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Abstract: Based on a proposed equivalent model of two concatenated modules, the conventional QRD-M algorithm
for MIMO signal detection was studied and an improved QRD-M algorithm was proposed in this paper. Through
complexity analysis and numerical simulations, it is proved that the proposed algorithm can provide a more flexible
tradeoff between system performance and the complexity of MIMO detection.

Key words: Signal Detection; Maximum Likelihood Sequence Detection; QR-Decomposition based M search

Vol.30No.8
Aug. 2008

detection; Multi-Input-Multi-Output(MIMO)
1 3]

MIMO {5 RAEE L R KRB DS RGLe m e s
SEEET BN, T/ MIMO 151 R P 2 i K% Kl 78
AR EIFAT R4, AR RS R RS 5 AR T4,
it R S R 2% ) AR L M A DI B R A RE AL 8 AR A
MIMO $AHE A A 1 257

TG —Fh CDMA RZEHh 02 i H R B,
1M gedfe) 2 MIMO {5 S 4. Ik T2 tbRr B 1
FHARM I SLE T B g B 00 T R e M STk v
fig, BEBHNHATTIRIEME ST THRIRHTBE, K
FHRH HR AT T DU A0l By 10 2 A1 289 107 4% £ BEALCT PRAIROH 4%
T RIS 34T MIMO RZ Itk Ael . % 3 sipr R 4
B URALHR DA AT G, T PRI BT SE B R AR REMN
A R

MmN R GBE AR AE Nt e, 2 R8RS S B A
I, o KA I A 5 AT AR PO PERE', (R SR B K
ALUER RS 5 0 2 i AR AR 5 P AT AT RE AR A EAT R (R
A MR T R REHR ), S 2R B A AN R H
DUBAR 5 I R B 1 n AR B K, i) 2 N T S be
ARG o BRI BRI ST L — P B S 2% B 1R B K ABL AR A6
WSO, PRV R R P S 38 ) S (R S R AT

it

2006-12-25, 2007-06-22 £[7]
[ R E AR B3 4 5 KT H (60496311 Fgr th 20 N A4 ScHEvHRI % B
[Z3d

BN, e REFI R BRI AR ], #0m) LR R 48
WP R A4 . AN ERIE BRI 5 10 B 298 AR E
BRI ST 2% BEEAR T I AR A I, AR i L T
H A2 Z B R K AR A4 T ) — i g2, 0] 92 R e
SREARE AR R % .

SCHR[13,14] 88 T — MR TEIEHFE QR 2R M 5
S REE(QRD-M), SR B ) L SE e ) 5
VEAEAE S A A ), MO TR A S T )
T ZE KR hFRAT B LR SR
#l, QRD-M Rl EEAN T EXHAME 52 AT HE, K
TR — R ORI S . R R e R Y, s
BERGE M M, E564 0T ATECRFEE B A% B 1) [R] i) 95 2
JE T KSR R VR BRSO, DRI BB AR 4 Hh ST R 48
PR S R4 P E, S SR A SCAEXHME ) QRD-M
KR L AT SR B3 T —FRh ol 5k . e i1
QRD-M USRI R G RER R 2 YT el JE R G, 7]
PLLEAR R BAHIE 52 AR FE R 2 R AT S b g M fe, 1dE— 2042
1 7 QRD-M L s 2 o ARSI FEIE T VR S5
I AW 5 )2 45405 (V-BLAST) () MIMO 1815
SitPl, BLAh, AR BEAE MIMO 3845 P e85 i S 5
I, AR USSR R A TR B sk E i T I
MIMO-OFDM 5 #4117,

JEEEE I N A HE W T  AEEE 2 R 3 WXAER )
QRD-M REESAT THTSL, et T XE SRk i



e Z Hi%: MIMO

TAE RS QRD-M Rl &3k (1) it 1829

Jiiks TEE 4 St SRR B AR REAT T 4047, Bl G REAT
PR R (BER) MRS BOIEAESS 5 WA T AU HIWFsT S
",
2 15485 QRD-M ¥ E %
2.1 V-BLAST £ MIMO {5 2 5HEE!

