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ABSTRACT

The major drawback of orthogonal frequency division multiplexing (OFDM) is large
Peak-to-Average Power Ratio (PAPR) of its time domain signal. To overcome the PAPR problem
on OFDM signal, various PAPR reduction methods have been proposed up to today. The most of
PAPR reduction methods such as PTS and SLM methods require the side information which
causes the degradation to transmission efficiency and complexity of transmitter and receiver. In
this thesis, we propose a novel PAPR reduction method which can improve the PAPR
performance without side information. The feature of proposed method is to use the common
weighting factor over a frame including preamble and data symbols in which the common
weighting factor is multiplied to the frequency domain signal over a frame so as to reduce the
PAPR performance. The data symbols in one frame can be demodulated at the receiver by using
the estimated common weighting factor. The common weighting factor can be estimated together
with the channel frequency response by using the preamble symbol located at the start of every
frame. This paper presents various computer simulation results to verify the effectiveness of

proposed method in the multi-path fading channel.
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2.2.7 MsNegandyanaeision

o ad { e @ 4 .
o ToterAidun Idvuvz ey vesdyananuaIuuA (baseband signal) Tunis

] ar L] 1) af - ny o 1 J 4 d‘ -]
ddygnurusesdyuIngiusezdeshmnauaud Igeiumenizi Idamse

g

1 o

] [ ar 9 9 = a Qs P
dedygnadngesdyayralU1d Tasannsaldmaiauuvendendauanslugld 2.12
- a dqyv & aa o a & ¥ ad 9
niomatansulasnnud geiuuuudineadwanslugdi 2.13 Gaiaaesitezliua

o = [ J L d aa n,:
msMaunadeiy uded e lsiawaussouzvesmisuoguanuuuAsasaiusziiniy

uiud NN MUUUNIADN

I-Q modulator

I
| Anti-aliasing
1
| Low pass == mm. .-

I
—_—

Complex
OFDM
Base Band

Q

' [
Digital | Analog
I

o o 3 d
3N 212 msvegandyanmersienuuueden
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Digital Up Converter :
l'"'"""f'"'""'"""""‘"ﬁ";
I ¢ Interpolation -
e Iy
I Filter I g
I I RF
Complex 1 1 :
SEOM : w 3 output
1
Base Band I I :
1 |
| Interpolation I :
|
Filter | :
] .-
_________...___——————————'--T-
Digital | Analog
I

3 213 msuequandyguersienunuATaea (DDS: Direct Digital Synthesis)

2.2.8 ¥339m11)09i (Guard Time)

s

¥21101803AU (Guard time) WudAsiidrdyanlunisdedumsiianisunsnaes
7119 yanyel (Inter-Symbol Interference) HOENMSUNINAOATEN IO YRy 10! (Inter-
v ¥
Channel Interference) NUAUNGUININMITAITYYIHAIUTITYRIUUVUTaAWIBINARAS
(Multi-path fading channel) Taumisfnnondygradumovesudazdydnusinimaldn
] v o ar o A'l (] [ -=; [ [ d’ 9 = 1
dunmivesdydnyalieiiuginarlesdu Tasfivrwarilessuiivzdosinnnnnii
v o L] as o a
MgegavesAtadmilsavesredyamuuuladnis (Multipath delay spread) fanierasly

U 2.14

OFDM Symbol | j

(]
Ts »

Multi-path component

Ts "'

Sampling start

JUN 2.14 msadredanarfleaiu (guard time)

o e

i ' 1 = o 1 o
nngili 2.14 A0 7 Aesnmgegavesndmysaunsros YYIUNAANIT (Multi-

]

path delay spread) , Ts ﬁﬁ‘lﬁl’NnﬁWﬂﬂﬁtyﬁ'ﬂHﬂf(Symbol dulation), Tg fDA1UBIFIUIAT

flosdu waz 7x Aonausuduvesnsgu (Sampling start) laofidives Tx 9¢f03limey

a

ez, <Tx<Tg
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= ¢
2.2.9 M3BIIAT IS (Synchronization)
a o . . & do o a ’ -4
M3391a5 lugd  (Synchronization) iuiugiassafid Ay dnedramilavesszuy

4 o : a Y U { o o
OFDM Wi linTessumsosudeya ldodugndoalasiinidalns ludezlsznoudan 3

1. M5A35299UM 5 (Frame detection)
' < A ¢ Y Yy v
2. madsznmainnuieevisavesndunifuazaisudlvligndes
(Carrier frequency offset and correction)
3. M3 lvAUAANAIAYDINIS Y (Sampling error correction)
ar . L) ar 4 " o 1
N15A3993UW5Y (Frame  detection) lem'ris'umsmqm%nﬂmmﬁmﬂpmlmaz
Y s ¢ A o 3 = o ] U 1 e a 9 " )
yanyaiiverh iansafszinsguaineandydnuel Idedugndes
A ' a A L4 & i A @ o v i
MBININANUUANANYBIANUNAUW VBRI duaziATeeT U I NS qdu
o ' :r, { ' o = 'y &
yanuudazaiaing ¢ sxilsznoudionamesveunla (Phase factor) 1131 wila

i 4 ' o 4 4
Taoawsodondifu > Tavh Af, Aof1vesnudooWisnveanaun (Carrier

L4
tu ' I

EUREA v S oy, '
frequency offset) 71 1131 nzilumvoammnes i limilsedoamsszunasuaz v
¥

dmfvlunmsguudazaineuienihdyyiuildvinmsguliunszuiuns FeT
3
Tisdhatiusei i dyanusz quidoquantidvesnisenls Inuea (Orthogonality) 331319

FOIT Y IULOY

2.2.10 msszanaumimsnevanesnudYesFyanm

dmiumsaomslugduvuveadsafivlsy (Burst frame) v:iimslddydnyei/Fion

s

ia (Preamble symbol) T3fyaiuduvemng idsadsuilommualigosdyano liiiins

Wauuaslugisam 1 disadmsuasmednuniessuitoyaiidaludydnuaiSiouda

o n’: o b4 = o 1 N ar 3 o vy
mu‘m“lﬁmmsnmzmmiﬂizmmmmsﬁauﬁummmwmﬁmﬂpm"lﬂTﬂun1ﬂuﬂ1ﬂ

sy ldlerunszuiums FET annsadonldamaumsi (2.3)

€

Y(k) = H(k)a(k)+ N (k) 2.3)

Tavh &k Aedwiudesdygiuden
-

ar =

Y(k) aodyan unsuld

L

H(k) AoAnmsneuausiniuivesresdaygyia

a Y i

[} o as o =
a(k) nodygnuveyahieyludydnyaiiiemta (Preamble symbol)

=) o

N(k) fodIMsunIu

b
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WanTeesugmues a(k) Aniuannsaiimsdsznummsasuaussnnudvosdaymy

G

(Channel Frequency Response) lApd1amuannsn (2.4)

Y(k)
a(k)

H(k)= (2.4)

]
S

INAUNIITN (24) ma H(k) ﬂammﬂuﬁummmﬂ‘maﬁmmm‘nvlmmmi

Uszuuar lunsaln ﬂ's1ﬁmﬂﬂiymu1msUﬂmuuﬂxmmmm:mmsﬂsxmmm"lnauu

+
=

L= 3/ 3 n’: o ° b A v
gndewalunsdinfdygrasunudundniuionzildnsdszanumfonainld

L

2.3 TYYIUIUNIUUVLUIIVIN

nngUii 2.15 ﬁ'nujtymmmu‘lus:uunﬁ?}amnfudaumﬂﬂzﬂ"mm'lﬁﬁ']uﬁ'ﬂ;q,nm
JUNIUUVUYIIVIN (AWGN: Additive White Gaussian Noise) 399z5aumunniuvaamn
afuilunuuylinesy (Uniform spectrum  density) uazueuildgaiinmsusnussuuund
(Gaussian distribution) TagUn@ud1dayausunIun1agungil (Thermal noise) Laz Aoy ia
5UNUN I (Electrical noise) ‘ﬁsﬁmmmsmuwﬁ'mmﬂm{fm:ﬁﬂmﬂnﬁﬁmm White
Guassian Noise =“ﬁw1nﬂmﬁnﬁﬁﬁaﬂdnmnﬁﬂi‘immiﬁlﬂuﬁ'ingmmnmuuu AWGN 18
Falatsunnumumniuvesninningiiiy (Probability density function) ¥BadYYIMIT VNI

LUV AWGN ansouaad 1amuaunsa (2.5)
1

0 > O—F r(t) = s(t) +n(t)

nit)

l Additive white Gaussian noise

Amplitude pdf of power spectrum density pdf

A U
Variance = power

o AT

b
v o

t - f 0 Amplitude
3N 2.15 quaniRvesdyausunuuuuvILIn
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1a = k24
2.4 2995venenuy il adu
TuilsgriuszuuTeevddu 185uanumuluiuedamndmsumsdfomsuuuuny

A2WEN313 (Broadband) Fa10ssveruudmisududmiumednuniseda duiuds
'l I8 onfivznnsssvowiiiguaniaiuSady  (Linead nasatmaind dygia
sumuﬁtﬁﬂﬁummaﬁwuwuuu‘lﬁsi‘fm%uﬁuﬁyﬂz;ﬁﬂﬁ'ngnunmun’au'lé’fﬁy'wmmmmﬂﬁ
yoadayyIn 2vsverwmnsontseeniduaestszianlngq drofuie 29vsvmofivin
mﬂmif‘%aﬁ’lm (SSPA: Solid State Power Ampliﬁer)uammwuwﬁﬁ‘lmmunaﬂﬂ
qINIfA (TWTA: Traveling Wave Tube Amplifier) ’N'i]‘iﬂJU'Iﬂfi‘tﬁﬂdlmUﬁyﬁ'liﬂﬁﬂﬁilx
oS AT IIIAazATind g dudsaums favzoFuiedaue i

o o & s o e
AMMUATANITINNUYIINIVEIW IBO Fammsouansnsauns 1anail

IBO = lﬂlog% (2.6)

o

o B, ilundanundovesdygradunnvessssvoouuy liidhuFadu waz

{hundsnumasvesdyanaueminnverssvoouy lidhadadu

2.4.1 239398N8Y 1A Solid State Power Amplifier (SSPA)
uauavessveronuy lidhuFadusiamsnaini (sspa) aunsaesueld

