o ] o [ 1 o o dl s A adAa Y o o ! 1
N19aAENINAIRNNAIANtaAFaNadanY laNT-Tae e Tne ITanAudetias

WNHNEAIT QENNINALF

IngEnus BN 1INN AN B ANNUANEA TN AN THAR TN TG
AR T1FINgsN WAy © - nnadan AAangsa iy
ANEAAINIINAERT  WAINTAINUINENAE

nsAnen 2546
ISBN 974-17-5060-9

Q1N VDI AINTINMINENAE



PEAK TO AVERAGE POWER RATIO REDUCTION IN MV-CDMA
USING PARTIAL TRANSMIT SEQUENCES

Mr. Krittee Wutthipornpong

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering in Electrical Engineering
Department of Electrical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2003
ISBN 974-17-5060-9



fadadnenfinug nIandandiuRndarnsanfarindeds luiud-Taauelneld
anfLdseias

Tne WIE NEFIT QAN

41213 AAanssulnin

aranselinen FR4ANARNINANIE AT, ANTE ARNTHULN A

AN DAINTINAIARSANANITNNANE A ayelR Iiuanadnusaliuiidudou

UiNBINNIAN A NNNANGA B YT T TR

ATULAATUZIAINITINANART

(Anams1anss as. Aien aniouelAs)
ATUTNIINNITADLANY NS

19287114N9INNT

(AamT1ansEl A9, Uaz@na Useziniuenanig)

A71A9¢NTNN

(329ANAMTIANTE AT, ANTNY ANWUENA)

NITNNIT

(329AIEATIANGE] AT, ATYANS PANDNANA)



ned glimaney nsaadhmdauindsinasenserndaeinludnd- 35 Suielngda dds
tiagl, (PEAK TO AVERAGE POWER RATIO REDUCTION IN MC-CDMA USING
PARTIAL TRANSMIT SEQUENCES) 8. 7Bne : 9A.07. 4018 ARTAUSNA, AU
101 wei. 1SBN 974-17-5060-9.

'
a A !

s a dAa @ | % ] o a o o
wWud-gaduumatianunnzlun19d94d wﬁy’\ﬂﬂu‘ﬁ‘ﬂ\‘i 31 TULNARIEIUTNNS
v
=

1
¥

3Y
= o Ao 1y \ o a o aa
@ﬂmqﬁiﬁﬁqﬂV]NQM?qm@H@@\? ﬂﬂ’]\ﬂ?ﬂmqﬂLV]ﬂuﬂum‘ﬂ\ﬂmQ\?@ﬁ“ﬂﬂqﬂV]N QMﬂ’]W@]\ﬂuﬂ’]?"ﬂﬂqﬂ

a
1

Ao = ¥ a ¥ d' 1 0 a4 @ =< aal
Q_,I’WMV]Nﬂﬂﬁ‘L‘]JZ\]EIuLLﬂ@\WI”Nﬂ’]uLLﬂNW@ﬂﬂQQNWﬂWWQﬁ]’luLﬂ’i'ﬂ\MQ@WﬂU@QﬂﬂﬂLﬂuﬂuﬂluﬁ]ﬁ

k=)

1 ! i ¥
nhngalun1sandnsdauinasAensienIdeat TUINEIINUS U EUAULLILAUA AUES

1 o o o dl 1 d‘ tg dl o a o o 1 1 :// a dl 173
daafnulasduiunisdeatsuudnamenlas iy NaNAUANAALASas AL ANT 1

<

yutnedan e luI s LU S NE-A5 LA NIAAZNLT LLU LN UTA S AIIE URIAIANL AR ANAY

' 1 (=3

dl P 1 a ] 1 =3 o o d‘ o
watlfiluatineg  usatalsfinuiuutiuadudedasilinlaouilasgnamifany

1 v v !
anduiusaassialilfosds denasadnsnaINianaInln AsTuAaRaLATasFUAMTUL A

=

o dl 2 ' [ o dgl = % [ dl [ | dﬁl ¥ =
M@WEI?’]EILLUU@@LL?J@\‘]T\‘INLLMQI‘HNQW‘ﬂzﬂﬂﬂqﬁﬂﬂﬂﬁyﬁqui@@NWW?@Nﬂu LATRNTU mmuimmm-

peSTIALADS LATasFL NN A NRANAIANNAIABAIRALAI4A HAZLATENLILLUWRNANINNT

FUNIUBL AU

'
a & =l

NANTTRNAANTTULIANT-T AN N AT na s Udtias lun17aAd RN daUnIAdANLan
1 o o dl 73 dl o dl Yo %3 £4 % a é/ a o dl 1 3
pan1adleatuLay dAraesun tesuniesanaslivunsfumetiat wEauisuniussuun lule
wana PTS luaninegnilnaainana ldidludaidulasn1sa 8 faaa 99983 niad wuangesyl
4 . y o N I R
Maveannsnlfullpanssnuzaasszuulsiiluetneg tasenizad il ldinsesduaiingvii

TANRANAIANNAIADIRRLATIEN

ANAATN Afangan AN ANeNaTANAR



##4470204721 :MAJOR ELECTRICAL ENGINEERING

KEY WORD: PAPR/PTS/MULTIUSER DETECTION / CDMA
KRITTEE WUTTHIPORNPON :PEAK TO AVERAGE POWER RATIO REDUCTION
IN MC-CDMA USING PARTIAL TRANSMIT SEQUENCES. THESIS ADVISOR :
ASSOC.PROF.DR.SOMCHAI JITAPUNKUL,101 pp.ISBN 974-17-5060-9.

MC-CDMA is an attractive technique for achieving transmission in fading channels in high
data rate mobile communications. However, it requires a high quality amplifier to cope with large
amplitude fluctuation at transmitter side. Partial Transmit Sequences (PTS) is one of the best
methods in reducing Peak to Average Power Ratio (PAPR). In this thesis, a modified PTS scheme
for uplink communications is proposed, in contrast to the original PTS, which is generally applied
in downlink in OFDM s ystem. While successfully reducing PAPR, PTS alters code correlation
property which affects bit error rate, when applied to the MC-CDMA system in uplink, Therefore,
modified multiuser receivers that tend to cope well with this problem are as well proposed. These
are decorrelator, minimum mean square errer (MMSE) receiver and parallel interference

cancellation (PIC).

The results of MC-CDMA system with PTS applied to reduce PAPR and with modified
Receivers tailored to PTS scheme, compared with MC-CDMA system without PTS applied, under
Condition of power amplifier with n onlinerity and saturation, show that the proposed system can

Improve performance significantly, especially when MMSE receiver is employed.

Student’s signature

Field of study ____Electrical Engineering Advisor’s signature
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1.7.2 msfmuLmuﬁﬁ'ﬂﬁmwﬁamnﬁ'wwdw@mnauﬂum (Orthogo-
nal Restoring Combining : ORC)

T ORC wAzasiuaznidnniasunaussud g llnaanysal Inannsldsio

1srnaunisusnafipaLnIAeiasd k fAail

vl == (1.15)

1 1
A 'y

atielafiann lunsdinaaunitdasiuaunagaan e ldmatiatiaziflunisgnidansn

UsznaunisranaAge selvasdunisaataasfilsznaudnyonmsunauldlusn dena’ls

ANTTOULNNARTIANRANAIALIA (Bit Erfor Rate : BER) sinas ORC lisaudssinduiilu

K-1 N-1 ] \ .
yo = AOON+ Y AldiY P& cdc] cosd, +N© (1.16)
=1 k=0 Pk

1.7.3 nissonsuuiiiliansidou fayanauungm (Maximal Ratio
Combining : MRC)

Tuwatlan MRCazinsennnasaasiannaqpaasdryynlaalddalsznay

o ey A o X
NFUENETDIAAUNINEIDEN K A1

V0= pf (1.17)

1 v
d&LSJ o aA & a =

o dl Vo dld v dl =
UNRHNAN dA1tARAIALITE NS tytyﬁmwim ‘]_I‘V]LNLL@NW@@@@J\‘]NLLHQT‘HN‘VI@ZNN@?I@\‘]

o—

©

frynusunautesndn uazidueaudnesAlsenauilasinafanszuiunisnisindudly
1 o ?/ o o a = QI 6 1 da’ o v a dl
289NN Astiunnsaniidsaasuannaqaasllivunasesasdlsenaudouil Aawilssindun
1saziily
K N

N-1 -1 -1 o o
yo =AY (pR)2+ D Aidi > plplclc) cosh) + NO (1.18)
k=0 j=1 k=0
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1.7.4 msamraladniinmsaiuau (Controlled Equalization : CE)

o

Tuanuzh EGC iflumaiiaidnauay MRC umafinidnnisdudoyoyioisu
v 1 1alaa dl £ dl ° ¥ o dl 6 1 14
nauldd ualdiaflameNiduFesnissunounaziiniadisiasesprduniideaun 14
Uszlamid iasannithunngatiamilaassszuunisdaansindaun aAan19da AW Ang e 14 1
NnNganazin e lunsldninennssaniu wLa1aeeTeed 1 MIB9TEULINITAB A TUAN
Lo 14 . Ay ol © o o e o o
Halaeuandesdyunsesddyninsunausiadudesdyyiuninissuniuanina
1135 CE tuneneunaziuy (Restore) aanssannfiuseude ddaanisuasuua-lad
(normalized) LL@NWE@Jmmﬁﬁquﬁﬂ'@m duAauInAlan ORC unld Wamanussaniu
| v ¥ o [ tﬂl ol Qdd”d o o 1 dl
senaneg lnsdnsiaetuglueamlavesnauniities FaHAUMNNTA wiLaem@eN Taean
a o P f 1) P | | A X a Hoo
asnaNsaliuniasanii s aaead linaalfinandauuiiedenlasnnau matiaidld

o o X
Finlleznaunisuene Al

1
VQ = > u(pR = Pivesn) (1.19)
K

b2
o o

Tned u(p?) MaWaridudunileuioa (Unit Step Function) asuaneaaingnianisanaelad

1 1 1 1 1 ¥ 1
ANITARUNE RN N A NINNE1qAENLLAEY (Threshold) Reulatfsduiigniannldiine

1
a ! £

flasiunisenapdunielaanuininuainniglduannaqnatiaanaaiinandoy sy

a

A o A A N = o v =
NI LHANAALNIYERY Ko m@uwummnmmmimﬂmu FaulsnAuasiilu

K-1
YO [ Ko = A%dO%o + >  Ald 1" cick + N© (1.20)
= k

TnedAsaanunandsaniag lunadnnsstingu @4assad k) iinnssunaanan ko Ndan
ARBIAUANTIMNTIRIAR LN Yt BaINAA NTd Ty Y 1IN ATNINNTNAA BReY LAy

A
NO = ZVE %J‘ n(t) cos(27fct + 22 kFt + 62) dt (1.21)
k 0

1.7.5 n15sauuuuNiTliANlanNaIaniiaIgadafes1gn (Minimum
Mean Square Error Combining : MM SEC)

MMSEC azfifailsznaunisuensidulilmnidinusianauianaian1ad4as

o o oA

P "o A1 vo ° Y o )
LQ@E?:MQ’N@DSIEQWMVIVLMUﬂUmytyﬁtmﬂ’muﬁﬂmzﬁm @31@"3']3\] b TSI
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Vo= (1.22)

Tnedl i ludnmdaudyynnusadyinisunaunadunnvitantiu dunadnia pQ de

IS 4 ] [ % o

Hag fAadsznaudnsaanaiaslAttesduiwnnlf ldaaadyyinsunausinaniuly
4 oA . . T .

wazia p? HANan Aadsrnaudninvgnaaziudadouiudoundurasianialayl

(Envelope) masaaunsitiasinliinaraussainiusena e dnauauunls dauilsingdu

Tunseitlaifly

N-1 po K N1 pj ) .
yo=AOY o+ S Aldl Y P clc) cosg + NO (1.23)

k=0 Pkt g =1 k=0Pk t7;

1.8 Lﬂ%a%'uﬁ'm%'u;ﬁ%ummﬁﬂ (Multiuser Detection) [3]

o

dl d‘ a 1 Y @ [ % all ] al
\asaantloymftAnaInn13sunausend g I iuiloyuidrAnyndanaiis

) o & <8 O ARLRY [y X A
FRAANTIOUSURITELL ﬁ\juuqql’LmNﬂq?L@uﬂLﬂ?@ﬂ?u@’]u?umﬂﬁ@qﬂ?qﬂﬂuLW@ﬂmﬂ?ZNQﬁﬂu

n1sanN1sTUNANAanans Inennsiipansfineaiusiandiazinasdnyninaess idmeau 7

'
g

1 o o I dl o o v a dl Yy
N8N mmﬁumuﬂ@um%ummmﬁmmmmea'lﬁlm@mwmm

u

Y v

dl o o o ¥ a o 9/dl = 1 %’/ o A
mea‘ummu;ﬁwmmﬂﬂimﬂﬂm:mmhmmugmmmu MNULUAN

P

ananitiguaiesiudedeyaiuglinnme deluesasiunaniigiuaznsudeyasiau

D

QUNANADTLARAUTN

o

v 1 4 !
104¢ [nane venaantlaasialinisdedeyana adunisded

A

1ﬂ§qmaﬁﬁgwuﬁﬂ@:ﬁﬂqquﬁuﬁaLL@zLﬂmzmqmmdwjmLfn@m‘lﬁmmm Falflunieda

o ~ o N A A o o P Yo = X
@ﬁyQ_J’]mqqﬂ@ﬂquﬂquiﬂﬂﬂﬂﬂquLﬂ@ﬂuw ﬁ\?uuﬂq?LWNﬂqu“ﬂIVﬂumqﬂLﬂﬂﬂiﬂ\‘]ﬂ’]mUI@ﬂ

