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NATTAPON PHEWPONG : BLIND ADAPTIVE BEAMFORMING USING
DESPREAD-RESPREAD INFORMATION FOR MULTIUSER DETECTION IN
UPLINK CHANNEL MULTICARRIER CDMA SYSTEM. THESIS ADVISOR:
ASSOC. PROF. SOMCHAI JITAPUNKUL, Dr.Ing., 107 pp. ISBN 974-17-4525-7.

This thesis shows the structure of the Multicarrier Code-Division Multiple-Access
(MC-CDMA) receiver; which is implemented by the proposed smart antenna system at
its base station, in order to improve the bit error rate (BER) performance in the uplink
channel. The proposed smart antenna system uses blind adaptive beamforming
algorithm for MC-CDMA system in order to obtain the beam pattern such that its main
lobe points to the direction of desired users correctly. The blind adaptive beamforming
algorithm, called Blind-DRT (Blind Despread-Respread Technique) algorithm, uses both
despreading and respreading information of the data symbol at the output of the
receiver with Pseudorandom Noise (PN) code of the desired user and Normalized Least
Mean Square (NLMS) algorithm for MC-CDMA system. Furthermore, the structure of the
receiver in this thesis is modified to use the proposed smart antenna system for
multiuser detection receiver in order to detect all users at the same time. By using joint
multiuser detection method, the performance in terms of BER at the base station will
dramatically increase. Under perfect power control and near-far effect environment,
simulation results show that the proposed multiuser detection receiver has lower BER
than those with smart antenna system using Simplified algorithm (which is one of blind

adaptive algorithm) and without smart antenna system.

Department Electrical Engineering Student’s signature

Field of study Electrical Engineering
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Additive White Gaussian Noise (AWGN)
Antenna array processing
Array antenna

Azimuth angle

Base station

Beamformer

Beamforming

Beam pattern

Beam width

Bit error rate (BER)

Blind adaptive beamforming
Co-channel Interference
Coherent bandwidth
Coherent detection
Coherent time

Complex envelope
Complex weight

Constant modulus signal
Desired signal

Direction of Arrival estimation technique

Doppler power spectrum
Doppler spread
Downlink channel
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Equalizer

Equivalent low-pass signal
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Error signal

Frequency non-selective fading
Frequency selective fading
Generalized Sidelobe Canceller
Guard interval

Hard decision device
Homogeneous medium
Instantaneous estimation
Interference signal

Intersymbol Interference

Linear array antenna

Main lobe

Mobile radio communication
Multicarrier COMA (MC-CDMA)
Multipath intensity profile
Multipath propagation

Multipath spread

Parallel Interference Cancellation
Power pattern

Propagation delay
Pseudorandom Noise (PN)
Rayleigh fading channel
Reference signal

Ricean fading channel

Smart antenna

Space-time

Spatial filtering

Spatial processing
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Uncorrelated scattering
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_ - ~aF AL - o - .
station) Wsaanan AREUNNNEADTgW dynnaniuldnaisainimazilunissniu
109UATE ] AABAINATINIAINITANE 7 AN Suillasniainnisasiau (Reflection) nns
W@WelLY (Diffraction) WAZNNINIZAANIZANE (Scattering) Mimann FinviseanAs sl
DY uar A9New9n9au 7 tsangnisalduilizandanisunsnzatananedn  (Multipath

propagation) Uan9Aag17 2.1

] o

917 2.1 agidnsuznisdeiudnynnuszunmsdniiiaaaun

a9ty eUNUNIAANITUNTNIZANEUAEI DT AzFandndesdiynninaneii
P

v
o %

(Multipath channel) UaNAMNUULA

D

- P B . o
MNITLANDUNTANADNIVLARDUNUASNITIAADUNTBNIANON

q

[ %

agneludesdryyine deinldesdryyiumandnidnadasunlasenuna (time

. = ¥
varying) annagl
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1 v
g

[y Ao I [y o o PR
dusdaiad (Pulse) Ndanadunin < i lddetesdnyniumaneanng
nslasuulasmiunan dyoruniulinaiaiuazlsngiluaueuiad (Pulse train) A%

2UIAFN 7| Tussned19lugli 2.2 1Wunarinldiianswl (spread) ngnanau

=1, =t =441, [(=0+7,
| |
| I
! ||
=i, +a f=1 0=+ Ish+0, f=h+T,
[ ’ | |
|
' |
| | N
1=t,+ t=1, [I=h+47, (=447,

P o , ; PRGNS =< ~ .
gﬂ'ﬂ 2.2 mQ@H’NﬂJﬂ\‘]N@F‘]@U@u@\‘]ﬂ'ﬂﬂm@\‘iﬁ/fyﬁquuﬂqﬂ'lﬂmLﬂ@ﬂuLLﬂ@\‘lquLQ@'] TINHNAFR

Waduay | Ngndssaniiludesdoyaans ou aising < i

UANAINNITUENIIRILAY ANgUN 2.2 wudndsdeiaduuuineanhl

v U 1
o [ v A A

1 1 v
11 7] AW (HUAINALAZIIAIL) P UNAENFU IPINNIAFUARLANAUAIUIA AUIBAAET

uazANLIEAe (delay time) semaneiad dupelunan1aInnIsUAuLlaemNNRa1T89

'
aa o o

dasdtyrunnviangdnuiies  endituninilasuidasmunataesdasdynynmaadngs

o

v ! i
Taunsnaaeld Auaadunismunzaniazuganniantifuestesdnyoumanedny

[

= dl anal aa
An1slasuwlasanuinanipe i an 9406

19728931170 TNTNHANTTNLITETRed Yy U aean . PRRadTYAN

gnasaanainniadalataaniuunlin (4]
s(t) = Re[ s, (t)e’*"* | (2.1)

Toan sy udtynrnuuuudniangndsasnainniagesiaaaudaauny  f uaz s (t)
HuennladA@etau (Complex envelope) 1844TyryMase st) uarlnaugIuudane

AourynnuURANaNYA (equivalent low-pass signal)
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. do nwsd  a  nwe . a0
oy sty Niuldnniafuarldfunansgnuandnyniumnanean nad

v
aaa o

WAAZANNNNIUTEA9N1TUNINIZae (Propagation delay) BAZNIIAANEUNLANFANITUBNTS
o dl a v U o ZJ/ o/ dlw vd‘ o al 1
fadasuulassnunanandeson  aeiudnyanamiulinniaiuazainnsniaauag lugl

UBN

X(t) = a, (®)s[t—7, ()] (2.2)

a

Taed o) unisasnewsesdyonomduls o 300 n wez 7, Wwoandszdenig

UNFNTLANLURIIDN N WNUANNTT (2.1) a9luanng (2.2) aLle

X(t) = Re[{z a, (t)e Vs [t—7, (t)]}eiz’”ﬂI j (2.3)

Tugunish (2.3) wudnry s aNyaresdty iUl x(t) Waliuiuaunis

(2.1) Ag
6D = e, O =05 [t-7, (t)] (2.4)

\HaRa1TNAaNNIT (2.4) WRNLAT 1 (1) uRATRAANHARD AU TIRITeA Ty 0N

1
= al

ANANYANNARATYUIUENUAIANYA 5 () ANTRLIRNNNTIRAAINARELAUBIFRNNAR

(Impulse response) fitlaguutlasniunatastasdnyanmumanya iy
c(z;t) = Zan (t)e 2057 -7, ()] (2.5)
n

AauN9N (2.5) munzdmiudesdyruinddiulsynetesdynnmanadnuuuldmaiiieg

(discrete)  AMMFULNTRNATYYING © udasdyuninmnszannszaslumsTnaie s

(7

1
% o = A

(Tropospheric _ scatter channel) @mmﬂmumﬂﬁammmﬁmmmmfiﬁLﬂu@mﬁyﬁmwu

oo

% '

1 dl b4 o i’/ A o dl dl 1 oI
m’mmmu@ﬂm ANTUNARA L AL 2ANNA AN L AeLud asmINA 18 ST RSATY DU TUH WA

[

ANyAANNIOLANI AT
c(z;t) = a(r;t)e 17 (2.8)

e c(r;t) Junanevaussrestesdiyyniion t ln o desanduiad ol 198
t—z AInannIn (2.4) G s (1) =1 YnA1pes t uda Ay runiulsnneiuazuansle
\lu
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) =Y a,(t)e 0
n

W o, (t)=27f.r,(t)
h(t) =D a,(t)e (2.9)

o/ i’/ dlo/ Q/dl % v & dl dl
matiudrynuniuldnniafuazlsznausaasflssnaundasuudasanunaiuang d

1%

a3AlsznauRiann o, (t) uwazild o @) N anann (2.9) 61 ¢, wasuld 171,

n

Az g, waeull 27 @idew adslaimalaginfuds 171, AAudnuan dupe o

ansonlaenly 27 nReulddeanisinaeunresesddsrneuiessrazdl 7 visenis
dl ! o = (<3 v ! ZJ/ a’ ! Z// a !
wasuwlasestesdtygaaniesanies it 8vlUndiiunisdszianisunsnazane

ada o o

7,(t) 1ty nuusiaEanaunnsulaz lialunsnatman te (uaga) nnlddnynin
-dla/ del o d’ -dl = 1 ]
iulannieadu rt) lwaunash (2.9) dmnsoiaziansandflunszuaunisgy (Random
process) HalafimuifiaIuauIemanINNe  Wa1Nenldngu)ainAInas  (Central
limit theorem) 16 v r(t)  @mnsnanassuuuldduiunszuaunisguuuuinignEan
a v . a‘/ 1 o/
9Ta1 (Complex-valued Gaussian random process) WUUNIEAINIT ALLTIIAN t U8
a o all dl S| ] dld 1 a v
HARBUALBNBNNAANAE U A9RIN0AT c(nt) unTzuIuNIguuLILIN AR AT Ta
¥
Aael

a o

NATBNNITENTNIEANLNAEADNAIENNNTN  (2.9) azidlunan liRAN19ana
o/ - . :ﬂ'v 4 Ly o/ dal
waesdtyey1ns (Signal fading) #3uld Usingnisninisansmeaesdoyoyinil Wunann
o : Cad & a o
annsidasuidainidaiuugaeaa {6, ()} Tuwiarad sdupeninasuudaeniw
. O c (e Al
nanresauuugy {0, luwdsritdufauilesiuwames {o.e ] Wasauiuuan (A9
ANNTN (2.9)) anaagilfiiannenansviTawatu et s inannlfaunavesdnyonn

niulaRnisulasuulasatinamnn Aegin 2.3
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15

10 B

-10

Received signal (dB)
n o
Il 1 1

RIS _

20k 4

251 4

| | | 1 L ) 1 1 1
0 [][1]5SS.Tl| 015 02 025 03 035 04 045 04
Time, t (s}

-30

]
o

3171 2.3 anwouia hlvasdnynanniuld alafunansenuainnisunsnszaananeia

fumanaesulinanauauasaunad o) aestasdnynynadu

Ay aly N = - A =< p

ﬂﬁ‘zu’]uﬂq?LL‘UULﬂqé‘WNﬂqLéﬁﬂsﬁ@uLL@ZNﬁqL’ﬂ@ﬂLﬂu@uﬂ L‘ﬂuL"JI@ﬂ |C(T;t)| NINTUNLN "'I [ed
o 4 . ) X =~ @ e A

NITNTCANELLLILILTERN (Raylelgh dIStFIbUtIOﬂ) Iuﬂﬁ‘muﬁqﬂtﬁﬂﬂqqLﬂum@ﬂ@ﬂ;’lﬁyf]MWNﬂq?

