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Optimal Resource Allocation for Cognitive Radio Networks
with Multi—group Multicast

SHI Lulu, YANG Shouyi,ZHANG Ruizhe,LI Yan

(School of Information Engineering,Zhengzhou University ,Zhengzhou 450001 , China )

Abstract ; For the increasing shortage of radio spectral resource, a new multi —group multicast ( MGMC)
mechanism based on inter—group and inner—group cooperative transmission is proposed, which relates to
multiple multicast groups and uses the same spectrum resource to transmit information in a cooperative
way. In cognitive radio( CR) network based on this new transmission mechanism ,the optimal resource allo-
cation of system is presented. The power allocation scheme is derived from theoretical analysis, and then
the optimization of system weighted overall rate is discussed. Moreover,the impact of the signal interference
between primary user( PU) and CR users and the power constraint on the transmission rate is considered to
optimize user performance. Simulation result indicates that the transmission rate of multi—group multicast ri-
ses with the increasing number of users,and optimal user quality of service( QoS) is achieved ; when power
is constrainted ,the PU can be ensured to have good communication performance by setting weighted factors
for every multicast group.

Key words : cognitive radio network ; multi—group multicast ;interference constraint ; power optimization ; op-

timal resource allocation

1 g VAR 5 At SR SR A, S R A 0 1
b AN AR (R (s R A s SRR o 72 (I — B A T A ol

il

*  UWgFR HHEE:2016-03-25;1&E HH#1:2016-08-05 Received date:2016-03-25 ; Revised date:2016-08-05
EETH . BRAXAMAFALTHAR (61271421)
Foundation Item:The National Natural Science Foundation of China( No. 61271421)
#%  JE{EIEH 1iesyyang@ zzu. edu. cn Corresponding author :iesyyang@ zzu. edu. cn

- 1310 -



55 56 45

A EE SR A S R TT A5 UM 2 24 2RI TS M 25 1 9 DR AR

512

MNFIERTHR T, % 3h Z 8 s e A Jd 4 9 i
e s, DR A P Z2 R AL AT R A S8 T A, 48
WG A I, ZREBOR DR R — B % 3% 45 2 He A
[Fi) L3l RO R S W 21, O v R — Bl 1%
IZAIECR A L

TCL N 55 M 20 | 2R A
i) (15 2 2 2 1k 2 40 ] A7 T [F) — S e ) 4%
SR, 1 T 22 B e 55 o B30 A% i s 38 K vy, B
BT 22 Fi L 22 20 224 I T im 104 e KPRz —
MR RGE R B = AR — ()8 A
TLBFEAR Y BLIPGHE R, f52Z, ALk d
BOR AV 5 AU 7 i 2 B — R {42
OB, 4 B ASR0R

24 A RS A i o 3R R T 2 P A 1 1O e 2 T
P RIR 5 AL 2 Bl 204 20 P N R K T
WA, [R5 BN S50 P 6 T I 48 B i i 2%, IR 55
Jiii (Quality of Service, QoS) JoiEAS ATRIE, Mik,
AT FHBIME T 17 g e 3 288 [R]85 ok T i 28
] AR B 2, B m et i, O Hs VR G 5 il
KBTS, KA RGEERE S

ZAF WG AP A T A, BN . S
K[ 7 ] %5 1 BOATC L B8 P 7 BC B R HEAT T R 48
PERER  Hh 538 22 0 T3 TR ASH 7y 2 0k R 46
MM AT BERK ) 22 1 I 55 5 SCHR[ 8 1 WF5E 17 3 44 ) 2%
e K/ MBS PR R 1) Z2 46 25 5 SCHR[9 ] 42
T — R RR S 22 b Ak % B[R] 22 19 8T O 585 SOk
(10 J8F9T 1 JCLe WML 46 2 F - AL Jr 28, JF X i
$& 75 FEAERE A (8] 73 BC SR Mg AT 1 IR o0 .

IR SCHR FEEAT I 2R AE RGP A A EME TS
S SHTGHRARAGEC &, YA 75 1 3 20 N UME S
PRPACECE T 2, B TR 4 h T TN
2H (W] PIMEAL S 1) 2298 2H ( Multi —group Multicast, MG-
MC) AL, A 303G FARTA M ICZ HL ( Cognitive
Radio, CR) ¥ £% rh iz £% i AL ] T T £k 5% I I & 10
b, I8 T F R FRRE T P Z B A5 S T3 M
2 P R Sl R BR A )