Arwaumsvouswi (Rapp)luaunisd 2.5 uag 2.6 daveiuldnniena1sdrede Tavaums
s)zuﬂnaami‘_lua%‘muqmﬁuﬂ'ﬁ'uﬂamitﬂ'ﬁiauuﬂaamﬁmuanﬂﬁgﬂ (Amplitude) taz e
(Phase) mqu?;uanaaﬁtﬁm‘fu&nn'mswwﬁy’mmﬁouf'feﬁmu‘lugﬂumnmﬂf&'uuum
uouldgavesdygrumad e niynOupu)  fiiasinuewddgavesdygiamiad
By (Input) n3e ey AM/AM uazeduivlugiveamsildounasveariaves
ﬁ’tgfu“mLawﬁvmﬁxﬁﬂmnuanﬂﬁgmmf‘t’nuuymn1aﬁ1u§uvgw?awﬁqdmi‘lu AM/PM 910
ﬁumwmﬁwﬁmmmaﬁuwn1mJﬁUu'um'ngauauﬂﬁgﬂuamﬂﬂ"lﬁﬁ'mnmiﬁ 2.7uag 2.8
AUAIAY

vp (2.7
(e

Dy(p)=e, [f} (2.8)

2 o s a s 3 o
o p iuilsdduveadyanadunm 4 Wussduvesanmedninnuas , i

Fo(p)=

P S 9o wa ' a g ' o
w']'iTlllﬂﬂsvﬂ‘]fﬂ'lﬁ'lJﬂﬂmﬂunﬂﬂa\'iﬂ?'l”.l”lﬁUI%\“ﬁull'ﬂg va, lﬂufﬂﬂ{l'ﬂ
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Linear o

=]

put Power (dB)

Relative Out
n

-
=)

-15 -10 -5 0 5
Relative Input Power (dB)

(a) AM/AM

M
(8] 7] w
4 o
{
|

[

Relative Output Phase (Rad)
in

I S S i N
-20 -15 -10 -5 0 5 10 15 20
Relative Input Power (dB)

(b) AM/PM

30 2.16 uautAvesdsesvorouuy lidhuFadu sspa

2.5 9n70 lau (Equalization)

2.5.1 920l Ty

msdsridyanalussyudems mouvvasaeaidlymddyiensunsnaea
’ as v 4 &4 = @ =
WHINTYUANYW  (ISLInterSymbol Interference) HIUNAVINNANTENUVDINAANIT

a a J L] o A o 1 ' o ar =
(Multipath) fifinduniolugesdyanandyaadeing nansenuvea 1si vldygyiai
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1 ] = } aa -dy = o Y a - = 9 P 3 ar = [
dernuiiglseinamon 1l uaziinam IdifannuAanaravesiindoyai 145uiaasy
[ L) ar ar S é 1:' o ar o
HAIINAIUNITUIUNSRSdyaIaAundL FEmsniliansninn 1 lunssanmisiu

.. =

v ¥ .
Jayn1 181 Hndens 192995 8n20 lawes (Equalizer) TiAasefinndyudunis 19958070
(7} q u o

ar

ot Y P o b Y a n’c‘dJ d'i ¥ - = A =
TawesininlSuudyddyyraliigudnuanasume IWnsdsdyarafunduduuni

a g0

s

Y 4 A o 1 : 4 4 9
ATUYNADININTUIU DY ﬂmf}manym:ﬂawmammm‘luszunﬁamsxmmﬂaaumzﬂm

1707}

@ e i i o A wa A = o 1 g/
a11501U50A2 14 (Adaptive) UUADAUTUUANIOWITIUIADIANG) UDINVIADIAINITD
a v A Y ar 1 a & o = P '
wavuulasmunald m'a°lmﬂmzfmmmnTwmawmmu”tgmnnﬂﬂznﬂmﬂauuuﬂmag
as n’j ®f o [ 1 " = o @ 9 . .
(1D AIUUIATINIDIAINAI1IIN5OATE laesuuulsudala (Adaptive equalizer)
nanmMMuYeasdade lawesuuuluda1d wuismsdsdyanuosniiiu 2

Fuadviullanen lugrusnaindeszdagainiiGond1 gad 1@ unsHn (Training

1 ¥
=

b LY & a [ 1 (] ¥ =
sequence) 11/1HATY Fegiluvuveagaiiniiiinniveznsumegaramiiuds gaiin
i Ed @ =1 [] i Y ar
martiennazlzduyuniedmies1ssziiiu Pseudorandom binary fi'ld Tugefininin 145y
gaindanaInInsvziimsinnauazdsumdulsednsvesilawmes lulreesdaie

b ' td
Taos Timmnzaudmiviamsiuanmysssesdyanaluvaziu ionadeduganis

) o @ L] 4 A 1 dl -
dugadrdumstinfaidigaasiiaes Fuilusafimadaszimsdadindoyavedigamy
3 = ﬂ.ﬂ 1 s = q‘ i o ar
Tussiimniuez198n7e lairesAlamdudszAnin 18dmaa Bl lunsdedygo

3 Y & Yy Y A 9/ P 1 [ ar = o =
deyandunuie 1 ldmngndeanniiga semuhgudnyuzvesnsdnie lawessziins

5:: ] dl 9 ar 1 ar ar 'S 4‘ a’
nasunlasegansananie limnzauiuanmeesresdyaiuluszuy InsAniindoud

ar =

a} -:; ' ar o U =
Falnvziimsulasunlasegaasanawazansadanmisduilynives st 1dedradl

¥ "
dszdninw v1nnalnanisiauvesdnie laes ludnuasi Saudlussnsiilss Tow

1 ar

' & o '
2019100 lUsLUY TDMA (Time Division Multiple Access) ’-‘INﬁﬂ‘l‘i‘i]ﬂl.l.‘]JQl'Jﬁ'lﬂ'li’(‘l’x‘lﬁiyﬂﬁm

= - o ! o_ w [ 1 a
soniifuvdeniidainu Tavszuvezdegadwumsinadusumsdeindoyavesdls

vy A a ¢
2.5.2 Inssadranugiuvesdsesondelawes

sBmelaweiiszneudisgunisimizanminiu N g 2vsgudya

WU N+ ganazsuIndyg i 31U 217 uaaslaseadianisiinuvesnsessnie

4
_ =

Taes lugranmiiegsznienssumdulse@nmagu (Weights) ivudhvearssasi

dygn y, mlnidmng $aam Awea y, fiivinad liniveumssusnldon e
ﬂnwwaa‘ﬁmﬁ’tyﬂpmumﬂ?mfwmﬁ’iymminmﬂuﬁmﬁiynpm'luummfuf] s
1991 y, 1WunszuIuns gy (Random process) Tnsaaivessesiinemouludnyusi
0130091 Transversal filter Mmdulszinsveamsgudua i w udazdesiidausnm k

b
1A

£ 'Y A ' o1 ar a & o ' = o a A
noYaYaw iINeUsvenNMmdulsyansimartindsndoumuna lutaiszuusidanaan
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U Al ::’ = o l=' 0’: c;d :; 3’ ) -
MUSTUAT w mﬁ'luf]'l%‘ﬂzliﬂ'liﬂﬁﬂlﬂﬁﬂu1141@?'1“] ANNUMIINWNVYUUDINT k HI00199
= ar oy Y o &4 o
L'ﬂﬁULI"HENi]'Iﬂ‘l’m‘llmgﬂ‘lﬂl‘lﬂmlﬂu‘ﬂudﬂﬁﬂﬂ

aa - '

s =R ar Ve a J " ar o o
nssuIsnsodanesnulumaliumdulsedngiziuegiva e, Wudidy lav e,

“
v

3 P =t ' ' Y e | o LY a 4 o
Aonar1ei lAvinmsilSouiiouseninem d, fua d, dalaoialddanesiuiileie:
@ a & o A o ' o - =
worwlsududszanimagalunameih Idmfleddudunu (Cost function) Nauled]
o 2 " da g aa 3 [ 1 e a &4 da ' o
vuaaaiausosg mlanguaununtdonlslumsdsumdudse@nsuvuniianae Aunde
AMOIABIVBIANUAANAIA (MSE:Mean Square Error) 52MI19a1903d s fidnan1siua
as - F = ¢ o @ e ] a a Y & A 1 ar

yoadgya i 14102993820 lawwes dmivdedisdanesiurianianldausia Ty
MImuINuazliumaulszans AonTsUIT Least Mean Squares (LMS) Taolunisdiuam

(l:: ar 1 dy
uazsumaudszaninmunzauszerdfoaunsae U3

New weights = Previous weights+(constant)x(Previous error)x(Current input)  (2.9)

