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Abstract: In the single relay multi-user multi-input multi-output(MIMO) system, in order to overcome the inter-
user interference, a new relay processing scheme which can be used to effectively suppress the inter-user inter-
ference is proposed in this paper. Firstly, the relay receives the signal by zero forcing(ZF)filtering. Secondly,
the relay precoding vector is designed by using the signal-to-leakage-noise ratio( SLNR) maximization criterion,
where a suboptimal relay precoding design is proposed since it is difficult to obtain the optimal relay precoding
vector. The simulation results show that the new scheme can effectively suppress the inter-user interference in
comparison with the relay terminal zero-forcing precoding, and at the same sum-rate, the power of the base sta-
tionis reduces more than 4 dB. So the proposed scheme is applicable.

Key words: MIMO; single relay multi-user; ZF receive; ZF precoding; interference suppression

HUNX RS Z A P i P L T B

13 = WS R G 7 R, F AT MIMO 2k 7 e,
NIRRN , f3y Ny =] \\\\LLLI\ /Aﬁ A‘}'L

e (MO) S e TR SR R

BT 3 A T (Z0) WU e (b B
R R A RS TN 10 2 (ZF) BURTS  BOARAL1= T R

PRI B (SLNR) B4 , (2 ki B P
RN BRI SER SRR SEZ A, B2 g BrIeies . SO 413 P kSR A 2

T AT TG R T T IRAN 50Tt SCHRLS TRT 01, 76
xRS B HA 2012 - 11 - 28; & E HHA:2013 - 03 - 12 Received date:2012 — 11 — 28; Revised date:2013 — 03 — 12

ELWA: B £AH F KX+ (20112X03003 - 001 - 02); B £ A XA F A 2T 2R A (61071113); 4 4 8 AR F AL FHAA
(2011J05152) ; A& 7 A3 %R B (3502720123035) 548 2 8 A4 #7-F & #3% R B (2012H2002)

Foundation Item: The National Science and Technology Major Project(2011ZX03003 — 001 — 02) ; The National Natural Science Foundation of China
(No.61071113) ; The Natural Science Foundation of Fujian Province(2011J05152) ; The Science & Technology Pillar Program of Xi-
amen(3502720123035) ; Science and Technology Innovation Platform Funds of Fujian Province (2012H2002)

*%  JBWAEE 1 1zhao@hqu. edu. cn Corresponding author : rzhao @ hqu. edu. cn

+ 750 -



%53 %

AREEEE R Ak Z TP MIMO R 48 Hh 4k T 5 %2

% 6 3]

Fh ks R ZF T30 2 A1 18 BR P 6] T 900 2R 8 i 22
SR Ea R, T B Ak RS rh 4k KR8 H A
S AP —E 1Y SR R

Cik[6] s T AE T Ak R ZF S R
RIFAG S AT IR P B I 5, eI I 5 5 40
By (R HOGE F rp 2 X A AT O o AN SR
SCHRL6 TR AER B, 32 Hh—Fh 5 T R Ak SLNR D
8 20k i 20 1 7 5%, 1205 SR AE TR Ak s RE 5 AT R0
TR R (g W A ) IR A 8 B - b 40 1 P P el i) T
U, BB LU ZF 0 gm A3 M T i, FLRBAR A7 i £ v
RGN RVERE

2 ki A RE SRR 5E B 19 £ 1 RS ME L (CSD)
R, D5 S P S o A 3 b 8 £ 3 15 R S 153 [ v 4k
Ui, TP 2k g AR AR S 45 [ 8 £ JEL R A 90 G ) R 4 14 15
Tho FI A IR A% 19 2 5 A5 A< X5 18 i 47 = Ak, 4
B AR TR B, RERS A RO B LR RO H o A
SR FBEHLAR & 71k (RVQ) B AR, RVQ T3 A4S (1) fith =
At M YERAIR EPR ST BEHL A N A2 18] [ 1 0
AT Tr B, DA T ALY S0 A A CRVQ ={eci ea, v ent, N
=2%, B N Rt LU AR, RVQ RS ASTE I B o8
H R AEECE EE G AT, A RO R R
BRI, HAVERE 5 I S A

SCPECFAF S UL : || - || IR Frobenius %K,
CFREHEER, ()" ()N ()N 7R RFE PR
et A AL

2 RgGHER

2.1 REIEH

AR AR R 2 F P B 4k MIMO 3
BRG, REHRUE 1 s, RG0H— 50
— A~ s AT AN P AL, AN P e H 4k TR
32 iR 55, Z2 W i 5 P (] 1) BRI o ko
Uit RN R 4k KRB Yo M, P A PR R
YRR BT ORE: e (AF) 4k,

