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A Low Complexity Candidate List Generation for MIMO Iterative
Receiver via Hierarchically Modulated Property
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ABSTRACT

In this paper, We present a low complexity candidate list generation scheme in iterative MIMO receiver. Since
QAM modulation can be decomposed into HP symbols and LP symbol and HP symbol is robust in error
capability, we generate HP symbol list with simple ZF detector output and its corresponding neighbor HP
symbols. Then, based on HP symbol list, the LP symbol list is generated by using the sphere decoder. From the
second iteration, since apriori value from channel decoder is available, the candidate list is updated based on
demodulated apriori value. Through the simulation, we observe that at the first iteration, the BER performance is
worse than LSD. However, as the number of iteration is increased, the proposed scheme has almost same
performance as LSD. Moreover, the proposed one has reduced candidate list generation time and lower number of

candidate list compared with LSD.

* QAHEt . A7 AAEE o] 554 —?"E'(youngmilZ@yomei ac.kr)
=W F C KICS2009-04-174, Z,j %; 21120099 49 249, FHE=EA Al 120004 69 4L

500

www.dbpia.co.kr



=5/ MIMO Iterative <4170l 722

I.M E

e el Al=E MIMO)= $5+41 olele]
FHa el welk Ad g=Fe] wlEA R FU1E
o] & oA oyl olejdt Fvke A kS
A|4317] #1384 Zero-forcing(ZF), Minimum mean
square error(MMSE), Maximum likelihood(ML) L
2|32 V-BLAST®} 72 7% whle] Aljk=|dch
wkef A o] ZH S o]83) iterative MIMO <A17]
S Ak A gkl T48= BER(bit error
rate)S & < 2tk ©97]14] Inner MIMO detector
o4l 7 u|Ee] 3t LLR(log likelihood ratio)Z-
T73817] 9514 MAPE o]9-3l=u], optimal MAP
2 ol83lo] LIR %2 2] slaheliz shilslol 2
A2 Ele] A7t 41 et A} M A

ot Ao lshme el ALY
E7Fs 3

w2b4] optimal MAP i\i‘r—— e %X =5 7
4] optimal MAP®l| &
sub-optimal MAP detector®]] T/Hﬂ 04—?7} ﬂﬂ‘ﬂ
o} PIPIMIBL 5220y [2]9] list sphere decoder(LSD):=
3 el zne] el WA ol £ @
R e LRI
HERhS- o] 83l MAPS| & &
Ads B8 FH AR BaEL JieE
& 79, MIMO A S8kl &+
ii A Bolvh 31 719 ML A%
£ 2= TAE MAPY SE 2] $18F cost
function® A 2]3}e] sphere decoders E3f|4] 3l
3= cost function®] &S T3tk [41¢) [5]1=
27 tree 734 7197 lattice reduction 712 ©]
43le] x|~ EE 2AJSle] sub-optimal MAP
< THsksck (519 4%, LSDell wvlsiA HAke
£ o] zhAsigl o, LSD2| BER A5S 7HA1A|
i
X

>

A

N

>
o>tz o
ke o 3

N Lo (m el
1o
(4

i

&%
o

X,
o

>
2

Z
_“.L
]

A
decoderE E3le] LP FH T|~EE wHAslgch
82 5 WA jteration FE]E A t]zrol|A
JeWlE = apriori @S VSR FH PAES
HhAE}od ok

=] 7S v Ak llellxs AlsE w
% ﬂow: Akehs Fu elaE
oAl A Alde] Ax=

E"ﬂh‘% V°1W é%% =

I. AlAR 2

Alzg] mdld 8] 13 Ak WA AE vE
(information bit sequence)e] A 1T} <lE]
2l8] Z12]ar A1% mapper & A N, 79| HAl
QHelLE FalA A=k Voo Al <kEVE

FElA AR S o 2e] wEh

y=Hs+n @
7] HES N, X N, Ad 8, s = N, x1 2
A A FHE, y~ N, X1 o] FAl A3 HEE

Cekdleh A9 @2 Hel 7 s el ol
WAke] 191 Ha ZRAIQE Al wigpelel e
ne Bito] 0 o3 WAl 023l A ASAE Al
E—] <= 2 :IL/\-IQ mlE{o]r;].

