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Fig. 1 Cognitive multicell system model

B K
Yok = D) Db, d g+ 2 (1

n=1 k=1

AW m,, € CTUARNX n B2 = AN P BB TIE R B s d,. € C N EE S n R 45N

IR BEHE: 2014-09-09

BEEE: HRARRAITT),H L BIHERZ ., %N 5070 T0 408 17 B T 28 W 46 BT IR 8 B8 5 T A9 AT 58 E-mail : dh-
chen@hqu. edu. cn.

E&WAHE: fWild ARPEESRIIAE (2012]05119)




186 R R (A R B 2E O 2016 4

HAP R WRE S H d,, €CHR ELId,. € CI* 1= 12, MBI @ i e A HOIR =, ~
CNCO. NI 3k, € C T FRINFIIE S, 0 BEARI/NX 6 5 & AR P B2 H {5 18
IWHI R G A DR A

p= 2> lIm.|* (2)

beBreus

IWAVNX 0 W2 0 AN AT P MU 5 1915 TR EE (Re) A

| hy.,..m,, ‘2

K B K .
2 2
Ny + 2 | hyyumy; [P+ 2 2 ‘ hn.h.kmn.kl

i=1,j%k n=L.n7b k,

RSN — (3)

XFERP T HIA RN
IF, = 2 E | 8. My, |2 <1, Vi=1,--,B. (4

be B ke U;)

KD g, € COTFRINAUNK b H (5l BN X £ o 3 P (0 0 i 2 B
2 FRAEERTAK

2.1 BENNSPMXERER

TE SR v Ha?%iﬁfﬁfri%%%l%? FEAS L 3 AR AN 1] BB 28 A5 BEARL (5 JE IR S5 2. A J0 3
vl n BIARIEE S, 0 thAS R AN PR R E N

P T S Vn.b € B, VYkeU.
A R N A T L 8,00 9 R A TR 25 T A E £ A TR 25 A A S G [ X s L B
Lo = A8k * 8,00Q 00000 <1} [F B INHIFES 0 BRAHUNX L P & 58 R
S0 = &+ 8 VbeE B, VYIE B.

g 8 A B S A R T2 iR 25 8, EE A TR D= (8, ¢ 8,.0,.80 <1},

TEAR T 1R 22 M 2= e BT R L (L TRl

mlnz 2 H m, , H (5a)

Myt =1 k=1

s. t. min Rsvy.e = Yo s vsu.l;.inl.l;.kaill{b,k <1, nsb € B, k€& U/? s (5b)
{Bll.b.k

min IF/ < I/ ’ V&/,,/Q/,.z(s/{{z < 1, b & B, [ & B. (5¢)

(6.0}

HFiREBE &L, X G (SO FIITZMNRZE N T ERIET Z 2R 8, R A S-Proce-
dure® ¥ H 3 f LMI(linear matrix inequality) JE X . 52450 X (5b) & i) LMI Fy

A, — |:Alz.k +al).lez.b.k l?b.kil/ﬁ/).k}> 0. (62)
hy., Ay
— B, + Byt Qs — Bihfl,
0. = ~ > 0. (6b)
1 - h/).zz.kl Bb d().u.kl

B

> — i H — H H
K (6a), (6b) Wiy =035 cpp = hy i Ay ihfly — ZX/;./;.& —No—ai 34,0 = (/7,0 my, m;l, — Zmb,imb.i 3
b ik

Bk, = 0;B, = Zm/ miisd, ok, :_il/).7z,k| B/jlﬁu.kl + bk, «
[ 2 'ﬁ%ﬁﬁe)fmﬁ(lﬁ’] LMI Jy

—B,+7.Q,. —Bgi
.Q/,,/:[ ‘ b 18b.1 A/ //}20’ (7a)
— guB,
— B, + 7]/;.1Q/;./ — Bhélﬁl
Ay = N N . B > 0. (7b)
— g.B, —g.B.gil, +1,— Mot — ZP/;./
nb




el T A AR BARE TE T B2 A SR 2 KR TE 187

S-Procedure {8 JC & A AL g BN B LMI 2550, SR ] SDP R fift e [al UG AR N 1 S & L W =my
Wil WG AR TR R C5) R 7R

min i i trW,..) s (8a)
Wyt h=1 k=1

s.t. W,, >0, Ay >0, ap, =0, Vbe B, YkeU;, (8b)
0, =0, Bronr, = 0, Vne B, n#b, Yk €U, (8¢)
Q,, >0, 0 =0, Vbe B, V!l€ B, 8d>
A, >0, o =0, Vbe B, VIe B, (8e)
Rank(W, ) = 1. (8D

