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ABSTRACT

In this paper, we propose a variant of the QRM-MLD signal detection method that is used for spatially
multiplexed multiple antenna system. The original QRM-MLD signal detection method combines the QR
decomposition with the M-algorithm, thereby significantly reduces the prohibitive hardware complexity of the ML
signal detection method, still achieving a near ML performance. When the number of transmitter antennas and/or
constellation size are increased to achieve higher bit rate, however, its increased complexity makes the hardware
implementation  challenging. In an effort to overcome this drawback of the original QRM-MLD, a number of
variants were proposed. A most strong variant among them, in our opinion, is the ranking method, in which the
constellation points are ranked and computation is performed for only highly ranked constellation points, thereby
reducing the required complexity. However, the variant using the ranking method experiences a significant
performance degradation, when compared with the original QRM-MLD. In this paper, we point out the reasons
of the performance degradation, and we propose a novel variant that overcomes the drawbacks. We perform a
set of computer simulations to show that the proposed method achieves a near performance of the original
QRM-MLD, while its computational complexity is near to that of the QRM-MLD with ranking method.

* odAsta A H 2 TR A4 (jackwon@yonsei.ackr), ¥ FEtR,  rergar Iz EAl A
= F CKICS2007-11-512, A4zl :20079 1149 15, FHE=FA44U2): 20084 49 104

403

www.dbpia.co.kr



=2 A1813] =4 08-04 Vol. 33 No. 4

I.M B

A oF B4l Az Evicle] dole
5ol ws dlole]l s Sld) waA SEe
o531 WA 1Gbps, TAOF SAol A
4] 100Mbps®] dlo|e] A% Swrp 87gich o]
o} e 27T WEAT] PaM AgE T
2 ARERE 3% dlolE] AHEHPHe R multiple
imput multiple output (MIMO) A]Z&l 7]&o]
AT =z el MIMO A|2~8e ARgshe 7]
% E3| spatial multiplexing(SM)7]&-S ©]&3}
FPQ) Fope dedBel £41 o] glo]
A gk g A2 S ol sM MIMO
Azl $41 Qke] 47h 27} 858 4
Alk] BAREr) @A) Flel] wlel A1)
shedle] TH BAEE Zolt el diE @7
7 el Qe ole  EReldE 34 )
ole] A4S 7F5abl SHs SM MIMO A|~dle
g AsAE 7S vk

SM MIMO Al~81E 93k 7]Ee] Als4ZE 7]
" 2= maximum likelihood detection(ML), zero-
forcing(ZF), maximum likelihood detection with
QR decomposition and M-algorithm (QRM-MLD),
QRM-MLD with ranking 5°] $ltk ML 72 7}
A ZAe] waloz vl Wil gk Al ulwe]
slge] WA, 41 et Sl AL ok
o e} apRkEr) A om Zoleled, e =

m\

}-rl_&mhj’i

& Qe W] AU Aol Aasbl) o
ol wWaE el ML(MML modified ML) 7|%

& ALgak, MLE Haeg ok 2 & 3l
o, gt AL 370 ]“—4 5ol o313
%ZLEJ]‘ _‘r_r/]_ [5] ZFup o ZHL‘],] Oﬂaﬂaﬂ o]_g.

o
2
R
[0
~
p
e
=
q
L
% g
2
=
|
B
ri
M
&
4
B

ML 7"je] &2 it BAl=S SoldA ML}
fARE A5 7He A34% 712l maximum
likelihood detection with QR decomposition and
M-algorithm (QRM-MLD)-2 %38t $w wlg] 7
5 7 A4S ML AEAE 71 719 sl
AE Hol, Fu el M A% Aol Ast

