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KRISSADA ASAVASKULKEIT: WIDELY LINEAR DETECTION FOR MC-CDMA
SYSTEMS. THESIS ADVISOR: ASSOC. PROF. SOMCHAI JITAPUNKUL, Dr.Ing.
89 pp. ISBN 974-53-1729-2.

In this thesis,a novel detection in multicarrier code-division multiple-access
(MC-CDMA) system by using adaptive widely linear algorithm is proposed. The
proposed method utilizes the time-multiplex-pilot symbols as the reference symbol due
to the frequency selective fading channel. In addition, this algorithm jointly elaborate
the received signal and its complex conjugate. To verify the performance of the
algorithms, the proposed techniques are used for the uplink channel response of MC-
CDMA systems. The simulation results show that this algorithm has a very good
capability of suppressing multiple access interference (MAI) , resulting in a MC-CDMA
system in multi-path Rayleigh fading channel. Our performance analysis and
simulation results are compared and shown to be in good agreement that the widely
linear detection stochastic gradient algorithm has important advantages over their

linear counterparts.
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PRIANNZANNTS rﬁT\ime‘Lugﬂﬁ 4(2)

lunszuaunisas1edty oo LazAHEA LA LARe SF AT AR N
Wi uazdyanasinnulasanisunsndaansednedl (inter-chip  interference) e
Tnenisunsnaanszninedliazinlinseenuuuirtesiuuaznis delashuddudensnniy
Sieeann resolvable path ity ARtk lunnsas et lE i 1eFeesuLLL RAKE Tnt
SR UL RAKE Haztlsznenlil@ae branch asairtesiisans branch Ineiatessus
aAa synchronize fil resolvable path 1 path GnémRsIdau Ty /N fiAniosdle oy
Ty AUIUABY branch LAALULIL RAKE faziiAnann

nsa¥aesiuuLL RAKE fianussenndudeuuazdasi Aetulunsaiaile

TH9ua3e santensfiazfasiiarsuntenisldnassnudon asaindgunsnilananied
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a

wnwn iugneanuuusnnelidaniuualildnasanusn lunisasmasaudesdoynyining

1§aneuuy indoor wuanluusiaLaasANNdazlan T WI a9 Aty UMLILLLUIL (flat) uas

Fuuuseianianing assiaqldsnlsznaunisuaniA NN el s DS-CDMA Huiius

Anviaesdasdynyinindnendtuuusinisantls n1sisadsznaunisuiuandy uaaednding

b

'
1% A o a

TEwasauaziinaufag Wesannisdsennanadyuiniuaznisdalaslud wanannil fa

v o

1
a

UsznauniudAiAun wuneauIndynyuigdeas lduuusiniaesdesdyyinindi

yndalungldnineannsasng il ss@ansnan

- MC-CDMA [1]-[3]

NM7A0417UWLL MC-CDMA  azhduiusaniaasdrynymdneldilunansenuans
delay spread (Hasaindalnyans MC-CDMA dsznaumiadnyynaindunideeauuuiny
4‘ dj o ¥ 1 o o/ (g 1 1 AI
wAl N AduTazinlitasaanaesdnanenindiendn delay spread 11n uazazliiiumay
la6ia delay spread waznIsLNINAaAszUdNAANEAlManTU DS-CDMA uaniuilaann
1 11189970 F-parameter @ 1130U5uA 1A NMN9s2199 ARUNIE RR AN NNz AN

% 1 1

g N1raRar MiqssnatnisuEdAdasnqd A1l DS-CDMA  Wald  Aaun e
A

TliFunaa84 deep fade in frequency Aggili 4(m) wazgiln 4(3)

amplitude

frequency

amplitude (ﬂ)

m frequency

amplitude

frequenc
V \/ q y

m requenty

N A N
()

amplitude
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'
a

U7 2.5 aulnpingesdtynyioineganlnedasing o

o

(m Ayt Narrowband

o

@) Atutuntd DS-CDMA

v o

o

@ Atyty1ns MC-CDMA rliauilazgnasnnutesdoyayins

v o
o

@ drytynnd MC-CDMA rasangnassinugesdnyanm

v o

2.2 nMASUlUszUU MC-CDMA [16]-[17]
2.2.1 uNpdNaLAas (Conventional Receiver 113 matched filter: MF)

dl o a d’l Y o ¥ dl % 4 dl 4
Lm'mimumu%hwmm@mummmm'ﬂumiLLﬂﬂﬁmmﬁmmmﬂnmﬂ@mmmmi

|
1% =

~ e [ ay ya o v
aanunandyyrnusaniannaniulilaedladnisindedny gnunsnaanaing liaua

aanldnew scuvaziansadymnnuninaaamanduiudoyoosunoy daluile gl

al

Tuszuuanuaunn agiliinssinduindagadlonaianaingeson  denaliansonus
Tnssanaasszuuanas Inatennzidanisaaupuniasnniagedulladrsladany safinli

sruvazldiunavesdsngnasallng-lna (Near — Far Effect) T9azasnavinliiinaanu

a a 9

Rananalunssnduiintaganiniy asdnigauatAsasduuuudafgartafiuiaannaann

al

1 v

%
<2 %

FrunnuunsnaaafinaTiwii

222 Lﬂ?m%'wnﬁﬂﬁ'ﬂﬁ'ﬁaﬁ'zyzy']ml,msnﬂ'ammummu (Parallel Interference
Cancellation: PIC) [16]-[17]

duesasiuuuudasgaries (MUD) wuniilui@audis (Non-Linear Receiver) ign

a

©

) 9/4‘ IS o o dl o a .14’4 ° a v
Ui aanligiu nannisineuzeATesiuTiniiae Nanistsrinaudndeyaveyld

nnauaanuinauluduneuusnlnaldiisesiunun MF - udsanntuasinnisuniindasys

o

watiueanamRduawAgaiuiLAuds ke stin lindrsaanaandty oy nusaunsu e

1 |
b7

wanslugy 5 TnaAsesfuatintias ianssouslunistavnnndrynnunsnaeniaiiiad 1
a o o d|| 1 [ % A o o ] | 1
ynavlusruudnIdsesdy g wingy vizanasauguni e lunasdaiuliaing
Y\l . L )4 IN.1AVIE
anysnd waienisatuanindslianysaliaTaviuaiatiaslianssouzlunnslsecunn

'
o = o

&yoynouunsnaani llain



Received Signal r(t)
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Userl's Userl's
DataBit Respread & Demodulate & Bit Decision DataBit )
Remodulate A Despread
User 2's : User 2''s
DataBit Respread & ( / Demodulate & Bit Decision DataBit
Remodulate NG Despread
User 3's A% User 3's
DataBit Respread & ; Demodulate & Bit Decidion DataBit )
Remodulate 4 Despread
|
i
UserN's 1] User N''s
________ DataBit Respread & V& Demodulate & l—» BitDecision i..DataBit
....... Remodulate i Despread i

gﬂﬁ 2.6 19985190199 N A NATY I LUNINADA LLLTWU (PIC)

2.3 \AFAIT LT HARIABNTZLIUNNSALINAANLRR LN AIRAIIDIAMNRANRIAB A

(MMSE Detector) [18]

d‘ o a -:24/ = o rd‘ dl a o/ d‘
TR LTHANA NN RLIEAIAINENATANKATDINI TN AREYBINUUNINAEALIBIATN

¥ =K 1 Q‘ o o o
i Denananie (MAD) wazazldliiunidseesdyannsuniauuuund Tnaende
4 Y N 4 .\ VS S co
Raulw89n199n 1A RANNIAYANTRIANNRANAIATIANNAR TeazauagiuAIINIAaTAN
Use@AnsAannng

w(ny)=R"(n;)p(n;)

p(n,) = E[d; (n,)r(n,)]
= i N Y =
69 d,(n,) AR um@gmmé‘lﬂmuw k

nef

24 uaziagnrasaanaanauuulinaLdady
Tuszundeansuudneiasungndmy i nnAefguLLUAMIuaseU  (real valued
random vector) HAneauln g, WU [10],[11] aziiAlaFeudiily
T, = Elu u” |- s, 4] wagilananduiugladifudail
T
Ly = E<(U—,Llu)(V—,uV) >
» ol . Sy : o
wignnmasieiansanfudnuwdedandu 61 x = u+vi azuAedE8e X

Wl u, = 1, +ip, ludauassAanduius (covariance) WluAaannig

Z XX =1—‘uu +Fvv +i(rvu _ruv)
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TuanusiAanduiusdauAnis (complimentary covariance) as@nunInliedunng e
p ry

o

N

=he

[,=0,-T,+i(,+T,) e (2-12)

anaumstrefunudnlneriluluunanamidanisldfinnsaziae ludanaesnis
AnlAaFaud-iieimaaiuy (covariance) %'qmfazﬁﬂn@mmmﬂmuﬁﬂwmzﬁdﬁ strictly
proper %7 circularly symmetric Lﬁ'mm@'}ﬂdﬁ r,=r, uwsl, =-T,

LwﬂummLﬂm’?ﬁqﬁummumimﬁlugﬂLLuuVTIQVI:JJ WuIn n1gazias ludauresnisfn
Anavdaug (covariance) Aniianldldnsmanisaings r,=r, we T, =-T, Favha
AMANLTRWLL improper  symmetric mmz‘@apmﬁﬁ@mzﬁmmmmmmd’]miﬁ'm
futlegulnanuandfuuL proper SlasianissnlaaBaudarnineAanduiugdou

o ' o o &

WANLAN (complimentary covariance) NUAIAUANANUS (covariance) tagENaINN19AA b

douvasdag prasduanondeion z fAail

uazAednveaRnaes z axifly u, = E[z]

+i
=[“” _”V} ......................... (2-14)
My —I,Uv

gdanalfAguduiusdumNAN (complimentary covariance) az@nunsadeuls
vl
H
> =E@-u Y- )")
Zxx FXX

== | &= (2-15)

*

FXX Zxx
anannIstneduazinNlszenFiuszuL MC-CDMA® TnaiBuanniingg

Herasniafuldedny onndugasdyoaniy

ro(ng )=

Tnedl f, w8z g, , U cyclic prefix uaz n, (n,) e dyaynusunaunidige

M=

\/gym (M)A, (M) f +d, (N =G, T+0 ()] oo, (2-16)

=~
i
N

b

GGG
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fduaunudyyandr, (n,) Aaaniaas x(n,) Lazlanazaingz(n,) 1y column
x"(n,)
x"(ng)

¢ o a o‘d‘ o i’/ = o o . dl dl o VA [
wnmasANLseAntntianiguiuarinisliusa (adaptive) 1iNaNazinliANNANAIANIAY

T 1 1
| a o ] 1 oo a o XK
vector L‘ﬂuz:{ } Tnedtyryn x(n,) azgniinleunisamuonimefduilsc@ns T

A9ARRLANGA TUWLNAMNNIATINTETILEY [2] Hnnsnuuadoyay niiiunniee fdnlsy
Angiiu
yin)=w" ()x(M,) e, (2-17)