Tay
Previous error = Previous desired output — Previous actual output (2.10)
o w1 d dq v 2 o g v o )
dm3uAINIA (Constant) N 1FTuasafvzUSuldon 18 lumsdunauday
A as a 1w a =% 3 o s 1 e = o
soumenIURuER N Msasumdulseant Mimunzay msdnslSuamdulssdnsves
-] °y d‘l q’: L a a(a [ 9 lcidql
msguezid l)i5esq narwsensunseismdudszdniisurzegiuazidhlndananga
4 ¥ ¥ @ 1w g
W ldmnmnzauudinszummsdiumdulszanstenganssanmdamies 19y
] - ] Y ar - (. s o
mssvdsindeyavesd1d lugrnmiee Idygadulseaninm 18 ) sunsziaiinnusuii

i T v
NzAoalsuamduilszans Inudnass

Vi Ve Yoz
z! gl S

weslumdunlsziningu W,

]
=)

; g P o' ' I o as a
i 217 Tassadhefiugiuasesme lawesTusrnmiiimsyfugadulsedninsqu
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4

FY - o P " @ a oa
1nlAsaarievesnsonde lames lugdinaas ismusomardulsednsn

v
muzay 1dTavisnseae i

Amualnames y, unudygavudiweaesdaielames

Yi :[-ytyi:—lylz~2"'yk—N]T (2.11)

[ a & =) o
wazmmes w, unududszdnimsguyeanesdade lawes

Wk =[%k"ﬂtmr"Wm ]T (2.12)

mmsouaasdyanuiivieendaiinuiniy 4, ,Z Ve W3VBIAIADT

Y
di=y'W, =Wy, (2.13)

114‘1;"}& 'Jsi‘l]i‘l’li‘l‘]Jﬂ'l“UE]\‘l‘lfﬂ‘Uﬂlm d (Desired response) ﬂ1ﬂ’J'IlJLlﬂﬂﬁN'Hiﬂﬂ'J'IU

Hﬂ“ﬂ'lﬂ'yilﬁﬂ‘i{u 'I!'ﬂ'm'}_l
e, =d, —dx (2.14)
e 1d
=d,—y;W,=d, -W/y, (2.15)
|e,t| =d; +W]y,yIW, -2d,y[W, (2.16)

oA undvvesaunisezld
p=E[dy,]= Eldyd Y\ Yia-dYin ]T (2.17)
uazfmualiumIndanduwusvosvudh (nput  correlation matrix) AYUIAMIRY
(N+1)x (N+1) ¥301U19092150n1 TAUS ousun3ndveavud (input covariance matrix)
R=E[yy/] (2.18)
dmn x, oz y, Tnudnvaziidumaduns (stationary) vxiiuld1lu p uaz R
v linfAeunlasmunat vnaumsthadues 189
MSE =& = E[d; |+ W RW -2p*W (2.19)
ynaumsiszmsnned W iiliA1 Mean Square Eror fiilvunadiiiga

(Minimum MSE %158 MMSE ) 1 Taomsmaunsifioudves &

T
= o¢ = % 9 : o (2.20)
ow | oW, ow, oW, '




31

A o o P @ 1w a o ' ' [V
demeyusves & lasiouiumdulszanimgaudazanunsue 14

V=2RW-2p (221)
fmualdm V = 0 iwomisidiiqaves MSE wodns 1diiugadudszdng W fiminzoau
W=R"p 2.22)

'
d o

diohmdnlszaninsnnuazunumee 1 g
MMSE =¢,, = E[d; |- p"R'p=E[d} |- p"W (2.23)

2.6 dauvesmsdavenaluddunlesiuin  Side Information)
dygraToevddylumaidnitnmsaamifiefiorsuuufiiod (PTS:Partial Transmit

Sequence) HAZINANAIBUUUNIS tﬁaﬂﬁumjm’faga (SLM:Selected Mapping) 'lf‘l.li‘i‘llﬂ'l&ﬁﬂdﬁ

drmveamsdsdoyaladduresiudunie ea'le (SiSide Information) teiflunisuenis

A o oy oA ' Y o ¥ ' A v Y 4 o o
'ﬂ'Nlﬂ'iﬂﬂ5'Uzlp.l'ﬂf‘]m'i'Jlll‘ll’lﬂu’"ﬂiql‘ﬁ'l']lﬁﬂuuiﬂl“ﬂ‘lﬁﬂ‘l\'lﬁ’lulﬂ5845Hﬂmunﬂﬁvﬂﬂﬂﬂ1ﬂ

Y

9 ] A o o 3/ o a o 4 9/ A =
Joya ¥alunszurumsanmfeiersmsadndullszaniagauiel¥lunisaanifiiedn

b4
£1311N32UIUM50619A513 dail Taodeyaduou X gadoya ndannsu IFFT dyain

s

gqnutiuilugadesq {X,,m=0,1,..,N -1} yadeyainnuN dndoyaiioridygia

g o

v 1 = y & o Yo
ﬂmmuqnmqq 'm‘)"l?ﬁ'N‘Uuﬂ\'lll'ﬂﬂ\ﬂﬂﬂ\?ﬂUﬂ'l'i

X = i ' (2.24)

A 2 o
mnﬁumi‘n(z 24) mmmuumaumvumﬁ'}wm maﬂmﬁuﬂsvﬁ'ﬂ Nadevufang

1ddaauns

M
X'=>'b,X, (2.25)

m=1

4 o 4 2 . 4 o '
e {b,,m =1,2,...,M}1flummmguwn%'1wummu M 4@ ¥ty M

9 :lyJ s o ﬁ -~ & 1 3 o a
FAVOYAYNUUIUNUNITNINUADINISIUU 2, 4, 8 N30 16 YA ma%amwmuﬁmmm Xm

[}
=S 4

a - | ] sy ¥ Yo 2 4
uazdszdninmvoamsaaminiene1sn lavsdie19suaugayuuing ieaninidiens
a a & o =] =t 4 - T { o
afngayududss@nsungaiumguiudeyanezi Tomane ldafefiorsidnnnay
L} o 1 [} ) J _ oy 1 1
Tlfuguiu udvzildnszuaunsganmnaiiunazszaaneulsedninmnsdarig

=2 o ﬂ kY -~ 14 o a dy 3 (Y ' A
VDITTUUII uﬂﬂﬂﬂﬂﬂﬂ'ﬁﬂ?'!\'l‘ﬁﬂﬁu‘l.lﬁ“ﬁﬂﬁﬁﬂu1ﬂlﬂu’l“ﬁﬂﬂﬂlmﬁ"‘i3‘1]1.!11?1“111?]

Amuayayy (b, =e*") iogaudrfuudas gaommifitfiors ifoufigaainnnya

b o [
'Uﬂl_.JJﬁllﬂ$ﬂ1ﬂ77ﬁﬁ‘ljlw{l\'i‘ljﬂlﬂﬂ"]lﬂ']uuﬂGﬁﬂﬂ'\iﬂllﬂﬂ\?u

2
Z Y

PAPR = mm (2.26)
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VAN y,,, Sauindeyah n = 0,12,..,N-1 4ag m =1,2,...M {usmauga

s ﬂ’l‘ 1 4 s ~ 1 s é
¥09 IFFT veadnyana X, wunaaaldn welddygranmiunszuiums ludygamiis

= 9 J 1

s ar - Q" ]r
gavzAvaguiunyuia iy wudusadayudulszdnsium 4 ga fv 0, 7,2 Az
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vonhdeyaildds lihiudugalnudssmllimedniniessunsudan  edie: 1dga
Iy ci ¥ A ' a w ¥y Y a o
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'Y ar 1 4
Tsunsudwmsiuamfieners

clear all;

cle;

L]

% %% Defined parameters %%%%

BW=5;
NMess=16;
DSI=16;
M=64;
Nov=3;
N=M-+(M*Nov);
L=20;
CNst=10;
CNx=20;
Sten=35;
TgRatio=0.1;

Num_count=20;

Ets=round(M/BW);

Dg=Ets*TgRatio;

Ts=Ets+Dg;
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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 %%%

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+1,

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));



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

0,
/0

%%%%%%%%%%%%%%% Modulation  %%%%%%%0%%%%%%%% %%

0 Sty — S—

rd —

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

end

LoopMax=20;
for ii=1:LoopMax;
Stx=Xtl;
InputS=Stx;
[RowStx ColStx]=size(InputS);
Sref=mean(abs(parallel2serial(Stx)))*1.5;
for r=1:RowSix
for cc=1:ColStx
if abs(InputS(rr,cc))>Sref,
Er(rr,cc)=abs(InputS(rr,cc))*exp(j*angle(InputS(rr,cc)));
else
Er(rr,cc)=0;
end
end
ERR(rr,1:N)=reshape(fft(reshape(Er(rr,1:N),N,1)),1 JN)./sqri(N);
PH_ERR(rr,1:M)=angle(ComplexSignal(rr,1:M)-ERR(rr,L1:L2));
DiffPH(rr,1:M)=(f_posangle(angle(ComplexSignal(rr,1:M)))-f _posangle(PH_ERR(rr,1:M)));

end

for ce=1:M;
MeanERR(1,cc)=mean(DiffPH(:,cc));
end
WFph=angle(MeanERR);
for mm=1:M;
for k=1:LengthSt;
PARrefl(1,k)=f_par_dB(Xtl(k,:));

end
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PARref=mean(PARrefl1);

for k=1:LengthSt;

ComplexSignal(k,mm)=ComplexSignal(k,mm).*exp(-j* WFph(1,mm));

NewTxf(k,1:N)=[Zero] ComplexSignal(k,1:M) Zerol];
Xtl(k,1:N)=reshape(ifft(reshape(New Txf(k,1:N),N,1)),1,N).*sqrt(N);

PARnew1(1,k)=f par_dB(Xtl(k,:));
end
PARnew=mean(PARnew1);
if PARnew>PARref,

for k=1:LengthSt;

ComplexSignal(k,mm)=ComplexSignal(k,mm).*exp(j* WFph(1,mm));

NewTxf(k,1:N)=[Zerol ComplexSignal(k,1:M) Zerol];

Xtl(k,1:N)=reshape(ifft(reshape(NewTxf(k,1:N),N,1)),1,N).*sqrt(N);

end
else

end

end
for k=1:LengthSt;
PAPRIoop(k,ii+1)=f par_dB(Xtl(k,));
end
end
for k=1:LengthSt;
Xe2(k, 1:NO=[Xt1(k,N-Ng+1:N) Xtl(k,1:N)];

end

Stx=X1t2;
Stx_Bypass=Stx;

% Assume we have a frame delay.

