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ABSTRACT

This paper proposes Minimum Distance Searching Algorithm (MDSA) which reduces the computational complexity
(CC) of the ML, the kind of Spatial Multiplexing (SM) MIMO system. The MDSA searchs candidate symbols with
a starting symbol, which is called reference bits. We used the linear receiver of MIMO techniques to find a starting
symbol. The MDSA searchs the shortest path to a transmitted symbol using reference bits and Minimum Distance(MD)
concept. The CC of MDSA is reduced to the 0.21% to the ML as the transmit antennas is 4 in 16QAM. The simulation
result shows the BER of MDSA is nearly same to the BER of ML as the transmit antennas is 2 and the receive
antennas is 3 in 16QAM and slightly degraded to the BER of ML as the transmit antennas is 4 and the receive
antennas is 6 in QPSK.

I.ME & 2 AdgEs ST MIMOE F7ttleo|H

AEE HU2 ZRE AHEs e Fales 85

FAldel o <klvE AMSe teiEE o A= I3} (SM: Spatial Multiplexing)
(MIMO: Multiple Input Multiple Output) A]Z~&]- Ao R s, Fivksst WA addlelE A
tslo]d T84 3o ©dsiEH (SISO: o] 87=E u53eiZldE (HSDPA), WLAN2
Single Input Single Output) AlZ~8lHr} dlo]e] %14 ¥3<] IEEE 802.11¢] Agxgleon? Axy 4

* I}a)sled A (koj@add.re kr)
= F  KICS2006-02-076, A2l 20074 24 209, HE=EAH4dz): 20074 39 26

462

www.dbpia.co.kr



2t 8= A vESZS] AR AT
7} 2hiks] Fla)s o e,

FEEL Wl ME o2 A ghEYelA
A2 o deleE Adshs WAeR Al
X+ Zero Forcing (ZF), Minimum Mean Square
Error (MMSE)z} 22 Algd$Alrid o L
(Maximum Likelihood) 7193} 7} of
BLAST 7|o® Fislch 3xicsst w
Aol 7HE 93 ML 7Fsd BE A
35S FAEte] sl 7 A=yl ke
S AlEishs MIMO Al7]Helch ML 712
Sl 7B net AR Mo] Skl wet
Sl A Ee] 23t Vs eR S
7¥ste] Azl S ogiAl gtk MLe| <Ak
S A7) S8 AAEN JHE ol8she
Vertical Bell Labs Layered Space Time
(V-BLAST)7|He] S=Edadaix]d] o3l ks
Al V-BLAST= 4l dlolEl 58 algked
2 FEsIslel dgHel da= Al (cancell
ation)7|"H-S ARl AR AR |HS A8
w2jelel. V-BLASTE= 23} AMA|sA oA Ay}
= ollz] Autz <l Aol AstEle= el slrk
A

<

Kl

A

o

H
2o

I

i
Ky

e
[rt
o,

=
E~Vy|

(o}
r

sl kRS AAAT)aL AeS ML R4
317 A% Sphere Decoding (SD)7]%o] At =
Wrk SD= ML Adgo]| fralgh vbd, SNRe| ¥
= AAelA Aol AN Skl A
| Z7khe who] gl spe] QileRs
7427171 98] 16QAM MIMO A 2~El-S- QPSK
wzntale] 2ok SD WMAlem  FE|gk st
(multistage) SD H}FA]o] Algk=|ic) tigt SD HFA
< QAR A gl =2 SNRellA] A
o] dslE= whdo] ol
mebd, B =5 MLY FARE A5s 2AIst
3, SNR3F F3tslA| qditefe] U ML7IH 9
MIMO ®A7|¥al #HiaAzgA] dae]E (MDSA:
Minimum Distance Searching Algorithm)<- #|¢Fh
L S Rt < v b P S T R s KSR |
A8 A7 el ZF 32 MMSES ARg3te] A

¥
AEAEE A g LSS SsuE
Qxteo] AaAke} el ek 715k
o2 Zleh AlEAue Adges Fo) A
& s Quske AAHoR kel 4
oL AR olgale] T EAEE )

AN 30

2
Azt AL FRAHEE FolA FASAl4Ee]
s ThsAe] Erhe Zlo] # =] 7[Rl
th & =S 7S FealEAlele] AR
o83l FHAHE Folx  HAAZA (MD:
Minimum Distance)®] AH-S A2 7|FAH=Z