T T R 3 - = = g N o ¥
mﬂmme@umw‘u;ﬂwmmmmmuﬁ;mmLﬂumiw\lmfmmgmmi:uumi:uuiﬂmﬂ

o

NudangalsznialiaTasiudaniullduanumaiaaulull a.qa. 1984

' '
A o A

Tner S. Verdu Iiauaidsasiuiminsign sadunsesfudmiudldvuatasenianssnus

Tudaa9dnsANEanannngn uay Verdu Alduanaliiiiudiszuy CDMA wuuiiasa

wdn llliifuseuungnaninsaaiioyguinissunausend e 1 Tnatfyussnataduiesds

1%

AN ATRILATASULLUETTN AN Rl iludasninuedaszuy CDMA #a9aniiiil sy

N ezefuduiug duansaailsiumnuaulaiiuetinannn Tneanuiduscassaniazys
v P ° ‘= v v P2 A ' A o A
wiulinesesdunfanssauriausiaonududauiaand GeFandn iwsasfunmunzeas
.

adld FatliilaganniATauN NI L RAATUT AN NF U UAININ TINRIFBINITNILTD

a a
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o

5119 7 Nanfiundanaztin g ldaselunted fun

1 ¥
WaANaraan e viannisdnainitlil asazuilasgilannnsliieg)

U

3

Tugilwsnd-wawes Ay laiuluannisi (1.8) awnsaiarsonlies lugthuauuus

a v d‘ Y o dﬁl
Lﬂﬂsﬁ‘ﬂusluiﬂmuﬁ‘rmﬂiﬂ ANU

~

-1
Y =Y HiAIXi+N (1.24)
0

=b_

1ngl

Hi =diag{[pge)%, plei .., p} %]} = diag{[H{,H{ ..., H} 4]} (1.25)

uasslulamuaoanfaesildaney j dndunisdeunaiadeniaaias Hiaesldnn

seaziniuneg unaliganim LLﬂﬂﬂ‘ﬂﬂ“’i’mLﬂ?‘ﬂﬂﬂ&ﬂﬂﬂ’]ﬁ‘ﬁ"ﬁﬂiﬁ AT

Xi=dici

D

Taen XI =[X{,..., X 417 waz ¢l =[c),...,cl 17 X! unudayaunnasdldsan j 7
AauN1eaan k N =[No,..., Ny 1]T td1 AWGN lulaiuuanud Weuundiainas
aududlinnaaldinast MRC azléirnsautlasin@uaacd 1 j A
yi :(Hici)HY
NS S — . 1.26
:AJdJZlHkJ|2+ ZAIde]I+NJ ( )
k=0

i=0,i# ]

Tned Pl =(HIchHHic = (ci)H(H1)Hicl waz Ni=EHHHI)'N nTolugil

6 o

SBNE-ARES
y=RAd+n (1.27)

Tnad y=[yo,. .., y<1T, R={pi}, d=[d°,...,d 1|7, A =diag{[AQ,..., AK-1]}

waz n=[NO, ... NK-I]T

A o A o P a a 2y 4o o= -
wiasfunazinundssiliuanssnuzludnainusiliun anafiainas
(Decorrelator) wasasiuaiinnnnliAaaanidasansaasAlianatnniga (Minimum

Mean Square Error Receiver : MMSE) kazla3a9iuuuUina19n199unua e 19911u
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(Parallel Interference Cancellation : PIC) @vaznataaslusiaazias easanniiuaies
o dl 1o ¥ Y o 1 1 ] dl o a -dl 1 [ [ dl o
funldduden wazldiuatnauninany douasesiuatineu - aznaruflunedaay wasesdy

A miufldnaneseetadtuunlfiiudssinnsing o Al
1.8.1 iAFRITUMUNIENgA (Optimum Receiver)

A o oA P a 2 A o oA a e o
me‘mwmmzmﬂmLLimimuuLmu@Imﬁ S. Verdu meiwmm:mﬁmﬂm
afall

#anN17299 Maximum-Likelihood Sequence Estimation (ML SE) TUnNSINARL

o

A LA o P o A y % p o pRy
NAINT NANIAR qzwqﬂqﬁwfﬂq?mqﬁﬂﬂ]ﬂqmﬂﬁﬂﬂwLﬂuiﬂi@mﬂﬁNﬂLﬁﬂULVIﬂUﬂU ﬂétquwvlﬂ

'
! 14 4 Yo

A dl o Y o A o o o o a dl
U Iﬂﬁl@tﬂﬂ"l’ﬁg@“Il'ﬂ\‘]‘ﬂﬂﬁ#ﬂ@%%qiﬁiﬂ@ﬂgquLﬁﬁJEUﬂUﬂ’]ﬂU%I'ﬂQZQOAE]ﬂJ’]ﬂAV]VLM‘J‘UJJ’mVI@‘ﬂ

aDe

e

vy ) = o AN e Ry Ny A A
@V]Hslﬂj’&\‘]ll’] @ﬂ’]\ﬂ?ﬂﬁ]’]ﬂLLN"J’]Lﬂ?@\‘i?ﬂ‘lju@quﬂﬁﬂﬁﬁ‘ﬂuzmﬁll']ﬂ LANNIABDLAEN

e

Ea

Ryikal

o

= £ o Y tal é/ [~1 a o %
B HAIMTNAUTDUFININ TmamﬂmusﬁﬂmnwmmmuL'aﬂsn‘TﬂLuumm@mmmqug

R
&
Sk =2

2
o o

NYNENFABINIININUAINIINAADTURIN LT LAT NI 7IHM B FUB9TT U LTI WA UIUNAN Finel

)}

AN
it

1 ¥
wisNasenanam Wligaanisndasesiuaianlilsze ndldlfaseluned iR Aadueu

o

99

| S, R DA <y G B = & o =l
ﬂmuiummmmuiﬂmLmﬂwummmmu:mmﬂﬂm’nmmmwmm:mgm BANENN

T ) =< o S P o
ANTTOUSNANIATANTULULLFTTNAN GINLﬁ‘ﬂﬂ’l”lLﬂﬁ“ﬂ\'ii“].l‘l’lLMN’]%’&N?@Q@\?VL‘]JHHL@\‘]

1.8.2 1AspsuMManzsasadbl (Sub-Optimum Receiver)

D

ANITDULADLNINATAIFUNNNNZS

bt}

Ao o o i
wrasiuRwmnnzsaaatly Whuezasdud

e

= o

£ 1 o dl o A
QNﬂQWNGﬁUGﬁﬂu1NNWﬂuﬂ LATANTUN

|
G o

winzsesadll andsnutiseentady 2 dsvinnlug ) Aa wresfuuuLdaduy (Linear)

=

AAUATIAINANITOULNANINATENSUUULIFITNAT 99N

waziazasfunuyldi@adu (Nonlinear)
LATReTLLULLTLEY (Linear Receiver)

dl o a dal % dl o £
ATRITUTHARL L NALIAQEILATEN L LLLISITNAN DD sﬁmnﬂmﬂmzuu Tnel

ATy UNAaNANLATEIFLILLLISITNAT AX)NUNNINIUNIZUAUNTULILIEIE UdaAsAas

'
a Aa A = 1

Aulin 1Fefuuuuiiey 2 3laNd1Aty InauAnENNALAINNIZLILNIS

De

LUNNARNEN L6 LA R

a Y dl Y o A
BT LA U 1 P9t

AnasTiames (Decorrelator)

o= o

= '8 dl k24 a d! o &
APRTTLAWMATAITLN 1.7 azldnsruaunisuu i@ dugeasine snaann

a
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wadAamafu1UszananasialaanisaustedaunaureammIndaudniug (Correlation

Matrix) aesssianelinnaaluszuy dufe

R-ly = Ad+R-In (1.28)
Y 0
> MATCHED FILTER |Y > > SYMBOL 4o
USERO DECISION
Y 1
» MATCHED FILTER |Y » » SYMBOL gt
y(t)—» DFT USER 1 R-1 DECISION
Y | MATCHED FIiLTER |Y* SymMBOL
» — K-1
— USERK —1 ”| Decision d

51l 1.7 Arefiaimnes

U

o 1 a % dl . dl =K o v a ¥ dl . 1 ¥
Aunadnanndinday j 9e9 y (Tsmnnenesnulsinduaesyldsnay j) azlidnissunouanng
Eﬁ?’]ﬂ%i&“’] e dupaludasyain {di}, i ] N129UNaRATNIAINATY Y UTUNA W E
] = dl [ tzlld dl o a d91| = = T & Y o 1 addy 3| aal o
atnaimen TaiunnanEanesesiutiaidinaefawmes Wiulddad1asiluisnisedn
nMrsunaundszd@nsnn esslanaunnrasiiamasaziiunarasdycynoisunau faiuly
dd‘ o [ % o/ g dl o/ = = 'S = dl 1= dl
NIUNNNAITBATY Y IUTLINAUA AINAN LATENELLLIAPESTIAIa FAslanssnueh LA 1ATas
o a Aoy o = o & -
Suatintiidanatiaasilsenisnmanzaziinldldauas

1. Tildunsnagainlazulunisdscanana

2. @nsnnagandnyyiniaess usazaauaniule

Y MATCHED FILTER |Y° SYMBOL
> - > > —>d°
S DECISION
Y | MATCHED FILTER |Y* .| SvmeoL gt
y()—>» DFT [~ st " r2'[ " 7| DECISION )
Y | MATCHED FiLTER |Y*7 SYMBOL
» “K1 3 L3 gK-1
S DECISION

519 1.8 wundiameidnulas

¥ 1

faznaasalliaviiunisuandliiiunsguanifdenassil Guanld Rk unuunad j

pRANUN k 189 R-1 aziiudiansmmpaaanisutlas R iy

K-1
(Rly)i =) Rikyk

k=0
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X

-1
Z ]k(H ka)HY

k=0
K-1 H
z jk(H ka)]
k=0
siHY (1.29)

~

AINANNI9N (1.29) azviiudnatuisofananlinaessiainasuasdldoen j iluuund

Wamafsnulasssuanslugili 1.8

Aﬂ‘ - a2 tﬂ’ o 4 a ° o d’ O’ ..
LF’?3‘@\7?7./%14@7/]1/]’727/7?’797J~INE’7WZV’7WH7@\7@@\7L@@EIW’7@@ (Mlnlmum Mean

Square Error Receiver : MMSE)

3

qatlszasdaad MMSEAa7N1lAAINEANA1AN1AN889LR A TE NN

'
o o oAl I

] o o ra} % = £ dl
fy@mﬂmw@\mﬁLL@mm@ﬂwmwimmmiﬂizmmumu@w an lagn1snumsng M

21np KxK innliatmefiaisynainuaadiamas ﬁﬁwmmmfmLﬁl@ﬁﬂﬁﬂﬂﬂiﬁ@'qm

1%

i ¥
tinaign mmmmmmmamwmmmﬁmmvmmmqm At

min E{ljd—My |} (1:30)

'
a a

nsaLilunsdndilaipdu (Expectation) luaunisiuldnsesinsanamasaasinngsann

6 o d‘ a dl Ce a = ¢ 1 o
11 d uazvAwmafAnInsunau n fsdAeaaiuguduaswssndlauFaudivingy o’R

asan
[| X [|2= trace{xxT} (1.31)

fdusuusnlunisninalansaesdaannisn (1.30) agazifuntgnnunindlawa Faud

(Covariace Matrix) 10419AHATANNKANANA

cov{d - My} = E{(d - My)(d - My)T}
— E{ddT} - E{dyT}MT —M E{ybT} + M E{yyT}MT  (1.32)

'
%

all = ¥ 1 o [ A
ANaNN19N (1.27) uazainnisideyaynsunauiasdeya lianduiusiv azldn

E{ddT} =1 (1.33)
E{dyT} = E{ddTAR} = AR (1.34)
E{ydT} = E{RAddT} = RA (1.35)
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E{yyT} = E{RAddTAR} + E{nnT}
- RAZR + 2R (1.36)

Tnef | unuussndianansnd (Identity Matrix)

AnuuLnudun1smanialuauni (1.32) azldwsaindlawaizaudans

AABSAINNNANA AL

cov{d—My} =1 + M(RA2R + 62R)MT —ARMT — MRA (1.37)
=[I + 62ARA] 1+ (M - M)(RA2R + c2R)(M —M)T (1.38)

e

M ® AR + o2A 2] (1.39)

Tne € uananenistieny waznavnn s A luwssndldiangau (Non-Singular Matrix)
(uAa Aassentcd e ldanuszuuag) wnanwal (Indentity) Tuannisi (1.38)

aunnmIagaliann
M(RAZR +o2R) = AR
1}
(1 —ARMT)(I + 6 2ARA) =1
FannannaNnnaT (2.39) ANgNNT (2.38) %mmmmm@Lfmmmmmmmﬂiﬂﬁiﬁ

MrrgjﬂKE{ ld—My|?} = M”Ej.& trace{ cov{d — My}} (1.40)

wAsnd RAZR + 2R fanldifluay fedumssaasnaiinaninieaniaasannisy (1.38)

'
o

A i fluauEnie Asastfowesnd M AsnteuaInaunisn (1.39) vinlikanaw

- o o 4 o o
NANATANIAIAALRALANNANNTN (1.40) HAANEA:

q

_min E{]|d-My [P} = trace{[I + o 2ARA] 1} (1.41)

anann1sh (1.39) fuwneefidaiduuny MMSE Tiensdneidudaulssin

V)
=
Zo
=he
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&)~ L (R+o*A 21 2y)1 |
= Son((R + 0?A 2] 3y)) (142

saruazlidnluhmame fiFeduwuy MMSE (g3U7 1.9) azldnszuaunisuuuiduduini
nane ULl ATNdunHuIa N AT T andniusvesia gt uumsndanduiusie

o o -1 S e -y
ATUTUNUTLNIU WUAR LNK R ABNAARITLALARTANE

[R + c2A-2]1 (1.43)

