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Abstract When the primary users and second user geographically has certain distance, there are asynchronous interferen-
ces. The interferences not only influence the primary user system,also can affect second user system. In order to elimi-
nate the influence of asynchronous interference on primary and secondary users systems, this paper put forward a kind
of precoding based on the minimum mean square error. Analysis and simulation results show that the proposed scheme

in the main user system interference limited conditions, effectively enhances the user’s system and second user system

capacity,and improves the reliability of the transmission system of second users system.

Keywords Cognitive radio, Spectrum share, MIMO, Asynchronous interferences

1 Bl§y

AL B, (Cognitive Radio, CR) A 455 B HH) B
BOR B e 20 F I, AR i ) B O o T R
WRBEHR T E. EHFEMBET, % £ H P (Primary
User, PU) REFATEE 0 T X PU R&E R TIH, FEHK
FB 7 (Second User, SU) 7 22 F| Fi A R B B IR 247815, A )
BITFFT A Bl T IR 2 6] B R RS AR R B BRI,
HPZREFER LTS HAZS B RTROESE BB ZHX
TP

P ESEBERAFAN EAPN TR 2R P
9, 3F £ CBS RXMES Bk SU M TR ERRAH, A
TG L2 5 T4 IR Uk L P 22 TB) B T 3R et 3 P B F 400,
SR ZESCERR A, PU REEH SU REART BEM B 22 F
¥, H CBS ik Z4F P AT BB S22 MR 25, B AR
ENXEHBRLERE IR TI, ATTEREERR
HTH.ER PU RGN SU REAHERN T ML RIRG
B EF, ACRAERSIMR S THREE I /RET—
FHER PU RGEAN SU R R E F 8 /MY 1R 2 (Minimum
Mean Square Error, MMSE) {) B 4R85 ¥, i H & R i

B HHT:2012-09-16 BB HH.2012-12-19

P T A MR TN RENRERE . HFERR T
SU REMIR LRREEE.

2 RAEEH

ERIFER (4], TRARYREEBINE 1 Fix, PU
BRI —NF ) P 33 (Primary Base Station, PBS) , 23
5 AXHr#F7EE. SUANTNES —MAREY
(Cognitive Base Station, CBS) , & K MRA . H'P,
PBS#1 CBSHELE M MRAE, FEEXHAFAM K MNKAPR
BN MRRRE, R ERN, AP ERNESE
23 CBS IR ESW T, EFR—IHRE, N CBS R
BEBRER s=[sa,n, ] HP s« IREZHKAF
k k=1, KYRES B s BRI R 58, B E[ss" ]
=L, :

CBS R AEMES TSR

x=Ts ¢5)
K, T=[t1,tz, 8 1 CBS REN B BURIDIERE, 1, (k=
I, KDh MX1 B . WKAF £ BREINES S

n=vEHx~+ V/P,Gis,+n )
AH,s5,€CM 9 PBS RXMES .4 B CBS B £ )

22302 R A BRI H (122102310393) % 8 .

HRG1969—), B 1814, B, EBH 57 A N BALE SRR 547, E'mail: 2bj@hist. edu. cn; B 1977—), B, 14,

Wi, ERPIRIT i RS A,

0770



BEBRHRFE; P, S PBS B Z XT3, H, € CVME CBS )W A
Pk BFEIE Q<KD G, € CVME PBS B A & £ BfEHE
A<h<<K);G, € CVMh PRS B £ M5 HE . H: G TG,
RETTR RN AR E SRR EN 0, £ R
Lim €cCMIR—ANHER 0 MRS E, Kb F 2EHERH
R, =E(mnf]=Iyv, TERFERBIESH

Y=V P,G,s,+H,x+n, 3
A, H, € CVME CBS Bl X F #f5 il sn, eCV B—A
YER O IR R B, RS T ZEEEN R, ., =Elnn} 1=

Iv.
1
N

[N--Ne}

P2 PBS
V:
N XA PK

B1 AHEHF R

RARMSCERL6 15 TR MR, B — MR R 55
BHEE o Ao, Bi CBS KRR P £ MBI o ; WA,
PBSESRIAF kWK ERN i . CBSRABERAREL
JERBAE A = — o REEREREBEE AP
FIEEL WA AR IR AL ¥, MAERER).
ERAPRGEY . SHHPA E AR MERABEETE
AN = —At?) —oP =Ad® — ALY . HH P @A LY
R A PBS P 7 S CHR P 7 RER T
Bk P L HATIRS PBS X R P £ T35 S HRTRI Z 18 &)
aEZE,

E2#RTRL TR ESRE, REEE CBS KiE4
AP i 2 EEENFEN mP FlmP +1 ZE., diE
CBS %P j BESTX AP & Bk R E T, T
LA 60 KRom , BT T REERR .

