;
CNst=10;
CNx=20;
Sten=5;
TgRatio=0.1;

Num_count=20;

Ets=round(M/BW);

Dg=Ets*TgRatio;
Ts=Ets+Dg;

% Total Bandwidth =5 MHz

% Range of Signals

% Total number of dummy sub-carriers
% Total number of sub-carriers

% Number of Over sampling

% Total number of IFFT/FFT point

% Total number of OFDM symbol per frame
% Staating CNR (dB)

% Stop CNR (dB)

% Step of CNR (dB)

% Ratio of Guard Interval

% Number of loop.

% Effective Symbol Duration

% Duration of Guard Interval

% Symbol Duration Ts %%%

DeltraF=round(BW/M);
DeltraT=Ets/N;
Zerop=round((N-M)/2);
Ng=round(Dg/(Ets/(N)));

Mess=(M-DSI)*L;
Nt=N+Ng;
NNt=Nt*L;
L1=Zerop+l;
L2=Zerop+M;

for count=1:Num_count; % Loop
count

Zerol=zeros(1,Zerop);

RandSignal(1,1:Mess)=randint(1,Mess,NMess);
StoP=serial2parallel(RandSignal (M-DSI));
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LengthSt=length(StoP(:,1));
SubSt=length(StoP(1,:));
Signal=StoP;

%=
049%%% %% %% % %% %% %% Modulation  %%%%%%%%%%%? 0%%% %%

{174
o

Y=Signal;
for k=1:LengthSt;
ComplexSignal(k,1:(M-DSI))=f_EnMQAM(Y (k.1 {(M-DSI)),NMess);

end

for k=1:LengthSt;

%[ Txf(k,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_64N64DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='Proposed DSI',

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_64N32 DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='Proposed DSI';

[Txf(k,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_64N16DSI(ComplexSignal(k,1 :(M-DSI)),M,N);
Tlable='Proposed DSI'";

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_64N8DSI(ComplexSignal(k,1 :(M-DSI)),M,N);
Tlable="Proposed DST’;

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbi(_64N4DSl(ComplexSignal(k,l :(M-DSI)),M,N);
Tlable='Proposed DSI';

9%[Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_64N2 DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='"Proposed DSI";

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_K64N64DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='Conventional DSI";

%[ Txf(k,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_K64N32DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='"Conventional DSI';

%[ Txf(k,1:N) CountLoop(k,1) PAPRiter(k,:)]=f_DSIbit_ K64N1 6DSI(ComplexSignal(k,1:(M-DSI)),M,N);
Tlable='Conventional DSI'";

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=fﬁDSlbit_KMNSDSl(ComplexSignal(k, 1:(M-DSI)),M,N);
Tlable="Conventional DSI";

%[ Txf(k,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_K64N4DSI(ComplexSignal(k, :(M-DSI1)),M,N);
Tlable='Conventional DSI';

%[ Txflk,1:N) CountLoop(k,1) PAPRiter(k,:)]=f DSIbit_K64N2DSI(ComplexSignal(k,1 :(M-DSI)),M,N);

Tlable='"Conventional DSI';
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Xtl(k,1:N)=reshape(ifft(reshape(Txf{k,1:N),N,1)),1,N).*sqrt(N);
Xt2(k,1:Nt)=[Xt1(k,N-Ng+1:N) Xt1(k,1:N)]; % Added GI.

end

Stx=X12;

Stx_Bypass=Stx;

L S i o
for k=1:LengthSt;
PAPR(count,k)=f par dB(Stx(k,:)); % PAPR Output of IFFT

end

L o A A e

pause(0.1);

o R

%=—===_Solid-State Power Amplifiers (SSPA)
HHHHHH R

4
[Row_amp Col_amp]=size(Stx);
IN_amp=parallel2serial(Stx);

N_amp=Ilength(IN_amp);

AL AR R

IBO=-6; % IBO (dB)

Pamp=2; % P-parameter of SSPA
geltitnnIIIII

Pamp1=2*Pamp;
Pamp2=1/Pampl;

