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# # 4570229521 : MAJOR ELECTRICAL ENGINEERING
KEY WORD: BEAMFORMING / MULTICARRIER CDMA / MULIUSER DETECTION / SMART
ANTENNA

KIATTISAK MAICHALERNNUKUL : MAXIMUM SIGNAL TO INTERFERENCE

AND NOISE RATIO ADAPTIVE BEAMFORMING FOR MULTICARRIER CDMA
SYSTEM IN CHANNEL. THESIS ADVISOR: ASSOC. PROF. SOMCHAI
JITAPUNKUL, Dr.Ing., 106 pp. ISBN 974-17-6092-2.

This thesis applied a smart antenna system that use a Maximum Signal to
Interference and Noise Ratio (MSINR) beamforming to the receiver at base station in
multicarrier CDMA system for BER performance improvement in uplink channel. This
beamforming results in a generalized eigenvalue problem that can be solved by several
methods. Each method applied to multicarrier CDMA uplink system is derived. A new
blind algorithm namely RGLM (Recursive Generalized Lagrange Multiplier) that has
lower complexity than GLM (Generalized Lagrange Multiplier) algorithm and can be
able to track the arrival angle of moving desired user by choosing optimal forgetting
factor is proposed. However, the performance of the receiver with the smart antenna
system is always degraded due to in-beam interference especially whose arrival angle
is the same as that of the desired user and in near-far problem. To solve these
problems, the structure of the receiver is modified to combine MSINR beamforming with
interference cancellation for joint multiuser detection. The simulation results show that
the receiver using the RGLM algorithm can achieve the better BER performance and
stability compared to the receiver using the GLM algorithm when the_ arrival angle of the
desired user changes continuously and in near-far effect environment, respectively. In
addition, the results verify that the in-beam interference and the near-far problem can be

solvable by the proposed joint multiuser detection receiver.

Department Electrical Engineering Student’s signature

Field of study Electrical Engineering
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adaptive algorithm

adaptive beamforming

Additive White Gaussian Noise (AWGN)

antenna array
autocovariance matrix
Azimuth angle

Base Station (BS)
beamformer

beamforming

beam pattern

beam width

Bit Error Rate (BER)

Central Limit Theorem (CLT)
channel estimation
Co-Channel Interference (CCI)
coherent detection
communication channel
complex weight vector
configuration

Constant Modulus (CM)
constraint

constrained maximization problem

conventional detector
convergence rate
cost function

criterion

desired signal
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2.1 ANNENUFIUUDIFILDINALDIAIAL

AN88INIARDIAIAULITNaLAERIALIENaLTRIAIREINANANERIA
dsznauffinienszanan il au Auuesng 9 AaIN1908198991N9ARIRI9ART [30]
A188NNALDIAIALANNITNAAFNANNLIINATHA I vaalATasne (configuration) TATeT4

NUIINAIR (geometric) e AN LAUATY WNAN WA T2UNL 7193 4188 NALDIANAL

[ %

PRy ~ o [y { _ v -
NHNITLTLNALLULAYAIN (linear array) WAZINNAN (circle array) aldddunstiianizaag

o

ABANNALDIANALNRNNFENFULILTZUNY (planar array) 8e19lsARNN @1887101ALDY

[ %

alld = % ¥ I a d‘ ] dl = 3| Q‘IQ o Y
MeuninisEaesaluudunsadulagesenasaminnd e nga asduntausinunld

q

Do

ke

o

g9BeNNNgaLe N TN TRUETesTE LA ER N AR A BTN ATIAG 1S 7]

1
o A

% Vv o :J/ a a o‘d” a o = = o 3| 9
il [5] patiuluAngUNUs AT A18a N AR ALNNN19E AT uE WA

P o
N1UU

2.1.1 A1921NIALDIRIALNNNITIT LA VLA UMTS

o A

arga1nIALRIa AL NN aRaesndudunsaiunisnesdlssnauues

anganiAunaaulag Tusrwnliduiuaimaaiu iy enaneliuuun x, y wse z Tu
SLUUNAAYNAN (rectangular  coordinate  system)  Liusu Tuauddadaulunjasld
ANEIRNNIALDIAAUN NI LUN9TENINUAAZAIALTL ALY FAFENINE18AINIALDD
o ' dld = o [~ a [y . . d‘l

ansuninisEassaudunsauuugdnasy (Uniform Linear Array, ULA) [30] t4@9a1n

ANNEZAIN 1KN1TIATNZRANITOUZTRITZULANERINALANAT IFa1 88N ALDIA ALLLIL
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panany [5] aetiuludneinusiazldarsainiAarsundnissasdoduidunseuuuyil

1 !
Wosui tnelianaainiAneeguuuny y Asgii 2.1

firnufiamniuaeoimea

fifmImsinaeufivesnau

osnlsznouii 0 osmlsznouii 1 ountlsznouil L-1

<

auplsEneue NN szezueszINeImlszne

= o o A= S . oa | o
g‘ﬂ‘i’] 2.1 @A NIALNAANALNNNNTITENARLTIULADAT AWNDEYUULNU Y TPENAU0L

A9A1TZNALUAIANEIDINVAYINAL L

t:ll a =S dl o o o k%
Ang1i 2.1 fiAn19nasIIenafta NI AR AU TasA Ty ey Iday
WA iey N TULUINN7A (Azimuth — angle)  waznIualinIsUNINIZaNLUa
d . v ' W y
pandtyyIsang lnunIeange N Az g duaausz Uiy HaaINa18eINIALDY
a1furesnAuNanigueggaainivuAsudnamn AunnesiAnLaniANINIg

NN feresdtynynuaesyldainisanans il [31], [32]

27 27 il
j—dsing j—(L-1)dsing
——— } (2.1)

a(g) = {1 e

AN ¢ LU Nae AN Tadty AN ld RN A eaIn A
dl = v a dl :l/ . o o o dl dl 1 1
e NUAUNANINAIRIN (broadside) MUAEBINIARAMAIAL Tzt asuilasagTugo
0<¢<360° WaNa1sungasNTsALIaasHN ¢ MuNmesiANIg a(g) luannied
(2.1) WUANINARTAANIRZANNIATNUAY Yy TNUNULAN Y WAzuNUal y  (HuAe
0<¢$<180" uay —180° < ¢ <0) uazitlesannnunliniaiuianiiigiumilautiaeeniy
3 nieed o ax 120° faeimplasiansniiiesaniae fuilawiniu duhe HAn19anisnnteg
anganiAunaaIAuaesdny e Idlusruuaziatsun lugae —60° < ¢ <60° Tnad

1Y
NN ¢ =0 luiANaNAIRINALANERINIARNIRI AL
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2.1.2 FrES198ARY (beamformer)
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] o ¥ o 1% o dl A | o Qd‘ o dl
TEULLLANATINNULLA] WJ@?’N@Wﬂ'&u‘ﬂ$LZQ3J@uLﬂu[ﬂ’)ﬂﬁ‘ﬂﬂW’Nﬂ?ﬂmN‘V}@’]N’]?ﬂLLEIﬂ@EyEUW’]EMVI

1
Y o

RadnITaanaIndrynnnwnmnaan s doyyruniulinusazesdlaznaugnsaiaainidung

[

b

o

1fuazgnassinuinuarsuiuienn i naesd oy N faannamnnzng e [33]

q

Do

dgl o dll v a o dl ¥ A o . a
mmmm@uiﬂﬂ\‘mﬂmw@\mmﬁyﬂmmmmmﬂmz/m@m?u@ (nulling) TuiAn 9189

o

Aryryrnuunsnaenin lAtneNIRABNINMNTIT0INITATINAIARUBENUNIZAN JUN 2.2 uand

[

THUUUI A NAATRIA4519A1ARLLDUAYNNALAL (narrowband) [31], [33]

5,(t)

ZAh

s —— YY» ®

Kl N

3*()

=

\ y(t) =w" ©)x(t)

il

=

50

SK*I (t)

=
o
~~

—+
~

)
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10F Interferer l Interferer E
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(7)

7L 2.2 LUIANNARYRIFAIATINAAAULNLANDLAL (M) UANNITUBIFIATNAIAAY

(1) LUV UAIAAUIBIA BB INIALDIR AL

=

4 o ) - d e o
ANgUN 2.2 (N) Sty URRRANISNTNNDUANFANTURAE8INIALAY
A1AL L e9Atlsznaudivionde K &mnnd nwesresdnyanaiivlaninan t 1a o amiem

wang LA LTIu

X0 =3 a5, 0+n()
=[%® ... x,O

(2.2)

Tned  x(t) uwneesaunmesdyynmniulinaisainidunsady, a(g)

wneefAAnsEeIdtyy g liaui -k Taiiuunlfseannisi 2.1)s, () Wudaain
Dd‘ [ 6 o/ dl a d? dl 1 6

2037 k waz n(t) Wwenmefdynnusunauninsauinsazasfilsznayaesaiaainia

wnaReL azlddnyy e snaTesataInIALa A UL
y(t) =w" (O)x(t) (2.3)

Toedl w(t)=[w,(t) . . . w_,®] dwanmesdesinndnandedaudniunisaiied

o o0 A

&I dj o b4 d‘ 173 [ v o dl H = '8
pauIazi N enga dlneldinusiaasnisaieatnau uaz ()" iudaaniiunisiaes

14 1

ATeu (Hermitian operator) tnawsin M lun1sd5udasuanadauiie s g un n1snili



14

ARALNNAIABsTIadAEIANAIAAgA [30], [33], nevinlidnandaudtyaunusedayyin
UNINAALATATYTYIUTINIURAININTAA (Maximum Signal to Interference and Noise
Ratio, MSINR) [30], [33], nsvinlsiinendanssia [12]-013] uaznievinliaoinufluass

1NNAA (Maximum Likelihood, ML) [33] Faludnenfinusiaznaninaanizinaesiandnis

q

o

M lidnandonaasdnyaunnssiedtynnnunsnaanias Aty s unNulAININTAgR 1edan
danasnui i lunsifsnaalianilugeslddny o ndeds [17] wazaztianszans gl

¥ o A o o o a A A @ = Y o
NI1TATWNANAAUATNNTUIELLHNABLLALTEITTALAN LA eﬁﬂ@:ﬁi@ﬂ@’nluﬂmﬂﬂiﬂ

WansnauuuglanAdu (beam pattern) 289888INIARARANAL [30] T9H

Tealu

B(#) =w"a(¢) (2.4)

WAZANNTN (2.1) ALIUGNT2E U INIENIN9B9A LI NALIBIZNLDINIALDIANAL d HHARS
wuuglanaau dnsvagingsudausazeasflsznatzasataaniaunaa U limunzanay
o v a . g

W liin grating a1

a4 28 o

W Grating ABWARUTINTUIAWINTLNAAUNAN duazinidtyninsunau

s

1
A o

o JRuyy: \ = ' val v A o o
N794R wagqmumﬂmmmmmmm Grating uzﬁm@mammmﬁmmmmmmmmmimLﬂnmm

A o 1 dll = dl a . ] 1 &
WAAUNRANDEINNIN LW@V@ﬂL@ﬂQﬂﬂJMWﬂW?Lﬂ@Wﬂ Grating LU NTENINNBIALTENALTRY

ansannAnasLAatllnnEanle [30], [33]

A
d<= 2.5
5 (2.5)

WiAneinusi aznmus 1972 ¥ iNes 1IN adAL s NALURI A LDIN A LD
° o | ﬂ dl o a . é{ a ~ o
Aeulu d =3 iatlaariunisiiagy grating 31 wazlAANATEIANITENTINSIN (mutual

coupling) ' FeudndedAlsZnaLIedd e NIALNANALINaAINNEzAINIUN1TAAINET

°o o aa ~ v a - = A Aa '
@qﬂﬂqﬂqﬁLLﬂQ@quWNﬂq?L@ﬂqmqLﬂuLLuQﬁTQLLUU%uW@@NI@ﬂW d :E ULTENAT AEIRNA

