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ABSTRACT

It is known that adaptive minimum mean square error (MMSE) receivers exhibit better performance than conventional
single-user code division multiple access (CDMA) receivers in fixed (or static) channels and have the simple structure
compared to other multi-user CDMA receivers. In practice, the radio channels are fading channels where the amplitude
and phase of the received signal are time-varying and the sufficient signal-to-noise ratio is not always guaranteed. Thus,
the performance of adaptive MMSE receivers is severely degraded in fading environments. We propose a new structure
and adaptation algorithm for an adaptive MMSE receivers. Based on computer simulation results, it is observed that the
proposed receiver demonstrates substantial performance improvement over currently available adaptive MMSE receivers

in fading environments.
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U ol2ig AT CDMA 94 A8 FAGo| of)
2} 71&9 GUARE R} CDMA $417]71 Th& ALz}
9] A% ARE FAIE7) gFolvk CDMAAIZF
A AR 43 29 19 4%5E AN
7l B dvE0] BAAL dew, 1 F v A
£-21 &4 (multi-user detection)o] {-83%F &2yt
Hog NS Hoy AT (1] £EH2E CDMA
a2 HA chpEARAL ZH&49H) (optimal multi-user
detection) & 28 o MAI| ojaf A3 Wz p=vh
(2]. 28y HF o ARSA AE P2 B3t
i Eol A A"HoME AL Brhssich o
A olE B & HAH e 4 E(suboptimal
multi-user detection) ©] #|ANEHULH, IE Fo& 7+
A 7 Z8 AAH ®HA] (subtractive interference
cancellation)z} A3 HZ ¥4 (linear detection)o]
FHECh Y g AE AA AL TE AR}
e Buo} 2750} 7)o Tl e,
OE AolM LAY MALE AR Eale BHS
7FA 3 Q) Decorrelating Detectort} MMSE Detector
£ 2= A8 A2 R HE IR A
Ao Hja) BRTE ol EUSU AA AR AX
gl A#Eslrldle olAx o2|go] Uck olEF &
A& N3] 913k MMSE DetectorE 22308
vHE A28 MMSE $417] (adaptive MMSE receiver)
7b AR AT [3-11]. &Y MMSE 4217 o&
ARRAFE ] AMZHRE QA ¥7] WEol 71AF
ok ohel @ErldxE A#He] rhgEhd, Jddt
TERE JREZ AR A2de 28377} we &
o]&jct. 258 MMSE 4171 X3 E Ad@3dA
SNRo] £& ddlE g8g J5& Belot (3-5). 18
v 3ol 719 Adel F438 ®ssiy FEE
SNRo| BAEA o= #Holdg AdeMe 1 450l
w23 Asrdth HZA o#d FAHS B3
s Ay Bs] FsPsjof, Holgd FANM A%
& MM o2 7R ¥FE H-Z3 MMSE 5417
T [6-8] & A& LT [9-11]) o] AIHL
AT & =FAAE, #Hold 8NN 71E9] ARbd
A3 MMSE #7188 $48 A%e 7He
MEE A3 MMSE 41719 329 A3 ¢
% At3aa gk
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II. A& gl

2ol CDMA Al2dle] gl Ao $=41 A
=AY BT 2 & AAY A8 58 a8
3l %7)24] W= (coherent modulation) ¥Ajo] AM&
PCS (Personal Communication Services) A|2A% 3}
IMT-2000 Al AHes]y 2ot F7]2) W3 Hhy
< YR AIZE Afshs o ol HYE g
9] £8-& W 4 (pilot channel aided)® WYE
A =& W w9 (pilot symbol aided) 5O 2
otk £ =8oMe L3 MMSE 4718
A% FAZIZA 39 13 2 odE UEe £
€ o= 5714 BPSK (PSA-BPSK: Pilot Symbol
Aided Binary Phase Shift Keying) @ w48 723}
ik

Pilot —— -———-—l
Piiot | by(m) T
Information Y Syebat —-——v(i )————» )

sm) co2af1+8)