AMPmean_power=mean(IN_amp(1:N_amp).*conj(IN_amp(1:N_amp)));
AMP nor(1:N_amp)=IN_amp(1:N_amp)./sqrt(tAMPmean_power);
AMP norl(1:N_amp)=sqrt(10~(IBO/10)).* AMP_nor(1:N_amp);

AMPabs(1:N_amp)=abs(AMP_norl(1:N_amp));

AMP_ph(1:N_amp)=angle(AMP_norl(1:N_amp));

for k=1:N_amp;
AMPout(1,k)=AMPabs(1,k)/((1+(AMPabs(1,k))*(Pamp1))*(Pamp2));

end



AMPout_aver=mean(AMPout(1:N_amp).*2);
AMPoutl(1:N_amp)=AMPout(1:N_amp).*sqrt(AMPmean_power/AMPout_aver);  %Input  power
keeped equal output power.

OUT amp(1:N_amp)=AMPouti(1:N_amp).*exp(j* AMP_ph(1:N_amp));

Stx=serial2parallel(OUT_amp,Col_amp);

L T T L e e o o

for k=1:LengthSt;

PAPR4(countk)=f par_dB(Stx(k,:)); %PAPR output of SSPA
end

L T o o o e o B o o o e e

MeanLoop(count,1)=mean(CountLoop');

End %Loop

AllMeanLoop=mean(MeanLoop')

Max_papr=13; %Maximum values of PAPR measurement
Min_papr=0; 9%Miniumu values of PAPR measurement
St_papr=0.1; %Step size of PAPR measurement

Prob_papr=hist(PAPR(:),Min_papr:St_papr:Max_papr);
cdf length=length(Min_papr:St_papr:Max_papr);
for cdf=1:cdf_length;
CDF(1,edf)=sum(Prob_papr(1,cdficdf_length));
end %Loop for 1st-CCDF function
figure;

semilogy(Min_papr:St_papr:Max_papr,(CDF(1,:))/(Num_count*L),'bx-")

hold on
Prob_papr=hist(PAPR4(:)',Min_papr:St_papr:Max_papr);
cdf length=length(Min_papr:St_papr:Max_papr);
for cdf=1:cdf length;
CDF(1,cdf)=sum(Prob_papr(1,cdf:cdf length));
end %Loop for 2nd-CCDF function
semilogy(Min_papr:St_papr:Max_papr,(CDF(1,:))/(Num_count*L),'gx-")

grid on
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title(Tlable);

xlabel('PAPR (dB)")

ylabel'CCDF')

StrM=int2str(M);

StrDSI=int2str(DSI);

legend(['Total Sub.=',StrM,’, Dummy Sub.='",StrDSI]);
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Faculty of Engineering, Mie University, Japan
1515 Kamihama-cho, Tsu-shi, Mie, Japan, 514-8507

PONGSAKORN BOONSRIMUANG AND TAWIL PAUNGMA

Faculty of Engineering and Research Center for Communication and Information
Technology, King Monglut's Institute of Technology Ladkrabang, Thailand.
3 M2 Chanlonglrung Rd., Lamplatue, Ladkrabang, Bangkok, Thailand, 10520

One of the disadvantages of using OFDM is the larger peak to averaged power ratio
(PAPR) of its time domain signal. The larger PAPR signal would course the fatal
degradation of bit error rate performance (BER) due to the inter-modulation noise
occurring in the non-linear channel. In this paper, we propose the PAPR reduction
method for the OFDM signal by using the dummy sub-camriers of which phases are
optimized on the basis of the time-frequency domain swapping algorithm and flipping
technique. The proposed method can achieve the better PAPR performance and BER
performance in the non-lincar channel with less complexity of processing at the
transmission side. This paper presents various computer simulation results to verify the
effectiveness of proposed method as comparing with the conventional methods.

