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Space division multiplexing-based uplink design for CR systems
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Abstract A signal processing algorithm for uplink transmission in multi-antenna cognitive radio sys-

tem was designed, in which the equipment size and complexity constraints of the mobile station were

considered. The cognitive base station carried out receiving beamforming and interference elimination,

whereas cognitive terminal implemented transmitting beamforming only. The complexity of cognitive

terminal was reduced and the system implementation was facilitated. Based on the above work, an op-

portunistic spectrum access scheme based on space division multiplexing (SDM-OSA) was proposed.

With proper antenna configuration, cognitive transmission could be carried out using SDM on the

premise that no interference was imposed on the primary even though there was no idle spectrum

available. Compared with traditional OSA, throughput of cognitive system was notably enhanced.

Key words cognitive radio (CR); multiple antennas; uplink; precoding; space division multiplexing

b ,3 GHz s
[2] ,
b . b Y Y
(CR) ), ,
s (MIMO) ,
s [6-9]
(CRN)™, i
CR CRN s
2011-03-16.
(1981-, , E-mail; zli@xidian. edu. cn.
(60725105) 5 (2009CB320404) ;

(61102057) 5 (B08038) ; ISN (ISN1103005).



H:;(t) (i=1,2,---,N),

30 ) 39
. ) s %
(SDM-0OSA) ,
l_ﬁp-z
2
’ CU CBS H ([);
’ t , PU; CBS
’ Hpye,: (1), CU PBS
Hcpp ().
[8]
1]
b 1 1 ’
, 1 Lz}
) (CU) ,
(PBS) MPBS 1) L.
(PU) My (CBS)
Megs » Mcy. 2
CR R
(OSA); :
(SDM) (
‘ , 1 CU PU, 1,
PU, % CBS
BT ,
‘ [13]
Y b
PU, (SM) (BF); ,
OSA
SDM R
1
N ( 1 N=2), ' ’
BF
B,
1 1 7
SDM-0OSA.
PU . ('TDD)
2.1
N PU;
oN [10]
' P..PBS Fy.
: l ! H; ; HP-l:UP.I'AP.i(VP,;')H.
) oC ) ap,; s SM JPp=V,.,Fo=Up..:;
‘8})_, H ’ 7 0 BF 9PP =Vp.i ’FP =Up.;.,. Ap.in HP.:
! 17[8% ’ ! 1= s Vpliol Up,i1 Ap.i1 s
ap,; ,
’ a P PU; PBS
t, i PU(PU,) PBS [13]

}P.i = Ap.iXp, + (UP.i)HH(fUP,iP(‘»T(‘, +



11 . :CR - 31 -
(Up.D"n  (SM )3 (L (FO)"Hpye, Prxp,; + (Fe)n. (3
Vo = Aviaxp + Wi Hewp Peae + (1D~ (3) :
(up.;.,)"n  (BF ), (2) ’ CU PBS ,
:n , PU;,( l ) s CU
o3 Xp.; SM PU, , P Hcepp,, Pe =0, CBS F¢
BF Xp.isXp.; Xp. (FO"Hpye, =05 s
Py ;s Pe CU ) (CBS),
BF .CU xe. (1) (2) Hc,Hcue,i  Hopuc,
2 CU  PBS , , He =UcAc (VO Hegp, =
P . Hepp, /Pc=0 1 Ucor,iAcur,i (Veup, )" Hpye.; = Upye,; Apuc.; *
(Veue, )M
mkg")logz L G’ (€U Te=[ ver..
J £ ( Mypyo? ) VCUP.i,2 5 ** s VCUP. i, rank(Hoyp > J 3 D veur.i
R, = (SM ) s Ve T.
llogz (1+ E*’(%l)) (BF ). ’ e
rank( ) E, E. Voo = Vea — Z,] (Veur,ion) Ve Ve, s
PU, CU . E,=E.. ¢ ven . Pe=ve,/
2.2 vea I
[12,14] (CBS) ;o a. R. =
. [14] LUpuC. i1 s WpUC. 2+ *** s UPUC, i rank(Hye )+ Uz s e 37" s
, ; UC, ki) o - Rc
1 (CBS .CU ) , R¢ [ttpucains Upocins **0s
1 UpUC. . rank Hyye. ) SUC U5 5t U Heo Isb. Uc,
R ,
Mys 1 1 2 2 4 4 4 . ek drue,? _
Mo 1 2 1 2 1 2 4 Uc, = Uc, — Z:; Cupuc.ion) Ml UpuC.im —
Mcy 2 2 3 3 5 5 5 rank(H_)
Mws 3 4 4 5 6 7 9 2 (ue ) Mue uc., s
[14] U e : Fo=uc,/
’ luc, |l
. P,
: CBS R o (1 EeGe® |y I
PU .CU ¢ 82 ( o ) ’
PBS . CBS ey = (F)"ucy (e D"Pesver  uc,
.CU sAca
) , H. . Ly l?<<1,
CU( ) ) )
CBS( ). BF .CU
,Pe F¢ CU CBS PBS R
; CBS (ve.) CU PBS (To)
, (