ANELULLIEA  (Rayleigh fading channel) wignlfnameuauasannad c(rt) 299

o

teedeyoyrnsiunszuaunisuuninadnidadiviaundanaas iidugud eunlad [o(zt)|

dl =< = = ‘ . . . ~ = @)
Maanils 7 aziinmanszaneuuiladey (Ricean distribution) lunsaiilisnazEanddy

o

dasdtynrasntinisanemanuLlaidas (Ricean fading channel)

fInfTaNMNELLLLET AN ey Apdflunnsanaunef

%

L’ﬁmﬂuﬁqq%uj (Short-term fading) wenANRdeRnNIa B N AnTugaenn
°] (Long-term fading) [23] é”uﬁm@fmmiﬁz@ w']mmnmM'\avl,ﬂﬁqmm"uuwquuqﬂumﬁq
FranizanAlandenidiananssiaa i ﬁqﬁm:ﬁummﬁmmﬁmﬁ?ﬂé’ﬁmz
Wasuaslugaszazvi I N PesRRAIN %'qimﬂﬁ'qiﬂLLéﬁq%m;_uiﬂizmmmeu

wWn? aee st mnludnendnusias ldnansnnaaaaan1sataune luans sl

1 v
o

annanaaes [24] daeuniatvesdyoynnivldvans o afvluvans
¥ Ay X d. r . .
Wuuda o luiunsdesiazsuiies naddsuilassesaunladaasdyyunsuls
i d o . o o &
Maala 9 azflinadasuudasindiAesiunszaneuuueta  dowlunuiauun  nas
wWasuulaseunladeesdynniiuléinals azfiinnaasuutlasindiAaeiunng

=
AszaneLL b e
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2.1.1 Wanduandunustasduauuazdlnasunngag [4]

tnaivun AnENTRIa9NIzLaUNSgN c(;t) luamduuglugundie

(wide-sense stationary) AU U RandNRUSI09 o(z;t) arm17nuane iy

¢.(z,,7,, At) :%E[c*(rl;t)c(rz;um)] (2.10)

¥ ]
uananildasdyyindesdanlugudaazinnmnazannszaned ldanduiug

4 (Uncorrelated scattering) WUARAINITAANERLAZNNTIADLYIBUNAT8INTLs2ARD

(path delay) 71 7, azldlANENRUSTLANITaANEULAZNNTARLIRWATRR D93
e ¥ na.

7, Aatiuazlsidn

%E[c* (#:06(r,;t+ A | = 4 (7: A0S, - 7,) (2.11)

81 At=0uRZr =17, -7, AZIAANTTUSRANANAUS 4 (r;0)= 4 () TN
Fandudumisadremunnduianea (Multipath intensity profile) ¥sadiLnafunIas
n31l9e734 (Delay power spectrum) 2989A = @9 ¢, (7) Ll ugudazFandinisueinans

DaasTesdtyau1ns (Multipath spread of channel) waznmua il T, fegii 2.4

D)

¢.(7)

- -7

717 2.4 wiAnd1eANTWILLINANEAT

uanaIni dginnisuilaswBias (Fourier transform) 199KARBLAWASEN-
Wad c(z;t) lneeuiusauls - wagldferidunnalan (Transfer function) Muasuulag

R o e e o e o e v @
ANNAT C(F:t) taed f ARFuLIAND uwazAHeidusnanduiusanunsauana i

¢ (1, fZ;At):%E[C*(fl;t)C(fz;HAt)] (2.12)
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wwanzaesdtynruianiasiRiuamdunns luyundng Fauannannia (2.12) azl@an

¢ (f, f,5At) = . (AfAt) (2.13)
Taaf  Af =f,—f,

dnmualid at=0 azld ¢ (af) Tedunsresnisudassiostes  ¢()

1
o

v
T ﬂ-rmmmwzﬁ”mﬁuﬁmmmmﬂmﬂ?m§ﬁLm 1919z lF AN NANRNUSTLUINNNT LN TIANE]

AN99TeR Ty UNLAZLLUAAATIFANIE (Coherent bandwidth) aasdasdnyryinadu
1
(Af), ~— (2.14)
TIT]
Tnedl (af), ABULIUAIATISINTE A9gLin 2.5
¢ (A7) $.(7)
A A
| \ ﬂmiuﬂmﬂ%mi
| \ 4. (A<D ¢.(7)
- ‘ > Af HEE‘: >T7
| 3 ; ol ¢
) -

717 2.5 ANANRUSIZNIN ¢, (AF) UAZ ¢, (7)

1 (af), wALNILLUsIaTIasdy ungeanldannniags desdnyonn

o

v 1
duazFanddndesdynanuuuaenaanad (Frequency-selective) WAt (Af), nd1andn

1 s

wuusaviaasdyonunaeanidainniads  desdtyiniuasFandiudecdoynyiou

A d‘ .
wuvldiaanAIND (Frequency-nonselective)

%

UANAINIULAY nsilasuulasmunatrestesdny oy g na s

%
g =

nadsngnisainatinaad (Doppler effect) devinWailnninaesdrynyimundvauizeden

o

T ieandenientingnisninetimaesiuniadasuutlamnnaivesdesdnynyin 190

[}

aznimuali s (af;2) unarasnisulasFiesaas 4 (af;at) aemauiusdauds At

S.(Af; 1) = j_°° é. (AF; At)e 724 d At (2.15)
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1
=

W af =0 azlddn s, (1) Wuanefunndsuanstepnuminuiduaasdyonuinduienidu
aspnudnatlnans 4 aeadwsaz@an s (1) duanlnaiunndinalinaas (Doppler

power spectrum) 189194 eUN04

dograsAn 4 A s (1) liflugudazFandinisuiaailinaas (Doppler
spread) 184TRNATYTYIN (B, ) UAZNGNZIN S (1) Wenlaeiu ¢ (a) TnanisudasfBias
AT ANNT0UITINUANAN TN (Coherent time) (At), Tavtasdtymrnuldannnig

winailiwaas B, 199ta9dtymyInd (@uansldasgi 2.6)

i
(ADREESS (2.16)
Bd
- Se(A)
| lﬁ: )| A
.-'/"h.\".
/‘\ \.k ArTulaTos Ay
/N OGS D S0/
- : / \
e P . i .\\.\
- 5 y - = N 4——? ol - A
- (AF), = — — - I, -

917 2.6 ANNANTUSITUINN ¢ (At) WAz S (2)

o A 4 o Al a o A A 0 Y, o ) o
UUAATAN ﬂﬂ_llfl__,l’]ﬂmNﬂ’]ﬁ\Lﬂ@ﬂuLLﬂZ‘Nﬂﬁﬂﬁ"ﬂﬂ'ﬂﬂq?LLNﬂ'ﬂﬂLWﬂ'ﬂﬁ‘u’ﬂﬂ ﬂ%ﬁdmmifmuﬂ'{gd

waz lun1gnaunuae

'
a

TudesdrynrnReansmgnaauiidoulugdnazaiassailnadunidsnal-
waaflaelduuuanaesues Jake dedanlnaiunndenalmasfuanslddegln 2.7 uas

Aunsnisutluaunng e inel

1 1
fl<f
%w:n%ﬁ4ﬂgf(H o) (2.17)

0 (|f|>fm)

Toed £, luaaudeelinaeingengn

Q
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S.(A)
L

» AN

-7, £

a

i 0 - “ o o 4 o ———
gﬂ‘V] 2.7 Wuanaavrasnallinaadallnaiudviutas EUIUNUINELARRUN
2.2 d1821NIAARIA

ANANAEN THLINT 1 UAY9IAINIARANARINITOINNATUNTNTEY
Fruoynounduldvisdasdnnadieailvuasdesdnnanas Inafanaainideainas
weneNIdpdnyeyunangaanany idauay 1 luszuuuaraniyyminisunsnszananany
Aneasdynyrainniadendeniaiuguiiaswnaindninaestesdyyin aenesuneld
Tuide 2.1 AniwlwiadeliazeBunafsiugudiAny o Nnesdesiuaieeainiaaain 1iupe
N7INABANLBINALDIRIAL (Antenna array processing) @188 NTARNALILLLITE s

= o ax Yy o A aAd 9 o
TIGTZEN LazITUUANgaINIARaIATaNINane TN luN1saiva AU dRaiL

Anendwusn
2.2.1 NSSNITANLDNIALDIAIAL [25]

A18INARANARL IUNIANAL (Array) 18989ALTZNALTBIANLRINIANING
agfAumLesing o lulEni (space). ivaldiflusianses (Fitter) Aryrynsluaniniigiivnan
v 1

(space-time) 1834tynynd Tneldnnaniifina9ani (Spatial) edtyayiosmantiu gy

2.8
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(2...p.4P. )

X

7171 2.8 @9AL9zNELIUBNANLBINIALNIRIALINEE A MeFng o TuisnR

1
=

TuAngnunusi ANINUA IHNTUNINIZaNaTIAA LA TY LU NN DN
e n1AdTluAALIEUNY (Plan wave) AR7AANI9N1INITNAN8a AL TALNAAF v

pagiln 2.8 wnarldsvutninngenay (Spherical coordinate system) lwnisesung el

o

ANANAUS UL UL AYNNAN (Rectangular coordinate system) 111
X = rsinécos ¢
y =rsingsin ¢ (2.18)
Z=rcosd

1 '
= a oy o

"Q”Iﬂgﬂﬂ 2.8 mmmmﬁmmqmmLﬂnmﬁqmﬂmmﬁLLmzi’ﬁﬁmmﬂmﬂ

(7 q

o o

foaeine  (sample)  NNIEQRNUAAZAINAUNTB9R9ATITTNALUBIANDINIARDIANA
p,:n=01 ..,L-1 Ipe L ABAIUILeNAUIZNALaId188IN ARDIANAL N1 lEaNaNn30

wassdryaunasniuldamnanseaniaunaansulugaeannmesiddiu

f(t,p,)

f(t.p,)

f(t,p) = (2.19)

ft.pLy)

Inenmes p.=[p. P, pzj HnninesianemurisesuiasesAtsenauaes
aneanALnIa AU U ELLRAARIN anUuazAnniudtyuniulfanusas