1. Introduction

The OFDM technique has been received a lot of attentions especially in the field
of wireless communications because of its efficient usage of frequency
bandwidth and robustness to the multi-path fading. One of the limitations of
using OFDM technique is the larger peak to averaged power ratio (PAPR) of its
time domain signal [1]. The larger PAPR signal would cause the severe
degradation of bit error rate (BER) performance due to the inter-modulation
noise occurring in the non-linear amplifier.

Recently, various kinds of PAPR reduction methods were proposed such as
the selected mapping method (SLM) [2], partial transmit sequence method
(PTS) [2] and dummy sequence insertion method (DST) [3]. The SLM and PTS
methods control the phase of data sub-carrier and the DSI method controls the

! This work is supported by the Hitachi Scholarship Foundation (HSF).
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phase of dummy sub-carriers at the transmission side. First two methods are
required to inform the phase information controlled for the data sub-carriers to
the receiver as the side information (SI). The DSI method is required no side
information. However, the conventional DSI method proposed in [3] employs
the flipping algorithm where the phases of dummy sub-carriers are optimized by
using the certain number of discrete predetermined phase values.

In this paper, we propose a novel phase optimization method for the DSI
method, which can achieve the better PAPR performance with almost the same
complexity as that for the conventional DSI method. In the following of this
paper, Section 2 presents the system model. Section 3 presents the proposed
phase optimization method for the dummy sub-carriers. Section 4 presents the
various computer simulation results, and we draw some conclusions in Section
5.

2. System Model

Figure 1 shows the block diagram of OFDM system to be used in the following
evaluation. In the figure, the modulated signal in the frequency domain is
converted to the time domain signal by IFFT. The time domain signal is given
by the following equation.

XX ¢)]

where N is the number of IFFT points and X,, is the modulated data at k-th sub-
carrier. The time domain OFDM signal is input to the non-linear amplifier after
adding the guard interval (GI). The output of non-linear amplifier can be
expressed by the following equation.

5, = Fl|y [l @

where, yj is the input signal of non-lincar amplifier and F[ ] represent the
AM/AM conversion characteristics of non-linear amplifier. The non-linear
amplifier assumed in this paper is the Solid State Power Amplifier (SSPA) of
which input and output relationship is modeled by the following equation.

- 2 3

F NV - S

[p] [I+(p/A)2r]H?r
where, p is the amplitude of input signal, A is the saturated output level, and r is
the parameter to decide the non-linear level. The phase conversion of the non-
linear amplifier is assumed to be linear in the following evaluation. The
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operation point of non-linear amplifier is defined by the Input Back-Off (IBO),
which is given by the following equation.
IBO= 10103% 4)

o

where P, is the average power of input signal to the non-linear amplifier and Py
is the input saturation power. The PAPR is defined by the following equation.

PAPR:}Olog[’—;-A) 5)
P, =Max]| I (6)
1 &L s
L (
Pu= 2 n

Figure 1. Block diagram of OFDM system.

3. Proposal of Phase Optimization Method

This section proposes the phase optimization method for the dummy sub-
carriers so as to reduce the PAPR performance. Fig.2 shows the structure of
proposed OFDM symbol represented in the frequency domain. The OFDM
symbol consists of M data sub-carriers and L dummy sub-carriers that are
placed at the both ends of data sub-carriers as shown in Fig. 2. The transmission
efficiency of proposed DSI method becomes M/(M+L). In the proposed method,
the phase values of dummy sub-carriers are optimized by using the time-
frequency domain swapping algorithm and flipping technique, which can
achieve the better PAPR performance and the less required number of iterations.

Figure 3 shows the block diagram of proposed phase optimization method.
In the figure, N sub-carriers consisting of L dummy sub-carriers and M data
sub-carriers in the frequency domain are converted to the time domain signal by
IFFT. Then, the “Phase Optimization” module processes the time domain signal
so as to reduce the PAPR performance symbol by symbol. The “Phase
optimization” module employs the time-frequency domains swapping algorithm
[4]-[5] to optimize the phases of dummy sub-carriers. Since this algorithm is
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usually required a large number of iterations to achieve the optimum results,
“Phase optimization” module also employs the flipping technique [5] to reduce
the number of iterations.

