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Abstract: A non-unitary precoding system based on codebook for multi-user MIMO downlink transmission with
limited feedback is proposed in this paper. The proposed scheme will perform scheduling and precoding just
according to the limited feedback channel information SINR of each user to enhance the system capacity. A precoder
codebook design method is related to Grassmannian line packing criterion and the vectors from the Grassmannian
codebook are grouped into non-unitary matrices according to their correlation coefficient, which aims to enhance
the precoding gain and suppress the multi-user co-channel interference. It has the advantages of low feedback as well

as low complexity and outperforms the traditional single user MIMO system and the unitary precoding system
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based on codebook for multi-user MIMO under the same situation.

Key words: Multi-user MIMO; Non-unitary precoding; Grassmannian line packing; Limited feedback

1 518

MIMO (Multiple-Input Multiple-Output ) $ AR7E S =
TR AL, BRI R 255 Uy T R A AR AR e b 5
KIIAEFA BELEANE AT 58 (R 00T Bof et i 5 R 4
HRAPUER A, BT R MRS BRI
FEGMIMOBEAREE T w06 s S AR, i 22 T2 )
SEFIMIMO$; A, STC(Space-Time Coding) FlJE T4 8]
STHMMIMOEA, WIVBLAST (Vertical Bell Lab Layered
Space-Time). Hi& AEHHPURERE, X HEELAR
TRITEFRE, (URIERAE R R MR, LR ARk
AR T 2 5 B R A R AT A R A e
HIARE IR, (H AR A A TN EAR 2 (A DG PR
WA R B iR RS 4,

BT 2 REHARBFMIRN, MIMOFA T s £ 1H)
W RGY R T S 2 S IZ R P MIMORZP . £ 1

2007-04-02 W3, 2007-09-24 /5]
[H5 863 #1177 H (2006AA01Z260, 2007AA01Z261), [H%K HKE}
2 B4 (60702051) A iy A5 24 A 1 s R4 30 H (20070013028) 75 Bk

i)

PN Z REEE MRV 2 U ab: 2 REAA /823 6 v LA
iR R PERE, 2 REGME R H P EER R
R, 0 R Rk o T A R MIMOBIA o T ik sy 7
i i [ MIM O A F) H 25 43 2 41k (Spatial Division Multiple
Access, SDMA)FE A GEZEAR RIS ] . A0 FIRG I P8 YR 1AL 2%
ZAF RS, B A MIMO R4 fiE K K m R4
FRABE R . T mBHIMIMOE R & T 4R
PR (51 B =a s O v S - B B eI SR 5y S Rg VA P
W0 ZHENERBE R S R AE, W RGO AL 5
&, EMIMOR S, M4 M P ZEILEE R — I A
B BRI, LARSFIANZ H S HLE T3 (Co-Channel
Interference, CCI), EIXFE LT e HI P gm T B AR AN ZEER
BRI 28, M IS ZE R 2 P T4
M5B ieME, DPC(Dirty Paper Coding)®EiiF i,
AT TR G D, W R ik st B W 1 S gk 0 T 45
5, PR EE I AT DAL, A TR LS
HARRESLETIRRSNEE AR, T DPC B IR AE
I FNSEBR RS, SR TGRS AR N T A P s
-2 B T I A A BE O T g S R, W E T B



2420 BT 5 FEE%#

30 %

(channel inversion)®, {ZiEex} fi1k(Block Digonolization,
BD)® Ve, R A (IR A
(Channel State Information, CSI), FbHJ {55 5 S i3
BOR, AR TSLERN ] 53— REFE T AR IS EA,
BT L A A 1y P AR A O R B A TR AR
TG A4 AT SR s A BB AR TS E SR AN — [ 2 A, REE
FR A S A5 015 1 U= FR 7~ (5 B (Channel Quality Information,
CQI) >k M ] 7 5 A Hv 3k 645 385 1) Tt i ) 1) 6 0] 3% )
ATty b RN HEAT S SR 1R 3G AR
#EEE 3GPP LTE ', AR 10 A 04 T4 i MIMO $oAR
OB o #5177 20

AARHMZ A MIMO 5 &2 —MAGIRE IR,
IO e BT RYA M HE TR M figm s 2 H - MIMO &R 48,
YA PR M5 1E (S SINR(Signal to Interference and
Noise Ratio) 7 & 1% s AT 8 FE R4 5 K42 v R L I A It
i, ARG T 2 R o SR M T I R RS
PEfE. FIAME LI E (Grassman) Tl 255 H A 340 T B
MIBE 8, I AR A% B 1T 2 A A b 1) 1) PR AH DG MR s A T
TG AR FERER AN H] CCT,  HALZ RIS H P+ MIMO R4¢
AL TRDA G BR S 15t Y AR RE T AD 2 F - MIMO R G4
HAHLFERE .