Inner MIMO detector= 541 A& #E] yof d
34 LLRE vh&53} #o] -3t

r& n

Plz,=+1]
= La(xk)-i- Le<xk|y)

AW L(w)9 L(afy)ke Azl S
apriori 34} extrinsic gko|n] oo} zo] AlejFc,

501

www.dbpia.co.kr



EA1 53] 3=74] °09-06 Vol. 34 No. 6

1
§maxxexk’“{— P I y—Hs I 2 +X[,§T]La,k}

1 1
— 5maxxgxk’_l -

@
Il y—Hs I ? +x[€]La’k}

=

@M X, = k WA vEZL +1 Ql ZEH
= e Aol xyo L, = 247k
|ES A2lg x o} L, 2] A|H(sub) WEjo|ct 1
gl @A 4 Fellr] 4L sl Hogke
sl e NP EAlole) webd A BE x
helstel Highe T el siek S
oISt e llsled xe) 2717k ~7}s}
Iz ofell wpeba] 'HAlsof 3 x o] Jhg= Ao
2 YolxA Hrk oldt wAE sH?ésM Sl
@] Adigks T = e el e A
Ie5 7kedl 42 Hdiwk
S gl olEE AlE HEES <FR PaE
(candidate list)=}ar e} A8 wlg 2l~E9] %3}

< Lelg 599 2% @ okt gawck

iz

_,mlm—pl‘_u:d

o

Le(xk) =

1
5mamxgx’ﬁﬂnL{*7 | y—Hs Il 2 +X[€]La,k}

®

1
T MATex, LT 3 Il y—Hs I * +x[:,';]La’k}

II. Roksl= $H 2|AE S J|H

3.1 AE HE S48 0|85 =H 2[AE WM

A1E-2 HP AlE(high priority)3} LP
A& (low prioiry) AEZ AlZ3}=]e] Qlvk HP A
B2 HP AE 2 (fEelvsh At 222 P
Aol wlsiA ellgfell ZFelsil. 17 2% 16QAM
o] 798 nolFw ook, olsh R ARY FxE
o]-83hH 16 QAM®| AlE s+ thaat 2ol F A
2] QPSK AlE= #3l7} 7153k

1

52 (©)

szsl+2

B =Tl 16 QAME] 7ol disia A
gl 6 QAM, 128QAM7F} e 79 31 e
2 e Wxg Far) rpssi)ll

Iterative MIMO <=A17]ol|A 27| iteationoll A&
A t]FefellA F= == apriori %, L,”7} 0]

502

HP
l LP
o o o a
¥ 82 81 =} 7
1001 o o
=] Q o o
a L]
o O O )

2 2. 16-QAM ¢ A=A Wz Fx

B2 27| iterationelAE= 5)eld ly—Hs | &

Hzakshs A% WE] s & T PlaEE Adshs

7}4\0] Hlﬁ;do]r,]. o]a{s} OJ?/]E 71] ;<4 Wz _J\-l
ol-gste] walaf host 2

min, [ly—Hs |l

y— H(sl-i— ész) H )

=min

S1:5.E Q) ‘

=ming o ‘ y— %Hsz H
4714
}~'= y—Hs, ®)

oltt. & HP Al 9E] s, & WA detection & ¥
®)2F o] 4l Als yolA s el og e Al
e 5,5 7 4 ok =],
HP A& “3}511‘ oflefol] aA 7I1slm 2 ZFe} 2
2 7R A9z AE 3 & F 89 % 1 HP
Al HlE]o)] o8t 7HE AlASkT, olzfel] okt v}
wZ] LP A8 #Ej= ML A5-S 7= sphere
decoder® ZZE3Ic}. o9} ke dg]E o]&sjA] A