EAEEE A

»la il »l
Y T M 'T"uzj

N (=M+L) Sub-carriers

Figure 2 Structure of proposed OFDM symbol in the frequency domain.

o

OFDM
Signal

E Dummy sub-carriers

Figure 3 Block diagram of phase optimization method.

In the proposed method, the target PAPR and the maximum number of
iterations are firstly set. The time domain signal consisting of N sub-carriers,
which corresponds to the signal before optimization, is given by Eq.(1). In
Eq.(1), the initial dummy sub-carriers are given by the following equation.

e [n=0Li2-D) ®)
i {n:@d+Ll$waV—D

where, Xn has the constant amplitude and 8, is given by the random phase.

The basic principle of this algorithm is to find higher peak level in the time
domain signal of Eq.(1) than the reference level of S and calculate the error
signal defined by the following equation as the i-th iteration.

0TI WL L& S I WO

o (l0]-5)- =% f |25 ©)
0 i |[&]<s

The reference parameter S is decided on the basis of the average power of

input signal. The time domain error signal given by Eq. (9) is converted to the
frequency domain signal by FFT, which is given by the following equation.

.2
=F

N-1 2
Ejrjzj%ge:n).e g (10)
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By using Eq.(10), the phase values are calculated only for the dummy sub-
carriers. The obtained phase value is subtracted from the original frequency
domain signal given by Eq.(8). The phase optimization is processed only for the
dummy sub-carriers and the data sub-carriers are kept the same as the original
signal. The frequency domain signal to be used at the next iteration (i+1) is
given by the following equation.
Jug{ X -E9)
e n=

=0, (L/2-1)
X = X9 n=L/2,(M+L/2-1)
o) n= (M+L/2),-,(N-1)

an

In the time-frequency swapping algorithm, Egs.(8) to (11) are repeated up
to reach the optimum results. In the proposed method, the flipping technique is
also employed to reduce the iteration numbers as similar to the conventional
DSI method. In the flipping technique, the PAPR is calculated by changing the
phase of each dummy sub-carrier. If the new PAPR is lower than the previous
result, the new phase will retain as part of the final phase sequence. Otherwise,
the phase reverts to its previous value. These processing will perform for all
dummy sub-carriers. The time-frequency domain swapping algorithm and
flipping technique will repeat up to reaching either of the predetermined target
PAPR or the maximum number of iterations.

4. Performance Evaluations

This section presents various computer simulation results to verify the
effectiveness of proposed method. The simulation parameters to be used in the
following evaluations are shown in Table 1.

Table 1. Simulation parameters.

Modulation 16QAM or 64QAM
Demodulation Coherent
Allocated bandwidth 5SMHz
Number of FFT points 256
Number of sub-carriers 64
Symbol duration 12 8us
Guard interval 1.28us
Number of dummy sub-carriers 2-16
Non-linear amplifier SSPA

Non-linear parameter of SSPA

=2
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Figure 4 shows the PAPR performance for the conventional DSI and
proposed DSI methods when changing the number of dummy sub-carriers. The
PAPR performance for the conventional OFDM is also shown in the figure as
the purpose of comparison. In the figure, the PAPR performance is evaluated by
using the Cumulative Distribution Function (CDF). From the figure, it can be
observed that the proposed DSI method shows the better PAPR performance as
increasing the number of dummy sub-carriers, while the transmission efficiency
decreases. It can be also observed from the figure that the proposed DSI method
can achieve the better PAPR performance than that for the conventional DSI
method and the conventional OFDM.

Durmimy =2 subcarriers
—#— Dummy =4 subcarriers
=8~ Dummy =6 subcarriers |
-0 Durmumy =8 subcarriers

o 2

PAPR (4B)
Figure 4 PAPR performance of proposed DSI method.