[

WDANALNHNFeeA I uLIATULILNIATEIN (standard  linear array) T4AINANNT

2.1) azlFnnpasiAn1eduiugnaanALnaatsusananqLily
- . .
a(¢k)=|:1 girsing ejﬁ(L—l)Sln¢:| (2.6)

UAZFNBENIULILIZLR1ARLIBIANEDINIARAIAALAINALARS AR 2.2 (2)
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2.2 nmsaseanaulagldnisinluansdiuaasduauuAaf U MUNINFaALAL

AUUIUTUNIUNAININNG R

nrafearmaulng ldn1anIdanmdaudynnsadyyinuninaanuas

FoununnusunauiANINgagniauaniusniag A. F. Naguib [16] 4niflunnsaiaannaui

o—

wnnzngn waziiunsiiiallassnisadrearaaulaeldnnvinlidnsndrudnynnuse
AU UsLINAURANNINTIGA (Maximum Signal to Noise Ratio, MSNR) [29] TisNzNgn
RNENIANATY Y UININ AR LA AR LN WLLILIN9N9TOH (spatially  white)
U Z’/ dl Y a va a 1 o dl 4 o o o
windy dadulllfennlunsdimnase win penafunassiasnauaniidaaednyny ol
w3 ldnauldatwanysnd duannunsnaanazsiadliiflulug) (dominant) anssnuzaas
v ° a X | o ] . o) o v v X o
n13a¥19a1AANAZ IR processing gain Nl laana lusu FoamataIRa TR
nra¥rearraulagldniamalienadoudyminsadynnunsnaan Lasd e sunaL

P = "
HATNINNGALNIUU

2.2.1 N9 IRRRIIAIUA YT UADR U UIUUNTNADALAS R U YIUTUNIUTAININ
ngm
q

NANNITN (2.4) @anmsndaunnimasdnyonnuiniulfiie

X(t) =d(t) +u(t) (2.7)

=

Tned d(t) Wudynnmnsesnas waz ult) wudnrni lisianis dupedyyinunm

1
=l

v 1
ARALAZALYTUIUTUNAY ANNANAL AITUAINANNNGT (2.3) uaz (2.7) azlddtyoyun

LRFNATBIANLBINALDIRNALLTY

y(®) =w" (©)(d®) +u(t)) =w" (O)d(t)+w" Qu(t) = y, () + Y, (1) (2.8)

Taan-y, (1) tiwerdnnaesdayaanuindesnns uaz-y, (i) .iueasnaaesd il
U [ Z// o [>3 dl b o o % dl " Y dl LS

FaINIg ASHUNANIaNA Ty N FaINIsias A denasdtyy i ldsesn1siiensyaaes
ANBANNIALDIANAUANNANNIIN (2.8) a1N1701 A ulFFIaNnIen (2.9) way (2.10)

ANNAAL

P

E [HWH (t)d(t)”z} —W"R W (2.9)

P E[HWH(t)u(t)Hz}szRuuW (2.10)
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Tnafl Ry =E[d(t)d" (t)] waz R, =E[u@u" ()| :fuwunindealnlaeniiaud
(autocovariance  matrix)  2R9AUUNUARAINTLATA YN U I FRIN1T ANNATAL

an9NdIuA Ty UFeATY N UUNINABALATATY I UTUNIUTLE 1FNATBIATEBINIALDY
anduAsaeulaiy
H
W' R W
SINR,,, = ——%— (2.11)
W' R, W

uu

Y o

¥ 1
lnmafaasiuinina lidnandoudyyrusedyyiuunInanauas

B
. " S/ . e ¥ o

UAUNUILNAUAINANNIIN (2.11) HArxnngnazilunnwmaitdasiminlivnncign ns
UANLADFTNUININAINATT (FHAINNTAUNAITNANUUATE W, e bTUINLABTTNY
¥ oo 4 g . o e o a4 e o .
UMTINAUNIENGR LAY AWy ACtTBRAWETTIMTNAMNNz gAY Taem a 1Tue

. y et A4 L AN e ¥ o 4 o

pedinlailazas daamptasseasiiRaulatiiAumalinee foosiuiniiunncngaiine

ARSI [34] uAe

w 'R, w=1 (2.12)

[ % ]

patiuazlfandnadoudny s adny L INAR ALA LA TY U DITLINAUTNLAANATD

7

1
o

ANUBNIARDIRIALNAININTGA T1N1A92898 YU FRINTINR FAWATEIAE8INIA
. o o “ S o <
WDAAIAUAINANNIST (2.9) HAgeganieliiRenlatvAunINaNnid (2.12) awmnsnideu

tleywssnanaliiet]luglaessagniainsesd (Lagrange multiplier) 16l
Jw)=w"R, w+yl-w"R, W) (2.13)

&

Taan y 1lupA1a39A9Fa MaYALS (derivative) Tuannish (2.13)  Wauiu w' uag

A WinAnnnmasgus azls
RuW =R, W (2.14)

ann1IAaNaaizandn tdoymananzasianeaiasialiugn (generalized eigenvalue problem)

[35] 81 R, @awnanuniulél (invertible) wdaannien (2.14) azaunsouans sl

R;dedWZVW (2.15)
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Tnedaguansesd  y  Tuannish (2.14) aznanafluAianzas (eigenvalue) A 299
wasndanunns RIR,, auni1saananaizandn dyuiAnianzasadny (ordinary

eigenvalue problem) mwimq w fulanmasianzas (eigenvector) U84 R, R

H a2

i v @ ! W R o
Wanans lindnae L nues H—ﬂﬂﬂ’muﬁiﬁﬂﬁ%@’]”@ﬂ NAEA LA

w

uu

A94PTBUNAINTANNIAT R IR, wazianmasfoasuininnnalidnsdoudynyinusie
AUty nuunInaanLas Aty uNINE AN NN gARaLINAATIA1E AN D AARBIT LAY
IANZAIHINGATBIANNNTN (2.15)  AZENANNNITUIBYAUTNAUNI 1 B8981N1IN (2.11)

al o * o 9/ —g '8 Ce v
euny w LL@:ﬁﬂ’]MuﬂiﬁWﬂﬂUL’]ﬂLﬁ]‘ﬂﬁ‘@uﬂ @51@

WHR W out

uu

H
RddW:(W—Rdd—WjR w = SINR,,R W (2.16)

Siau Bunain19In T8 96N (2.13) uay (2.15) azle

~WIRW
" W'Rw

uu

7 =SINR, (2.17)

WUAIAUAINIAIAIUANNNGT (2.14)  WFaALanzasluaunnsi (2.15) Aadnsndou
Ay ATy UNINA ALAZA T UILINIUN LD FNATAIANINIALDIAIA LazEn
R,, @w1mnunduld azlddnnninastosthmininnsngn g, Huonmasianzasi

co

AAPFBITUANAIZAININGR 4, THANANAUSAS
RugWiising = Amax RusWising (2.18)
2.2.2 ANNANNUEIzUINBINIRasainulnvin lans @ udunusaduiu
unsnaanuazdIMsINILTMAINIgANUNIRD S ARV IIaIA I QNN AaINTg
RINANNIIN (2.2) NuuAl s, (1) uaz a(g,) ulindayanoa tla 9 uaz

wnnasian1saedd lindenis wnmefdynyrunsesnisaisnsadaulaiiy

d(t) =, (ha(g,) (2.19)

uazazle

= E[ s, O Jatg)a"4,) (2.20)
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v 1
fatiuangNnisf (2.18) anunsaideulusd

RJL]J. {E [”Sd (t)”ZJa(¢d )aH (¢d )} WMSINR = ﬂmaXRuuWMSINR (2'21)
E| s, O (2" (4,)Wysne
nuali ¢ = [” ) l (e a4
Wsing = é’R;&a(%) (2.22)

2.3 sEUUdIEaINIARRNA

S2ULAILDINARAINAL I 41881 ALDIA A LT N US AN I NNLSTUS 16
(adaptive  algorithm) iNaAUANLaz TN AEUFAY R minTesusazreIflsznaLaes
anaanaunaansulunisaisarauliudalaliimnnznan 5] Tassairainlilaassyuy

anganiaaaiafiazii Wl luaneinusiuanslisagili 2.3

|
T

s
iR

Y gantiidvis

7U7 2.3 Tasea¥evinliaesssuuanaainifaain

1
o

angUn 2.3 dyaunamdulinaisainiAunafAuAZHIUTANATAIND AN

(Radio Frequency, RF) iNanintsutlaspaanudlimiasunuazmmnsddynnluusas

avAlsznauaasaIga N IALnIaAUaa NN T U Y U LA LLUA AN NTUATYINULLA
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wuusazdnudldluasas AD autlaufludynrunanaduiuldlunisdszunanasaldl
ag1elafimu Wasanludnenfinusiaulaanienislszunanadynuhanaaaeszuy

ANANIARANA AILULLLANAAIN NAIAAIZATN 1Fa9 1N 7uNd1a999937a7FLan L6

%

azasnngduiudyoniuauuud nans

T AfuldnnnasAdsnauaag

q

AU UAANALUAULUR [X) X, ... X ]
=

ananIAazgnAnsaadatastinuiln [wy w, ... w_,T" Ssgnasuaulnadaneasiuliusn

a q

v !
16 anntiuindryayaannyn o esAdsznanunsaniuliidudygyiaensfwanseanis

[~ q

4

£ dl o a K o o v o o dl '8 Y o dl
niNueesaneInNUsusalapanInisdsindasumnnes w lEuunzanldiunialie

¥ A L% ° H . | o as
an1azinndentesssuiilasulding 1dn1sA1Wa i LILUTN (recursive) LW 8aNEINN
Ususaldndnldldiuinneinain liansdeuaasd iy ey iy iunandanuas
o a aj o dl 1 %I o v a o 1 ai v
anasunIulANINgeaziunlaswanmastseiuin W lndpasiuaAmnnenga s
unnasuannng (2.22) s danasnuliusaliazliavesiunueiaasnisaiieainau

WATHUANELLUANTW [36] whdanasnuAtanld iy ldun 6anasny LMS (Least Mean

Square) LATAANAINN RLS (Recursive Least Squares) [5], [8] Tuanandnusiazld
o a R dl al o Y [ £ 1 o a K 1 al
AANATNN LMS Lummﬂummmmﬂummmqmu@ﬂmm@ﬂmm RLS dMUs8aTLREA

[ % a

wa98anasny LMS Nt ldldriunaminamalddnandavansdyorausedynyinumnmnann

o =
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fnanuaudy U NN DNAN8a NI ALNARIALRIMNARATUIUNNINN1a9AL sz Na LY

o ai g - y o s
aeaNIA aziFandNsruUNEuaaiAL (overload) < [5] Telunsiinianuuansiasgn
72U ANINA SRS A Y YN BUUNIN 4B ALAZATYTY 1WA BIN1TNINNFIANNNS 19 TB I

d . o o Xy y N
ARUUAN szUUAEa N ARaATH Inaninuiaz liansnaFeuuLga PR uIIdnd o
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anee1nA 301, [31] atnslafianu danasnuliudalddeasneanuinliianinasag
WninlngipesiuAfivnngigananiaziiu ) U7 2.4 uansuuuglairdunainaauiag
d o ey d e : oo . .
wsasiunldszuuasaniAeanaiduszuunivansn,  sruunsIuaudtya el
| e o - g a | PR '
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AIWARUNAN FeULAN8RINARAIAAL Tl a N Inadnd Ty nuunsnaaniidiunnieluy