A A o K v ¥ a =K o 1
LW@W@gﬂﬁ'zﬁqumﬁqum y(nB)sLMNﬂmeﬂﬂmﬂ\W’mVl’m LTNANNINITEUNNNT

a 9
(%

Usrannuiluaasdounas i dudaiuwasiueail

Y () =W M)Z(N) e, (2-18)
Tnef W, () =[wl ()W) (2-19)
y(N,) = W (0, )X, ) AW (0, )X (M) oo, (2-20)

FanATANNIUIZHN AN AN (2-20) 1379 BN widely linear (WL) a1n [20]
139 linear conjugate-linear (LCL) AngunI3il (2-18) WU AN RANAARNdagadLaat (mean
square error) azilenatili
MSE[w(n,)]= E[ (1,)2(1,) = ¥, (1) oo (2-21)
Fehuludaninasfasmenanaiiaynnnesdudlssana w" (n,) LAY
w (na)%amwud%ﬁm@m w(n, ) uaz w (n,) agluEnRdadulucN vinlinanedu
iiaadisd dsnalinadnsuesnagnuavainaaisiamaiuaiaandssesdoynyiu y(n,)

fill y(n, ) wuL widely linear &tUeunnd y(n,) kUl widely linear aziflulisiapaduunudyoynm

N y(n,) lldEunszuaunis widely linear  §11371871AEMANNITTRIANNAIRINAUNLAN

@(n,)—dw (n,)IIx ) W&aZ_ (d(n,)—dw (n,)IX)
Aryanmod | [ A avdlsznenx, X" Faannfufaunemdiuglun e
Aandeazaunandaulaiiu
E(dyx(ny))=E(d x(n,)) © 0 0 G (2-22)
By X (M) =E@ X (M) e (2-23)
WUANANIT (2-23) adluaunisi (2-21) devanisuRaunialagvdnnisrenauss
N w,, (n,) =R, (n,)r,,, (na)%lq
R, (n,)=E[z(n,)z" (n,)] Ua% 1, () =E[()d; (0)] oo (2-24)
ANUNANT [4] esinnsmnAnes w,(n,),w, (nB)Iﬁmumiﬁﬁmwmmaﬁﬂﬁﬁq

a dl £ dl b7~
@94 (mean square error) AANTaeNgaazun &L



w,(n,) = [R, (1) =R _. ()R (0, )R”. ()] x|, (1) =R_. (0, )R (n, ). (n, | (2-25)
LN

w,(n,) = [R5 (n,)- R". ()R, (n,)R . (n,)]" [r;; (Ng) =R (Ng)R (N1, (nB)J ---------- (2-26)
Tnesi R, (n,)=E[x(n,)x" (n,)]

R, (n,)=E[x(n, )x"(n,)]
r, (0,)=E[x(n,)d; (n,)]
Az . (n,)=E[x(n,)d, (n,)]

ANAMNFNTLET IFsanansauantddn widely linear multiuser detection (WL-
MUD) A84an13ns UAINIgEAes [9] L9517l saul (spreading code) , WBNWAIA
(amplitude) mmﬁfyn&nmdwquiﬂﬁqLWMmm'&;quﬁ (carrier phase)

A RanT N Tiaang ( 2:25) Uz (2-26) wiudrluwailu r,.(ng) Uaz R_.(n,)
uruel [6]-[7] iaetue Whiute o joint circularity Saavdenaliiaunisi (2-25)
WAz (2-26) LW w, (ng) = Ri(Ng)ry, (ny) 48T w,(n,) =091 19 WL-MUD anguaaiilu linearly
multiuser  detection  (L-MUD)  wLUAQLAN (conventional) agnelsfinnulugnnunisdl
Unsatined laignunsaiaulanin joint circularity anfiviy n1suanaRLLL BPSK Tusyuy
DS-CDMA uaz MC-CDMA  aalunaiiii y,(ny) LU UIUATY Faviu N, (Ng) =1, () UAZ
w,(n,) =w; (n,) 48z d, () =2Re[w (n,)x(n,)]

witidunisuagaaltL QAM  wazdnyay ndsunawiluluL noncircular Falu

T o

nelll r_(n,) = 0WsNd w,(n,) = 0 denalif WL-MUD Hilss@ninawsnnnduazesiuuuy

AYLAN (conventional receiver)

2.5 {RaeaNFINAL R ARANS S USURITEUL
- vtymgmuwsnﬁammmﬂ‘ﬁ"i’lﬂﬁu (Multiple Access Interference :MAI)

A0 UUNINAARAINY M Ia U INATWLHAIAINTZUL CDMA {9

¥ ¥ Y 1 o

Anua i g linaraauidldde @y oy raludasmnnivazinanmaaiulng ldswawd

al

v 3
A o o 1

wansingiulazadunuantfsInaessiawimailunisusnueazdeyanesdldusiazaw

aaNANAY waziaiinnansenuAaNTasd Yy 1w nnsgnaaneulaawamsazinlis

Q

o o ya 4 o \ | cR o g ya o o & | o | ol
?ﬂ@mlmﬂﬂq?mﬂﬂqﬂﬂu@ﬂqﬂiﬂ'&Nuﬂﬁ‘m "Q\?‘V]’]s],ﬂLﬂmﬂ’]@ﬂ@ﬂwuﬁmqﬂﬁ‘zuqqﬂiuﬂLLN"]J@QETL?]V]

Tdwinduaud wananiidyaunns MAI faintwiiiasarnnisldsiauniun Pseudorandom
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noise sequence ( PN- Sequence) uay 3WAULILIAN (Random code) TasWaLHINAHALS

'
o o '

AuantifssaIny ldanysniagudn atnglsfinuaranduimsdiusinainazidefisniuin

4
= a o Y

Ty A o . X , Ao o ~ o =2 Y, o
LLW?J@@?J@\??M@Lﬁﬂqquﬂgluﬂ?mmﬂﬂqﬁ‘lﬂ@IV’VJ']NLﬂu@zsﬁﬂiﬁ?u@muu@qﬁqmﬂmﬂ‘wmﬁ TN

1
1A o

P09AIa Az fAsiANTAN TepsaduiunstinessianiaouasaInateanysnd i

! ' 1%
=2 A

Hadamard-Walsh Code @<iiaifinnduiiluardalnsiatiuldrAandunusinuaadasiaimg

S A
ATHAMMGININ

- UUNUUNINIAATENINIARUNMIE RS (Inter-carrier Interference : ICI)

v
o

nsfudedeya’luszuy MC-CDMA i aziflunisdedeyalneldinaie

dl 6 1 d} Y o aa ¥ 1 v i’/
paunvities d9arldginanllunasdszuanadyniunaneaidisandasludunaunis

wlasnFiefuaznisulaanduniies Gedunauivaasilazinismineulfatneanysal &1
= 1= b e e = e = = S, o
ARUNIERNAYINAIRINIZNINAN HWAE ARUWIYEAYHBINAIANNDNANANTYNITY
F wihaes 1T Tog T ifluaapganenaniueasdaionidasa 1 deydanenl uas F llusaiuau

WHUaNle 7] wazilesaInuaLedInIsinAINReaNiEn Maianin  uaznaifinaRg

|
A

1 =3 ] 4 Z’/ ! 6 1 j a 3 U &
aeinaF azdena WA nAanszndadunviteatigoydelyl nlinsudasfEiesuaznig

o '

wlasndunBiesiuldanysal inliifedyannunsnaensyndnsadaunndeias (ICI) Tuly

v o
1
1 A

wurfszul DS-COMA  Alildannsdsdayaiiunananaunivitaaas liddnoyinunsn

U

#amilsznnilinn Ty
AR (Fading)

Tuszuunsieansinsdniiliane Adudtyn iignasesnuinieniageas

T4 IAAUN1INDITIN19n1IATUL A e N1 T ULUIATI INTI AL FaInUAUAIAAI919 11

v Ao ¥ - N o = o = X
ANTNULAAARNNATYUNUACARILANBUNNIU 1PN ARUATY U UNNI DN INNIATLAZARTU

o o

ANNNITIINATUTBIAALUALA DN NIDIAINUALAANNALAAAINNITRZT AUUTAW NN URS

AR2919509 ] 1 Aeneaing Fuld eruninue TaaazBandaingnisniiidn nafiannyan
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(multipath)  uazHaaINNISAANYINHeIN Ay N tanaaniafulsznaudas

HaLINBNATY QI IgNaANan auNIWE uazilsrdmisnailameuiudygiuign

sunannagds Tnedy e ieaziian1229N LU LA N T 2N A URLILTN A9 TUAY

' '
1o a o A

uagiiunase9dryy UUAazIINNNTILEY LHENA1TWININANNT HATEINIIRANYAT

a

4
X
%

1 AazinliAndayayoumlnfsieazaanaudtynnmgndannlupauniitessine o luszuy
MC-CDMA  tiulasuaziidadtynuiiianydnddAnnalsydiinin Wamauiuaiuaes
&urynou Az lfieaeifeauiuuuiaenanudiuAedy i lulsazadauniitdas

o

ALDNAANAUAIEIAT AW

a

a 3 > D s
" : ﬁ
i 1 & Prrol slalion

317 2.7 uanaawlnfsan Frequency selective fading Channel
- pathwaasd (Doppler)

wanannasianyaauds n1anadsangnisninetinaeiiuiazdsnaausie
nisaeanstessruLingdwilianesion iesannuang iinsdwiliarafinsiaaeunassinli
4 At g . o4 .
paudTy sy Nl A NN aeull Tnaynaesdnyoyafiuns (angle of arrival

oo I~

dl a t4 1 =3 Qdd‘ a dl dl k3
a,) NgniaNliduguseudPaUA I UNNINIIN N WATIANISLARBUN B 1

A

adniilFane Aauanalugiin 2-7 uazAn Audaelwasfaesnaudtyny 1nann n azian

o

X
JU

f, = fa €A, (2-27)

n
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Y 4
J o @

{ U { 1 2 [YN-4
Tavii £ _feminnudaolimassgegaiiveziuegiuanusivesd iy Insdwi 15ae (v)

Y o

1 d' d‘ 9 1
ngﬂWﬂ'J']‘JJﬂﬂﬂ1\1‘7]1“]5114ﬂ15ﬁ\1"11@llﬁ@\1ﬁ1|ﬂ15

U

1%
f =—1f, (2-28)

max
o
dl 6 d’dﬁj o ¢4 o/ dl
Wesannuaresisingnisainedinaeiiies azvinliailnninaaiunaes
Ay uAgnaetiunszaIaaanIenininIfdedoys 1HaRa191EIL980 HATDY
dsngnisninethnasitlazinliinanevaues@uiad (impulse response) 28eiasdtyoyIm