i =p&P —T.)s5; (mP )+ (0 ) s; (mP +1) (€))

Rt o(0= [ g(Dgl—de, 8 = mod T,, T, N2
JA#. MECERL6], HE L5 ()il ()" J=ge? 1L, Jh
L; R PR R AR, B L =N, . 3t g% gt

FePEml UG DU T LA SR T «
fe A7

&) (5}
@ Ml e 0y
m(b) T(.b)
L 1 @ k

B2 TAgRRSTRREER
Y jFk B
. 78 o

<& —

THES

WEEY

B? =0, % | my —mh | >1 5)
Bie? =p0% ) 088 —T.) s 24 my =mb +1 (6
B? =p(8®) o8 +p(82 — T8 —T.), % my =
ik ¢)]
5P = (08 ) p(8 —T.) » X4 my =mh —1 '€))

gl i=k Bif:
gir =1 )

3 ET MMSE BA%BHR
TRIRBR, BT LA S R

min EH,EG‘E (e8]
(R

{E[§ Tr(te?) J<P
s. t. =1

HITYTH, <P,
AP ,a@ABFRENEXR M e @)= | s— /B Hx
—VP,Gis,—m | ?, P X CBS RN AIBRE], Py o3t = JH

PFREOIIR, TRA0) S B3 Tr(ad)I<P K
P B30 228 9T AL 2 R BV REK 0 % D B
X P TSE —ARAAR %8 P B TR S R B R R
A Pa EFEMIEURIE T £ RAHIRS FRR.
XFRAOWRACTE, i1 T CBS RSN RLE, B
BB B R S48 3] CST, 36 @Bl CSI AR

RS EARAS B, B CBS HEEELEHL .G #1G,. HTE
?ﬁﬁyﬁ%'ﬂﬁﬁ at)R
a)=Lss—x | #]
=Ll s—ZHPTP s~ 2 SHOTPiP —nm |]

JFR

ao

an
HAG) —RORARAD, 4 L =32 SHOTPIP,
> 3

ik

AT AT OB AL 0 A T8 b i T =R, Horb J R BTl
B9 TR0, oot B B e A 1A Y, BB TSR

a6 W=E{| s —HTwsi—Ji—m || &} (12)

MARAL BT R T AR ), B /N iR 2 SR A R 2k
TEBR 38 %] (Semi-Infinite Programming, SIP) W%, sl
B et AL AT A S RIMG 3 B SR 18 BRI B B R
¥k

LCts Ay =Eng, [ (8 12t — 1)+ (S HeH,

—Ps) (13)

Rt HHE—HZER, FAL K A R 4 -3 BRI B H R 5
BB 3 NMSBCRIR S AT1S

% = putft L HE + P tit,.GEG, — B P, tHt,GFG . H H}

— B HiGw + 24 +29tH, =0 a4

3—1;=ti*tk—§=0 (15

%=tH,,=O 6>

XA MR Q) BB MERNAAKLAD, LK
Q4), AT LB B A B AREF N

fe=p (D F s ] HEA, an



Ab, A BB A ETF A = HB, D, =
Dil. D D£1 2) . Dil B)
DERDER o DT s by mmmg D &
BD  pDED .. DED
R
D(bl 02)—2@ P)H(S)HH(P) (18)

=E [er{myi }]%&L&F%wwmz& MED) AT
DUE H, BB RIE R 5 MMSE MFRHETE AL, BT A R
2, 8T D iX—I,BERA) T LF Y, IR R T
WATE R BT . BOA 7T LUR i, 7 R o TSR R
HER X BIMBR AR TR R, B TRETHNE K. &
JEEB R LA ARG B REXKA S REFRAIK
AP BER FHWHE (FRAFRENTHRZR, BLRIET
FERAPREHARFRA S BER M FHAMF R, 7TELAE]
FRERIRR) .

4 FRER

BETEIHPE BAMEE, 8 2 MR Z A LU
TR . AP AERPMARR P, R
AREZ R TN, BBREETHR. EXMHEETE
TLAFERBER P &N AR T LA S
B, AMRA M E—E AR A AP AR
AP EMNET R E T, ARUBREN B
EFATREABEY R TRB R FHERXER. ®
T INRR P AR X 4 R R i O, £ R B TR R
T EPRE AR RN Z R PR EAME. B
B, AR P R AN P BRI TR RN B2 &
Xt ER P ET TR, MARR P Z B THRXEAE#—2
Wit ERBEENSN 3 RS - SERE SIS E AN
B, HOESERATLUAGERUT 3 2.

OREHERBFEIRBATESH. EHE
KRN AP GARAPNEE BEAFH. ERP A
MAFRNTARES THRER. RS XBRRE L SEENAA
PP ORI E R 2 R L B A R P T A B e
Z2H.