7b 2A Ve °4*h AL 78] 322 whe]
SV o343 e it BAEE Zhs QRM-MLD

o] il EAwE

404

with ranking®] A|8F=|$lor} QRM-MLD<} H|zsb
A% A% #3512 molgl’,

E wwedlA AEA Aldeke AlsAE 7S
7]%2] QRM-MLD with ranking #4]& 7]4ke=
she e} W3 v A R AR Sol] sidehe
o] A% AR AL B =52 QRM-MLD
with ranking 7]%¢] original QRM-MLD®l| ®]3}
Aeol d3tE= ol AAsk, o] e S5
slar WS Alqkghe}. wmelAldSs Faf Ak W

2 79| original QRM-MLD®] 452 23l

“

= 7|29 QRM-MLD with ranking "

Aur} zkashs AL weltk
& =l OAelAes aeshe Alag mds
Avdslar, MAlA 7]1&2] clekgh *J;?Ud% 7IHE
[e]

I. 2ZICEES MIMO A|AE! ool

I8 1S B =R wEshs ariclEshia
MIMO Al2®le RojFEr), 41 gty A= n,

o7 441 gkl A nyole BREE A
B N S RN R R P
= e, Sl Qe g n,ol wAlel
Mg ehly] witel n, = 0,0 2AE W5
of Qi 441 W AAlEe] WAE ok Hlew

=¥ & 5 9ok

[«

y=Hx+z €))
= DRy T
Y=%Y Yy,
hyy by "'h1.n,T
H= hyy by, "'hz.n,T
hnn-,l hul(«,‘z NNy

= e T
X = [.751 Ty J,l]T}

= e T
z—[zI 2 an]

A7V @y i= 120y A AL LR
B £ AsE L}‘E]"’Hl Yy 1= 1’2”'"7HR% i

www.dbpia.co.kr



e

=/ F2hHEE MIMO A 2:619] QRMIMLD ALE4 %S 913 /A 9437

XXX |
X2 %1122t stream,
—

MA

a3 1. TS MIMO Al2E 2H

A A el s A e,

By i= 1,20, j =120 jHA S Qe
oF A Al Qe Alele] A oSS ek
ot Z717F np xn, Q1 A BHE HY 7 dAES
AR didelar, #Ab 18] B4 JRARE REE 2
t}. MIMO-OFDM A]~Hle] A4 Aol A )
3 HE o572 OFDM AE2 oozl 3 =3
9 Bk WEA] edow 7 mHqle 5o R W
sh= B85 =4 dlold A& 7%tk OFDM#}
A, ZF FAedA e AsAEE %%“‘ﬂ ek i

TR, vhs 342 A7 NS Adrdell sleix A
Qe ARl el ddeli= OFDMJJr et
o Aes R A 2 ~V0,02),i= 1,2,y
< 3y oA A AReE THdsla, Al
3 :p,,,1::172,~--,nT—t— 16-QAM Hx¥l AlBolzlw

b S pEP) Feld e o,
ded B8 AP BE WA 2L o F
AxE wlE] x5 golof gl B E=Foxe Ad
Ao yeslA] 9ka, AdEAo] ol kA
FajEle] JRgsltly 7R3} wleia] dubdoew
2222 Jehls gaulil HE 28]

H AollA= 7]E2] ML, original QRM-MLD,
QRM-MLD with ranking A& 715 7]"el] tha}o]
ofolr v, TS Ak, o] HHES S5d)

Aljkstar, o2 BAREE

0w
>
Y
o
e
i
L
mlo

3.1 ML AlsZd=E 7|9
ML 714 okl At o] ERF 4 ik

X, = ‘”gmm Il y—Hx | 2 )

(

Tl & 9kRel, ML AlsA]

2 9l

tlo

4 @)

!

s 1CI™ (16-QAMS] 7% 1l =16, AT
Z7)Ne] 7hssk 23] BE $Al AlswlE dis)
ML metrice Aol 3b 7} 22 ML metric
el sligsle 41 AsHeEE $AlE Adse S
Ak o] e HAHY Aes HelA -
=2 BERE wiel slese] o] oo
o] ol