= =
ansilagulasnignan

Direction of arrival

of the n" incident wave

v

Direction of motion

1
=

all 44‘ o =2 s '3
717 2.8 UanayN o, 199Raudl nNInaeslsInn1sninatinaes

2.6 Tasdyaunldlunisinansszuy [29]

o o Y

TuawannnIdedoyaazilignsiangaanininiunaaesdydnsnide

[y s
>

v o

T AN Ay v o \ o =< o § a aa
Huduasaui A ndiAeiuAn delay spread 1estesdayaynnd A linaaedn1ainnian
1agdrynansindenailinnansnuianneudynindeayaduiuuiaanaun Aeiu
a a & o éldJ ¥y o K K o 1 U U =KX A Yo d‘d a a

meinusauiacldantlafnansnatndediu asiinnslddaesdyoyruniinnsifinamg
WLLWABNAIND (frequency  selective fading)  lA8AZNINITANa04TRIATY LU TUAN
NIM9FIU COST 207 lunimsgauiduldvianisutedssinnaesaninuandennis

. d o . a X 4 X oda L
unsnszanarasAdud Y enniiy 4 dszinn Aa Audewun (Rural area) Wuiilaeiall

(Typical Urban) AuitilasnN@anaua1edyeynoinnuidu (Bad urban area) wazuiiiin
1

@1 (Hilly  terrain) Inennsgiuiazinisidfannniu 2 ain lunisiauundnsnzaes
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TRIRTYEYIUAINANTNWIARBNFIN ] AINA19 AB delay power spectrum Uaz doppler

power spectrum

Delay power spectral density A¥1NU8NNNNNANILIAAETBIAIULTENALLD
X

o dl a = a de [ 24’ 1 o o o dl
mamanmmﬂmuvmwmﬂim T ‘IN@L‘ﬂﬂﬁlﬁ‘llu‘*]gimuﬂ’]i‘iz‘i_qlF’H@M@NW‘HﬁW’NW]’]Mﬂ‘Wﬂ\‘I

'
al

@

daadtuunnunazidusanImungnInNNTaenANND (frequency  selectivity) 2aaimRa
\inau Tne delay spectral density function 2847ee&tyry104mINNIRTFIW COST 207 6ign
wansldlugiln 2-8  Afindwaesdtunuazgnanvus WduilsiduaaainiuAiaailsyds

) a o el a a o A das a )
LLﬂxﬁqLQ@qﬂ?$')\1ﬁ|ﬂQﬁ§yfquV]LﬂmmUIHU?LQMLuum']LLﬂzm']LN@QV]N@QﬂﬁﬂQWQﬁHWLLNNQt

'
=

a 1 a a = nl/ I dl [~ a '8
HAunndnluudnassuneaziinauiesiall Taaan delay  spread MdunnsAimes
aAnylunnstieueniuazaiunsamnldainsniaasaeIAaannaIaead1ed delay power
spectral density #ia4 IneiA7 delay spread 1@3tasATyINlUANNUAARBNULILIAN ] Az

gnuanalflunnsen 2-1

8] {b)

B o — — - g LY

:

g E A ) "

: Rural Area 2 Typical Urban |

g.m % [

B \ |

5.1 3

::ﬂ ﬁ,'."_'!l!

] &2

m o |

£, i £, TN

3 = L 0 330 ; i . A
s = e

g ~ e -

= "} = = |

" \ 5 ,

g i Bad Urban | Hilly Terrain

§ | [ § 10 \

B \ & \

TR\t | BY |

2 I \ =20 |

S 7

g% ' \ 225 |

z \ | | [

&, | l\ ) & £~ = L L S A

;—g?ﬁu < 0 s 0 E B 5 1 15 il

r'iu=

g‘ﬂﬁ 2.9 Delay power spectral densities PIULLANABITB ”a;tyﬂmmmmmgm

COST207
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ANTNN 2-19788%1B8A Delay power spectral densities 1841LI1A1AAIT8Y Aeyenaumna

mmgm COST207
Propagation area Delay power spectral density Delay
spread
92147¢ 2T A 0<7'<07us 0.1
Rural Area (RA)
0 else Hs
Typical Urban 1.0009¢ © M 0 <7 <705 0.98
(TU) 0 else Hs
067126~ 07" <sus
| 2.53
Bad Urban (BU) | o3356e 77 MY 5 s <! <ious 15
0 else
25088 L A
0 L7 <2
, 6.88
Hilly Terrain (HT) 0.250886 ~STE 1 H5)
. : Ls
15 s ST <20 Us
0 else

o 5o

Doppler power spectral density  118937NHAANN1TLARBUNANANS U
sendaniiguuazginsnilfaamliiiadsangnisnl aetinaes (doppler effect) 1u 17
Wdyounulanudnilasuudadldainidy wazazFananuinaaullainaudimaiidn
m’mamfaﬂm@@ﬁ‘r(doppler frequency) GR doppler power spectral density Hazileuan
< o o o . ., 2 . da X
IeMnAsueAETeddaulsznauesdyyI NArAINDnelmaefsng o Minaau  Iae
NMgFIU COST207 UHN1INA19TN doppler power spectral density 719&% 4 tszinn A

Jakes, Gauss |, Gauss Il waT Rice pabdnalusiln 2-9 lag doppler power spectral

a

1
A o =

density guUuuL Jakes Huazifintuannz luns Nty uiinanlszisnesnisnaeui

o Ao A o | ) . H p o ~
NgUangn1enduvisaiagnan 0.5 M sec @ngﬂLLUU Rice uu@gLMNEUﬂUIHﬂ?mgﬂLLUU

Aaaa >

Jakes uslazAnDaKaTasAy o IUnAINAaINFuneungslanang (ine of sight) fae Tne

' '
=

o Aaaa X o X 4 - | a -
@mmqmmmqmm?\iuqzmm‘ﬂumﬂq’]ﬂﬂﬁﬂﬂLW@@? 0.7 L%ﬁ‘ﬂ@ﬂﬂﬂﬂﬂﬂ@ﬂm@m@mm (f max)



doppler powar specinal densty [dal

duppie pos spectnal detany (28}

it}

Jakes

et SpEChiN detedy (oB)

doppie P

[ Gk ;.
{d}
|
Gauss T | £
2
=
| '
g
%
*
z | |
dE dE Bl = i -
0 £ o

Gauss 11

Rice
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‘dl g ° 1 o
gﬂ‘ﬂ 2.10 Doppler power spectral densities 2aILLILIAMADITANAEULLNUATN

HIM731UCOST207

R399 2-2 TEATLBEA Doppler power spectral densities mﬂmuuﬁ’mm‘ﬁmﬁmmﬁmmm

NIM3§11 COST207
Doppler power Propagation Doppler
Type
Spectral density delay spread
1
“Jakes” 2 0<7'< 0.5 s fmax/x/z
T fmax |/ 1—(f/f max)
G(A{,-0.8 fmax,0.05 fmax) ,
“Gauss I” 0.542s ST <245 | 0.45fmax
+G(A, /10,0.4 fmax,0.1 fmax)
“Gauss G(A,,0.7 fmax;0.1 fmax) ,
- T 22 s 0.25 f max
I +G(A, /10 7,-0.4 fmax,0.15 fmax)
Q4f
“Rice” ZtmaxA[1=(F/ £ max) ' =ous 039 f max
+0.91° S(F —0.7f max)
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Tog Weridu Ga, f,sp  Hewnine

. _ —(t—1)’
(A fs) = Ajexpy——F ¢ (2-29)
2s;

AT A, =50/(N273fmax) , A,=10" /[v277 (+/10 +0.15)f max]

TneiAn doppler spread MdfunisAmasdrAnylunistsuendnenizan
SN Vﬂ;ﬂ;ﬂm%mmmmiﬁ@mﬁhmﬂﬁzﬁm"nmﬁ”ll,ﬂaf;lﬁ”lﬁmm"ﬂm doppler  power
spectral density Hieg TneAn doppler spread 293 dopler power spectral density U3zian

5119 7| IHuanalilunnsai 2-2

mnﬁmmﬂugﬂﬁ 2-9 uay 2-10 Daul delay power speatral density A%
a al' g 1 1 o 1 aa | o 0o o
Hlugaszannanunaelwaa whinaudasaesdyn i uudacinaziiuidadadnany e

nafinAugLuiuaas doppler power spectral density Miaan 14

TneNnIg1u COST207 IAaNAILIANMHINTBSATY I UUAZHENNAYAT DY

o

TYEYIUAIN delay power spectral density lugilil 2-9 uazgluuuresraninelwaasi

\inuan doppler power spectral density 1ugiln 2-10 saurussuanslunnei 2-3



AW 2-3 ILAZIBEATBIULLRNABITEIATYEYIUAINNINTFIU COST207

Propagation Path Category of the
Delay
Path no. Delay Power Doppler power
spread
(us) (Lin.) | (dB) | Spectral density
(a) Rural Area
0 0.0 1 0 “Rice”
1 0.2 0.63' | 2 “Jakes”
01 lLls
2 0.4 0.1 -10 “Jakes”
3 0.6 0.01 | -20 “Jakes”
(b) Typical Urban
0 0.0 0.5 -3 “Jakes”
1 0.2 1 0 “Jakes”
2 0.6 0.633| =2 “Gauss I”
1.1 Us
3 1.6 0.25 |7 1,-6 “Gauss I”
4 2.4 0.16 | -8 “Gauss II”
5 5.0 0.1 -10 “Gauss II”
(c) Bad Urban
0 0.0 0.5 -3 “Jakes”
1 0.4 1 0 “Jakes”
2 1.0 0.5 -3 “Gauss I”
24 Us
3 1.6 032] -5 “Gauss I”
4 5.0 0.63 | -2 “Gauss II”
5 6.6 0.4 -4 “Gauss II”
(d) Hilly Terrain
0 0.0 1 0 “Jakes”
1 0.2 063 | -2 “Jakes”
2 0.4 0.4 -4 “Jakes”
5.0 Us
3 0.6 0.2 -7 “Jakes”
4 15.0 025 | -6 “Gauss II”
5 17.2 0.06 | -12 “Gauss II”
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2.7 ABNFIARNTTOULUAZAINUNLUDIATGIG
2.7.1 @RFIANNRANAIALA (Bit Error Rate: BER)

fFns1ANRaNaIadnvTaAINttazluresANEanataln (Bit  Error
Probability :BER)LﬂumﬁlLLmmﬁqmmmummiwuﬁ'muifaiumﬂﬂqxﬁiﬁq 7 b flafinns
Lﬂ?]lﬂuuﬂmmmﬁmmm’qm@mﬂmﬁ@ﬁﬁym’]mmmw’?‘@Lﬁ@f«?’]uquﬁﬂ%lﬂﬁﬂuﬂ,ﬂ g 39
azAnanArERmdauessuLiinfiianan wasanNNsfnduindayanisniafumeauiu

AUBTEANIUNANYNAININNNIAES
2.7.2 ARFIEIUAT N AUFAAAIMSLNIU (Signal to Noise Ratio : SNR)