Y
\ﬁ H 4k :{ 81,1

% |: _Hl .\[zFm B ||: —

B |\ N e, L EY
Y hg P2

AFrl

K1 REER
Fig.1 System model
2.2 TTHRESKE
B B AR O RO R EAT o S — Bk, Ak
] AR AL AR, TPk BRI ST AR

y1,1=«/F1H1S+"r,1 (D)
K Hy=[hy,hol by € CM S RIFRR N
S Fh kLR P L E SR 255 15 Em
W, PRGN s = [sy, 0] A&
LR 2 fES, B e Elss"y =1,n, A
Ak iR M P ] i, L P R T R B IR S (R LA
T 22 o A
ks (] ZF FSLE T H 0, o dk B ZF
BRSOy
W,=D\F, (2)
Hrp Fy=[hy,hyl* Dy HEXALICE 55 H
;i1 =1/ P+ | F G [2G=1,2) Baxf kg,
ai; M P ARSI B R — L R
Zeid ZF WA B2 5 A5 538 2o v 4k % S i
T gmi A Wy [ WA A kg . TP 1 B
FWUE S FT AR Ny

PP
yi= M g WoWiy, 1 +n;=

PPy
M

PP
\/?gl,lwz( 5,2) Dy 1(1,2) 55+

P,
ﬁgl,lWZDl,lFl,lnr,l'F n) (3)

Horr, Py v dk s i & H %, g, € € Y FoR
sk P 1 AR S I EE o, WL (1) R
W, (2,2) Zp il 3os ks a) P 1 R P 2 kS
ST GRS R 5, ng 2R P O M Il A Z B ME
AN T 22 R A

A W,(:,1) = f1, W, (:,2) =f,,D,(:,i) =
a;, Fi(iy:)=B,0=1,2,0 ExUAT RN

PP, PP,
Y1 = M gifiars + M 81,1J2a252 +

P 2
\/;Zgl,lfia:ﬂinr,l + ny (4)
m () TR 1 EERESE T Y
SINR, W] AR N
SINR, =

giaWo (-, DD (D) sy +

PPy | gi.fio I?
PPy I g1 12+ P, [ giafiaip 2+ P, | 2112005, 12+ M

(5)

3 Agrin R XTI
Hh 20k g AR AR 2R Bk R RS B R —
- 751 -



www . teleonline . cn

CENTIES /N

2013 4F

AP U5 3 2 i 1 40 5 4 4, BEAT 00020 T 1]
TR, 2 TH R GERY TR RE o
3.1 %&£ CSIEART ZF M pigit
HySCHRL7 ] rpm] 20, 24 mp gk o 58 4 2 056 Bk
CSLIN, Rk ZF w5 R AT LASRIR
Wy=F,D, (6)
He,Fy=1 [g'lr’l’g'lr’z]'f] g g—HP 21
%iﬁfﬂ%, Dz %‘%ﬁﬂﬂ%‘ﬁl%ﬁfﬁ%’?j‘j Q2 =
1/ FF,Ciy o) I i=1,2 XS i
3.2 £ CSIER THRAMN SLNR F4aIsEFFL T
¥ PPy || grofian 178 S 1 ik )
P 2 f e, SR 1 B0 £ e T B Xy
SINR, =
PPy | guifia 2
PiPy | giofiar |2+ Py [l grafiaiBi 2+ Py |l g1 ifoaafo 17+ M
(7)

BT A
SINR, =
fr(a%PlPZgr,lgl,l)fl -
ﬂ{(a%Pl P2gE2g1,2>fl +f1H(a%/>)%P2g{{,lgl,1)f1 +f§(a%ﬁgngﬂlg1.l>fz+ M

f?(a%PIPZgﬁlgl,l)fl )
f1H<11%P1P2gF,2g1,2+ 0%/?%1323?,1&.1 +MD)f, +f51(a%/9%P2gElgl,l)f2

XL 1R, A BT 1 AR5 5 D R i
RTWERE A F, WARAP 1 RRUE 5 2%
RO TR 2 2 BRSO ] e . RERS f
SLNR, F RALH) e LRI i) i fy 0 f, BEit i
sACAL AT DL R

arg max SLNR
fnec”

s.tfifi=1, =1 (9)
M (9) AT L& BR, SENR, fie KA T 2 ] Inf %
TR ATE R & f M HRE B f T f
23 LEAC R, 7 B —Fh A A 3302 60 3K (9) SR i o
PRIt , A SCH Hh — ok p i 5 T AR Y
BRI fi B0y, BRI R A AR
E— Wk, R £ (a3 Pg1 1 810 fr =
0, W ILAT SINR, 7T LR N

f?(“%PIPZgEIgl,I)fI (10)
ff'(a%Plngﬂzgl,z + aﬂﬁngr,lgl,l + MI) f,
A\

T A= G%Plnglll,lgl,ls B = G%Plng{[,zgl,z +
aifiPrgt g1 + MI, FIF Rayleigh-Ritz & PEZ5 18 Al
%H[S]’