Yottt +

for k=1:LengthSt;
PAPR(count,k)=f par dB(Stx(k,:));

end

% PAPR Output of IFFT

Yot

pause(0.1);
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Vo HEHHRB TR R B R R R R R R R

%===== Solid-State Power Amplifiers (SSPA)
oI R R R R R R R R T R R

[Row_amp Col_amp]=size(Stx);

IN_amp=parallel2serial(Stx);

N_amp=length(IN_amp);

erntntLIIIIIIIINN

IBO=-6; % IBO (dB)

Pamp=2; % P-parameter of SSPA
L 1R AR LA RA R

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(AMPmean_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_nor1(1:N_amp));

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

end

AMPout_aver=mean(AMPout(1:N_amp).*2);
AMPoutl(1:N_amp)=AMPout(1:N_amp).*sqrt(AMPmean_power/AMPout_aver); ~ %lInput  power
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),

B B AR S
for k=1:LengthSt;

PAPR4(count,k)=f par dB(Stx(k,:)); %PAPR output of SSPA
end

Yot

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

70

is



end %Loop

AllMeanLoop=mean(MeanLoop’)

Max_papr=13; %Maximum values of PAPR measurement
Min_papr=0; %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,cdf)=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

xlabel('PAPR (dB)")
ylabel('CCDF")
StrNMess=int2str(NMess);
StrM=int2str(M});

legend('Conventional','Proposed Method');
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Proposal of PAPR Reduction Method for OFDM
Signal without Side Information

Pompawit Boonsrimuang', Pisit Boonsrimuang', Kazuo Mori*, Tawil Paungma’ and Hideo Kobayashi*

! Department of Telecommunication Engineering, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang, Thailand
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Abstract— The major drawback of orthogomal frequency
division multiplexing (OFDM) is large Peak-to-Average Power
Ratio (PAPR) of its time domain sigmal To overcome the
PAPR problem on OFDM signal, varlous PAPR reduction
methods have been proposed up to today. The most of PAPR
reduction methods such as PTS and SLM methods require the
side information which causes the degradation of transmission
efficiency and complexity of transmitter and recefver. In this
paper, we propose a novel PAPR reduction method which can
improve the PAPR performance without side information. The
feature of proposed method is to use the common weighting
factor over a frame including preamble and data symbols in
which the common weighting factor Is multiplied to the
frequency domain signal over a frame so as to reduce the
PAPR performance. The data symbols in one frame can be
demodulated at the receiver by using the estimated common
weighting factor. The common welghting factor can be
estimated together with the channel frequency response by
using the preamble symbol located at the start of every frame.
This paper presents various computer simulation results to
verify the effectiveness of proposed method in the multi-path
fading channel.

L INTRODUCTION

Recently 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. From
these advantages, the OFDM has already been adopted as
the standard transmission techniques 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
wireless communications systems. One of the limitations of
using OFDM technique is the larger peak to averaged
power ratio (PAPR) of its time domain signal as compared
with the conventional single carrier transmission techniques
[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.

From the above background, the PAPR reduction method
is recognized as one of the essential research topics for the
OFDM method employed in the wireless communications
sytems. Up to today, various kinds of PAPR reduction
methods were proposed including the selected mapping
method (SLM) [4] and partial transmit sequence method
(PTS) [5-6]. Although both methods can achieve the better
PAPR performance by controlling the phase of data sub-
carriers, these two methods are required to inform the phase
information controlled for the data sub-carriers to the

receiver as the side information (SI). Since the side
information is required to inform the receiver symbol by
symbol by using the data or control channels with the
higher signal quality for the correct demodulation of data
information at the receiver, the transmission efficiency
would be degraded relatively and the system complexity
would be increased. The size of side information depends
on the number of clusters and discrete phases employed in
the SLM or PTS methods. To improve the PAPR
performance, the larger number of clusters and discrete
phases are required which lead the proportional increasing
of side information size.

To overcome the problem for the conventional PAPR
reduction methods with using the side information, we
propose a novel PAPR reduction method which is required
no side information. The feature of proposed method is that
the PAPR performance can be improved by multiplication
of common weighting factor over one frame including
preamble and data symbols. The original data can be
recovered by multiplying the inverse of common weighting
factor employed at the transmitter. In the proposed method,
the inverse of weighting factor can be estimated by using
the preamble symbols which are usually used in the
conventional OFDM  system to establish the
synchronization of received signal and to estimate the
channel frequency response of fading channel.

In the following of this paper, Section II presents the
system model to be used in the following evaluations.
Section IIT presents the proposed PAPR reduction method.
Section I'V presents the various computer simulation results
to verify the effectiveness of the proposed method, and we
draw some conclusions in Section V.

1L

In the OFDM system, the modulated signal in the
frequency domain is converted to the time domain signal by
using IFFT. The time domain signal for I-th symbol at k-th
sample is given by the following equation.

SYSTEM MODEL

I N-1

i
Vo oo X, e ¥ (1)
=T & X un

where N is the number of IFFT points and Xoun is the

modulated data for [-th symbol at n-th sub-carrier. Here the
PAPR performance for the sampled time domain signal can
be given by,
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where E[ ] represents the average power of signal. The time
domain OFDM signal given in (1) 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.

oy = ,,-q y{whgl-mm}

where, 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.

PAPR(dB) =101log,, @

3)

= I 4
e @
where, p is the amplitude of input signal, A is the
saturated output level, and 7 is the parameter to decide the
non-linear level. The phase; conversion of the non-linear
amplifier is assumed to be linear ineI

Figure 1 shows the AM/AM conversion characteristics of
SSPA when changing the parameter of r in (4).
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Figure. 1. Input-output relationship of SSPA.
III. PROPOSAL OF PAPR REDUCTION METHOD

A. Transmitter

Figure 2 shows the burst frame fonnat to be used in the
proposed OFDM system. In Fig. 2, two preamble symbols
are inserted before the transmission of data symbols, which
are used in the synchronization of received signal and the
estimation of channel frequency response including the
common weighting factor multiplied over a frame at the
transmitter so as to reduce the PAPR performance. Fig.3
(a) shows the structure of proposed transmitter. By
reoffering this figure, the following presents the detml of
proposed method.

In the proposed method, the transmission time domain
signal for /-th symbol of k-th sample at i-th iteration is
given by the following equation.

€ following evaluation.

75
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where ¢/%’ is the common weighting factor for n-th sub-
carrier at i-zh iteration, which is decided so as to reduce the
PAPR performance. Here it should be noted that the
common weighting factor at n-th sub-carmrier has the same
value over one frame. In the proposed method at the next
(i+1)-th iteration, the new weighting factor for each symbol
will be independently decided so as to obtain the better
PAPR performance than the previous iteration. After the
determination of weighting factor for all symbols including
the preamble symbols, the new common weighting factor
over one frame will be decided by taking the ensemble
average of weighting factor obtained for all symbols.

As for the method to decide the weighting factor for each
symbol, this paper employs the basic concept of time-
frequency domain swapping algorithm [7]. In this
algorithm, the error signal is calculated by the following
equation in which the sampled time domain signal is
detected as the error signal only when its amplitude level is
greater than a certain reference level of S.

50 if |50
o _ 7R i I)’(ullzs ()
= .

0 s itaf<s

where the reference level S is decided on the basis of the
average power of time domain signal. Here, the error signal
is the composite signal in the time domain which includes
all the larger amplitude level than the reference level of S.
To determine the weighting factor for each sub-carrier, the
time domain error signal given by (6) is converted to the
frequency domain signal by FFT, which is given by the
following equation.

T @
The weighting factor for /-th symbol at n-th sub-carrier can
be obtained by subtracting the phase of error signal given
in (7) from the phase of original signal. Then, the frequency
domain signal to be used at the next iteration (i+1) is glvcn
by the following equation.

®

The weighting factor of n-th sub-carrier for /-th symbol can
be given by,
6y =g {X(0} -arg{x(0,} 0

After finishing the above procedures over all symbols, the
common weighting factor for #-rh sub-carrier at the (i+1)-th
iteration can be obtained by taking the ensemble average for
the weighting factors obtained for all symbols, whmh is

given by,
)

o =mx{2L:e g

X(‘,"*’ l X‘“ ""{“1'3-)“?3:,

(10)

=1

ECTI-CON 2007
The 2007 ECTI Inlemational Conference

748



where L is the frame length including preamble and data
symbols. By using (10), the transmission time domain
signal at the (i+1)-th iteration can be given by,

20k

TZ{X“-) Ll S
2!“')!
:_J]T.'ZX(?:‘)J

In the proposed method, the procedures from (5) to (11) are
repeated up to reach either the predetermined target PAPR
performance or predetermined number of iterations.

—:ul]

[.! k)

(1)

B.  Receiver

Figure 3 (b) shows the structure of receiver for the
proposed method. The received signal 7, ,, for [-th symbol
at k-th sample after down converter (15/05 and Analog to
Digital converter (A/D) as shown in Fig.3 (b) can be given
by the following equation.

)_’r(f?) @by g +1y 4 (12)

where ) h(”) and o show the transmitted OFDM
signal, impulse response of multi-path fading charnel and
Additive White Gaussian Noise (AWGN) for I-th symbol at
k-th sample, respectively. In (12), P is the number of
iterations which provides the best PAPR performance at the
transmitter. The received signal as given in (12) is
converted to the frequency domain signal by using FFT
which is expressed by the following equation.