3.2 Original QRM-MLD AEZHZE 7|

QRM-MLD: 7 sHAvic} A=l 7)5e] Fa
e 2 g Qr el M-dve|Ee ZAg
sk Al @)= offiet el xd & 4 Sl

ly—Hx | = ly—QRx |l 3)
= 1 Q¥ly—QRx] I 4
= lly—Rxl (&)

2 @lA  1QEy—QRx] Il = unitary matrix S
sF norm@te] FAI=E7] wlEela, A 5ol y
QA(Hx+2) =Rx+z°]7] w]io] yoll Ea=]s] )
noise®] EAA EAe] yollM= TdsAl A
ok wep ML ARSI o3 2] 7]
<% 5 9k

ae e oi

Xy, = eIy Hy | (6)
_ argmin Il v—Rx | @)
= e y-Rx |12 ®8)

A @] HleaE thest del /1% & 4 glek

Y TiaTie T || %1

P 1 To o cee l Z,

I5—Re 2= | |%]—|0 T2 i |72 )
Y, 0 0 .“rnu.n[- In/

ng

ng—1

E | Y Ernn fo @ |5 (10)
Arle] go]Ae 913 3x3 MIMO A|~HEe] 73
2] i3l 7)s3) 3x3 MIMO Al2<Elojlx]= A

(10)°] eoleliol zFo] wE=r)

- 2 - 2
Vys=ryqay |74 Lyy—ry g2y =7y 55 |

)

amn

+ = Tty T 3Ty

405

www.dbpia.co.kr



=2 A1813] =4 08-04 Vol. 33 No. 4

A s gy, 7S HER S
zyer M=47 AEistar, s A (o
2 7Pt =gt 7k A=

ofels} o] Ae] e},

37'}‘71234

Ao WgR ghol

i

&= lyg=rggmy, | 2, i=1,2,3,4 (12)
IS A o, ¢ =g 1=i<j<4%9S
ek a9 2 i@ A W AelE EaR
7]% original QRM-MLD 7S vjepdich I3 2
= ek 2 SIS heblieh 3 il sblel

N

i gk o oo Wl ggrE Haw o
2] [o, )75 M=ar) Al
&= | ?;3_7'3‘3‘”3,1' 2
+ I?f/v277’2,2z2.f77“2.3x3,i 2 (13)

7ke H“ﬂ*ﬂwi olel’t iEEe] uieds Fe A
Abshed] (M=4)x(1C | =16)3] A13)e2 &3
HE Qe SR (ln,, 0,07 ln,0,)7 )
[y 55 57 [y gy )T 15 ATENRICE 03704 oA 10]]
A AdEE e deble A13)S dibslor sk
wlgl= 78 264 AR Alzkom mAEe] 9lck
TA12)2F (13)& vlask, sHAVE AR v)E

el glol SRk o = ek 29 29 oy 3
WA Al e W] da 2 2 T S
USS AEITE A NS dx] ekow,
G, =&, 1=i<j<4%& 7Pt oo} HARL Hel
23R dAE ek AlegEe] viA =k

X Ko 22 23
FO B e
o
S select select
O . S
S12 — ",
S

T

T2l 2. original QRM-MLD2] F W& ©HA: 3x3 MIMO
v I S - K=K (PPN S

i=1,2,3,4

406

3.3 QRM-MLD with ranking AEZ% 7|4

QRM-MLD  with ranking= 7]& original
QRM-MLDE- 7]Hke. 2 3}X]5k original QRM-MLD
o= w2 wAlelA 283k R el e}
= M7e] ML W E=RE ARlsle] Axkeks ZhaA
27,

2 AZ7 e SRy A- A v]83e
e AlE Fol| Anksli= Zlo] SAoltk Ranking
ARE olgsh= w2 A= Ak HES 54
o2 78 33} o] |l x 47he] dHoz ek
£ AZ7HE AR S8l oAl 3x3 MIMO A
28& M3k, 715 QRM-MLD?| 3 WA9} &
9 FEE (o), ,,,, T PSR oA &