ABRsIAUATYRIUARATyI LN (SNR) dmulfldaui k Alenulu

A
o a

AVUNgLATLLS (Decibel : dB) AT

2
A

SNR, = 10log —1‘2 ......................... (2-30)
o

. : V.
e A, Aeuuanedtyi e Idaui k uar o Aa ANl

A YT TUNIUTI A ABANAITAIAEY £ UILNAUTULD



f
al

unn 3

5211 MC-CDMA wﬂsvﬂnsﬂ%’” nasnanuUl A AL adY

TuunilFnanntesaasiae AIaan1TuNdana A LU I A A LT AU

o o

dszgnaldsaniuszuy MC-COMA aqlatnauetuiaiinilszAnin naeansesiudoan

a K

3311 MC-CDMA Afletifnuazuananni iemuumiazldnaniis sane3viuia N1NAWE

a

udaniunissznnndesdtyninnislianiozaniunisniuuusing o

3.1 WUUANADY Lﬂ?m%'u’l,uizuu MC-CDMA

dl ] v Aa a sala & ¥ dl o o
Lﬁﬁ‘ﬂ\‘lﬂﬂ“ﬂ’ﬂ\i’iiﬁﬂﬂ&l@ﬁlLLﬁL?ﬂﬁ‘“ﬂﬂL‘ﬂNLﬂ‘ﬂ@\iﬂﬂ‘ﬁﬁuV] K [NIN1TARAEN

a9

(copy) 0 “m%m‘wmeﬂ@ﬁﬁmmmmﬁqmﬁm PN liulaimuaeannud antiuasinlluen
Y N 4

¥

Lzmmm@uwwmmijmmmu u@ﬂ‘ﬂ’]ﬂu%lﬁ‘j“ﬂ\ﬁ'&lx‘i V\‘i NIFLANTINANTTY (guard

q

o o

interval) L°]J’]VL‘]JL‘WﬂL‘W?,Jﬂ'J’]NWLWHuWﬂﬂ’]T'JfUﬂrJuﬁ‘”M’J’]\mm@ﬂ‘iﬂ’ﬂﬁ ﬁu IAEULLAAD

o

Y v
o Ay

NAZNUR9TEUL MC-CDMA muwmmmﬁﬂugﬂﬁ 3.1 Miidayardn, a, k], mm@ﬂwmw
krasfldauil m azgnindrwudadeasueanilidu N ae muswaundunites Tae
y o Y ¥ i Y 4 o o o I
doyaluaned i axgnAMALTLN | WR9sALN, c,[K], TIHANEIUVINTLATUIUARUNY
daeluusiazdld ndsantuwsazaradeyaszgnuaguandiuusiazadunvitas Seusay

paundagsineiududauauiazes L aaungaciussann antdudyninlunn

T, ‘

angdayaargnuinunsniu uazgnaseen bl

__.® > @

c,:[lil] cos(27f,.1)
— % > >
@y [F] —p c:[l] . cus[zﬁf{j%ﬂm] z ]

—b@ :@ »
c”‘ N 1] cos[?ﬂfcf+m]
Ty

717 3.1 UUUANABINIARILD99E UL MC-CDMA
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A1ngUR 3.1 deyadeydnenin k 2eeldaun m Ngndseanliazatunsndsulfag

U

aNn139 (3.1)

5, (1) = _“z’olcm [ila, [K]cos(27 f.t + 27i Tit) Prt—KT,) e (3-1)
= b

. A & o ' Y A
e c,[lle{-L13} e c,[0],c, [1,........ c,[N-1] ﬂﬂ?ﬂ@LLN“ﬂ‘ﬂ\jm“ﬁﬂuV] m

a o

p,. () unudtyrynuBuiadaunanilanilat (Unit pulse) NdAee lutaauaan [0,7,]

\HanIN191a09UIN ARS8 LU MC-COMA #3317 3.1 azwudnsiagld

aaafiamafiilusuounandwmiunisuesandnnluusasAaunf atslainused

v U %

nanaidedudntneAn B wisdimesaasszuufanie 19200 MC-CDMA Hazillnsea¥na
9dty AR UIZLY OFDM waziilaiansuniasasasiuy OFDM Tulamunanly

piaiiasarnugnadasariansulasnsiesldsiaiiie (Discrete Fourier Transform : DFT) i

v
Y o o [

wnlszgndlE s Aeiuuniuanaasesesdslugiin 3.1 Wee Fiflu 1 Rsannsounungu
.
7

)

109908 LaIRasAqanN1snlas DFT 19 ataelsfmuianaz il lnnasianiepunng

QI U [ o < 1 dl L 4
ANRACINNAN F Lﬂummw,mm@uim

=

3.2 1ATRITLNAIABNIZUIUNITALNNAANRRLNIAIEAITDIANNRANAIABRINFA
(MMSE RECEIVER ) waldluszuulnsdnnlsaie MC-CDMA

WA3895 MMSE (Minimum-Mean-Square-Error Receiver) apiliazasiy

glduaaau-(MUD) angtianils ANansninissindulainaannoamamiualeasaeaumsndg
M IWAAENANAYE89 MSE (Mean Square Error) HUUIARATIEA ANHUTNITNINIUATN

Rauledsnataiine aaunaeInlunI T8 ANANIENUIRIE U IULNINARA MAI LA

o

Aynnausunan CAWGN  aatglilTunatRgaiu dawanswaaniaTasiuarefsianasi

[~

o o 1

Hadunenndapdtyyiuunnaan MAI Weataaens i liReulaaeasneaifnesAni
dg/ = | a '8 a s % v & a % 6 ¥ o a g
tardnanauiiudunasasaunindanduiusassailsnnsldnaesldsauiumasnd
o o & o N Y- { o v A o oA A )
avdunusansdynyrnruniu Jaeasasiusiaiias lfualndirasiunnesiaimasludas SNR

(Signal to Noise Ratio) g4 7| wsiazliuanndnlugeg SNR 51
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AUNNUATRISUARLNINTZLAUNN IR NALRWLARLIANFAUFIWN (equalizer)
dl' d‘ ¥ dld Ddl 1 4‘ 6 1 o Y o a a
Wanavsandayananaganaanii linusdazadunitaarinliflsdnstanainuesda
daya (Bit Error Rate, BER) i@ 1sinmsasiagiin 3-2 Inefisorlfuminidanasnuliiaanly
pine7fuRe ORC (Orthogonality Restoring Combining), EGC (Equal Gain Combining),
MRC (Maximum Ratio Combining), Lkag MMSEC (Minimum Mean Square Error

Combining) agslafimunisnaziaanlddanasnuuuulafaves fudninaestasdoyoyin

a

deansuilundn
cos(270Aft)
' !
cos(2x fyt) Q—»Ba&»b_»
e

cos(2z(N —1)Aft)

317 3-2 uundnasaasn AU luszLY MC-CDMA fldsaniunishmnsidaouauu

MMSE

v

317 3-3 aulnafuindeasdoonnias
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WaRansandilnafunidsaesdyyrundeaanannipTesdeansssuudamuaBas

1 |
[ = o Y o '

RN 3-3 azwiudianlnaiuaesusazadunitiesriudeuiuwsarlisunauii
o :

A o 4 o o o g o a N eNA @ o = o
LAANAMNLANCANUNTNEREFINRTINN UL ULAN quﬂiﬁﬂﬂﬂﬂmLLﬂLﬁ‘ﬂﬁ‘sﬁﬁL@NLﬂimLLUU@Q@Vﬂm

1 a a a
AENNUIZANTNIN

1 '
P~ o

angl - 32 wiEwsaezidty s linieiliniaiudauu

aung1AAeT
o K _t2P . - - .
nM=%> AL Hd, () *c,, (t=iT, —7,)exp(jeo,t)+n, (t)
...... (3-2)
Tnanl K Ao Auanldluszuy
= o dl o 1
M AR AR N Elag
T, AB 19812890
A 1 1 £ 73
r, A wawassesusazild

= = . g -
w, AR ANDUBILLARSANUNTU

A o o dl 1 Y
\ AR ﬂ']ml,'mmmmmwﬂm

o

o o py o e o oo Y o a
LN@KE}J@’]MW?UVMNWHLLNWHWNLﬁl@ﬁ‘ﬁ‘zﬁ]‘]_l‘ﬁwsﬁ\‘lﬂizﬂﬂuﬂ'ﬂﬂ')\i@?'ﬂui’lLﬂilﬂ

RN PR TCTE PR XN (oIt P R et A S P R B P g Y N LT RO

K Pk
r(ng)=3 B e MG (M) By 40 (N =gy, 10, ()] s (3-3)
1
Tneh f, w8z g, , U cyclic prefix uaz n, (n,) Ae dysyrnusunaundidaugaden
funudtuynd r, (n, ) Aeaanieas x(n,) Kaste1azasa z(n, ) 1w column
vector Lilu
Z(nB) = Wn:l (nB)rm (nB)
' T o o o o
gda w(ng) =[wi(n) Wl (n, ). Wi ()] Ae sansesdivsuieiessy
Cd A . Ja 4
wiaziATestsIuagAunan ludesdynninislasuilasniunan
T T T v H
wag T (nB) = [rl (nB)' I (nB)""’ My (na)]T PNUU Z(nB) =W (nB)r (nB)
e lililszAnEnngegadmiLeTesLLLLANRAENINAYABIT09ANRANA AR
7145 (MMSE receiver) azsiasinlianimas w (n) raliiiaAianaianndsassadsiides

' 1
a0 a

nganeldtauladnannisi (3.5) FedlAnivenngn



MSE = E[ld,(n,)-w" (n,)r(n,)|'T oo, (3-5)

AINANNTIN (3.5) NARALURRLUAT (Wiener solution) 11

W(nB):R_l(nB)p(nB) ............. (3-6)

T R(n,) =E[r(n)r"(n,)1 .. (3-7)
p(n.)=E[d (n)r ()1 (3-8)

3.3 nsanuilasuazilszansdldaanasinnuulinaidaduinaldlussuy

TnsAnnlsana MC-CDMA

dl M v d} o Y dl £ % 1 o d,{ o o

Walildnagiannasnsnlunisiudeyangnsasusiugnunnaudiniunig
anansaasinadnsilFaaalueaninn 25n190uranlamanislssunudyyuniulddae
o ax P Ao a9 o P & a X A
danasnuuuuladamaduugnanin liinnsfudeyaiilsz@nsnwannay wasuiainnig
dszannuuladadaduarliiinnazinaniaesiaa@auduuy homocovariance laiiflu

Auel [25]-[26]