WK 1R, —AMEER V-BLAST 45#) MIMO #3)
TEAE RS ORI 2 R E (5 5 A BB H, KRR [R5 LA &
TCR ARG G ALK

EEEE

1 V-BLAST £5#4(1) MIMO 15 RZHAME K

e ki K& Ml RELEH > MHA N,
N, (N, >N,), ifi i MIMO (A58 & PRk,
1 v i S RS S AL R o
y=Hx+n (1)
Wby, = B n 2508 N, 40055500 E, N, 4K
TEAF 5 50 1) 5 DA R N, YA ST TR 3 A A s BT 7 A 4 1)
i, H AR ITE XM N, x N, 48715895 MIMO 5
TEFERE, T b, 5 G ANREP RS i AR L 2 18] )
(LTINS
ho.o h’O.l ho.zvfl
h’l,O h1,1 h’l,Nt—l
H=|. : o (2)

hNT—l,[) h‘N,—l,l hNT—l,Nl—l

OB BN REGid, FTA by, 0T R 7 [ 43 A b
WUAEEE O, G 0 S B D Sl S PRI, RSy th
Bl RS .

2.2 {54589 QRD-M &N 8%

AR 3 (1) Hh RO i SO
r=Bs+n

AR R AT 23 327 1) 45t (s B4R ) P S 350 R R

FERE) o AR B mmA,ﬁMBTﬁﬁWTQRﬁ%
B=QR (4)

Q@ A 2N, x2N, fEIEAZHFE, R Wz (5)i78 2N, x 2N,

YRR,

T
R = (5)
0yn, 2w, 2, N oN

Hor T 2N, x 2N, 4 L= 0. R (4RI (5), %k

B Q MIEAHNE, A (3)mAsH KT,
r=Ts+7 (6)
Xrf 7 fl g 2R & Qe M Q 'y IR 2N, 176 E M
R ) . % L& BN R IEAE S W E XA — e M
), 52 3D, J3(6) 5 i MRIEES AR T REPKIERES
AN T QPSK WHENE S, e AR (6) 1SR
HE AN D, 4y T 2. T (6), QRD-M Hiki
Fr A F
() EHREENS S EH. (2) i BYIGRES
F o1, kEEXS AN C ST D s (b) i>1H,
C,=C,_D,.
(2)IRAE L (7) VBB ¢ R 4 S IAUE
_ 2
a;(d) = Q%l[ 2%“ tkls,], 1<d<C; (7)
k=2N, k
Horbr B A ANICE, s MR s I T ITER, 14,
FERE T B3 EATESR 1AM TTE .
(3)%F o, (d) Fe JE /N BRI PP A
()Fi<2N,,(i) #HC, <M, %i=i+1,RFLLE1);
{)#HC, >M, RJEATM Mr¥, £C, =M, i=i+1,
MRS (1),
(b)#ii=2N, ,
(=RFRI R
PARZILE 2% 2 B MIMO 4011, s EEE SR
H QPSK WHIT 2, #EfE 5 AR B 6 3 se o5
REBE T vt RS S350 4 J2, BEEAE 52 AR N R GA A
SRR EORE, BARE S A BT A AR 2 Nk
F5( D, =2). ZM=2H1, L QRD-M il 2
Fike i, ERRGOAINSRE R R E ST SCR A SR
TN, WEORFR I SCRAPHISRE R TR, B 3050 SR F 4l
BFEIR,

KB S /N 23 SR kel 4 R

155 H
A NPT
2 AN SR

2 YT

H12 22 W3R 4

B2 f£4 QRD-M Fa il fi o i
UM 1 BEAT 2 A3, IR, FY

WIS 2 JZ4Ef i 4 N3, f£48 QRD-M Jyk R AR A
/MU 2 NS, R RW BT 4 2 2 (9 Sr k%



1830 mF5F B %R

o, ERfhRALR,
3§t QRD-M A& B & B s

Pl 2 vh QRID-M S (RS b i ] 5 20 Ay W AN AL 0 A5 e
MR 755 3 2 E SR Z 1T, QRD-M HRH T
FPHKE N 2 (SRR ABLAR 7 FIR I (MLSD) A 5 vk, #6301
METHARMUER 2 N3G AE 3 EE SRS,
QRD-M NG SCHR R, A AR A0 AR B 2 i ELAT e
BB 2 N3, HERHIRAER. R P 1
2 MLSD (¢35 &, ARAEAL G2 1) QRD-M Kl vp P
H M BaE e, 448 QRD-M Kyl 5045 3 R O HE
e 3 pios.