T2 1. 9% el £48 0 $714 BPSK £417)

o] 7%, kA ARt $AZHE B4 7)A o
9 (complex baseband) &= thg-3} 72o] FojAct

st = by mys, (¢~ mT,) )
A7V bom)e kAR e 4 dlolEE Yeny
£ A0 RN HES JUR HEE o) RoiAH, 2}
BlE Ao T,olth s ki) AHRRIe} B4t T
Holm The- 7Ho] Fol A

s(t)= les;n h{t—nT)) @)
n=1

AZIM kA AHEAES $ak B3 e dEE s =[5

Sz Sa) B FOIRE, A AolE Toltt ojnf N

2] ©|5 (processing gain)& ehiin, N=T,/T.o|c}

ke RS F AE B3] J¥s Sdolth B

F AHe 1y 29} 7ol of M-1 dlolE] Ay v} |
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B3 /Hed 7oA 38 MMSE 54718 A% AR 72 ¢dE

A% Ao A$EHE BAR 4EL P 419
I+ 7HX 0, B-28 MMSE FA17]0)A 9] sld 543}
#lo1g 7oA Decision Directed ¥2]9] @& &
&517) sl AR R 28 He AgE 479
Hge 93l $A719) T2E WA ¢ et glo
£ Aotk

Pilot Symbol Information Symbols Pilot Symbol
(1 5iy) (M-1 bis) (1bit)

38 2 AgEe dole e uid

A$E ATE Ade B Yool AANE
AT ARFO S5, o) W FUH B2 71H
e} ABE ches ol YW

r(t)i ib,‘(m)ak(t)ej""’sk(t—mT}, -1, +n@) (3)
k=] m=—co

7N K @ 7T MuA F9 AR Fol
o,0, (1,8, (1), 7.(1) = 72t kAR AR Tl A
de) 37), $i4h AQAZHE YE I, n(ne ool 0
o]z EA4to] 0'Q) A AWGNolTh HHe] HelE ¢
o Ade £ =0, (™2} Fof, 1A ALg2)
AT E Y3ks NEHE ek ] AY A%
(matched filter) & A3 T 1HA AR} A& £
7NE 2d AddolA of v A A AEH ¥ o,
m¥A HE FF AEE 741 AE f(m)=[r((mN+
DT) r((mN+2)T, --- r((m+1)NT)]"& th&s 720)
FoZth (AA T= Transpose & ] v) g,

l',(M) =SIFh+ﬂ| (4)

A7), S, 7 AHgALe] B4t B3 wjde Eds

Nx3K8g o, Fi= 3K x3Kad 3do)u, by 3K X

19 A48 dols AY WEo|L, ne NX1 F&
ST,

o}, 7 =[~”—f5~—-J 2} Relst ol E 7]

A8l N=4,K=3,1; =0,7; =2,7; =—-1%) H$E d
Z 9, 4 @9 S,b,F& Zzt &3 o] Yepd
% glek

0 s, 0 5, 0 s, 0 0 0
0 5, 0 5, 0 s, 0 0 0
St = (5)
6 0 0 5, s, 8, 0 0 O
0 0 0 5, 5, 0 0 0 g,

b=[b(m~1) by(m-1) by(m=1) b(m) by(m) by(m) (6)
Bm+1) by(m+1) by(m+ DY

F = diaga (m-1)e™™" a(m- 1) o (m-De* ™ (7)
4, (me*™ a,(me™™ a(mpe™™ g (m+1)e

o, (m+De™ ™ ay(m+ et "]

III . 2% MMSE $=4A17(

J% 3L gE YU TEE Ue 71E3A e
3 MMSE 4417] (PSA-SAMR : Pilot symbo! Aided
Standard Adaptive MMSE Receiver)?] 3+%2& BoF
7 lth Decision Directed Mode (DDM)EZ E3}sh=
SAMR (DDM-SAMR : DDM-Standard Adaptive
MMSE Receiver)2 T1¥ 3914 HAH02 EAE 8
°] fl FEEA, 3717} (training) °]¥-ol= DDM
o2 FAC o] A P3h= AE7E 2PFL Ho)
Foll wEE Aol HE f3go] R3] FHZ o
719 ¥ Azt FR AN #4719 el A
A sttt o]o] wkalo] PSA-SAMRE sloly 7+
FRNE F71H 02 ARIE HAR AEE o &3]
HEel ol HAE He AgE AY + vk
PSA-SAMR®] ¢ oAn7|& FAF 2L oS3
7o