AR 24 T RGEEAY 5 37145 R T SCHR[10)
PP R ) P R R T G R AT A RO b T 2 N (AR AR SR B 2R 4
A AR SR H P T A PR A PR S I T R T i 22
JTMIMO #4¢; # 5 TR R Ba—HnN
ALH R
2 RGHEE

¥z H P MIMO RETEHuima M iRIERE. 1
¥t N RIENCR L, 30 X AN RIELEEE .
FEM K(K < M) AN P BT i 55 B w Tigh s g Ak, il
1 Fis.

i

. . g
P 1 MR 1 1 N
P2 } 2 i |2 N

: P \Q:—)ﬂ)‘ﬂg
e x| ek MT ]

MK
L I

FR

KBl 1 ZH /" MIMO REGHER

TR AT, R TR, B B AN R

IS AT TR N
y, = Hws+n, k=1--- K (1)
h’u hl,M
H =|: " (2)
by, oo hyy

H, %55 kAR MIMO A5 800 N5 by A5 5 AR
REENH o REAMORE IO TE Y, JLAZ e AL 1)
JrA i) Rayleigh 604y, A5 kMM REINGE S n A
Rk ol vk i e, AN CN(O, N ) I3 o

s = [\/p—lsl P28y o \/ﬁsK]T (3)
w=[v v, - V] (4)
szpk =P (5)

v Wk ABARGIORIEIIE:  py BT AR RIS R
W s BRIERS R, G0 KRR w
M K BRI, 5 K AR R o, [|o|=1
SR

3 BIEMETRLRADRD A R AR T AT B =5 (6 S A JR 72

(1) PTG L B AS A0 SCHIR [10] 7 A2 1 P4 A T g
A4

E= {an"'vELil} (6)
E' A E W5 -1 AN TGS .
E'=[ef) - €] (7)

el) Ay 55 -1 A TRGR ISR BE IR SR mA 1 AT G ) 5, My

1 T
0 — (1) (1)
m \/H [U’Om o /U‘(M—l)m} (8)
W 21 l
Uy, = €XPYJ M m+ Z (9)

Ubyy ST L AT S o1 A T B i) ) 555
nAl ANTEE o PEHRE TR DD AR (7 A R A i, 7
R I TR TS HME P G ) RPN IEAS, A EE! =1, Wit
AEA AL CCLe Ml LA I, 874 HAT (LR R % K 2k
K MRV 7 TR B AE B L RS A . iR T P S 1
CQL 1% KR IUE AL /7 96 g P MBS AR 6 30 A3 )
TR AR BT RIEIE

(2) W 0 2 25 TR ST A 0T 2 25 ) G, m) $8T
H om AERR AR ) E™ 1 n 2T 25 I A o M0 2 2 )
BRI YN, R, 75 B R REIS N, A n 4T
RIS A, A BRI o 07 20 5 ) SR AT ML bt Tt
TN AR R S B TSRS A, Bltn =1, RIXRL
B Mo, PR m = M s R 538 o oN 5 5, LA
E=C . WR AR E OV Rk B N, 4
H MG, (R A TR 4 LR N B s K9

e CM HHRH N, &S, I M N, EHEEV =y,
v, vy JRER, ||v)| =10 OV i, xR T
OV 2 B S . FTLAIEWIH A R R AR [ R A K A
RIETGII 3 G, (H) = arg max |Ho [, 1, BEKACFA

o 7 P 4 TR TR N B d (o)) (e S LB B U P
FHZMKSM, Wb



10 #

T kF e TR HUR B PR BTS2 11T MIMO R4 2421

d(v,v,) = sin(ﬁu) = \]1*‘ '”F'UQ‘Q (10)

LR BN e CM B — AL & {v, ) . fEEHY
AV BAGEKIIOV) .

6(V)= min ,/1— "u}f’ul

‘2
1<k<I<N

(11)
AR LA EAEN, AT LA B R AR RURIE R L M NN, A1)
BRI M x N, YRR B2 A

4 ETHAMERRIRIFEEMEMRIDL R

AW T — M L ANTE R AW = {w,
sy} SERSAS TR A i AR WS A TS WA o A
R TR G A B aw, B FE M x N, YE RS BT S A0 AR 3
K AR B R A T (48 ) AN TEAS, PR A s 1 i
Gt B AR R, 5 waw = I o X M x N, 4ERIR R
SRAKYL, MILAT DR Cf AN TR DR, A
ISR p (AT HERY, o N RGBT A 1) R DG
R A,