QT RFE P HTHEG R, 83— RIVME, 0
EHNR LR P A LR RE  EER P2 A
FAP BRARSE 1 LR Hh BSOSO AP, RSB T LT G5 3
R 2] BB ROUEEE .

(3) F Matlab 4 R (2) BB BB IRA , T H AR
HERE .

FWAEBEHGETHEFRT ERF REMKAF RS
BB R B AR BB L R KA P RGO IR LR BE WX HE
AT 3 My IR A (S S BER:

L RAEEERMH BIgRD TR, R 3— B 5 Pid
HALEERAL” s

2. fe4E ) BD BIgRIS 7 367, 63— 5 it b A
BD”;

3.#F MMSE H ¥, /8 3—HE 5 fig B “#E
MMSE”,

AL 3R RAREAFZERALTHHERS.

HER R M=6,N=2,K=3,P=P,=20dB, & 3 f}
AAERPREFENBERERBHMERE. AEFTUE
HERM P EEEMRNBR T, 5 R EERL" TR
HEAF 0. 7dB By 2%, X715 SNR 7 15~30dB 89 &4
FoAFREUESRLR T RBENHE AR, B4
REMLTLESHRMA W IR, 5HE MMSE FRE 1bps/
s/Hz {25,

R % ¥ (bps/Hz)

oc—vwanoueoSER

10 15 20
FHSNR(B)
3 ERAPRGEEXERER

B 4 NRAPRGET 4 M REOBRAEERIERE. AP
WLAE H, TR HEER RS TR BRGT REFMRER T
WHF RERSRTERE, BT & THAM 3 HEFLRAELT
WHIFTR.

15 20
Average SNR(dB)

B4 KAFRERKEER

B 505 4 MO RIR LR ERB A (L 2. MBI TTLL
i, BEE T3 SNR 38 hn, 3 IE 2 4R 4L 7 R A0 84 BD o7
R BLT V- TR, T A SCHT 4R 77 A 2 ST iR T U8R »
I BABEI T BARAR LA ERE.

1°

i
5 10 15 20 % 30
Average SNR(dB)

5 WHPREHIRLIFER

HRE FABMRTEZRAPZREAIERERET
ZERS TR BB T R, B H T —FET MMSE KB
Bk, KEEERREENZRAP TR ZHPBTR
e, R T ERAPRAFBRETHRARSZH, T
HWABBER TRAFREMEAFWRREER RS
TRAP RGN TTRE.

2 Ex XM

[1] Zhang Y, Lee C, Niyato D, et al. Auction Approaches for Re-
source Allocation in Wireless Systems: A Survey [J]. IEEE
Auction Approaches for Resource Allocation in Wireless Sys-
tems: A Survey, IEEE Communications Surveys & Tutorials,
2013,99(99):1-22

(F#% 112 7D

¢« 7GQ o



Profh i s B AR R R TR S P RBER/EABR
HTE.

&% X W

[1] Santos N,Krishna P, Towards Trusted Cloud Computing[ A]/
HotCloud’ 09 Proceedings of the 2008 conference on Hot topics
in cloud computing, 2009[C]. CA, USA:USENIX, 2009 22

(2] Armbrust, Michael, Fox, et al. A view of cloud computing[J].
Communication of the ACM,2010(4) :50-58

[3] Trusted Computing Group. Trusted Computing Platform Alli-
ance main specification version 1. 1b[ EB/OL]. http//www.
Trustedcomputinggroup. org, 2011-11

[4] Trusted Computing Group. Trusted Computing Platform Alli-
ance main specification version 1. 2 [ EB/OL]. http//www.
Trustedcomputinggroup. org, 2012-08

[5] Brickell E,Chen Li-qun,Li Jiang-tao. A New Direct Anonymous
Attestation Scheme from Bilinear Maps[J]. Lecture Notes in
Computer Science, 2008(4968/2008) :166-178

[6] Chen Li-qun. A DAA scheme requiring less TPM resources[J].
Lecture Notes in Computer Science,2011(6151) :350-365

[7] REH 2RE,. B2 26 NERET N ESEZ N ENLH

(1. SHEHLREFT , 2010€08) : 2120-2124

[8] Haldar V,Chandra D,Franz M, Semantic Remote Attestation-A
Virtual Machine directed approach to Trusted Computing[ AJ//
USENIX Virtual Machine Research and Technology Symposium
[C]. 2004

[9] Chen Li-qun, Lohr H, Manulis M. Property-Based Attestation
without a Trusted Third Party[J]. Lecture Notes in Computer
Science, 2008(5222) : 31-46