2 2

B o? o
(AO)Z ) (Al)Z o (AK—1)2

o a a ] { | g J ' :l/ = o a d’j =
Auwanwaqad i L unAd e drynyanesunau (A o) windu irsasiuaiiniiazil

Tnef 02A-2 = diag{ }} Aunpdnamamas MMSE azauas]

Ao o ~Na Ao P v o
@N??ﬂu:ﬂ/]ﬂﬂqqﬂﬁ@?ﬂ@Lm@ﬂuﬂ?mm?gﬂﬂmﬂ wﬁy’]M?UﬂQu@]Q LL@%N@N??ﬂuzlﬂ@Lﬂﬂ\?ﬂU

= oo o

dd‘ a o
AADTILALARTIUNIUN IZLUNA DY IUN LI LINAUAN

Y 0
» MATCHED FILTER [Y N » SYMBOL 4o
USERO DECISION
Y 1
» MATCHED FILTER |Y - N » SyMBOL qt
y(t)—>» DFT USER 1 (R+o02A2) DECISION
Y | MATCHED FILTER |Y*7 SyMBOL
- » — K-1
- UserK —1 " DEcIsIoN d

g7 1.9 MMSE
wgassunuuliiBadu (Non-Linear Receiver)

Tnavinlinrasfuriiniazineiulnelscurudg oyiuaed daanly

v a ¥ %’/ 14 o v v o o dl Yo
sruuannsindudeyaluduusn uaaun llndrseanaindtyniaies (Fouaynnlésu)

o

d! 3| o Y o U zl/ =X ° o/ al ¥y o v v v
EIN L‘]J‘Llﬂ’ﬁ‘“]]@ﬂﬂﬂﬁ‘ﬁ‘ﬂﬂ')uﬂl’ﬂ\iﬁﬂﬂﬁﬂﬂ@’m mﬂumqmmyfy’]mmimmmqu,miﬂ PINNIEUIL

a X

nssnduiavesdldsanaula anssouzraspsasiuriiatiazavatiuanugnseslunig

% v v

dszannudtyaunaeldssdunazinuiindsaindnynyiassunawilumnan dadaaugn

v o a
1 ¥
=

£ o o a A = a a d‘ ¥ dll o d‘d o [ 3 [ 3
ﬁ]‘ﬂ\‘m’?ﬂLﬂﬁ“ﬂﬂﬁ“]_lﬁiu@uﬂ@SN‘]J‘EJ‘Z’&VIﬁﬂWW‘VIﬂﬁl”lllvl,ﬂﬁfm LATRITLNRNNIINNU AN LT A

= !

nanuaziluiaulaluenuide deg 3 atiadosiu Ao
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dl‘ o/ o 12 1
LATANTU LY UYWNAINNITUNIUe19TH 119 (Paralle Interference

Cancellation : PIC) [4]

3171 1.10 uans PIC lu PIC siuazyinnnsaneganesnsainuipinames
109 Hnaeeanuinewluduuen antiRaiswiusianed ldsng < Naenndesiu G
saduignamdaedsidunialounaanndesiumuiu udati dyaynanlaillldlunsin

v A a ¥ P AW Yo Al v N A v
Annassunauiineang lssauasnaindtyrnanlasunldulacliag lulnmuacuiuda

(aewngl) Tnelddasidnynnmesilinaulasnningsson lanaily

K=l —
Yi=Y- Y AdHC (1.44)
i=0,i#]

'
v 1 6 o

?.'/ % = A o Y C % o dl % !
AMNUU Q_,IE]&I'WE‘LWILﬂ@ﬂﬁqﬂ?UQIﬂLLm@ﬁﬂu@ZQﬂLLNW?@QH?M@VIQF]@M@QHW\‘I unnalau

a

v

293¢ 11U 7] Inenisvindnanassunauaziansennilug linnmeneuazidngneszuaunissin
Aulinreed dusiazene AstiuATesdusLLiasldinan lunszuaunsing o A1 ethlsiniu

4 o X~ & | o 1o Y 9
Lﬂ’a‘@ﬂ?‘i_lLLUUM@ZN@N??QHZW‘H‘H@E‘]HUﬂ"ﬂilLLSJ‘LLEI’]GL‘HﬂW?ﬂ?twqm%ﬂﬂuﬂlu“ﬂuu?ﬂLﬂu

’

STAGE 1

MATCHED FILTER |Y° | SymsoL |d°

Y| MATCHED FILTER |Y? | SymBOL
> Ll »
USERO DECISION USERO DECISION
_Y> MATCHED FILTER | Y | SymBOL MATCHED FiLTER |Y* | SymeoL |d!
USER 1 ”| Decision

y(t)—>{ DFT USER1 ”| DEcisioN

MATCHED FILTER |Y*Y SymeoL |dK-|

UsERK -1 DECISION

Y| MaTcHED FILTER |Y*7| SvmBoL
>
USERK —1 DECISION

MaTcHeD FILTER |Y° | SymeoL

» 0
USER O Decision [ > @

MATCHED FILTER |Y* .| SrmeoL
> dl
USER 1 DECISION

MATCHED FILTER Y7} SymeoL

K-1
USERK —1 Decision [ > @

517 1.10 PIC



23

6

o 4 o X ay v Y A aamy o edaX T X
nan iwrasfuuuy PIC danunsallduaradunald ldnadninnaw el lunisdszanc

o

g’/ k7% dl o -aid dlddef dl o dl o
@ﬂ_lﬂ_l’]m%IuLL?ﬂﬂ’WstﬁLﬂ?ﬂQ?UVINNQJ??ﬂ‘MZVIWI.IuL‘W‘ﬂﬂ?Uﬂﬁ;ﬂ@iﬂ??ﬂi&:ﬁt@ﬁl?’)ﬁ‘ﬂ@\?Lﬂ?’ﬂ\ﬁ“ﬂ

16

=he

G

d‘ [ o v 1 1 d‘ .
LATBNTUBLLNNAINNITIUNIUBEINABLUAY (Successive Interference
Cancellation: SC) [9]

1 '
= o o aa

wiassuaiatimuizd i niuszuunldinisaouaunidesnane tnaas
a dl A 1% % ;) o o ¥ 1 A o a ¥
Ransaumonuimenelfaa ey s Lrine 9 Aann1dsesd 14 nanameazinnimndnde

yaal o o a ' oy A o o= 'S < o o v
Nﬂ@ﬂ@ﬂﬂﬁﬁﬂwﬂ’}@ﬂLL?QW@@@@NNWT]@%I@EI&LGHLﬂ‘iﬂ\iﬁ“]_lLL‘]_lllLLNWHV\I@LM@? AIMNUUNINITUNAN

]
14

U d” dl Var 4 ° o/ a o Y 4
miiummmQ’meu@@ﬂmmﬁ’mmﬁmmimu BAAUIATU U TUN N’]uﬂﬁﬁ“lﬁlﬂ@%‘lLL@Qiﬂ‘W}

1
yala o o

N vel o o ¥ ~ v 4 <
Tndeyareflininidsgenan luussaglinvae iwanidinszusunininllizes o fas

v

¥a ¥ 1 1 d‘ o dl o dgj ¥ zl/
m‘ummgmmmwmm@@ﬂmmwmLumﬂu wIaesuiay Idnanlunszuaunsviaviue

a q

—

¥
NINNdLATENFLLLLTNA NN 199U UL 19T UAaNssnUsavluag iU sUsean e lu

AN | LR

l

InTediuuyuttdeyanAnauuaan1tleunay (Decision Feedback

U

Detector) [6]
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1.10 ffeywruas MC-CDMA
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' 1
= oA

dasdnriungamananduldld widnwuznisldeuadunitdesazunnsneiunin duiy

!
ad A [ % o o c ! o o

OFDM 1iu 1luasnansnadyansaias Inansdedyanenidayausazsaldiuanaunnyd

o u

' v
A o

tlaeusiazAau 491l MC-CDMA azdelindayainaaiulliuaaunivideaianunlagla
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(Deliberate Clipping) [7, 8] n1sldiulnsiumAaan (Peak Windowing) [9] nnsiaanswia
(Code Selecting) [10] nsusiliaan (Selective Mapping : SLM) [11] andudsag
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grunantibuiluneduil NiesasiuaznaguananmediFiy y InanisAun
fray’
Yi=| i |=Fvy (2.4)
foy’
Toedl {fr,n=0,..,N -3 dlwsnresapnmefgiunanivuas F* Aswasndniliaames

grumdnintluung azldnanudniusauna-widnaisuniy
Yi = F"HMX  +F'n (2.5)

Awmand F uaz M Auduldidvarauuvdaiunaldidlaseairavaaaaunidldnaauwu
lunsdladedrendesdnoalinanuan h =[ko,0,...,0] Waiaan M Miilulussndigesis-
270 WuAe M- =M’ uazi@den F = M azinbiuivgesdayonnldednsanysniuuy i
A 3 g I3 P o . a = d' o
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a?’]M'S‘/‘]m"ENZ\iQ_,IQ_JWELALLUU’Su T ﬂiﬁﬁmsmuﬂ‘tmm%wmﬂﬁﬁlquﬁﬁﬁlﬁwmmﬁqwﬁﬂ
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\iies (Discrete Multitone : DMT)/OFDM [21, 22, 23] daulasaaned y Algtinnsiaue
T ATLunfldia masgrundnnisutavariniadlaise ilaq (Discrete Hartley
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prasmansdtyounnsnias isaiias (Discrete Multitone Wavel et Discrete) [24]
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2.2 NITHUNTRIR Y Y MAINSUNISLUISWALIALADS (Partitioning for Vector
Coding)

wmsnd H Alauan Nx(N + 1) Tuaunisi (2.2) 8nnsuangdesdiengiu

(Singular Value Decomposition : SVD) iflu

H=U[A | 0y,]V* (2.7)
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Tned U ilumesndyiinas (Unitary Matrix) 1una NxN V iflusssndginizauin (V +

u
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=[A | 0y,]X' +U'n’ (2.10)
~AX' + N (2.11)

=

pry N oo a @ o @ Ao
UANAN U HAaNBULesWnI @ngﬂrJ’]LrJﬂLm@? EUEUNEUTUNQU N ﬂ"Q$N@ﬂE’m$Lﬂ’]ﬁ‘°ﬂquLUU

u

] 1 o

N A ¢ aa A of . ~ A o o o o
UQﬂI@ﬂNLLQL?ﬂuGﬁ ANFALVNBAUNL n’ Iuﬂﬁ‘mL'ﬂ‘Wqch/lq]‘ﬂ\'i@mﬁquLﬂuLLUUiﬁﬂqu@qﬂ\?@ll

o

n139 (2.6) azlfdnauniah (2.11) anunsnuanslaifudesdyyrunaasssanuldandas

TuRe
= 3 Xi+ N k=0, N-1 (2.12)
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|
[ A

° o 1 ] o ' ! dy 1 ) [%
[AMUTUNITLULUNT BN mmﬂm”l,mmumlm ] LmeiLLmu“LNmma‘amml‘ﬂuma‘ﬂa‘:qﬂm“lﬂj

[Za7

s o

muiumwﬂﬁumamﬁmmmnmwsﬁ”m%@uﬁL'ﬁm%ﬂumiﬁmqm SVD

Q [ %

2.3 nasuistasdyurudrusy DMT waz OFDM (Partitioning for DMT and
OFDM)
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o

A7 AIALAASTNNN 19 DMT way OFDM ldiumandnisusiauuuifeaiuasA1ani

ATNNITANRIIARATTANA X 11 OFDM AN TNVI9UNA189nARasIaNa Xi, k=

a a

= o 1

dl o 1 E/ A o
o,...,.N-1 (GIN‘VINWEIWJ’]NLﬂﬁl'}ﬂﬂm’ﬂﬁ@ﬂgﬂgqm%mﬂﬂﬂﬂﬂﬂ) FBNHNIANNNTSRANE AL



32
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M lAnnengauizandinisinana (Loading) Taatng OFDM azldlunisuns-&nyaunns

[

(Broadcast) Wiannsdeqaneqa (Point-to-Point) luaniazuandanuuulianannlasumis
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sduuunisnaganf ldiuaenlildlunsunddny qurnsdushasia (Digita Audio

a o

Broadcasting)] waznisuwsdnynyinininaana (Digital Video Broadcasting) [25] uazlu

v o

1A N UNTT RIDUAITND

a

INgAaNTTnuedy (High Performance Radio Loca Area

3 a
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1 o
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ALRAAINTUAEITIAATIARENNNAT (ASymmetric Digital Subcriber Line: ADSL) uag

nmsguaneinsAnsitngfinaas (Twisted Pair Telephone Lines Standard)

L1l

Tunnsuiidesdniy1as DMT/OFDM azdnnanafdanasannlsnegian
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Y vtk N Vm (2.13)
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2

quindndrautiaesdyansad (Cyclic Prefix tnsertion) @evin 1 ldanniaf (2.1) uaz

(2.2) lusiiilu

hO hl hv o --. 0
0 1ho| M o :
YN LYoo Vi W o0 O (ava
P l=l0 e 0The Ry ||| (2.14)
ol lm O 0 hg - B X o
_hl hv O 0 ho_
wazlugtnsydunuy
y=Hx+n (2.15)

i A~ ! v °
Tnawssnd H Haunn NxN uazdansaueuyuiiau (Circulant) S9ansmieiiayin i
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A0 SVD 289 H 1e4neisnn

nanisulassieslisetiosasnamas w =[wo,...,wy-1]7 1WA N fiay
IRamas W =[Wo,...,Wy_1]” aua N uneaiu wazanndnuaazfaidullniuannng
5
i
1 N-1