PAUNANLTATHIUARAN [31] AINNANI9B9ANAAY (beam  width) NITULALDINIAANA

o o

aunsnadndryrynsunsnaansan ille azdnainaniiagauilaiqeiadnaaniia (null to

1
A o 3

null) 19 ARUNANUATANNITDAUIIIN TunATe I ALY

¢ =2sin™ (i) (2.23)
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nedl ¢ Lﬂummﬂf’iwﬁ@mm?ﬁluwﬁﬂimﬂf‘immﬂqm‘fi@qWﬁqﬁnmﬁ@%ﬂqwﬁw@mmﬁ'u
Win, 4 ABANNENIAAY, L U uauesfilarnauaesgnaannALaIansy, uay d iy
T2AUTUNITUINUAAAIALIZNALIRIA LD INIALNAAINL 111 O 1T uIuesALszNaLTes
ANUANIALDIANAL L = 4 UAZIZEZIINIENINaNALIIZNe LIAIEN 8 NALIAAL d :%

azld ¢ =60 ufu
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71N 2.4 wuugianeaunaivaulageze iU 1ML Ua188IN1ARAIA EHas U
A9AUTZNALIRIAERINIARDIRNALYINGL 4 (N) s2UURNManAN WadiAnisaasdoynio
angldnsasnisuazdryryniunsnaaniilu -30, -60, LAY 0 8IA AMNANAL (1) FxUUN

o

AUty e IiinAuAwaueAUssna uTesaANINIA e ANINIeR Tyt
ANy Hnfasnsuazdnyy nuumanaaniilu -30, -60, 0, WA 30 A9AT AMNATAL (A) TTLLTN
Hluaniiu WefiAn1vaesdynnuaingldndeanisuazdnynnunanaanily -30, -60, 0,

30, LAY 60 B4AN ANNATFL
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U q

o 1%

dl 19 ¥ a 1 °_é¥ o :J/ o dl ¥ ra 1
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ANNLL Iﬂ?\‘]@?q\‘]m‘ﬂﬂLﬁ?@ngsl,u?gﬁ‘]_lum@mLLﬂL?ﬂ?sﬁﬁLﬂNL@mﬂ\‘]mﬁﬂum k 1@ ”I LL@@\‘H@@QE‘UVI

N

5

Ck (0)

femt

6, (N-1)
. ° ~ ) o a N ema @ -
gﬂVI 2.5 LL‘]J‘]J"\']@@\WJ@QLﬂ?@ﬂmﬂiu?xuuﬂ@mLLﬂL?ﬂ?sﬁmLﬂNL@LLUULU@LLUH@

ANNsuU AT SULURAATANNEIULNUNTNBA LA A LU AT AR Nt Bt
. e dn. d < y o
AT s eilemasauuawuns s, (n) esdldaui k 1o o Agndeean

lugnuasaunanaladlu (377, [38]

sk,(n)— \/_b (n)ck(m)exp(ngmlj 1=0,...,N-1 (2.24)

[ % [

1 ¥
Taei n  Wussretidudnenidana, | Wusssanduanalfunisinsaasing, m ilunssail

o a

o 1%

pauWieian, b, (n) Wudydneaidayan n INGe9987 (duration) 1l T, a09fldauy k,

L k1]

' |
% = ] B

s, () WWudnyasuauuuangndsanniasasdeaniiluansunisdndantned | szuang
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o S|

fryanenddayai n 299 ldAui k, N 1 processing gain  TWINALANUIRTRIARLNAK

a a

o

dat, ¢, =[c,(0) ... ¢ (N -1)] Juswadeynyrnusunauguinennldalsalulamuaniud

[ZAg7)

|
o o

w03 liAU k, uar &, unduuaesdydnenifeyaredliaui k ienauiuanmix

o

NAYBSATY LY UILNIL
o 1 s o a [
2.4.2 wuuanaasrastassyunaluszuusianualzasdsniana

Tuns@aansangLAaauil (mobile radio communication) AAWUHIWAN NN
, o 2 \ = = o N A A .
ndspanainniadelddeniain lddiazifluainanifigaulddvaniiiinaaun (mobile
station) vFaanan HARaRINIEanHgU AenauniulinanseniAazidunissaniu
LBINATE 7] ARWAINDNNIRINNATE 7] NANIN BUHEINIANNI9aaU (reflection), N9
\@eaLuY (diffraction),  WAZNNINIZAANITATE (scattering)  MAAAINEINALINGINN ]
dsangnisaliiFand nasundnazanevanen (multipath propagation) uavdesdtyeylnd

a { 1 o

L78IN11 mﬂmmmﬁmmw%ﬁ (multipath channel)

he

ANITUNINIZANUUAIL AT

1
] o

-5 4 =i . . o ~
mﬂQﬁmmqmﬁ@qﬂQQUQZNﬂ']ﬁ‘L‘lJ@EIULLﬂ@\W‘]’]NL’)@"] (time varymg) el LANINNIT

1 1
A =

N P o A o A L
Lm@@um@mmuma@umLL@zmim@@umammqmqmﬂiwﬁ@mmmﬁm (4]

aa

HANTZNUIASTaA Ty e nNAsa d Yy uignasaanannaAga

i a

o [

[ [ 3 Qdd‘ v d) ¥ & all 1 o
aztlsngfludtyeyinanednnivlannaiy fadseneudasasdlsznauniuans1eiuntg
dl dl 6 o o va Yo 3|
1auazaNidasuulasninaIane 9 edAlsznausannu RN TR P TR Y L RYLH N
NITUIUNNIEN (random process) WATANRIMANTBNERNINNEAzA NI ENg B TAAY
na19 (Central Limit Theorem, CLT) 1@ fnlanaesiuulainnanauanesdnwad (impulse
response) Lﬂumzmum?zﬁmmume’ml,?ﬂq%@u (complex-valued Gaussian random
process) [4] fharseuuulddasdnminaspuauasniadidunseuounisguuu

Le

P a Yy = a4 a ' , } A el
Lﬂqﬁ‘ﬂ’]Lﬁqsﬁ@uuﬂzmﬂqLfﬂ@ﬂl’ﬂuﬂuﬂ@:ﬁlﬁﬂﬂqq TANAUTUNUNNNTITAWNUULLLILTE A

a

1% =

(Rayleigh fading channel) | widilidesdtyauaniinanauauasaniadidunszuounisgu

1
=

a w =l | s A U, 5 e
LL‘]_I‘LILmZQrmL‘N%@‘MLL@ZNWLﬂ@ﬂMﬂM@Mﬂ@%L?ﬂﬂﬂ mﬂﬂﬁﬁyﬂ;ﬁmmumim\mwLL‘LI‘LIT;T

‘e (Ricean fading channel)

dl a o a a o‘da’ a 1
iamuaranlunifiemeiluundall ludnednusiaziansuides
o/ d‘ = dl OI dI P
ouRadsinislasullasunaan delszunnlddnanetauasmisaualazina
yesteadrynyrnspssaniglutdaanatvesdndaya waznisulioalsyiaaeddnyaymans

ax . o ! o P o A o Ao
N0 (multlpath delay spread) UBENITAITHNINANUATDHA UUABTANATTUNTUNHNNTAN
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WIELLLLIEAd (slow Rayleigh fading) wananni nnvua Wi ldusiazauilszauiunisans
weuuLrdatietnaeafusaziiludasesanu (identical and independent distribution)

| o 1% '

Tasdrynrnsinanazinanauauasauiadii 2], [37]

Nem = Pem @P(=ip ) 3 OSE<T, (2.25)

Tnedl p, WunamoUALBINIIIUIATDITOIATY I UBINIFAUN Kk LATHNITUANUAILLL
L . . . . dl rdl [~ [~

19¢7a (Rayleigh distribution) Tneinlauiuusingas (second moment) i 1, ¢ unana

NN AT TasAny ey AW k  dnnsnszansuuugiwasi (uniform  distribution)

Tudag [-7z, 7], waz T, dluadiundnsresindeya

2.4.3 WUUANaa9a9As a9 luss UL AR LALTES TR LA NI

A o g X A edA @ Aa @ A o A P
Lﬂ?ﬂQ?Ulu?ZUUN@mLLV’]L?ﬂﬁ‘sﬁﬁL@NL@VIW"\’]?m’]quﬂuLﬂ?ﬂﬁﬁumﬂﬂquﬁqu

|
o o ]

Wit iesanndesdnyaaundeanudtyainuannieredered uazaunndianiiigau
| o dl 5 o dl [ o A = A dla
udesdryniouaenlestnuw wuanaedipzaeit lussuusias A fnduannasnnas

Dunuuuauuusmaudnaldnagli 2.6 aaenpdesiuuuuanaesuedpzesadlugili 2.5

Ck (O)
x,(n), X (n) ~ -
r,(n) x,:(nL X En) 1 Z, (n) b, (n)
- - : =yOHE
g . : N
%) x|, 2
S e

1l
c (N-1)

P ° A o o a N emaA @ -
gﬂ‘V] 2.6 LL‘]J‘]J"\']@@\WJ@\‘ILﬂ?@Q?UIH?ZUUN@mLLV’]L?H?T@L@NL@ BULILUALLLIUA

nmua liATasiuatunsanaziinisgelas ludiudyoyrmang ldndeenis

leatnegnsiay  uazialunshmneaunuganile (conerent  detection)  Aazfinsldnig

%

Usennnutasdtyy1n (channel estimation) ndqe iNaAauazaanlunisamaziluun

dnld azdvualinisdsznnaniluldatineanysnl wuazazudan (block)  wesilaridunis

Uszannasdynnuillulasadaeansassuluundnld
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Fuaunasisunaniulinasaniarearesiuasiunniiluudanassdayai

o

HamaudnFaet1awiniu processing gain ¥saaNuILIRIAAUN e e TR LT N

[

fgnasntaniATesdsuanniei (2.24) auanalaiily

x,(n):%Kz_ll\/;kbk(n)imm(n)ck(m)exp(jzzmlj +v(n); 1=0,...N-1 (2.26)

o o A

Tnan n AamssrtaesudandeyaniudunTvaenpdasiunsssiaesdydnenidaya, K Aa

a a
1

Ausugliianunluszuunfiansn, h, (n) ueunladAnddourdunvitesi m 7
vaenaesdayan n 19 AU k dAnandesdyann, uaz n (n) Wudyainsunoy
AL TEUA9LLLLN (Additive White Gaussian Noise, AWGN) Aldisdauaasudandaya

1
a o o @ o

A n NA1FUNNENF LN |

Ayryans x(n) azgnuilasaindeyaunueynsnliifudeyauuuauiu
antuAzgninnshnagead i luiiasAaunitiasaanufaensulasyFe S

Rarsmzaazld x(n) = [x(n) % (M) ... %, (M] e

x_(n) = Kzngj b, (M)h, , (N)¢, (m)+n,(n); m=0,1, ..., N-1 (2.27)

azdtynunns x,(n) azgnifuminssaduilszdnsaessaiiuyinnasldunainnisilsyann

1 dl o Y o a a 9 ol dll o Y Q}d i/-dl
TRIATY YN0 LW’I’JVI’]GLmﬂ‘ﬂIﬂ?’]ﬂ\lﬁ'ﬁ/\l@’]Wﬂﬂ\‘i‘i_llﬂﬂ@ﬂ;l]@ﬁ]’]@‘ﬂLSJ’I’JH’W.I@?LI”@VI@N@@L@ﬁ]’ﬂ@ﬂﬂqiﬂ‘ﬂ

1 %
1%

] A 1 [ o o 1 Adaaa v A L7 o dl 1 % dl
WAATAAUNTYERaINIANTU ALTLWINREAENNT Iaen ds9 ] fusennanauILal luuni