A9ALIYNALURIAEANNALDIA AU IR NNUFAINIAILLILIIT LAY (Linear) wazldiasuuilaq
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1
a o

NI (time-invariant) NAKARALAUBIABBNWAE h (1) @nTinetieFnaNNIuAINTeY

TuwsiazasfilsznaunnsanniunazlfienfnanesaiaainiALnIafiu yit) aanuiaagla 2.9

fir.p,}
L Iit)

fitp)
AL/ hir)

Wi

T -
+ |—h.
J
I
'44“:.[1& - h, (1} }—/

711 2.9 mageanAknaR AUALNITUsEIANALLLIT LA

Fuounadansing  ye  dunsadsuetlugilaasnisreuligduls o

o v = A 1 o o 10 o
Aviua v gagatngan [3‘1‘1)1?@‘]]1\‘1LQ@’W@Q@QJOA’]M%?UiGﬂN@Wﬂ@

YO =3 [ (-1, (pdr (2.20)
warlugtuuureaanmeditl
y(t) =j_°';hH (t—7)f(z,p)dr (2.21)

Tef  h()=[h () h@) - h @

Syrunseasne vy aesanzaniAwnsansLlulamuAuiamnsuans
16l

Y (@) = jf; y(t)e ™ dt
=H"(0)F ()

(2.22)

Tt o Wuaudaesdnyoynduns, H(@)= [ h(t)e dt, uaz F(e)=[ f(t,p)e " dt

1
o

UANANIUIANNTOLAASATY 10U S I nanaa N AR A LAIANNNS

1 '
= 14

7 (2.19) Tnednlud et lugtlaasnalszianasnrdasiunanuniaaesdyoyuiusay

a9ALlsznaureaaanAunIaau Ly
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f(t—1,)

f(t-7,)

f(t,p) = (2.23)

f(t.—TL_l)

' T

I = \Y pn A < i A o s <
AEN 7, = , C ﬂﬂﬁ’]']NLﬁ"’J‘IJ’ﬂ\?ﬂqﬁ‘LLWiﬂﬁ‘zﬁlf]ﬂﬂ@uéluﬁ]')ﬂ@qﬂ, LA v L'fluLmemwm
C

e Nuanan i AN 9asdy Yol uAe

—sin d.cos ¢
v =|-singsin g (2.24)
—C0sé

v

Tneesmanaauuansianfgueannaed v luliniaggly 2.8 Asiu -, admnsauansls

Wilee

b

i \ \
7, =——[sinfcosg.p, +sin@sing.p, +cosé.p, ] (2.25)
C n n n
AuFunisunsnszanspauszunylufanaanwug (Homogeneous
medium) NHELATARL (wave number) k aziili
sin @ cos ¢

k:MV:—ZTE sin@sin ¢ (2.26)
¢ cosé

PE7 4 ARANINENIARUNAAAARANALAIND @
a 7
WA 7, azl@an

.
T, =M=2—HVTpn =k'p, (2.27)
c A

SmnlanmesiAnTg a(k) TUARTIANNINNINNEIEIRBIN AL LTS fryoynou 1ilu
a(k):[e’j””“ g e e"'kT"H]T (2.28)

LTIEINTDUANS F(w) Tuannnd (2.22) lusileifly
F(o) = F(@)a(k) (2.29)

o A A - o
HUABNLFAZAALTZNa LR F(w) AR
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F(o) =] ft-7,)e "dt=e """ F(w) =e *"F(0)
A = 1 .
FIRABILINLARINANIN a(k) LL38N31 Array manifold

L@ENATDIANEDINIAWDIANAL y(t) @1N1IaunlFainannisi (2.21) Tae
lfnnsvivdew (Superposition) wesileriduyagiu (Basis function) wunlendlniuwge

a v a dl a V| dl % oo
FINDRULINAUINAUNRA  f(t,p) uaziiasainiansnn duaauseuny @ﬂmﬁmﬁug@gm
A

f (t,p,) =exp[j(@t-k'p,)],n=01, ..,L-1 (2.30)

f(t,p) =e'a(k) (2.31)
WNUANNNIN (2.31) agludnngid (2.21)

y(t,k) :J':h” (t—r)a(k)eimdr:j:h“ (t-r)e' dra(k)
W a=t—r azls
y(t,k) = | h" (@)e *daa(k)e” = H" (w)a(k)e™ (2.32)

%
=K

3 y(tk) W () ANDLAAIBIFNATENAIIBNNIARAIAALTURE LN IIATAAY K

a

pingl NN IIANEIBIAINE AaNNANNTTH (2.22) azlfidn
Y (@,k) = H" (w)a(k) (2.33)

ANNTN (2.33) HeauansliiuianIsanNI9vsenssnton N (Spatial
1 ¥
processing) UBIAERNNALIIAIAL INANNNTN (2:33) ﬁLLuugﬂm (Beam pattern) 184

ANEANNIALDIANFLAINNTDUN LG Ipel
B(w:0,¢) = H" (®)a(k) (2.34)
{Har 0 uay ¢ wlanullizes o

TussuuanaeInIALanm FN A5 19ANARULDLILAL (Narrowband
v 1
beamformer) azldfataeinuinAdedan (Complex weights) Nanunsadsulalagld

danasnnlunisliunlasuluwsazesfilsznauaasasainiAunasauAsgLn 2.10
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f(.py) '
——
—.. ' i
1 -
™

Jp)
W, |

717 2.10 TazeainsuesdaadvaraauunuwaLsialyl

*

dusivueld wh=wp w . w, ] @aunneil (2.32) ez

y(t, k) =w"a(k)e' (2.36)
18Py

B(w:0,4) =w"a(k) (2.37)
TuAe wh = H" () Thied

o [ % y o @
2.2.2 AN8aNNIALDIRIALNANISLT LA UUWIASTS

o o d'el = o .
ANINIANIATALNANEENALTNINIRSS (Linear array) ({un19979
asAlsznavaasasaniAwnaftaU et luAumieiduuunea i wuananeliuuuny

X, y 498 z A9 2.11

X
»
P o o Ao A o ' o
g'ﬂVI 2.11 @Wﬂ'ﬂqﬂ’]ﬂLLQQ@’]@UV]Nﬂ']ﬁ‘L?EI\‘]E‘]QLﬂuLLuQE‘]?\T AWNDELULNU Y I@HN@WHQH

AIALTTNALUAIANEDINAWINAL L



24

1
a

ST NUA Az eI AT NaLIIRSEN N ALDISEL d AifluAsRde
ANTADNANE BTV NITEI N LAATedAL I NaLITANANLRINALNAANA LR AN
G‘ﬁﬂd’]@’]ﬂ@ﬂﬂ’]ﬂ@oﬁﬁﬂﬁﬁﬂﬁﬁ‘ﬁ‘ﬂdﬁﬁLﬂuLLuQMNLLUU%ﬁW@ﬁI (Uniform Linear Array, ULA)
[25] LaiAmeniinugii m%ﬁmﬂmmﬂﬁﬁﬁuﬁ'ﬁmaﬁﬁmﬁqLﬂuLLuqmeuu%ﬁeruﬂ Tne

TanaeINANeg LN y A9g17 2.12
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29ALIENALTBIABRINIALNIANALANNTDLEAS ALY

p, =0
p,=nd n=01 .., L-1 (2.38)
p, =0

a9 d 1HluseaLiiINge I aN AL NA LA AL AN AL A G

WakNUAENNITN (2.38) aglugnnisi (2.28) israzldnmasiAnng ak)

.
22 dsinosing 22 (L-1)dsinosing
2 ..o 4

a(0,¢)=1 e (2.39)

aeiglafimuiriansanatgeniALnaIdLINASLNanT gL Teetg
dal 1 ¥ a :l/ a 1 dl o wd‘ =2 1
AnuAendeNan - aniaeasundiadudtysyiaanng linuneaneaaniALsran g
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(Elevator) ¢ azdszanaulimiily 90 a9AN (9~90°) AIILINABTAANIG a(k) ATNTOLAA

iy
i2Zdsing 25 (L-1ydsing !
a(g)=[1 e * ceoe A (2.40)

anglil 2.12 AwesyNAiA ¢ (Azimuth angle) azilanuulasagludog

dJ [~ 1 a wd‘ =3 dl al v a
0<g<2r  TUTUAINNIDINANWNUBNAY U IDANE NN DA e N AL BT LT AN
#i59an (Broadside) AUA8AINNFLAYIAAL Lﬁ@ﬁm?mﬁfmma?t,ﬂﬁﬂmﬂmm@wu ¢ U
NNRasAANNG a(g) WWaNn13N (2.40) WUINANINABTNANIIAZANNIAIAUNY Y TN

UIN y WATHNUAL vy (HUAR 0<g<z BAZ0>¢>—7) ARELURITIRANTUNNANTBINN ¢

a a

1 ¥
= o

v 1
FEAP DTN —%SM% wintiu Ineiys ¢ = 0" luiAn9nssR NAuA 8N ALAAGL

NANTUNT LU INIENINAIALIZNALAAIFNILANNIALDIANTL d TINRATL
WULZUAN89AERINIAKDAIAL A0 [25] WUdIasvesieseudusazedAtssnauzes

anaianAunansu Nz anazyinliiiay Grating A

o o

. A dl 4‘ = 1o dl o % o
A Grating ARNAALTINIUIANINLWNARNLUAN Uz i EUEUNEUTIUNIU

=

o PRy " = % vl o JREpy o
N794 w@nmumn@@mmmmmm Grating WANHARD mmﬂmmm;ﬁwmmm@mﬂnmm

o 1

WARUUANAENININ INeNazuanaesilouuInIaiAnY Grating 338z119senIngesAlsenal

18981881NARDIaIsLATAzTR U mNRenla [25]

1

1+[sing,. (247)
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Toed g, \dukiyuiunngendesnisawaipaulimll deiuaindosweayu ¢ M

T

v
WA —%S¢S% az 4 ¢max=%,— fatiuag lfsazrinsszmmansesAlsznasaas
4

2
aneeINIAANLRINTALDIAI AL IV LTRAY Grating 1w

4

d< 2.42
5 (2.42)

TN ANUSE azn1uun e ingssnINaadAlseNaLuada18aINIALDN

o o

ALy d:% Wailasiuniaifiny Grating U uazinisvavinssznivasdlsznay

£ | A a . X ' - A Y o 1%
u@ﬂmmmﬂﬂwmmﬂfym Mutual coupling mu:‘zmwmﬂﬂizﬂ@um@glﬂ@ﬂﬂm



26

o

° PRy N o o = - - ) <
@"]ﬂﬂf]ﬂqﬁLLﬂ')@’]mUWNﬂq?L?ﬂQmQLﬂuLLuQm?QLLUU%uV\IﬂTNImﬂ d:E ULTENANBENUUIIN

