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ABSTRACT

This paper proposes a robust sub-optimal smart antenna in Code Division Multiple Access (CDMA)
basestation. It makes use of the property of the Least Mean Square (LMS) algorithm and the Conjugate
Gradient Method (CGM) algorithm for beamforming processes. The weight update takes place at symbol level
which follows the PN correlators of receiver module under the assumption that the post correlation desired
signal power is far larger than the power of each of the interfering signals. The proposed algorithm is simple
and has as low computational load as five times of the number of antenna elements(O(5N)) as a whole per
each snapshot. The output Signal to Interference plus Noise Ratio (SINR) of the proposed smart antenna
system when the weight vector reaches the steady state has been examined. It has been observed in computer
simulations that proposed beamforming algorithm improves the SINR significantly compared to the single
antenna case. The convergence property of the weight vector has also been investigated to show that the
proposed hybrid algorithm performs better than CGM and LMS during the initial stage of the weight update
iteration. The Bit Error Rate (BER) characteristics of the proposed array has also been shown as the processor

input Signal to Noise Ratio (SNR) varies.

¥ 2 AT SK telecom(EFHTH3NL SKTU Al BAlZ|EdT4)] A|Pow Sa= 45Ut
* Foga A7]3121g-g 2K gryjhong @tu.ac kr)
= KICS2007-03-151, A2} 2007 39 28Y, FHE=rAH4d=}l 120074 99 59

895

www.dbpia.co.kr



54183 =EA] °07-9 Vol. 32 No. 9

I.ME

FAEA19] FA7) B3G vlES AR %1315kl u}
2t Tk 28 9 VRRIAF 85 S oAl
HE AAEH ESla o]9 sjAAor AnkEch
Wb AksiAl, gAY we BAls Ta glrh st
£ Ao el Hele] W WAl FFAC
2 FEEs FPATE 2vhe gk slee
AMA “adaptive array”9] o]E-o2 S HHE
ojchd g 5o AR Ao ARgwe] gro
sH B Bal 53] o)F FAle] EAgel ule}
783kl A= Aol 5l

53] CDMAZ} FAlgAle] Al 71 e
2ol gl= W F2] dhelr] witel ZvwhEsh
gute] A4 W #Ae] 7sS o83l CDMA
el Fubr mfolu ik &S FAYl=
npekell gk QA7) Shiks] Algwle] g

ke oleute] sAEl A8 W A o
252 =2 F 7Ne] v, = steering vector %L
2153} blind LaElEo® Feizic)  steering
vector AaElEE ARGl FHAH | so|EnE
Ay &S bl flste] dske Alse] siat
ZHDOA:direction of arrival)2 wlg] Lz glefof
gt shA|RF CDMA YIES|ZE W5E e o)
A AlzElellA ARt wet Al wWdtehs T
2E Azl s mlY oks e Brbs stk
ke Alze] ARE FE3ke AleeA|e] e
MUSIC(multiple signal classification), ESPRIT
(Estimation of Signal Parameters via Rotational
Invariance Techniques)5°] 7] sht o]5%41
o] ool e A o] Ziizke] ot ot
delES] 2E wWol ZAslr] el A&
E7bsdl. 2222 CDMA AJ=dlel] A8

R

=

r 2 &

= 2rtE gk dwe]Ee] A9 ke 4w
HARE Q7 3 9= Belele v A 7%
A= 3 glck

F.ANaguib”= #-8 37-f-3-7}(generalized eigenspace)
of 7Hksle] & AlsdiZHAeRIE ks
WS AlBsedek SARE o] W2 flo|EMElE
Axksledl Wish AxbES 282 dhe S
7123 )t} SMi(sample matrix inverse) YE|H
BHOMI2Le. mirhal Axlek o]el'= CDMA <Jwlake]
A5 717 dHAsEe] diE AR AL
=7] wEell A7l dEAs A dasiEe] o)
Aoz qld] Aol A fdrh LMS dareEe]

896

CDMA Y|ES]= A&PHBIx Aelw]glont o]
9 Hx Alse] AXo] PN despread ©]%2] 7]
loopellA AAde] =g LMs WAl <)& A
o] AFHThs 2% =Z7)e] WSl wE s
Aabe el 2o el tge] wlie)
o] AlEW S o= shal gk