Qbeh Fal elm b e Thest Rk

A% LP A

(@) 4 A% yE ZF 3k

s=Hly ©)

(i) 92 3= 7102 o]3h= HP AE-S gH
v "z gkl I3 32 Eb/No=5dBellA]
s=(1+3i)/ V10 & 4%?‘;&% W, ZF ¥ s B¥
%45} Zlolck tiRE (1+30)/ /10 Aol Bx

www.dbpia.co.kr



=/ MIMO Iterative <A17]0l|4] A&

EbiMa = 5 dB
2y
: : B g 07T 0O :
. H EOO ) . .
ooy G G
o@ &(}-OO
300 o
: LAY I S, : :
L e oMb s < T A :
» | S 8 [ » 1
Y SRR SN SRR SOUURU SN AS
» N S » :
» ! »
[ —— | SR L T T I ®
1'-51.5 1 0.5 0 0.5 1 15

33 3. 59 E¥9} o]% HP Al o

313l o]98l= HP AEE5L (2+2i)/v10,(2—2i)/
\/ﬁ=(—2+21)/\ﬁ Ic}. ole} zFe] Z}b qleluint
o} &% k] ZF AAghS 7R o]tk
HP AE5S 78k weF NV, =431 Z9+= gH
R 99 @ 71%_41 7V 77 HP AlE
+ oo} o] T8 4 9lrk

51,151,251,3

S9189 098

2,152,252,3
S

53,153,293,3

54,154,254,3

10)llA s, jellA] i el 1B o]i =
Q1A3H= HP A%l thgl gl xolc)
@ii) ot R shte] HP AE-S Alesio]

€ 7Fed HPAE WEEE TR (1003 2ol
N, =42 7% F 3'70° HPAE wEE 4E
T alrk
@iv) (ii)ellA A8k Z42ke] HP AlE Wl o
sle] (8)} #o| M Azt
yi=y—Hs;, i=12,..,4"  an

(Dol Ax Qe MR 55 7|F0R o]%
3= A8 slSolct.
(v) sphere decoderZ o]-&3le] (11)¢] Vi >
i=1,2,..., A" HElA LP Al wE]2 Faic)
min || y;—Hs; | i=1,2,..,4" (12

y § List generation
F for HP
fgt cee
Bifia e i i l
Interference . Sphere Decoding
Cancellation M for LP
gt
it 4%

T8 4. T AR R BAE

v) G HP Al WEEs ageks vel

LP A% MEES olgsle] AT T oimg T
qel. o)) iAol Al F elaE Al

a3 40 EAST A%
ek i elzse] o)

2 WA jteration ol 4]

G AN olrh

3.2 &5 Z|AE G 0|E
= WA iteration FEl= A tlFriolA] w=m)
= apriori FHe AREEH 4 gtk B =Foals
o] apriori ke olgalA Fn YrEE oy}

o] dlo|E AZlck. WA apriori &t L, S th
%¥o] hard mapping A]ZIth

Q(L,)=[+1 for L,>0 3

—~1 for L, <0 (13

(13)% 71522 3} NB|EZA flipping A7

WE]S }S iteration®] FH PAER gl o

A7l Fo ke

[+1,+1,+1] =3 s N=27b flipping
A7) FH e)se ohew)

=1, apriori #& hard mapping

F1-1+1+1—-1-1+1
F14+1-1+1—-1+1-1
Fl14+1+1-1+1-1-1

of7]A 2WARE 3HA A=
ﬂipping A7) Aola, 4WANE] eA7Ixe] A

£ 2H|EE flipping A7) Aolch webA mkef N
W flipping AlZIch 3

1HEE

14

el Fu elsesh gl o)A M E W

= A|5po]eh

503

www.dbpia.co.kr



%22 qHuE ZHE 4sfe)w, Ad QlEvs
RZ 1/22] convolutional Q1FH S A&t} st
3|+= generating polynomial =