A1821NALNRIALNHNFEeA T uULIATILLLNIATFIU (Standard linear array)

tleymnaaey Grating Buifsauaiauloyuinisiaaouuel (aliasing) duinn

annsdnAaedanaIndnanluadad (Nyquist rate) lunssadadnyoynoumnananiiuies
ﬂ A o (% 1 dl 1 o 1 o a

S TTale d:E uay d<5 Wrsuaiaunisdnsiet siwiniuuazgand dnsnluedad

N9INABATY NN NNAIANA AL

7y Grating

] £ E 5 RESE TR NN I SO% SRS S S
= 3 3 ¥ — y ; ' :
£ H
& 50 ----; --------------------------------------- —
i
B0 B b a7 mEh U RN N YA SNSRI _
H
B T e . T I _
ao| d= A1/2 -—-——————-—.—-—-----i _________________________________ _
— d= 2/2 : : : : : : :
—— d=< 2/2 - - - ; : : :
.an | | | | | | I
-80 0 -40 20 o 20 40 B0 20

Angle (degree)

31l7 2.13 uuugtanvesasaInIARINR IR UNITEZU NS wasAlsznal d <%

d :g Laz d >§ MINAIAL AAn9aedy lEnseaniaiu 50 aeen

2.2.3 szuud1gaInNIARRNIA

22UUANEANNARAIAAL LT AN EAINIALDNANALAIN LHNAIIN AT FanAL
danasnuiliugda  (Adaptive algorithm) tamaLANAaTasuinuwsazesAlsznatvas
angeniAknanfulunsaieamauliaunsaliunlasuld eqatlsvassssnlinanali

naunintudn Tassa¥winaioliasaesesdunldszuuansainimeainuanslansgili 2.14
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Q

|
A o

Frequency: RF) {esinAn s aananud WA eI LSRN drynunulunsazasAlsznay
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AU UARTIALLALLIUA X,
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uARHIFTANUUEN w, 1n=01 .., L-1 &egnatuAxlasdanasnuliudals ainiuas
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q
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UIATTYTURNNN 7 ANAUTENAUNIINAY ﬂ"ﬂﬁilﬂ’&ﬂ_lﬂ_l’]m‘ﬂﬁ]ﬂﬂﬂ”lﬁ‘@‘ﬂﬂﬂ’WIL‘ﬂ’W]wm
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dususanesudiui s auuugiet | seRngamudaluung 1

vlfl’wdldl <

INITRTUUAZIANANN DS ANB NN LI5S m‘wmmmmﬂmwmuwuﬁummmmmu TuAe

Sanesiuidynnndaddunnsadedray | ennsildae | MMSE  Tnearidu

o o

AU AIAR LTI UATNANTUTDINAFNNTE NI A YL VAN AT LT DY 10U 198 GRGE

o

Fandndudyunanulianain  (Error signal)  WAZISIAZNENENNMIANINARTFRNA

|
=

9(; o U a v dl . dlo Yo o o/
WIMUNAINTGAU W NBUHIZANNEA (Optimum) V]V]"Islmﬂﬂ’]W@GQW‘LﬂI'ﬂQ@QJO&IWﬂAﬂ’J’]N

HANAIAUANGA AIANNTT

J(w,)= EUW[‘Xi _dk,i|2:| (2.43)
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Tnen 30 duileifuqalszasd, w, =[w,w, —w,,] Huanmedsadeaimine

o—

a v dl a I o o ¥ all T | '8
mmmmwmaﬁmmﬁ@ummtyﬁmmﬂmﬂmuw Koo Xo=[% % %y | uonaad

]
el 1 o o o |

QYUNURATIALLARLUANANTNFBS] inf i, uay Ay, Lﬂu@mmf]mmqmmmmmum K e

'
a v

v i i
AonmestssminAddeunnivanngaluibaes MMSE  7ivinli

Werduqnilszasdluanniei (2.43) Aagadeiu [5]

w, =R7p (2.44)

6 o

Ine R=E[xx'] uArdnandaiusaasnineidnniaaviaauuusme

1o o

ANTNAIALNS

6o %

dl N * [ U [ cY - U an
N0, p=E[xd;, | dlurauduiusdin (cross-correlation) ¢MININIAATATYIUARTIA

o= o o

LHALLLUUANA "’mﬂlﬂ'}ft’]ﬂ%‘m I LL@Z@QJQJ’]M@’N@\W@\?mﬁﬂuVI k I’] dnsneeineg |

ANNNIN (2.44) Fundnannag Wiener agnglsimuAanimned w, 9

dl 2’/ | = v 1 v 1 J d‘ k4
IHNCANNGAUY 11&@'3'13\1L‘]J‘L&“’\NLL@Q%J@’]N’]?E]VWi@ LWﬁ"]xLﬁ"ﬂN’&’]N’]ﬁ‘ﬂVWﬂ’Wl 1INABNURN

v o o =2 v ! ] ! U
R waz p W sedwsadldiiesmtlszanns (estimate) 289 R waz p winidu vnldan

- Ry @ | e oA ; A .o .
INLART W, V]iﬂquﬂuLWﬂ\‘iﬂqmlﬂ@Lﬂﬁl@ﬂqLMngaNW@ﬂLmquu (suboptlmum)

fanaanuilsusaladaldlunisudnnmes w N ldlussuugisaainiAeans
Inevin U udnaz 19n19AN I LI (Recursive) e lEdanasNNa1N1TNINNT
Ufulasuenmmes  w o Wunnzan laiuminafiileannsiiadantesssuulasll
o a K o % yd‘d o 1 '3 %’/ rdl v dlszv o
danasnuliusalandnisAuanAaneef w nuuauinlaanusinldae MMSE #3aniu
Alounganasng LMS (Least Mean Square) wazeanasna RLS (Recursive Least Squares)
(5], [8] lunsninusiarensaedanasny LMS iWuudnidiaaannianududanlunig

AUILERENIE ANaINY RLS et lsimnmua niTa lunnsiann (Tracking) 1 AR

¥ a ] = o a R { Qi
FRINANTIUN AIUINUAZLDLALRIBANINN LMS azaananq luuni 3

1
=

luszuugrsainiAaatn  NearuaudynuidiuniiseiniALnaaaL
o o ' - ~ L PR a
MNNANANUIUNINNG1BIALTTNALUBIRNBINA wrazandiussuunE uaniiv
¥ o o dl % = o o ij/ = o v 1
(Overload) DNAUIUATY YA DA ERNIALDIA A UTNUN AR AU UTBLINI

9AsTNaLaR9g8a1INA 11asFandTlussuuN N anmn (Underload) [5]



29

Tuszuugsanideaenivanne  srUUgNEeINARAAAE IA1N19D

% o 2% o o/ 173 dl o dl
asauuugtanansnadndtyninunsnasnangdauan ) eanllaindtynyium
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q
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Gain (45)

Aon -850 -B0 -40 -20 o =20 40 [={n] a0 100
Angle (degrees)

Gain (48

-100 -80 -60 -40 =20 u] 20 A0 [={u] {=1n} 100
Angle (degree)

(2)

dl o dl % dg( d‘ o d’ ¥ o L3
g‘ﬂ‘i’] 2.15 LL‘].I‘LIQ‘IJ@’WI@?’N“]JMV]JWﬂﬁ“].l"‘ﬁxﬂﬁ?t‘i.l‘i.l@’]il@’mﬁﬂﬂ@qﬂ ANUNUAIALTZNDLTAY

ANLRNNIALDIAF LN 4 (N) 22uURR ManmN ﬁﬁwqqmﬂqﬁmmqmqqﬂ@%ﬁﬁmmmm

1%

&ryoynnsunanaasidi 10, 60 WAz -40 A9AY ANATAU (1) sruLNTIManLiL RANI9a

1%

Arynyruanng ldnsiasnisuazdtynyrnunsnaaniilu 10, 40, 60, -20, -40, Waz -70 BIAY

ANNANAL
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UANANTZULAR AAINLULAN 2LULALDNIARANAL INANNTDUS A

[

o Ry A Aaa 2 e vl o v v
fyfy']mLLV]?ﬂ@ﬂ@VlLTquﬂqﬂiuwjﬂ@uﬂ@ﬂmﬂmﬁmqﬂm1ﬂﬂqmmmm@ﬂﬂq?1ﬂﬂﬂ®Qﬂ [25]

AUNINTANAIAAY (Beam width) 7N@IT¥LLANEANIARAIAAYANNITNIAAATYI

'
A o

unsnaanaan hlfarinainaniiaganileisqaiiaangauils (null to null) TBYARAUNANUAY

IB1ANNTDAUIINANNG TN ARUMAN LA Tunat e [25]
s (2
=2sint| = 2.45
g=asin( 2] (2.45)

e ¢ uponundreesyadundnlanadnainqaiaqanilaieantiadnqantierenpaLy
PAN, 1 ABANENNAAW, L ATUIUANALIYNALIaN4I8aNNIALDIANS Y, LAy d 1w
FLEIZUNNTTNINLAALAIAL TN ALUASANEIAINIALDIANAL  FRAsNNTYE 810 l9RN1Iu

ANALTLNALURIALAINIALINAIAL L =4 LAZIZesuINeniNesALlsznataadanaanie

WDAIsL d :% 1Azl §=60" daguil 2.16

20t} AR AN Y SN N [N

30 fem g |

Gain (dB)

R e

L ST RN W I S

B e =

-90 -80 60 -40 =20 ] 20 a0 B0 80 S0
Angle (degres)

a oAy X o o aAao - | e =
gﬂcl’] 2.16 LLUUE‘]J@'TV]@?qﬁﬂlu@qﬂ@’]ﬁ@’]ﬂqﬂLLﬂQ@qﬂUWN@ququﬂﬂﬁﬂizﬂ@UWnﬂu 4 I@ﬂll

AYINNINTBIWARUUATIVINAL 60 B9A7 (¢ = 60°)
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QqﬂVIVL@ﬂ@']Q@J’]LL@Q‘IuUVI‘W 1 99U ALANLANANE AR UNIALTTN1THNLEN

ANTARNANTULL  OFDM  $aNdNALASN19189TA6ENE N0 lEunIuAan12sunIu
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angl 217 (n) MnsulasfBlesuuuharTaundi (Inverse Discrete

Fourier Transform) ununisuagianluusazaaunsition &nyoiniensnanlisnaiiemis

DAMLLLARLUA u, (k) 229 LdAun | Tn < Ngndsasnidaunsouaneléiily [26]

1& j27mn
uj,n(k):WmZ:o\/Ejbj(k)cj (m)exp( N j n=01 .., N-1 (2.46)
an k Wusrrridouanenidana, n Wuassiduananisunisdnsdoacng, m unssad

o a
1

i,

o o 1 .