KK
p= Z Z v/, (12)

i=1 j=i+1
TR LA TG0 DA B D AR, AR AGIE B AT p HI1)
FEFE . R BATEU p (I TUARAGHRE, HA7 R T2 H
FHHE T CCL,

SRS R P MIMO K ISR, Beioi £ g A
HEM B 2 SRR G, AR 3R B 15

s=Gy (13)

18 UE N (ZF) A f /N34 77 15 25 (MMSE) A& 7 g i FH 1 U
W BRRHLA TSR AT bERE, JEEEH MMSE .
% MMSE NS, e 3AERE G R
MN,

—1
G= [HHH + IM] H" (14)

Do
()" RORHBE R, () RN, T, M x M
Y A AERE . W Z I MIMO RE0k3, 4nd Wignis o
55 kAP A5 AR R

H.=Huw (15)
PRI SR H) MMSE #EU (1 22 H] F* MIMO R4k, 5 k1
FH P R ek e i B

-1
ék=f~LkH[ﬁkﬁE+KN0 IM] (16)
Do
hi = Hu, = [ﬁk]k = [Hw], (17)

v N kSRR RS R [ R BGERERER & 8.
B R BRI IR SR RN N

K
Y, = VP Hyvs, + Z JpH s Ay, (18)
i=Lizk
AA8) PR A 2 L BT, e —Hr A . K
s MMSE #EMAF 2R k%
sh = Giy, (19)

2 MIMO #illj5, F /7 ki SINR K

~ o~ 12
SINR, = fo‘cjk?k‘ — (20)
> ple[ el N,
i=1i=k
~ 2
SINR, = ’fﬁ‘G’“H‘f’“‘ _ (21)
> p|GiHw| + |G| N,
i=Li=k

MR, XA Rk, 3 SINR AAEAUR T H 51K
FIERE H, , SRR T B PR [ & v, KA
MR & v, , — DTG FE w, # TN K 4~ SINR
fHo RS &H ol E a8 TEEEME H, G, )
PR O ENM TS A W = {w,,--w, }, THEH Kx LA
SINR fH, A/ ¥ixee SINR f{E R WiHEws, DIgLE,
TIREE.
Pt, AR T — R KRG ERE . K
B ARYE 5 P R SINR B 2R 48 75 1 f U A 5545
WEER X AN s K AN, JFRE SR I 1 T i 4E
M w, EHREEGRAGHE. XZH)/7 MIMO R4k
Ui, HRGHERRN
Cyr (SINR) = z}(jlog2 (1+ SINR,) (22)

k=1
AR GEARAEN A
w = argmax C,,;,;(SINR) (23)
weWw

FCATRAAT A KA ) 08 AR ) S0 B B v T AN ] T3
e, Wh
v, = [w), (24)

RGBT

(1) HHE LR AERY B P A RS A W = {aw,, - w, } 5

(2) 2% TP AR 0 A5 308 I 0 0 4 2 A o B o
K x LA~ SINR [FE, KHiX28 SINR [R{H 5 bt 2 Bl ;

(3) =R BT A S B BRI R, TR IR KA R e
EAEMIZEFE K A RT RO N P B AR R w » IF HAEASH
SRS TG R w BTG 1) v, = [w]), 5

(4) =X K AN BEAT TG Y 2 5 K%

5 (PHLER

i T AT T7 FAL Gl 7 MIMO R4 & B
IS 2 P MIMO RS &4 FERE, RA
SEThER AN IE, Forh B AR BE AN B SR BE TR 5 0 22 B 7 MIMO
T3 SAT R v 5 R P FR G 45t RV AT VR RE o X ol o
A2 PSR EER A DI 0 B B P MIMO Rk,
ARG R M LR R %5
3 log, [1+ Lo Af]] (25)
i=1

N M

Cop = max

N K HIH 5 i MYREAEME, no= min{M,N} .
M4 LTE Bk, fRuchubuieT 2 AR RE, M unfy



2422 BT 5FEE%#

%30 4%

2 MR 2, el R A MMSE £, p,/N, = 5dB ,
Uity 10 MR . O TR R A BER T P ae
MHEE TgmADAERE, ACGINT M =2, N, =64 IfgHii
SRAS, R R A P TR A O ZR B 1 AT
10e-2 Zifq o

Bl 2 Fiiel 3 2 MIMO [RIWFH 2 I P+ MIMO J5 %
EAE L R CDF (Cumulative Distribution Function) 4t
AR AT RAE L = 4 W EARZER T )T MIMO J5 54871 T
K 1bps/Hz (I RGEA R, B L 1M, ReaEits
P21, HBLIN AR 2 SO . RIS AT S B T A
IR HERE TR 2 P MIMO R&EVEREELF, JREIETH
BAEXT R AR ZE A K OUT K hr i 2 i A v ) T
T 1) 0 L (4L T v P P e D 4 2