Belbede s [Pz | IMAR [ | A
"|MLSD il M5y SR
) [

_________________________

3 A48 QRD-M A ST ) S5 5 R A 7R

K 3 S8 P A M AR S BUE S QRD-M KN4
R RS M S B R G BRI A B (T T, AR
EUCK S P M MR, HASSIREE R 4 B
TRo

pr s

Bt 5 i | IR [l b [
MLSD il M 5y 3CHEAE
)

¥

SH M |

=

K4 Dot S i A R AR Y

SR A R T A

(D) @ EHREU M 3C8H . (a) ¢ WG SE T
L WIEMS A, %F D s b)i>1, ¢, =C,D,.

(2) ARIEAI(T) VS § IR 5 SRS

(3) A a; (d) L IMNANBIRIG IR 7 HAHE

()F i<2N,, () Hi<P, Xi=i+1, PIFLLE1);
(i) Hi>P, RREAWTM M3, 20 =M, i=i+l,
HIES IR (1)

(b)#7 i = 2N, , KB R /MR 3 SCVE AR 25 S
FEEHR .
4 BEREMREFRESR

QRD-M A S5 1 52 2% P b A U i A o 5 20 B0 2
SHE . CAAR(6) T L MHEET b 2N, x 2N, 4E,
PRLILAE 5 0 B34 2N, 8, (R4 E S8 D, PRI M B,
QRD-M il Sy 5 B S R o BT

5530 %
P 2N,
w=>T[p+ > MD, (8)
j=1 i=1 i=P+1

X 4x 4 REREN MIMO R4, MRIERE 500K
HI QPSK A1 16QAM 17 i, RRIZH P Fl M 4&4FTF,
W TS R R 1 MR 2 Pos. fEfFEH, RAZE. A
PIEE P BT QRD-M Kl fe i 2k 7355 i) Conv. Al Prop. b
.

#z 1 QPSK iA#H A=A QRD-M &5
EEHEMEOIE(D, =2)

" PE(t5% QRD-M, R4 P{E B3
Conv.) w (Prop.) w
2 2 30 3 34
4 3 54 4 62
8 4 94 5 110
F2 16QAM |77\ QRD-M £l
i W HRE (D, =4)
PH(f54: QRD-M, W44 PE B
Conv.) w (Prop.) w
2 1 60 2 68
4 2 116 3 164
8 2 212 3 244

BTRLME 2MSH P MM, QRD-M kSR
FURF 2 (BER) PEREDT LI ML E S S B A T3 3.

®3 HEMERRESHRE

idt & MIMO-OFDM
AL 58 2.5 M Hz
PRESUES 3.84 M
RPEEE(FFT KN 256

fEi INGE LS4 ITU-VA, AR
LR I el 18 M5
RENE 4X4

B 2.6 GHz
7 2 QPSK & 16QAM
{51 i P
{38 fh vt AR

Kl 5 FE 6 205 RIEME 5 RH QPSK Il 16QAM i
#7730 QRD-M Krill 54316 BER i 50k fg. £ QPSK i
7 T, Prop. 7 4 M =2 WL T Conv.
HE, SRMREE 1, EREI SRR SHIU a4
HEL A4, B M =41 Conv. 5 EIEREISE T M =2 1Y



%83 & RS

MIMO 35 F# 4¢ h QRD-M el % i) ik

1831

Prop. Ji %, {H2& ZH WM EAREANZERR, WINEFE M =21
Prop. BRI M =2,4 1) Conv. 5 EH A “HntL”
(HReH B M 2 )M H 4 M =8, Conv.Fl Prop.
TTEMVERRIEAME, M PR LL” MEEEE, ILHIEE
Conv. T LW AEH . 78 16QAM W HI 77 I PERET H
Prop. 77 46 M = 4 N B 48 F 5 @ 30 45 KBRS I ) P e
SRT Conv. /7 ZRMETE M = 8 W5 S R ALSRAT I 1 1 REAE =
{5 LA AR AR I 1dB I 28R, iR 2 IR e ih 5T
iR, WK M = 4 ) Prop. J7 R H N HiE,

0 0
10 —— Conv,M=2 10 —— Conv,M=2
107 —+ Conv,M=4 — Conv, M=4
_2 1072
= 10 Jad
& = ,
Mg = Conv., M=8 [a) L - Conv.,, M=8
- Prop,M=2 10 - Prop., M=2
10 | <~ Prop,M=4 - Prop., M=4
10 —& Prop,M=8 107 —& Prop.,M=8
0 4 8 12 16 20 8 16 24 32
Ey/ Ny Ey/ Ny
K5 QPSK JEHr K6 16QAM k7T