Al [y ,a,]" FHHE] A 7]

23] 4-70] o] FAe vehde) 2lcld 2
U0l ay,, i=1,234F 47 VRS W 4,
ke APdES TUZE rankingdtcl ol
w3.1—% 7SS o, olele] Al e ALk

4>

2

SellA T 2,5 Akt 2
A7 F, 2,7b A7 999 A (a¥ 39
7= 05+0.5) 22 FE 7 el ArlE o]
48| rankingS o3l 23 3 AR AR
%2} 1,2,~,16°] rankingS YeERich 7P =2
rankingol] dE3= AL 1+j0]2, rankingo]
7P e A -3-3joch o] AR e
A2lE A3 wlstell FUgk Azl 1A' AHE
o] EAEHA =k 15 39] 739l {2,3),{5,6}, (7.8},
{10,11},{12,13},{14,15} H&& 0.5+0.5j=H8 FU3t

115 l8 15 lg
3j @ttt .
11 3 1 6
jo L 2 @ @ @
2 )
13 4 2 7
R . 4 L ® @
16 12 10 14
NEERERERS
-3 -1 1 3

T2 3. 16-QAM AP E ranking

www.dbpia.co.kr



=i FAES MIMO Al ~H9] QRM-MID Al &4 %8 13 Hds g3t

select #1

&, ST Xy, X3 X216
:‘ | Talar
'%32 21 X2 Y23 Y216
. 1 1 )
L L 1t
£
&
)EI.X X1 X3 X216
w @ }—1 Ry B iy B
—
s
'€3.4 RN Y2 X3 X216
——

32! 4. QRM-MLD with ranking ZZ7]%: F WA Al

REEEESTERIECE)

Aelel] $1xgke}. o] uwlitell original QRM-MLDell
vlsl] Adgo] dstElc}. 18l49] o, > E7]°] A
AL 8 59 gulE Z2A sk &, oS
ARRE A 0y, 9 0y, F A BE W 0y, S
AAEAe] Aolet HEE vehd 4 gleh 11 4
A= AR Foaetvle sigsle vEds
& 11,2345 PRS- o, ¢ o] 7 2] o
o x,,& 7o = x,, 0] A=E A

Srpempe OFH SF Fo] oAb

o o

_ - 2
fil,temp_ St 1 yy=rgomy ) =13y, | (15)

o Selxd= £2A,1,tcmp75172761,3761,4% Hlaste] 7}
e gl lRkehe 1, AFIoR Bhe oy,
Aol wpge hepdleh 8] 63 TeldE AR
R 94‘“: I:}.Q% b A 6]"“_:‘ 172.221' I:}.;fg 7k
oz sk 4,00 7t AldEeh 2@ TelddE
& ttemp 1 &.3.0emp &1,3081, 47]‘ H]E_E]r/]- M=4"#] $1
el 44 Fol g, i=1.2348 27l et
A3l ¢, i 7172,3,4% ARF) T WA oA
7h oAl MARe] avtAlR pAIEle] QlAE A A
dAlelAe] & dAel sl (13 e w™

seloct #1
Y O NI o X3 X216

- :-. BT
select #2 Exsemy g

ET YN Xoa . .
iJ.J .

‘ ° L B S TN

‘ Sis

by om o y

— @ { {1

3% 5. QRM-MLD with ranking A&71%: F WA =A<l
/l-] = A _,_EH“E-] Al ;,]J%

select #1

X3 1%, Y2 X3 X216
« _ 5
2. Lsemp
se\ecl #2 select #3
fa T STnat Y3 X6
h L . s It )
—O—~ 1l 1 (SR g
I
i ]
X3 X1 XZ.Z X3 X216
>
Sis
Beom m; o om %16
>