'fammﬁwuﬁ’*ﬁ@:Lﬁ@ﬂﬁma‘mﬁl,@wq:mizﬁ'ﬁmﬂ@mwmL%mimm'ﬁu (up
link) i Tnennssediasnresaeaineusazialuneilededayaresszuy MC-COMA fi
Enannandnefuasgnunuiidasnisdsdeyaangldisnisinsdniil¥anausazau ot
fdLEnaTnsdvaliFanaudazauanansafiazdsdasalngdaiausdfivilousuls Seluszuy
MC-CDMA viuaziinnianiifaeslanesiinnaud inlddeyaluusiazinsesdldunias
ﬂu%gﬂ@mmu‘lmaw\lmﬁwmﬁmz@mqmﬁLLmﬁmﬁu LAYAZEN At ANNLANFN LR e
unllumsusnuezdeyasa 47 i vaudsadiaaiueanan doudeyaandldnldsvaud
‘17‘1'LLﬁlﬂlﬁi’]\?ﬁ/uﬁ@wWN’]imLﬁlﬂLLﬂzﬂﬂﬂ@’]ﬂﬁu]’Lﬁ?ﬁmﬂ@’]ﬁﬂ@mﬂuﬁ’ﬁ%ﬂﬂﬁﬂﬂ]@xﬁﬁﬂﬁ‘ﬁ@LLN'EI’]N

PANNI718972 UL CDMA 91911
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O Ad
aplive
algorithm
x() -
X
py ; -
x(7) DDz ervor y MSE || Demodulate | B
o "1 Detaction &Despread " Decision 3
i i
x (i) d, (i) !
Adaptive
algonthm
W@

A a dr 1] L2 ar - H -
7% 3.4 LLR1R89IBNTTLL MC-CDMA Filddanfudaneinuuuylosaiady

1 [ -~ £y l'd =y X
unsldsern MC-COMA  fandusanasnusuulansduduil azfidyrauunan
ﬂi | 7] -~ -J 1 ol
ADANIABINRTUN 2 Ustiny RdnasdaanITouaersul Ussinnusn Ae Anjynunen
1 A - 1 i 1 L Bl dl L 1 s z
aansendglinldriaunfideiu (MAl TaassfinainnisigasdaunigyduaiBnaus
4 L] d" -_ :
an lWatiudeefy o %ﬁmfu"ncutwl?nﬂﬂmﬂs:mnm:mmulm:uu CDMA %n
i - w ey i - ] . .
suLatusT insasTuuRTHaImaMiIn1s 1435 nsUF UL maximum ratio combining
. X "
(MRC) axgninunlfluntranusaas MAI 4 daudtygrnuunsnaananilssinnae dryoyno
J i A - ] i » - J ; A b2 »
unsnaemszninad ildsiaudFidaaty (CA) Tudaandayaignasanddmuiuildia
1 - -~ -l' - iy, aill =y 1 L] PP T
udmlauiu Jdanainuuuiiadustiandn azgniwnldlunisinana
wuudrasamsiudedaysaniiudegiin 34 Taeaviarannisdefayanivine
-’l : oy v o - -
danlesrntu andUianueinedwilianeduan ~, au-lddsaniigou - Taedldusng
:; 2 3 dl o a A o - L] 1 dl ]
unasvddayakuaaunitesdauan N, adudwiudlduinasusazan Teanluusas
J o < - 1 4 - -~ :’J ) ] o A [ ar
Aaunvidanfacldmvawidiasiu saidudihiFnwiscauasldmiautdwau N, svia
-l L L ] naI -y d' ] =<
nssusuneiindanaifuuuularadadumnlesgnfditiaanaindinisiannn
dygraifum ldhmdsndtesdgyanndaady yrnsiuiinnieut® non-circular [20]

avdenaliludqueeinishmniaanidsudiuy homocovariance AaNNI2

e = E{(e— pa, X =0, ')
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= E<XXT >_;ux ,Ll;

E((u+iv)u+iv)' )= (u, +i, Nu, +in, )
=T, -T, +il, +T,)

anaun9n (3.9) azlianunsnaziaein I, =T, waz I} =-T,, 1HGes1azizan

Ul
AUANTE luanwaurildn strictly proper Wz cireularly symmetric Tnaidaulunjunaanumig
a o zdl | (% a a A o o
Annnssinazaziasluanifivazdana sz dnsnnaesasesiudoannluszuy MC-
CDMA antiatas  Tanentnusatutaziieidaneafinwiulonadadusntlsyensdldly
d‘ o a o a & 1 -:l' o o a oI d‘
LS LTTiARNANITLANNIIA NFALRALNAYABNTBIANAANAIAR AR (MMSE

Detector) azENAINNNNIAAS ez MC-CDMA vinisdsdayasaniunisneganiy

v
2

PN IitaWFaNiaNsgaudnALIAnLA (Spreading code) antufiazinutasdn o1
G| o aal Y a
duaneuenyin daua A

a a A < o : o @ o Ve @ o = =
WARANTHARANAINND ANTUNNNHNAIATUARZATNTAFUA TN LT ANA NN (3-1) d9azy

v o

a

nnasaudtyynsunauanngasdrynnsen uanvua liiumsnddny oy sulanng

AAFUAURALNINTF AR UT LA

Xl,l X1,2 X1'3 i 'leNB
X2,1
X=].
L= L (3-10)
LR Xueio |

AINANNIN (3-10) Wisiand x A doyantunsulsnieilaniasy

Ined N, A S1uIUIR9ARUNtas

A o a ¥ dl
N g AR ANUIUUATBHANAN

wuIdluszuy MC-CDMA finsldanuaupaunsftesanuaw N, niefaniasud

o o o

s o TR C e J
aypaadiATasiudnyoyinianuou Ny saeduiy iwedyninsinutasdoyoanid sl
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aspunaIannIsiameiliniafuasnsaiudynsnld  faziangnudidunniee st

Wudn (weight vector) Aeduniseail [27]-(28]

§/[NB]=W“[NB]XB ...................... (3-11)

1
o

Nansanannnnefaasdniduldasiaunnmes n,] Aol

z[nB]iKEr[];] J ......................... (3-12)

o

aen9lana syuuARansuLL MC-CDMA d&nynynudaulugjdnaziduaruawddau

o

M linnstszanudagrnuingnaesinatnisnazanludauiiudsg aresanuiuidete ui

'
a A

y A = =y o o noy o ol =
paeilaisNansoin ludinaesAdetanaesdn sy ls saneanuuuliAaidaduged

v T a

¥ v 1
o o ar a

aznn Idsz@ndnnaasnistlszanndunnnnauaai. diunuiiiunnaudaannnas

o o al

Uminazidlulddaannis

yingd = L [n, J2[n, ]

)A/[nB]:wlH [N XN 1+wWy' X [N, ] (3-13)

=

RINNIZUIUNIANNGANRAEN1AIEBITBIANRANAINFNTIGA (MMSE detection)

o

LFIRTUIANANAA (error) it

error=y[N_1-y[N,1] . (3-14)

a

4 A o g, N Ay oA o o
Wanazna liAitananaluannishn (3<14) HANUBLNGA LTIRININITUIAIN

PR

HananAnAdadRANAEoeNgn A9l

]

fy [0, 1= E|w* (n)x(n) = v(n,)
fose (WIN, 1] = E(| wii [n, 12, 1- yIn,11°)
= E<(vaL [nB]Z[nB] - y[nB])(W\:\l_‘L [nB]Z[nB] - y[nB])*>

= E<(W\:\—/|L[ns]z[n5]_ y[nB])(vaL [nB]Z[nB]_ y[nB])H >
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= E<(WWHL[nB]Z[nB]_ y[nB])(ZH [nB]WWL [nB] - y*[nB])H >

= E{ W [n, ]2, 2" [ng W, [, 1)~ EGying 12" g g [, 1)~ EW I 1z [y Tng1)+E(vine 1y Tng 1) )

=w, [N, JE(zIn, J2" [, I, [0, 1- E(¥In, 12" [n, 1w, [n, ]
_W\;'L[nB]E<Z[nB]y*[nB]>+ E<y[nB]y*[nB]>

= WHL[NB]RZZ [nB]WWL[nB] _ rz:: [nB ]WWL[nB]
—wlnIr, N1+ E(yInIE) - o

AMNTUATNNNIIMNNTRLUAANNNIN (3-4) WiguiLnmesaasnviin (weight

vector) Az lAuaansiLilusatl

VfMSE :ZRXX[NB]WWL[NB]_ery .................... (3—16)

0

\% i—f w. [n
Wy [ng] aw\:ll[nB] mse( WI[ B])

= 2Rzz [nB ]WWL [nN ]_ 2rzy

_ 2 Rxx[nB] RXX*[nB] |:Wl[nB]:| |:rxy[nB]:|

R [n,] R;n,] el (%[N
FagnunsnvLInIRe RN w,[n,] tag w,[n,] 1seannnsil

w12 (R g1 = R fng IR 2 g IR 0 1) e, T 1< R 0TR[] [n,1).3-18)

w,n,]=(R"_In,]-R.In, R[N IR [0, 1) {17 [ne ]~ R [, IR, Ir, . [0, 1) (3-19)
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a KR

patiunisin i ldasaazlseynddanesnuninisUiusale (adaptive) Aall [291-[31]

R.[n:1=FR,[n, =+ x[n,Ix"[n, ] ... (3-20)

R.[n1=FR .[n, =1+ x[n,Ix"[n;] ... (3-21)
ryn1=Fr [ng =1+xn. 1y, [n,1 ... (3-22)
r-INJJ=Fur [n, =1]+xn.ly, [ng1 ... (3-23)
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Thunnzan TnafniaidanArtasialfvanzautusziaanlugae 0 < 4 < PR
r

max (
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2
[
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. -
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(weight vector) ANNANNIT (3-8)
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U7 4.24 BER 2awseaiudnyaynnslunstlifld 8 aulusyuy Ninnsueganuuy BPSK

WalFauiaunanisanaasansuzaastasdynnmd 4 uuy anudnatinaas 110 Hz
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AT 4.1 mmuﬂ?wmmmrfmmmmm‘wmmlmm@zmmmmmmmﬁﬂm 4 AL

nIUNAAE 4 9181 DA wDiAelnass 50 Hz desdnyaurauduuuy Rural area

SNR (dB) 0 5 10 15 20
BER -not widely 0.2316 0.0875 0.0544 0.0022 0.0123
BER-widely 0.1821 0.0622 0.0387 0.0177 0.0113
nICUNAL A 4 e fianfinauimans 110 Hz desdnyaraufuuuy Rural area
SNR (dB) 0 5 10 15 20
BER -not widely 0.3013 0.1802 0.1105 0.0534 0.0386
BER-widely 0.2315 0.1206 0.0511 0.0366 0.0098
nIUNAL A 4 e fiannudineimass 50 Hz Fesdaynroufiuuuy Urban area
SNR (dB) 0 5 10 15 20
BER -not widely 0.2431 0.1362 0.0500 0.0263 0.0112
BER-widely 0.2186 0.0899 0.0387 0.0162 0.0106

UNNHE 4 e Apounasilinaas 110 Hz devdtyryrnufluiui Urban area

NItdn
SNR (dB) 0 5 10 15 20
BER -not widely 0.3412 0.2136 0.1356 0.06113 0.0311
BER-widely 0.2663 0.1772 0.1009 0.04115 0.0224
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NIUNAAE 4 918 DA wDAelwass 50 Hz deedtyayrauiuuuy Bad-urban area

