BEEAMR 2000 4 55 1948 5 7H5:675~ 679

doi: 10.3772/j.issn. 1002-0470.2009.07 . 003

IR &% SDMA R4 FBEAEKFEZRIELE XY

I #0 xZx%

E X KLEE

(REAFHHEREXRELLKRE  HX 210096)

fli B x5 RE& #EHE(MIMO BC)3kxt # € (BD) 4 A = 4+ % 4 # \ (SDMA) %
GHANTEDE  EEENEEEEN ARG xERE e oA AR REF A
PRESNREWF R, THTETREEHRFE L (PCQ)E 1 4 B 0 A IR KK F o
BHENERETBREAREGH REAEEFEBEENCGHERE TN SR EMS
RELLRE FEERRN ELWRELEEMENELT, ZF EURD WA ER

KBRT BARE AR B,

XA Sent A (BD) TR, £ R4S B (MIMO BO), HIER M, K&, FA

£

0 3 &

LKL #%15H (multiple input multiple output
broadcast channel, MIMO BC) 1, 2543 ZHE B2 A ( space
division multiple access, SDMA ) $7 AR F| F 2= [&] %% ¥ 0]
AIR] e [R5 ] 221 P R IR AR B, 2 & S5 i i 2
A& AP {5 18 IR 515 B (channel state information,
CSD i, MIMO BC Al A ZIAR i B SHE S R, iir &R
FH (frequency division duplex, FDD) R4t I AR HE T
freefifhiit& B 58 , B AL b i s A
RERAHMEIERE . ZREMMH UERFEE D
BENSH HERBGITHEE R, A REZE 5T
i R S 5 R R

— B, T ST A MIMO R ZEH , X B A B
SR AT B AL SRR AR I I 2 B AL T R AL EIE A
£, H REARD B LA L AR ST LUK B 5 A T 5
CSI 5 tERE! Y, T MIMO BC H Fi F* Z [l A8
fE, P RAiE A CMfEERR , RER B &R
STSHERG , R T8 A R 2 45t i — R X R T A
EERARS, SCER 2RISR (3] 4 3347 BR 8%
18 (zero forcing, ZF) Tl 4 % 1 38 2 JIE 48 4 5 (ZF
dirty paper coding, ZF DPC) RG M T A& 44T, 1
T T EMAIRZESEARDL, CHEORIE
X Lloyd B3 7 H — A LD A, S8 )5 B R LA —
ABENL AR N A P i BALRSA , SXAE AT LR

D 863 311 (2006AA017268.2007 AA017268 ) ¥ Bh i H

TR AP AR, Ag EREER
AR KHR[4RABEN R ERELL, THE T A ZE R
EHERR R RS A RIER, L EX R EE
CSIPERERT B P Bril Y R 5t LU AP B 5 R IR R &
BH MR G TAE(E 4 L (SNR) BIE b, Bl 24 K 2%
BHAFER BN E LT, )5t LR H 2 A
LRM . SCERL6,7 B ISR, &6 —
EMREGIEL, FRRGEA K. ZE%
W & R T SRRE G IR F G I G E80E
EREME, FRRRERIRD.

EEXFHT £ 4k (block diagonalization, BD ) T £ %
HRRR 5 SDMA R4, KR SR HAFEHLR B 2
B P 15 B AR AR AL, PS T BT A AL T
WILA MR B RGN AR, B TIESEE
M 1) B AL 1 7 B A 2 IR BT 7 {H 53 (singular value
decomposition, SVD) , BiL H & EIEF & . BAIEE

g AN R ] DR S E i 5 H R
EZ RIS e B B (LB, (HETER S
SEENET, R AL BN AT B . ASCRI &
A BCEZANREMRS S BERUE S MEREH,
BEEEENEERUE I —HERNFERRER
b, FREREREREREK, ACEENATH
FR S i bt f AL i 4mS SDMA R 45 AR B, SR 5 44
BT ETREGHBINEMBARREE, 55
W THERNEREMENEE, BG4 THEN

@ A, 1977 4EAE T LA s BIFE )7 - 2 T MIMO 28 BE AT WU (b AR s 16 R A, Eemail: mildnest @ 163. com

(e H 8 :2008-04-09)

— 675 —



EHABER 200047H $£19% $£7H

TiRER

1 7 R4St L 4 & SDMA &
GAREA

Z & KA MIMO £ P R AT48ER, 2Rl
Wiy M AR, A AP I REEAER, 328 N A4S,
BAFP SR N BRI, B & P EEE
M, BB EE. A H e MY (CRE
AR b BEEER, HouRAHE M,
BIRMEHERZE 20 1 ME 51 . #F SDMA
IR RSB NEIESH x, HREIELRE
{lxl*t<spP, MAF k HERGS y, IERRN

yvw=HXx+n, k=1,",K (1)
He ny, e QMRS A0 o B BUER 43 A
CN(0,Iy). F d, ERBERZEIHAF EFNGES .