¥
1 geinalsAinnn TAneninusdaziaan U fuwinwuy MRC (Maximum Ratio Combining)

o

[18] wuuan wesanagiiatrandesdnyinisenlasinaussisnisdfuminuuy MRC ag

a7 URLATNSUNATANNA B N1FUSUWINLLIL MMSE wsaan1susuyiniuy MRC 1l

o (= v ¥ o o o dl ¥ o
"ﬂ”lLﬂuﬁ]ﬂﬂgﬂ’]@ﬁ“ﬂﬂﬁ@ﬂgﬁy’]ELL‘EJ“LIﬂ’J‘LLGNﬁ]ﬂ\iVl’]ﬂ’]?ﬂ?ZN’]m@‘ﬂﬂNq [39]

e

Anuualinistsennudesdynraniluliladnsanugal dnyanuaesyldn

FRIN12AUN Kk NAIRINENUFALSUWINLLL MRC analeily
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Zk,m (n) = Xn (n)qk»m (n)
= J&.b, (M) ()] o, (M)

K1 - (2.28)
+2 b (e (), (M) 1 (M) €XP(i B, ()
i=0
izk
+N, (N) o m (M) eXp(jg m(n)) ; M=0,1, ..., N-1
Tned U (N) = o (M) XP( o, 1 (M) Hududszansaesdatuiin uay

G, (N) = @ (M) =@, (N) WHEWANTUINALT 2 N193912098NNTTH (2.28) Barfludryeyins
wnINABRAINY iAWY aziindiauduiusscudnueunlalAddaulunsasaaunit

elaefuiiaannaINTesdny i A i Nani LU A1eA T UNINAa AANY ALY

¥

dunaudalilaziflunishailsndynamsesdldnfasnisaanunfna g

o a EJdI % dl Y
VaTgaV N Mg LAY, PR EENC T KT AN T K B AT TN B

2,(0) = 3 2, (06, ()

_ Jabi(mY | ()
+ 3 ED ()Y ¢ (e M)p, (1), (M) XD (M)

izk

(2.29)

+> 6 (mn, (), , (Mexp(ip, , (M)

o/ [ c Y ¥

Tned z, (n) ududneaideyadn n 1e9yldnsaIn19AUN k NaunaziNIIAaALLYED

N
b

o Y = @ A A

uANHdeNa WHANANTUINAUN 2 N9 TBIANNNTR (2.29) QLU UITMANTNRUBN

U

N
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=

Ayayrnsunsnaenaingldanan o sruufvauegiudanduiusdinszudnesia
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o s vy o p ve oy A
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UAIN
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RRNIZMEEN uuﬂﬂmﬂmﬁmu?zumx‘imquﬂm;ﬁmmummﬂu processing gain #i7a AN

z|x

11N azyinliansnaresdyainunsnaanuasdtyny nusunoungdsnane ooy nsaasy 149

% al o o
AaIN17HNNNLAL N 9NAUTY [4]
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yanwnddeya z,(n) nldazgninnisdnduiinesnunlaaldnilnsniingu
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q a

o
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b, (n) = sgn(z, (n)) (2.30)

el b, () \Dudtydnunifayad n veeldnseanisfidndueansnls

'
a g <

wraeuluszuuafuaAFafEAeNIaNna NI TarNAuITuATeeF g uSy
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9171 2.7 unuisaglilszinnaeassesiulussunaiuaEe Sa60e
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far) [40] FuilaldpanlunndfiRudidnesasiuasiinnsasuannads (power control) 184
&yranngldusazauinidaaressulivinfudofisne anwsiaaindrygyiuaesdld
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wpresfudusudlduansauuuusaniuiideduduniesfuiimunsige
(optimum) azlduann1s389 MLSE  (Maximum-Likelihood Sequence Estimation) [4]
atindlafinn wtesfuuuuiiipaadudeunsfuenigeann Tnspaadudeuasniadunis
Anuauaegd I lussuufmadnsuuuendiniumes é’fmmrﬁﬁfﬁ\‘lﬁm@ﬁmmLﬂ?laqﬁ?uz%m“u
favargpunnuianiuliidanssnussilndidssiurtesfufivanziign wiflnanududen

A4 o e . X A e e A A4 oo ,
109LATAIFLURHNINTUNT LATRIFLAINANITENGN LATRIFUNWNNZIaadld (suboptimum)

'
o = o

wazansautsaantiiu 2 Aawanlug) 7 doadu [41] Ae wsesiunldaannney lduans

1% o

AULLILIELEY (linear multiuser detector) LAXATASUN A1 A AU DILNINADANLILIT

[

Al (subtractive interference canceller)

1) iAzassun ldsaamn A e AL T &y

dll % dl Yo a & V6 ¥ a ¥ 1 a
LAFRISTLN KA ALANG H LEMAEALLL RINLE 1Az ldn1907 e ta e wLLIvE9L 1
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[ o a o

(linear transformation) ALL@VANALBIAAAMNFLLLEIINAT (conventional detector) U84

q
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2 TRARNANHULNNTIA YT IUNTNASA AD NNITIAARTYTYIUUNINADABLNITUIRNAL
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1%
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x,,(n) : Fatlfum
S/p i | DFT uRL

fadaia

X, 0(n)

11 (1
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PIRTNRIARU
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-3 |

917 3.1 TaneaFrvaeunsesitilussuudasuaGufmndnenldssuuaraainiraain

[

ANANNIN (24) LAz (2.25) drynyrviaunaniuliiaiaeiniAunaafu

aunsnuanalaiu

x,(n)=%2a(@)2@_nx(n)\/;kbk(n)ck(m)exp(jzflnd ) +v,(n); [=0,... N-1 (3.1)
k=0 m=0

el x, (1) =[x, (1) %, (n) ... 5, T 1uanimefe sy e lAInusiaz
BNALITLNALIBNAEBINIAUDIAIIL UAE v, (1) = [V o (1) v, (n) ... v, ()] Tunimed

= Al'd ' a‘ Cd g 1’/ 4:{‘
waadryqyrndsunumdildananquuitanfideaelugue nwmeiuadn oy uiauuain
fuldsanaaasgnifiuiiuudendayaniaeinenaaedudanivintiy processing gain %38
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X,,(m)= Y a(@)h, (&b, (), (m)+n,(n) ; m=0, ... N-1 (3.2)
k=0

e¥ n,(n) =In, o(n) n,, (1) ... n, (W] Hunansudasffiesuuufsrnueasnines
waqd oy rusunauin €@ suanauuuuan andusindyyoane x, (n) Tdiausadiugin
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AINan0 TesAtlsenaudyanresgldainainluldazaaunvitasazgnaanidnsoniu

Nttt ‘Vagmﬂmmvmiﬂmm?ﬂﬁ”m@Nm/mﬂ?? AFagunsT (3.3)

2,(1) = Y X, (V6 (V) (M)

= a(g )b, (MY |2y ()
K-1 " N=1 (3.3)
+ _Z a4 )\/g_ibi (n)z ¢.(m)c, (m)pi,m (n)pk,m (n) exp( j@i,m (n)

izk

£ Cm)y (1) 9y 1 () EXPCig (M)

m=0

Wef Gy o (N) = P (M) eXP(ig () BAE G (N) = 941 (M) = 21 ()

6 o ¥

nnwasdnoans z, (n) axgnandaaneastastiwinAEeiauy w (n)
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a o
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y, (M) =w;’ 1)z, () (3.4)

:j/ o o/ v a a = o/ o Y k%% s
AnuutNAs s Y, (n) ”L‘]JmMuumm@my@ﬂwmmmimﬂmﬂmm

1
o va ¥

fpdunuuneaidandufuuduguhie il fdeyaBuaecl4fdamis dude

b, (n) = sgn(y, ()) (3.5)

Tneiit b, (n) udeydnunfesad naesdldngesnsiisihduaanuls

3.2 ngaseatnaulagldn1sinlnans @ ud U AR N UUNSNADALAS

a @
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ad 1% o dl ¥ o Y o ! % 1 o
Asn19aiatnarlagldnimn liensdau UUNTURARATU N TULNTNAR A
=

WAL ”fyfy’]miumuummﬂmmwiﬁﬂmuuumL@mm@m@mmmmﬂi fandlag) 2 35 laun

a
|

7% code filtering [16] wax modified code filtering [17] agnglafims iasansalull
a o dl o ada o 1 v a = A & o Y d’/d [~ a g
uAde laftauedsnisaanantlussuudanuaFestneue luidetaadunisimezi

Aan1raf19a1ndaulnaldnianldidnadiudyyrusedyyiuunmnaaniasd i
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3.2.1 38 code filtering AMNTUTELLUNARULALZLSTALDNLD

= o a " o

a dg/ = s o 9«:// d‘ 9/4‘ 1
nsuRanAan swssndaalalaoEatueg EUEQWMWQMNQW?UIQWNWHﬂW?

¥

= ¥ dl e 1 ] a ¢ = o % del
ANBALAFAAILARUNINEREATN 7| LL@&LN&]?WIJ@@IMIWQ’]L?ﬂueﬁﬂﬂﬂﬂﬁyﬁy”lmﬂ‘ﬂﬁf{mm%ﬁ]‘ﬂ\?ﬂ’]?

1
=

ﬁ@zﬁﬂﬂﬂizm@mmqﬂ?qﬁ et lunsmsiindeelnlaanBeudaes a[aT]aTala¥ty
ﬁ@qﬂWiLL@zﬁmmﬁmﬁMﬁmmi

fvunlddyanndsuldanndliudazauliduiustiu unnduanduudly
3HN319 (Wide-Sense Stationary, WsS) @zvl,é’m?ﬂsfﬂﬂimiﬁmGﬂuﬁm@qﬁ@mﬁmﬁwmﬁl

o s./dl 1 a ¥ dl o 1 ' |
?‘].Ii@'ﬂN’]uﬂ’]i@ll‘ﬂ@L@ﬁlﬂ’]ﬁlﬁ@quﬁﬂﬂﬁlmqﬂ ] il

R, =E[X(mX"(n)]

=a(4)a" (), X E )]+ Lalh)ar (4)e 2 E[ pPa(m]+ oI,

m=0
i=k

~ Na(d)a" (4)a E[ ol (n) |+ Nia(qﬁ,)a“ (#)&E[ pla(M)]+Na?l | (36)

= Rdd + Ruu

Tnad X(n)=[X,(n) x,(n), ..., %X ()] waz I Wuwwssndiandneniauin LxL
wrsndaalnlaBowivasdyyinmeldnseinisaui k HazinlillszuoananiaiBgi

AN130La A le Tl

R, =E[z,(mz}'(M]

0

:a(¢k)aH (B)e, [E Zpkz,m (n)}J (3.7)

N-1

+ Y a@)a" (4 Y. E[ o (0 E[ o, () ]+ NE[ o2, (] o1,

m=0
i=k

Avua A uLIeIRauNtasiNINNe wazenAungeaninAINans [2],
[4] ax@11N909ENINNTUANIAITBIHATINANRIADT B sgu st naR LAy

udaseranuls wWuAa d1n1uua i
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P =3, (0 38
AteatuazAnAnLssulaesyannaes pZ(n) axflulupnannnsd (3.9) uaz (3.10)
ATNATAL

= 2NE[pk2’m(n)] (3.9)
o% = 4N (E[ o2, () ]) (3.10)

AINANNIN (3.9) KA (3.10) AL AIUFNNTN (3.7) TATl

R,, ~4Na(g)a’ (@)e, (E[ p2,(0)]) +
NE 27 (] ()6 E [ pha] + NE[ F, (0 ]o?1, (310

izk

=E [pkzm (n)](4NRdd “ Ruu)