Figure 5 shows the PAPR performance both for the conventional and
proposed DSI methods when changing the number of iteration. From the figure,
it can be seen that the proposed DSI method with the larger dummy sub-carriers
requires slightly larger number of iterations for the convergence of PAPR
performance than that for the conventional DSI method. It can be also observed
that the proposed DSI method can achieve the better PAPR performance than
the conventional DSI method by the acceptable small number of iterations with
less than 20 iterations even for the larger number of dummy sub-carriers.

Figure 6 shows the BER performances for the proposed and conventional
DSI methods in the non-linear channel when the modulation methods are
16QAM and 64QAM. In the simulation, the number of total sub-carriers is 64
including 48 data and 16 dummy sub-carriers. As for the modulation method of
16QAM, the proposed DSI method can achieve much better BER performance
than those for the conventional OFDM and DSI methods when IBO is -2dB.
The proposed DSI method shows almost the same BER performance as that of
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Ideal performance. As for the modulation method of 64QAM, the proposed

DSI method when IBO is —6dB can achieve the very close to the Ideal
performance, while the conventional OFDM and DSI methods show the worse
BER performance even at the higher CNR.

——— Propesed DS1 | | _{— Dummy = 2 subcarriers
g| == FomovathmalDS! | —g— Dummy= 4 subcarriers

—st— Dummy = 8 subcarriers
—8— Dummy = 16 subcarriers

3 35 4

(i} S 10 15 20 25
Number of Iterstion

Figure 5 PAPR performances versus number of iterations.

5. Conclusions

In this paper, we proposed the PAPR reduction method for the OFDM signal by
using the dummy sub-carriers. The feature of proposed method is to employ the
time-frequency domain swapping algorithm and flipping technique for
improving the PAPR performance with less complexity at the transmission side.
From the various computer simulation results, we confirmed that the proposed
DSI method could achieve the better PAPR performance and better BER
performance in the non-linear channel than that for the conventional DSI
method.
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(b) 64QAM
Figure 6 BER performance of proposed DSI method in non-linear channel.
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PAPR Reduction Method for OFDM Signal
by Using Dummy Sub-carriers

Pongsakorn Boonsrimuang, Pisit Boonsrimuang, Kazuo Mori, Tawil Paungma
and Hideo Kobayashi

Abstract— One of the disadvantages of using OFDM Is the
larger peak to averaged power ratio (PAPR) in its time domain
signal. The larger PAPR signal would course the fatal
degradation of bit error rate performance (BER) due to the inter-
modulation noise in the non-linear channel. This paper proposes
an improved DSI (Dummy Sequence Insertion) method, which
can achieve the better PAPR and BER performances. The feature
of proposed method is to optimize the phase of each dummy sub-
carrier so as to reduce the PAPR performance by changing all
predetermined phase coefliclents in the time domain signal,
which is calculated for data sub-carriers and dummy sub-
carriers separately. To achieve the better PAPR performance,
this paper also proposes to employ the time-frequency domain
swapping algorithm for fine adjustment of phase coefficient of
the dummy subcarriers, which can achieve the less complexity of
processing and achieves the better PAPR and BER performances
than these for the conventional DSI methed. This paper presents
various computer simulation results to verify the effectiveness of
proposed methed as comparing with the conventional methods in
the non-linear channel.

Keywords— OFDM, PAPR, dummy sub-carriers, non-linear.

I. INTRODUCTION

HE OFDM technique has been received a lot of attentions

especially in the field of wireless communications because
of its efficient usage of frequency bandwidth and robustness to
the multi-path fading. From these advantages, the OFDM has
already been adopted as the standard transmission technique in
the wireless LAN systems and the terrestrial digital
broadcasting system [1-2]. The OFDM technique is also
considering as one of the candidate transmission techniques
for the next generation of mobile communications systems.
One of the limitations of using OFDM technique is the larger
peak to averaged power ratio (PAPR) of its time domain
signal [3]. The larger PAPR signal would cause the severe
degradation of bit error rate (BER) performance due to the
inter-modulation noise occurring in the non-linear amplifier.
The simple solution to overcome this problem is to operate the
non-linear amplifier at the linear region with taking the
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enough larger input back-off. However, this method degrades
the power efficiency of non-linear amplifier, and has serious
problem on battery consumption especially for the cases of
mobile terminal and portable wireless LAN terminal. In order
to maximize the power efficiency of the transmitter, the non-
linear amplifier is typically forced to work at near its
saturation region, which will lead to the degradation of BER
performance due to the inevitably high non-linearity.