[10] XIF&3R. e, X B8, AT fE it W m B sh B A E msF g ()],
HHEHLEEHR , 2009(7) :1304-1310

[11] Bender A,Katz J, Morselli R. Ring Signatures: Stronger Defini-
tions,and Constructions without Random Oracles[]]. Journal of
Cryptology,2009(1) :114-138

[12] Zou De-ging,Du Shang-xin, Zheng Wei-de, et al. Building Auto-
mated Trust Negotiation architecture in virtual computing envi-
ronment( ], Journal of Supercomputing,2011(1):69-85

[13] B/, BB H. — ML EERAMEEEL T FRI] HE
BLEEAHR, 2008(07) : 1122-1128

[14] Brickell E,Chen L,Li J. A New Direct Anonymous Attestation
Scheme from Bilinear Maps[ C] // LNCS 4968. Springer-Verlag,
2008:166-178

(L% 73 T
2 % X w

[1] Xiong Li,Liu Ling. PeerTrust; supporting reputation-based trust
for Peer-to-Peer electronic communities [J]. IEEE Transactions
on Know ledge and D ata Engineering, 2004,6(7) :843-857

[2] Kamvar S, ScholsserM, Garcia-Molina H, The EigenTrust algo-
rithm for reputation management in P2P netw orks [A]//Proc.
12 th Int’] World Wide Web Conf[ C]. New York: ACM Press,
2003, 640-651

[3] Kamvar S D,Schlosser M T. EigenRep: Reputation management
in P2P networks[ C] // Lawrence S, ed. Proc. of the 12th Int’1
World Wide Web Conf, Budapest: ACM Press;123-134

[4] Colomi A, Drigo M, Maniezzo V. Distributed Optimization by
Ant Colonies[C] // Proc of the 1st European Conf Artificial
Life, 1991:134-142

[5] Colomi A, Drigo M, Maniezzo V. An Investigation of some
Properties of an Ant Algorithm [C]//Proc of PPSN ’92. 1992,
509-520

[6] X EHER,FA, % WEETHEN PeertoPeer FIET I
Trust BEI[T]. K42, 2004,15(4) ;571-583

[7] #=®%, \28, TXE,%. BUERILE P2P M4 iR DDoS I
AR FIRFEELT ). ST EHLEL FABFSR , 2009,26(1) : 339-341

(8] FE.¥/bME, T/, %, P2P I RIBIEE(]]. MBI
PLESE,2009,30(9):1715-1719

[o] Z=R%,FTE,RAEK BETUBEENESHL PP ERRR
01 HEHL TR SR, 2009,31(8):99-103,139

[10] &E 4. Peer-to-Peer LRI h (0B BT RAHI . HHEHLT
B E R ,2007,43(13):18-21

[11] EFk .28, WK BT RBEE MRS HL P2P HRER
BLEILT]. S+ EHLITRR, 2009,35(7) ;189-190,194

(L& 79 )

[2] Vaze CS, Varanasi M K. The Degree-of-Freedom Regions of
MIMO Broadcast, Interference, and Cognitive Radio Channels
With No CSIT[J]. IEEE Transaciotns on Information Theory,
2012,58(8):5354-5374

[3] Nosrat-Makouei B, Andrews ] G, Heath R W. User Arrival in
MIMO Interference Alignment Networks [J]. IEEE Transac-
tions on Wireless Communications, 2012,11(2) :842-851

[4] Gui Xin,Kang Gui-xia, Zhang Ping. Linear Precoding Design in
Multi-User Cognitive MIMO Systems with Cooperative Feed-
back [J]. IEEE Communications Letters, 2012, 16 (10): 1580-
1583 '

[5] Xie Xian-zhong, Zheng Pin-lian, Gang Qu, Delay-Tolerance SL-
NR Precoding to Mitigate Inter-cell Asynchronous Interference
[7]. Journal of Jilin University (Information Science Edition),

+ 112 -

2010,28(1).1-7

[6] Zhang Hongyuan, Mehta N B, Molisch A F. Asynchronous In-
terference Mitigation in Cooperative Base Station Systems[J].
Wireless Communications, IEEE Transactions, 2008, 7(1) : 155-
165

[7] LeeK-J,Lee L. MMSE Based Block Diagonalization for Cognitive
Radio MIMO Broadcast Channels [J]. IEEE Transactions on
Wireless Communications, 2011,10(10) ;3139-3144

[8] Park H,Park SH,Lee L. Weighted Sum MSE Minimization un-
der per-BS Power Constraint for Network MIMO Systems[J].
IEEE Communications Letters,2011,16(3):360-363

(o] ®AE®E,. Wi, KEE. % AAXKEPET TREBELEE
AREPEEE] ERBT R¥EME. AR, 2010,24
(6).83-88