2
G = 1,1+—D2
1+D+D

ol Wy <lElEME AREIom, AX Alsd
o] Aol & 9216 H|EC|tl A T]FZr]E Max
log MAP & ARME3lodth Ad2 flat Flold Ad
o] uﬂ /JE #] 4> u]—r;]_ EE];G_;E’_ H:]?Sh;]_ w3k
T+ WA iteration ©]¥- hard mapping ¥ apriori %t
o gt flipping A= N= 22 A3}k

a9 5% Akl R 2B A uhs A}
43+ 717} LSDE Bl Zolrk A WA iteration
o4& BER A%°] LSDET} x| o}
iteration®] %18} =% LSD9| A5} 71-/] H|5=3)
A VS & 5 siek o]9f 32 olfia= LSD9
73%- A WA iterationol|A] g W E]/\E%
RE jterationo|A X ulo]E AF|A| o= HbH
Alorsl= W2 apriori #E 7|ESE FH Fx
EE v iteration vit} dlo]EE A|7]7] wifelch
w24 inner MIMO detectorel|A] Hr} AlE]Ado]
%= LLR Fho] ®HAsly] wisto|ct.

2% 62 SNR M2 4l Al #Eg F15 2]~
HhAe] A7RS- mlagt Zolok Al7ke] BluE §)

372 Window XP 3HgellA] Intel Pentium
3Ghz CPUE AH31°™ Matlab 7.1 < 53l +
stodek 2flelA & & 9\17:‘3], lldB OV‘L"ﬂHt
A A17E *}017} 72] gler], U2 SNR A=
ARk Aot W & o Sltk Qﬂ‘/ﬁ}”d 3
SNRel|A+= LSD+= ?“%’i "S- SNRE| HH|H|3}]
A AAE] wiEel, 7 9 <kl gl 2E A
B WElS 2] fside AR Alte]l AwmlE]
wiolck whde] Aljksh= HPH-2 16 QAM H
$24E 2709 QPSK AlE= Wrslr] dwiitel Al
9] dimension®] HEO.E £, HP Al tis)
= gk ZF A1 ARSstEE LSDell HlsiA
A7 FR 2B 2 AZRS 7RIch

¥ 12 WAElE FE AR AeE vlagt A
oltf. LSDE [2]0ll4 Aashk= nle}l 7o) MIMO
capacity & ©A3}7] $lalA 16QAM 4 X4 A2~

Fl

e rBL A~ r;'L 1m

o E
roax

)
o ¢
o

(e

504

BER
=

H —&—LsD, ftiter
| —<— LSD, 5iter
10'3 —+— Proposed, titer
—c— Proposed, 2iter | £
—*— Proposed, 3iter
—— Proposed, 4iter
——— Proposed, 5iter
T T

\,44
ol -
ok -
3

|
1
4 5 6

Ey/N,[dB]

2! 5. BER A% H|

Average Running Time [sec]

2 6. TR 2AE A A7k H]

R

A= 512700 TR PieS 2= ubdHe) A
okl WhAle A WA iterationol = 3! = 8170
o] FH 22EF 7ERaL 2HA o)itellA= (14)ell
wpebs] 13770 FR 2AEE sk websd A
el Fu Pir A AL S PiES 4
A 7R EZZ inner MIMO detectorell4] LLR Z}te
AR Aok 419 ATh g ek of
Yz, 3w 2lAES] whe] AlzkE LSDel| H]siA]
As) wE-s F91sk 4~ 9t}

v.d B

E 1. ¥4 gxE Jg ua

1 grE A 1 iter =2 iter
LSD 512 512
Proposed 81 137

www.dbpia.co.kr



I

=/ MIMO Iterative 41704 AlZ=%

N

B =S Tterative MIMO =217]¢14] QAM
o AFA EAE o83l U HAEE 7
FH 2aE A 7S AlAEkh A A
iterationol|A]= ollglel] 73 HP A& 21~EE 7}
oEE ZF 715 Esl AEsia, L AlE B
Eo]| s 7]E2] sphere decoders E3l4 vt
Asledek & WA teration FElE A T]FH ¢
A FE=n] == apriorighd o]83le] TR E|lAE
5 ulelE Aok Ad Ay Alkksle WS
iteration®] Z13=<= LSDE] BER Alseoll &3}
o], ZE SNR ddolx U Fx glaE =3
A7 7o, 53] 2 SNR %of|4] LSDell
[ElA] S5 2l WA AJ7be] wl%- 2335