S

72! 6. QRM-MLD with ranking 71&7|%: F WA Al
A A WA Ewwle] el

select #1

%5 TN X23 X216
\ Tyt
Sataen
se\ect #2 se\ect #3
) : s N
= S >

select #4

& S, X3 X216
AT
£ L
Sis .
) 21 Yo a3 X216
e
S

32! 7. QRM-MLD with ranking ZZ&7]%: F WA el
Al WA FEEE A9

St ool Moaslt SRR ok S ot #
A& e 71E orlgmal QRM-MLD¢]| H]3] A4k
o] ZFojr= AAe] slod, AEAee] AsH

3.4 Hok=l Al

B AoAE QRM-MLD7H AE4ES $%
A A ke Alekslt AlgkE sl odal
A SHelA 7]E2] QRM-MLD with ranking
o} kel A% Woll41E original QRM-MLDS}
FrAkste.

Aokl vk original QRM-MLD®] ¢I4F 54
=5 Zasb] S8 AL 3] wegke ks
s38la, 43 319 QRM-MLD with ranking®}
18}l 712 QRM-MLD with ranking ®}2]3}2]
71 2 2ol Ak WA QRM-MLD with
ranking 7]%el| 2I3F A A5t SH3] Sl Wl
5 vle] ARkl FREElE Ad=dits Flo|th

A= 7|

~

407

www.dbpia.co.kr



G 21 %22 X3 216
w
select #1

LT T x; X3 Y216

J . — — y
<> - R Ut l:l

teagr
2240

%5 Xy X0 Xy5 X216

21 X2 23 X216

|
P
Cotseny

28 8. AR A5 M uA el 3
FaE] A9 A3 a3

=

722 8~11-& thA] 3x3 MIMO Al2El3} 3 W
A Sl {osg,v};mﬁ o st SdaA A
5o T WA A=
g %3}] zZt a,,, i=1234% 7P‘é—°£
2y, i=1,2,+,162] rankings T3 & 5 9lck
12 8ol|A] Lpehyse] = HWH el A A 5
wfele] S S8 ¢, 0= 123470 viaE
A 5 gk o Aol a4y, % AHow S

_ -
D}- /HEH T 622tcmp‘—

P

= T

Tog =T [93213332 7F AlE
Aoz
Ao

ol 73Al )

éZlJPmp =gt | 3;277"242%.277“2,3 2y, 17 (16)
a3 9elxd= 52,1.187)1]7’£;,Q.tem;)7£2,:3.tem1)"62.,-’1.,{677111%
Hlaste] oy, 5 7O S o, 0] AdE) o}
Al A (16)3/} AR urle g £24fcmp = Alxkskcl,
$ARE WAle 2 a3 109 el o, S 7
1,59 7y, PR 7k 27 ek 23 1
oI % 4 o] AlelE FuuleSo] 2 2o
vehd 7]& original QRM-MLDel| ]3] A€l %
BHE S UGS o 5 3k

i Ny X3 X6
O B
‘ Eoram )

Se\e_(‘:t'#W o
‘ X, Xy3 X216
L i (e i
S22ty
X33 X0 %22 X3 X216
ot 2
S V: PSR 23 216
Stsom
J7 9. Akl AsAE 7 7 A Al A
X

e
select #1
LTI T X2 X3 Y16
: 3 — N
——O—1 i 1 1t ’
« — >
S22ty
B3 21 X22 X23 X216
~ ]
3. Xou e WMt Xy X216

281 10, Aok 459E A4
File) A0S 919 BABE

Snsssenn

28 11, AR 5% SN A DAl ) n
Faue 445 90 s

ril'
n&l
f
=

10
E 1. FAARKEF v
B
A& 3x3 4x4
MIMO MIMO

M=16 528 784

QRM-MLD
M=4 144 208
QRM-MLD M= 61 138 199
i M=16 48 64

with ranking
M=4 12 16
M=16 78 109

Proposed method

M=4 18 25

Al 7 A= 713394 EAeE vwstd % 13
Ak #19] FAle Hag FAE ol JE
original QRM-MLD®] # WA tAlellx= | C |
3lo] FAle] dasla, V] Al Mx [ C | 3]
ol Aol HeslEE, AAFCRE 1C | +Mx
I C | x(n,—1)3] gAle] 4225}k 7|12 QRM-MLD
with ranking7|He] 2E AN 22 Mm3]e] F
o] RLFFEE, AAHNCZ Mocn, 3] FAlo] B
sick Aok whAle] A WA Sl = M3le] A
o] a3l Vx| Zt Aol M+ M-13]9] 3
Aol BeslEg HAFOZ M+ (2M—1)x(n,—1)