Wy =—> we %", k=0,.,N-1 (2.16)

\/TV_ n=0

ueameaiu annisnsulasFiestiseiiesundis (Inverse Discrete Fourier Transform
- IDFT) flusall
1 N-1

Wy =—.ZWkej2‘T”kn1 n=0’-~-1N_1 (217)
IN 5

] 1 1
@9 DFT uay IDFT ansnsagulugiwssndnasyaivannisdnesiulani

W = Qw (2.18)
w=Q'W (2.19)

i [~ a 6 a :j/ i ) —_ 'Zl QI/
Tnef Q wwmindideisain DET ANaN TN g, =4-e Ik Jupe

_e_ JEE(N-1)(N-1) e—j%”l(N -1) 1_
) e JAINDN-2) | AN 4
Q - - (2.20)
\/N '27[(N 1)1 271
e‘]W - e_-]W' 1
i 1 1 1_

1 ¥ ~
war Q" Aewmsnd IDFT waunugiliauilsaiuiazainisouanaladn wssndney H §

nTUaNeNALlTTNaLLan Zadn T

H=QAQ (2.21)

TneAnfagluuuanuasyuaes A Aa A4 = H, = DFT{h} Aslwdaidananaaniiass Q"

!
T

Hunamasgiundnds 29ine M =Q" uazune1e9 Q lunAmefzunaniv upe F =

¥
A 6

Q AzlAPNNANRUSBUNA- LB FNAAIL

q

Y/ = HyX{ +Ni, k=0,. ,N-1 (2.22)
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Tnadasdnyyrnsatnnnudseantidudesdyoyros AWGN Nadszsanu danuasiagg
a¥19 DMT/OFDM inufiunisidnsianpmefuinsgiune FFT dpandudewidanis
ptiunisat luszdu O(Nlogz N) Taai O(g(x)) Aaanumauudaduniiu: O(g(x)) =
{f(x): WAAsATILaN c ua xo A1 0 < fx) < cg(x), Vx> xo} wilunatlaasumand
waldaziflu N2 feduinasds (x7 = Q'X/) uazia3asdu (Y = Qy’) Asdisz@nsnw
NN winal@ainaannisiaududauanasldadraunilamauiuniadisianamas
A a a dl Ol [~3 £ dl [ QI o/ 9 1 a 4919/

Aalsz@ninnnanmauantiasdudunaniannisiidyoiuwdild uinadaiias

S ' 1 ~
nauuny ldlnansenuusadnglaie N >> v

[ %

2.4 ansuzduIw MC-CDMA

o

MC-CDMA LilunatialEn1snauna1usznine n1suesias OFDM uay

n13u CDMA vulawuaAf1an dnucy1oe MC-CDMA dsznaulddaedny oy aunduuus-
A

Aniinfuatuau N dygynnsiaziilasy £ iy 1 azfszazvinannspanuiiduy YT ead T

o 1%

dutdasinataesdrynyans 1 &yansad ilasain MC-CDMA dlassa¥ednynynmindne iy

v o

1
¥ !

OFDM AfANHOENMHNZANMILIZUUN19RD AT FadN19ANT TN U Q9AIN i naa 13w

Y v L4 % o zﬁd 1 1 dj dJ A I [ 1 a o A =
ADUAWNEU ‘Emmmmfyfyf]muuuunmﬂcym@gﬂm\‘mmma@fnLﬂummmwaﬂfaﬂﬂ@ ENIF)

a

dl dll | ! 1% dl ' a vAa = o o O o
wWasuulasgnsanauitlugondne esainszuusg < luniedfiRarinisandanidega

v
Y 1 o o o

qan Iddedtynyos dsiunnseenuunliszuuldeulalaanasasaenavinaues ludoeeiiiu

A UYINTUA NN 8RNI 199998 EAZHRANINIWRALAININ T AUGIgATN 095U 14 T

o |

ANTluaTauavanaz 1y back off 29asuenannaunwlil alusassanliin1sausn

o [ A a dl o o aa o | ..
1842927288N1A9 wranietsulueTasuasdudyyrunaviaiuleuzaan (Digita to

1%

Analog Converter) 1114 Tunstitlazdaliliin AN NEUAINN1TNa g LaRTENINA Y Y1

v
= o o

(Inter-Modulation Distortion) T fvaziiualdiiudnsmnuianaindn anvedannl

e

o

anaiuaasdnnaniasenn tlunndrvauiduna liinunissunawldesde sdny oy oudng

v @

wAe aaluiadadnannitliaznaiafeiloymives PAPR uazyiugiunaniulunismiiaes

i laumndnld

o

ann9 ugldynuanuusinansaiias (Continuous-Time Baseband

v @

¥
Yo A

Representation) 1e44tyanwnintis 7| daulfaadl

L

JN

N-1
x/(t) = Z X[ ei2mtITy(r) (2.23)
k=0
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1 '
= a

w(?) \uiuladglawmasn (Rectangular Window) (Ineivialifianiilu 1 nasadasiaan

[0,7]) uaz X[ ludnydnenldaavsaniuddasi k ilanoudnaluniseaniuuanae-

lamafdvsuniaeidesdyaunosduuuunyan szuuazlddyoyranwmndndrati (una

v o q AR~

¢ O

nandndasilasiu (Guard Interval)) dydneaiyndyansol inliaaaalaciasianiag

WAL UL NNAgATRIAIND WAaz AN DIMNTURI UWIN sz e za T ukaAINAYIN
Wunwiddrestesdynyrusoniunaainilamasdasuariamasiudundiniuennees

Fryoynouau Tep dyunuaduiasuAdausdaimundaneusiiusmaniy (Periodic

o

Extension) 2e4&tysynnitiu o ungagiaa [ - 7ep,0] vinlidtydnmainiiadinainenasu

o o o

[—Tep, T ] favfuannnsf (2.23) Ailaeuihy

N-1
)CéP (t) \/—— ZXJ /Zﬂkl/T’wcp (Z) (224)
n=0

1 1 ¥
= aal 1 | ;A

Tt wep (¢) vAuladgU@masaninINgs 1 vidotuutdaanan [—Tep, T ] Anynynnugad

= =

Huuusialdaintasanlanenien19aaunann sinc(f (T + Tep)) Miaanauladgil

! 1
=

dudan wep(?) Twlamunan il lilamesnsasdaminansunuiiniiioantyl g
VLﬂﬂdﬂﬁuLﬁ@I%gﬂmNﬂ’]?ﬁ nIIAIUARY X2, (2) ﬁ@ﬂ%ﬁ?miqmﬁmﬁm (Continuous Time
Fourier Transform : CTFT) dsinl#anniilaldgunsniueuzaen uazilszunalilngld
an$aurfnneRarawinty ﬁqﬁuﬁlum\iﬂﬁﬁﬁLLé’ﬁm%‘Nﬁma&mmm@Lmum’mnmﬂf’ﬁﬂﬂi
LLﬂmvﬁLﬂﬂﬂﬁimﬁmmﬁu (Inverse Discrete Fourier Transform : IDFT) Aquana ki

mw‘lugﬂﬁ' 21

X4 X
J ]

) o s | oiga | DA |

. ( > xeeln]| Filter [2/[n] | and  |X/() | Power
di—> i IDFT Add > > > o

1 . and/or Lowpass Amplifier
g7 ) Cy(:fl.' 9 Window Filter
X x]jH‘ Prefix

C'J(hl

g1 2.1 ununwLATRIAs

Wald IDFT wdasnamaslulamuaud X4 ldiflunamaslulaiguman

Tusatlasniututlavinaiu TIN x/ = x/[n] =[x{§,..., x}_4]7 = IDFT{X/} iiunAa

N-1

x/ =x/[n] = Z [ ej2mnI N[ ] (2.25)

L
N2
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Tnei win] Whiduladgl@waaunanlisatiaandnonugs 1 wdaguudag [0,N]

Tuananinusi assedl [n] uwnuusadanusmn luadas Wasanadu
fasinisuanidainy (Oversampling) lunnsaiasnzdimeld deiuaeld x[n/ L] ununns
wrniTanuld L win danefialunisuondaniv x/[#/ L] 8Hawldnarauuy Tuniens

wpann IDFT AlfuanTaninudaazvune o dafivaunisd (2.25) deuaadldsai

xi[nl L] = \/_Nzl)(f j2anINLy[ p [ L] (2.26)
= IDFHVLX{, X{ s X1,00,...,07} (2.27)

N(L-1)
= IDFT(/LX) (2.28)

Tnedt wln/L] \dvauladndmnangaiy 1 uwdad n e [O,NL] uaz X4 unamasianya
Auuzntlaniuld L wia (L-Times Oversampled Equivalent Vector) Tegsslalaanisuna

Awsl (Zero Padding) aqwaw N(L-1) Andnlillu X7

ANPeNNd19F W WU x/ ([ NL) = x/[n/ L] Teazidulddnpanudunus

pxgtlannisres X/ lulamuieanaes CTET (2.23) uay DFT (2.26) daonulndiasanu

1
J % !

1N wananiaannana lidsdudnasesdesiaamndynynnuldiuusazinamas x/ Wie

fazaanaaINNIssuNauszuddtuanenl (asilh 2.2 (1)) azls

@

N-1
xtplnl L] = ZXI{QJZ’W/NLWCP[”/L] (2.29)

1
=

Tneft wep[n /L] AeAnTassUaivagusiudad [-vL NL] Aansitnasesdryononuliseiias

al
1
o A

vz sadaunululamunaisaiadedy Tep =TI N SFUTLaRI TR LR ATl

i 1 v
o o { a dVLil a

ANAANTIZINLaNNAanN IFaTnnT Ll e s1a99 U TR Tl A AL NTUE AN AR RN ENLAN

Ll k1l a4

Heenilapnudiintudadudnunzanslaidugart UINANITAITANNTTLNIUTBIdTY YU
fraResednadunauda sufudedliaiedeiinmnsesdyyroufindinsise 49uladia
Fnunrldamllifumdey ludanaesnisnseaiuansnsarnldiuusadanadliseiies
raufiazidng DAC uazside lenfyminasiaiiesiinanain DAC draninawlnaiu i
srsunanliseiies x[n/L] faeflawmesnana p[n/L] zﬁ"aamammuﬁqmﬂﬁmmLL&’QLﬂuﬁmu

nie
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zp[nl L= x[nl L] * p[nl L] (2.30)

Toed * luesesnunauaninismaniagdu (Convolution)

x/[nl L]

Symbol
(n)

xtplnl L]

CP Symbol

CE Symbol \
\\/ *
/ Window \ /
xi[nl L]
CE Symbol

()

g9 2.2 Aydnwoanepdunasising o (n) Und (2) Windtynonu () dndygmouussldiulad

6 o o

A 2 va dld 2 =3 @ ada aa
UBNLUNAAINNITNIaILA N9 kiauladnian s lAsuuidaiulsanis

%

ANTOINANE

o

wilindoatfutlpspuantdsanlnainlinau nanalid nasnndulasliiu

'S o

-dl 4 g’/ o I -dl o ! ¥ a o
ﬂ@qumxmlum’mmmnnmzmwmuwmuumiﬂ LAZAINA LN ANITILNIUNU

sendnendunnid (Inter-Carrier Interference) nnsgryidaannssainhilanunsniaaslalag

! 1
a

nraanuuLtATasds i uANaTesd i N nnlaAnullasansuauindsldwdau s

L1l

naaldlu [27) (9317 2.2 (a)) duiunsiiiansudeazil e

1 N-1 ;
23 e My ] L] (2.31)

N S

xi[nl L] =

'
[ % [ %

Tnefignsuaulnshianus denn weln/ L], n=—(v+ A2)L,..(N + A2)L Femi
Aaan1e [-vL,NL] waziansueidsuunsedosusuda AL/2 wsnuay AL/2 andingaas
Aryanmnd (@gﬂﬁ' 2.2 () Tanefiaafiiniuannnnsindulndaziily LIN Suiasedun 1A
W ALI2 wrnilagavinanesdnyanwalazl AT UL TH BLI2 waniilauag

dryanwalinlideanslugiin 2.3 () Aeiulanefignasdanuauilu F2N doatnaumudn
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N =64 uaz f=4azilanefianiludndiuienas 3.125

x/[nl L]
Symbol i Symbol i + 1
(n)
x¢plnl L]
CP Symbol i CP. Symbol i + 1
(2)
xf[nl L]
CP Symbol i CP. Symbol i + 1

(7)

517 2.3 Ayaoivaieaaunsiaingln 2.2 wedetnesiaie

2.5 ansdauriatAlzanfaniasai (Peak to Average Power Ratio : PAPR)

%
=< o

{Heganfuyuaesdaudig - luesesiudeauag udiawadn (Dynamic

4
=

Range) aasdnytynnsluannnad (2.23) 09 (2.31) n13vnanHuzian1s1a98 i i1 ndluanid

= A A
ailuFaINUnaula

1%

MANINUAEFIN 7 WUdLEe N JA1NIN Aazatnsndnaeddnyiyiainant

pauwindsaanllTuannisii (2.23) fis (2.32) Teadlszannldsaanszununisguuuminig

1
=

NonAndane (Truncated Gaussian Random Process) @ ludauilazna1aiauannisaeg

a

|
= )

et uneaday

o—

Auing agld PAPR usadsuandnaunladassdynyiuiawinlug
Auldvzelduaz il wnmefluntsdssifinszdudeeniasangen PAPR a094tyunnd x,