ANANN139 (3.6) waz (3.11) azla

= (R, —E[0.() R, ) 512

E[ p¢q(n) | (4N -1)

dd
RS

) (4NE[ P2, (MR, ~R,)

“T R m]@N D 19

AINANNIN (3.12)uat (3:13)azla-Ry waz-R,, Tazilyldlunas

v 1 n:ll o alx ¥ 1 [~3 U [ a oA
witlyrAnanzaianeieiallduds -ednglsfinin luannwwandenvesdyoynmed jos
e ¥ o dne  amX weva e e ¥ o 4 4 d'
wneefas s ninilsanisialilndmaiunaesdosianinfmunzige luannien
(2.17) WWasanANRanata lunislszannt R, war R, luaunisi (3.12) uaz (3.13)
Nedusiaiiasainnistlszanns R, waz R, AINS1AU wanaInid dnsdiuseninaaiuou
Wi aNuATL processing gain Asnina1anudq luindan 2.4.3 dsdenansenulagmnsg
FladNIINUE0IBMae [43] audTluuisinaItasfasaeenislsziin Ry, uay R

uu

Ioe 1935 luiadadm 1l
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3.2.2 3% modified code filtering #1MsuszULNARUALTESTALANLD

AMNANNITN (3.12) Uay (3.13) wazia1sundasdaudy e 149

a/ 1

P A oAl o A o U yal =
FRANNITAUN le@:l&Wiﬂﬂ?ﬁN')@N@%’]\iﬂ?ﬂuu FRA ‘L‘LI’]MVNMN@ ﬁ_lll ANKN 'Wuﬂ"]'j‘md@@l,@ﬁl

H
Rzz ka

ﬁ')ﬂﬂ@uW’Wﬁﬁl@ﬂWl\‘i °”| uuﬁﬂ @319?1/

wiR W,
WHR,, W, , (4N -DE[ o7 () |
— B ANE] pf () |- —— '
w, R, w, W, Ryq W +1

Wy R, W, (3.14)
4N -1
— [ AN————— [E| 02 (n
SlNRoutk 1 [pk,m( ):I

Rdd,ka

H
Tne? SINR,, , =— dwiu w, (n) a - andunstin wi R, W, =0
k

uu,ka

dl Y & 1 6 1 9°, vd‘o S./WkHRZZka =
ANNIIN (3.14) Waa9 WLANININAATA U NN AN L ———
Wk Rxka

Agagaazi1 i SINR,  HANGI4AALE BAZANTTe 2.2.1 AzAINTDUILINIARTTIIY

out,k

%

wensndaudy e Aty N Indan LA ATyt sLNIURANIN g 18

77

annilyuAatzasiasdaialludofsannish (3.15) unuannisi (2.17)
Rzz,kWMSINRk i ﬂ’max,kaxWMSINRk (315)

3.2.2.1 aanasnndsumalaginsumsunilaymeaAnaizasnaneaianaliduan

dl o Y dl ¥ % v @ 1 - 7°J o dl o Y o
Wasannidenudalanansldidudnnmesassinndnainildansndan

o 1% ar

o dyIUENsNAa LA SRR N ATLINURATNINIgRd T s UL AR LA BT

¥
o =2

~ : 4 T . d e b
Arane lutesdyyoauteanlasanauainisom dainiloywiaAanzasianadasialduda Tu

=8

v Y

agljd a (% a KR o o v o o v [ J dl v A
ﬂ']mﬂu@ﬁ‘t"l@ﬂﬁ‘m’]ﬂ@ﬂﬂ?ﬂﬁ\lﬂ?uﬁ]?iﬁﬁ’?ﬂﬁ‘ﬂﬂﬁﬁlmﬂfyﬂﬂﬂ\iﬂ@’]')sﬁﬂﬂ’]ﬂ’]ﬁ‘ﬂ@igﬂiﬁ’mﬂ 2

fanesnu leun §ane3nN GP (Generalized Power) [35] Waz8ana3ny GLM (Generalized

|
o

Lagrange Multiplier) [17] antiaziauesanesiludiiideddanes i RGLM

(Recursive Generalized Lagrange Multiplier)
1) fANENN GP

fanaanuilliauiiR positive semi-definite aagiszndinanildtloyman
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lnzasiianedasialdudananaifuilymiAtaizasadnedng (simple eigenvalue problem)
(Q’ﬁmu%mmﬁﬁmmmmeq@ﬂ'wdm gn1nsaNansnleann [29], [44]) wesndaaln

TaaBeudaesdiynrniannaniuldndunisanegandosaaunivites g o 418130

ueinelagl (decompose) ol

R, =RR" (3.16)

Imgf R 138091 Cholesky  factor BaLilulsznda N UALNA1 (lower  triangular) e
ANNNTAINANRLTUNTN Cholesky factorization [35]

AINENN3N (3.15) WAz (3.16) azls

R7R,,(R*)" R" SR 3.17
7z k WMSINRk — “max,k WMSINRk ( : )
d} = [~ I 1 1 Y o dgl
Gﬁ\‘i?ﬁ’]ll’]ﬁ‘ﬂLﬂﬂuLﬂuﬂﬁyﬁ’]ﬂqL“ﬂqﬁi@\‘i@ﬂqﬁx‘i’]ﬂiﬁﬂﬁu

R, @ = Aoy T (3.18)

d‘ -1 | H H o :j/ - %’ o dl o VY o
lnen R, =R Rzz,k(R ) Wae @, =R Wygnr patiuINIAaitatiutinialianen
e yel o o : Y .
Aoudyryniaesy lMndesnisaun k- Aednannunsnaananngldaubuiazdnynin
FUNIUGIGARNNTON IFAINNNTUARNNIIN (3.18) LaNaINT a1Nnsnllszannininasto
wntinldannnisindsfsnanauuueudn dlaeninisliu R, uar R, liunafiusiay

v 1 1 1
saLUn179wE N n e lfannsnRamanIlasLlasestesd o nuiaziinaa AN

m@aﬁmmﬁmﬁﬁmma‘”lﬁﬁmumiﬁ (3.19) waz (3.20) MNAIGL [8], [16], [29]
R ()= f Ry (n-D+z(n)z () (3.19)
R,(n)=f R, (n-1)+X(n)X" (n) (3.20)
Toedi £ (fuduilaz@nsnisam (forgetting factor), 0< f <1

1 < [ % a R dgl 1 My a . 1
aglafinnu danesnutenaazliaiunsnldldaseluscuy real-time 1
szuunsdeansuuniFans udu wesannfanududenlunisaiuomgasnnn bWy iy
Z’/ . . = o Y o [« 3 dll
dumau Cholesky factorization HAududaulunisAatwanutu O(N®/3) [45] a O(N)
\udnuauluanespndutendiniunisiananmunie’ls (inner product) 181animafAN

a v '8 4 9 d”d 1 a o a KR dg/o o ¥
E9TaU 2 Lnwees  LDusu mﬁLmumiuummmamm@ﬂ@iwmummumﬂmﬁmm
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pananaluaudduilaqiuninaadesszuunisdeatsuuul¥ane [(17],  [29] fAeddulu

a a rzd 1a o a R dal 1 [
fmmuwuﬁmﬂuwma‘mﬂﬂ@ﬂm‘wuumuﬂu

2) §ana3nN GLM

3 v 1
= o v A

danasnuiiiunisAuinuaninafassiutinuicigalaaiaisnn

fynAatzasiaedeialiudofluidgyuinisinldddrunngalaaiiNeulaieAy

q
% 1

(constrained maximization problem) HiuAaN s INWaTTaMENN wi'R,, W,

aeqalaed w'R w, =1 awnsannlalasiansnniariduaniseasd

J(Wk):W'Iijz,ka +7k(1_WkHRxka) (3.21)

Tedl y, Wwspuainsass AudnNeulativdy wiR w, =1 Wannnnasteeinuin
ai o % o o 1 IS sl A o o 1 % o
i lvieitusanaalfingedn azldns steepest ascent @an1sufumnmestaaimtinly

WFAAZIAUNIIIUTILAAI LA FIAUNS

w, (n+1) =w, (n) +%,uwvak (n) (3.22)
Tned 4 duauiadasing (step  size) %qﬁm@rﬁi@mizjlﬁq waz vV, (n) duanmes
nadeuTesilariduanUssas Ay w, dufe
Vo (M) = 2[ Ry, W, () = 7R W, (1) | (3.23)
Faruaz g

w, (n+1) = w, (0) + 1, [ R, W, (n) =7, R W, (n) ] (3.24)

ANANNITN (3.24) anfludasnisiaguainsasadmiunislfuliiunia Hsvansanlaann
Raulapdada w (MR w, (n) =1 uda y, seuiluldmutanlaieiu
w! (n+DR, w, (n+1) =1 (3.25)

Y1 o [ F

1 1 v v
AINANNIN (3.24) uaz (3.25) azldnsnpuaInsessisasnisiumn lefall

#kaH (n)Rika (n)}/k2 _WkH (n)(2R>2<x + :uWWk (n)Rzz,kRix + /uwRiszz,k )Wk (n)yk
Rxka (n) = 0

(3.26)
+:uWWkH (n)Rzz,kaszz,ka (n) +WI|<-| (n)Rxszz,ka (n) +WkH (n)R

7z,k
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< 1 4 o

AMNANNIIN (3.19), (3.20) WAT (3.26) AzWININFBINNIARNFBNFITIUA UGN

INAAMNTUTaUILUNNTAILIINAN FYTUINDAAAINNTLTAUAINANIIAY AZARILALNNITLA

annneh (3.26) Inamaelaennsunu R, %8¢ R Aot szun LTIyl

XX
(instantaneous) z, (N)zF (n) wazr X(n)X" (n) mua1au duAansnvun liduilszdns

nisanluannie (3.19) uaz (3.20) Wuaud azla

b, (n) — /b2 (n) -2, (n)c, ()

a,(n)

7(n) = (3.27)

Imﬂﬁl a (n) = ﬂwng (Mo, (n), b(n) = Sng (M3 (n)+ w, Re[ﬂk (n)5kH (n) B, (n)} ’
¢ (n) = s, [ M) B (N) B, (0)+ 2Re[ 77, (& (0) 4 (0) ] waz & (n) = X" (m)w, (n),
7 (n) = ZF (Mw, (n), a(n)= X" (m)X(n) , B (n)= X" (n)z,(n), 6,(n)=a(n)n(n)

ANUFAIAIANIDIRANNANNIIN (3.27)  UAZINALADHININNINTIUIATD

NAasINauNMin aunsUsuwnmasaaadnin LN ag NNy

w (n+1) = w, (n) + 4, [, (MW, (n) = 7 (MX(M)&, ()] (3.28)
~ w,(n+1)
w, (n+1) _—||Wk(n+l)|| (3.29)

3) #anasNu RGLM M1nLa1e

ANANANINILAINEANEININ GLM @ru1snanAudutaulunisAulniag

Talaeandanisuny R, way R« foaAdszunnuttaneuils - X)X () uaz

H o o I =3 o Y ¥ ad o 1 o % =
z,(Mz'(n)  muarsu adelsfimn nsanAnadudaudaaissinataazinlfszuul
a PRPR PN A a = o v v o
mll??ﬂugﬂ/lL@']@\?INﬂ?MWﬂJﬂ’]?LﬂﬂﬂuLLﬂ@ﬁV]ﬂﬂ/]q\‘iﬂq?ll"lﬂﬂm@ﬁ Q_,Iﬂo_ll’]mwmahwmmﬂ’]?
MURRiUSANE3NIN CG (Conjugate Gradient) [44] uaz@ane3ny simple Lagrange
. ) ndl % 1 1 1 o/ ¥ & o/ [T
multiplier [29] AldlunsudiloymnaAriaizasadneing wazpandudauidnannatiiy