From these backgrounds, the PAPR reduction method is
recognized as the essential research topic in the employment
of OFDM signal in the wireless communications systems. Up
to today, various kinds of PAPR reduction methods were
proposed including the selected mapping method (SLM) [4],
partial transmit sequence method (PTS) [5-6] and dummy
sequence insertion method (DSI) [7]. All of these methods can
provide the better PAPR performance by controlling the phase
of data or dummy sub-carriers. The SLM and PTS methods
control the phase of data sub-carrier and the DSI method
controls the phase of dummy sub-carriers at the transmission
side. First two methods are required to inform the phase
information controlled for the data sub-carriers to the receiver
as the side information (SI). The side information is required
to inform the receiver by using the data channel with the
higher signal quality for the correct demodulation of data
information. From this fact, the transmission efficiency would
be degraded in these two methods. On the other hand, the DSI
method is required no side information while the transmission
efficiency would decrease slightly due to the dummy sub-
carriers. From this reason, the DSI method could be realized
with less complexity as compared with the PTS and SLM
methods. However, the conventional DSI method proposed in
[7] employs the flipping algorithm where the phases of
dummy sub-cammiers are optimized by using the certain number
of discrete predetermined phase values. From this fact, the
conventional DSI method has a difficulty to achieve the better
PAPR performance as compared with the SLM and PTS
methods.

In this paper, we propose a novel phase optimization
method for the DSI method by employing the time-frequency
domain swapping algorithm, which can improve the PAPR
performance. In addition to the time-frequency domain
swapping algorithm, the flipping technique is also employed
to reduce the complexity in the optimization of phase for the
dummy sub-carriers. The proposed DSI method can achieve
the better PAPR performance with almost the same



complexity as that for the conventional DSI method.

In the following of this paper, Section II presents the system
model to be used in the following evaluations. Section III
presents the proposed phase optimization method for the
dummy sub-carriers based on the time-frequency domain
swapping algorithm and flipping technique. Section IV
presents the various computer simulation results to verify the
effectiveness of the proposed method as comparing with the
conventional DSI method, and we draw some conclusions in
Section V.

II. SysTEM MODEL
Figure 1 shows the block diagram of OFDM system to be
used in the following evaluation. In the figure, the modulated
signal in the frequency domain is converted to the time
domain signal by IFFT. The time domain signal is given by
the following equation.

1 N-1 28
x=—=2 X ¥ )]
=0

where N is the number of IFFT points and X,, is the modulated
data at k-th sub-carrier. The time domain OFDM signal is

input to the non-linear amplifier after adding the guard interval |

(GI). The output of non-linear amplifier can be expressed by
the following equation.

5, =Flly, =) @
where, y, is the input signal of non-linear amplifier and F[ ]
represent the AM/AM conversion characteristics of non-linear
amplifier. The non-linear amplifier assumed in this paper is
the Solid State Power Amplifier (SSPA) of which input and
output relationship is modelled by the following equation.

I . S 3
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where, p is the amplitude of input signal, A is the saturated
output level, and r is the parameter to decide the non-linear
level. The phase conversion of the non-linear amplifier is
assumed to be linear in the following evaluation. Fig.2 shows
the AM/AM conversion charactenistics of SSPA when
changing the parameter of r in Eq.(3). The operation point of
non-linear amplifier is defined by the Input Back-Off (IBO),
which is given by the following equation.
IBO:IOlogP—"‘ @
F

where P,, is the average power of input signal to the non-linear
amplifier and P, is the input saturation power. The PAFPR is
defined by the following equation.
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Fig. 1. Block diagram of OFDM system.
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Fig. 2. Input-output relationship of SSPA.