EHE WT2EBEN 0 aElddlt B D) 1(Qy)
< P J v, BRI LB,

K
y, = HiV,d, + HY > Vd; + n, 2)

GRS HANEERFE, T M2 T
B A

HV, =0, forall j % k, and 1 < j,k < K (3)
WASARFETER P TR, RAABR RS, T4
B TE S B AER, P [ TR A g8 2 H R
WERALENEEESE 7, £57,.584 V, BET4E
ﬁﬁ{%‘fﬁiﬁlﬁﬁk = [ffl,"',ﬁk-l,ﬁkJ,l,"',ﬁK]H H
T o Hy KRN R (K - 1N x M BFTIHEIE
M, RS A 4EHCN M - (K - 1N,

SCHRLS Mt A FEML &= A R i R B AEE R
WA P B R M T R AL, FE R
WHEFERHRS. H B RGN HP e R 5
R BMEIER LA H 22 MR/ I M x N HRE
HE €, = AWy, , Wil EWEAE ¢, EX
d(H,, H) HBAKRERREE IBLTF kKR
{5 T8 HE B R AN T T DU B

H, = arg min
Wec1={W1,---,W23

KR d(H,, W) B Mg, WRAZER

d(H, W) = [ 25sin*(6) ,6; Fm 55 HIE K H,

W HF) e & 5K A 125 18] span( Hy, ) 1 span( W)

WFEM. BT FEMARSEES &K ER

K, AR —E , W LUBERS A ¢, PITTR N,

BISHT K We ¢, WiW = Iy B3r. XRR[S1H#E
— 676 —

}d2(Hk W) 4)

T T ERAERRBERGXINMAERSEECE
BEEMNFMAREZE, WRELLES B 7R
R X IR E E , AR 4 S50 L T 055 K, T4
BB ESR ERNEE—E M, RS
ERMAANE, NRIERGAE R RN, 53
HEH CSI A BZ/NT Mbps/Hz, B
P B S5 LA S ik BIR (R Py 9 P Y
VB KR

N(M - N)
3

_ 1 (M= i)
_1og2(1vN<M v [N(M_N)]!H (N - i)!)

(5)
HTEWE 1AL TARRSEEE T ERA,
e B B ELARR R, T AR Y B R M 2,
BEFRER N %, T 5 LR AR & R
AP P ARS8 B A B R B0 A B Fp 5 i, R 2
M 28 LA, AR B AR, AR 4 28 IRIL B AR R 2
o NEMEBAREIE, S 2 IWHREETRE
BIBINRACKITTE , Wiy RS R, il AR
TR RBIE R AR

120

B ~ Py

—6— M8 N=4.K=2

—B— M=8 N=2,K=4
—%— \/=6,N=2,K=3
—— M=4,N=2,K=2

100 1

80

60

40 L

A BT A LR B (bit)

20

0

0 2 4 6 8 10 12 14 16 18 20
SNR (dB)
1 FERRGEETSHPMEARBIEFR

2 ETREGHET EMLHAR IS
S

%5 F F BD W44 SDMA REH B &
AN RERF A BT ZIRKREEIF, W EMEE
A AR B A, 45 1 — TP PR AR B
ARG EE: T REGIH S B AL (per col-
umn quantization, PCQ) ME B, 5K U], ZF =1L
RPN B ER 3.

AT P AR D7 AR, D7 AR K



T S ARG SDMA RGP RIEAEBERZES IR

FORRAP TS L8, BB R UM — R P R Bk
ViEH . RIEA P 8 Rt LR S8k B, A
I, Z 5 &AL B IR B LRy B/N, 4k
Boo EFX (1), ME—FA P MEBWRGES AT ERRN
y=H%"% +n (6)

B EABRIT -

(1) FH—WRLEGIFMRER

YRGS ME R RES I, EIFETFH
1= L[viss el Hivl =1, R
4 oA

ro= 7y = ()" + ny (7
He b = Hy, M ny = vin SRR RERGER
BMSERERE , SR 7]HETEARERA
KR4k & F (quantization-based combining, QBC) &7,
K5 ht Bl hs®, OBC B HKWES
PSR sin/ (BT, h5T) K BIR/MISRk
5 R AL . B LR % si? (R AT =
si?./ (Hyy, hi") , JRAASECN M - N FIN 1 B(M
- N,N) 447, BA