64

SNR (dB) 0 5 10 15 20
BER -not widely 0.2996 0.2136 0.1366 0.0708 0.0389
BER-widely 0.2311 0.1506 0.0921 0.0556 0.0236

nIUNAAE 4 918 NAuDiAelmaes 110 Hz desdnyaunantluuin Bad-urban area

SNR (dB) 0 5 10 15 20
BER -not widely 0.4211 0.3362 0.2248 0.1389 0.0392
BER-widely 0.3687 0. 21 0.1993 0.1287 0.0367
ﬂi:’ﬁﬁﬁiﬂ% 4 3781 PAnaiAeLwaes 50 Hz deedtuayrandluuuy Hilly area
SNR (dB) 0 5 10 15 20
BER -not widely | 0.5216 | 0.4897 0.4711 0.4699 0.4618
BER-widely 0.4832 | 0.4688 0.4213 0.31102 0.3467
ﬂi:’ﬁﬁﬁiﬂ% 4 3781 AAnuAReLnaes 110 Hz dasdnynyrnailuuis Hilly area
SNR (dB) 0 5 10 15 20
BER -not.widely {05216 | ~0.4897 0.4711 0.4699 0.4618
BER-widely 0.4832 0.4688 0.4213 0.31102 0.3467
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NIl 4 8 9181 DA wfiAelinans 50 Hz desdnyauiauduuiy Rural area

Tl 8 AL
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SNR (dB) 0 5 10 15 20
BER -not widely 0.3215 0.2235 0.1359 0.0739 0.0267
BER-widely 0.2761 0.1756 0.0922 0.0411 0.0163
ﬂﬁﬁﬁﬁ§1%8aﬁﬂﬁmqquﬁm@ﬂvwa@§11o Hz dasdryryrnuduuuy Rural area
SNR (dB) 0 8 10 15 20
BER -not widely 0.3996 0.1802 0.1611 0.0865 0.0511
BER-widely 0.3322 0.1206 0.1488 0.0632 0.0433
ﬂﬂﬁﬁﬁ§1%8aﬁﬂﬁmqquﬁmﬂlhwaﬂf5o Hz daedycunnuduuuy Urban area
SNR (dB) 0 5 10 15 20
BER -not widely | 0.3612 | 0.2344 | 0.1243 0.0486 0.0211
BER-widely 0.3145 0.2057 0.1066 0.0328 0.0206
ﬂﬂﬁﬁﬁéT%Biﬁaﬁﬁqqmﬁmﬂlhwaaf11o Hz daedtytunnutluiuil Urban area
SNR (dB) 0 5 10 15 20
BER -not widely 0.4302 0.2721 0.1685 0.1033 0.0074
BER-widely 0.3887 0.2568 0.1597 0.0981 0.0061
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Al 8 A

al

nacunigld 8 e NAaudAaLinaas 50 Hz dasdrynyaaduuwuy Bad-urban area

al
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SNR (dB) 0 5 10 15 20
BER -not widely 0.4487 0.3386 0.1926 0.1054 0.0489
BER-widely 0.4233 0.2994 0.1897 0.1002 0.0377

nsuNA A 8 918 NAaaufinalmaes 110 Hz desdausurantluuiy Bad-urban area

SNR (dB) 0 5 10 15 20
BER -not widely 0.4513 0.3362 0.2248 0.1389 0.0392
BER-widely 0.4378 0.2711 0.1993 0.1287 0.0367
ﬂicﬁﬁﬁ;ﬂ% 8 118 finnnnAaLinges 50 Hz gesdtyaynaduuuy Hilly area
SNR (dB) 0 5 10 15 20
BER -not widely 0.4783 0.4701 0.4511 0.4166 0.4043
BER-widely 0.4654 0.4503 0.4288 0.4036 0.3976
ﬂitﬁ‘ﬁlﬁpﬁ% 8 318 finondneLnaes 110 Hz g dryryouiluduy Hilly area
SNR (dB) 0 5 10 15 20
BER -not widely 0.4821 0.4795 0.4601 0.4499 0.4203
BER-widely 0.4698 0.4643 0.4423 0.4112 0.4045
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dasdtyoynuseiiusi BER lunsdivivaesazdAninninlunstlasstasdynyiunnaaulu
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a A Ay A Ay ° = a e '
NANAIALRANUBEN qmﬂim@qﬂﬂq?qq@@Q?z‘UUNﬁq 0.2761 1uﬂ§‘m0‘3ﬂ SNR (1AL 0 dB LRl

b o

fnlddnindanaanuuLu s dsLduan ldaz liA1ansput ananadnwinty 0.3215
1un3edAN SNR WINFL 0 dB WaZLUaltNafa9AIa R ANRANAIATAAAZ N ANaAAILNa N
NN ANS I daudty iy Aednyouneatnai (SNR) a1n 0 dB i 20 dB @aludaeiing v
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geldngnniu Srwsnglflussuulifinasdaeaduasnstingn o 1un 4 Auuar 8 awld
TOIATYTYITUIN 4 WL LANNFANADINUIHDNH IF lusz i 8 AL AzilAdnIAuRANAIA
Tnngendnlunsiiifldluszuy 4 pu winsninnadszynslddanaanulodadaduaz i
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Psanaany sadaduariAininderasiuuuy MMSE Und feldndnduiliamudaell
waasiinauiu 110 Hz ArdRsaNRanatndafaziiugeaudaslunstidasdoyoy1nims
4 BuU wANaziinANdfnalwaasan 50 Hz 1w 110 Hz amsANRanaaiinly

wizasiuninisidanedanu lodadadunnszgndldfazanndesesduuuy MMSE Unf
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4.2.3 ANTTOULANUDATIAMNAANAIALALNATZUL MC-CDMA NiAnuanalinaasd
ANBINN 9]

v '
v A a aAaa 3

1‘1,&‘1;1/(]?]@1&@B‘W@’]ﬁ‘ﬁlﬁsluﬂ?MV]NH’]?@’]@’E]\??BUU?]@\?Lﬂ"?"ﬂ\ﬁ‘/‘l_l WUy MMSE ﬁﬂumcﬁﬁ

fnadszynidanednuuuulafadaduiuesesiuuuy MMSE Undi neldinsuagian

a o/ o/ Ly &

dayauuu BPSK tnsdedindrydnsainaainuenn 200 dyanwnd duilss@nsnisasnwminiy

0.3 uwarindeyaniianued 5000 fn ladasuntmdwesuuizesnnuinelinaas
FaUA 20 Hz D9 100 Hz wazazlfdasdnnmiuuininisdasuulasmiuinanusinuiug
41U (Rural area)

o 4 users BPSK vary doppler frequency in Rural area
10 T T T T T

CIZIZZZ-ZZZ @ & F BT830 % 59— SNR 10 widely
fffffffffffffffffffffffffffffff =6~ SNR 15 widely -— -
******************************* —+ SNR 20 widely T
”””””””””””””””” -4 SNR10nowidely |~~~ ~ 7]
******************************* -©- SNR 15 no widely |- -~ — —

=-4- SNR 20 no widely

BER

10 | I | I | I |
20 30 40 50 60 70 80 90 100

Doppler frequency (Hz)

3117 4.25 BER wawasasdudnionaslunsdildld 4 auluszuy uaziinisdeuuy

a

-

BPsKlunstidasdnyninilasuitasaimen iaWarsnasaspuinelwaefided

ANTANANNDT AL INARFAIN 20 Hz AUD9 100 Hz
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AN9 4.3 WAPNHANITANABITLULINAN N 1T 4 AialFauiiaudnsANt ananiinlu

a

~ \ e Ry = o = -
ﬂﬁ‘m‘ll@\'imﬂ\?@fgfquwmﬂqﬂﬂ@ﬂul,l,ﬂ@\im’]llL’J@qIMHﬂ?UﬂQ’]Nﬂﬂ@ﬂLW@@?

oppler frequency (Hz
m 20 40 60 80 100
BER -not widely (10dB) 0.0550 | 0.0850 | 0.11700 0.1450 0.1798
BER-widely (10 dB) 0.0350 | 0.0750 | 0.1050 0.1338 0.1778
BER -not widely (15 dB) 0.0287 | 0.0400 | 0.0600 0.0900 0.1005
BER-widely (15 dB) 0.0250 | 0.0300 | 0.0350 0.0511 0.0750
BER -not widely (20dB) 0.0150 | 0.0250 | 0.0578 0.0802 0.0977
BER-widely (20 dB) 0.0100 | 0.0200 | 0.0322 0.0677 0.0809

8 users BPSK vary doppler frequency in Rural area
10 T T T T T

T
e —————— e . T AU
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -©- SNR 15 widely
77777777777777777777777777777777777 —+ SNR 20 widely
””””””””””””””””””””””” -4— SNR 10 no widely
77777777777777777777777777777777777 -©- SNR 15 no widely

=4+- SNR 20 no widely

10" L L L L L L L

Doppler frequency (dB)

7117 4.26 BER waiAseiudnyayroulunsciilld 8 auluszuy uaziinnsdeuuy BPSK

lunsaldesdyyraiddsuulasmunad iafiansannarespnuinatinaafiladiniai

ANNDARLINARSANN 20 Hz a1 100 Hz
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B9 4.4 WAPNNANIFANARNTEULHANE L 8 AwiNeFaLReuaRIIANRANATA

A =~ , o a = o a -
tinlunsilaesdasdyyruniniadasunlasniunanlaalfuanunaailinaas

Doppler frequency (Hz) 20 40 60 80 100

SNR (dB)

BER -not widely (10dB) 0.1050 | 0.1250 0.1350 | 0.1500 | 0.1800
BER-widely (10 dB) 0.0700 | 0.1050 0.1200 | 0.1420 | 0.1727
BER -not widely (15 dB) 0.0250 | 0.0400 0.0650 | 0.1000 | 0.1378
BER-widely (15 dB) 0.0285 | 0.0378 0.0754 | 0.0912 | 0.1268
BER -not widely (20dB) 0.0189 | 0.03887 | 0.0640 | 0.0911 0.1198
BER-widely (20 dB) 0.0162 | 0.0300 0.0620 | 0.0877 | 0.1022

AMNANTN 4.4 m@mifﬁmmazuuwudwnmﬂlm?ﬁﬁ‘l%ﬁhé’mmmm”mmﬁmﬁi@
fryrunssunamdlu 20 dB ilensdnassszuLfinAadinetinaasain 20 Hz B 100 Hz
SmsnanuRanarndnazsndlunad 10 dB uaz15 dB uavidlewSeufiauiennzdanes
filoAAdaduiureuuuy MMSE 1nf Uss@nsnanaeaeiesuuuy MVMSE #finns
Uszgnildsaneanuuunlamadaduasindneiesusy MMSE  Uni deazdnldannen
SmsnANRANaIATATIANGY WANE1e7 4.4 TiszaU SNR 20 dB SRsAnaRanandng
pnsfinetinges 20 Hz weensdifivszgnd\dlasaidaduiamingu 0.0162 wdlunsdl
PATRNTUILL MMSE 1nfiasiiAnwiniu 0.01897 ﬁqﬁuﬁﬁﬁm?mmﬂ y Arufinatinaes
PINANINT 4.4 LPERITULLIL MMSE ﬁﬂi:qﬂmdlfgﬁﬁ'L%\ﬁLﬁuwxlﬁﬂizam%mwﬁﬂdﬂmﬁ

LATRISULLIL MMSE Unftssunndasay 10.4
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424  ANTTOUTAIUBRATIAMNRANAIATLALNATTUL MC-COMA  HN1SHARLAR
AU ILILIF )

Twindatiariansun e nsIAINAANAIATAANNLATAISULLL MMSE  18N9

|
o

dszgndlddanadnuuuuldamaduiuerasiunuy MMSE  Und tnadgluuuaeenis

' 1
U

NaRIARATYIILUL QPSK dsazdsiindayanianene 5000 dauazindpyansnindaais

gnawinfu 200 Tm Andutlsz@nsnisanmindy 0.3 dasdyonanlfidusuunlaauidas

ANNALE AN inusar e ldianiznte ldan wauuy (Rural area) WATALLeNNIELN

N4 4 aulay 8 AuNAINDAaLUWAS fAREAL AL 50 Hz uaz 110 Hz

o QPSK 4 users slow doppler rural
10 T T T T T

FoCCoIic - P 2asee iy % SN [ __ not widely | = = = =
Feme _____ 4% B o\jAES TR R — widely ___]

~
=
-
~~.