www.dbpia.co.kr



=% 27EE MIMO A 2~El9] QRM-MLD Al 37358 )8k 7

= -
2

il

u&

337}

3lo] Falo] Hgshr} Ak WAl Byl
QRM-MLD with ranking®} ®]argh o] tji =01},
original QRM-MLDel| HJ&l] &Z3] 7143 gl
3 4= glt}. QRM-MLD with ranking(M=61)2] 7
= Ak WAHM=16)0l w3l EAk=r} of 2u)
7} H& o4 5 9k

V. BojAle

o

Halo|x= OFDM¥} 2§t ele] MIMO A
2aelof] A8=9lE uf *ﬂ 7HA 714 e vl
g} mo] A3 # 29 Zrh

I3 122 M=16% AH3l1, QRM-MLD with
ranking®] ¢ M=61% x33 AFwv|ao|v)
M=16Lu], Alekd ]2 original QRM-MLD<}
frAkRE H“ S Ad3kx]eE, QRM-MLD with ranking
o] AsE vl defsirh AehilE M=612 AR
%= QRM-MLD with ranking®] #3-5°], FER=10-2
71&Eo 2, ok 2dB A5o] vimroh 18(13)¢l4]
QRM-MLD with ranking (M=61)%] E4%=7} A|

E 2. veyw

4x4 MIMO-OFDM systems

1
System mode (spatial multiplexing)

Azl Exponential power delay profile
Ad A Ideal CSI at Rx

10 OFDM symbols x 64-FFT size

=Z99] =7| x 4stream x 4bits x icoding rate
= 5,120 bits
FFT =7| 64 points
ik 16-QAM
L5744 5-5317] |convolutional coding (rate = 1/2)
Q2] E‘;tl Cir;/tgrleaved coded modulation

—&— Original GRW-MLD, M = 16

—®— ORM-MLD with ranking i =
—*— QRM-MLD with ranking b =
—#— Proposed method M =16

0 5 10 15 20 25 30
SNR (dE)

a2 12, M=16,61 7$-2] A% H]aL

okl Wkl (M=16)Rr} 2v] 7l Eohe S w2
sk, AgkEl whale]l S48 slolsl 4~ 9lr) 3.3
Aella] 7153k niel 2o] FdA=] AHES ¢
2 At WAoo R rankings} 3}7] uwliiel, ranking
32 A3k Aloke W% original QRM-MLD
o wlsl A2 e Qs A deS WIS S+

siek

B =Foxe 7 thEEd MIMO Al24ElS 9
Els QRM—MLD7]‘E‘_°] AE 7AE e agF R

=)

Aol rhsd HAFRS Ajkedcl )=
original QRM-MLD+= /‘5] o] ¢ $=rshd B4

E7b Erke wel gL, 71 QRM-MLD  with
ranking W] 17%}_-]} o}t A *4] g3lE=
o] S-S AAsict Ak WAl ranking

719 7MHEeR e, orlgmal QRM—MLDQI— SAF
g A5s 248l H3HE= QRM-MLD  with
ranking@} F-A}3}c},

ok

f

MO
rok

(1) A. F. Naguib, N. Seshadri, and A. R.
Calderbank, “Increasing data rate over wireless
channel,” IEEE Signal Process. Mag., vol. 17,
no. 2, pp. 744-765, Mar. 1998.

(2] G. J. Foschini, “Layered space-time architecture
for wireless communication in a fading
environment when using multiple antennas,” Bell
Lab. Techinical Journal, vol. 1, no. 2, pp.41-59,
Aug. 1996.