O(N?) Feazuanalfifiuluundald aeiuludadefazinauedaneinnludiiaed

D

¥

fanesnu RGLM (Recursive Generalized Lagrange Multiplier) Teafung l@sail

o dl ! oo & = dl o
nuann1snIianduqalseasa J(w,) aelAgegauu local Liafagn

a

ansadsNANTALANAzadle o) 2eatlyiiAianzasianeieialludn wazianimadiiag

v 1 1 1
rminiildaziunninefianzasNaan AR adALANANEaIAINaNa [36], [46] T4annnisld
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Wkaka
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[35]) Aasiuasn e linnslsusannuannsess liiuntaly
U

w, (MR, (Mw, (n)

(3.31)
Wk (n)Rxx (n)Wk (n)

% (n) =

wazannsiiunnmesasinuiniiunIanaan Aot LA AAINIBIRAINAIIEINNID

wana el

w, (N+2) =w, () + g, | R, (MW, (n) =7, (MR, (Nw, () | (3.32)

Ined R, war R (n) duldniuannisi (3.19) uaz (3.20) Auasu

a o

ati1lefin AvnndudenlunisAuanedanasnNussNInet) ilegannnng

3
Ufu R, uaz R (n) asappududauassaaisnisssialiil

77,k

Al y,, (n) waz y,,(n) ulAsiazdiuzes y, (n) AMNAGAL uay

mmﬂmnmmivmmﬂﬁu [47] muumﬂmumaﬁm (3.19) uaz (3.31) ale

7, (M) =W (MR,  (Mw, (n)
=wy! (M) f R, (=D +2z,(n)z} (n) Jw, (n)
= f wy! (MR, (n—Dw, () +w! (N)z, (n)z}! (Ww, ()
~ f wy (n-DR, (n-Dw, (n-1) +w; (n)z, (n)z}! (n)w, (n)

(3.33)
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WAZANNANNN9N (3.20) Ba (3.31) azls

Vo (M) =W (MR, (Mw, (n)
=wy (M) f R, (n=1)+X(n)X" (n) |w, (n)
= f wi (MR (n=Dw, (n) +w;’ (N)X(n)X" (n)w, (n)
~fwl(n-DR, (n-Dw, (n-1)+w;' (N)X(n)X" (n)w, (n)

(3.34)

AMNANNIN (3.33) war (3.34) Mwuald  y, (n) =z (N)w, (n) uwaz

7.(n) = X" (nw, (n) azl§

Vo) = T, (0= + |, (M) (3.35)
7 xik (n)= f7/x,k(n_1)+§kH (né&. (n) (3.36)

NWANTDUABNIENAUN 2 NINVINVRNENNITN (3.32) LATDIAENANNIT

Uszanaui 4 [48] azld

R, (MW (n) = B (MR, (Nw, (n)
=f R, (n=)w,(n) +z,(n)z; (N)w, (n)

= B[ f Ry (=D, (n)+ X(m)X" (Nw, (n) | (3.37)
~ f R, (n=Dw, (n-1)+z,(n)z; (n)w, (n)

- B[ f R (n=Dw, (n=1)+X(mX" (Nw, (n) |

LL@Zﬁqﬁqﬁuﬂlﬁ Vk (n) = Rzz,k (n)Wk (n), Kk (n) = Rxx (n)Wk (n)! 77k (n) = ZI|<-| (n)Wk (n)!

waz & (n) = X" (nw, (n) azla

v(n)=Tfv, (n=1)+n (n)z.(n) (3.38)
Kk (n) =T x, (n=1) +X(n)& (n) (3.39)

N&NA197 (3.37), (3.38), (3.39) UAZINLADEIINTINNINUUIAUBILINLADT

f9nMIn &un19h (3.32) avansnsadiailuad lay

w, (n+1)=w, (n)+ﬂw[‘/k () =7, (N)x, (n)] (3.40)

w, (n+1)

_— (3.41)
lw, (n+2)

w,(n+1) =
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3.2.2.2 mMsdsaunguaNgUdaulunIsATUI U IRIRANDS N GLM WASDaNasny
RGLM

Tuidailazidunisiansnaududanluni1saua e anasny GLM

o a KR all Y o dll [~ [ % a KR dl o al
wazdanadnui lduiaus Wasannidudanesiunaztirun i luninfaueugnssouzans

'
o

fnRananalntanansulanATasuluuny 4 LazarNaNTUNANNFUERUAINANY

a

v 1
a v 1

arnznsanaaninesAdtaunintiy Hesannluenaisdrsdefiinisfiarsnnaududen
"Lumiﬁmqmmmﬁ@ﬂ@?ﬁuz%mi“um?LLﬁﬂtymc-‘ﬁﬂszfu [29], [44] AzfANTUNLANIZNT
prunniaedAdeteu fadunasnanaaudidenlunisgmnnnesandedauazunnndd
AndudenlunisuanuninesAndsdan 1w nmualy P ifluspasiale o Sruaunialu
NITUANUKATNITANITNAINANT (scalar)  A1RTId IUTUNIUIKAaR N e TuIasaNImaFAN
Gefeunng Px1 fAflu 2P-1 uaz 2P andndu sandly 4P -1 dousuaunilu
NNILANUALNIIAMUINALNANTANATIAMTUNITINALANTBIINLAAT AT T A UAINAN2H AN
i 2P uaz 0 muaIaL sauLiy 2P %Qfﬂo’luﬁuﬂ%ﬂuﬂ’ﬁu%ﬂLL@xﬂ’]ﬁ‘@lmL%\iZQLﬂ@’]ifﬁ’]ﬂ?\i
A1UFUNIININALINVBIANTITOVUALHAR UIDIANTITAUALYINAUNITUINALINT B
wnmefAddfauuaznamuagnnas luaesnmefinisdeulunsdif P =1 mudsy
lusi atinelafionu mmsﬁusﬁﬂuslum'i@mfmL@@'?ﬁhL%qs’ﬁﬂmzqﬂﬂmamﬂﬁfmfimquﬂ%ﬂ
mﬂﬂﬂﬁﬁ‘@]mﬁﬁL%ﬂ%ﬂuLﬁ%%u Lﬁ@qmﬂiumqﬂﬁﬁﬁ AN UTDUNINEITALITURIAL AW
(multiplier) AMEeEauazNINNdIfaLLn (adder) ANTNEaUNNN T8 azIDEATRIAINT Lt
lunnsuinitesdanesiie GLM uazsanesnaiisinauaudnsldimneed 3.1 uaz 3.2

ANNANAL

A19997. 3.1 ANNTHUTLIUANTIANUINBIEANEI NN GLM

NAINNNY fﬁﬁuqum%\wmmi@mm
G RN
7(n) =z, (Nw, (n) L
& (n) = X" (m)w, (n) NL
a(n) = X" (n)X(n) NZL
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B, (n) = X" (n)z, (n) NL

5,(n) = a(n)& (n) N2

a,(n) = 1,6, ()3, (n) 0.5N

b (n) = &' (N3, (N) + 14, Re| 7, (3! (M) B, () | N

G (M) = a1, | (M A (M) B () +2Re| 1, (& () B, () ] 15N

W, (n+1) =W, (1) + 44, [ (MW, (1) = (MX(M)E, ()] (N +2)L
w, (n+1) =w, (n+1)/|w, (n+1)| L
994 (N?+3N +4)L+N?+4N

AN9N9 3.2 AANNE TR IUNIIANUNIINS AN NN RGLM

e AT nIAN
\Taiau

n.(n) =z, (n)w, (n) L

& () =X" (n)w, (n) NL

Ve ()= T 7, (n=1)+ & ()&, () 0.5N

vi(n) = fr, (n=1)+7,(M)z,(n) 1.5L

K (n) = fr (n=1) + X(n)&, (n) (N+0.5)L
W, (N+1) =W, (n) + 4, [V, () = 7, () ()] L
w,(n+1) =w, (n+1)/|w, (n+1)| L
393 (2N +5)L+0.5N
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A NOVEL BLIND ADAPTIVE BEAMFORMING ALGORITHM FOR SMART ANTENNA IN
MC-CDMA UPLINK SYSTEM
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Abstract - This paper presents a novel blind adaptive
beamforming algorithm based on Maximum Signal-to-
Interference-and-Noise Ratio (MSINR) criterion for MC-
CDMA uplink system with antenna array. The proposed
algorithm namely Recursive Generalized Lagrange
Multiplier (RGLM) method has lower computational
complexity than the well-known GLM method. Our
simulation results show that the proposed algorithm has fast
convergence and tracking property. Moreover, it can achieve
better BER performance compared to the GLM method
although in near-far effect environment.

Keywords - Antenna array, beamforming algorithm, MC-
CDMA.

I. INTRODUCTION

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 requirement above. However, it suffers
from InterSymbol Interference (ISI) due to multipath signal
and interference from other users in the system. In DS-
CDMA receiver system, ISI 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 [1], [2].
The MC-CDMA is the combination of CDMA scheme and
Orthogonal Frequency Division Multiplexing . (OFDM)
technique, so ISI can be reduced when data is transmitted at
higher rate.

The combination between MC-CDMA receiver system and
antenna array has been analyzed and confirmed that it can
improve the performance of MC-CDMA receiver in-terms of
Bit Error Rate (BER) [3], [4], [S]. Recently, a number of
beamforming techniques for antenna array applied to MC-
CDMA receiver system have been proposed in [6], [7], [8],
[9]. In [6], [7], [8], however, they need pilot symbols or
have to give up some part of a time slot for training signal
interval. In [9], the beamforming algorithm also requires the
knowledge of the direction of arrival of all users.

To overcome those disadvantages, we apply blind
beamforming based on MSINR criterion to MC-CDMA

uplink system and propose a new low-complexity
beamforming algorithm called Recursive Generalized
Lagrange Multiplier (RGLM) algorithm. We demonstrate
that the proposed method has more reliable convergence
speed and better BER performance than a popular simplified
SINR beamforming algorithm in [15].

This paper is organized as follows. Section 2 describes an
MC-CDMA uplink system with antenna array. In section 3,
the MSINR beamforming for MC-CDMA and the proposed
algorithm is derived. The simulation results are given in
section 4. Finally, the conclusions are made in section 5.

II. AN MC-CDMA SYSTEM WITH ANTENNA ARRAY
IN UPLINK

We assume that the antenna array with L elements to receive
and transmit signals from and to the mobile station is
employed only at the base station due to practical difficulties
implementing antenna array at the mobile unit. For
convenience in reverse-link analysis, we will use the
discrete-time baseband model for both transmitter (mobile
unit) and receiver (base station) of MC-CDMA system and
not consider cyclic prefix in addition.

In the transmitter, the frequency-domain signal symbols of
each user are multiplied by the corresponding Walsh
Hadamard code assigned to each user and transformed into
the time-domain signal by the Inverse Fast Fourier
Transform (IFFT). The /-th sample during the n-th
transmitted data symbol b,(n) of the k-th user with its

duration 7, can be expressed as

uk,,<n)=§J?kbk(n)ck(m)exp(j2;mlj L1=0, . N-1 (1)

m=0

where ¢, is the bit or symbol energy of the k-th user, c,(m)

is the m-th chip of the spreading code for the k-th user and N
is the processing gain. Binary Phase Shift Keying (BPSK) is
used as the modulation method.

With uplink transmission, we consider independent
frequency selective Rayleigh fading channels for each user.
However, it is assumed that each subcarrier experiences a
non-selective Rayleigh fading channel. This assumption can
be guaranteed by properly selecting the number of
subcarriers. Assuming flat fading at the subcarriers, the slow



Rayleigh fading can be represented as [10]
By = i €XP(—J0;,,) (2)

where p,,, is iid. Rayleigh random variable and ¢,, is

1.i.d. uniform random variable over [-z,7] .