SER

10 F----- - - - - - — - - — e — - ——— e — - ——— - ——————— —

10° | | | | | | | | I
0 2 4 6 8 10 12 14 16 18 20

SNR (dB)

3171 4.27 SER w0ipzasiudyayaulunsdiifld 4 aulussun uaziinnsdeuuy QPSK

Audnaawans 50 Hz Tnelddeednynyrnimus Rural area
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QPSK 4 users fast doppler rural

SER

10° L 1 L L L
0 2 4 6 8 10 12 14 16 18 20

SNR (dB)

9117 4.28 SER aaipsasiudnynnaslunsalifld 4 awluscun uariinsdaunn QPSK

a

Audaanaas 110 Hz Ine Ifdesdtycunndiuy Rural area

OPSK 4 users in Rural area

10°
F----------Zt-ooc-----------=---[ notwidely50Hz [ - -]
******************************** —— widely 50 Hz |t
&
4§’ i, ———— —o— not widely 110Hz [~~~ ]
***** — <~ | o widely110hz [~~~ ]

O~ o W IR, ———————————— |

10"

SER

10° CE¥YWE ™ " S E_F Bovs A & S8 8 8- 8" 8 "9 MN"_"""_""]

10 I I I
0 2 4 6 8 10 12 14 16 18 20

SNR (dB)
717 4.29 SER 2aupasiudtynnslunstiifld 4 awlussuy uaziinsdeuun QPSK

WallTaufaunsiinanuinetinaas 50 Hzuwaz 110 Hz Inalddasdty iy Rural area



QPSK 8 users slow doppler rural

SER

107 o o e - -

10° | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

SNR (dB)

717 4.30 SER 2awezasiudtynnnslunsaifiyld 8 aulussuy uaziinisdauun QPSK

Anudaatwaas 50 Hz Tnelddasdnn1nmuu Rural area

QPSK 8 users fast doppler rural

E 1071:::::::::::::::::::::::::::::::::::::::::::::::::
0 L _ TATY9 e —— ey ]
1072:::::::::::::::::::::::::::::::::::::::::::::::::
10-3 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20
SNR (dB)

717 4.31 SER 20awezasiudtynynslunstlifld 8 awluscuu uaziinsdauun QPSK

Anunnalnaas 110 Hz Tnelddaedtyyrniuuin Rural area
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o QPSK 8 users in Rural area
10

”””””””””””””” -0~ notwidely 50Hz |- - - -]

ffffffffffffff -©~ widely 50 Hz -
—4— widely 110Hz [~~~ 7]
~~~~~~ -+- not widely 110 Hz

~~~~~~~~~~

=
~ee
~~.
~~
~
S~
~
~~.
~
~

10 f-—— o mmm e e - - T

SER

10 - - - e - - —— - —

10° | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

SNR (dB)

717 4.32 SER 20pgasiudnynadlunstiilyld 8 aulussuy uaziinsdeuun QPSK

WallTaufaunsiinanufnatinaes 50 Hzwaz 110 Hz Inalddasdy iy Rural area

1979 4.5 Nan1snlFaLnaUdRsIANRANaIA TR0 ULLATEFUNRE LY 4 AUAT
n1sNagaALLL QPSK uazldranuinailinaesaasseduliun 50 Hz waz 110 Hz

nIUNAAE 4 918 AipoutiAeinaes 50 Hz desdniauiasddunun Rural area

SNR (dB) 0 5 10 15 20
SER -not widely 0.5433 0.3112 0.1489 0.0876 0.0233
SER-widely 0.3712 0.1904 0.0989 0.0611 0.0219

nsAUNREE 4 snel Nponadiapilnasd 110 Hz devdyeyiouduiin Rural area

SNR (dB) 0 5 10 15 20

SER -not widely 0.5764 0.4233 0.2000 0.1455 0.0146

SER-widely 0.4755 0.3286 0.1576 0.0879 0.0123
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;1974 4.5 (fle) nanaFauiaudnsanEanatndnesssuLAsesfUNNE LY 4 Aund

nsNagaALLL QPSK uarldranndnelwasfaesseauliun 50 Hz waz 110 Hz

NIl A 8 9181 NAuDiAelwass 50 Hz desdnyauiauduuuy Rural area

SNR (dB) 0 5 10 15 20
SER -not widely 0.5433 0.3112 0.2648 0.1005 0.0488
SER-widely 0.3712 0.1984 0.1893 0.0785 0.02419
mtﬁ‘ﬁ'ﬁ;ﬁ% 8 318 finnainaunass 110 Hz g doyny1nuilunuy Rural area
SNR (dB) 0 5 10 15 20
SER -not widely 0.6677 0.5438 0.4120 0.2720 0.1677
SER-widely 0.5846 0.4711 0.2893 0.2234 0.1263

AINNANITANABITTULANNITNEAAARLL QPSK Tneutisnianaasailu 2 nsniAe

Tunsdifldluseuu 4 Anuaz 8 aw Auats Ineluusasnsiifiaglddasdnyoy oy Rural
| = e ) A o Ao o o ax e & Y o
area  urazfinnanBaufsuludiusesaiasiuninislddanedanuuuulafadaduiy

Ay o ax o o % o a
WiNNﬂq?uq@@ﬂ@@V]NLLUUiQm@LGﬁQL&/UNqﬂﬁ‘zﬂﬂﬁﬂﬂ ﬂﬁ?ﬂ[ﬂﬂfnwn

9

\A7a95U MMSE
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Foyaneal (SER) lunstlaasld 4 auluiesesduniinislszynadlddanaanuuunlonaiis
uay e SER” MAndaTeainmsngaznidnan SER: TunsiiidAndmadaudnyoynusie

' 1
o

QUONMUTLNAY FNAUN 0 dB HA1 0.3712 ualunstlaaaiAsasiuuuy MMSE fAn SER

o

&
¥inAU 0.5433 AN zUil 4.31 dedanaiindins ARl lussun 8 A lalinasiia

L
| o \ o Vo ~ & v , v A o A
ANERTdIuIesA Ty sedty i nirunauiiaanties azdanalilATasiuuuy MMSE 73
nslddanadnuuuuladadaduazrliAdnamuiananadyansnianasadnaunniie
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o

wsithiniainmnudaelinaasfidu 110 Hz AvdrsAuRanatndyansnl (SER)

Ty ' '
a a

a X A4 o o P A o aa o o ax ol
WZ:NV’Y]LWN‘HMIMLQ?@Q?UVI\?@@QLLUU Llﬁ]quluLﬁ?ﬂQiUWNﬂq?ﬂigﬂqﬂﬁﬂﬂjﬂ@ﬂﬂ@‘ﬂﬂLL‘]_l‘]_le"Jﬁﬂ

o

FaduazdensliAnansanuiananadryanenl (SER) AANNIIMLLILATE9 MMSE RlaiT
maindaneanuuurladadadunnszgndlduaznisdiaesssuuinnsfiuandnedan
AnyoynnusadtyoynsunIuan 0 dB aulie 20 dB wudnA1 SER azduualtiuanasusiay
WANENNAINNNINBALARALLIL BPSK As §7A7 SNR 1nd 20 dB nsviienesazindieais us
dudunisneganuuy QPSK ﬂmv\lmmLﬁ?*lfmi”uﬁﬁmiﬂizgnmﬂ%ﬁﬁ@ﬂ@aﬁuLmu”l,fsﬁ'ﬁll,?minfu

aflamaliiAn SER NAndnasinawinledn

425 nisRansanlusiamududau (Complexity) tasaanadanalianiduduiits
duaueluineninusaiinduaznsuFauiiauansasnisgidniiasanddulss
ANEn9au

iresiuildviaualsdnen inudaruiflE|faaneaiialeadadu feasdesiinng
a3 ludanaeasdsea (conjugate) gaefaynndsudann I8 luszuy MC-CDMA Faha

y , o e i ) = o A .
nelanipdeazinnisasdndeyanaziianizdouass inliaunis r, (n,)=E[x(n,)d; (n,)]

A (%
uaz T, (n,)=E[x(n, )d, (ny)] flansirrivsfariu
rxd 1 (nB) = rxdf (nB)

danalianma s w,(n;) =w, (n,)

AN WanteesndunsruaunIsgudqaaninasuininldunionines

©

yIn,1=2[w}" (n,)x(n,)] GediBeunsuiurTasiuuun MMSE Rlaifinnslszgnsdanad
=) rall a = 1 o k% 2 nﬂl o d‘ v o a a & =
Aulndadaduaznansana luk A ndUdanladn wrassuntetitaualudneainusasi

ANNTLTRNNALLNE ANt A Azt N Tud neuedluimadn



77

Mean square error VS Numbers of training bit
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Blind widely linear adaptive MMSE criterion for
Multicarrier CDMA
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DIGITAL SIGNAL PROCESSING LABORATORY, DEPARTMENT OF ELECTICAL ENGINEERING,
CHULALONGKORN UNIVERSITY , E-MAIL: KRISSADA_EE82@HOTMAIL.COM

Abstract— This paper proposes a novel multiuser detection in
multicarrier code-division multiple-access (MC-CDMA) system
by using adaptive widely linear MMSE structures. They jointly
elaborate the received signal and its complex conjugate.
Computer simulations show that widely linear MMSE algorithm
is capable of both wideband multiple-access and narrowband
interference that affects the MC-CDMA systems.

Index Terms — Multiuser detection

I. INTRODUCTION

Multiuser detection (MUD) techniques for demodulation of
Multicarrier CDMA signals have received a great deal of
attention. This is because the pioneering work by Verdu [1]
demonstrated that the near-far problem suffered from the
conventional matched-filter detector. The difficulty can be
overcome by resorting to more sophisticated structure,
which accounts for the presence of the other users.