pAUNTYEiat, b, (k) udtudnenidayai k NdMa90a0 (duration) 1y T, 209 ldAui |,

9 a

I | '
o

u;, (k) HudaniuaLLNANgNAIANLATENAS A9ALNsENFaetina n sxndnedtyanwnd
v A y o g : - o .,
dayan k w9 ldaun j, N 1uA1 Processing Gain @4WNAUAIUIUIDIAAUNIYEDS,
¢, =[¢;0) ... ¢;(N-0] iusiadyanssunanguinenilianlsalulawuanunze 4
dl . [ [ 2 o ey v all dl = o o o o
AUN j, way ¢, undsnaesdnansnideyaresd lfaun k iamsuiuaninaiunias
4R TYUNUTLNIU WANANHRANNTN (2.46) ﬁmqma‘nﬁﬂﬁlﬁmﬂugﬂmm DFT w@sned F

[t
1
u; (k) :W‘/g"b" (k)c,F" (2.47)

Teit u, (k) =[u;0(k) U, (k) ., (k)] waz

1 1 1
. 1 o IZZOOIN o127 @N-D/N
1 e I2E(N-DOIN g j2r(N-D(N-D)/N
agalsfimna. Pemandndeyage 0 nelddasdniuetnaneneiaazlyl
4 A = o § A = Ao A
NN ZANVIDLNENND fyazin Inaouinisa s auuLIAaNAKND S EeNIAIN

(]

'
o

dasdtynyinild seiudtyansniena b, (k) Nazdesagnuasannnnsasuuuannsd iy
NNIA9LLLAUUNDLY (Serial to Parallel) ﬁuﬁ@zdmmaﬁty@“ﬂmﬁmﬂ@w%uﬁu Fathnany
FRefianfuaenafainsdeuuLmatsnauny (Multicarrier transmission) WARLARUNAY
dagadalssauiunisaneneuuyliidenaanud (Frequency non-selective fading) 8

1 1 v 1
\asinanntesdyyind [3] TasvadwaesssuuipTasauuuianunsnuandlanagiln 2.18



33

| —
[ —
b k) ! f
- I i ! P [ Fynouennm
E—— L | et DFT | | | P8 F—
I SN >
(n)
TUA
Akl B b =l by ik Wik bk Pelb
" o T
- ,«‘ﬂ'\ 7, "‘;f:)( \ 2 A
- \ I A’” A 'II fl f IIII { lI|I
PN A B\ T *'”ﬁg{/! )
F‘j;m Ill. JI Vr A II| I|I oA\ f | - o

a &
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4 % o o o 3 o o dl ]
TayanIan | nu (1) kuLRIaesalnAINNIa9aea aasngndseantil

1
= o

taisJ a M 1A a -le -dl o/ o4 &
NgUN 2,18 NINARINIBRNBTANINTIANNDNNEANANNENTUS
FEMINAR Ui AUAAAINNITANUNEVBITBIATYTYIUIULEY  UAZIEULLATANAIAIZIN

2.18 §l ATNLINANUINIBIARLNE e iauNAN Liaz luwintl Processing Gain ansialy
a [ a & a <
2.3.2 S2ULLATRS LA NIANRILEARUNY

dll v AAa dll rai a a a rdy | dll o dl
LATASFLTABNVANL AR RN Az AT AN TN us Az ulATae TN

annfignuinTin putiuteIdtyny g gty nLeTasdaay HusasAuNE
~  a . % = P 4 e e oo A
an1ilgnu  Aaziludesdyonnnay  IneiiATesiuasyinnIzuaunanauiuiuRTeds
Y | = a =11 ea ° A o aAa P -
IHULARIATLILATENAS. TUANeNTINUSIAT AT LLLIAIABLATAS T AN NANI AR LN

WULARLUSTH TAsaE9A9g17 2.19



34

c'ritl]

x,0k) 1(k) R

b, (k)

L]

S/P DFT

w1

%3 () Yo (k)

¢ (N=1)

Ay

ARiIiI VY

g‘ﬂ‘t’] 2.19 IATRITLTALANLANANLARLNIVLLLLLIALLLA

o Ad. o o/ Adl dl o dl 4 o
ANUULANAANTDILATRT AN 219 azifluezasiufiaanadeaiy
130ads Tugin 217 wazianaznmuA IlAsasiuamnsnnazyinnisiatas lud
(Synchronizing) Audtyaynaanglinsesnasliatisgnsias (Perfect) uazivailunisf-nne
uLILfNTI (Coherent detection) axldn13ilsgannnutiasdnyrunne (Channel estimation) tdin
1 d! o V% = 1 % 1 o ] =3 v dl o/
gl Feaznavun inislszananiuliletingnsiasduiu atnlsfinulasaainaaeesesdy

v
Tugusia +) 1) azaeazuden (Block) rasiaridunislszunudesdoyoyniily

. - & 4 . o . o 1yl
ANAY N NAIHIAINIATANAAIANNNIN  (2.46)  Anyunasniulen

gneiannAedATesiuiasfuNiudenresdanania 1w uinFaetnawindL  Processing

a

Gain, N uiuEaa NI snLdng boril

xn(k)=§\/?jbj (k)%Nthjvm(k)cj(m)exp[jzﬁlmnj+ n(k)n=0L..., N-1  (2.48)

o v o

P p ~ a0 A = g o ~ o ey a
Imim kK ARATITIUAANLARNURHNANTULUINIINARAARDINLATITUURN UANBTUIDNR, J AR

a U
1

b

=

Auaug ina uszuuWatsn, by, () ueunladadsdenuaaundites m 7

o

udenagstiagain kK sadyldAun | dunnandeddtynin, uaz n, (k) Eludnyniusunou

v o

Iainnd @ euuuuuan (Additive White Gaussian Noise, AWGN) mﬁ\ﬁﬂuﬂmuﬁﬂﬂﬁ@yﬂ@
A Ao o o o oA
N K NANALNITTNEAARLUNN N
o/ ¥ 3| v 1
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w(k) =[wy(k) - w_, (k)] nzaasnsdadasivtin luwAareAlsznaLIeIaNaIN ALY
o o dgj A a . . . aI/ o o 1
ANALNIFEULENOUNNINIAINNLEAN (Spatial filtering) Wules ArypunamasaIniIung

nsaanaEnidaesinasiminausnuans bl

y(k) =w" (K)X(k) (3.3)
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fuaunns y(k)  azgnudasanndeyautiuaynswliifudeyauinauiuneau
?:/ o = o/ 1 dl 1 k%3 '8
aniuazgninnshnegandrydluisiazaaunitasaansy  InaldnsudasyFies

wLLRAATAAZ A Y(K) =[Y, (k) Y,(K) - Y, (K)] Tned

J

Y, (k)= (w" (k)a(¢j))\/;jbj(k)hjym(k)cj(m)+ﬁm(k), m=0,1 .., N-1 (3.4)

j=0

iN

Toed A, (k) udyoyinsuniundsainadunsamaBgidasstosinmin w uazhuag-

andtynadluusazafunnideaniuga

dwpeaiuluun? 2 dusiuualidyonamesyldaun j=0 ugldn

F89nn? INENHN 0 T euaNnT (3.4) Tl 11
¥, () = (W (K)alg, ) )2, by (k)N , (k)G (m) + Z(w“ (K)ag,)) ;b (), , (k)c; (M) + i, (k) (3.5)

a8 m=0, 1, ..., N-1

AMNANNITN (3.5) NLNIAUIALIATYEUIUNARINTUASA YU UUNINGRA

[

uegiumenaed wh(ka(g,) Budunaniainnisnsasmnainituesssdudl anand
fanasnu lunisadeanaaudiufa iuuuueanuaueiiasna g N ANRe oo

Uuidn w Nnenenanaaresdtynaunsnasnean illiflaunngaiuies

wasanlsnmeidayainne Yk) eeniuddiuneusie | lufasmileuiy

srunATassLnIgasune 1 luuni 2 vden 2.3.2 TupatufqliuvinAlddanainy MRC
= 6 o a Qf o o 1 * *

Tnedineafdulsy@naaasrnufumniu.  g,(k) =[Gee ). -+ Gor(K)] =[0o (K) -+ 0y (K)]

wAIaINTINNNILFLWI AL aanitazinmIRa ATy el IENFaINNsRaNNAaEITA

= % [ % Ly

o ! = 9/dl ¥ o % $ 7 ¥
mytyﬂmmmuzgmmﬂmm@wmmﬂﬁ LL@ZVI’]ﬂ’]ﬁ‘E‘]ﬂ@u@m@ﬂﬁmmﬂﬂﬂﬂ@@ﬂﬂqiﬁﬂlﬂ

s

T Aa dld QI dl Ce ¥ ~
gUnsnlFnduLuLmeiandanGulasuidumue 16 b, (k)

A nle by (k) wda angthesasdumtinanalugtl 3.1 aztin by (k) Hunld

Tudanesnulunisaiwainauliusals Taan b (k) azgniawlsadaasiadnyninusunou

guinenaeflinsdenis anduazulasandayauuveynsuliifludagyauwuuaunuudagns

q

o o

98AN49EA (Conjugate) 289LNIARTIBNANLTLANTAILFLIN g)(k) WATAITNAIINULDY

hON
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1%

nenideyanesdldaundeanistsanisnuan il Dy (k) =[ Byo(K) - By s (k) | Tne

k=)

=b_

Dom (K) = /& Ny (K)C, (M), (K) (3.6)

BANNNIOVINERTRANATA Ey (k) tAaN

Eo (k) =[ Ego(k) + Egp (k)] = Y (k) - D(K) (3.7)

o
£y () = oy (k)G (M) (W00 ) 5,010 < B, (k) |+ X5 (w" (10a(6,)) 2, b, ). (0, () + 1, ()

j=

(3.8)

1 ¥
ANANNIT (3.8) WUANIUIALRIRNIARTAANAA E, (K) u@ﬂmmﬁu@q’

'
U o/ o o/ Y o L

Tumanl wh (k)a(g,) wia fenagiudaanenideya b (k) Nedmnesasesduansdioy i

'
Y | & 1 o '

Patin by (k) =by(k) nNazBliawaresonees E (k) Huaangals Defindug

¥

wnweftaiinANTdel  w AzAeIneIENIARdty s uunInaanaIngliauan
aanldlildunign  wenazyinliinassadudnyanenidaysnesldndeanisniansnauas
dl o | 1 ¥ oI/ o %’/ o a KR o o Dd‘ o % o dl

wisasfuiluliletinagnsiasiiues Amudanasnuliusalinaginunldlunsaiisanau az
WenENNMNRefiANEIMENANTTeE W AT ATRInTennmasRaANaNn  E,(K)

Aga T lEN19AWI DAL

a

WasanunieasiashwinAnddaw- w - IMinisnsasdrynyiunedinl

a

1 1
0 o o = P

Uy agiiudonundnandisnseniarnnaiduaaiiudlo unnagaasat AAUNT
! v 4
dagdaunusanisulasBiesuuufaasanndy  AsulunisAauarnmestasiiuin
e A