Rym = X Hyy Ny (13)

where, R, M . H, and N . show the received
signal, transmitted signa “thannel frequcncv response and
noise component in the frequency domain, respectively.
When assuming the operation environments such as the
radio LAN system, the time variance of channel frequency
response can be assumed as sufficiently slow because of
very lower terminal moving speed. From this fact, the
channel frequency response over one frame can be
considered as static. Accordingly, the channel frequency
response estimated by using two known preamble symbols
inserted at the start of every frame can be used in the
equalization of data symbols over one frame. The channel
frequency response which is improved the estimation

76

can be demodulated by employing the same manner as the
conventional frequency domain equalization method in
which the common weighting factor multiplied at the
transmitter and the multi-path fading multiplied in the
channel can be removed from the received signal.

DEMOD [+ DATA

D/C |
& S/P || FFT
AD -

L)

()  Structure of proposed OFDM receiver.
Figure. 3. System model of proposed method.

1V. PERFORMANCE EVALUATION

This section presents the various computer simulation
results to verify the performance of proposed method. The
modulation method is assumed by 64QAM with coherent
detection method. The multi-path fading is modeled by 16
delay paths having the exponential power delay profile with
-1 dB decay constant. In the following simulations, the
synchronizations both for the symbol timing and frequency
offset are assumed to be established ideally by using two
preamble symbols. The simulation parameters to be used in
the following evaluations are shown in Table 1. In the
simulations, the number of FFT points (N=256) is taken by
4 times larger than the number of sub-carriers (M=64) to
evaluate the PAPR performance with higher accuracy.

accuracy by taking the ensemble average over two TaBLE |
preamble symbols, can be obtained by the following SARMULATION PARAMETERS
equation. Modulation 64QAM
Demodulation Coherent
E{X am Hot Ny} Xy (14) Allocated bandwidth SMiiz
Number of FFT points 256
=H -e™+N,, /Xy, Number of sub-carriers 64
where 7 is the estimated channel frequency response gﬂ?ﬂl’z::;m :2221:
affected by the common weighting factor and noise Non-linear amplifier SSPA.
component. Here, ¢’ can be given by following equation. Non-linear parameter of SSPA P
. a5) Number of data symbols in one frame 12
¥.=36 Number of preamble symbols in one frame 2
el Multi-path fading model
From (14), it can be observed that the common weighting Power delay profile Exponential
factor can be estimated in the frequency domain by using Number of delay paths 16
preamble symbols. By using (14), the original data signal Decay constant -1dB
ECTI-CON 2007
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Figure 4 shows the averaged PAPR performance both for
the conventional OFDM and proposed methods when
changing the number of iterations. The frame length is 12
symbols including 2 preamble symbols. From the figure, it
can be seen that the proposed method can achieve the best
PAPR performance when the number of iterations is larger
than 8. The proposed method shows the better averaged

PAPR performance than the conventional OFDM by 1.4 dB.

From the results, the number of iterations is assumed by 8
in the following evaluations.

Figure 5 shows the PAPR performance for the
conventional OFDM and proposed methods when the frame
length is 12 symbols. The PAPR performance is evaluated
by using the Complementally Cumulative Distribution
Function (CCDF). From the figure, it can be observed that
the proposed method can achieve the better PAPR
performance than conventional OFDM about 1.9 dB at 10™.
Here it should be noted that the degradation of BER
performance of OFDM signal in the non-linear channel
would be dominated by the PAPR performance at the
CCDF larger than 107

Figure 6 shows the BER performances for the proposed
and conventional OFDM methods in the multi-path fading
channel when the input back-off (IBO) of non-linear
amplifier is taken by -6 dB and -8 dB. From the figure, it
can be observed that the proposed method can achieve
much better BER performance than conventional OFDM
method in the channel including the non-linear amplifier
and multi-path fading,

! ! [ -e Conventional OFDM
1 ! 1| = Proposed method
1 1 1 T T L2
P A ] e e e e e e il s
3 o609 6990009
o i 1 1 1 1 |
YRS AUPR. TSN SRS SN U SR
E 1 1 1 ] 1 1
o I 1 1 1 ] 1
E I 1 1 1 ] 1
L i S T Sy
< I ! Number of sub-carriers = 64
. ) 1 Frame kngth = 12 syrhbols
6__.._1___ wwmskhaecedoswddoaaolbes o]
i 1 ! 1 1
1 1
Y 4
1 1 1 .
s.s 1 1 1 L
0 2 pnleorudun® 12 M
Figure. 4. Averaged PAPR performance versus number of iterations.

Frame lengthi=12 s)lvmbobT
4 5 6 7

8 9
PAPR (dB)
Figure. 5. PAPR performance for proposed method.

Fi

Figure. 6. BER performance of proposed method.

V. CONCLUSIONS

This paper proposed the PAPR reduction method for the
OFDM signal without degradation of transmission
efficiency. The feature of proposed method is to use the
common weighting factor over one frame including the
preamble symbols so as to improve the PAPR performance.
In the proposed method, the time-frequency domain
swapping algorithm is employed in the determination of
common weighting factor. The common weighting factor
can be removed from the received data symbols by using
the frequency domain equalization. In the proposed method,
the common weighting factor can be estimated together
with the channel frequency response by using preamble
symbols. Form this fact, the proposed method can achieve
the better PAPR performance without loss of transmission
efficiency. From the various computer simulation results,
we confirmed that the proposed method can achieve the
better PAPR performance and better BER performance than
the conventional OFDM in the channel including non-linear
amplifier and multi-path fading,
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Mitigation of Non-linear Distortion Using
PTS and IDAR Method for Multi-Level
QAM-OFDM System
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ABSTRACT

The future satellite communication systems are re-
quired to support the higher transmission data rate
for providing the multimedia services by employing
the efficient modulation method such as multi-level
QAM. The employment of single carrier transmission
with multi-level QAM would cause the fatal degra-
dation of signal quality due to the non-linear ampli-
fiers located at the earth station and satellite. To
overcome this problem, we have proposed the multi-
level QAM-OFDM technique with IDAR (Improved
Decision Aided Reconstruction) method designed for
non-linear satellite channel. However, the proposed
method could not mitigate the non-linear distortion
sufficiently when modulation level becomes higher
such as 64QAM. This paper proposes the combined
scheme of partial transmission sequence (PTS) and
OFDM-IDAR methods so as to enable the usage of
higher multi-level QAM method, which can achieve
the higher transmission data rate with keeping the
better bit error rate performance in the non-linear
satellite channel. The various computer simulations
are conducted in this paper to verify the effectiveness
of proposed method in the non-linear satellite chan-
nel.

Keywords: PAPR, Satellite channel, PTS, IDAR,
QAM.

1. INTRODUCTION

The future satellite communications including the
fixed, mobile and broadcasting systems are required
to support the higher transmission data rate for pro-
viding the multimedia services, which are already
available in the terrestrial network. To realize the
higher data rate transmission in the satellite chan-
nel, it is required to employ the efficient modula-
tion method such as multi-level QAM [1]. However,
the employment of conventional single carrier trans-
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mission with multi-level QAM would cause the fa-
tal degradation of signal quality due to the inter-
modulation noise incurred at the non-linear amplifiers
located at the earth station and satellite. From this
reason, the current satellite communications are usu-
ally limited by low transmission data rate with em-
ploying QPSK method, which has the robustness to
the non-linear distortion because of its better PAPR
(Peak to averaged power ratio) performance as com-
pared with the multi-level QAM.

On the other hand, the Orthogonal Frequency Di-
vision Multiplexing (OFDM) technique has been re-
ceived a lot of attentions especially in the field of
terrestrial wireless communications because of its ef-
ficient usage of frequency bandwidth, robustness to
the multi-path fading and enabling the employment
of multi-level QAM with less complexity of transmit-
ter and receiver. One of the disadvantages of using
the OFDM is that its time domain signal has the
larger PAPR, which causes the degradation of BER
performance in the non-linear amplifier [2]. From this
reason, the OFDM has been also considered as un-
suitable transmission technique for the satellite chan-
nel, although it has a potential capability to improve
the transmission data rate by employing the multi-
level QAM with less complexity of transmitter and re-
ceiver. To solve PAPR problem in the OFDM scheme,
we proposed the OFDM-IDAR (Improved Decision
Aided Reconstruction) method, which can mitigate
the non-linear distortion and achieve the higher trans-
mission data rate with keeping the better BER per-
formance even in the satellite channel [3][4]. The fea-
ture of proposed OFDM-IDAR method is to recon-
struct the non-linear distortion by using the decision
data at the receiver. However, the proposed OFDM-
IDAR method has some limitation on the usage of
higher level of modulation method such as 64QAM
because its higher level of modulation method causes
a lot of decision error due to the non-linear ampli-
fier and IDAR method could no more mitigate the
non-linear distortion sufficiently. To reduce the non-
linear distortion, it is required to improve the PAPR
performance as much as possible for the OFDM sig-
nal at the transmission side. If the PAPR perfor-
mance of the transmitting OFDM signal can be im-
proved somehow at the transmission side, the non-
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linear distortion can be reduced and IDAR method
could achieve the better BER performance even when
the higher level of modulation method is employed in
the satellite channel. In this paper we propose the
OFDM-IDAR method in conjunction with the PAPR
reduction method, which allows the employment of
higher level of modulation method in the non-linear
satellite channel.