The structure of the proposed MC-CDMA receiver with
antenna array is shown in Fig. 1. In this paper, we use
Equal-Gain Combining (EGC) for diversity in the receiver
[1], [2]. The received signal at the output of antenna array
can be written as

X (1) =~ Y a(Nab Y (m)exp[j = ] vm (3)

m=0

where /=0, ..., N-1, x,(n) is a Lx1vector of sensor array
in n-th bit interval, K is the number of users per cell, a(g,) is

the direction vector of the k-th user which impinges on L
antenna elements with angle ¢,, and v,(n) represents

Additive White Gaussian Noise (AWGN) vector with power

2
o, .

n

After the Fast Fourier Transform (FFT), the received signal
vector in the frequency-domain is given by

X, (1) = X (g, e, b, (), ,c, (m) + 1, (n) (4)

where n, (n) is the FFT of the AWGN.

Each receiver is assumed code locked onto the
corresponding user. Assuming that the amplitude and phase
response of a channel is time-invariant during symbol
duration and the receiver is synchronized with the desired
user (k=0), the output of MC-CDMA receiver can be
expressed as

N-1

z(n) = )" x,,(n)c,(m)exp(j,,,) ®)

m=0

where ¢, , is the estimated phase of the desired signal at the
m-th subcarrier. Assuming that perfect correction (¢,,, = ¢,,,)

is made, the output reduces to
2(n) = a(¢0)£bo(n)§ Pon
- 3atd et o Dectnre o exo ) (6)
=3y mm, exp(jo,)

m=0

where ¢k,m = Do ~ Prom
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III. BLIND BEAMFORMING ALGORITHMS FOR MC-
CDMA

A. Blind beamforming: MSINR criterion

Our purpose is to find the weight vector w that maximizes
the SINR at the array output. From (4) and (6), the output of
MC-CDMA receiver can be rewritten as

z(n) =d(n) +u(n) (7

where d(n) and u(n) denote the desired and undesired

signal vector, respectively. It means that the signal vector
transmitted from the O-th user contains the information of
the symbol and the undesired signal vector is the sum of
interfering signal vectors from other users and noise vector.
Then, the optimal weight vector for (7) under the MSINR
criterion can be found as

Wisve = arg maxw
J v E[w'a(n)u” (n)w]

"R, w ®)

w
=argmax ——%—

v WR W
where R, and R, are the autocovariance matrices of the

desired and undesired signals, respectively. From (7), it is
obvious that the optimal weight vector is the eigenvector

corresponding to the largest eigenvalue 4, of the
Generalized Eigenvalue (GE) problem [11]:
RddeSINR = }"’nmeuuwMSINR - (9)

Unfortunately, since the desired and undesired components
cannot be separately at the receiver, it seems to be
impossible to find by solving (9). However, it can be shown
that R, and R, can be obtained from the vectors
{xm(n)}:;; and z(n). Provided that the received signals are
uncorrelated and wide-sense stationary, we can express the
autocovariance matrix of received data as follows:

R, =E[X(mX" (n)]

—a(d)n’ (e, 3 B 7. ]

+{Za(@)a”(@)skiff[p:m]+Nafl}

m=0

(10)

=R, *R,.
where X(n) =[x,(n), =+, X, (n)].
Also, the autocovariance matrix of z(n) can be written as

R_ = E[z(n)zH(n)}

- a<¢o>a”(¢o)so[E{§pomD (11)

m=0

+Sa@oa" (4)e, Y E[ pl, ]+ Nov1



Since {po,}[: are i.i.d. Rayleigh random variables, the

N-1
distribution of the term z Po., can be approximated by

m=0
applying the Central Limit Theorem (CLT) for the limiting
case of large N [1]. Using the CLT results in the mean and

N-1
second moment of ) p, ~as

m=0

R 7\
lupo = ENZE[p(fm:L 0-1270 :(2_5)2E|:pg”’j| (12)
m=0 m=0

respectively. Then, the term in (11) is simplified as

R. =2 Na@)a" (45, X E o1 ]

m=0

K-1 N-1
| Saoon @) S, Eol, e Nah (13
k=1
= %NRM +R,,.
From (10) and (13), we have

T
ZMR,-R.
R,=R="Re g _2 " % (14)

(EN—lj [5N—1j
2 2

Consequently, the autocovariance matrices of the desired
and undesired signals are estimated from R, and R_. In

practical environments, however, the beamforming vector
derived from (9) and (14) cannot be close to the true w, .

due to the estimation errors of the estimated R, and R

[12]. It leads to beamforming performance degradation. To
overcome this problem, we use an alternative functional to
find the optimal weight vector. By utilizing the expressions
given by (10) and (13), it is straight forward to show that

T
WHRZZW _z B EN—I
wR.w 2 w'R,,w
- —4— +]
wR, W (15)
S
-Iy-2
2 SINR +1

for any w except for w'R _w=0.If R__is full rank, (15)
holds for any w=0. Hence, any weight vector that
w'R_w

maximizes 7 ultimately maximizes SINR.
w'R_w
Therefore, the optimal weight can be found as
“R_w
Wosivg = arg vrvnaX W HRX;W (16)

and it is the eigenvector corresponding to the maximum
eigenvalue of the following GE problem:
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R_oW, o = A R W sssine- (17)

B. Proposed algorithm of adaptive beamforming

The Generalized Power (GP) method [13] is a well-known
iterative technique to solve the GE problem. However, it is
evident that the GP method involves a lot of computation
(e.g., Cholesky factorization requires computational
complexity of O(L’/3)[14], where L denotes the number of
the antenna elements in the array system) and consequently
may not be practical for real time implementation. The
Generalized Lagrange Multiplier (GLM) method [15] is
computationally simpler than GP algorithm, i.e., it requires
O((N*+3N+4)L+N*+4N) to solve the GE problem in
MC-CDMA case. The adaptive procedure of the GLM
method is illustrated in the flowchart of Fig. 2. However, its
performance is degraded due to computation load reduction
by employing the instantaneous estimation of the
autocovariance matrices. In this subsection, we will propose
a new adaptive algorithm, namely Recursive Generalized
Lagrange Multiplier (RGLM) method.

In order to find the optimal weight vector in (17), we search
for the weight vector that maximizes the following
functional

S =w'R_w+y(1-w'R_w) (18)

where y is the Lagrange multiplier for the constraint
w’R_w=1. The method of steepest ascent is applied to

iteratively find the target eigenvector. Then, the weight
vector is updated as

w(n+1)=w(n)+u[R_(mw(n) - y(mR (mwn)] (19

where u is the step size that is small enough for the

convergence. To account for channel variation, the
autocovariance matrices are estimated as

R_(n)=f R_(n—1)+z(mz" (n)

(20)
R (m)=fR_(n-1+ X(n)X" (n)

where f is the forgetting factor between 0 and 1.

Since the functional  f(w) is maximum when the Lagrange
multiplier y is the largest eigenvalue and consequently w
is the corresponding eigenvector, we can compute y(n) in
the recursive form as

_ VR, (mw(n)

7= SR (win)’

@n
Note that (19), (20) and (21) require a lot of matrix
multiplications. We can reduce the computational
complexity of the algorithm by utilizing (21). Defining
7.(m=wmR_(mw(n) and y (n)=wmR, (n)w(n), we can
rewrite (20) as



=20 @2)

and we get
y.(n)= f w(n=DR_(n=Dw(n—1)+w(n)z(n)z" (nyw(n)

2 (23)
= fr.(n=1)+|n(n)|

where 7(n) =z" (n)w(n), and

y.(m= f win=DR_ (n=Dw(n—1)+w(m)X(mX" (n)w(n)

(24)
= fr.(n=1)+&" (& n)

where &(n) =X"(n)w(n). Following similar procedure, the
weight update equation can be simplified to the few steps as
follows:

w(n+1)=w(n) + u[v(n) - y(mx(n)]

v(n) = fr(n—1)+n(n)z(n) 23)
K(n) = fr(n—1)+X(n)é(n)

¥(0) = 7(0)2(0); x(0) = X(0)£(0)

Fig. 3 shows the flowchart of the propose algorithm. We can
observe that the computational complexity of the RGLM
method is O((2N +5)L +0.5N). Then, the RGLM method has
the computational complexity that is linear with the number
of antenna elements and less than the GLM method.

IV. SIMULATION RESULTS

The RGLM and GLM method have been applied to MC-
CDMA uplink system. We use a 6-element uniform linear
array with half-wavelength spacing between the elements. A
three-sector per cell environment is assumed so that the
users are distributed within [-60°, 60°]. The system utilizes
Walsh-Hadamard codes of length N =16 as spreading
codes. The number of users is 16. The channel is assumed to
be slow Rayleigh fading with AWGN. We assume that the
perfect phase correction of the desired user signal due to
fading channel is made.

A. Convergence rate and tracking capability

Fig. 4 compares convergence curves of our proposed
algorithm with the GLM method. The users are uniformly
distributed in a sector. Perfect power control is assumed and
Signal-to-Noise Ratio (SNR) is'set to.4 dB. We can see that
the average BER of the RGLM method converges to its
steady-state value after about 100 iterations whereas the
same for the GLM method takes more than 500 iterations to
converge.

Because of the movement of the mobile station, the adaptive
algorithm must be able to track the desired signal source.
We investigated the tracking capability of our proposed
method in a scenario where the Direction Of Arrival (DOA)
of the desired signal changes 0.1° at every snapshot and the
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interferers are randomly distributed within [-60°, 60°]. Fig.
5 compares the main lobe direction of the antenna array with
the arrival angle of desired signal for a typical trial. We can
observe that the proposed algorithm can track the change in
the desired signal direction accurately even for this total
SINR of -11.83 dB. The average different of the estimated
and exact angle of arrival for 10,000 independent runs is
0.328° which is small compared to the half-power
beamwidth [11] of the linear array.

B. BER performance

In this subsection, we present simulation results that
illustrate the BER performance of the proposed algorithm in
a MC-CDMA reverse-link system. We consider 16 mobiles
uniformly distributed within the sector. Fig. 6 compares the
average BER of different algorithms as a function of the
SNR in perfect power control environment. We can observe
that the proposed method outperforms the GLM method.
This is due to the fact that the contribution from previous
samples is retained in the implicit estimate of the
autocovariance matrix in the RGLM method whereas the
GLM method is simplified by employing the instantaneous
approximation of the autocovariance matrices. The BER
performance comparison in near-far situation (i.e., Signal-
to-Interference Ratio (SIR) = -10 dB for every SNR) is
shown in Fig. 7. It is clear that the proposed algorithm
provides a significant performance improvement over GLM
method.

V. CONCLUSIONS

A new efficient adaptive algorithm to solve the GE problem
for MSINR beamforming applicable for the MC-CDMA
uplink system was derived. The effectiveness of the
algorithm has been confirmed by a series of simulation.
Furthermore, the computational complexity of the proposed
algorithm is linear with the number of antenna elements and
less than the GLM method, so it is practically interesting to
implement with the MC-CDMA receiver system at base
station.
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Abstract—In this paper, we propose a simple antenna array-
based MC-CDMA receiver that combines efficient blind adaptive
beamforming based on Maximum Signal-to-Interference-and-
Noise Ratio (MSINR) criterion with Parallel Interference
Cancellation (PIC) for an MC-CDMA uplink system. The
beamformer used to enhance the desired signal and reduce the
co-channel interference from other directions. For in-beam
Multiple Access Interference (MAI) cancellation, a PIC detector
is used. Simulation results show that the proposed receiver can
efficiently reject in-beam MAI even when whose arrival angle is
the same as that of the desired user.