A o o ¥ =~ LA =~ LA Aa o X
I@EW] TI“T]LLV]ui@VNﬂ??sﬂum@qm@Lu@\? t LL@zﬂ??muL’]ﬂqiNm‘ﬂLuﬂﬂ n HUENHNANU

m@l,x | xz |2
PAPR{x,} = =—— (2.32)
E{| x- [}

[ 1 1
Tunil max | x, 2 wnunidaeunlatlanieuilegegn E{ [} wnunnduaaaesdnyin
teT

'
[ % c

way 7 e T unutdosnldlsziiuan PAPR Telunilazilszifiudn PAPR slantiadyansod &

Lo

v ¥ 1
Tndnstuaunisiianunsnldnn PAPRaasd&ty oy i uuanann x, aaaanisunudoyoyin

naliseiies xi[n/ L], xip[n/ L], xi[n/ L], xr[n! L] u?ﬂgﬂﬂa'ummﬁimﬁm x/ (1)
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waz xlp (1) NFNau 13w danude drufuanatdnusid PAPR azuuneds PAPR LU4

LA

De

wananddeinisdimasanniadmasuienlddinmarunsedy
(Compactness) a8ty iy WuAasadsznauwmsas (Crest Factor : CF) [28] d1u5u

o

AU UNANLAAUNIT X,

-
CF=Ar A" (2.33)

2E
Tnedl 4+ AerNUANININTGA WAz A~ ABANALTATRETNAR K.z unuiFunmsauaaanaen

Peglu x, CF Hpuduiusiy PAPR #a%

CF~+/PAPR (2.34)

PAPR 2294ty sy1ainaneaa unavisi1e < #dienn i luiadian 2.4 annsasuanslilag
nr9anannisn (2.32) lnaazan x/[n/L] Tudunish (2.26) usaetdnelunisanunn

PAPR angaun13in1asansanaziily

2 N-1 2
max | x/[n L] P =% s%(z max | X/ |J (2.35)

k=0

el
J 5 j2nkn! NL

2 Xiel

k=0

anANANRusIasLnfigana (Parseval’ s Relationship) azlsnnaaiaasiiuy

N-1
E{|x/[n/ L] 2} = % S E{X] B (2.36)
k=0

1 v
%

FeazinA1tu I glun17A U PAPRAYS TWn st NA TN DR nN e I LU W A9

(Constellation) tagariu dsnulalussuunaigadunidiall azgiunsaniniasAtaeansa

[ %

o o A ) = A X
ﬂ’]@\?L@l@ﬂimﬂﬂﬂqﬂ FINATNAIU

max | X/

PAPR{x/[n/ L]} < N 2ix]

(2.37)

v 1
o ¥

AINANNITALLAUIY NIFAAIT19VAIENNNTAZAINITDN AN ULS Faasinadu e n=0

[ % [ % 6 1

wiannundyanenleaianuadaneaiuy {X{} =arg{ X/}, k=1,..., N - 1 &islilnan

;’a// dl | o a o a ! Y . o
Hulasanndyayrnnuiiludnyonaunaniuusitladouyinaaes x/[n/ L] 971U VL Win-
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s Juaslunilinnassaansaniduansdasunladly uaysasin

max | X/ 2

PAPR{x/p[n! L]} = PAPR{x/[nl/ L]} <N E|X B}

(2.38)

ANNTUA T 19713191 PAPR ifinaua gl ul@aiduniuanuouaauniiazulsduniy

PAPR 289LLHLNTNAN

Lummnmimwm”m AoaePRuIMAN LS Tuneuudazduazdes

v

AR Pabiab LN TG o NLafaTfaTiaTal! (—max|xn |, max | x, |) fine Feutndedadeunsdiilid
n

n

[ AR 4 10 o o

ﬂ’]ﬁ“’ll?“]_lL@ﬁl%\ﬁmﬂ’]u'ﬂﬂﬂ’]’m’]@ﬂﬁ\m\mﬂ N winduasinennn TurungAnNIBainNAaunIg

u

b

dasannay Uszansnanlunisldingisazings daiuinasfiazidislunisan PAPR el

b

o

azdindsz@ninan fauddiianansundoy ﬂwmmwummﬂuiﬂimm WU
max PAPR{x/[n/ L]} = N usilun19il7im dry ‘“m:miz@'qulmﬁ:ﬁ PAPR{x/[n/ L]} <<

N sirtasaldifluEadnaaniuniangzanssionNananted PAPR 1a4&tuansniiant aaunisg

o

26 AUANTANINADRAURIN Y UIMNATEAAUNIY (Statistical Property of

Multicarrier Signal)

De

o %

Y - N = P
ndatiaziansninanay linaiun ﬂ;nanmumﬂmuwmﬂlmmimmmum

|
=

Tadfimsuantlaniu doudmiunsudygnaiiadnisumtanuua Ay ininaisaliles

aznanqnaluiadan 2.7 lu MC-CDMA uudned@anleq113u an1nua i ldsia g

q

|
] a

] v
Ausufldusiazse 39Tusasfisaessiaguinuieeglue {1,-1} soaponuuiazilum

winiu azlddndtyanmnledee X/ Lﬂuu,uumn,l,ﬁ'mm@mﬂiummumLu_m i.i.d. Iummmuu

[ %

wanadoyaneal x/[n] Lﬁmmnm?muﬁmmuL%qmummﬁqLLﬂa‘zﬁ;m@ﬂgﬂ“Lmimum

o

|

o

AU N Fiq iasanndrydnendties X/ ludaszdedu azldduautladydnenl x/[n]
Iiavdaiugiuangae Gelndidu ea N TneuUnfasiliuananday dafuannngug
LiunIaaNe witadyansnd ¥/ [x] 'ffmﬂi:mmié’ﬂuuummﬁ%qﬁﬂﬂ@jmuﬁgmﬁﬂﬂﬁ
duile N A1ann wisadtydnwaiarianwocinolszaunaniusudsguuuy id.d.ann
muﬁgmﬁﬁqﬁﬁumm?mwﬁq@mu (Cumulative Distribution Function) 12953ul74s

PAPR{x/[n]} ﬁmum@mimmmﬁmﬂugﬂLLmﬂm (Closed Form):

| x/[O] P <2, | x/[1 P
E{|x/[n] P} E{|x/[n] }

Prob{ PAPR{x/[n]} < 2} = Pro { <y2?,
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|XJ[N—1] |2 2} 239

E( R .

=[Prob{—| P ;/ZH (2.40)
E{|x/[n] I}

CDF 289 PAPR{x/[n]} dwfunstivaramaunisinidusiaseazidy

Prob{ PAPR{x/[n]} < 72} = (1- 20(»))" (2.41)

Tnaf Q) uWsfdunisnszanasias@auifn sy (Complementary Cumulative

Distribution Function : CCDF) giaagiaulsguuuiiindnisuiiosadtanuasil

0

def i —x2/2
02—~ ! o212 dx (2.42)

Aatiuazlé CCDF aasdyaneninanaaaunidiil

Prob{ PAPR{x/[n]} > y2} =1-(1- 20(»))" (2.43)

a

fawiddn PAPR gednaleniu 10log(N) dB wsnndoyynuiansnegus

) o

Weana Tan1af PAPR azlAwintiazitasinn as1alafniy PAPR 189720 199114839

A 1 1 aal

pntnAaziiAnaIngn 15-17 dB iiludaulun] Gsdeduiludifinines 35n15an PAPR R4

a
2

Wuirasnuaula iunalidudaaneaiumesianuaunin uazluiadein 2.10 1dag

v ac
s9u1AvaNe3 s

2.7 aauiamnead PAPR tiatsatdaailalduduiilaaanlainaiiias (Bound on

Continuous-Time PAPR using Discrete-Time Sample)

Taevin1l PAPR 2193816 U0a1 ldsaflasazidusianiiuandi ududauua

aa o | %

snsashanaluidaasauudansasfnalilfse fudyruAedyyiusuniuainnieg

seulndmusesnisicluiuneundunaiawazly DAC Geluniglfjifinisan PAPR lu

. o G2 A wa y oo

dynnnaiseitesazidudannumiulfueand Wesanndunuuaznisgodanidadu

AyNFaw (Power Dissipation) luginsniuauzasnidugensiesiansonlududusiu - usly
1 1Y 1 ¥

Wadan1san PAPR Tuniildlédesiudyonnnanlisaiiias luiadaiiaaznannienana

o o

AnRusszndng PAPR wansiaiiasuazinanlisaiiias luniaznadneswaain IDFT 14
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sunnsutnlaiudainana1¥luanntsh (2.25)-(2.29) e x/[n/ L] = x/ (nT | NL) =
X (8)=n 1 NL ariu

max |x/[n/ L] | = max | x/(¢) -arine < max | x7(7) | (2.44)
degann Ef|xi[n/ L] B} = E{|x/ (1) |2} unalk PAPR Wl aaas
N9
PAPR{|x/[n/ L] [} < PAPR{x/ ()} (2.45)
WansERIasan N Tty £ ={1,,..., Lz} 7
WL AR\ ) (2.46)

¥ 3
Tnainaaenssstl K ={Ka,..., Kz} ilugnaasasaiwauiuuonwindu lunsdiilaz1fan

gegailulimuaannas
max |x/[n/ L] | £ max|xi[n/L-]], r=1...,R-1 (2.47)

nil = 1 o o/ . o o . Y dl o o/ d‘ =
TUTUNIIEINAAY x/[n] L, 1] ATRUARNATIAL x/[n/ L,] BEipag LUBIANINNIAURALN

AnlalAeuutlad A1 PAPR aauly
PAPR{x/[1/ L,]} < PAPR{x/[n/ Ln1]} (2.48)

4 . A o o E I,
Faanganudulesnnisuadafuintuidua iy PAPR aasdydnenliaziiy
Aulding drdmenisusntaniu £ ={L,..., Lz} duldmuReuly ;< <L. <.
< Lg 3adunsdiiall wanilaflaazuansdeliluaznisiFasarsuas ldiduidumn we

CCDF agslapaifluliminannig
Prob{ PAPR{x/ [/ L, ]} > 7} < Prob{PAPR(x/[n/ Lj.a]} >} (2.49)

2.8 anumzaasndnlaiiduiadulinarusn (Description of Memoryless

Nonlinearity)

v v d” ! =2 o ra a dl Y o |el/ a o dl
vindeliaznaniwuudnaesliduduueatian diuegia i luenwdde e
Tunuginsninianiannildneourdidudadn dowiaden 2.9 duGewansznulua

aurasaN lidwdadunnsanonunnuiunnaudedilnmnsy (Power Spectral Density



. PSD) uaz BER lusvuumananaunnii lsifinsan PAPR
% () unuiaridulaidads dyanudieaniiellazily
x¢ = g(x) (2.50)
el x umuiadnfunaliseifiawesumia x[n/L] LL@:ﬁmmﬁqu@Wﬁ@Lﬁ@q x(?)

eRazlrinndiasidngt &Luﬁﬂﬁ%wmudﬂ%mmiﬂ Whdaduuun 1y
AINAN Lﬂumaiﬁmmmmgﬂmm@ﬁ (2.50) ifluannsainanslé ?ﬁlqmﬁmmumﬁuﬂi‘ﬁﬁu
Tusuifetiannss L‘fifaamnqﬂmm’iﬂﬁqLé’uﬁiﬁﬁumumn [u9aganiaAn (Limiter)
LL@ZN%‘“HEI’WEIﬁ’]@V\‘]@jx‘lﬁuﬁ’m’]ﬁ‘ﬂ’%’m@\ﬂﬁ‘ﬂyﬂu@?ﬁwqﬂﬂﬂﬂiﬂﬂ%ﬂfﬂw’%ﬂﬁ atinqlafimna
Mﬁﬂmi‘ﬁ'@ﬂﬁwuﬁi@lﬂﬁdquiummﬁuq:“mmwmmiﬁmuiﬂﬁmﬂmmﬁﬁﬂﬁ Tneldnng
Usuusaieadnted Srdumemiduuunidaduitiianasdunssinediuuss dananls

1 dl o Y o dgj
ABLUAN @WNW?DLL@@IQL@’]WV‘!Mi@@\?H

x¢[n] = g(x{n]) (251)

o

TwinueaRgaiy dnduneunuybidaduiunseiiegfudyninnaisietias Ao

wallanunsananalesiai

x¢ (1) = g(x(1)) (252)

(-7 1 1
lunfaziansaanizana ifludadun llaanednyoyno (Non-Expansive) ifiAmau

' v
a o =

ausngeqailn 4 Ansanid aenedygnaniuaisnsn@auludiaminanans lAaei

lg(x)|<]x],  Vx (2.53)

|
] =

wazginsndldidadule o Runulddaadeidue e fuazidnsizanagean o> 0 1R
panRaula [x)| < ax] azanursndsuannislailug = ag laah g Uansantis ldaane
o o 2// 1a 1% =X o P a 13

Aryeynos Aetiunnsaenellidadule - asannsouenesddsenavlfidussasueneadaduly

1%

Qd‘d % o‘d‘ 1 o dI % 1a
QANARNNERINUENY o AnsaegLnsai ldaenadnynindaunuion g 9insnfldimaduly

o 1@ o

naUfimdaulvnAlnnantRn1sansanfan Iuanalifall
|g(x)[< 4, Vx (254)

ISPV dll o ! | o d‘d [ % a ¥ ! d”
Raaudsznevlurresiudaiuaiuaunining m:rmﬂummu Tudauilay
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nanatuuuataesn ldiuialdnldanansaaldiiuidaduansis DAC/ADCuazagas
we8nNAe funiavanaasauiauly DAC uaz ADC Aamaaulnigas [29] iiamanw
azaanlunisilszidunisateulndazunudynnapunaddeulussuuiinuuuanf-Nige

o

X
N2
x =Re(x} + jIM{x} (2.55)
dll v dgj o a o a g A
Waldglannisuuuil dnsuzeniz@unm-lensna luaauaftaspraulniefiangilae