1 1

. ARV bl
0.8 - 0.8 ﬁ/
0.4 7 0.4 4
02 Foifp 0.2 fooff

0 0 A

4 5 6 7 8 9 10 4 5 6 7 8 9 10
RY A= (bps/Hz) RY A= (bps/Hz)

—— HH A MIMO
—o— BHHFF Y L=4
—B— JE YA TR L=4

—— HH P MIMO

—o— ESEREMgmIY L=8

—=— ALY STIRAD =8
&3 ] MIMO [F2 1
MIMO £ L=8 K CDF H#%

Kl 2 B MIMO [FZ 1
MIMO 7 L=4 Fi CDF tt#

P 452 3 P57 SEAEAN R P B A P I 1 B R G
RILH. BEE S Hgn, R aEtokhiEz igt. K5
A3 BT SEAETERE AT 10 ASF 7 S50 A I R et A 1 fig
ER5P

@€

107 ¢

t (bps/Hz)

N

MW

)
BER

4\

TFRG
[=2}
E\

o

| 0
Y
10_4 | | [ Ty
10 16 0 2 4 6 8

WPEC o s MIMO
—— BIHFESm IS L=8
—B JER AT GRAD L=8
4 3P EAEARR
HPER P RE R &

N
f=2}

5 3MJ7E N BER R

6 LHERiE

ARTCHE T T T A 1 A PRS2 R S04 B
TMTZHIT MIMO REGE. %77 FERAE h T 2 25 () e i J B
FINBIRGABE U e, I A% 207 8 AL A o (1 1) 42 AR SRR
B Y P B R R i i P e 8 2 AR 22 P T4 %
TTEABAMM T 2 e s g g 25, /e 2 1

JUTERIFIN,  LEARGE ] MIMO RGO L R
T RGNk RE, I HRAT RBURD . BAREARIIL .

2 % 3 #f

[1]  Jorswieck E A and Sezgin A. Impact of spatial correlation on
the performance of orthogonal space-time block codes.
Communications Letters, 2004, 8(1): 21-23.

[2] Diggavi S N. On achievable performance of spatial diversity
fading channels. IEEE Trans. on Information Theory, 2001,
47(1): 308-325.

[3] Tarasak P, Minn H, and Bhargava V K. Linear prediction
receiver for differential space-time block codes with spatial
correlation. Communications Letters, 2003, 7(11): 543-545.

[4]  Bolckei H, Gesbert D, and Paulraj A J. On the capacity of
OFDM-based spatial multiplexing systems Communications.
IEEE Trans. on Communications, 2002, 50(2): 225-234.

[5] Haustein T, von Helmolt C, and Jorswieck E, et al.
Performance of MIMO systems with channel inversion. IEEE
55th VT'C, Vancouver, 2002, Vol. 1: 35-39.

[6]  Quentin Q H, Spencer, Peel C B, and Swindlehurst A L, et al..
An introduction to the multi-user MIMO downlink. IEEE
Communications Magazine, 2004, 42(10): 60-67.

[7]  Costa M. Writing on dirty paper. IEEE Trans. on Information
Theory, 1983, 29(3): 439-441.

[8]  Spencer Q H, Swindlehurst A L, and Haardt M. Zero-forcing
methods for downlink spatial multiplexing in multiuser
MIMO channels. IEEE Trans. on Signal Processing, 2004,
52(2): 461-471.

[99 Choi L U and Murch R D. A transmit preprocessing
techinique for multiuser MIMO systems using a
decomposition approach. IEEE Trans. on Wireless Commun.,
2004, 3(1): 20-24.

[10] Samsung. Downlink MIMO for EUTRA. 3GPP TSG RAN
WG1 Meeting #43, Korea, November 2005, R1-051353.

[11] 3GPP. Multiple Input Multiple Output (MIMO) antennae in
UTRA (Release 7). TR 25.876, 2007.

[12] Bachoc C. Linear programming bounds for codes in
Grassmannian spaces. [EEE Trans. on Information Theory,
2006, 52(5): 2111-2125.

[13] Love D J, Heath R W, and Strohmer T. Grassmannian
beamforming for multiple-input multiple-output wireless
systems. IEEE Trans. on Information Theory, 2003, 49(10):
2735-2747.

[14] Chiurtu N and Rimoldi B. Varying the antenna locations to
optimize the capacity of multi-antenna Gaussian channels.
ICASSP, Istanbul, June 2000, Vol. 5: 3121-3123.

1, 19814FE4E, W-+4, WIS A ELBshiEmfs .
MIMO.

denrde: 4z, 19764, RIEER, WEROT ARG, BIEN
HA. MIMO. OFDM%:.

B, 19594, %, WA, W55 R EhiE
G E5EEEAR, WS RwD. 55> 2 bk EaE.