In this paper, Section 2 firstly presents the satel-
lite system model including the non-linear amplifiers
at the earth station and satellite. Section 3 presents
the partial transmission sequence (PTS) method as
the PAPR reduction method at the transmit earth
station and presents the IDAR method as the miti-
gation method of non-linear distortion at the receive
earth station. Section 4 presents the various com-
puter simulation results to verify the effectiveness of
proposed OFDM-IDAR with PTS method in the non-
linear satellite channel, and Section 5 draws some
conclusions.

2. SATELLITE SYSTEM MODEL

Figure 1 shows the typical satellite system model
assumed in the following evaluations. In this pa
per, the non-linear amplifier for the earth station
is assumed to use the Solid State Power Amplifier
(88PA), which is modelled by Rapp [5). The AM-
AM and AM-PM conversions characteristics of SSPA
modelled by Rapp are given by the following equa-
tions, respectively.

F, = i
E(p) [1 + (Vp/Ao)zp] 77 (1)
95 (p) =as (ﬁ) @

where, Fg (p) and @ 5 (p) show the AM-AM and AM-
PM conversion characteristics of SSPA, respectively,
and p is the amplitude of input signal, v is the gain
factor, Ao is the saturated output level, p is the pa-
rameter to decide the non-linear level and a4 is phass
displacement. In the following evaluations, the val-
ues for these parameters are assumed by 4, = 1,
v=1,p==6and ag = 0.025, which can approxi-
mate the standard characteristics of SSPA employed
at the transmit earth station [3]. The non-linear am-
plifier assumed for the satellite station is assumed to
use the TWTA, which is modelled by Saleh [6]. The
AM-AM and AM-PM characteristics of TWTA mod-
elled by Saleh are given by the following equations,
respectively.
aay
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Fig.2: Inpui and output relationships for SSPA and
TWTA.

where, v is the amplitude of input signal, a, and 8.
are the parameters to decide the non-linear level, and
ag and f; are phase displacements. The values for
these parameters are assumed by ¢, = 2, 8, = 1
,ag =2 and B¢ = 1, which can approximate the
standard TWTA employed at the satellite station [3].

Figure 2 shows the input and output relationships
of AM-AM and AM-PM conversions characteristics
both for SSPA and TWTA when the parameters are
given by the above values. In this paper, we as-
sume the higher non-linearity for the satellite ampli-
fier (TWTA) than that for the earth station amplifier
(SSPA) as shown in Fig. 2.

3. PROPOSAL OF OFDM-IDAR WITH PTS
METHOD FOR SATELLITE CHANNEL

3.1 PAPR Reduction Method at Transmit
Earth Station

Up to today, various kinds of PAPR reduction
methods for OFDM signal were proposed such as the
selected mapping method (SLM) (7] and the partial
transmit sequence method (PTS) (7] [8]. Both meth-
ods can achieve the better PAPR performancs by con-
trolling the phase values of data sub-carriers at the
transmitter, although these two methods are required
to inform the phase information used for controlling
the data sub-carriers to the receiver as the side infor-
mation. In this paper, we employ the PTS method
as the PAPR reduction method at the transmit earth
station because the PTS method can achieve the bet-
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ter PAPR performance with less complexity of re-
quired processing as compared with the SLM method
[7]. The following presents the PTS method briefly.

Figure 3 shows the structure of OFDM transmitter
with PTS method. In the PTS method, the data in-
formation in the frequency domain X,, is partitioned
into V clusters as X$?(1 < v < V). All sub-carriers
including each cluster are multiplied by the same
phase of &) = e?¥% 0 as to reduce the PAPR per-
formance. Hers, the phase value considered in each
cluster is given by the following equation.

e =[0,2m)(1 <v< V) ()

After multiplying the phase value for each clustsr,
the sub-carrier vector is given by the following equa-
tion.

14
Yoo 340X o
v=1

where, the controlling phases &) used for all clus-
ters are required to inform the receiver as the side
information. The set of phase values for all clusters
are optimized in the time domain so as to achieve
the better PAPR performance, by using the follow-
ing equation.
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|

= 524:) -IFFT {x}
v=1

v
=Y Y

vl

From (6) and (7), it can be seen that the control-
ling phase values can be multiplied either in the fre-
quency or time domains and the results on optimized
PAPR parformance are the same. Figure 3 shows the
case of (7) where the optimization of phase value is
performed in the time domain. In the PTS method,
the better PAPR. performance could be achieved, if
phase valus of ¢’ is chosen with continuous phase
as given in (5), although the size of side information
to be transmitted to the receiver would be increased.
Since the side information is required to inform the
receiver by using the data channel with the high sig-
nal quality, the larger size of side information would
cause the degradation of system efficiency relatively.
To solve this problem, the fixed number of discrete
phase value is employed in this paper to reduce the
size of side information, although the PAPR perfor-
mance would be degraded slightly [7] as compared
with that for using the continuous phase values. In
this paper, we assume four discrets phase values as
given by the following equation.

Fig.8: Structure of OFDM transmitter with PTS
method.

¢ e {0,m/2,m 3n/2}(1<v<V) (8)

After optimization of phase value for each cluster,
the time domain signal after adding the guard inter-
val (GI) is converted to the uplink radio frequency
and input to non-linear amplifier of SSPA. The out-
put signal of SSPA, which corrasponds to the uplink
signal in the radio frequency, can be given by the fol-
lowing equation.

swp(t) = Fe [ly(t)]] - 2o vOH2lvOn  (q)

where, y(t) is the OFDM signal at the input of SSPA,
Fp[] and $z[] represent the AM-AM and AM-
PM conversions characteristics of non-linear amplifier
given by (1) and (2), respectively. The output signal
of SSPA given by (9) is transmitted to the satellite
and then input to the satellite TWTA after convert-
ing from the uplink to downlink radio frequency. The
cutput signal of TWTA, which corresponds to the
downlink signal in the radio frequency, is given by
the following equation.

$aw(t) = Fs [|sup(t)]] - @109 a2l (O] (10)

The receive earth station demodulates the data
information from (10) by using the IDAR method,
which is presented in the next section.

3.2 OFDM-IDAR Method for Satelllte
Channel

Figure 4 shows the structure of proposed OFDM-
IDAR recaiver with PTS method. In Fig.4, the re-
ceived RF signal r¢ is first down converted to the bass
band signal and digitized by A/D converter. The re-
ceived time domain sampled signal after removing the
guard interval (GI) is given by the following equation.

T = Sdu k + Wi

= Ui + Tk + Wy (11)

where, sS4y & , wy and 4 represent the output signal
of TWTA, additive noise in the downlink, and inter-
modulation noise on the k-th time domain sampled
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signal, respectively. In (11), y& is the desired sig-
nal in the time domain of which phase is optimized
by PTS method at the transmit earth station. Here,
the inter-modulation noise is assumed to add the de-
sired signal y linearly. It should be noted that inter-
modulation noise at the output of non-linear amplifier
is unable to express separately as given in (11), be-
cause it is strongly related to the desired signal y, .
However, the inter-modulation noise is reconstructed
separately in the IDAR method by using the decision
data at the receiver. Although it is inappropriate to
express the inter-modulation noise separately, (11) is
given here just as the assumption so as to explain the
following IDAR algorithm clearly. The received tima
domain sampled signal given (11) is converted to the
frequency domain signal by FFT, which is given by
the following equation.

(12)

where, the capital letter represents the frequency do-
main signal, which corresponds to its small letter
given by (11) in the time domain. The decision for
(12) can be made by using the following equation.

Rn=Yn+In+wn

(13)

where ¥, is the decision data at the n-th sub-carrier.
Here, it should be noted that the decision data ¥, is
not the transmitted information data X,,, because it
includes the controlled phase value optimized by the
PTS method as in (6). Since all the discrete phase
values usad in the PTS method are the factor of 7 /2,
the decision can be made on the basis of (13), al-
though the decision data is not directly correspondent
to X,.

The decision data in the frequency domain is con-
verted to the time domain signal §j, by IFFT, which
corresponds to the reconstructed transmitted time
domain signal. In the IDAR method, the time do-
main signal ¥, is used for the reconstruction of inter-
modulation noise. This is based on the fact that the
OFDM time domain signal converted from the de-
cision data in the frequency domain, which includes
even some decision errors, would be almost the same
as the original time domain signal without ecror [4).
From this reason, the inter-modulation noise can be
reconstructed by using the decision data in the time
domain.

By using the time domain signal g, the output
time domain signal of SSPA and TWTA can be re-
constructed by using the same manner as processed at
the earth station and satellite. In the IDAR method,
the operations of non-linear amplifiers both for the
SSPA and TWTA are conducted on the digital sam-
pled data by assuming the same AM-AM and AM-
PM conversion characteristics as that operated in the

?n= m::nlﬁn_ Xn|

ooecs |29

ris

Fig.4: Structure of receiver with proposed OFDM-
IDAR with PTS methad.

radio frequency. The time domain signal at the out-
put of SSPA and TWTA as shown in Fig.4 is given
by the following equation.

Sawe = Fp (|l] . gf {arg (Gu)+2 2 (19D} (14)
where, ¥ is the time domain signal converted from
the frequency domain decision data given in (13), Fp
and dp are the AM-AM and AM-PM conversions
characteristics which is the composite characteristics
of SSPA and TWTA. This paper assumes that the
composite characteristics of SSPA and TWTA are
known at the receiver. By using (14), the inter-
modulation noises incurred at the SSPA and TWTA
can be estimated by the following equation.

Ck = Squk — Ua
~ P + 1 — D
=g (15)

The inter-modulation noise given by (15) is then
converted to the frequency domain signal E, by FFT.
By subtracting the reconstructed inter-modulation
noise E, from (12), the frequency domain signal
coped with the inter-modulation noise can be ob-
tained by the following equation.