RSt AR 1 25 ) 1 3 AR o A 2 1E 2 BRI 170 R DT T P 0 v ™ (R AR AR A C VX SR A
2.2 SHARBEREAER

DU TR (5D i 224 rp T3 3SR A DT 38 R S B A2 20 T2 RS 2 T 8. SCIRL7 HEfe e 2/ X B 5t T 4
T oA AR R B AROE BT ¥ T TR SCRRE7 D% 2 A 24k B3 77 308 7 S0 0375 5% o DT 552 3 0 A 205K
fift. 2 (8) T AN IR DA K il 11 38 ST e R 3 i T 48 24 ROR 45 AE — &2 . R T Primal 43 i 7 220 5 # 45
T D0 249 SR R AT I A 1) R (8) 23 gk il — > ) AU B AS 1~ 1) R 23 it i 1) 1 TR0 RS g 2 2 1E
AL ] 75, R

K
min Etr(Wb.k) s (9a)

Wy, s k=1

reu;
s.t. W,, >0, Ay >0, ar =0, YkeU, 9b)
@l;.n.kl >0, B/,.”.kl 2 0, Yk € k€ U}ja n 7 b, 90
Qh.[ zov T/,./}Ov VZGUPv (9d)
A/,_] 2 0, Y/ 2 0, \7’[ € UP. (9e)

%X fl;(XI)vP/;) = Etr(wb.k). DJIJEJ%’E"JIIW%E?@

rEUS

’min So G s P s

] o)

s.t. x € Rl P, € R, vbeB.f

KAOH: f G PO G x, Py C R O &L H AR .
= [R) R o TR G S 5y, AP, SRR (R BERT .y, NP, BT R B OB FE VR R L B
X”-’“h(tJrl)P{X”»”-k](t)_a(t)sl’-"~k1(t)}’ Vb e Bv nib, Vk] e U/?v (11)
po e+ 1) :P{P/;.z(t)*L;'(If);'/;,/(l‘)}v Vbe B, VI& B. (12
B
KAt BRI 0O M o (O BERE K s, G+ 1) = e (O — ol s50, (0D = D) g (D) —

)
& () I3 IR COTE L oo, (O F pyy (O REBJUAS BE LA e Flok, 23 2R Ob) L (90 By A it
I H e+, ¢ (O R g (O 53 HZRL RO, (9e) I Fe L Hits B H 3+

T SR B 1 DA R () 0 e S M R SRR OB BE S WX T Y b€ BN EE S b n] ol Sr B, A
(IS WE-F 3 RS AR

3 HESRSH

INHIRGAE B=2 MAFHV/NX AN B LS T=4 @& K& BN/ NS K=2 M3
REINFIA P B 1A BRE T ARG 5 44 F P () 9 B AR 40 A6 D 0 dB, RIS AR 1Y 45 55 W 75 1Y
Pl R 1. AN — et i3

Yo =7 Ybe B, YkeU;,
I, =1, VI e B.



188 R R (A R B 2E O 2016 4

D5 B B 2 BRI K o () =0=0, Y ¢ /N A T30 B 5 P B T w ik 1k
Yoo, () = x (1) Vb&e B, b#n, k €U;,
{pw(z)—p(z), Vbe B, b€ B.

o Ml (O WK AEDF b 25 5 38 % 5 F M L 57 Jy 22 10 52 8 o B AL 7% & BV 3 IR D B

v N TR AR DL, AR A1 T8 1% 22 8 2
18 7= 1817 <& Yn.b€e B, YekeU;, VYile€B.
FEA R AP AN F TP T 3 — A AP B 2k AR 22t it 26 an 8] 2 fiezs. 13— ARl
S(t) = (P(t) —P)/P..

X PP Ay FRR 3 A R v ¢ YGEAUE 1Y R T AR SR A v B i ST L

B 2 H.y=0 dB;x(0)=0.25;e=0. 01. N[ S 1007
TR I 2 I 2 BRI 2 — R

AN B/ R A A o3 A 2R A IR S #R 2

ARG, SR TR K K S BB A TR S —
Tl R MR B3 4 1 o L j.w
KRR T R MR MR

T He (R ) 1T R b 1 il 42, 1 3 . il [ 3
1B TP R 693800 5 28 55 00 25 19 24 T 26 4l i 2 $d 107010 20 30 40 30 0 70 80 9 100
s 305 3R 5 0 3900 3 B 1 S 0 0 0 - ‘
MONRIEAME I B, R st 2 ARISECTMALUR RS 2
ﬁiﬂfﬁ{%lﬁ?%éﬁ% E\Ijj%z Fig. 2 Convergence curves of distributed