7, (m)=w} (m)X,(m) (8)

o7]M wi'(m)¥= wa(m) 2| Hermitian Transpose©|t}.
T w,(m) B x,(m)= 24zt HE 7] e] | Al
o} A3 E JeEpY ol 27} o] EEHELE

W|(m) = [w|_| (m) W|_2(m) e WLN(m)]T (9)

x)(m) = [xm(m) xl.Z(m) T xl,N(m)]T =1 (m) (10)

HEHo 2 blo|g YIE b (m) & the3t o] BB

by (m) = sgnlz,(m)] (11
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Tkl 223 MMSE $41719) w,(m)o] s,3 Zom,
1% 3¢ $417]= CSUCRo| €t

Adaptive Filter

"
=r{m)

o) J{;}—r i

NI .
A adepave Algorite ﬁ}h L > R
] o) | S |

T8 3 A% Ade] £48 B 71831 A E¥ MMSE 4
A7
43y MMSE #4718 9% 33 dmelgos

M
g %JELE]—‘:——E- 1 AR 1o} AA) AlA"A
= 71 22 LMS (Least Mean Square) &+
2EEo] 71 Wo] 2ot PSA-SAMR TRel|A
LMS 4852 1h(m)-z,(m)"& a5 98]
o) Adeict ohE e o] | AleE 7Pl

w, (m+1)=w (m)+ ux,(me, (m)
w,(0)=s,

(12)

71 e (m)E e (m)2) Complex Conjugated 2]v]
3o, 4 = 28] 3718 e, 23 AF ¢ (m)S
o3} 7ol EHHECh

b (m) - w!(m)x,(m), for training or pilot
o, (m)= | I 1 g (13)

El(m) - w,”(m)xl(m), otherwise

DDM-SAMReIM 23} A3 8h¢7]7F ool 8t
€,(m) = b, (m)—wy' (m)x, (m) o]ck.

©]2]§t DDM-SAMR 3} PSA-SAMRE slide] 74
57 SNRe] ¥& o ALHOE H$ odupr)ol
A4S 74A8led CSUCRHEL 453 A%5g HAS
ok 2t #Holg sdelME= AZ3t iabo] A7k
et Halnz ¥y $£AVE TAY MM 8§
AR NRHQ 75T ok AT DEe BA
7155 7HAok gtk B3] sk 237} g FHo
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358 SNRo| BAEA] 94 @ DDM F3HA
Foe B FEo| o9, ol Usld 4] (13)]
A BEol BAYF A AITE I, ol 9
ATE ZEE WYOE A st 47 A
£ 5733 A3

ol #old MEPAAM ol T MY 417
o] BAHE A7) Ygte ¥ 7k WYY IXRE
o] ARJEAUE [6-8]. I FA [6]91A=, 71& A
£ MMSE 417180 #Holg sidor] 94 33
o] FA&3l Adwo] AT Az, S o
B7) AdelA 44 B 1XE Aastac 2
Y 4e Z FH [6]914 AMtE -5 MMSE 441
71E G HEAZ] POy, & =FAME olE o
AR A EEE e AR AYE 3¢y
MMSE $=417] (PSA-AMR-PC: PSA-Adaptive MMSE
FEO (T &
@ (61914 Aetel H-ZY MMSE 44171 Decision
Directed Mode 2 £3}3817 9JAHAlo] kA8l 7}
Asle A3 ArIREE A (real value)Z X 2)3}
Ah. ol 4 BAL A NEE A9 Af
Y BolAl 3 & 7RIRL 2139 A4S W3
F1A% 119 B4 (8F E )2 HIAFA 4
=tk o] ®, 94 34 MAIVH A 22 AAE 3
2 omr) oA o) FojAT)

Receiver with Phase Compensation)g}

r,(m) Ad-%u‘va';nm i'("')-? bx(m),
1\
Pt
T wipie am) ] I

algorithm

b, (m )

T2 4 R e =82 e Hdrdel Add X8
MMSE $:417]