R.=R.-E,
=Y,,+{I..—T,,}+W,,

~Y.+ W, (16)

The above procedures are repeated until the better
performance can be achieved in the IDAR method.
Finally, the data information for each sub-carrier can
be obtained by decoding the PTS, which is given by
the following equation.

v

Xa= 3 {0} -7

=1

(a7

where, * is the complex conjugate and ¢t is the con-
trolled phase by PTS at the transmitter. These phass
values are known at the receiver, becauss they are in-
formed to the receiver as the side information.



Table 1: Srmulatson parameters

Allocated bandwidth 26MHz
Modulation method 64QAM
Detection method Coherent
Number of FFT points 512
Number of sub-camiers 128
Svmbol duration 492us
Guard interval 0.5us
Transmission data rate 141.6 Mbat's
Non-linear amplifier

Earth station SSPA
Sarellite station TWTA

4. PERFORMANCE EVALUATIONS

This section presents the various computer sim-
ulation results to demonstrate the performance of
OFDM-IDAR with PTS method in non-linear satel
lite channel. Table 1 shows the list of simulation pa-
rameters used In the following computer simulations.
In the following simulations, the side information for
PTS s assumed to be informed to the receiver ideally.
The modulation method is 64QAM and its demodu-
latlon method Is the coherent detaction.

In the following evaluation, the up-link C/N is as-
sumed to be the noise free condition and only the
downlink noise Is added to the received signal. The
IBO for the earth station amplifier of SSPA Is fixed by
-3dB. The downlink C/N is defined by using the de
sired signal power at the output of satellite non-linear
amplifier of TWTA at IBO=04B. In this definition of
C/N, the actual C/N for the signal at the receive
earth station would ba changed from the given C/N
according to the IBO of TWTA. In other words, the
power of inter-modulation noise could be reduced as
decreasing IBO while the desired signal power at the
output of amplifier would be reduced.

Figure 6 shows the PAPR petformance when
changing the number of ¢lusters for the PT'S method
at the transmit earth station. The number of discrete
phase values Is assumed by four kinds of phases 0, and
3 /2, which requires 2 bits for each cluster as the side
Information. In the figure, the PAPR performance s
evaluated by using the Cumulative Distribution Funec-
tion (CDF). From the figure, it can be seen that the
PAPR petformance for the PT'S method can be im-
proved relatively as compared with the conventional
OFDM signal, especially when increasing the number
of clusters.

Figure 6 shows the BER performances when
changing the number of iteration in the IDAR
method. The IBOs for satellite TWTA are taken by
-4, -6 and -8dB respectively. The number of clus
ters for the PT'S method is 4 and the downlink C/N
i 26dB. From the figure, it can be observed that
the proposed OFDM-IDAR with PTS method can
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achieve the bestter BER perforamnce than that for
the conventional IDAR method when comparing at
the same iteration number.

Figure 7 shows the BER performances when
changing the number of iteration for the IDAR
method. In the simulation, the IBOs for earth sta
tion SSPA and satellite TWTA are taken by -3dB
and -6dB, respectively and the downlink C/N is 284B.
From the figure, it can be observed that the proposed
OFDM-IDAR with PTS method ¢an achieve much
better BER performance than that for the OFDM-
IDAR method. It can be also observed that the BER
performance of proposed method is converged when
the number of iterations is taken larger than 8. From
these results, the following evaluations for proposed
OFDM-IDAR with PTS method are assumed to use
8 as the IDAR iteration number.

Figure 8 shows the BER performances when
changing the IBO for satellite TWTA. In the simula-
tions, the IBO for the earth station SSPA is fixed by
-3dB. The downlink C/N is defined by using the de-
sired signal powar at the ocutput of satellite non-linear
amplifier of TWTA at IBO=0dB. In this definition of
C/N, the power of inter-modulation noise could be
reduced as decreasing IBO of TWTA while the de-
sired signal power at the output of TWTA would be
reduced. In other words, there is the trade-off be-
tween the inter-modulation noise power and the de-
sired signal power according to the value of TWTA
IBO. Therefore, the best BER performance could be
achleved at the optimum value of IBO, which is com-
promised of them. The definition of C/N assumed
here is based on the actual satellite communications
systemrs, which s taken into account the dasired sig-
nal power at the output of non-linear amplifier, and
can evaluata the usage of powar efficlency of non-
linear amplifier. From Fig. 8, it can be observed
that the OFDM-IDAR with PTS method has the op-
timum IBO at -6dB, which can achisve the best BER
performance, while the optimum IBO for the conven-
tional OFDM-IDAR method s around -8dB. It can be
alz0 seen that the proposed method at the optimum
IBO shows much better BER performance than that
for the conventional method. In other words, the pro-
posed OFDM-IDAR with PTS method can operate at
the higher IBO with keeping the better BER perfor-
mance than the conventional method. From these re-
sults, it can be concluded that the proposed OFDM-
IDAR with PTS method can achieve the higher offt
cient usage of non-linear amplifier with keeping the
better BER performance.

Figure 9 shows the BER performances for the con-
ventional OFDM-PTS, OFDM-IDAR and the pro-
posed OFDM-IDAR with PTS methods when chang-
ing the IBO of TWTA and the downlink C/N. From
the figure, it can be observed that the propoesed
method can achieve much better BER performance
than that for the conventional PTS and IDAR meth-
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ods of which BER performances have error floor at
the higher C/N. From the figure, it can be also
observed that the OFDM-IDAR with PTS method
shows much better BER performance than that for
others conventional methods. From thess results, it
can be concluded that the proposed OFDM-IDAR
with PTS method could achieve the higher transmis-
sion data rate with keeping the better BER perfor-
mance in the non-linear satellite channel.

This paper proposed the OFDM-IDAR with PTS
method, which can reduce the PAPR performance at
the transmitter by PTS and can mitigate the non-
linear distortion at the receiver by IDAR, respec-
tively. This paper presented various computer sim-
ulation results to verify the effectiveneass of proposed
method. From the computer simulation results, we
confirmed that the proposed method could achieve
the higher transmission data rate with keeping the
better BER performance in the non-linear satellite
channel.

Fig.

== § cluirers
=B~ §clmten
=~ 16 closters

4 [
Number of Iterations

7: BER vs. number of slerations for IDAR.

ma =8~ Sclusters
H -~ 16 clusters

=
2
o4

=Zzsd==z===
==Z3z=====x

Fig.9: BER performance vs. C/N.



84

] ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.1, NO.2 NOVEMBER 2005

5. CONCLUSIONS

This paper proposed the OFDM-1DAR with PTS
method, which can reduce the PAPR perforinance at
the transmitter by PTS and can mitigate the non-
linear distortion at the receiver by IDAR, respec-
tively. This paper presented varions computer sim-
ulation results to verify the effectiveness of proposed
method. From the computer simulation results, we
confirmed that the proposed method could achieve
the higher transmission data rate with keeping the
better BER performance in the non-linear satellite
channel.
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ABSTRACT

The future satellite communications system is required to
support the higher transmission data rate for providing the
multimedia  services by employing the efficient
modulation method such as multi-level QAM. However,
the employment of multi-level QAM in the satellite
channel would cause the fatal degradation of signal
quality due to the non-linear amplifiers located at the
earth station and satellite. To overcome this problem, we
have proposed the multi-level QAM-OFDM technique
with [DAR (Improved Decision Aided Reconstruction)
method for satellite channel. However, the proposed
method could not mitigate the non-linear distortion
sufficiently when modulation level becomes higher such
as 64QAM. This paper proposes the combined method of
partial transmission sequence (PTS) and IDAR so as 1o
enable the usage of higher multi-level QAM method,
which can achicve the higher transmission data rate with
keeping the better bit error rate performance in the non-
linear channel. This paper presents various computer
simulation results to verify the effectiveness of proposed
methed in the non-linear satellite channel.

Keywords: PAPR, Satellite channel, PTS, IDAR.

L. INTRODUCTIONS

To realize the higher data rate transmission in the
satellite channel, it is required to employ the efficient
modulation method such as multi-level QAM. However,
the employment of multi-level QAM with single carrier
transmission would cause the fatal degradation of signal
quality due to the non-lincar distortion incurred at the
non-linear amplifiers located at the earth station and
satellite [1]. From this reason. the modulation method
used in the current satellite communications is usually
limited by low data rate QPSK method, which has the
robustness to the non-linear distortion because of its
better PAPR (Peak to averaged power ratio) performance
as compared with the multi-level QAM.

The Orthogonal Frequency Division Multiplexing
(OFDM) technique has been received a lot of attentions
especially in the field of terrestrial wireless

communications because of its efficient usage of
frequency bandwidth and robustmess to the multi-path
fading. One of the disadvantages of using the OFDM
signal is that its time domain signal has the larger PAPR.
which causes the degradation of BER performance in the
non-linear amplifier [2]. From this reason, the OFDM has
been also considered as unsuitable transmission technique
for the satellite channel, although it has a potential
capability to improve the transmission data rate by
employing the multi-level QAM with less complexity of
transmitter and receiver. To solve this problem, we
proposed the QAM-OFDM technique with IDAR
(Improved Decision Aided Reconstruction) method
(OFDM-IDAR), which can mitigate the non-linear
distortion and achieve the higher data rate with keeping
the better BER performance even in the satellite chammel
[3][4]. The feature of proposed OFDM-IDAR method is
to reconstruct the non-linear distortion by using the
decision data at the receiver. However, the proposed
OFDM-IDAR method has some limitation of usage for
higher level of modulation method such 64QAM because
its decision data includes a lot of error due to the non-
linear distortion. To reduce the non-linear distortion, it is
required to improve the PAPR performance as much as
possible for the transmission OFDM signal. If the PAPR
performance can be improved somehow for the
transinission signal, the non-linear distortion can be also
reduced and IDAR method could work well even for the
higher level of modulation method such as 64QAM and
the BER performance can be improved accordingly. In
this paper we propose the OFDM-IDAR method in
conjunction with the PAPR reduction method, which
allows the employment of higher level of modulation
method in the non-linear satellite channel.