CGM <7252 CDMA $-&/'e Skolla] oA
g 2 7K daelgel] wls] e]E HHE]S]
updateol] Z23F AileFo] 23 v sampling time
vho} Wslels Alee] ahs AFAoR F33)
© Aes 2ol T3 8ol CDMA 7IA=¢] PN
correlator Sl&tell A== vk gheule] Wl 8
Aol Adgt daE|For w#E 9lov fo]E
HlE o] £ 5A] e sk kA gl

2 F=iellMs CGM daElEt LMS daEw
o] AEaddel o3 A5 daEl5E CDMA 91
kol Alkslodrh A28 duelES 435} 3
Azl AHo] AT ES] AHur} Erhs
714 ofell As3she o] 7HdS CDMA 7]A|=¢]
PN = &Mt o]F2] Alcdel §lEAd7]7F A
b oisds] fasiel Ak dae]Ee SlolE
el S JJAlsle F7] 5t dike Alse] ARE
LoE A efom zApRteEe] Al A
et AR & dert ole S A ook
w3l o] dwE]Eolr] AME-E= reference A3
oglo] EFHowtE Zidks] AAEH o] EmE] Q]
734 PN A37)e] F4), & Al dlEellA] 3
Elck CGM-LMS A& a5 Azt ule} w
sfele Hske Alse] 24 73l kg3

Mo froofr f X

P

e

N
f

i
2
g r

A& W #7019 7 o 83 A el A
EE ARkke] AHmel glo|EME]e] 43 EAlolrk
AlkE CGM-LMS A5 dael5e o 2~k
® Ahe ke dz]REe] SujoGN)IY =] A
A BAES 7w 2 ] 542 CGM el

5 5702 o]Folx] glrk 1ol
= AgElEs duElsd AHShE arlESHY]
T} Als wele] AiEgly mAellE EY
SNR, SIR, 2|3 SINRQ] 29| %33} A 4
o|Eme] sYAlFPA ol digt S shoivk mojAly
of dagk o] 71X AxES] Aol A 1 2l
55 W37 meladdde] vkl A13E]9]

RO ] QIRERE ol A ES] 3}
HAlse] st dske AMERE AEe] o]ESw

.ll}l

N

www.dbpia.co.kr



=4/ CDMA AHFAd-4 CGM-LMS A% A-3W3A odaeg]Eo| 33 AT

o] Egulo] gtk vhATo R vielale AEs)
W S APl ARl

I. o{y0] =2t AlS =
CGM-LMS A% atye)5-g Akgshs ~ule of

Hule] 27 23 1o EAEC
QHelt ofglele] K Afe] ARgAl AlSTE 91

Az s ko oud ARREYE S4E Al
= vhes) o] EAHe,

5 (1) = 2P ey (), (1 Jexp(277,1) 1)

A7V B e0) di(0) o} /= 22b kA A8}
of gk A1 A, PN #F sequence, Tlo]E]
sequence, 1|3 HkE¥} FIlE Egicl. PN
sequence )= 2 time interval 7. 2 377 3}
= 2 HY AR o] Fofx] A H|o]E] sequence
d ()= VE time interval T & F7)2 = 2 7|
o] AR o] FolA] girk

ofglo|7} N7Ne| ARFaRA] <le} JRRIER o]
Fo)z] QliL Rayleigh fading 37dol2bd n A ok
v} ejlEd] A%l Alse o) o] EA
k.

’”n(t)zzlilfk 2P ¢, (1)d, (1)

exp{j(27gfct + @ sin @, J:| +n, (t) )

w.
X1(t, y

refy vl

cos 2rnft cq(t)

2|

. 4

o

ot Vot Xo(t,

S0

process

,’\I'_,/._T
cos 2rft cq(t) b

H@ V(i) i
7

my

vt vi(t Xn(t)

-7

cos 2rfit  cq(t) b

T2 1. Symbol level 7]HF ARF 2~vkE gl 3

o174 Sk = Rayleigh ¥-3Eoll4] kWA ALgAl=
HEele] multipath 2139 21E 4= ol gk
dejHE xole] Az, 1% ukpwle] 7, 6 =
of#olell FH == Hpgko =R ZA® kWA A}
gab A5 QARS Eahe n,(0) = A ol
U el ES] wWlAzke 0 @ zero mean ¥ 0,9

variance & Z-Ert

d\() 7} 95R= dlole] ¥]E sequence ol2hd T}
&+ 7AW o5 A Al Alse vt 3
o] FAEIch
0= 6Tl ese{ 12220 sing,