Around(ulA), |u|< A4 (2.56)

o) :{ Asign(u), |u|> A (2.57)

Taedt u unu Re{x} e Im{xd 1 nduiiuls (Step Size) Ta3n1spreulndie A uas
sedunsausafly A4 gunstidudnenzassneulniae fnume (Rounding Quantizer) 7
finnsausn [29] mq@ﬂmeﬁ@ﬂmu%uj (anvdu wuPldnssntane (Truncation) LN
nstlawAsaanisdu (Overflow) tiiednisdnsa) nuldlueuisesialy wareguaniuile

YAULUAURIINLN AN UTU

TnadnAaneusbimadudaulng ulnwunaisediadinainasasaee

nnavgs (High Power Amplifier : HPA) d19150 HPA Talidaidudaulun) uda iunnsg

a

mmﬂﬁ'@ZLLWuﬁmmﬁmsluszuuﬁﬁmL%a%qﬁa‘ﬁ

x=|x|e/@ak} = pejé (2.58)
faviuealaliFedouaes ”a;angmﬁvgmﬂuﬁqﬁ

g(x) = Fple/#+l) (2.59)

Tna?l Fl o] uae @[o] wnudnsuzianiznisilasdu AM/AM kaz AM/PM aaspanuly
Wudadunuulianuaiauansu wuuaaesi unusasene ldidaduiuninige [30]

Toun
2.8.1 29asanmAagneaziagan (Soft Limiter : SL)

aneueliidadu AM/AM way AM/PM 1899423377 AANAL198 1A A

@euiiluannigdlulaseil
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p psA4
ﬂﬂz{
A, p>A

®[p] =0 (2.61)

(2.60)

\HasanasAtlsznay AM/PM lugudaadsudnwusliiiaduessininineietvazidan

Tnadlondlu

x, |pls4
= 2.62
g(x) {AeM’ o> 4 (2.62)

=) L7 'S 1 Il 1 Y & KR o dld 1 dl a ¥ 1 d’l
taudinesAlsznauntesnianindanlualliuansliviviedneren daunidudaduduil
we SL daunsoilunuuanaadbdpaudnandinniani idoutlsenaud ldidadwiuiuig

Wudanaulnaldsinliineaunen (Predistorter) [31]

2.8.2 29asagnaniaslgantann (Solid State Power Amplifier : SSPA)

25 | | | | | | |
oot LR X
1 1 4 I 1 1 1
l ; . 7 i l | |
L5 — =S == =41 e SRR .
SRNEPA T
l s | | | | |
1 e CER : : ‘
- | : | | |
NE | | | | | |
R A O S S SRR S T
1S9 198191 ST Ve L
I | | I | 7A:1,p:3
1 1 1 1 1 <2 - OO bl 3
O | | | | | T T
0 0.5 1 1.5 2 2.5 3 35 4

5UN 2.4 wuUANADITBIUTN

919 2.4 uanauULA1AB9199u5N (Rapp’s Model) [10] Telda1ane SSPA

HAuANTus 0B uNe-la e uAsl
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Flp]= (2.63)

—
R
®[p] =0 (2.64)

o =

Tnednnsdwes p iludarouauauFauassdsunilasuanisnaniiwdaduliidv

o 1 A

3NN AAIMTRANAY Ll p — o uuLANaad SSPA azlansuzlaatlszanuiu SL

Tuaneniinusiaz luuvanaasiiifluvan wazlden p = 3 TadluAvialdaas SSPA [10]
2.8.3 waRAARULAABLT (Traveling—Wave Tube : TWT)

aneroiy AM/AM waz AM/PM 2199 TWT AN LULUR1 82918991 LAa%d
(Saleh) [32] Aa

= P
Lpl= 1+ (p/24)2 (2.65)
A RN
Plel= 3 p2+442 (2.60)

LUUAN AN AR I nanaNa Bl Ansan TR e e &ty o e sl ueunaq e

w9AyunauleNAnmgagaLlu 4

al a

29 uansznurasanlliduidadunlifasdussausraeseuy (Effect of

Nonlinearity on System Performance)

-ﬂl dg/ -dl a [~ a 9 dgg 1 o

WasaniBunaasaaninauniiaanay bl ifludaduaueg ineeiu
amadan 42/ E{|x 2} Tnefl 42 Aanndsensnwngegaanginsnllimadunay E{] x [}
[~ o d‘ o a o i’/ =R a a rd‘d 1
HunA9 AL 19940y (Y IUBUNE AITUAIHENNNIIITIAefNTENd1 Input Backoff
(IBO) iflusiail

AZ
IBO=10logy| —*~— | [dB] (2.67)
E{|x [}
1 dala/ [~ o o o vaa d’l dl a
LAz ATRENTUAINIUUARANI9IUTBIA 5188 Tnen191E98 IBO AN uiiAAIN
[~ a 9 1 1 < a a 13

A Tl idudaduresasanaiaazanas waadnalafinudss@nsninlunisldeauasas
YeNanAIiazanfNaY TurinueAgiuasianunimAmesnizandn Output Back OFff 1l

o

X
U
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OBO = 10Ioglo( [dB] (2.68)

A2 j
E{|g(x) I}
dl | A aldl o o & v 1 o o a o o [~ a ai ]
fafluneuynnsininduensnmariasndiinasdunnduiuanlifludadun oy

'
Y o A 1 1

Foueyoula o agnslafimndndyynatgadauniidoseg lutsnundudadue

a

1nsalasiNaumnaantian NNadisdadnludariAlndAsaiuin wazazlsdn IBO ~

OBO

oD

9 a

ddryrynnila o maunnaelfluinded 2.4 Haonuieuldidadunat a9

A o

nalszuuldnmnie PSD flanasiazi BER sy naNAe AN YIUeAWAAEHAN O
289A IR EUNN TR ATz ARy 0 Al AT WR AR e NLLUARATT
IAanassl 3l G'?ﬂﬂﬂmﬂgm?ﬂiﬁdf]milﬁuimimﬂmmLﬂﬂm’i”u (Spectral Regrowth) lunns
Uszgnaldaunans < aed g iaesuialdanlnninsaniu fefdenaseld 1BO Agevite
T¥n1snsassaangUnenildidedu n1snsendsain HPA anadlfunugaliuazinans -

nstun nnsannnasgs lifinnaslaesanlin BER tANaL
2.10 wadAd 1 usUN15an PAPR (Techniques for PAPR Reduction)

lwindatiaznainnamanagIsun17an PAPR Nuigaulauiemailangy

ae oo ! . . A I
VEFA ] LEUANN uiaeluizaanisan PAPR ANNITUNITANTRYAVANUARUNIU n

Aeanniiu) Aunla v wavazimiudalidnsi@uemeiialunnsan PAPR agaunszii

dl 4 o o a dld 2 A v oA a o a d? [ o
NANNAITIEN 90 LANIULATUINIIUD m/maLmuﬂmmfaimmmmwmmmmﬁummu

dl dl 1 a o 1 dqj 1 % ] A a
ENMTA GINLﬂuﬂ’ﬁ‘ﬂqﬂ‘ﬂ’QHLU\?‘]J?ZLIWN’]MQ@EIL‘Vi@qu‘ﬂ‘ﬂﬂLﬂuﬂ@‘ﬂiﬂtﬁﬂxﬂﬂﬁ?@@ﬂi@ﬁ:ﬂL‘Vlﬂuﬂ

1
ada

wanilnelulifilaeitbifieanaandsnanias asiaredanasuneiaiinaula nnsutis
Usznniaznaraiereldfe laiilunsensumumnniign Jvazutaasng 1 sanidunisan
PAPR laailanaitewuaznasan PAPR taglifaanaiien daviumeiinlungausniiu
wisaadeazlllgunseenuuLan Iildiudas PAPR gegauazdoydnuaifideean’iiaszd
dneourAnieuld 33wanilin 1 BER inanwuaraznaaiicluseazidesluwinded 2.10.1
dniitlunguudeazlan PAPR raufiasiegunsaflidadulag il i BER Geazndnn
fiEnanilwindedt 2.10.2 33 lunguillnenfiazan PAPR dnnnninlaefignsndeyaiicn

AR
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2.10.1 n15an PAPR fisiAa1uiiNay (PAPR Reduction with Distortion)

nsa5ulngagla (Deliberate Clipping) [7, 8]

original signal

Al

B s

() ()

gﬂﬁ 2.5 (n) Arynuroudaunisazy (1) Ao iasndanissy

pesk 2|
peak 1
~Sa

o

Qdd‘ 1 tﬂ‘ dl o s 1 dl e a ai
1MVNIENEAVAZAN PAPR 124810 UANUAEAAUNIVABNITUTLAL N IUN

1
[ A

4 qy o o9 = - X °o ¥ v N P oA
mem\ﬂmglmmummmmi Tan13asURa Nransz ldnuwanTaluseilesnauna

eQ

1 [
a o

11 DAC vizannldalagniseaniiy DAC BAL/YTa993328N86 2892 AUANFAINAINT1N

m

1%
a K

wadnuesdrynyrns Aan1sildiuetineunduagiiiasanneAeanngellon1anaTuAINN

1
N9 o '

nnsrsuAasanalumatanilss@nininlunisan PAPR widnaziflunifudniunszuou
1a 9 o v a d’j - - d! o U

nrldidadunazarani inanuiawluioy (In Band Distortion) Tavin liaussnuenis
v o/ a a a o/ - dJ

ANUBRTIAINNANANALFLAIAN LaZiNAATYEY1dsuNIuUanwtny (Out of Band Noise) 4
azldananssnuzidedidnaiuag JOunl@Fun sanuwaIvIRuIN AN LBu1 A NLAaN
naa (Degradation) 1asdtyryrtuvianaadunfaulilasuianan ldidudadu saasing
wiw [33] Tl unde ludaeGnusnimBuindidwsunsindoyunounanaadunn il
ANA3Y (LWaKLue) uaz [8] A miuAdedoun (Wianuus) uldaisunatioyliudnmuly
dudaduiungasaninrietvaziasnuanuas LiAIAIuILIANReNnaaTa9 SNR
uaz PSD 2844ty ay1tunignasuisagnanin ludauaadn1sudnaseuuenuauasnsoan s
paen1gnsasuasannAnlliiluwdadu usasdnslafnulamainsasldraainisasaes
o o IS % ¥ a oA v o a 1 all = ]
nAsgeeaisuugaNIn s lunneljifudaasinnisduuaznisnsesnaunaziie HPA usl
Tunsalildyaunsunauisnuaiiinainnisasuasllanag luaunaduaasunudayaasly

¥
o =

arunsosndryyrsunauiieanldldfaaniangas ileasuaniaeaniaian I SiARaL LK

=® % aa o

(Aliasing) asAasuanitlawn (Oversample) dnyaynimarialaanisiinanauedLasng
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IDFT 7121931 UA2RINIBIMAIAINNNITTLINENAZaANATAIA LYY NUILINAUUANLALALIA

annstsLegelanmunAIaInn1TnTaduds PAPR @Wﬂz‘{umﬁmqﬂﬁ [7]

mshAuladlinuatgan (Peak windowing) [9, 27]

original signal

Al

pesk 2|
peak 1
~Sa

Nl

(n) (2)

51 2.6 (n) dyauneudeunisiniuladinuaen  (2) Ayrundnisinduladliiudisen

a aa d‘ | o a Y o | dI Qdé’ v I o %

andsuiaziduntamauladliiudlaes Teisiazldiuladnisaainili
:// a a o = Add” 1 o 1 < AI
dupaun1sisuianeuzauFey Aadaz lilaan sudnasuuenuouws BER Aivumnall
% Qdagll a 1 dld 1 2 a & 1 1 a o‘%’/
fngl luABlAzinsRuAen1edny sy s EAINNAREAUTASTLF19sne o Tnedulndiin
v = va A o -dld &‘ = o/ 9 a o i’/
FoadAuaNTTRITAnnniunG wasaindnisgmudanaseiuladlulamunan sl
Tawuaaunauilunispeulagdu (Convolution) ssnansaiingiuaesdnynauiuannaiy
21939uUlA3 Tunsgaxpmuladarsazlaninaiunuaungaminnaziullle wslumnsnduiu
Auladladarsildasnarnaranulllulawiuman wasainiuladuazlldsnansenusia
Aryryroudanan o Teazdanalidnainnianainaesdingaau daiduiuladmnnzan
[9] sunaulndlalayd (Cosine) Tnies (Kaiser) uazinndidie (Gaussian) 7518 BER uay

ArynnuTLINAUUANLOUTeNIN A EUIN

wiagglafmudmitdasdyonamialluda it g lanandiaannisiva
49{ a' 3 le, [ %Y o o ¥ a .
299 BERNMaNAUaes BERUaNauA ddaasvaliuuiaiuiianans (Error Correcting
. o o

Code) usfifiaauaniunindnssialsc@ninaanas Anududaungsiuaeriailseioqds

YA o a A a X
LAZENLATAITL LA ZNANL T2 9B TE U LN NN
2.10.2 nn5am PAPR #lufinauiiaw (Distortionless PAPR Reduction)

Fnlszinmilazan PAPR vasdyanenineunazivginsalldidadulaglall
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N BER inatiAn1san PAPR Tng laifiaauiiauminning wiseanléidu 3 nqguluey :
n1sudinswa (Coding)nnsvinldiwnsnimasliselasuuncngn (DiscreteParameter
Optimization) (u?@mumuﬁmmﬁmmmgﬂ Wi (Multiple Signal Representation)) wae

nsinlinnanieessiaitiaamnnzign (Continuous Parameter Optimization)
19191994 (Coding)