III. PROPOSAL OF PHASE OPTIMIZATION METHOD

This section proposes the phase optimization method for the
dummy sub-carriers so as to reduce the PAPR performance.
Fig.3 shows the structure of proposed OFDM symbol
represented in the frequency domain. The OFDM symbol
consists of M data sub-carriers and L dummy sub-carriers that
are placed at the both ends of data sub-carriers as shown in
Fig. 3. The transmission efficiency of proposed DSI method
becomes M/(M+L). In the proposed method, the phase values
of dummy sub-carriers are optimized by using the time-
frequency domain swapping algorithm and flipping technique,
which can achieve the better PAPR performance with the less
required number of iterations.

Dumm : Dumm
Sub—mm{-n Data Sub-carriers Sub—umyen
e »la
2 e M e L2

N = (M+L) Sub-carriers

Fig. 3. Structure of proposed OFDM symbol.

Figure 4 shows the block diagram of proposed phase
optimization method. In the figure, N sub-carriers consisting
of L dummy sub-carriers and M data sub-carriers in the
frequency domain are converted to the time domain signal by
IFFT. Then, the “Phase Optimization” module optimizes the
phase of dummy sub-carrier so as to reduce the PAPR
performance symbol by symbol The “Phase optimization™
module employs the time-frequency domains swapping
algorithm [8]-[9] to optimize the phase of dummy sub-carriers.
Since this algorithm is usually required a large number of
iterations to achieve the optimum results, “Phase



optimization” module also employs the flipping technique [7]
to reduce the number of iterations.

OFDM
Signal

Fig. 4. Block disgr

Figure 5 shows the flow chart of proposed method. In the
proposed method, the target PAPR and the maximum number
of iterations are firstly set. The time domain signal consisting
of N sub-carriers, which corresponds to the signal before
optimization, is given by Eq.(1). In Eq.(1), the initial dummy
sub-carriers are given by the following equation.
X, = e {n—O, JL/2-1)

n=(M+L/2),-,(N-1)
where, X, has the constant amplitude and 8, is given by the
random phase.

The basic principle of this algorithm is to find higher peak
level in the time domain signal of Eq.(1) than the reference
level of S and calculate the error signal defined by the
following equation as the i-th iteration.

(I‘dﬂl_s),dn(-{”) if ngl)l >

0 if |<s
The reference parameter S is decided on the basis of the
average power of input signal. The time domain error signal
given by Eq. (9) is converted to the frequency domain signal
by FFT, which is given by the following equation.
rion

i) 1 ¥ S
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By using Eq.(10), the phase values are calculated only for the
dummy sub-carriers. The obtained phase value is subtracted
from the original frequency domain signal given by Eq.(8).
The phase optimization is processed only for the dummy sub-
carriers and the data sub-carriers are kept the same as the
original signal. The frequency domain signal to be used at the
next iteration (i+1) is given by the following equation.

P i P O 7 S
NI it XD n=L12,(M+L/2-1) an
Gx0-8) n=(M+L/2),(N-1)

of phase optimization method.
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In the time-frequency swapping algorithm, Eqs.(8) to (11)
are repeated up to reach the optimum results. In the proposed
method, the flipping technique is also employed to reduce the
number of iteration as similar to the conventional DSI method.
In the flipping technique, the PAPR is calculated by changing
the phase of each dummy sub-carrier as +1 or -1 sequentially.
If the new PAPR is lower than the previous result, the new
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phase will retain as part of the final phase sequence.
Otherwise, the phase reverts to its previous value. These
processing will perform for all dummy sub-carriers. As shown
in Fig.5, the time-frequency domain swapping algorithm and
flipping technique will repeat up to reaching either of the
predetermined target PAPR or the maximum number of
iterations.