N8 = ok gk FR ejaEl] HAe] i
4] LSDEr} AA| HhAslEg LLR s Ak
dagk =Y 4lEe] si7) LSDET AHe-5 &

Q
S ]
18 4 15k

I

e

7

o

o

fin}

o

Ll

il
A
ro

(1] LETelatar, “Capacity of multiple-antenna Gaussian
channel”, European Trans. on Telecommunications,
vol.10, pp.585-595, Nov., 1999.

(2) B. Hochwald and S. Ten Brink, “Achieving
near-capacity on a multiple-antenna channel,” IEEE
Trans. Comnun., vol. 51, no. 3, pp. 389 - 399, Mar.
2003.

(3) H. Vikalo, B. Hassibi, and T. Kaiath, “Iterative
Decoding for MIMO Channels Via Modified Sphere
Decoding,” IEEE Trans. Wireless Commun., Vol. 3,
No. 6, Nov. 2004.

(4]  Yvo. L. de Jong and Tricia J. Willink “Iterative Tree
Search Detection for MIMO Wireless Systems,”
IEEE Trans. Commun. vol. 53, No. 6, Jun. 2005.

(5] D.LMilliner and J. R. Barry, “A Lattice Reduction
Aided Soft Detector for Multiple Input Multiple
Output Channels,” [EEE GLOBECOM, Nov. 27
2006-Dec. 1 2006.

(6] Tao Cui and Chintha Tellambura, “Approximate ML
Detection for MIMO Systems Using Multistage
Sphere Decoding”, Asilomar Conference, vol 1. pp.
1054-1056, Nov.2004

(7) E. Viterbo and J. Boutros, “A universal lattice code
decoder for fading channels,” IEEE Trans. Inf
Theory, vol. 45, no. 5 pp. 1639-1642, July 1999.

H

ro

M (Eun Sung Jeon) 2314

T W 20054 2% dAwEkw AA
AgEHE (3Hh

20074 29 At A71A
AFg-stt (KA

20074 39~3A] AAHEg
A7 AR g8 wkalaAd

!
<
W e

Sphere  decoder,
MIMO iterative detection, OFDM based relaying

system, W-CDMA.

re

2k & & (Jang Hoon Yang) A3
199611 249 AAefsta A
3t (3ah
2001 U.S.C. Dept of Electrical
Engineering (434D
2001 U.S.C. Dept of Electrical

II;' || | Engineering (2*h

o

ﬁll' “Il'l | i

‘ 200113~20061 AHHAF B3]
A

2006d-54) dAldista gjelet A7]0A1g et
A7 4

<FAlEol> CDMA, OFDMA, MIMO, Relay,
Cross layer optimization, ZHd A'd, #HHo]Z,

neural signal processing

# & T (Dong Ku Kim) A3
19831 24 I=akaistal 5
A5}
19851 U.S.C. Dept. of Electrical
Engineering A4}
| 19923 U.S.C. Dept. of Electrical
4 Engineering YA}
19943~3A  Axefsta 7]

ol CDMA °]584l, thsAls 7]%, Wz
Ad 353t 7 AEYMACTE,
Fg= WY 7l 2 MIMOYIE, UWB,
Binary CDMA

505

www.dbpia.co.kr



	MIMO Iterative 수신기에서 계층적 변조 특성을 이용한 낮은 복잡도를 가지는 후보 리스트 발생 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 제안하는 후보 리스트 발생 기법
	Ⅳ. 전산 실험 결과
	Ⅴ. 결론
	참고문헌