PSA-AMR-PCOlY A& oupr)e) 2L Zi(m)=
Wi (m)x, (m)ols, A e AL b(m)—sgn
[Z,(m)] &} Ze] dojA)h 4L 979 | Age
1b,(m)—z,(m) P& A3t =2 v Adeict g3
Zro) Z4Al€c.
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B3/ Hold @79 HEY MMSE 441718 A% ARE 22X ¢xeE

f, (m+1)=W,(m)+ ux,(me (m) (14
w,(0)=s,

o71ofA A2 7] 4Y AZ X, (m)e 4 1034
g8 o3} o] Fojct

i,(m) = e“l‘&n(m)r] (m) (15)

a2, 22 AZE thEF} 7o) Foiict
b,(m)— W' (m)X,(m), for training or pilot
&(m)= (16)

by(m)— W (m)X,(m), otherwise

Y, old Ad BN ALY A9 e
< M) 3t AE daEse] g g2 9+
7} o] FAR I ek YHHHLeZ A¥] A58 4F A
F9] HEo g YrolFE Normalized LMS (NLMS)
g Eol LMSERElE gk A5-g MM
Z BIEHI ot [9, 10]. T sleld AN
NLMS &3 28]52, 48 437} et HE B 2
#7F F7HE ol 2% A71€ F7F AA AL o
719] | A8 B W3 Ao s LMS g
gl vs] J5-& A AR Eaiui, E3] A}
37t € W vl 43 g 5 itk

IV. H|tEl =E¥ MMSE $AM7|

A Zolx dE PSA-AMR-PCE PSA-SAMR$)
AE w19 Ad B4 7158 EAA HE on
718 REE Yo A4%e ARz 44e
T A Iy o] WAL 9 RTE BAs
AE L B4R 47) el slelq Ad 87
AN F417) ol A3 ARHe @l AT
Atk T oY dHE By Y8 PSA-
AMR-PCIM HEHAY AANY 2§ ou7) A
M RAE B3E FYEE, AE dAnp) YFIM W3
= AEe IFE AIAY HolAsh Yshs 4%
o 719 wet o ARk A3 37) BA4E W
HAZIT AE EW, ke V39 A7)7} o F e
AT oE AR ASE UR 3A FFAA HE

51719] sf=sjo] A8 HRAE o7k € Holth
BTslo] 4Y HAXE 23R gt sujas 4
S 9719 PNz el SNRE FolA = et

I8 5 ole BAHE B3 fdE e &
& e Ad B A¥E A3y MMSE £47]
(PSA-AMR-CC : PSA-Adaptive MMSE Receiver with
Channel Compensation)?] F#ZE HAF37 Qrh
PSA-AMR-CCellM $44 HANE PSA-AMR-PCE%
o SYSA AL Am7) WRtel N FHshl, AE B
e Ag Ay FelN Sy

32 5. BYR e E£E U Adiae) Y ey
MMSE 417

3 49 1Y5E v 75H PSA-AMR-PC9) & A<=
9} PSA-AMR-CC®] ¥ A4 #AE o3 720]

FoA= AL ¢ 4 Utk
W,(m) =W, (m)&"' (m) )

£, PSA-AMR-CCE= PSA-AMR-PC9) 32 ofn}y)
WomE A A% W (ms A WA G (m) 2
2 pel AAYSE 42T & Utk AL dn)
232 the} o) Folnh

$im) = ' )R, () = S e O o))

= &, (m)b,(m)+ residual MAI + noise

# AN & 5 ARl HE Aupr) HAN AE
B4E s A8 Az o) MAIZE 43 ¥
£ AAS7 gie) 75 @ OE iU Az
AL FEE vAEAN AF RS YT 5 Utk
& SNR& ¥ AHelM AF ¥ Sy 9
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g 4] (18)0llA zkd MAIZ} A3 EAJA] geobd
PSA-AMR-CC A§ o7] ¢AlA f3hz A%
T 24P NI uET oE YA s B4L
HBAIFIA] e 712 B+ Ut

A4E BAAE7) A% Ad $3-E& PSA-AMR-PC
ot FUA e F¥ol HAE HE Ay
Zol| A o] FojUh AEFH W22, 7P
SEAME HEAHCZ o] oRHY v I/
AR AEE Yashe WY (12]0] o] &=HUt %
UE Aol EATHe m=nM (e BF) FAME
2] (198 7ol AdE FA3, HAR Ago] EAE
A = m = aM+1,aM42,- - aM+(M-1) 7 M=
m=nMFA A7l gt o &3t