Up to today, various kinds of PAPR reduction methoxds
were proposed such as the sclected mapping method
(SLM) [4] and the partial transmit sequence method
(PTS) [S). Both of these methods can achieve the better
PAPR performance by controlling the phase of data sub-
carriers at the transmitter, although these two methods are
required to inform the phase information controlled for
the data sub-carriers to the receiver as the side
information (SI). In this paper, we employ the PIS
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method as the reduction method of the PAPR at the
transmit earth station because PTS method can achieve
the better PAPR performance with less complexity of
required processing as compared with the SLM method
(6l.

In this paper, Section 2 presents the proposed OFDM
system with the PTS and IDAR methods for satellite
channel. Section 3 presents the various computer
sirmulation results to verify the perfortnance of proposed
method, and we draw some conclusions in Section 4.

2. PROPOSAL OF OFDM-IDAR WITH PTS
METHOD

2.1 Satellite System Model

Fig. 1 shows the typical satellite systern model
assumed in the following evaluations. The non-linear
amplifier assumed for the earth station is the Solid Srate
Power Amplifier (SSPA), which is modelled by Rapp [2].
The AM-AM and AM-PM conversions characteristics of
SSPA modelled by Rapp are given by the following
equations, respectively.

E(p)=——L—— M
[I+(spf'.4r)'r]

(oY )
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where, p is the amplitude of input signal, v is the gain
factor, 4, is the saturated output level, p is the parameter
to decide the non-linear level and a, is  phase
displacement. In the following evaluations, the values for
these parameters are assumed by 4, =1, v=1, p= 6 and
a, =0.025 . The non-linear amplifier assumed for the
satellite station is the TWTA, which is modelled by Saleh
[2). The AM-AM and AM-PM conversions
characteristics of TWTA modelled by Saleh are given by
the following equations, respectively.

(> % 4 1
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where, ¥ is the amplitude of input signal, & and g, are
the parameters to decide the non-linear level ,a,and g,
are phase displacements. The values for these parameters
are assumed by a,=2, 8 =1,a,=2and B=1. The
characteristics of both SSPA and TWTA are shown in Fig

2.
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Fig. 1 Satellite system model.
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Fig. 2. Input and oulput relationships for SSPA and
THTA.

2.2 PTS Method at the Transmiiter

This subsection presents the PIS method briefly.
Figure 3 shows the structure of PTS method. In the PTS
[6], the sub-camrier wvector X, is partitioned into

¥ clusters X (15 v<¥). All sub-carriers including ¥

cluster are multiplied by constant phase ¢'*) = ¢*/%" 50 as

to reduce the PAPR performance. Here, the phase value is
given by the following equation.

o el02x) 1£vER) (5)
After multiplying the phase, the sub-carrier vector is
given by the following equation.

v
=Y x (6)
2

"

where. the set of controlled phase {cl'l,] <y |,-} are

required to inform the receiver as side information. The
set of phase values for all clusters are optimized in the
time domain so as 1o achieve the better PAPR
performance, by using the following equation.

¥

%, = Y IFFT{NT) - ic;ﬁ i (N
el =1

The better PAPR performance could be achieved. if &Mis

chosen with continuous phase, although the size of side
information to be transmitted to the receiver would
increase. Since the side information is required to mform
the receiver by using the data channel with the high signal
quality, the large size of side inforrnation would cause the
degradation of system efficiency relatively. To solve this
problem, the discrete phase value is employed to reduce
the size of side information although the PAPR
performance would be degraded slightly [6] as compared
with that for using the continuous phase values.

After optimization of phase value for each cluster, the
time domain signal with guard mterval (GI) is input to the
non-linear amplifier (SSPA) at the earth station. The non-
lincar operation of amplificr can be expressed by the
following equation.

(0= Fily Jlel¥nr*inl (8)
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where, p,is OFDM signal in the time domain, F[ ] and
D[ ] represent the AM/AM and AMPM conversion
charactenstics of non-linear amplifier given by (1) and
2).

Fig. 3 Structuare of OFDM transmitter with PTS method

2.3 IDAR Method at the Receiver

Figure 4 shows the structure of proposed OFDM-IDAR
receiver with PTS method. In Figd, the received RF
signal r(t) is first down converted (D/C) to the base band
signal and digitized by A/D converter. The received time
domain sampled signal after removing the guard interval
(Gl is given by the following cquation.

Ty = Spep + W = S+ + W 9)
where, s, ,,w,.s,and j, represent the output signal of
TWTA, additive noise, original signal and non-linear
distortion in the time domain, respectively. Equation (9)
is converted to the frequency domain signal by FFI' and
given by,

R =8,+1+W, (10)

The decision for the information data can be made for
each sub-carrier on the basis of the following equation.

$, = min|R, 5| an

where .S:, is the decision data at the n-th sub-carrier. The
decision data in the frequency domain is converted to the
time domain signal 5, by IFFT, which corresponds to the
reconstructed transmitted time domain signal.

By using the time domain signal f,, the output time

domain signal of SSPA and TWTA can be reconstructed
by using the same manner as processed at the earth
station and satellite. Here, the operations of non-linear
amplifiers both for the SSPA and TWTA are conducted
on the digital sampled data by assuming the relative AM-
AM and AM-PM conversion characteristics as that
operated in the radio frequency. The time domain signal
consisting of non-linear distortion incurred at the SSPA
and TWTA can be estimated by the following equation.

(12)

€ =Spy S =1y
where, s time domain

s ANd the
reconstructed signal at the output of TWTA and estimated
non-linear distortion, respectively. By subtracting (12) in
the frequency domain from (10), the frequency domain
signal coped with non-linear distortion of SSPA and
TWTA can be oblained by the following equation.

i, represent

R=R-F=S+(I,-1)W, =5 +W, (13)

In the TDAR method, the processing from (11) 1o (13)
1s repeated up to achieving the better BER performance.
After the IDAR processing. the phase rotation controlled
by PTS at the transmitter is recovered by using the side
information as shown in Fig. 4. The proposed IDAR
method on the basis of above procedures could provide
the better BER performance, even when the non-linear
amplifier is operated at the near saturation regian.
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Fig.4: Structure of receiver with proposed OFDM-IDAR
with PIS method

3. PERFORMANCE EVALUATIONS

This section presents the various computer simulation
results to demonstrate the performance of OFDM-IDAR
method with PTS method in satellite channel. In the
following simulations, the side information can be
informed to the receiver perfectly. Table | shows the list
of simulation parameters used in the following computer
simulations. The modulation method is 64QAM and its
demodulation method is the coherent detection.

Table 1: Simulation parameters

Allocated bandwidth 26MHz
Modulation method 64QAM

Numnber of FFT points 512

Number of sub-carriers 128

Symbol duration 492us
Guard interval 0.5us

Non-lmear amwlifier SSPA, TWTA
Transmission data rate 141.6 Mbits

In the following evaluation, the up-link C/N is
assumed fo be the noise free condition and only the
downlink noise is added to the received signal. The IBO
for the earth station amplifier of SSPA is fixed by -3dB.
The downlink C/N is defined by using the desired signal
power at the output of satellite non-linear amplifier of
TWTA at IBO=0dB. In this definition of C/N, the actual
CN for the received signal would be changed from the
given C/N according to the IBO of TWTA. The power of
inter-modulation noise could be reduced as decreasing
TBO while the desired signal power at the output of
amplifier would be reduced.

Figure 5 shows the PAPR performance when
changing the number of clusters for the PTS method. The
number of discrete phase values is assumed by four kinds
of phases 0, n/2, x and 3n/2, which requires 2 bits for
cach cluster as the side information. In the figure, the
PAPR perfonmance is evaluated by using the Cumulative
Distribution Function (CDF). From the figure, it can be
seen that the PAPR performance for the PTS method can
be mproved relatively as compared with the conventional
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OFDM signal, especially when increasing the number of
clusters.

ers
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Fig.5: PAPR performance

Figure & shows the BER performances when changing
the number of iteration in the IDAR method. The IBO for
satellite TWTA is taken by -4, -6 and-8dB. The number
of clusters for the PTS method is 4 and the downlink C/N
is 25dB. From the figure, it can be observed that the
proposed OFDM-IDAR with PTS method can achieve the
bestter BER perforamnce than that for the conventional
IDAR method when comparing at the same ileration
nurmber.

2 .: 3
Number of [terations

Fig.6: BER performance vs. number of iterations for
IDAR.

Figure 7 shows the BER performances for the
conventional PTS, IDAR and the proposed PTS-IDAR
methods when changing the IBO of TWTA and the
downlink C/N. From the figure. it can be observed that
the proposed PTS-IDAR method can achieve much better
BER performance than that for the conventional PTS and
IDAR methods of which BER performances have error
floor at the higher C/N. From these results, it can be
concluded that the proposed OFDM-IDAR with PTS
method can provide the higher transmission data rate with
keeping the better BER performance in the non-linear
satellite channel.

4. CONCLUSIONS

This paper proposed the OFDM-IDAR method in
conjunction with the PTS method, which can reduce the

89

PAPR performance at the transmitter and can mitigate the
non-linear distortion at the receiver by using PI'S and
IDAR methods, respectively. This paper presented
various computer simulation results to verify the
effectiveness of proposed method. From the computer
simulation results, we confirmed that the proposed
method can employ the higher level of modulation
method and can provide the higher transmissiondata rate
with keeping the better BER performance in the non-
linear satellite channel.

pid 55 Sll
(C™N)ydw (dB)
Fig.7: BER performance vs. C/N
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