Hawmafilawuulngeaine (StructurePhaseVector) Ut in N nnle
fryaneninataaaun1il PAPR dqsn Liud ilaiauuy (Newman Phase) [28] waanil-
Tsuavghu (Shopiro and Rudin Phase) [28] ansuimnifsiniacl (Golay Complementary
Sequence) [34] uaz waw1s1a1T (Narahashi Phase) [35] lunstifiaznnldanuaudnse
o [ % & dl raj a g :J/ v = o A o o  © d‘
Ayanwninanapdunniinds lililrgegatiuazaesiiname finavsanisiastuousnaly
nvganaRaziiludndauniy 2Vl 34 aauianliind i a1auiau At 19

(5

Anydnenivateadunnind PAPR snuin (\WARLUATsTaw 3 dB vFaminiuniauuus 6

[y
a a 1

dB) #afinnsAnuasimaniliuiialy [36] uietnelsinude@aresviamariaeiiauy
AMA ﬂ@'mﬁ@ﬁiﬂmmmﬁmﬁi@éﬁ”ﬁgﬁﬂmiﬂmﬂﬂ?}luWﬁﬁLﬂuzﬁ”mmuﬁu log, N SavangA
indryanenianonduninduldfasdsaman 2616V = NK << 2V (ilaeangnmeia
fudadauiy (logs N)/ N Aamsibaskimmizile N > 32 1 [37] Fialsuuanaliisiugn
aunsafinmaresinsvialagsenls PAPR wWngwifluaadiyin Lsﬁmmmﬁmﬁﬂmﬁﬁiﬁ%
njiuusitenadudadausu log, N ey fervedanisdnmianeisiazlfnomanansaly

o ¥ a v
N19UFULNANNNANAIA AR

=

dl a % o il/ 1 dl ] b4 o o e‘d‘ 3| ¥

Wasannmatianisdisiansuawinnidealimaesdyaneaidullls
LANNIN AIRNITALUMNATyAnEninEA1 PAPRAYENazI88ARIaUAqH (Exhaustive) 1Ain
2w [38] 3awmainalian PAPR anlliaezunn wietslaimuaanadudeniandulunis
% [~3 o o/ 1 d’l QI d? =3 = o dl o] o Zl/ =®
AUMNLAZI LAY ITA A TINNTRLL LA nT I @ g a AMaa e LA A URN et LazATILAY
ldwunzilla N > 16 mruadudaanuauaesdyaneninasiasdumaa MY e M 1
TATBILHUNINANY FIE 1911 L1Ha lH N UNIWANNTBINITHA G LARLLULANWAYAAIBLAT
1aa$ (Quadrature Amplitude Modulation : QAM) NLanga TafiAe 4QAM auIUTaY

1
o o L A

Arydnmaivansaaunninsesdunnie N = 32 azatfluszdn 108 6

o

wananilainisauamamasiauuumnicign (Optimized Phase
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a

Vector) InglddanassuauinldidaduanuaunnnlunminlddyoyoiiAn PAPR #1 [39]
DauddnmaiawailiA PAPR Ana3e walagdnfsasldnisaiuiniidnuninaadagitly
28i1911N B89 1AM NAIN17D 1EN12ANUI LN LN LA TR AR AN ALADTUFA AL AN

wazauisaunAmafnaillyldnaly e

msilvmnsiinaslinatilasunnzign  (Discrete  Parameter

Q

Optimization)

o o o v a P A A PR =2 ac
ﬂqqqﬂ’]?mqiﬁwq?qﬂLm@ﬂﬂm‘ﬂLu@\ﬂﬁﬂqz‘ﬂféﬁﬂiuwuq?éﬁﬂqﬂﬂﬁrlﬁﬂq?@ﬂ

PAPR siauuaignnsniaesiiluaunig lasail

MinPAPR{T*(x/[n/L])}, s=1...,S (2.69)

[ %

Ted S iluaruauaesgduuunisutlas (Transformation) MilulillFassdnyaneal nnsnas

o

o/ o Ly 1 dg’ My a 4 o/ 14 dl 1 -ﬂl
UAacy ﬂHMLﬁﬂﬁuiﬂ1ﬁ1®@?Q ﬂqﬁ‘LLZLI‘].Jﬁ]@ﬁ?ﬂ’]ll’]?ﬂLL‘]J@\'mZ\]‘LIVLﬂLL@%V’]’J?VI@ZV‘W\W’WWNM’]L?@

neavevdayald Wuhe BER 7adnamaidays X/ dadldulasunlasninidn uasmanil

v
o Yy o o a

[l il 1 1 ¥
Tnadaulnnjirsesdedies@eanssluuunisutlasi ldliaAzesiuiuison duiumaiiananiiag

U

1
)Y

favdsdanalanafigniuauaiau log.(S) dalilifludinasinaisia (Side Information)

a

watandengannlaseaFstinglelu [40]a9 75 avduinasuanisaniiunisana:

Ts(x/[nlL])=asx/[nl L] (2.70)

[ % o

1 1 ¥
Tneananaiiatedlugog 0< a; <1llaanugiuudamatianoniiazllannendoydnend

&9

WanavAntandAngendnaniEunlasuin !y 35idudndaus BERaziAgetuiilag

a

anfqtsznaunisainaaslian SNR Mip7ad51

o

iwanaznaniaeyladli BER utas R9lfdEBagauaunnauegluuunig

wlasmannisiaeumlazesdnydneniteanien o fu tiune

Ts(X) =[T§(X8)s - TE(X]) e T a (X )] (2.71)
=[e/BX{,...,e/ % X],...,e/% X ] (2.72)

IS |

Afasuuneiuliiauanaiinaduinan [11, 29, 41, 42, 43] 31 d1aan

a

watllaneteguinen doyanendsing o lulamuinanildazil PAPRIuEasvsaiulne
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Uszunm Tunllaztinmatinain [11] snandunedaad

msunihiaan Selective Mapping (SLM)

® IDFT
™ Select Ph
. ect Phase
T2 .} IDFT Sequence Je
.,‘ DFT with Lowest ©)
X/ —> Ts{,}? L IDFT 1 PAPR for Tx .
L from S Phase
: : Sequences
X IDFT
75}
| If necessary

Side Information
g1l#1 2.7 Auwthdan

135 SLM finnsadwansuiiludaszsianiulumisats S arduaindayaipen

M wazidananAui i1 PAPR Anfigndsaanly angilil 2.7 a6y S ansugnadeauun

Tnenspniansudayadasanauduniiaoineia N 0aa1uau S a16u §1 CCD 2838161

q

A

Wiy Prob{ PAPR > PAPRo} #4tii CCD aa9asunnngaaziilu (Prob{ PAPR >

PAPR})S astiuluniangegaidisainlilenian PAPR HA1fiugaEuiaauunedniien

1
=

b4 dl [« ¥ QI o Y dQ{ o ¥ o dl o o [ % P
tasnganilulllflaefeiunududenan lunisirdeyanduun wseaduanilugiesdin

6

Taaulagoudnly Gainldtaanisdedineansisinninly dosidunaligodauuud-ind

¥
aaad

lddnden UszlamindrAgaessineginisn IElanuaaunaideaauwminlan lduas

LEUAINAIUIAN AR L6

1
oa A

Tu [11] MAaaunfean 128 Aduwaz S =4 faaarlaanu1annits

©

aaAa o !

{£1,+ /} wudnasuniifenay 1 994 PAPR (Fauay 1 gaquAandallianuaien
PAPR gaifiuAnAnuile) anasliluannd 2 dB Arludaduusiazandinisazidusluige
{(+1,+ )} dlasannasiaewa i fusanowinaes /2 e lag laisiagldnisa nius
atingla [13)]

daanfinaesmatiamaniihe A uiugliuunisulasusazglazfesniuan

o/

DFT Tusidsnaliaosdudeusavasasdelunsiinmongainsniludndouiu Sinanazly

KX a =

Tl ndutaugaRedfiasuuivinuaueguuunisudaanawuuiilngaaing [12, 43, 44]

] 13 ]
=S

fagtununisulasmaniildlszlamianananiifans DFT wanaslddesawins IDFT
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1 3

Tnsiduiugluuunisuilas 7 udazgiluuy Gadumatinninantinusiaztinun duazas

a1 ULy 3

uanwiaanideldinisiauaisnisan PAPR Munawladu o Nnsaniy
Raulaluannisi (2.69) (Fetinvidi [45]) whidgnisimaitiaguaniuilanauianaesing
a rg
s

nsinliwisdinasAaiiasuazign  (Continuous  Parameter
Optimization)

{74

dl dl A KX aa
Lummm:mgmiumu@wmﬂmq'ﬁmmm

AN91029N N0 L T

PAPR yauadangnuisadsuiiligunig losa

min  PAPR{x/[n/L]} (2.73)
V0,715, 7G
Taeii
X/[nl L] =F(X/,70,71,---,7G) (2.74)

'
d '

WAZ 70, 71,..., 76 WU IRafA1a39 dupadydnwaindsaanliiduilstdunnag
AyAnealifnlaAreInI I A5 lunTaan luudsasin A i ciign 35019

Uszinniinulilu [46] 1 [46] BEiaawuliianeianisen PAPR tagldnevinlnamefina

ANA3S {do, ..., dv 4} Tuannzsieliimanzign
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Taeii {bh,m=12,...,M} ludailsznaunisuyuina (Phase Rotation Factor) Saifluein

a v

) ' o ' |
defounay |bh | =1 ddatlsznaunisuyumainiuiivyuinasespaunivites luudan

1
=

7 mlthiluys arg{bd} Wi

7R uIA1 PAPRATHM s Idif e vl lamuinaindu deafunis
ArunniAn PAPR Assfasinnsanusintlszneuniasumadn il lulpiuuanad uazuaslsd
alulniuinan (Ing'ld IDFT) drafuanasssadssneunisvswausiazgduuy dails
Lmummﬁqmzﬂ@urmmul,wgwmﬂLmu'ffiqré’fmLﬁﬁmﬂum@ﬁﬂmmlﬁmqﬂ%umm‘hﬁu

wpatinglaAmIn iHatnANILELdUEes DFT 11 lE avanunsaaamanimde lilludunaud
16satl
X1 = IDFT{X i}
M-1 )
= IDFT{ > bhXh
m=0

M_l . .
= > bhIDFT{X}}
m=0



56
xi = bixh (3.3)
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3.1.1 wuuukunsuLaufansas (Subblock Partition Scheme: SPS) [14]
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OIS ke E Loy (3.7)

0, otherwise
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Xé%—e—e—T—e—e—W
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m=0
_ M-1_
=dJIDFT< > biich (3.16)
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K-1
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R-ly =Ad+R-In (3.22)
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Abstract

MC-CDMA is an attractive technique for
achieving transmission in fading channels in high data
rate mobile communications. However, it requires a
high quality amplifier to cope with large amplitude
fluctuation at transmitter side. Partial  Transmit
Sequences (PTS) is one of the best methods in reducing
Peak to Average Power Ratio (PAPR). |n this paper, a
modified PTS scheme for uplink communications is
proposed, in contrast to the original PTS which is
generally applied in downlink in OFDM system. While
successfully reducing PAPR, PTS alters code
correlation property which affects bit error rate, when
applied to the MC-CDMA system in uplink. Therefore,
modified receivers to deal with this problem are as
well proposed.

1. Introduction

MC-CDMA [1] is a promising technique for
fourth generation mobile communications. Its benefits
are from 2 modulations. One is OFDM, a multicarrier
modulation, which provides high data rate while
symbol interval is kept long, resulting in its robustness
of transmission in frequency selective fading channels,
especialy at high data rate mobile communications.
The other is CDMA, which provides multiple access
capability. However, MC-CDMA as well. comes with
disadvantages ‘such 'as difficulty in subcarrier
synchronization, sensitivity to frequency offset and
high Peak to Average Power Ratio (PAPR). The last
disadvantage causes MC-CDMA system inevitably to
resort to, as conventional solutions, either high quality
linear amplifier or backing off the operating point of
nonlinear amplifier to cope with very high PAPR

0-7803-8246-3/04/$17.00 © 2004 |EEE.

signals. This leads to very inefficient amplification,
excess battery consumption and very expensive
transmitter. Thus, PAPR reduction techniques are very
significant for multicarrier transmission systems.

Consequently, several PAPR reduction methods
have been proposed, such as Déliberate Clipping [2],
Peak Windowing [3], Code Selecting [4], Selective
Mapping (SLM) [5], Partial Transmit Sequences (PTS)
[6-9], etc. In Deliberate Clipping, the simplest method,
signals are deliberately clipped before amplification.
This gives good PAPR but suffers some performance
degradation. Peak Windowing multiplies large signal
peaks by small window like Kaiser or Hamming. It
smoothes the hard limiting effect existing in Deliberate
Clipping, thereby decreasing the out-of-band
distortion. In Code Selecting, the number of codes with
low PAPR available is limited and the resulting PAPR
may not be realy low. SLM multiples a frequency-
domain signa by prescribed randomly generated
vectors and selects among them the vector that gives
the time-domain symbol with lowest PAPR. PTS is
based on the same principle as SLM but, in addition, it
provides PAPR reduction flexibility. In this scheme,
subcarriers are partitioned into multiple digoint
subblocks. Then, the phase of each subblock is
modified by phase rotation factors to achieve PAPR to
be as low as possible. The PTS is originally intended
for OFDM: downlink communications. The PTS in
downlink MC-CDMA system isinvestigated in [8].

As for this paper, a modified PTS for uplink MC-
CDMA system'is proposed. In-contrast to the original
scheme, this madified one rotates subblocks for each
user. Then it will be shown that rotating each user’s
signal is equivalent to rotate each user’s code to a new
one, thus altering the code correlation property. In
addition, various receivers combating this effect are
also evaluated.