N
G
Z
S
[#5]
N
L
do
ox
01 r
NE
2
B
[o}

tlo
)
kl
rug
oA
=8
i

oI. ML 7|
MIMO A|2=Hle] alalide y= o3 2ok
y=Hd+n (1)

3714, y= N x 1¥E, HE= N x M Rayleigh
fading channel matrix, di= M x 1 $AAHAE],
e M x 1 F7PRAZEeAaS (AWGN)o|th
ML®| %2 alalede] y, Ad-$H H, $414
WHHE] d2 vkt 2o] EdEh

d,, =arg min {Hy—Hde}
deD

@)

o714, D& RE 7Fs3 $AAEHE Aol s, H
= e oS sivkaL 7Pt DellA] SAlA
wule] yol 7 fAkeh AlHS FHgA R Al=s)
of slmg pAIFhie] A7t Fietes it
e SRk gk WAlE s M le] R
| thek 79

MER o] gloms Al
A~

=
S Fal7] flel Mt wHEof §

Lo

o

. MDS 212|&

www.dbpia.co.kr



gh=-5A18k3] =] °07-4 Vol. 32 No. 4

=2 ZF 52 MMSEE o]43l] D g5l
ML El—xug,] ]zLXJo] ]Z Al 8- :[Lg],o:] MDS
dHow ARgRith 7ledEs 7 o ZF &
MMSE<S AH8-groma] diteds 1akes 4t
A7 5 otk ZF 41719 9 X9t MMSE
21719 EE Xyusees tHF 7o)

> B rlo lo > e

#=H7y
X —[HTHH/SNRTHT
MMSE — y (3)

ARFA7 e 7]
o oleleES AT TS el
oe) slEe elgstel Faisich o 51
cAe ARFAZIEE] EHAE

HN
jukel

n:
m (o3
e
>
i
HN
1
e

0000

06

Histogram
°
&

°
=

1000 0100

o
©

o
N

01

0 2 4 6 8 10 12 14 16 18
Number of bins

a8 1. ZF &3¢ g x5

a3 12 FAlgkEg 270, AR 4 W] ZF
=9 s|lxamasieo|r). x5 AHAE [0000 0001,
e 111101015, y5- AlHe] HRAHlESpolr)
[0000]+= ZF E33t TollA ollzi7} hsiA] o
AS w3l Fho R EAAS [a+h); c+di]lE 9
"SkaL [00011-2 ZF E33E FellA dellx] o=z}t
HHAYgE 718 veRick o714, a, b, ¢, di= Al

gtole.

a3 1 AFAE ARt AR A A
Ak 222 T Fol SAAEY sl
Vg ke A welFErh ol FOAEE q

b, ¢, dzellA 12| 3k shrt Wgh AldEolck
71FAH Xpre SAIRME A np} AR

Mol w2} AAE Ny=nrLogM 7N HIEQ] B=[h

bi ... bypt] 2 W=k olE B FAIRKE A

464

27H QPSKQl 7%l ZF =53k [0.6+0.1j;-0.2-0.1j]
2 [1100H]ER vt} ZF SH3HS 715U E By

(=[0000) = AAsle] Z7|33Ic) Bo} $AAF y

Atele] ARl eat dos A Ze] TRk

=y-H-Q(B)] @)

714, Q)= BE AR vigske vl
ot} 71EHIEAT Braz [Bo ... Bypa]®F o] 74
o N/NFREE 7sE] Egke] Hglt)h 7M1 E B
ENE AZE 7EHE Bre thet Rl Tith
BoollAl aimA7E 1 ol 591 ¥IEZ Bo=[Boi ...
Bowls T8 F, FAlAEEE yele] A afe]
d=[dy ... dw]= A @F ol83l] T3k n|EAN

T N7t 4% o Boot B WA= 1 29} Ak
[ ) L] [ L] L]
B,,(0100)
[ ] [ ] [ ] [ ] [ ]

By3(0010)  B,(0000) B, (1000)

[ ] [ ] ot+—> o [ ]
i
¢ B,,(0001)
[ ] [ ] [ ] L] L[]
O3 2. ¥|E/NG Nb=4dd 7|50 B9} 9] EL] A2|3HA|

dellA] 715443 MDIES THE FeHIES
A2 71FHE B o2 At} B4 A
7F 19l FEmIES AR o o) 7[EAlE<l Bo

= FemER AdAelx] oker) oleh 3R v
H“-—«i 7]—1—H]EX]B’]— Br= = }',J_ BT‘E‘oﬂ/H 7]./1\_%)\'