SLNR] =

1 Af)
Sfi'(B + MI) f,
Hrp A BHEFEXT A R B + MI 5 K SURIE{E
- 752 -

<Ama(A,B+ MI) (11)

Y f1 = X (B + MI) "' A, 5550807, RIS
Si R Q0) W

E_F M 2 MEIRME AT DLRIR
SINR, =

fg(a%PIPZg{{,ZgI,Z)fZ
[3(a3P Pagilig11 + a3f3Pagiiagro+ MDf> + fi(aifi Pagilag ) f:
(12)

W — B m W fi A C = il (a1BiPagls
gi2)f1, WTHL C 3—Ahrie, WILIE SINR, w] LA%%
B

SINR, = ﬁl(agpl Pzng,zgl,z)fz
LUBP Prgll g1 + 3B Pagllagi o+ MI+ CD)f;

(13)
[ 2, 55— DAL, FI A Rayleigh-Ritz i 21
458, TSR B ORAL SINR, 5 ALf# f>o
FEZH B TR R £ AT
(8)H, BLHt D :fg(a%ﬁgngﬂlgm)fz H— bR,
W SLNR, AT LAZRR Hy

f{1<a%P1P2g{l,1gl,l)fl
1P Pglagi o+ aifiPaghl gy + MI + DI

(14)

[FJ B, FIF Rayleigh-Ritz 22 PRE516 , AT LASK H i
KAL SLNR, W EARSE f1o
3.3 #4 CSIER TH4magseEigit

24 ep i AN EL IS 4 CSI I, 75 2R FH A BR
TR P S Al 11 4 27 Bk {5 1 B 5t Il v ko
AR T A B A B B 5 75 s, B FH P iy
vt Hh 5 Bk 8 1 5 (5 B (CDD PR R it fh it
AT R, 5 BEIER CDI AT LRI

~ 81,i .
g, =, i=1,2 15
b H 81,i H ' (15)

FIFH RVQ A3 5%t g F g hdE 4T AL, 5
FE A FE 5/ B B VR D), S 5 1) 45 . e £
N YRR B ) LA e R ) Sy

81,1 = arg m%x|é1,lci* ‘

I<i<2

§1,2=3Yg m%x|§1,2cj)} | (16)

Isjs<2

Hr, ¢;, ¢, 9 COIEA R BIIS T IA KN A 27, B
RIS R B R R A L RVQ A AT B
[F] AN o i A1 P S 2 R

B E A 73R 515 18 1 S 18 S At [e] v 4k
i, AR S AR I S 153 [ PR 285 |5 R X I A 5,
A D (5 T A B R BETT Hp Ak i 2 32 91 44 B o
gt 1) e ) BCHHE D AT LAS B 5 A TE RS R B
B ER AT B

SLNR] :ﬁ(a



53 4%

AREEEE R Ak Z TP MIMO R 48 Hh 4k T 5 %2

% 6 3]

4 FEERSHWH

FERL R A% Z P MIMO Sl 15 RGP B, R
JHF-AH Rayleigh % V%15 18 , 1B 3 0T A B Ay 2
(A E M Sy, T 2 5 T 3 kAU 00T R G
FPEREM AL, I 2 AT LUE Y, AR BT &
GevkResz AN K. XA B Y 3 e AT LA
®)hEH . @), RN RN F SR,
SRR R P TR R AL, f) A BRI
W R R AT o BOK o3 BN S o BEY 2
DR 2 LA P R R P TR A B P
H O M Re 2 A, B2 (8) oy BYAHICT, 1 £, 1)
FHIRTFUAR R et il LA Z M8 AT

----2X2X 1, %

2.2 | =-e--2X2X LIKER &
Ot eeaxiops®
"9 2.0
T 1.8
% 1.6
w14
1.2
§ 1.0
W& 0.8 P

;fzf’
0.6p7 0857
0.4 32343638 404.2
0 2 4 6 8 10 12 14 16 18 20
RGP 3545 Mk Lb/dB

B2 AU RGN AR LRSI

Fig.2 Effect of iterative times on sum-rate performance
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Fig.3 Sum-rate performance comparison with 2 transmitting antennas

B4 25 T 24 58l o b 4k o R ZREH o 4
i, 584 CSTEHL 5 EB4r CSTIBHL T, 2 5t i il %
PERERY LA, #8453 CSLAEHL R, A BRIt i =
JEM6 b

3.0 —Zxaxizmen

e,
—>—4X4X [ SINR 52

e
n

=
o

e SUREE e S

ARG REZE/(b/s « HZ)
y

—
S

(=3
W

0 2 4 6 8 10 12 14 16 18 20
H i KX fE &/dB

Bl 4 Jipfiin 4 RREAEOUT RGN RIERELLEL
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