2 RGHER

mE 1 s, R WA 2 8 4 (Groupl F
Group2 ) TN TCEL N 4%, iZ M 2% 5 T P 3fr . 3
RS AR A 3 D RALAA I P (BRI CUs ) 4
J s S —JEN P EH AIA RN TE 4 v ol LA
ZLIFHET 4k, an& 1 Groupl HAY Relayl ;25 —2

IR P AR TR 48 B35 B R 3l (55, 4n1E 1 Groupl
HHE CU2 5 28 = ZIA T P B ORI TE £k At i
WS T AR YAER, W 1 Groupl H1HY
CUL,n, NITEWE, B — > Z R4 P BRI 2EIA
P B 25 1, R AR =N P B i
NEA(FRIEN 1-n) o BARTE 8N XUT RS %
ek, IS AR R SO BE RN BE4T

f

4V ESGIN
Q e

Lz

A ' ! (Groupl)
, o hrip.
Bp . ) I
: \(5‘1 Ploan
, 8 o W(&fl‘ :
28 i Bcws
CUL, n A gyt 2
] hrap () /
# - ‘5 \/Relayl -
ko w "'.v///"%W K”, Y
@y —
\ " /hcm
& P /
s /// ! hriro
IR ;]
Al e sam
| ~ d/ “(Group2)
N TR
% v _
CREH b (cus, my Relay2 \hRUA\\(\% \
Ccus ;

1 ZARANHTCL N LK S5
Fig. 1 The structure of a MGMC CR network

B gy Peyr o her oo T hegs 73 IR INHITE
2 BRI 32 P W L CUL, n Relayl | Relay2 |
CU3,m Z I A5 I8 REL, hyyp s  hygpe 27 0 R7R
Relayl F13HH 1ML, CU2  Relay2 2 [0 A {5 il
B, by F Ry 53 90 37 Relay2 132 FH P 422 U805 |
CU4 Z I8 15 18 ZR 5L, foE N JoZe iy BE il 1 i T
AAE RS V0 5E T 22 4 21 A% 41 PN 40 8] B [R) 4% S L
Hanr

AT A 3 L

(L) FEBT B 1 o INHIJCER W R sl s 500 v, 1%
M4y Groupl, CUl,n #1 Relayl #3203 «, , R A,
Group2 HH Relay2 3205 2250 .

(2)7EMTBE 2 7 Relayl $5 %08 , M4 CU2,
A TG Sk H S5 i D00 2088 «, 1% i 25 Group2,

- 1311 -



www. teleonline. cn

HLIREAR

2016 4F

CU3,m#l Relay2 #8055 «, , AT, Relay2 i M\ Re-
layl Bl v, o PG, AF B Relay2 Al fdf HHAE
BB 1 BTARAE BRI N Relayl #2000 THRAE 5 .
(3)TEMTBE 3 1, Relay2 #5155 x, K L4 CU4,
M3 R R GE AT A
HI T IA R TC LR 9 26 X6 3 ] P R B2 B B Y, ok
H BT IAR 5 R A TR 3 A oy
P IFAE R SO AT P FL 22
TEBYBE 1 7, CUL,n Relayl il Relay2 $2UHI{E
S4rHI%
ycul,n[l:l :\/PTh(IUl,z:xl+n(ILl,rl[l] s (1)
ykl[ljzﬁh('lﬁlxl+nﬁl[1]’ (2)
Yo [1]=/P b +ng,[1] (3)
A PR NHITCE B RS 7E B 1 SRS 5T
%;ncm,n[ 1] ng[1] Zil| ng, [ 1] 4y 5l5& CUL, n Re-
layl Relay2 f% 52 15 0 11 8 7, il DA AL i S0 11 e 75
i CN(0,07)
FEBYBE 2 1, CU2,CU3, m il Relay2 #1915
SO
Voo [ 2] = /Py ho, 410,27, (4)
Yo [ 212/ Pyhys wiiatne , [2], (5)
Yo [2] :\/ITShCRZxZ-F\/]TZthRZxI'FnRZ[Z} . (6)
o, P, P22 Relay2 FIRAJNJCLR o BEob 76 fr
B2 R HK %%Ijjjf:, ey [2] vz, m [2]H0
ng, [ 21505 CU2 .CU3, m F1 Relay 2 A4 = 37 1
W IR A2 i i LR 234l CN(0,07)
FERT B 3, CU4 Bl (55
Yeus[3] :«/Pizthﬁuxz*'ncm[?q o (7)
;P& Relay2 7ER B 3 RHIIE S5,
BB HE A 1 A 2 o HIA N AR M A
=JENFA P, TR T S R R Ry e 3 A
B, HR A XT3RS 5 % (DF) J7 20, 455 i
Uiig SR B Pk TE TP AR EA TR S PR K, R B
YSUtRe /ML, TR o, R i 3y

Ry(PyPy)=min [Lb(T4r,,) e 2 Tb(T4r, ).