S 2ad(n-1) .
+Z§k,/l’k/2ck(t)dk(t)exp j#sm@k

=2
+ (1) 3)

o] AN Az A FalslelA vl o
39 sk AlEe] PN == al)e] o8] oIt
ARk olu) vk AbgAl AlEES 217} thE PN
F= oo ola shbse] g7l wWEe] al)
correlation $oll= 324139 HelE 7|7 =k
PN &bt o]Fe] Al thest xte] EAHL)

X, (t) =4 \/ﬁdl (t)exp(j @ sin 6, )

K
+ Z SN P 120, 4dy (t)exp(j%n_l) sin ekj
k=2

+1,(0) @

3714 fii= symbol time Trrelle] Ak

FH

sequence ()2} ¢()2] cross correlation 2
o ki=s

1A 2Rkl x] AEE Zhzke] ol
%, (1) = ohg A3}

s
=
e

fm

A=
7

i

o] W w471

=z
il

897

www.dbpia.co.kr



221813 = ] °07-9 Vol. 32 No. 9

PN correlator2 kg $0] z}7] Altsial o]
AFzF7re] AlaREag7tat FeHEgIte 2 o|F
o4 alw w3k Thge] H5

51\/% >> gk \/%7¢1,k (6)

o) ARERe 7 ek A aEs] o)
Aol ek Hd afEE o]88te] o]
=dEE AT 5 g 84 62 PN
sequence alt)7} ke AeAt Az o)kt
S g AR, DA kel Al
3} o] EME] = vhgA o ok

R, ()= E[s(0)" () ™

A MelA B AR, HE Bad 2ol A3
AaAlE Vel 4] @)l al6) = sk Agat
A52] ofeo] g5t WE|Z choa} o] EAHC)

(&)

. ¥MS7ksAR B &M odTa|E
o]#lo] £ SNR, SIR, SINR-S Aqks ® 34
719] AV sR R sl 2 m8Ae =2k o

A A zakelae] g aasle] EHe ohes)
o] A,

y(1)=w" (1x(1) (10)

A @.0.0.0F 109 sk g 497
2o chewl o] HAH,

Y(l) = 51\/%dl(l)Jr%ifk\/%Tﬂ.kdk(l)ﬂ]{(el)

xg(@k)‘F%gH(el)ﬂ(l) 11

898

o17]4] E(l)% Nx1&eHE 2 thes) o] FA

ek

nl)=[m(1) ny(t) - ny(@)f (12)

SNR & SNRo vt} #o| 3#A%ch

o]

SNR,=—— -

E“aﬁ(g] wﬂ

. EU; JP/2d, (lﬂ

o

= N-SNR,

n

3714 SNR; = %#4d7] 1% SNRS FEAIghch
W47l 1 SIR & SIROS thadth 2] %

A},

Eﬂg, P/ 2d, (1ﬂ

i{lea"(a )a(ﬂka{f"WM(’* D 19

g WEA7] 9fH SIR ¥ SIR;:= TRt o]

EU;, P /2d, (lﬂ

kﬁ;‘E|:§k\/%¢l.kdk(l{:| (15)