(3] S. M. Alamouti, “A simple transmit diversity
technique for ireless communications,” IEEE J.
Sel. Alreas Commun., vol. 16, no. 10,
pp-1451-1458, Oct. 1998.

(4) S. Sanhdu and A. Paulraj, “Space-time block
codes: a capacity perspective”, IEEE Commun.
Letters, vol. 4, no. 12, pp. 384-386, Dec. 2000.

(5] J. Kim, Y. Kim, K. Kim, “Computationally
efficient signal detection method for next
generation mobile communications using
multiple antennas,” SK Telecommun. Review,
vol. 17, no 1C, pp.183-191, Feb. 2007.

(6] H. Kawai, K. Higuichi, N. Maeda, M.

409

www.dbpia.co.kr



24153 =52 °08-04 Vol. 33 No. 4

Sawahashi, T. Ito, Y. Kakura, A. Ushirokawa,
and H. Seki, “Likelihood function for
QRM-MLD suitable for soft-decision turbo
decoding and its performance for OFCDM
MIMO multuplexing in multipath fading
channel,” IEICE Trans, Commun., vol. E88-B,
no. 1, pp. 57-57, Jan. 2005.

(7] K. Higuchi, H. Kawai, N. Maeda, M.
Sawahashi, “Adaptive Selection of Surviving
Symbol Replica Candidates Based on
Maximum Reliability in QRM-MLD for
OFCDM  MIMO  Multiplexing”  2004.
GLOBECOM °04. IEEE, pp.2480-2486, Vol 4,
29 Nov.-3 Dec. 2004.

& & (Hoon Hur) 234
20079 29 A 9
2 AFE A RFALT S
20074 3L~ AA g o
T 2 FAlTs A

<Al ol tiAE 4, OFDM,
 MIMO, A8A A5 73E 7

< & M (Hyun-Myung Woo) Z3)
2008 24 dA|dsta 15 A
2 A REAl TS
2008 3U~3A| AAHt A
T2 FAlTE A
<l Fol> TiAE 541, OFDM,
MIMO, A8+l A1 573= 714

4

2k 21 A (Won Young Yang) A5]¢)
19751 24 A2t etal 27155t

K EAD
1981'd 24 A2 3ol 17158t

SHHAD

19861 84 USC #1715tz (2kxh
198691 9Y~Zelefigtw A=A

P)gE

4t & H (Seungjae Bahng) 5]¢l

1998 24 l5lesta AR |2s=)

2000 24 Faslr ]l AAL

2005 54 University of Hawaii-3-S/9}A}

2005 79~ 3 A = AEAl AT o] 5EAl AT
Agled-=d

<3Hltol> 41541, OFDM, MIMO

8t 2 2 (Youn Ok Park) A3l

1986 29 gl et A x}g-sta)

1997+ 249 F o shar 73 Fre]gstat A AL

2004 129 S AR FA Y s AR

1985 129~1987+ 149 AHAHAETATH A7

1987 2~ A =R EAIA T o] TR el
TR A ATA

<Al Fol> o]% £4], OFDM, MIMO, Modem Design

2 T 2 Jae-Kwon Kim) FA13]4

1995 8 ot A7)}

2000 29 Follghar A 735t
A}

20043 5% The University of
Texas at Austin 5P}

20044 89~20054 89 AMIE

S 371%174 4G A|2~H Lab.

2005 9U~3lx)] AAH A5~ FFEAH R
FAlEEHE g

<IARol T]A|Y £4, OFDM, MIMO, Al-&-2el Al
37% 714

www.dbpia.co.kr



	공간다중화 MIMO 시스템의 QRM-MLD 신호검출을 위한 개선된 탐색공간
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 공간다중화 MIMO 시스템 모델
	Ⅲ. 기존 신호검출 기법
	Ⅳ. 모의실험
	Ⅴ. 결론
	참고문헌