2. System model
2.1. Transmission model

MC-CDMA is a combination of a multicarrier
modulation and CDMA spreading over the frequency
domain. The k-th user's MC-CDMA transmitter is
illustrated in Figure 1. First, as the number of
subcarriers is N, the same as the length of spreading
code, a data symbol dk is copied to N paralé taps.
Then, these pardlel signals are spread over the
frequency domain using ck, k=0,...,K -1 and
n=0,...,N-1, which is a chip of the k-th user's
spreading code at the n-th subcarrier. The k-th user’s
frequency-domain spread spectrum X¥, is given by

Xk =dkck, @)

where Xk =[Xk,..., XK 4]7 and ck=[ck,...,cK ,]T.
XK and cX denote the k-th user’s spread data and chip

of the spreading code, respectively, at the n-th
subcarrier. Each user’'s channel is modelled as an

independent flat fading channel Hk = diag{[HX,...,
HX ;1}, where HE is a frequency-domain channel

response at the n-th subcarrier for the k-th user. The
received signal aso experiences additive white
Gaussian noise (AWGN) of zero mean and variance

.

Xk Xk Xk Kk
I oru - =={DFT |- X xbf =
X
2% : 3O ‘TBD bl
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Figurel. Thek-thuser PTSMC-CDMA Transmitter
2.2. Peak power for multicarrier signals

In order to evaluate the level of peak power, PAPR
is employed as a criteria and is defined as the
following equation [4].

PAPR = max ﬂ 2

ost<T E{[S(0) 2}
where s(t) is an MC-CDMA signal, |s(t) |2 represents

the envelope power and E{|s(t) |2} shows the average
power. PAPR is evaluated per symbol.

93
2.3. Nonlinear amplifier model

To simulate a non-linear power amplifier, the
following Rapp’s model [4] is employed for amplitude
conversion.

o(A) = A , 3

0+ (| A/ Ag)?P) 75

where A is the amplitude of an input signal, A is the
saturation amplitude of an amplifier, g(A) is the
amplitude of an output signal and p is a constant
representing the characteristic of a non-linear
amplifier. In this paper, p = 3 is assumed, which is a
general value for solid-state power amplifiers (SSPA)
[4]. The operating point of an amplifier is determined
by input backoff (IBO) given by

Psat

O=——2 @
B s(t) 1}

where Py is the input power corresponding to the

saturation point of an amplifier and E{|s(t) [?} is the

average input power.

3. Proposed system
3.1. Partial Transmit Sequencesin uplink

The main idea is that the PTS technique can only
be implemented in a user-by-user manner in the uplink,
in contrast to the downlink case where the original PTS
scheme is applied to the sum of al users signal. Each

user's subcarrier vector XKk is partitioned into M
disjoint subblocks X%, m=0,...,M -1 (cf. Figure 1).
In principle, the total number of subcarriersincluded in
any one of these subblocks XK is arbitrary, but
subblocks of equal size have been found to be an
appropriate choice [6]. All subcarrier positionsin XX,
which are aready represented in another subblock, are

set to zero, so that XK :Zr;;ka. At this stage,
phase rotation factors = bY, ~with |bk|=1,
m=0,...,M -1, are introduced. After applying phase
rotation factors, a modified subcarrier vector
Xk =Zm:_01b,‘§1xh1 is obtained. To be specific, the

function of these factors is to rotate the phases of all
subcarriers in the m-th subblock by the same angle of

arg{bk} .
The calculation of PAPR is required in order to



determine the optimal values of phase rotation factors.
The calculation of PAPR value must be done in the
time domain. The equivalent time-domain samples of
the signal after applying phase rotation factors can be
expressed by

M-1 M-1
K = IDFT{X*} = > bKIDFT{Xk} = >_bixk . (5)

m=0 m=0

where the M so-called partial transmit sequences
x K= IDFT{ Xk} .
Ideally, the optimized rotation factor set is given

by
}, (6)

where xn is the n-th element of xk . This results in

- - M-1
{bX, bk _}= argmin{ max i
i) = O |2

optimum transmit sequence XX = Z:jﬁ,ﬁxh] , which
has the lowest possible discrete-time PAPR. Finaly,

the samples Xk are D/A converted and then
transmitted.

3.2. Subblock Partition Schemes (SPSs)

Subblock Partition [7] for PTS technique is a
method of division of subcarriers into multiple digjoint
subblocks. In general, it can be classified into 3
categories: interleaved, adjacent, and random SPS, as
illustrated in Figure 2. For the interleaved SPS, every
subcarrier spaced L apart is alocated in the same
subblock. In the adjacent scheme, N/M successive
subcarriers are assigned into the same subblock
sequentialy. In the random scheme N/M subcarriers
are randomly assigned into each subblock.

X T oot aselooolooel LIIT i i Wen 'l
XEL T o eal ool T1it 1] Lty i@
XYoo lenolool [T, ol loeool Loool
DGR SN SO SN IRARE R N
@ (b) ©
Figure 2. Subblock Partition Schemes
(a) Adjacent (b) Interleaved (c) Random

3.3. Phase code

Consider a user signal

M-1 M-1
XK = IDFT{Zb,‘ﬁXFn}: deDFT{Zb,‘ﬁckm}. 7)

m=0 m=0
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Its discrete instantaneous power is

=L S s e o
\/W i=0 m=0 ’

It is clearly seen that, for a constant amplitude data
modulation such as quadrature phase shift keying
(QPSK), PAPR does not depend on the data but the
code. And since the code is fixed for each user, then
PAPR remains the same among data symbols, though
their amplitudes may vary. Hence, the phase rotation
factors need not be changed unless the new code is
assigned, eliminating the necessity of transmission of
the side information and thus no extra bandwidth
required.

According to (7), it can be viewed that the code of
each user is atered by the phase rotation factors, hence
introducing a new code, the so-called phase code

M -1
ck = > bisck .
m=0

3.4. Receiversfor phase code

After passing through fading channels and
experiencing AWGN, and being converted to the
frequency domain by DFT, the received signal is then
written as

K-1 _
Y =D HKAKXK +N, 9)
k=0

where AK is the received amplitude of the k-th user’'s
signal and N denotes AWGN in the frequency domain.
By reformulating (9), the equation in terms of the
phase code is obtained, as follows:

K-1 M-1 K-1
Y =) HEAK S bloXl+N = > HKAKdKEk + N .(10)

k=0 m=0 k=0

In case of matched filter as areceiver, these phase
codes -are-matched to' the signal to extract users
information in stead of their original codes. However,
the new phase code correlation property may not equal
to the origina one. As a consequence, the contending
receivers that have quite good property in dealing with
correlation problem will be simulated. These are
decorrelator, MM SE and PIC [10].

3.4.1. Matched filter. Figure 3 shows a bank of
matched filters. The coefficient of each matched filter
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Figure4. Decorrelator

is matched to the signature code, multiplied by
corresponding channel transfer function, i.e. the
maximum ratio combining (MRC) criterion, of a
different user. As a consequence, it provides the
decision statistics for the k-th user as

K-1
yk = (Hkck)HY = Akgk + ZAidipkj + Nk, (11)
j=0,j=k
where pM = (HKSK)HHITI = (ck)H (HX)"HITI and
Nk = (CX)H (HK)*N . In a compact form,

y=RAd+n, (12)

where y=[yO,..,yK1T, R={p4}, d=[d°,...,
dK-1T, A =diag{[A",..., A 1]} and n=[NO,...,
NK—l]T'

3.4.2. Decorrelator. Figure 4 depicts a decorrelator.

Decorrelator is a multiuser detector. It further exploits
the matched filter bank outputs by processing them

with R-1, resulting in

R1ly=Ad+RIn. (13)
3.4.3. MM SE. MMSE detector, Figure 5, replaces the
transformation R~1 of the decorrelator by

[R+02A2]1, (14)

where o2A~2 = diag{(::)2 (Aifl)z}} :

3.4.4.PIC. PIC isillustrated in Figure 6. In PIC, al
bank of matched filter outputs are demodulated,
respread by according users phase codes multiplied by
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Figure5. MMSE

STAGEN

STAGE 1

y(t)—>

HK-gK-

Figure®. PIC

corresponding users transfer functions and then
subtracted, except for the user of interest, from the
DFT of the received signal, thus resulting in

K-1
Yk=Y- > AldIHICI. (15)
j=0,j=k

After that, the remaining signal for each user is
matched to the according phase code multiplied by that
user’s transfer function. This can be done in many
stages (cf. Figure 6).

4. Simulation

In this section, amodified PTS system is evaluated
in terms of peformance index of PAPR
complementary  cumulative  distribution  function
(CCDF) and bit error rate (BER) by computer
simulation. The modulation method is QPSK and the
number of subcarriers is 32, the same number as the
length of the spreading code. Both random code and
Walsh code are employed in the simulation. The
number of DFT points is 32x4, meaning that signals
are oversampled by afactor of four.

First, the' PAPR CCDF performance is shown.
PAPR CCDEF is the probability that PAPR of a symbol
exceedsa given threshold. Therefore, the vertical value
is the probability that PAPR exceeds the horizontal
value. Figures 7'and 8 show PAPR CCDF performance
for random code. In Figure 7, in addition to the CCDF
of a system without PTS, three aforementioned SPS
performances are shown. It is clear that the random
SPS is outstanding. As for Figure 8, CCDF of a PTS
system with both the number of subblocks and the
number of admitted phases varied from 2 to 8 is
illustrated. Note that varying the number of admitted
angles gives little effect. Incontrast, increasing the
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Figure7. CCDF of aPTS MC-CDMA system of various
SPSs with M = 4 and the number of admitted

angles=2

Pr{ PAPR>PAPR }
=
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4 5 6 7_8 9 10 11 12 13
PAPR (dB)

Figure8. CCDF of a MC-CDMA system employing
random code with various numbers of

subblocks and admitted angles

number of subblocks exhibits better results and M = 4
and the number of admitted angles of 2 are reasonable,
in terms of computational complexity, because the
number of computations is (number of admitted
angles)™.

The CCDF performance of a PTS system
employing Walsh code, with random SPS, and M and
the number of admitted angles equal to 4 and 2
respectively, is illustrated in Figure 9. Note that for a
system without PTS, compared to random code, the
Walsh code exhibits very high PAPR. However, this
PAPR problem can be greatly reduced by using PTS
technique, though not as low as in the random code
case. And its contribution ‘concerning BER will be
shown in the subsequent paragraphs.

The BER performance of a PTS system is
illustrated in Figure 10. Here, BER of a system without
PTS with linear amplifier equipped is compared to that
with nonlinear amplifier equipped, in case of 3 dB
IBO. Note that BER degrades dramatically because, in
addition to highly distorted by the amplifier, signals
are degraded by noise. Also shown is BER of a
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Figure 10. BER of aMC-CDMA system employing Walsh

code with various receivers when original code

applied

nonlinear amplifier-equipped PTS system when the
origina Walsh code is employed at receivers which
means that the conjugates of the phase rotation factors
are multiplied as in the original PTS scheme before the
receivers process the signals as usual. Note that when
origina matched filter, decorrelator, MMSE and PIC
are used as receivers, they can improve BER dlightly
since PTS reduce nonlinearity and saturation effects
from the amplifier. However, at high SNR, BER
converges to the case of nonlinear system without PTS
since noise dominates less than that at low SNR.

The superiority of a PTS system with phase Walsh
code regarding BER .is.illustrated in Figure 11. Here,
the nonlinear amplifier-equipped PTS system employs
the receivers mentioned earlier, i.e. phase matched
filter, decorrelator, MMSE and PIC. Note that they
improve BER much further than the original code case.
To be specific, PIC performs better than phase matched
filter but inferior to decorrelator and MMSE. And the
performances of decorrelator and MMSE are almost
the same. Furthermore, the performances of
decorrelator and MM SE lie beyond the system without
PTS with linear amplifier and MRC matched filter
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Figure 11. BER of aMC-CDMA system employing Walsh
code with various receivers when phase code

applied

employed.

Figure 12 shows an interesting result when SPSs
are compared to each other regarding BER with
various 1BO values. In this case, MMSE receiver is
employed. Note that, at 3 dB IBO, random SPS
performs better than adjacent SPS because random SPS
can reduce more PAPR. However, with increasing
IBO, adjacent SPS performance approaches closer to
that of linear case than random SPS. Moreover, when
the amplifier is linear, the performances are amost the
same. The reason is that, with adjacent SPS applied,
the correlation property is the same, i.e. the rotated
codes are till orthogonal to one another.

5. Conclusion

In this paper, a modified PTS technique has been
proposed for an uplink MC-CDMA system. By the
sake of its flexibility, i.e. the number of subblocks, the
number of admitted angles and SPSs, the resulting
peak power reduction can be achieved with several
levels of acceptable PAPR. For each user, PAPR
depends on the code. Since the code for each user is
fixed, the phase rotation factors can remain fixed. The
phase rotation factors can be merged into the code,
thus the introduction of the phase code with which a
matched filter correlates the DFT of areceived signal.
The phase rotation factors alter. the code correlation
property. To deal with this problem, the BER
performances of phase matched filter, decorrelator,
MMSE and PIC receiver are investigated compared to
the original ones. The results show that they can cope
considerably well with correlation problem, especially
decorrelator and MMSE and, hence, in case of
amplifier being nonlinear, their performances are
superior over the system without PTS technique for
peak power reduction. Furthermore, when adjacent
SPS is applied, the code is still orthogonal. Therefore
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Figure 12. BER of aMC-CDMA system employing Walsh
code with various IBO values and MMSE

equipped

if amplifier capability is quite good, the resulting
performance approaches to the linear case.
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