N~
" 1 ¢ i (m—iM )~ .
Cl(m)=N— E MG (m—iM)
p i=0

| (19)
= Y w (m—iM)r (m — i)

p i=0
o714 N,T,= Ade] Adides wsix g A7
< Yepich
Yol A vie} 7o), wold A F& 4
58 7HX7) fdiMe AES 729 F$ dxEE
o] ¥&3lch PSA-AMR-CCE $3] AR 3He 93
B2 A4 (DE 4] (140l st og3t o] F
Ski=g

W, (m+1) =W, (m) + ua@,(m)X,(m)é; (m)
W,(0) =S, 0)

A7llA & A (15)% FUsH, 23 AEE e
Zo] Folzich

by(m)— & (m)W,' (m)X, (m), for training or pilot
&(m)=

By (m)= @' (my&} (m)X, (m), otherwise @n
®}7]M, PSA-AMR-CCe] HEHQ) HME FHL
b, (m) = sgn[z,(m)) 8 o] AL 4] 20014 F
A% ¥ 29 A7 ud(mye) A (12)% (14)s &
2] 93k AR A3 A7)ol uheh Wtk ol
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ok & =8oA Algke d7e)E-2 Weighted LMS
(WLMS) ¢l gola} $-20, o= lo(m)b(m)-Ww
(m)x,(m) P& H23 A)7)= LMS gxa ol 3¢
FAZIE0] Z= dlolgd BAMY e A3l 2
23 FAHE F s, Hold oA 3w
Aol £AGsA HI ol  BAES EAYA) 3}
o, 229 9 B4 68 B9YE FAEHA =
o] wlo|d 71ZHERt A&dke Aotk Iy
Alkd WLMS ¢38]5-2 3l A3 3771 3o
A BAo) RANY of 2¥ I37E A gouH
9 AT A ATE A B RAGI R
£ Rg WAElL, 2 Ale) AEF7)7) 73
AHAAM AZ o] & d= &Y A7 A ¥
28R F47] A5E NG

AFE PSA-AMR-CCE #Hlolg 7oA 7]&9
AQtE gl v3) vig Y 45 Bt 1
2{L} PSA-AMR-CC9] 9o H3hs ARR-ALY A
7t LAFN AL Hold el e AF -3
Bit Error Rate (BER)o] #HAA A7) Aol A3stg
t} o] AS ey tolwAlE 71HE ol g3k ¥
79 Lel 237t wlolFe] whEE 7 #olgf
WA 2] & OhE Y AEE 0] 831 Wk 4
JIE EY¥ 5 2082 Y Asg 98 5 o
t}k I8 62 elvz $AY Aol AdE 417
o] TXE HoFh

i)

D2l 6. Qe Tl Z1EE ol8# PSAAMROCS] 7

3 694 zH 2719 AL Anr] FEL 7,(m)
=@ (m)WH(m)x (m),i=1,2,2 FoAAH, HFEHA

www.dbpia.co.kr



W/ Holg $7o)Me] HEY MMSE 471§ H18 N2 721 ¢xelF

HEE 2z} £4719 &¥E Hf ¥ ZY (maximal

ratio combining) 84 b (m) = sgn[&), (m)z,,(m)+&}, (m)

FoRE ¢ F Uk

’Zn(m)]ﬂ ol gojxich 7 41719 AREHE 3R
FREFL, 2 i=1, 200 &t 1b(m)-z,(m) & H
a3 NFE e, old Z+ 41719 § Al W
£ e

\j/“(m +1) =%, (m)+ pd”(m)i,,-(m)é,',.(m)' fori=l.2 (22)
W, (0) =5,

Q71NN 2 $AE AE 0A AFE TR Zo)
FojAn.