ANTSEAUY W LULWTEIAINa12 Wasndimadveadtynunnaadasaniduazfasiiaisoadn

3| o/ dl v 6 a = o 1 o QI/ A v o v
SHj Eyﬂg’]m%vlﬁﬂ’mﬂﬁ‘iLLﬂ@\?WﬁLﬂ?LL‘]_I‘LIﬁ’&ﬂ?[ﬂNﬂNuL‘Huﬂu duAadINIUA LA

Ey(K) = &(K) (3.9)
B, (k) = d, (k) (3.10)

e e,()=[e,0(k) &, ()]  LunmesiananaiiliannisudasiGiefuuungezn

NNEUARS  E (k) WA ao(k):[aolo(k)...aOYN,m] dunnmeinimaidsaaasdyansnl
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¥ = v a Dd‘?/ ~ dl [ dl [ dl 4 o
doyangnsinduresdlinsesns bk AwswpreseTasiunlAannisulaaEies

a

WULAGATANNEUAY D, (k) 89091134 d, (k) arunsnuanslsing

- 1 -

dy (k) =15 Bs (k) (¢ 1 g5’ )" (3.11)
Toeidl 0 Aa n1spnusisnedlLL Schur-Hadamard

NN2ATUIINNAABST NI ANEE a1 w lUNNTEF AN ARL LUILAEN
azlddanasnn NLMS (Normalized Least Mean Square) winnaiaanlddanasnu NLMS
Wasanndn luszuu@nduenanapaunidilagtnfudaanaasdszauiuiloyyun PAP (Peak-

o A N o a4
to-average power) SULBINIAINNINARLNINEIREN 1T lunTTnaganliaReniu ey

o

Y o o 12 dl o 1 Y o o =R ' [
VI’]IM@EUGQJWMV@Q@’]ﬂN@@Lﬂ[ﬁlﬂ'lf;lﬁ@u‘v\l’]uﬁl‘ﬂﬂLL@"JNﬂ’]@\‘]\‘]’\MZSj\‘iZﬂ@1@G\‘] N w1 (37%3U

] ¥ 1
o o A

pAUNIRiaE)  AeINNANNWRALRIA s [31] patiulineaniloyuinisgean
(divergence)  aasaanaanulunigaieaimauiiasainilmsinas  TunizaAtum
nnwestoshwinAd@edan  w  wuuaninlnaeni a8 siATNAs O RIasd tyanEnd
o A 4 ) , o ax 2 @ o Ak A
dayage < (W3aA1 SNR (Signal to Noise Ratio) g4 7)) 8ana3nu NLMS aufluganashum

winnzanunsian g Tnadidsiduantlseasdiily

N_1|e0,m(k)|2} (3.12)

m=0

J(K)=E e, (k)| = E{

AnlerituanlszasAluannisf (3.12) AanasNuAHeNENNUIINLAATTINY
%’ o 1 a v dl o ¢4 6 o el £ dl dl [~ o
dmtinAdedan  w I liieiduqadszasaiatiasngs waziilasannidunizsaiuanmn
ANLLILANTN aun1U5ulEuNg (Update equation) WNAasnainninAEedaw w 284
danesiin NLMS anansniinldeehedne - Tngnisdnutlasaunisdsuliiuniannmestag
PMINANTETaY w 1B98ANENN LMS fatiisnayidnainannislsulmiuniannimasong

UuINATIEaY w AaNdaNa NN LMS AawAa [8]
w(k +1):W(k)—%,uVJ () (3.13)

Tneifl ¢ awIAtEaeing (Step size) raenistlfuliviunianas (k) uiaidugailsyassn

wadmalugNn139 (3.12) bazangaNniaf (3.12) wranisaideulusd o
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N-1

J(K) = E[E‘]eoym(k)ﬂ - E{

400, 0 |

m=0 (3.14)
= S| (0%,00 o
LazinIRLLE (Gradient) a09iariduqatlsyass J(k) Ae
VI(K) =23 [R, (IW() —p,, ()] (3.15)

Tnef R, (k)=E [x ()x! (k)] PelEENddnandaiusansdoy sy lATiangann AL

AfL @@mmmm k, p, (k)= E[x (k)dOm(k)J ﬁfaLmm‘?ﬂsﬁmuﬁuﬁuﬁﬂmwdwé@ﬁmmﬁ

1
3

fuldnaaeiniAunaa iy LasesAlsznauaesanmainisanlsnresdydnenideyangn
. o yel o - /] 4w A c s
AnAuesdlinsieenis  bk) Twisnazenasediu  deldainnisudanfBiefuuumanse

NNEUARe D, (k)

aglatimn luarnaduadudaldarunsnmauduauted R, (k) Laz
p. () 1§ sedwsagldaszannidaanis (Instantaneous estimation) 289 R Uaz p

Wit TuResunsh (3.15) iy
VI(K)= 2:2_:xm(k)[x: (k)w(k)—dy  (K) | (3.16)
Lmummiw (3.16) m'lmumm (3.13) azlp
w(k+1) = w(K) —ﬂ:Z:_:Xm(k)[X;: (k)w(k) - ds () | (3.17)

fnuuali e, , (k) = w (K)X, ()~ do;n (K) = Y, (K) = dy (k) @NNNsUEU TN aARNIAD T

091NN W 1R9FANEINN LMS A98un13 (3.17) aznaneily
N-1 N
WK +1) =w(K) — 1> X, (K)es  (K) (3.18)
m=0
atwlafignaAlsenaurevanmafianann e, (k) Tuwaunsn (3.18) aunsamlalag

oK = [uo(k) - 1060~ (Y00~ Dy 00 F* (3.19)

1
= Ea(OF"
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walileaunislfuliiiuniaraannmasooainminAdetanaasdanang
NLMS 131adiassanilasannisdsuliiuniatasannipastnainmiinaessanasnuy LMS

Tugnn9h (3.18) 1w

w(k +1) = w(k) -yNZl Xy (K)

—InlY & (K) (3.20)
Sl +5

Tneh g 1fluA1ATIEN 7 ATni

Py 4 o o o d o o ¥ o
@Wﬂiﬂﬁ‘\i@ﬁ‘ﬁ\?‘ﬂﬂ\‘]Lﬁﬁ‘@ﬂﬁ‘ﬂi’lu’]mu’ﬂﬁﬂgﬂﬂ 3.1 LaraanaInulun1sai1ean-

1
a 17 o a R

dl o o v v ! % o dl 1o ¥ ¥
m@uﬂﬁumimmﬁmmwmu ALNUINEANBINN FNNTATNAPAU VLN@']L‘EH@ZZG]@QI%

1
o % o =

a 1o | v va ¥ X o Y o a R dl
ZQ‘L'LIQ.I’]M@’N@\?LLZ\]iVLN”‘\ﬂLﬂu’QZlﬂ'ﬂ\‘lgWﬁV]’N‘IJ’ﬂ\?Z\iﬂJELI’]MVWI'ﬂQﬂ’]? e Iaanasnug

v o v o

° @ o ax y o A = g% = =
iaualudanesinlunasaieairdunuuvesuuuniiing Mdeyanishalon Saunlen

o o cY Sj-dlw tﬂl v a dl o dl o 4 ] %4
1esdtyanwnifeyaresldvseinisignde@ueanunniensmmuesasesiudnundanson
InefanesnuNuauelazizandisanesny  Blind-DRT  (Blind  Despread-Respread
Technique) 18N8 N"904a7U8ANET NN Blind-DRT NaasnsAesiuaedldn j 1n o 14

prapialilil

NIZENAY (k=0)

T

w,(0)=[1 0 ... 0]

gaan1sU5ulviviunng (k=1.2, ...)

Y (k) =w" (k—1)X(K)F
b, () =sgn(Re{%NiYm<k)gj,m(k>c,- (m)}}
D, (k) =d;(K)F = b; (k) (c;T-gt')

e.(k) :%(Y(k)—lﬁj(k))FH

w(k), =w, (k-1 -3 Xo(K) o

=, , (k)
no||x, (K| + B
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2

3.2 Tﬂeméﬁqmmm?@q%’uﬁﬁﬂmummuﬁmnﬁg?lmumﬂﬂu

<

Twindeil aziflunisdiulgslassairsresasasiuscuu@niduemananau-
Wi l48anasna Blind-DRT lunisa¥waimdunuuues ssiesuneluiaded 3.1 Taeld

aTAWNAL uaneaunFen o fuld

dl 1 ¥ Adl dl o -aid & 173 ' o
ANANANNILAL TLNA 2 1ATRIFUNANNGR MUANEARLLLSINARANNI

a

k24

doaanilymIng-lnauaznisumanasptesdnyainangldauauls  Aaiulaseainaaeg
A o = co8 v A ° = > a - ' o X v o
AT FULLLAWNAY [Muagaunazitiauanaglinashmnsuuuioniul - taeldnisadn

ATy UUNINABALLILTWIUAIZLT 3.2

¥, (&)
LY L]
w
-, B \
. - LV - Sl s [ Ay PR
' By Barnadgyey gl o | - I - -
: |
¥, Ak} " 1
I -
. I
fangiy
-
Bhnd-0ORT
l"\"l'.".'ilf"l'i':l'i, ru-.:.u All-lrl'l
ARALLILTET
" (Paraleg Inmemerence
T Cancellation)
w,
-, | .
LY — $ vk = T oo Pt LK ik b Ak}
2 roram ek ) | CRurineeliny o ey b "™ 4 | . -
. J-1 i
d [} ]
>,
= ﬁzkl‘.— %
Snrmi i
Blind-DRT

P o A o A @ A - = cve v =< gy
E]:']J‘V] 3.2 Iﬂﬁ‘\‘]@?q\ﬂ]ﬂ\‘]Lﬂ?@\‘]?ﬂﬁ\zuusﬁmmﬁ\lL@V]@qﬂﬂ@uW']VLL‘LlU@Lmﬂmﬁmmﬁ@qﬂﬂusﬁﬂisﬂ
‘Ixuuzﬁ’]ﬂ'ﬂ’]ﬂf]ﬁ'ﬂmmﬁﬁ’]LZQlA'ﬂ'ﬁ’M‘fﬁ.lﬂ’]':m9’5%‘1@"’1ﬂﬁuLL@:ﬂ’]?ﬂjfﬁ/mﬁmﬂg’m&miﬂmﬂmLLLIU

YUIUENNFIHAE
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%

anlaeainaresaresiulugln 3.2 nsadndtyniniunsnaaauuuIuI

v o

1
[ %

anunsoin ivananafannatann luuny 2 adnslafisnueaylddnyanenideaysngnandu

o a

Nnpgavinaesnsadndty o nunnasauuuauuNi i ludanesin  Blind-DRT lunis

o

b

o

adwarpauLLLLen  wswillasanndnydnsnidayangnindunniagaingasnisedn

u

Ay nuunsnasaLULIMIUAsl AN DevTad R RaANaIATeslatayann Teazinli

o

FaNa3NN  Blind-DRT  Hang70uzl1n194549a1A U Af1Ua s R9Na AN I901s 1097211

Tneisangatusing

'
a =

Angli 3.2 n1sadpdnynyaumnsnas auuuasuay A B uwea NIy

1Fannnn - esdtsznevaesaigainiAnnaatsus dlunisedndnynnummnaen Ined

o o

1 1 ¥
Fansadndyaynunsnasaluusazasdlszneuniunsiuandlugiin 2.23 daadunisld

Uselagiiannmauuansng (Diversity) 2a9atyeynisunIuiiialuaseadaszrianisluusas

[
a

B9ATLNALIIBIAEDINIALDNIRNAL 910 T I ANITNULURIATENTLINGIENT
3.3 nMsWarsanANNdudaulunIsATuIN