&c = (Fc)HHCPCIC +

) ; CBS PU;



. 32 .
Cu , BF), OSA
PU; ,  SDM
, BF .
ar=ac=0.2.Bo, =B =0.8 (i=1,2,,N).
1 , CBS )
, 1 4 ) 3 N=2 ,
Cu ,
) PBS PU 2
2.3 )
s F=[f1:f2:
v ; fi . fi€{0C ) ( 0, CU
1( )} CU i . ,
, (UL1  UL2),0SA
rank( Heup, ) SDM-OSA, )
Si = 21 | e sveupin) | , ,
s i OSA .
CU PBS . (OSA SDM-OSA), ULI1 5
) 3 ,CU (UL2),
, 3 5
. CU . 3
SDM-OSA ,UL2
1
.CU
R = diag(F)S = [r1sr2s sy ]’ ~
:diag( « ) 57 g
i : i . r=0. B
r; >0. §
2 CU E=arg Qi/n;(rl) , 1—21
CBS N g
2, min(r;) =0 i
) (OSA)
;5 min(r;) >0 )
(r; )
- ( 0 1— (OSA-UL1); 2— (OSA-
ULD; 3— (SDM-OSA-UL1); 4—
’ (SDM-OSA-UL1D); 5 ( -
ULD; 6— (OSA-UL2); 7—
3 (OSA-UL2); 8— (SDM-OSA-UL2); 9—
(SDM-OSA-UL2); 10— (
2 ( ) -UL2)( ).
(OSA) 3
(SDM-OSA). 4 10 dB
[14] (ULD (UL2). N .
Mipgs =My =2, , N
ULl Mus =3, Moy =5; UL2  Mys— 0
5,Mc,=3. ( SM » N )



11 , : CR

e 33

» SDM-
OSA OSA
,ULZ UL1

REEFALE/ (bit- (5- Hz)™Y)

2 1 6 8 10
N
4
3 4 : SDM-OSA-UL2

[1] Krenik W, Batra A. Cognitive radio techniques for
wide area networks[ C] // Design Automation Confer-
ence. Anaheim: ACM Press, 2005: 409-412.

[2] Sahai A, Tandra R, Mishra S M, et al. Fundamental
design tradeoffs in cognitive radio systems[C] //
ACM International Workshop on Technology and
Policy for Accessing Spectrum. Boston: ACM Press,
2006 1-9.

[3] Mitola J. Cognitive radio for flexible mobile multime-
dia communication[ C ]/ IEEE Int Workshop Mobile
Multimedia Commun. San Diego: IEEE Press, 1999
3-10.

[4] Devroye N, Vu M, Tarokh V. Cognitive radio net-
works[J]. IEEE Sig Process Mag, 2008, 25(6): 12-
23.

[5] Vuk Marojevic, José Salazar, Xavier Revés, et al.
Resource modeling for a joint resource management in
cognitive radio[ C]//IEEE Int Conf on Commun. Bei-
jing: IEEE Press, 2008. 4175-4180.

[6] Zhang Rui, Lim Teng, Liang Yingchang, et al.
Multi-antenna based spectrum sensing for cognitive
radios: a GLRT approach [J]. TEEE Trans Com-
mun, 2010, 58(1). 84-88.

[7] Scutari G, Palomar D P. MIMO cognitive radio: a
game theoretical approach [ J]. IEEE Trans Sig
Process, 2010, 58(2): 761-780.

[8] Bakr O, Johnson M, Wild B, et al. A multi-antenna
framework for spectrum reuse based on primary-sec—
ondary cooperation[ C] // IEEE Symp on New Fron-
tiers in Dynamic Spectrum Access Networks. Chica-
go: IEEE Press, 2008. 1-5.

[9] , ;

[l , 2011, 33
(5): 1172-1177.

[10] Zhao Q, Tong L, Swami A, et al. Decentralized
cognitive MAC for opportunistic spectrum access in
ad Hoc networks: a POMDP framework[]J]. IEEE
J Select Areas in Commun, 2007, 25(3): 589-600.

[11] IEEE P1900. 4 Working Group. IEEE Std 1900. 4-
2009. IEEE standard for architectural building
blocks enabling network-device distributed decision
making for optimized radio resource usage in hetero-
geneous wireless access networks[ S]. New York:
IEEE, 2009.

[12] Hamdi K, Zhang Wei, Letaiel K. Opportunistic
spectrum sharing in cognitive MIMO wireless net-
works[ J]. IEEE Trans Wireless Commun, 2009, 8
(8): 4098-4107.

[13] Li Z, Yang J. Yao J. Adaptive opportunistic trans-
mission in MU-MIMO downlink with reduced feed-
back[J]. Journal of Communications, 2010, 5(7) .
511-520.

[14] Li Z, Liu Q, Zhao L. Space division multiplexing ai-
ded opportunistic spectrum access for cognitive radio
networks[ C] // IEEE Intern Conf on Advanced In-
formation Networking and Applications. Singapore:

IEEE Press, 2008. 1-6.