< 7P Bee HEFANNE iR,

a8 3& H]._JHT Ny7} 490w MDS &H4etare]
S5 Eel7|de A aglelnt ad 364 A
Ale g3l {0000, 0100, 0110, 1111}
7B B eIk ZEn| Eglell] Feu =S
A o st 18] A E RS SRk

a% 4% MDS dwElEe] A sFwelrh
MDS+= %27|3} 34, TR 224 é
3 o ik 2713 A= ZF &
< MMSES °]gslo] 7I5EAds 737k No, i J

www.dbpia.co.kr



]

J2| 4. MDS &aE]E A%

o] Z7pke AR 714, New ©A T4
el A, i Al Z1EAEY] Qldag et

= PR 16l N, 2 WEla, jE NelA 1
7pA wRke SRR el e TIEAE S
Tk #ARzE 19l SRt V1EA Al
°of A @ F AR Tk A
HE A= 7SR AR 9] Flel N, 7

-

E AolMe MIMO 5414, MIMO Ad ¥
MDS MIMO $AI%2 MIMO Al~®lS mdzls)
of AlEHeAE stk FARMEY ny ) 2
A A, Ak ngel 2, 3, 47l A<}
ny7t 47 & HH, ng°l 4, 6, 8712 9= w43}
o] A5S vlaEAsiglel WERALS QPSK &
& 16QAM€ A4slgion], MIMO  Ad2
ngpXnp flat Rayleigh fading H4-Ad3d Het
npxX1 AWGN H4dd pnog FAsIch 4l
elld= AR HE ShH3] ol53la, ngol &
A Rt A g

A D ARl HSAES ] Sl
STEE HAGE QdiEke R JeRlle] ML
MDS®| <ibeds 3 13} 3ol wlasisich Ak
16, n7t 44 W MDS2] HMEAARES] odslek
< 13722 MLO| qdiltkel nla] sdikek wlgo]
021%°]3k=2 7F23kdch

E 1. MDS7|"9] elxleks} ML7 W] A4k

M 4 16 64

nNe\| 94t | \lg | Ak | HE | dab |l

2 11 68.5 37 14.4 79 1.93

3 22 344 79 1.93 172 | 0.066

4 37 14.5 137 0.21 301 |0.001

I3 5% QPSKelH n,7t 27W, ngel 2, 3, 4
u] ML, ZF-VBLASTS} ZF-MDS 7]%<¢] BER A%

o
Hr} $ 3]_1]\:} MLXt} A—L—o] g3} =HS HoF
1:]— 7ZE-MDS /H_a ,q]EJO 3 ]/\hﬂo q_zﬂ— “H 7F
S AM3lE R ZFS o|438l= VBLAST 7|93 -
AR AsHElS RefEek ngrt 270, ngel 40
ol o, ZF-MDSE ML9| A%3} fralslelon,
SNR 10dBo|#] ZF-MDS¢} ML= 10° BERS &
33kt

465

www.dbpia.co.kr



—k— ML
—©— ZF-MDS
—<— ZF-VBLAST |

10'5 L L L L L L L

SNR [dB]

T2l 5. ZF-MDS 71%¢] BER A% (QPSK, n,=2)

I8 6& 16QAMONA n 7k 270, ngel 2, 3, 44
uw] ML, ZF-VBLASTS} ZE-MDS 7]%¢] BER A%
< H|wgk 7otk ZF-MDS? A58 ZF-VBLAST
Hr} §<pEix|Rt MLEGE 93}E|9]om, ZF-MDS
A% FelS ZF-VBLAST 7|3} Akl n,7h
270, ngel 371 oAk ul, ZF-MDS+= ML¥} TAkgH
Ad5-S =Aslg]ew, SNR 14dBellx] ZF-MDS$}
ML< 10* BERE 2HA3lsich

a3 72 QPSKA n7t 470, nyel 4, 6, 871
o w ML, ZF-VBLAST®} ZF-MDS ~7]|%¢] BER
5& vlagk Zolek ng7t 47l ngol 47 A ),
okgh ubale] A5 MLell Bls)] Ales] d3lEgd
ZF-VBLAST As:r} ozt s=|9iel.  Algk
2] e 7+ dElvliseel| sl ZF-VBLAST®}
= vEglth ole 2] AME 73

WA(ZF), & X7 X3kl Al dael=

)

Z (o
% |

Lo e
"
>
=0
-
)