Twihdafiaziflunisiansanaududaulunisaiuens 1a9AaasUn 1d
fanasnn Blind-DRT Alaualluadaluiaden 3.1 waziAsesfuildaanasnn Simplified 7

wualu [22] doe esannifludanasnunazinun g lun 7 F e i Ud NI U 1ada nan

¥

a a ¥ dlv 9/dl dl s all dl P o
mm‘wmmmum@mmuimmm@wﬂuuwm 4 LL@ZLW@L‘]E‘EI‘LILVIEUF’]Q”INSIJ‘]JSIJ@MGLHTTW

U

o o a s 1 dl o dl Y o a R f dl o dl Y o a R
ANINLBNBANBINHNIZUINUATANTLN IT8ANETNN  Blind-DRT  WAZLATENFUN LT8anasna

1
k74

Simplified  AzNANILATDIFLUNANNGAL [AWAEAWNTY  iesainiasessunamnsE g

©

¥
wagABLLLINAWEL Az 198N 17994 Ty (U UUNINABALLILIUNLLLLLAEN MY Wwananni

N19NANTUN AN LF AL IUAITANUILIRITANEINN  — ATNANTUIRNIZANUIUASIUDINIT

a v 1

AANT TR, Wasaanduilafiannandutaunasansauasaessngm (Multiplier)

a

WANTUTRUNANNGIFALIN (Adder) 8N
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AN91997 3.1 NIRRT ANNTUERUTUN1TANUIDIURIAANEFNN Blind-DRT

N9 ANUIUATINIIA AT TR
y(k) =wj (k-2)X(k) LN
Y(K) = y(K)F N? (nn9911 DFT Taelfweand F)
~ 1 N-1
b, (k):sgn{Re{WZ)Ym(k)gj,m(k)cj(m)}] 1.5N +0.25
D, (k) =d; (k)F =b;(k) (¢, g ) N
1 A H N2 +0.5N (N2 Hunsnn IDFT Teeld
ej(k):W(Y(k)—Dj(k))F :
wWEsneg F)
k - k* _ S Xm(k) * k
w; (k) =w,(k-1) #;W,‘m() (2L+0,5)N
Total 2N?+(3L+3.5)N +0.25

ANNFUTAUIUNIANUIAINLARASIUANI NN 3.1 ATNANTUIFNLGTL

6 o

fruoudunfanaan Ak TN DINTZLIUNTAMNARTY LY AR ULATRNTL
aa < dl o ulz ¥ dJ ¥ o Y o

Faduanagaauniiuuialldag. - Jvazlfaciududanlunisaruinaesscunlnasu
Uszannd O(2N7+(3L+35)N +0.25) ‘azdanadianududanlunisAaundiuluginnann
N1997-DFT taz IDFT Teilpanududanulunisauanaiu N2 aghelastiniudaslddanainu
lunnsutlaysiesuuniss (Fast Fourler Transform, FFT) wasnisudaqnsiesiuuisonnidu

(Inverse Fast Fourier Transform, IFFT) unn19%1 DFT Uag IDFT ULULUAS 7 Aazin iAo

o

dudaulunizauanianaslaiu %Iogz(N) (Fanasnu radix-2) sianisulaansiesuusiay
Ase  [31]  denaziniAnndudenlunisAiuineesdanesia  Blind-DRT  anauiilu
O(Nlog,(N)+(3L+3)N +0.25) siaasingid dnnivualiauauadunsitianvda Processing

Gain A4, N WAl 32 LAANUIUIa4a9ALILNaLAR4NEaNNIALDIANG LA, L windu 4
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agilianndudeulunisAurnanasainidesldauauaisrasnisgurntien 2544.3

AT HIURNUIUATITDINTIAUANTITEU 640.25 ATY AzwUINd N N sulaenTie fuuLg

dindgiag azinliauInATINIsa AT lauanaIt 74.84%

INARA U ANT LD U 1N TANUI AR ANA NN 1N FAF19A AR LILLIL
vanlu [22] (@anesnu Simplified) AansaunlaseaiaaesTasFuLULRAMNAL IdALALNT

lddanasnu Simplified 1w [22] Avg1l#l 3.3

{ Wi
Z50(K)

b;(k)

Wi
1Zis ()

|
a & A

p o 4 o ~ - = e v o ey
gﬂcﬂ 3.3 Iﬂ?\ﬁ@?q\ﬁﬁl@\‘] Lm@\‘l?‘l_l’;?z‘]_l‘]_lsmLmJL‘ﬂv}mﬁlﬂ@u‘v\l’mLLUU@LVIHW@‘WML@MWH

fanesnulun13d9aIAdRLLLLaA Simplified T4 [22]

n13RaNTIN ARG UEa lBNNTANKINIaRgL AT LR I E e anas i Simplified
Aegd 3.3 awnsafiansanlauuumeaiUesassuntiaualugln 3.1 Taafiansunain
o i’/ 1 IS4 o dl a = A4
AuauATresnsg A daudundn  uaziagfsssnlunisuFaumsuandudenly
nsATUInIsT I INIATasFUN U aNe Tugl 3.1 wasiAsasiuniauealy [22] lugld 3.3
o ZI/ dl s -dl a o < dl o 3
patiuAsedtlugiin 3.3 arianniNIsATUINIIBIUABNUDATEIFL MC-CDMA 28351

AU jALAAZaIALsTNaLIRIa BanA W17 3.3 st
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A13799 3.2 N13RaNTnANTUdarlunnTAInesanes s Simplified i [22]

N9 ANUIUATINIIA AT TR

LPFB95U MC-CDMA 2198 1AuT j AN (NZ+1.5N +0.25)L
B9ALIZNALIBIANERINTA (N3N DFT,

o 1 = a EY
n3U5uwin, uaznshalsaiindana)

y(k) =w" (k~1Z(K) .

_ ) >

b= u|y®)[ +1 "
c=|y®)| @+ u]zk)[) L+1.5

7 =(b—+(b’ —ac))/a 3/4

W, (K) = A 4)w, (k=D + 2y (R)Z(K) g
Total (N? 415N +3.75)L + 4.25

o . . . 4 . s
ANANTeR 3.2 wudnadndudenlunisAuanressruuLATeF IR 1
daneinn Simplified In898svanns, O((N? +15N+3.75)L+4.25) \iupenriu dusld

danasnnlunisulasfBiefunindadadon - azinliarandudenluntsAiuinasidanasna

Simplified anasla O((%Iogz N +1.5N +3.75j L+4.25j

lunsseumauanududenlunisaiuins  seudnaasasfuildganasna
Bind-DRT #iaualugiln 3.1 uaviesesduilddanesnu Simplified lugiln 3.3 1Az
A ldaIRAdunitesnld  Tavindu  Processing Gain, N WL 32 a1uau
asflsznaunesarsaInIALaAUN 1, L windy 4 uazlddanasnalunisulasfEiefuuy
@ P = o g o as . = o 4 | a v =
59 azlfdATasiunlddanasiiu Blind-DRT azdanuauaianisamAddauily 640.25

v ! i v v
AT uazipsesiunlddaneainn Simplified arianuauaiInIsauATadauiy 531.25 A%
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anetaiinugn mmﬁu%ﬂumiﬁmamﬁ@ﬁmquﬂ%mi@mmL%qs’ﬁfaum@um?@ﬁuﬁ
|4aaneifiu Simplified avifasndnAsessUfilddanassiu Blind-DRT fitiniaue atalsfin
f««]fmI?Tf;'ﬂsmwmfﬁﬁf]muﬂ;“mmmi@mmL?hq%ﬁfaumnﬁmﬁui;imnLwim?m?m?ﬂ%ﬁ@ﬂﬂ?ﬁm
Simplified Keanialassa¥raisessuiaBuenaienauniuutassin (NMsin DFT n1s
U5uwin waznisngalsm) ﬁlLLIFI'@Z’Nﬁﬂ?&ﬂ’ﬂﬂﬂ’ﬂﬂ@’mfﬂﬂﬂ’]ﬂLm'}ﬁ’]ﬁuﬁ\igﬂﬁ 3.3 ¢ lAne

ANALLLAf9lNN Tl BT A FaIL
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Feldaanasnuluniraiarrduuuuuasiuaualdluumy 3 Inaasiauiuasasunld

fanesnu Simplified Maualuunaad [22] dadudanasnulunisaieainauwLLLen

1
(3 A

dJ dl v Aaa " all 16 & 16 &
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Abstract—In this paper, we propose an alternative approach for
adaptive beamforming in Multicarrier Code-Division Multiple-
Access (MC-CDMA) receiver at base station. This adaptive
beamforming algorithm called Blind Despread-Respread
Technique (Blind-DRT) algorithm does not require direction of
arrival estimation and training signal. It uses despread-respread
technique with the normalized least mean square (NLMS)
adaptive algorithm for MC-CDMA system. Computer
simulations show that the Blind-DRT algorithm can reduce
interference from other users and has BER performance better
than both the MC-LMS adaptive beamforming algorithm and the
MC-CDMA receiver without using adaptive antenna array in the
perfect power control and near-far effect environment.

Keywords-Blind  adaptive; MC-CDMA;
Interference Cancellation

Beamforming;

L 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 Direct-Sequence
Code-Division Multiple-Access (DS-CDMA) 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 ‘cxponentially 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]. Recently, the adaptive
beamforming algorithms for antenna array applied to MC-
CDMA receiver system have been proposed [5], [6]. However,
they have to give up some part of a time slot for training signal
interval. Furthermore, the simulation results show that BER
performance degrades when Signal-to-Noise Ratio (SNR) is

low in the near-far effect environment. There are still other
beamforming techniques proposed by several papers [7-10]. In
[7], the algorithm needs pre- and post-processing covariance
matrix estimation in order to estimate the direction vector of
the desired user. In [8], the beamforming algorithm requires the
knowledge of the direction of arrival of all users. In [9], an
adaptive beamformer based on the MMSE criteria is
implemented via Direct Matrix Inversion (DMI).

In this paper, we propose a simple blind adaptive
beamforming algorithm called Blind Despread-Respread
Technique (Blind-DRT) algorithm for the MC-CDMA receiver
at base station. We use despread and respread technique with
the normalized least mean square (NLMS) algorithm for the
array weight vector adaptation. So, we will get the low
complexity beamformer which does not require both direction
of arrival estimation and training signal.