1

.2 off 7 _ B (M- 1\"M-N
Rlsint 2 (k) b 2wt () @)

(2) E_RREGHMRER

WA T, € ¢ O H 55— IS
] 4L, 18 T, H W5—50o0R 8 0, W T,H KX/h
H(M -1) x Ne BEGHEF 7, = [72.1,,
72,N]H9 1%?“%?&1%‘1\5 hS“ = T,HY,, 4k s AE QBC
BAEE s RRR BT BT TH E—3N
0, B IEFN K, 800 (M - 1) x (N - 1) B, B
WHETEL (M -1) x 1 WEE. BEAiRE
si?./ (h5", k") = sin?/ (ToHY,, hs") FIFEGIRM
ZHh M - NFINBB(M - N,N) 534, LAl i
HE—-RR&GIHRERAKEEMR.

Q) IRRFHITTE,E i RREGHMERER
(i =1,,N)o

5 i WBALPIERE T; 615 TH 89807 (0 - 1)
FITCER RO, TH K/WNK (M- i+1) x N, EHH (i
-5, EIAHE TR (M - i +1) x LWEE,
R, &R TSR SR LR

(4) E® N KR&GIHREBBNLG R,

B E PRI ANZ RS LR R HE
{69 H , H M H 5351375

H= [k, s, o, h]

= [Hy,, T,Hy,, -, TyHyyl (9)

il

B = [hsT, hst, -, R3] (10)
fn B Fm AP BT R, TR FE8 BD T RS 5
HIRGLAIAR Ny

yi = HiV,d, + HY D] Vd; + n (11)
j=Lisk ) )
ﬁ!ﬁ Vk 'fjﬂ:éjﬁ%‘ﬁ%ﬁlﬁllk = |:H19'“’Hk—1’Hk+l9
o H IR WIRZS ) o WIS Th MM, P b i
AEN
C.(P) = E{z(dy; y, | Hy)}

P P <Y -l
= E{10g2 IN +M(IN +M12k_k‘/]V;{I_1k)
J=Lj#

} (12)

AP PR LR Bl B, 75 SCER 5 10
FEEEWEER SRS e —MFELI,E
528 MDA LR BT E B A, BRI M it AR
HEME REME . ATREHETREEIZET]
BHARR BB P N IRET QBC BIBEHL
RER. FATF R, BRB A BRI
FE BN B, IR 5 B LB W B R B AR N
B/N, itfE By BIRIEEMFHE MR BRI, X
Tl 2% W HL, R HIZ B 6 EL B R B 28 Jgib
EN 2PV R B=6,N =20, lBIREUN 25 B
% 16,

3 FEHER

AVEXT M A RBERE, BIHP N ARE
IR 1 AL 4TS SDMA RGN IR B AT T 15
Ho BT A A I 20 b5 X SO i R e 8 H B 2

R B R SE R RS 0900 P B0 K = L ), 3
|- ) FOR P DTEEREET T Rk BT
PLEHTEIMRF 20 1, L BOT S5 6 L SNR
= Po AP, BV HLEE TS, R RS
BLS R L, A RG0S 72,
R IR AR ST . hAFRIL, %
AP RS B IR AZES B
K QBC RLALHIL R ILHSH By = B/N. Hi 2
1, “CSIT™ R AL EL AT P (5315 B O L
“PCQ” M“DQ MR AA LR i 2T QBC ZFIE
7 R I SR B A SR 5 o B R A5 A
WP R OT o o D7 v 2E R L A ek A
— 677 —

H}V,ViH,




EHABER 200047H $£19% $£7H

JLE AR EC R 28, [t LU R BB R BT, 5 LM
DISEEL MRl TR B EMEFES T
R B IE R L s

E24HT M =4,N =2,K = 2 R4 Ff SNR
AR R, NEIF ] DIE 1, AR E (5 BT
BB, FIZS B BE SNR 3§ i 3 on, A8 A R = 5t
R4, EARRBREERY, BRI R B LR E
B [EE , LT R LA B #e FRUFE SNR 3
fne ATLAE SR G ARE B B &R, XRS5 ]
M EEEM T EAASCRE MET OBC BII &1k
FEAERGEBR LA AERZR, B e & iRz W
RO THMEARGEWM EZFR ., YRR EHBE
SNR 34 fnest, B0 5 2 5 HAR G R AME B R
— RERAARGWE NN, it B BEik
B, A SCR I I AR L B R e RR g 22 (5
RLVEWAEBRERWERTIHE R & E B
B 3R TRAA R R BONETER S R 5 A