SIR,

1 2
A (14)2] 7‘5“(91)2(91‘1 o 0,=0, o qu
T Alelstans 1 Be Avks Zls A (15F

=

o]#o] =3 SINR & SINRo< thsa} o] &
Alek

www.dbpia.co.kr



=4/ CDMA AHFAd-4 CGM-LMS A% A-3W3A odaeg]Eo| 33 AT

Nk~ SR, SNR, nHlwsle] 71 s dulo R AFATE AR
°  SIR,+SNR, (16) g} ol2fdt oulellx Bl Algkdl A% daelE
°] LMS 2 A wskd LMSs o)
el AReA} A1Fo] ke Asls] 22 Decision-Directed ¥72]52] &3 Hejolr}. 19
A A= A5 A darelse Alsk i gollA] (k) e(k) 1= 27 ks 2odikelAe] 2
ot 2 245, oA, awly ssiAe] =g ejvldith a3
LMS %a8]5-2 #%°] Wiener solutionol] % 29] % otyE|E miolA A AHEdRE A (7)
7] st 71l Aol Atttk S s¥Al °] Z7igto] A%D} = A AR e] e A
3 ApERgEe] wRAE 7k zkel zlelrt A olellx] mpzkelAfe} TZ%%‘%S_'% Bk Al
A AL ol Ene]e] iLwr) meRlch= = 29 Flolth
Zelck o] ‘\r Sxo] FAS S Slste] AokEl dwelEe] Axkeke] wRo|A] A|RFRE
Akls AR dwzEe CGM  duEES = CGM ot7E]S HEoAi =Wk O(11N)
LMS i2]& Hﬂiﬂiﬂt} o] Fap7|e} Hapls aghtl 6&{1 LMS <
5 2904 COGM-LMS A% ekarelzel dlefe) TelE FReliE ofdllel E AXL Alawes}
5= ‘JrEM‘”"} Iteration 54} 5 Z~wiAke] 52 2xpxlEe] Fap), flelEme Al el o]
A7} <kt °“El SAke] Antel] o] 5 w77 EulE] 738} Soll OGN Allo] sk Mo
= Ak < ‘é" °ll°]EH*‘E191 THEES ¥ ok ARk dwE]Eeld LMS daEEel o3
°]7] HS}C’% CGM arels< 1 Aol AHg-3ich 5= HEo] CGM LuE|Sdl| osjA] FaE=
CGM hare}s2 wlf Zsbebe} Cost 34 3Erel 1?%_@14 AR wes Flelshu glo]EmlEle] Aol
23l update 2H¢-HS HbE Feste] HA 7 o} w259 u Iteration TF TLLFF AAtERS
Aell 7P ZARshe flol=ME S AAIs o] O(SN)O]B‘r W 4 gl ol diwte] AAAS &
Aal fabzt 4 wije] whe S gl 2 AJole),
& 20llx] (k) v(k) 1(k) = 247} S apHE], ek
W, 3ol SAFE vehdich A5k ~3AE 523t V. 2O At
7k Nj2ell o]=R W W* 71%5°] LMS k3]sl
ofalf gex]7] AlERRleh olu el o 2Akuict RS Feapy] flste] vhgat A2 TS
ofdle] &9 Aol -5 Folxl At skalch
7} Power control-> $Fd3}1 multipath fading
Setl\lﬂj(i)r;it[i(aol)f:;gc;ition ‘ R k1= = (1)0]]}4 P =P =-=Pcoly A]
: 2)°llA S=&==¢g=lo|t},
R L R *1i91 powerb 1 2 A3t
Ves No 3} processing ©15 Z PN =
l keN/2 | = g} o]Fe] 714 4{11.4 Power = 0.01 o]tk
| w0 || 0w outa | KIS LS SIS e 0wt 905
I I Apelell -xghe)
| at=zxwew | [sw=rtomoene | ?ho Ashe ARAR AlEss 30l Eel]
I I APt vl skt 0,015 4 el
|utern-wionato| | wo=tptoue-n | b dabebe k-1he] AAEE qlelR
I A= GAS Zerh
‘ Calculate t(k) ‘ vl gk de|iE Aol olAAEl= ubET}
1 Fahre] Hisboch
| sk Dwo0u | Ah ol =] Al s v skl @
we] Wl S 918 ZRA2TE Lol
a2l 2. 9gA daElE AlssER o}. glolEmEe] 27|x= w0)=[l 0 - of
899

www.dbpia.co.kr



221813 = ] °07-9 Vol. 32 No. 9

Beam Pattern

power in dB

20

25

B 60 40 20 0 20 40 60 80
Direction of Arrival

a8 3. Alskshs el o s 1 A= gked
dE 5:21=9; THAlE $21=20; Oﬁﬂc‘] 3l3 SNR=20
dB; Iteration $2#}=100