{1 BER 14 i ZLN 1 BER 1 fg

5 HRiE

A MIMO 15 REEM QRD-M # LT T 07
58, BT QRD-M KLl 502 1 A S5 A o AR 1%
SR IR R, SHESE QRD-M K I L8047 T sk
b, SO T SO EEIEARI S FINEARE, JF
T 3k 1 R IR B T SOk B e B R ST B R S b g
RGN EE, ] LLEAH BRI & 2% 5 (0 4 A1 T 3k 15
LERINT e

& % X ik

[1] Foschini G J and Gans M J. On limits of wireless
communications in a fading environment when using multiple
antennas. Wireless Personal Communications, 1998, 6(3):
311-335.

[2] Larsson E G and Stoica P. Space-Time Block Coding for
Wireless Communications. Cambridge University: Cambridge
University Press, 2003. Chapter 7.

[3]  Raphaeli Dan. Iterative cochannel interference cancellation in
synchronous CDMA on a frequency selective channel. in
Proc’s5th IEEE Conference on International Universal
Personal Communications, Cambridge, MA, Sept, 1996 Vol.1:
336-340.

[4]  Verdu Sergio and Multiuser detection. Cambridge University:
Cambridge University Press, 1st Edition, 1998, Chapter 7.

[6]  Wolniansky P W, Foschini G J, Golden G D and Valenzuela
R A. V-BLAST: An architecture for realizing very high data

rates over the rich-scattering wireless channel. in Proc. of

(6]

[7]

(8]

(9]

(10]

(1]

(12]

(13]

(14]

(15]

(16]

(17]

%

ISSSE’1998, Pisa Italy, 1998: 295-300.

Foschini G J. Layered space-time architecture for wireless
communication in a fading environment when using
multi-element antennas. Bell labs Technical Journal, 1996,
1(2): 41-59.

Chin W H, Constantinides A G, and Ward D B. Parallel
multistage detection for multiple antenna wireless systems.
Electronics Letters, 2002, Vol. 38(12): 597-599.
Tse D and Viswanath P. Fundamentals of wireless
communication, 1st ed., Cambridge University: Cambridge
University Press, 2005, Chapter 8.

FARY). ok MIMO R4 b AU -5 (5 38 il v H AR
[ 183, B RUAR RS R Bl £ [ K HE R S0 =2, 2006.
Viterbo E and Boutros J. A universal lattice code decoder for
fading channels. IEEE Trans. on Inf. Theory, 1999, 45(5):
1639-1642.

Damen O, Chkeif A, and Belfiore J C. Lattice code decoder
for space-time codes. IEEE Comm. Letter, 2000, 4(5):
161-163.

Dai Yongmei, Sun Sumei, and Lei Zhongding, A comparative
study of QRD-M Detection and sphere decoding for
MIMO-OFDM systems. in PIMRC 2005, Berlin Germany,
Sept. 2005: 11-14.

Kyeong Jin Kim, Jiang Yue, Ronald A Iltis. and Jerry D
Gibson. A QRD-M/Kalman Filter-Based detection and
channel estimation algorithm for MIMO-OFDM systems.
IEEE Trans. on Wireless Communication, 2005, 4(2):
710-721.

Aulin T M. Breadth-first maximum likelihood sequence
detection: Basics. IEEE Trans. on Comm., 1999, 47(2):
208-216.

Ogawa Y, Nishio K, Nishimura T, and Ohgane T. A
MIMO-OFDM system for high-speed transmission. IEEE
Vehicular Technology Conference, Orlando Florida, USA,
Oct. 2003, Vol. 1: 493-497.

Jakes W C. Microwave mobile communications. New York:
IEEE Press, 1993: Chapter 6.

Chin W H. QRD based tree search data detection for MIMO
communication systems. in Proceedings of the IEEE
Vehicular Technology Conference, Stockholm Sweden, May
2005. Vol. 3: 1624-1627.

i B, 197644, LA, WHBIGEINEERETE R

(R RIS B R AR L.

il

H

FEmWT: 5, 1936%F4, #d%, WA, Hir:ZMAHB3G

3

B AN s R AR,

M. 5, 1968%4E, HaR, WLARN, HETEZENHEBIG

Bl s REEAR KA.