Set
Target PAPR and
Maximum Number of [teration

__.l ®
Time - Frequency Domain
Swapp ing A lgor khm

Flipping Technique

No
PAPR < Target PAPR 7
a+1) 0 < Maximum Number 7.

Fig. 5. Flow chart of proposed algorithm.

IV. PERFORMANCE EVALUATIONS
This section presents the various computer simulation

results to verify the performance of proposed method. The
simulation parameters to be used in the following evaluations
are shown in Table 1.

Figure 6 shows the PAPR performance for the conventional

DSI and proposed DSI methods when changing the number of
dummy sub-carriers. The PAPR performance for the
conventional OFDM is also shown in the figure as the purpose
of comparison. In the figure, the PAPR performance is
evaluated by using the Cumulative Distribution Function
(CDF). From the figure, it can be observed that the proposed
DSI method shows the better PAPR performance as increasing
the number of dummy sub-carriers, while the transmission
efficiency decreases. It can be also observed from the figure
that the proposed DSI method can achieve the better PAPR
performance than that for the conventional DSI method.

TABLE I

SIMULA TION PARAMETERS.
Modulation 16QAM or 64QAM
Demodulation Coherent
Allocated bandwidth SMHz
Number of FFT points 256 512
Number of sub-carriers 64 128
Symbol duration 12.8us 25.6us
Guard interval 1.28us 2.56us
Number of dummy sub-carriers 16 32
Non-linear amplifier SSPA
Non-linear parameter of SSPA =2

Figure 7 shows the PAPR performance both for the

conventional and proposed DSI methods when changing the
number of iteration. From the figure, it can be seen that the



proposed DSI method with the larger dummy sub-carriers
requires slightly larger number of iterations for the
convergence of PAPR performance than that for the
conventional DSI method. It can be also observed that the
proposed DSI method can achieve the better PAPR
performance than the conventional DSI method by the
acceptable small number of iterations with less than 20
iterations even for the larger number of dummy sub-carriers.
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10 & —@~ Dummy =2 subcarriers
—¥= Dummy =4 subcarriers
=8~ Dummy =8 subcarriers

—— Dummy =16 subcarriers
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Fig. 6. PAPR performance of proposed DSI method.
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Fig. 7. PAPR performance versus number of iterations.

Figure 8 shows the BER performances for the proposed and
conventional DSI methods in the non-linear channel when the
modulation methods are 16QAM and 64QAM. In the
simulation, the number of total sub-carriers is 64 including 48
data and 16 dummy sub-carriers and the non-linear parameter
r for SSPA is 2. Fig. 9 also shows the BER performances
when the number of total sub-carriers is 128 consisting of 96
data and 32 dummy sub-carriers. The BER performances of
conventional OFDM method are also shown in these figures.
As for the modulation method of 16QAM, the proposed DSI
method can achieve much better BER performance than those
for the conventional OFDM and DSI methods. The proposed
DSI method when IBO is —4dB shows almost the same BER
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performance as that of Ideal performance. Here, Ideal means
the BER performance in linear channel. As for the modulation
method of 64QAM, the proposed DSI method when IBO is -
6dB can achieve the much better BER performance than the
conventional OFDM and DSI methods. From these results, it
can be concluded that the proposed DSI method can achieve
the better BER performance in the non-linear channel at the
cost of small degradation of transmission efficiency.

10 prrsrerreT
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25
CNR (dB)

(b) 64QAM
Fig. 8. BER performance of proposed DSI method in non-linear channel.

V. CONCLUSIONS

In order to maximize the power efficiency of non-linear
amplifier for the transmission of OFDM signal, the power
amplifier is usually forced to work at near its saturation
region, which would lead to inevitably degradation of BER
performance. In this paper, we proposed the PAPR reduction
method for the OFDM signal by using the dummy sub-
carriers, The feature of proposed method is to employ the
time-frequency domain swapping algorithm and flipping
technique for improving the PAPR performance with less
complexity at the transmission side. From the various
computer simulation results, we confirmed that the proposed
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