30

—©—CSIT P

25|| ~B—DQ vary B
—+—PCQvary B
-3--DQ B=10bits
| ==F+-PCQ B=10bits

[\
(=]
4K

MR (bps/Hz)
&

_
(=]
!
!
!
¥
i
i
i
'Y
=]

L
.-

.-
.-
-
-

0 IS 1|0 1I5 2|0 25
SNR (dB)
B2 B%EM-=4,N=2,K=2HHNBE

—O—HEEWL
—H—-ZR5EN

10°Cs s 1 15 20
SNR(dB)
B3 BUIEPHLEERE M =4,N=2,K=2

— 678 —

WG R ELBIYEL, SNR = 15dB B, HEEBIL R AT
FLHE 10° 1R, 2 F QBC &3 24k 4% b3k
BEE] 10° LB H

EF44/HT M =6,N =2,K = 3 R4 Ff SNR
TAAA R, S 2 Wi, R REAE0Em,
R SEAFERSE B LR KR, B
PR MR LR B s . W UE R, R
BT EEFIA SCHTR T A A B G K S AR
FIERSEEN -8, B54H TZRA&REY,
PR 2kt B 54 TR B R, 7T
DIVE B4 SCIHR B LB IR ER KRR

40

—&—CSIT

35 —=-DQ vary B

|| —+—PCQ vary B
--B--DQ B=10bits

25 || —t—PCQ B=10bits

PR (bps/Hz)
8

0 5 10 is 20 25
SNR (dB)
B4 ZHM=6,N=2,K =3HMEE

1020

—6-DQ
—B-PCQ

1015 L

EL B B R B

—
(=1
3

0 g L L L
10° & 5 i) i3 20
SNR (dB)

Bs5 EUIEPHLLERIE M =6,N=2,K=3

4 % i

AW T FDD 3T SDMA RE A R R
TRIAIEL, &% Bkt A 4b 90 A B B 48 A £ T 0
BRI, 2 TR TREEIFZRTI &L
AR, X ERES #1T 2 IRRE
BH MK T BILERE, HEERRAZE
BN A B IR RAT T 2 22 5 B B AR



T S ARG SDMA RGP RIEAEBERZES IR

5045-5059
SR [5] Ravindran N, Jindal N. MIMO broadcast channels with block
[1] Love D J, Heath R W, Santipach W, et al. What is the value diagonalization and finite rate feedback. In: Proceedings of the
of limited feedback for MIMO channels? IEEE Communication IEEE International Conference on Acoustics, Speech, and Sig-
Magazine , 2004, 42(10) : 54-59 nal Processing, Honolulu, USA, 2007. 3. I-13-II-16
[2] Ding P, Love D J, Zoltowski M D. Multiple antenna broadcast [6] Jindal N. A feedback reduction technique for MIMO broadcast
channels with limited feedback. In: Proceedings of the IEEE channels. In: Proceedings of the IEEE International Sympo-
International Conference on Acoustics, Speech, and Signal sium on Information Theory, Seattle, USA, 2006. 2699-2703
Processing, Toulouse, France, 2006. IV-25-1V-28 [7] Jindal N. Antenna combining for the MIMO downlink channel.
[3] Ding P, Love D J, Zoltowski M D. Limited feedback in multi- IEEE Transactions on. Wireless Commununication, 2008, 7
ple antenna broadcast channels. In: Proceedings of the IEEE (10) : 3834-3844
Global Telecommunications Conference, San Francisco, USA, [8] Santipach W, Honig M. Signature optimization for CDMA with
2006. 1-5 limited feedback. IEEE Transcations on Information Theory,
[4] Jindal N. MIMO broadcast channels with finite rate feedback. 2005, 51(10) : 3475-3492

IEEE Transactions on Information Theory, 2006, 52 (11):

Per column quantization of channel matrix for SDMA systems
with limited feedback

Wang Jing, Shi Zhihua, Wang Yan, You Xiachu
(National Mobile Communications Research Laboratory, Southeast University, Nanjing 210096)
Abstract

In consideration of the very high complexity of the limited feedback method to directly quantize the channel matrix
for block diagonalization(BD)precoding in multiple input multiple output broadcast channel (MIMO BC) space division
multiple access (SDMA) systems, the paper proposes a new limited feedback method based on the antenna combining
and the per column quantization (PCO) of channel matrixes according to the characteristic that each user has more than
one antennas. The new method converts the direct matrix quantization into a series of vector quantizations, thus reducing
the complexity considerably. The simulations show that the PCQ algorithm is efficient in complexity reduction, only with
a slight performance degradation.

Key words: block diagonalization (BD) precoding, multiple input multiple output broadcast channel (MIMO BC) ,

limited feedback, antenna combining, sum capacity
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