2 3l expdEe}  eAmEREe] 2T|A=
[[1 0 - of 2 gl 7] 2712 el 0 <
FA= N-17] olck I3 3 oA CGM-LMS
z‘j% 0]—‘/11]——-0]] O]b‘]- H16:1H7]0] A& 7—7@ 7]—‘:
= HojFrh ks ARSAL Alrt 30%elA] =,
o] ~WAk e} 001 & o]Edteg 100HA] A~
A= 29%0] §AEE 7FAIH TRl 364 R
o] Iz} AEs] 29%el AT E 5 vk
o] 3o4] S|l 3o S1A7L Al se] ik
AAEFA] bl fdstedof gt et °“El“4E
o =2t dAlEe] sxfEet Ao w3k C

dae]Ee] W A 71Fe] #HNEH Powerol 3171
witel AljkE daelge] Ak dolEWE=
Wiener solutionel] VIX|%x] 33z *}Ale] £&-FAdo]
 AAR o]T5Al 73 smbEQHe] oy
2] A o]HF Ao &£FAde] A4Xrh moA
g A3 zHAlze] 2 Soldl ot ¥ d|
3] levele] ZtAdo] A=Yy =g Y=
AREAL Al3e] o] Fde] WSl dareRe] As
FA Aol s vAHA e gL

I3 404 CGM-LMS A& dwzg]ge] Ao

_L/(]E]o«h;], :la 401]/qt. 14]01—51 \:ﬂ Uglé oL_]_E]_‘é.
o] CDMA 7A=9] As& /HAdshs As BT
7] 918 Al 7R e 71E S oldle] &3 SIR,
SNR, SINR=S- ofdle] 3]¥ SNRO] 3= viehdy
Ak melAdy o w 9s)e ok dzwE
20709] 7HAAEE A7 A3 SIReA 913 SNR
2] Fkell TAIRe] 7.5 dB o A5 RS e
™ gk SINRoA+= RE 412 SNR Flell4] 8~9
dB9] A5 /Aol A= 17 45 4& o
Aol AFEE Zol#a v case TIt} 1000 2]

o
_4

900

—&—— input SIR
....... O+« input SINR
—=—-—¥-—— output SNR
—--=A-—-- output SIR
— —a— - output SINR

Performance in dB

Input SNR in dB

2! 4. SIR, SNR, SINR ZWelx] ¥ CGM-LMS A% &
R Mﬂ JHE 572]=9; 7HAE 521=20; odH|o]
1 SNR=10 dB; Iteration 5Al=100

|Weight|

—e&— Proposed Beamformer
0.27 —O— CGM Beamformer

0.26

0 10 20 30 40 50 60 70 80 9 100

Number of Iterations

NEAEEE %X]=9; 7& “i

Al RS gl ol E4P oY
o] 412 SNRe| 10 dBY w] ojzlo] &3 SINR
< 73] $ste] 100W19] Iteration &= 3hte] 2
2 Ay A Ede FAL 1000 W FHZo]5d
ol Ao a7 4ella Axke] g AL plot 3}
7] %1814 100000H2] o] E 78] processE 43

& Zole,

g W4 daelEel Fad ASAET

Ak e %” CG

www.dbpia.co.kr



=4/ CDMA AHFAd-4 CGM-LMS A% A-3W3A odaeg]Eo| 33 AT

0.31

03010

|Weight|

—8— Proposed Beamformer
0.28 - O LMS Beamformer

0.27 A

0.26

0 10 20 30 40 5 60 70 80 9 100
Number of Iterations

I3 6. CGM-LMS A& dae]E53} LMS dueE5e] 3
B4 vl dEE $x=9; 7MiAlE =20, ofHle] §f

o] 5A4o]l CGM YRl <pte] Fhak
ol o] dA2 Algkel daE]Ee] N2 W] CGM

duEE 73 F RlkE Asiije]= 014 LMS &
FElEo R tiAgtems bR Zolth ~gje]
Z 0.19] LMS daE|52 Awgt HhEF oA &
galo]= 0.019] LMS <52 diA=c] 97
o] <} <lEmlEe] - 10WA AWAETEE

3T

2ElAlo] = 0.019] LMS &aze]Eoe] Af=i=glc)

g adl 6ol AR daElEE LMS &
ae]e] SlelEwe $154 A4S wlaslsich
a3 6ell FAE LMS duElES L3E oA
2R ARjAle| = 018 ARSEt] W 5
% Eus}j_ 1 jr‘"l‘ {.‘5 0.0132 /\au}o]z:c’_ 71—
2AA S 13 Solth 2] = Al
o4 CGM-LMS %259 fle|EwEe] 2]Fo]
LMS &dvz|Ee] gZHr) ASo] Ik