This paper is organized as follows. In Section II, the MC-
CDMA transmitter system and channel model are specified. In
Section I, the MC-CDMA receiver implemented with the
proposed blind adaptive beamforming algorithm is presented.
The simulation results are given in Section IV. Finally, the
conclusions are made in Section V.

II.  CONVENTIONAL SYSTEM MODEL

In this  Section, the. MC-CDMA transmitter system and
channel model are presented. For convenience in analysis, we
will use the discrete-time baseband model for both transmitter
and receiver of MC-CDMA system. Moreover, we will not
consider cyclic prefix in addition.

The transmitter model is'shown in Fig. 1. The discrete-time
baseband output signal of this transmitter is as follow:

uj,n(k)ZTivz\/gjl%(k)cj(m)m(%nj ,n=0,...N-1 (1)

where b;(k) is the kth transmitted data symbol with 1,

duration of the jth user, u, (k) represents the nth sample
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Figure 1. The baseband model of the MC-CDMA transmitter system.

during the kth transmitted data symbol of the jth user,
¢, =[c;(0) ... ¢;(N-1)] is the frequency-domain
spreading PN code vector for the jth user, index m represents
the subcarrier index, £, is the bit or symbol energy of the jth

user, and N is the processing gain. Furthermore, we can rewrite
equation (1) in the vector form as

u, (k)= [e,b,(k)e F" 2)

where H denotes the Hermitian transpose, F is a DFT matrix
defined as

1 1 1

o /2FOWIN o /2AOND/N

1 o /2EN-D/N o /2 N-DIN-D/N

and w (k) ={u; (k) u,, (k) ... w0 (0)] .

Output signal, u, (k) , will be sent to receiver via

communication channel. In this paper, we assume that the data
symbol duration is longer than multipath delay spread of
channel. Furthermore, the channel is not time-varying during
the symbol duration.

The slow Rayleigh fading channel impulse response can be
shown as [11]

h(t)=p,exp(=j@,) , 0<t<T, 3)

where p; is the fading coefficient of the jth user’s channel

with Rayleigh distribution and ¢, is the phase response of the

jth user’s channel with uniform distribution on the interval
[-7,7].

III. THE MC-CDMA RECEIVER WITH PROPOSED BLIND
ADAPTIVE BEAMFORMING ALGORITHM

In this Section, the MC-CDMA receiver implemented with
the proposed blind adaptive beamforming algorithm, called
Blind-DRT algorithm, is presented. The structure of the
proposed MC-CDMA receiver is shown in Fig. 2. In the figure,
the received signal at antenna array will be collected by block
of N data samples which can be shown as

X, (k)zza(gpj)h/.ﬂ (k)ﬁ Zﬁbj (k)c, (m)exp(ﬂznnj + n, (k)
| 4)

where n=0,...,N-1, a(g,) = [1 P is

the direction vector of the jth user which impinges on antenna
array L elements with angle 6., and J is the number of users

jr(L-sin6, :|T

received at antenna array. Notice that index k representing the
kth block of the received signal is same as the transmitted data
symbol index. Furthermore, we can show the received signal in
equation (4) in the matrix form as

X(k) = A(0)S(k) + G (k) (5)

where X(k) is the matrix of the kth block of signal received at
antenna array, A(6) is the direction vector matrix of all users,
S(k) is the matrix of user signal received at antenna array at
the kth block, and G(k) is Additive White Gaussian Noise
(AWGN) matrix with zero mean. That is

—xo,o(k) x0,1(k) © Koot (k)
X(k) = xl;‘)(k) i £ ) xl"”:‘l(k) =[x, (6) x,(k) ... x,, (0],
_xL—l,O(k) X (k) - xL—l,N—1(k)
_610(90) a,(6) < ay(0,)
A(O) = al:(e()) al(:al) .' al(ezj—l) )
L4 ©) a,, @) a_(6,)
hyo Uty o (k) hy, (R, (K) Py (Bt ()
S(k) = hl,o(k:)ul.o(k) hl,l(:k)ul,l(k) I'H,N—l(k):ul,N—l(k)

L (.k)uj_l,o (k) hj_.l,l (k) () By (}f)uj_l,N_l (k)
From Fig. 2, the signal vector, y(k) , can be shown
y(k)=w" (k)X(k) (6)
YO =[y,(0) 7 ...y, (6)]

and w(k) =[w, (k) w (k) ... w, (k)] is the array weight

vector.

where
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Figure 2. The baseband model of the proposed MC-CDMA receiver with the Blind-DRT adaptive beamforming algorithm.

Then the signal vector, Y(k) , will be obtained from
demodulation y(k) by using DFT operation, Y (k)= y(k)F .
Finally, the data symbol of the jth user, l;j (k) , will be

recovered after equalization, despreading by the PN code of
the jth user, and bit decision, respectively.

For adaptive beamforming algorithm, we will use the
NLMS algorithm to find the array weight vector that minimizes
a cost function in recursive form. However, the update equation
for the array weight vector of the algorithm can be found easily
by simple modification from the update equation of the LMS
algorithm that is used to minimize the cost function

J(k)=Ee, (0 = E{Nzl|e/ (kﬂ : 7)

m=0

From Fig. 2, we will define

e,(h) = E, (k) (®)
and d, (k) ) (k) ©)

where e;(k) = [ej,o(k) ej,Nfl(k)} represents - the - etror

vector in time domain, E (k) = [E].,O(k) EjJH(k)J

represents the vector in frequency domain,

d /.(k):[aﬂ0 *k) ... d B N_l(k)} represents the respreading vector

€1ror

of the estimated data symbol of the jth user in time domain,
and ﬁj (k) :[bj,o(k) lﬁ)j,Nfl(k)] represents the respreading

vector of the estimated data symbol of the jth user in frequency
domain.

Furthermore, the respreading vector of the estimated data
symbol of the jth user in time domain, d ; (k) , can be found by

d,(k)=b,(k)(c, 08" )F" (10)

where © denotes the Schur-Hadamard matrix product and
N [gj 0)...g,N —I)T denotes the equalization vector of

the jth user which is depended on equalization technique (i.e.,
ORC, EGC, MRC or MMSEC [12]).

The update equation for the array weight vector of the LMS
algorithm is given by [13]

w(k +1) = w(k) —% uvJ(k) (11)

where J(k) is the means square error vector cost function as
shown in (7) and can be rewritten as

J(k)= E|:N1|ej)m (kﬂ - E{NZI

m=0 m=0

yak)-d,, (kﬂ

a NZ‘iE [ w! (b)x,, (k)-d,,, (kﬂ . (12)

m=0

And the gradient of J (k) is

VJ(k) =23 [R, ()w(k)p, (k)]

m=0

(13)

whereR (k) =F [xm (b)x* (k)} is the autocorrelation matrix of
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the  received  signal at the kth  block and
p,(k)=E [xm (k)c?;m (k)} is the cross-correlation matrix
between the received signal at antenna array and the estimated

data symbol of the jth user at the kth block. However, the LMS
algorithm will only use the instantaneous estimation for R, (k)

and p, (k) [13]. So, equation (13) will become

VJ (k)= 22 x, (0] Xl ywk)—d;, (0] (14)

Substitute (14) into (11), then

w(k+1)= w(k)—ﬂZ x, ()] ! <k>w<k>—c?j,m(k)] . (15)
(k)=w"(k)x, (k)-d,,, (k)= y,(k)=d (k). the

update equation for the array weight vector of the LMS
algorithm in (15) can be shown as

Given e,

w(k+1)=w(k) —,ug X, (k)e;,m (k) . (16)

However, the error vector e, (k) in (16) can be also found by

J.m

e, (k) =[e, (k) ,....e (k) ]|=(Y(k) =D, (k) F"
=E,(bF" .

an

The update equation of the NLMS algorithm can be
received by simple modifying the update equation of the LMS
algorithm in (16) as [13]

& ox (k) .
wk+)=wk)—pu) ————e, (k) (18)
2 x,, (k) + |

m=0

where £ is a small constant.
We can summarize the Blind-DRT algorithm as follows:

Initialize (k = 0)
w(0)=[1 0 ...-0]" (All-pass response)

Update (k=1,2, .....)
Y(k)=w" (k-1)X(k)F

I;j (k)=sgn (Re {% E Y, (k)e, (m)}]
ﬁ.i (k)= a_i ()F = 5.1 (k)(c.i Qg.lfi)

e,(k)=(Y(k)=D,(k))F" ; (From equation (17))
x,, (k) .

W) =wik—1) -y — 2 ® -
2 x,, (k) + ]

m=0

(k) .

IV. SIMULATION RESULTS

In the simulation results, we will compare BER
performance between the Blind-DRT algorithm and the MC-
LMS algorithm proposed by [5]. The simulation will be
separated into 2 cases, perfect power control and imperfect
power control (near-far effect).

A.  Perfect power control

In this case, we use uniform linear array which the distance
between adjacent element is a half of the wavelength, 4/2, the
number of elements is 7. The number of users is 6. Spreading
code is Gold code. The number of subcarriers which equal to
processing gain is 63. The channel is assumed to be slow
Rayleigh fading with AWGN. The desired signal direction is
20 degree and has the perfect synchronization with other users.
Furthermore, we assume that the perfect phase correction of the
desired user signal due to fading channel can be implemented.

Fig. 3 shows that the Blind-DRT algorithm has the BER
performance higher than the MC-LMS algorithm. Fig. 4 shows
that the beam pattern of the MC-CDMA receiver using the
Blind-DRT algorithm can be formed toward the desired user
direction.

B.  Imperfect power control (near-far effect)

In this case, we use the parameters same as case 1 except
that the number of array elements is 3. The SNR of the desired
user vary from 0-10 dB. For other user, INR (Interference-to-
Noise Ratio) is fixed at 10dB.

Fig. 5 shows the BER performance comparison. From the
figure, BER of the MC-LMS algorithm largely degrades when
SNR is low but the Blind-DRT algorithm still works well.

Fig. 6 and Fig. 7 show the beam pattern created by the MC-
LMS and Blind-DRT algorithm, respectively. From Fig. 6, the
MC-LMS algorithm can not assure that at low SNR the beam is
formed toward the desired signal direction and will cause some
largely degradation of BER. This is different from the Blind-
DRT algorithm as shown in Fig. 7; it still works well although
in the near-far effect environment.

V. CONCLUSIONS

In this paper, “we propose an efficient blind adaptive
beamforming in the MC-CDMA receiver at base station, called
Blind-DRT algorithm. This algorithm use despread-respread
technique with the NLMS adaptive algorithm for MC-CDMA
system. The simulation results show that this algorithm has
BER performance higher than the MC-LMS algorithm
although in the near-far effect environment. Moreover, the
Blind-DRT algorithm is simple algorithm and has low
computational complexity, so it is practically interesting to
implement with MC-CDMA receiver system at base station.
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