N, ngol 670 ol o uf, Agkel whale] AJ5o]
MLl Abs] 243kglew] SNR 5dBell4] ZF-MDS
= 2.5*%10%, ML 7%10° BERS 2AIslch

V.2 E

B =02 MIMO 37tthss) AlxHle] A &
Al71Hel MLe| QalEds 7H4eAl7]= MDSYaze]
S= Al MDS+= 75| Ee} 2 Al A
Zhe TR E| olz)rt whAE shsAde]l At
AL ol gsidth. iRk 22 Adggalrdy
AMg3le] MDSe] 7 1EA S AlegkeEs ML
vle] Asdsts AaATa xRS A

2 o e

466

10

: :
—4— ML

—©&— ZF-MDS
10°8— — —&— ZF-VBLAST

10°

107

BER

10°*%

0 2 4 6 8 10 12 14 16 18 20
SNR, [dB]

02| 6. ZF-MDS 7|'§9] BER A% (16QAM, n,=2)

10 T T T T

T
—+— ML
—— ZF-MDS
—S— ZF-VBLAST

10°%

n,=4n,=8

10“5 I I I I I
0 2 4 6 8 10 12 14 16 18 20

SNR [dB]
32 7. ZF-MDS 7]99] BER A% (QPSK, n,=4)

= ATk MDS2] d4kERS SNREE Aol
AspA FAlkeEY 47, A 16 W, M
7ol w3 021% 2 7F4ESict. MDSS 16QAM
ol Al FAl gl 270, SAlqkE 370 o)Akl w)
ML} 7]¢] %13k BER A%5-S 2481313, QPSK
ol FAl gHEl 47l SAlqkE 671 okl w
MDS®] A5 ML H]3)] <zt dsigs gl &
4 Qi webs, Aokt MDS YdaElEe F
Al oL} ATt 2x3, 4x60]14F9] MIMO <417
o At Fx9E Fld 5= q)drk

E e

2
HO
r

i

(1) H. Yang, “A Road to Future Broadband
Wireless Access: MIMO-OFDM-Based Air
Interface,” IEEE Commun. Mag., Jan. 2005,
pp53-60.

(2] http://grouper.ieee.org/groups/802/11/

www.dbpia.co.kr



=i H 2R HA] 2R FMDSA)E ©]8-3 ML ®7] MIMO Al2~® o

(3]

S. Cui, Andrea J. Goldsmith, and A. Bahai,
“Energy-Efficiency of MIMO and Cooperative
MIMO Techniques in Sensor Networks,”

IEEE Journal On Selected Areas in

Commun., Vol. 22, No.6, Aug. 2004,
pp1089-1098.
D. Morris and O. Kwon, “Transporting

JPEG Images over MIMO Links in Ad-Hoc
Networks: an Investigation,” IEEE Sarnoff
Sym., Mar. 2006.

G. Golden, C. Foschini, R. Valenzuela, and
P. Wolniansky, “Detection algorithm and
initial laboratory results using V-BLAST
space-time communication architecture,” IEE
Electronics Letters, Vol. 35, No. 1, Jan.
1999, ppl4-16.

E. Viterbo, and J. Boutros, “A Universal
Lattice Code Decoder for Fading Channels,”
IEEE Trans. On Information Theory, Vol.
45, No. 5, July 1999, ppl639-1642.

(7] B. Hassibi, and H. Vikalo, “On the Sphere-
Decoding Algorithm I. Expected Complexity,”
IEEE Trans. On Signal Processing, Vol. 53,
No. 8, Aug. 2005, pp2806-2818.

(8] T. Cui, and C. Tellambura, “Approximate
ML Detection for MIMO Systems Using
Multistage Sphere Decoding,” IEEE Signal
Processing Letters, Vol. 12, No. 3, Mar.
2005, pp222-225.

3 2 = (Oh-ju Kwon) A3
19891 24 : 5ol sk 12} &
s34

19931 29 : A5 A=} F

g} A}

2002'd 24 : AEA L AR} F-
B I

19931 3L ~&A) : st oA
Agled

<A ol FAlo B vlolE 9=, BAIALE A

467

www.dbpia.co.kr



	최소거리탐지 알고리즘(MDSA)을 이용한 ML 탐지 MIMO 시스템 연구
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. ML 기법
	Ⅲ. MDS 알고리즘
	Ⅳ. 시뮬레이션 및 성능분석
	Ⅴ. 결론
	참고문헌