CGM-LMS A5 duz]59] fle|EwE update
process 5 FEAEjlA| 2] ofgle] FH o] H|EofE
$(BER) 54°¢] CGM «a2]53 LMS e+
9] BER EA7} 37 23 704 ZAIEE 23
7oll4 2] Ihe) ofshH Aloke Rl A darelE
dlo]=mE] update 7} 5 W WHEE]7] Aol 104 o]
32 Jolx|a 1 o]F & BERS A% ubd
CGM 2l&el 93 BER®| 10* o]st= 7has}
= dlell= 20012] update”} Z 2313tk CGM &L
gl 5ol do]=wE updated A=E F NJ2
W oo]&ke] 7] IAmAMeeA et FEHER
Holup o] %-2] Fmatefell ] E<kA
Holi= Ao] =t kA 17 694 %A
A} FLdg LMS <859 BER 54

1e-1
—@— Proposed Beamformer
1e-2 - O+ CGM Beamformer
—w— LMS Beamformer
1e-3 -
o
w
1]
1e-4
1e-5
1e-6 T
0 5 10 15 20 25

Number of Iteration
2! 7. CGM-LMS A% d32lE, CGM <1EsE, LMS
daelEe| FxAdd BER 54 vlak JEE $21=9; 7F
AAls 221=20; ofHle] 1% SNR=10 dB

20 J’
—e— Without Beamformer
15 © O With Beamformer

SINR in dB

10 15 20 25 30 35 40 45 50 55 60 65 70

Number of Interfering User Signals

02l 8. CGM-LMS A% ofv2]52] %2 SINR A% o
HE $2}=9; oj#lo] 418 SNR=10 dB; Iteration $#}=100

wlE]e] 2]Zo] Fof 7]glsle] 5 e update 717t
7}A oA A|¥El CGM-LMS 72|5Hc) A=
EAL vyt

QHelvh e E s=xp7t 9 selar ofdle] si¥
SNRe] 10 dB & w 7HAlE 52} Z7tel| wj&
CGM-LMS A& daz]Fel 95k ofde] &%
SINR A-5°] 23 8ollA TAI=ACE 23 8o+
vle] BHog smiE qteufe] x| glo] & 7l
o] gHEY-E AP&HW < wje] SINRE 3 el
itk Aok dwe]Ee] &3 SINR MAY AEE
AR % *Mi SAE Eoldel wet A
Fol5o] ZHAAZ e At 4570 FEelAe
MAe] A7t 5 dB eolskR Helxle] IhaE|gict
a8 89 m she] a3k SR Aakd W ¥
4 darelgel g 7RIAe] S5 SRS £
olu‘r oA EdH MAlE 54 & 22 A vl
Z 7112 == 104 W 23 8ellx A 3 )

901

www.dbpia.co.kr



o
14 o
12 ¢ e}
o
o
10 [ o
% © —8— Beamformer Input SINR
£ 8f ° O Beamformer Output SINR
x o
4
® 6
a4l
2 b
0 R R R R
5 10 15 20 25 30

Number of Antenna Elements
T8 9. gl Ak wistel]l W CGM-LMS A5 ofare
=2 24 SINR Ae: AMAlE s7l=40; ofzle] <
SNR=10 dB; Iteration $=A}=50

P e

—o— Without Beamformer

5 0019 o O Proposed Beamformer
o o
o
o
o
0.001 O
o
o
0.0001 . . . . . . . . .
0 1 2 3 4 5 6 7 8 9 10

Input SNR in dB

a2 10. PN o3k ol 738 7HAiAlert S e
CGM-LMS A% w529 BER 54: d=HE 5x)=9;
ZHAAE 5ex1=20; N FEE ZHAAlET) oS MR
EHr}l 10 dB ¥+ Iteration 52Al=100

o] okelUR o]F & gJE <oF 7 dB2] SINRo] A
okl W A daElES AMESHE 2rtE g
5 AAEH 2 50 Ao 7[R} AT o]
E o slvka siMglch ok debd 407 A El
Zidxb 4= Sl Z3) sl Aok