TR AR 2T+ 2 40 A1 2 B A 1 P P 45 T8 L
R TR 725 A0 M 252, G0 T 4 5. phy 61 4 0T 260 25 295 0o 2 25 A R0 0 R FO 488 6 W7 030 0 5 AR (35
S A 2% 50 R g S 0 T R 1 10 28 5 R B b L T L3 5 2 /DN T 75 D 2
S % B AELE S AR M AR o £ 1

algorithm with different parameters

23 g e=0.01 PR FLIE B[ e 20,01 PR TEIE
e £20.01 MRS 30b -=-£=0.01.50M XF K
2.0k -b-e=0.001 4R o - -£=0.001 PRI
----- £=0.001, /3 A B 5 95| - €=0.001 53 A AT A
— IMMEIE T Ak . — PAREIE T Ak =
= ~ 2 20p
e & - b
:f B T -
- 10—~ : >l
C s
e
G| W= o
0 0
-3 -2 -1 0 1 2 3 -5 -4 -3 -2 -1 0 1
R/dB Rey/dB
K3 RGELBNFEHIANMAHPETEI R TRAXR B4 RGRE AR P Re 7] R 0925 4k il 26
Fig. 3 Total transmit power versus Rgy threshold Fig.4 Sum-rate versus Rsy threshold

4 HRIE

TEINT] P A3 0 P 850 U iR A 0 0 4 o s 2R G AR SR A5 BIAR A 45 T8 A5 B L A0 2/ X it e it
e RO B IR S B B P o e 200 255 1 T AL A4 B e /N A S - A0 A v UL R 5 800 1 R 22/ IR A AR
BRI A S B T Z A AR IR R A e AR rh Al B 7 50 o0 A U0 U B A SR 45 B AN X P
14 Jr B A5 T DR 2 A 5+ S vl 1] Y DI A {5 5 T 7l ) e 47 T S P v A ) B DT IR A2 2%
JERM BB I8 5 HEAS SRR AN RS RO SO LA SO {5 18 5 22 Fa i - 1 H. 28 /0 i WOBGE AU +
or AR SR A R PR .



el T A AR BARE TE T B2 A SR 2 KR TE 189

S E 3k

[1] HAYKIN S. Cognitive radio: Brain-empowered wireless communications[ J ]. Journal on Selected Areas in Communi-
cations,2005,23(2) :201-220.

[2] GHARAVOL E A.LIANG Y C,MOUTHAAN K. Robust downlink beamforming in multiuser MISO cognitive ra-
dio networks with imperfect channel-state informing[J]. Transactions on VEHICULAR,2010,59(6) :2852-2860.

[3] DU Huiqin, RATNARAJAH T,PESAVENTO M, et al. Joint transceiver beamforming in MIMO cognitive radio
network via secondorder cone programming[ J]. Transactions on Signal Processing,2012.60(2) :781-792.

[4] WIEWARDHANA U L,CODREANU M,LATVA-AHO M. Robust beamformer design for underlay cognitive ra-
dio network using worst case optimization[ C]// On International Symposium and Workshops on Modeling and Opti-
mization in Mobile, Ad-Hoc and Wireless Networks. Tsukuba Science:IEEE Press,2013:404-411.

[5] PONUKUMATI D,GAO Fei-fei, BODE M, et al. Robust coordinated downlink beamforming for multicell-cognitive
radio networks[ C] // IEEE 24th International Symposium on Personal Indoor and Mobile Radio Communications
(PIMRO). London: International Conference on Communications,2013:719-723.

[6] KIMY J,SONG M G,CHO Y S,et al. Decentralized beamformer design with limited multi-cell cooperation for in-
terference channel of cognitive radio networks[]]. Transactions on Wireless Communicaions, 2013, 12 (8):4142-
4152.

[7] PENNANEN H,TOLLI A,LATVA-AHO M. Decentralized robust beamforming for coordin-ated multi-cell MISO
networks[ J . Signal Processing Letters,2014,21(3) :334-338.

[8] BOYD S,VANDENBERGHE L. Convex optimization[ M ]. Cambridge: Cambridge University Press,2004:655-656.

[9] GRANT M,BOYD S. CVX:Matlab software for disciplined convex programming, version 1. 21 EB/OL ][ 2011-01-
04]. http: // cvxr. com/cvx.

[10] PALOMAR D P,CHIANG M. A tutorial on decomposition methods for network utility maximization[ ]J]. IEEE

Journal on Selecten Areas in Communications,2006,24(8).1439-1451.

Beam Forming of the Distributed Cognitive Multi-Cell
System for Imperfect Channel

ZHANG Xiuxiu, CHEN Donghua

(College of Information Science and Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract: To solve the beam forming problem for imperfect channel, the robust beam forming design method for conven-
tional system is extended to cognitive multi-cell system. Under the constraints of cognitive interference and cognitive us-
ers’ rate, the optimization problem is formulated based on the criterion of minimization of cognitive system's total power.
The problem is converted to a convex optimization problem by means of semi-definite relaxation and S-Procedure algo-
rithm, and is decomposed into a group of independent sub-problems by using Primal decomposition. So then a distributed
solution is achieved and both computational complexity and required feedback information are reduced. Simulation results
show that the algorithm is not only robust to channel errors but also convergences quickly.

Keywords: cognitive multi-cell; distributed; robust beam forming; convex optimization
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