. by(m)- ;' (m)#(m)X, (m), for training or pilot

i )=1. =],
é,(m b,(m)-d[i'(m)\i'ﬁ(m)i“(m), olberwise , fori=],2 (23)

V. 45 #4

AgE FA719 HeE HriE) Ak, ey
9 @27 459 ¥sle) ©@E CSUCR, PSA-
SAMR, PSA-AMR-PC, PSA-AMR-CC2] BER2 HFE
B Z4¥E F3ted v w3t 44 DSSS-CDMA
A= QL YP3d Tl Ade viEs) @
U (Rayleigh) ol AdS AHSSATL, v 3
4(carrier frequency)¥ IMT-2000 A A€ T2isky
20GHzZ A3t $4171404 g Ade o
°lE 4H|E njt}t IBE 4 AYHASH (M=S5), I
&£+ 3968 MHzo) 1L, 84 FE2& 31 ] Zolg
7A€ Gold =7t AHS-5 %1tk BERS ¢2le) 37}
¢ g FHY F P AN Y=

a9 72 gtElYrt el 3, ©iy] 571 50 Km/h
Y 7349 AAE HAFT Qi HYa) Holy Ay
B7olA PSA-SAMRE CSUCRET} 238 Aol
H o) x] A gk, PSA-AMR-PC8} PSA-AMR-CCE
CSUCRel vi# 4d5o] $4ES & + Utk B3, &
=2olA At PSA-AMR-CCE AEZRA 759
AUF N2 E FHE gzeE 7198 PSA-AMR-
PCET 3dd ZAAE Bolu, AMEA} 71 HolAS
£ PSA-AMR-CC9] Ad%5°] th& $=41710) vjs] JQ

BER

4o o] —-PSA-AMR-CC |-

10 20 30

number of users

8 7. AHEA Foll IE 47189 BER A%

I8 8= MW UIY AE @2 £58 S,
50,100 Km/h 2 ®i3} Al71H &A% A3E Bt
B4} PSA-SAMRO|L CSUCRET} Aiso] Holyd
PSA-AMR-PC$} PSA-AMR-CCE ¥ thAato s A
Ak 2y A s}t 7o) PSA-AMR-PCE] 7$oll=
927] £x7} gold4E Ao vymge 4 4 3l
o ole @)Y &7t YolARE woy Afejel
AUz ATe] AoAH o] 77k Ft RAYI ¥E

BER

~——PSA-AMR~PC(S)
13| ~=PSA~AMR-PC(50)
-| @ PSA-AMA~PC{100) i’
U 17| e=psA-AMR-CCLS) |

i | =@=PSA-AMR-CC(50) |
—@—PSA-AMR~CC{100)

0.01 g

10 20 30

number of users

JEl 8 AHA 8 9Y7] $50] ohE g $A7)59)
BER 4%
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BAHo 2 Qldled PSA-AMR-PCY] HL ow}7] & )
7 AR W¥gog 39Fet A wield)
A, ggr]8 &30t gelxH Holge wAlE Al
to] #7] wWEe] PSA-AMR-PCS] 3L «ny) o
Al A7t A3 o3lsr] Aol oA Bege
2 Aeol Fobxth et AljkE  PSA-AMR-CCe|
ALolE @ BAT WLMSS] E#E 3t d
719] o BARLel I sl Hid, BE AL
o PSA-AMR-PCR.t} 53 A#E HQlch

PSA-AMR-PC2} PSA-AMR-CCY] A% zjolg& B
A3l7] A% § whgoe zt 41719 HE ou)
A Al Y BA4E daEch 29 9= ey
170, @27 £% 50 Kmhdd 2% 5 $471¢ 3¢
AA5z] o 31 (N=3DA | Ag FollA vl o
Alge] H3lE vebdch 2o A 9} ko] PSA-AMR-
PC2) 7ol 4 BEATHE F3s)y] d&o) ad
o] wWzlel] webA ) Age) Wil wj$ A3tk O
21} AQHE PSA-AMR-CCY] 9ol A& wALe]
AHZ Q3 Ade] wslel AAQle] | Al ¥
37t 32 %8-& ¢4 # Uk w2k PSA-AMR-CC
£ PSA-AMR-PCe] Hl3j ade] wislel} & wizhsich
T 2EL de otk

E I

N

P

weight vaive

Qe 8§00 1000 1500 2000

iwration

3 9. 3 o457 9 A +E8A4

39 102 gEWt 0o, @) &7 50
Kmhd 749 BERE HAFE o2 ¥ 4
Az WiE s Jelvprt Hd oo e ¥
A =AE 1¥olAM PSA-SAMRS] g5 AdL
TR FAl7lel wls) Ao ol PSA-SAMR7E aid
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B} 7158 ZA @3 AHY GolHAlE7} ol & o
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