I3 9ollE ZHIAlES] SRS 40202, ofdje]
318 SNRS 10 dBE AAsta gl dzjde
2L Eold wje] AekEl odwe|Ee] An Y
o] H=E Adysigir olzgt 27 elM= 27 99
Beamformer Input SINRZ ZA|El 2o 7}12}7]
= 3 dB7} g W9 gkEluE d& 4 9lE SINR

of felgkebd 97le] gl dERlER o]

A3 CGM-LMS A5 darzlge] ®W AL she

2 1

zulEQkEUr} 5 dB o]Ake] SINR As /MAlS
k= Zlo] ™ 9ol veht 9lek wkek ol o

902

gHES] =2} 3070 74 SR 4070 A
A%, 10 dB 3J¥ SNR ZZex] ~AvnfEQHL}e]

to] 11 dB o|Ake] SINR 2715 Z#dlchk= A
& 9ol4] ok = glrk 1l 99] SINR-<HEL}

Ane Azl Al ke ZdelA
SINR A& duzt & u F3k ~nfE
gkl gt} dewlEe] =21 AAshet
Tt

npxte 2 g3 102 AlgkEl daelEe] b
gk Power Alo] FHAol|A] oA 2pEsl=AlE Ko
) 23 1000141 PN J2M) o]F & sje] 714
Alz7F YR 2HAIZERT) Power levele] 10
dB =5 we] HPAJefels{e] BER 540] of#o]
= SNRO| WislE Aol i wlshe ik
I™ellA] ZHAIET) S 02 mAle] ohdx|eEin
o ZH Agrr 8 E4 9 CGM-LMS &
725 AFHe® SINR A%, w4 BER =

¥ 4

o)

im

oo O N p o o
2
R

(

e WA 5 slgol I ClE 59 o
o] 1% SNRe] 10 dB wj Akl ¥ 34 <4

il

25 7 N9 e HAlme] EAldle Bt
ar ~vlEgHU AREA 0.1 AF2] BERS A%
107 o132 7427 9k

V.8 E

CDMA 7|A|=ol] Adx|x|o] egrleje] slo|Em]
BlE 734, A 5 ole AR W g oo
o] A=l AlgkEl dwE]E>  Conjugate
Gradient <72]53} Decision-Directed  3JEl<]
Least Mean Square ¥72]52] A& Helo|c) o]
aE] e gy §lEAEE PN 22 o3kl

A= ARSAF Alsr) vk AR Als, F 7
Aol gEc) =7t s Al Jsizr 8=
gk ST 5 9le] A E2- 34 o]
2yo] o] FEAl SRS WA 4 gl

Ak daElE et dolEwE 43 54
< Holw 3= AR AlsE FHEE Vles
7R} ~vtEQkurt 97)e] <l <lejlER
TA=Ee] glar Akl 20709 ZHAAE7E EAfs
o Ak W 34 duElas ALskd 7.5 dBe
SIR A5 7047} 8~9 dB9| SINR A5 WAL =
A glgo] RodFeR FrEdck

23 do|EHElE A fste] 2iAEg
gt dejE sexte] 5 owiel| sigshe Al
SAl Axte] daslglon] o] b= ke A/

o wx o

www.dbpia.co.kr



=/ CDMA k4448 CGM-LMS A& 2-9134] dare] ol

i

& A7

b A dyE]Se fEE AXERRT HAY
3o FUs 0] Axteelw webd A A%
o/l & 4= 9l DSP el 23 o] 7ps3t

Multipath fading 23] =31, Rake receiver2}
Aorel dae]Ee] FeAMS, ZEa qheEul e
E 9x] Wslel u}d Aol A= 4% 5 Fof
o FFe) A7} S ol

B
A
ro

Ll

(1] S.P. Applebaum, “Adaptive arrays,” IEEE
Trans. Antennas Propagat., vol.AP-24, p.585,
Sept. 1976.

(2] B.Widrow, P.EMantey, L.J.Griffiths, and
B.B.Goode, “Adaptive antenna system,” Proc.
IEEE, vol.55, p.2143, Dec. 1967.

(3] RLRiegler and R.T.ComptonJr., “An
adaptive array for interference
Proc. IEEE, vol.61, p.748, June 1973.