Keywords-MSINR  beamforming,  Paralell  Interference
Cancellation (PIC), in-beam Multiple Access Interference (MAI),
MC-CDMA

. INTRODUCTION

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
requirement above. However, it suffers—from InterSymbol
Interference (ISI) due to multipath signal and interference from
other users in the system. In DS-CDMA receiver system, ISI
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
[1], [2]. The MC-CDMA is the combination of CDMA scheme
and Orthogonal Frequency Division Multiplexing (OQFDM)
technique, so ISI can be reduced when data is transmitted at
higher rate. Moreover, the use. of adaptive antenna array in
MC-CDMA base station has been analyzed and confirmed that
it can improve system capacity [3], [4], [5].

Recently, a number of beamforming techniques for antenna
array applied to MC-CDMA receiver system have been
proposed in [6], [7], [8]- However, they need pilot symbols or
the knowledge of the direction of arrival of all users. To
overcome this problem, we proposed a blind adaptive
beamforming algorithm called Recursive Generalized
Lagrange Multiplier (RGLM) algorithm for MC-CDMA uplink

system in [9]. This beamforming based on the Maximum
Signal-to-Interference-and-Noise Ratio (MSINR) criterion
utilizes a code-filtering method in each receiving antenna to
estimate the array response vectors.

In this paper, however, we consider the problem of the in-
beam Multiple Access Interference (MAI). To reduce these
interference, which will further increase the system capacity,
we present a combination of adaptive MSINR beamforming
and Parallel Interference Cancellation (PIC) in the uplink
receiver. The organization of this paper is as follows. Section 2
describes the signal model. In section 3, the receiver structure
is proposed. The simulation results are given in section 4.
Finally, the conclusions are made in section 5.

Il.  SIGNAL MODEL

We assume that the antenna array with L elements to
receive and transmit signals from and to the mobile station is
employed only at the base station due to practical difficulties
implementing antenna array at the mobile unit. For
convenience in reverse-link analysis, we will use the discrete-
time baseband model for both transmitter (mobile unit) and
receiver (base station) of MC-CDMA system and not consider
cyclic prefix in addition.

In the transmitter, the frequency-domain signal symbols of
each user are multiplied by the corresponding Pseudo Noise
(PN) code assigned to each user and transformed into the time-
domain signal by the Inverse Fast Fourier Transform (IFFT).
The I-th sample during the n-th transmitted data symbol b, (n)

of the k-th user with its duration T,  can be expressed as

N-1 2 I
uk,.(n)=Zﬁbk(n)ck(m)exp[%j 10, .,N-1 (1)
m=0
where ¢, is the bit or symbol energy of the k-th user, ¢, (m) is

the m-th chip of the spreading code for the k-th user and N is
the processing gain. Binary Phase Shift Keying (BPSK) is used
as the modulation method.



With uplink transmission, we consider independent
frequency selective Rayleigh fading channels for each user.
However, it is assumed that each subcarrier experiences a
nonselective Rayleigh fading channel. This assumption can be
guaranteed by properly selecting the number of subcarriers.
Assuming flat fading at the subcarriers, the slow Rayleigh
fading can be represented as [10]

hk,m = pk,m exp(_jgok,m) (2)

where p, . is i.i.d. Rayleigh random variable and ¢, is i.i.d.
uniform random variable over [-r,7x].

I1l. PROPOSED RECEIVER STRUCTURE

The structure of the proposed MC-CDMA receiver with
antenna array and interference cancellation is shown in Fig. 1.
The received signal at the output of antenna array collected by
block of N data samples can be written as

1 3t j2zml
X,(M) = 2 aNEb MY (mexpl <=+ vi(n) (3)
k=0 m=0
where 1=0, ..., N-1, x,(n) is a Lx1vector of sensor array in
n-th bit interval, K is the number of users per cell, a(g,) is the

direction vector of the k-th user which impinges on L antenna
elements with angle ¢, and v,(n) represents Additive White

Gaussian Noise (AWGN) vector with power .

After the Fast Fourier Transform (FFT), the received signal
vector in the frequency-domain is given by

o (1) = 28, (0., (m) 1, (1) @

where n_(n) is the FFT of the AWGN.

Each receiver is assumed code locked onto the
corresponding user. In this paper, we use Maximum Ratio
Combining (MRC) for frequency diversity combining in the
receiver [1], [2]. Assuming that the amplitude and phase
response of a channel is time-invariant during symbol duration
and the receiver is synchronized with the k-th desired user, the
output of MC-CDMA receiver can be expressed as

2,(m) = XX, (e, (M, 5)

where h,, is the estimated value of h, and ()" denotes the

complex conjugation.

k,m

A. MSINR Beamformer
As shown in Fig. 1, the output vector z,(n) is processed by

MSINR beamformer. The array output of the beamformer for
the k-th user is then written as

¥ () =wi (N)z, (n) (6)
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Figure 1. The stucture of the proposed MC-CDMA receiver with antenna
array and interference cancellation.

where w,(n) is the optimum weight vector for the k-th user
and ()" denotes transpose and conjugate.

Our purpose is to find the weight vector w that maximizes
the SINR at the k-th beamformer output defined as

H
Wk Rdd,kwk

SINR, = wR

(7
Wk

uu,k

and R . are the autocovariance matrices of the

k-th desired and undesired (interference and noise) signals,
respectively.

where R

dd k uuk

In [9], it can be shown that any weight vector that

. wiR, W, -
maximizes — oW = ultimately maximizes SINR, for Equal
Wk xx Tk
Gain Combining (EGC) where R,, and R, are the
autocovariance  matrices. of the output vector z (n) and
received ‘data’  X(n)=[x,(n), ---, x,,(n)],  respectively.

Following similar procedure for MRC and applying the Central
Limit Theorem (CLT), it is-then straight forward to show that

WrRzz,ka 74NE|: 2 j|_ (4N _1)E|:pk2mj|
WkHRxka - pk'm WkHRdd,ka +1
WrRuu,ka

(. 4N-1 .
_[4N SINRk+1]E[p”"}

(®)



for any w, except for w'R w, =0. Hence, the optimal
weight for MRC can be found as

H
w,R, W
=argmax — 2k
Wi

W H
Wk Rxxwk

)

MSINR

and it is the eigenvector corresponding to the maximum
eigenvalue of the following GE problem [12]:

Rzz,kWMSINRk = /’l’max,kaxWMSINRk' (10)

There are different iterative techniques to solve the GE
problem such as Generalized Power (GP) method [12] and
Generalized Lagrange Multiplier (GLM) method [13].
However, it is evident that they require a lot of computation to
solve the GE problem in MC-CDMA case and consequently
may not be practical for real time implementation [9], [12]. To
overcome this problem, we derived a new efficient adaptive
algorithm namely Recursive Generalized Lagrange Multiplier
(RGLM) method [9]. It has the lowest computational
complexity and can achieve acceptable performance although
in near-far effect environment. The adaptive procedure of the
RGLM algorithm can be summarized as follows:

7.(n) = ZkH (Mw, (n)

& (n) = X" (Mw, (n)

7 = 7, (0=D) + | ()]

Vxk (n)=f Vxk (n-1+ ékH (n)ék (n)

Yk (n)

m (11)
v, (n) = fv, (n-1) +7,(n)z,(n)

K. (n) = f i (N—=1) + X(n)&,(n)

w, (n+1) =w,(n)+ ,uw[Vk WEFAWL (n)]

W, (n+1) =w, (n+1)/|w, (n +1)|

7(n)=

where u, is the step size that is small enough for the
convergence and f is the forgetting factor between 0 and 1 to
account for channel variation.

B. Paralell Interference Canceller

In our previous work [10], since the half-power beamwidth
[12] of the linear array is limited due to a limited number of
used antenna elements and all beamformer outputs are
independently detected,then  the -beamformer_would- fail. to
suppress the in-beam MAI [14]. In order to solve this problem,
multiuser detection should be taken into account. Hence, a
simple combined MSINR beamformer and interference
canceller is proposed. Because PIC posses moderate
performance loss compared to the optimal detection and PIC
detector often outperforms the Successive Interference
Cancellation (SIC) detector [15], [16], parallel interference
canceller is used in this paper. This scheme assumes that the
receiver knows all the spreading codes of all users.
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After decision variables for each user in (6) are evaluated,
the parallel interference canceller regenerate all users’ signals
and subtract their contribution from the received signal. The
resultant signal for the k-th user is expressed as

XM =x,(M- > g (WebMh.am  (12)

i=0, izk

where g.(n) and b(n) denote the optimal canceller weight
vector and the estimate of b (n) from the hard decision data of

the array output, respectively. To find the optimal canceller
weight vector, we search for the weight vector that minimizes
the following functional

N-1

f(g,)=E {Z X, () —gi(n)si,m(n>||2} (13)

where s, (n)=+/sb,(Mh,,c.(m) and || - | is Euclidean norm
operator. Since the method of the steepest descent is applied to
find g,(n) iteratively, the weight vector is updated as

501+ D=0, + 4,3 5, [, -0, (s, ] (14)

where , is the step size. The reliably decision variables for
each user can be obtained as

Y (n) =wy ()2 (n) (15)
where z7°(n) = fx:c (e, (M, .

IV.. SIMULATION RESULTS

In this section, we present simulation results that illustrate
the BER performance of the proposed receiver in comparison
with a conventional receiver and an adaptive antenna receiver
without a canceller in a MC-CDMA reverse-link system. We
consider an uplink MC-CDMA receiver with a L-element
uniform linear array with half-wavelength spacing between the
elements. A three-sector per cell environment is assumed so
that the users are distributed within [-60°, 60°]. PN codes of
length N =32 are used as spreading sequences, i.e., 32
subcarriers are employed in-the system. The channel is
assumed to be slow Rayleigh fading with AWGN and perfectly
estimated at base station. The perfect power control is also
assumed ‘and. error control coding schemes have not been
considered.

In Fig. 2, we plot the average BER performance of the
system with MSINR beamformer for 8 users uniformly located
within a sector. We can see that the use of higher number of
antenna elements enhances the performance and the
interference could be efficiently suppressed. The main reason is
that when the width of the mainlobe of beampattern decreases
as the antenna elements increase, a number of in-beam MAI



decreases. Fig. 3 illustrates the average BER of the desired user
arriving from the same angle as that of the in-beam MAI in
case of they and other 6 users located uniformly within the
sector. Obviously, the adaptive antenna system without
canceller suffers from this condition especially when the SNR
is high and increasing the weights beyond 4 weights does not
significantly increase the BER. However, with 4 weights, the
receiver using the MSINR beamforming together with the
interference cancellation greatly improves the performance.
Fig. 4 shows the capacity improvement of the proposed
receiver. The K users are randomly distributed with a uniform
distribution in the sector. Note that the performance of the
proposed receiver with 2 weights is even better than that of the
beamforming receiver with 8 weights. Thus, with minimum
number of weights, using beamformer together with
interference canceller further improves the performance.

v = o BF
-] —a- BF L=y |4
=1 == BF (L=t} [

—s— BF (Lo} 1

=a— BF (1.=H)
il

10 I-:I

1
a 2 4 & 3} 10 12 14
EAR G )]

Figure 2. BER versus the SNR for the receiver with antenna array.
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Figure 3. BER versus the SNR for two users having the same arrival
direction.
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Figure 4. BER versus the number of users randomly distributed with a
uniform distibution in the cell sector.

CONCLUSIONS

Due to the disability of MSINR beamforming receiver to
reject in-beam MAI in MC-CDMA uplink system, we present a
combined MSINR beamforming and PIC receiver. While
MSINR beamforming provides an appropriate beampattern
having its maximum gain along the desired user direction, PIC
suppresses in-beam MAI even when their arrival angles are the
same as the desired user. The average BER performance
improvement and system capacity increment with the proposed
receiver are shown to be significant via a computer simulation.
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