In the future, wireless communication system must
support the demand of a large number of users and high data
rate transmission such as multimedia data. The DS-CDMA
(Direct  Sequence  Code-Division  Multiple-Access)
technique can meet the above requirement. However, it
suffers from InterSymbol Interference (I1SI) due to multipath
signal and interference from other users in the system. In
DS-CDMA receiver system, the I1SI can be reduced by using
a RAKE receiver, but the complexity of the receiver will
increase exponentially as the data - transmission rate
increases. To overcome this problem, the multicarrier
CDMA (MC-CDMA) scheme has been proposed in [1] -
[3]. The MC-CDMA is the combination of CDMA scheme
and Orthogonal Frequency Division Multiplexing (OFDM)
technique, therefore the ISI can be reduced when data is
transmitted at higher rate.

In this paper, we propose an adaptive widely linear
MMSE algorithm, called adaptive WL-MMSE, for receiver
applied to the MC-CDMA ' systems.. In. the proposed
algorithm, the weight vector is first update by short training
process.The approach of LCL time-varying filtering has
already been applied in the CDMA context, to mitigate the
effects of narrowband interference (NBI). In this paper, by
applying WL estimation concepts to MC-CDMA multiuser
detection, we propose a class of WL-MUD'’s, aimed at
improving the suppression of both wideband multiple-
access interference (MAI) and NBI. The performance
advantage of WL-MUD’s over conventional
L-MUD’s is motivated theoretically and can be
substantiated by computer simulation examples.
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Il. DATA MoODEL OF MC-CDMA

The transmitted signal of the MC-CDMA system can be
describe as

y(t)

where b[n] is the signal symbol at nT " ;{c, }

0
n=—w

Thinle,e™ “gt-nT) @

M-1

noo IS @

random spreading sequence, M is the spreading gain ; T

is the symbol duration, frn is the carrier frequency of the

m" sub-carrier and f =f,+™M. Since this paper focuses
m T'

on the baseband analysis, without loss of generality, let
f0 =0 and g(t) is the impulse response of the pulse

shaping filter: so the discrete form of transmitted signal can
be described as

y[Mi+u]=blilc, u=012,...,M -1 @

The channel is a multipath fast fading channel. For the
discrete-time domain representation with the sample interval

T :TK/I , the channel impulse sequence can be written
as
hfn]= £, [}l 1] 3)
where h,[n] is the complex amplitude of path | at time

N with variance o/ .

1. WIDELY LINEAR ADAPTIVE MMSE
ALGORITHM

Significant quantities: N, is the index of bit, N is the
index of carrier, N, is the index of time delay.
Let us consider the output y[n,]=w" [n, x[n, Jwhere

y[n, ] C** denotes the output signal, wn, | C"=* signifies
the weight vector, x[n,]eC"* designates the received

signal.

Base on the MSE criterion, we propose a new cost
function for MC-MMSE algorithm applied to the MC-
CDMA system as follows

N-1 H 2
J(N,) =2 E|w (NX(NG)-y(N,)[ | (4)
The gradient of equation (4) with respect to the weight



vector W[N] is given by
VI=Y[R NN, -2t ]

where,
R,[N,]=E[X[N,JE"[N,]] is the correlation matrix of the

symbol of the N, bit
r,[INg1=EIX[N,1y"[N_]] is the cross-correlation vector

between receive signal at the receiver and symbol sequence.
An adaptive solution that minimizes the cost function is

[5];
1
W[NB]ZW[NB_]']_EIUV‘][NB] (6)
where u is the step size parameter.

From equation (6) we see that in order to update the
weight vector we must know the correlation matrix R [N, ]

and the cross-correlation matrix r, [N, ].

In proposed algorithm, the correlation matrix R_[N,] and
the cross-correlation matrix r, [N,] are computed by using
the moving-average (MA) produced as follows:

Rxx[NB] = F'Rxx[NB _1]+X[NB]XH [NB] (7)

rxy[NB] = F'rxy[NB _1] + X[NB]y:lu [NB] (8)
where 0 < F <1 is called the forgetting factor.
However, when considering the complex-valued
received signal X[nB ] , the widely linear (WL) criterion with
better performance is in such a way that [4]

Yw [nB]: Wiy [nB]Z[nB] (©)
=W [Ng IXN, J+w; [N X [N, ] (10)
where the weight vector W, [ng] is chosen to minimize

the MSE
Let us introduce the concatenated vector z|n, | C#**

a[x[n,]
z[nB]—L*[nBﬂ (11)
2N = Sl v TN, vIN T )
Solving (12) by the orthorgonality principle vyields
[6] Wy, (nB ) =Rz (nB )rzy1 (nB ) with

Roo(no)<ER( )" ()] and 1, ZEfng)ifn,)])- AN
alternative expression is readily obtained by partitioning
R, (nB) according to the structure on(nB), and
applying inverson rules for partitioned matrices, as [6]
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W, (M) =[R,, (M) R (16 )R (n6)R. ()]
x [rxy1 (nB) - Rxx* (nB)R;xl* (nB)r:yl* (nB)
w,(ng) = [R5 (Ng) = R™- (g)RZ (Ng)R_. (ng)]
<[ () = RL (R (o) ()]

1

where
R, (n, )i E[x(n, )x" (n,)] (13)
R . (nB)i E[x(n, X" (n, )] (14)
Fayy i E [X(nB )YI (nB )] (15)
and
ry; =Elx(ng )y, (n,) (16)

which do not depend on ntBh if the symbol sequence

Vi (nB ) is stationary.

Thus in the symbol period the adaptive widely linear MC-
MMSE algorithm is summarized as follows:
1.Initialize w,, [0]=0
2.Update the weight vector, n=n+1
- Receive a new received signal matrix x[N,]

- Calculate the correlation matrix and cross-
correlation vector by equation (7) and (8)

- Calculate the gradient
N

vd =3[R, [N, WIN, 11—, [N,]]

i=1

Update the weight vector
0 [N, =, [N, =112 VI[N,
3. Iterate step until the weight vector converges
When __both rxyl* (nB ) and R . (nB ) are zero, a

condition is referred to in [6] as joint circularity of X[nB]
and y, [N, . One has that w,(ng) =R, " (ny)r,, (ng) and

w,(ng) =0 -that is, ~the ~“WL-MUD reduces to the

conventional L-MUD. However, there are situations of
practical interest where joint circularity is not verified. For
example, when the MC/CDMA system employs BPSK

modulation,  in  which  case vilng] is

el bence, T (1)=1,.(0,). 7,0, 2Rel o, o, )
andw,(n,)=w;(n,), that is, also the WL-estimate is

necessarily real; or else when the MC/CDMA system
employs QPSK modulation and the interfering signal is

noncircular, in which case My (nB)=0 but w,(n,)=0. In

such cases, the WL-MUD is expected to outperform the



conventional L-MUD

IV. NUMERICAL RESULTS

In this section, we provide some numerical results
obtained by Monte Carlo computer simulations, aimed at
comparing the performance of the proposed adaptive WL-
MUD with that of the L-MUD. We focused our attention on
the simple case where both the L-MUD and WL-MUD are
time-invariant, in order to avoid the unnecessary
complications inherent to time-
varying implementation. In the considered experiments, the
MC-CDMA system employs BPSK modulation, spreading
length code N=15, numbers of carrier n_ =16 , numbers of

data bits n, =1000, the white Gaussian circularly symmetric
with power spectral density 2N, and the interference-to-

signal ratio is set to 30 dB.
In the first experiment, we considered K = 8 users. In
Fig. 1, we evaluated the bit-error rate (BER) of the first user

. E . E
Versus its energy constantN—", for a fixed valued of ~N"— Z
0 0

16 dB for each MAI signal. The results show that, as
expected, in the presence of strong NBI the conventional
receiver (match filter) performs very poorly, and that the
WL-MUD significantly outperforms the L-MUD.

In second experiment investigates the BER performance
when the number of MC-CDMA users is increased from 1

to 12, with % held constant at 10 dB, for the desired user,

0
and at 16 dB for each MAI signal. These results show from
the channel is time-varying and simulated in four cases area
, rural, urban, bad-urban and hilly with both doppler
freguency 50 Hz and 110 Hz
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8 users BPSK in doppler frequency 50 HZ

bad-urban (not widely)
= — bad-urban (widely) | — — — — — — — — _ _ _ _ _
—— hilly (not widely)
—— hilly (widely)
—— rural (widely)

—— urban (not widely)
—— urban (widely)
— ural (not widely)
10° T T T I I I I I I ]

0 2 4 6 8 10 12 14 16 18 20
SNR

Fig.1. BER versus SNR in channel time-varying at
doppler frequency 50 Hz

8 users BPSK in doppler frequency 110 Hz

| bad-urban (widely) [
,,,,,,,,,,,,,,,,,,,,, bad-urban (not widely) [

| — hilly (widely) L
,,,,,,,,,,,,,,, — hilly (not widely) L

——| — rural (idely)
*************** —— rural (not widely)
— urban (widely)

— urban (not widely)

SNR

Fig.2. BER versus SNR in channel time-varying at
doppler frequency 110 Hz
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E |+ wimup

= | -6 L-MUD(no NB))
= | -8 WLMUD(no NBI)

BER

number of MC-CDMA users

Fig.3. BER versus number of MC-CDMA users

8 users BPSK vary doppler frequency in rural area

—— SNR10 widely
—-©- SNR 15 widely
—— SNR 20 widely
=+= SNR 10 no widely
-6~ SNR 15 N0 widely
=+- SNR 20 no widely

BER

Doppler frequency

Fig.4. BER versus Doppler frequency

V. CONCLUSION

In this paper, the ‘adaptive ‘widely linear MMSE
algorithm, for the MC-CDMA system is proposed. The
adaptive  WL-MUD has a vey good capability of
suppressing MAI and NBI, resulting in a MC-CDMA
system with very high BER performances in multi-path
Rayleigh fading channel. Our performance analysis and
simulation results show in good agreement that the WL-
MUD stochastic gradient algorithm has important
advantages over their linear counterparts. It has been
demonstrated that WL-MUD, in the presence strong NBI,
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yields better bit-error-rate than L-MUD. In addition, in E

0
limited MC-CDMA systems, the capacity in the case of
increasing CDMA users, shown that the WL-MUD achieves
a much higher bit-error-rate than L-MUD; however, when
no NBI is present, the performance of two receivers are
practically undistinguishable, since for a MC-CDMA
system with QPSK modulation, and in the absence of NBI,
the joint circularity condition holds, and hence the WL-
MUD and L-MUD are theoretically coincident. We believe
that these desirable features make WL adaptive algorithms a
favorable choice for MC-CDMA receiver designers.

Finally, In Fig 4. can show that the WL-MUD can be
more flexible than L-MUD in MC-CDMA which has high
doppler frequency
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