(4] R.AMonzingo and T.W.Miller, Introduction

New York: Wiley,

rejection,”

to Adaptive Arrays.
1980, p.293-318.

(5] M.W.Gantz, R.L.Moses, and S.L.Wilson,
“Convergence of the SMI and the diagonally
loaded SMI algorithms with weak interference,”
IEEE  Trans.
vol.38, p.394, Mar.1990.

(6] J.H.Winters, “Signal acquisition and tracking

Antennas and  Propagat.,

with adaptive arrays in the digital mobile
radio system IS-54 with flat fading,” IEEE
Trans. Vech. Technol., vol. 42, p.377, Nov.
1993.

(7) AFNaguib and
improvement with base-station antenna arrays
in cellular CDMA,” IEEE Trans. Vehicular
Technology, vol.43, p.691, Aug. 1994.

(8] A.F.Naguib, “Adaptive antennas for CDMA
wireless Ph.D.
Stanford Univ., CA, Aug. 1996.

A Paulraj, “Capacity

networks,” dissertation,

(9]

(14)

J.C.Liberti,Jr. and T.S.Rappaport, “Analytical
results for capacity improvements in CDMA,”
IEEE Trans.
p-680, Aug. 1994.

Y.S.Song, H.M.Kwon and B.J.Min,
“Computationally efficient smart antennas for
CDMA wireless IEEE
Trans. Vehicular Technology, vol.50, p.1613,
Nov.2001.

S.Choi and D.Yun, “Design of an adaptive

Vehicular Technology, vol.43,

communications,”

antenna array for tracking the source of
application to
CDMA mobile communications,” IEEE Trans.
Antennas Propagat. vol.45, p.1393, Sep.1997.

maximum power and its

Y.Hara, “Weight-convergence analysis of adaptive
antenna arrays based on SMI algorithm,” IEEE
Trans. Wireless
p.749, July 2003.
R.M.Shubair, “Robust adaptive beamforming
using LMS  algorithm  with SMI
initialization,” in Proc. 2005 IEEE Antennas

Communications vol. 2,

Propagat. Society International Symposium,
Vol. 4A, p.2, July 2005.

F.Fruth and E.Geraniotis, “An LMS array
for CDMA wireless communication systems,”
in Proc. 8"IEEE Signal Processing Workshop
on Statistical Signal and Array Processing,
p.525, June 1996.

K.Egiazarian, P.Kuosmanen, and R.C.Bilcu,
“Variable step-size LMS adaptive filters for
CDMA  multiuser
6" International Conference on Telecommunications

detection,” in  Proc.
in Modern Satellite, Cable and Broadcasting
Service, Vol. 1, p.259, Oct. 2003.

X.Yang, T.Sarkar, and E. Arvas, “A aurvey
of conjugate gradient algorithms for solution
of extreme eigen-problems of a symmetric
matrix,” IEEE Trans. Acoustics, Speech, and
Signal Processing, vol. 37, p.1550, Oct. 1989.

903

www.dbpia.co.kr



£ A Zl(Young-Jin Hong) 21314
19781 2 Alg-ehstal A 7155t

3} &t
1982 12¢ S st (»~
EUH5) Hxgsta) AL
198511 129 S olisha (2
B85y gt uiat
1978+ 194~1981%d 84 ARAA

A FSFE AR -
198611 19~1986 54 SUNY, Stony Brook, Visiting
Assistant Professor
198641 69~1991d 124 LNR Communication, New
York, Senior Engineer
19921 149~19934 79 AAFL7 e, A571ed
TAAF
19931 84~19941d 39 KT S~ =k 1A 7 ] =4
19941 44~19971 69 Eastel Systems 1-7-27F
19971 74~20031 124 SKC&C AJH]~5-EAF
20044 149~2004'd 124 ALl F AF4%
2005 3~ A] FH ek A7 | AR-s)e ol
<FAHol FAEAL AvlEQHLL, RFID

904

www.dbpia.co.kr



	CDMA 상향채널용 CGM-LMS 접목 적응빔형성 알고리듬에 관한 연구
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 어레이 구조와 신호 모델
	Ⅲ. 성능가늠자와 빔 형성 알고리듬
	Ⅳ. 모의실험 결과
	Ⅴ. 결론
	참고문헌