. 1 1
min {?lb(lﬁgl,z) ,?lb(1+,31,3) } } o

(8)
Hrpr,
2 2
_PlthUl,ll _PlthUl,Nl
T 2 1N 2
g g
2 2
B _Pl [ hggy | _Pz gy |
1,2 2 P13~ 2 o
g g

x, BRI RN

Ry(Py P =min [L1b(L4ry,) oo, S Ib(14r)

min |- 1b(148,,) ,%lb(nﬂm) L (9)

3
Hrr,
2 2
_P3 ‘hCL'S,l ‘ _P3 ‘hCUB,M‘
= P sTom = o2
Ps‘hcm‘z P4‘hHL4‘2
Bz,zz 2 P23 = 2 o
ag g

IR TC LR P 2 v P 2240 2 110 i
J& Groupl Fll Group2 % iy # A& G, & Lk T IA A
O AL TR B Be 1 R B 2 Bk I DR Py A
P, ,Relayl Fl Relay2 7ERYEL 2 BB 3 SR F A )%
P, P, SEBR b2 R4 K R P R HD
A h B 2 i P AT LASRAS 5 e A% i i
B OARSCHR I TSGR R, a0 s .

N+2
N+M+4

M+2
N+M+4

o =R B R DR ITT %, AR
P 2R A A S R

R<P17P2,P3’P4)= R1<P1’P2)+

R,(P,,P,), (10)

3 BEmERNAL

ARSCHFFEAVFARIJCER I 455 3 TP [R] o %
BRI %, ERP P XA BLR L e (i
FASL, 7 2 32 2R, D, 4 i DA R Gk R 2% 14 Ly =
SRR E RN, ARz T TRl A2
RIS T, R d KBRIEE $8 b B A% i =, AR 3C
Pt TR L S D A DR S BRI A RS
PR Rl LR (s R P, P, PRI P,

BB BN T 32 BRI, i DA e T ik
W

ey p ROP Py Py P (11)
P, lhy|*<I, (12)

Pyl hyp 24P, by | P <1, (13)
Pl hy I*<I, (14)

P, =P, (15)
P,=P,, (16)
Py<P, (17)
P,=Pg, (18)
P,,P,,P,,P,=0, (19)

FRE(12) ~ (14) T FaRBY B 1 BB 2 i



55 56 45

A EE SR A S R TT A5 UM 2 24 2RI TS M 25 1 9 DR AR

512

BB 3 PR RR I, LA A0 JE 2 I 45 X 32
PEAARRIFHE, o 1 & S Bl T A 2T
PBIME, HHE(15) ~ (18) 2 3l4h i TN FI o4k
FE3h Relayl F1 Relay2 A% 5 W6E 2 2R BRI,

FESZR S — A =2 P — B AR
SN P 1A L P RE , 1T 224 4 A% R
B T4 I I fee 22 A 0 R, AR SR
ET IR (1), R =N P L& —AH
F TR IRV 4% 22 7 20 AL i i R s

Ry(Py,Py)=min| S1b(14r, 1) min{ S Tb(146,.),

(8,01 (20)
Ro(Py,Py) = min| L Ib(14ry ) min| S Ih(148,.,)

T8 (21)

B, IS IA M IC L i S S E BE 1 BEN R S
DR P o X (8) HIALB, L Hl ry I P, 14 L 3 G
PR, T B, 5 1 Ry ANBZ P SE . PRI, 7 v B ol
ZM(12) FN(15) B LU T, P N EUERK , B

I
CR» ‘hgp ‘2

[FEE, P, 4555 PR, 78 36 2 FR 1 4% 1F

(14) A1) M BL T, Bt i B K, B

Ly, (23)

P B |?
MR (13) Joas BRI A 0F, X F P, A P, R AL
A 53 R DL
(1 )BI,Z 2:31,3 » Y11 2:31,3 sﬁz,z 2:82,3 » Y21 SBZJ
153y, SB, s <B,,o HEIMTATAI
P L hegy PZP) [ hy |2,P) They P 2P Thg 12,
Py he PZP] [hy |, PF ‘hC[TS,l <P g 7o

W) (11) m] A
R(Pl 7P2’P3’P4)=

P =min {P o (22)

P,/ =min {P

N+2
3(N+M+4)

M+2
3(N+M+4)

Ib(148, ;) +

lb(l""yz,l ) o

(24)

1k (24) A1 P, Py R 5098 1 0B, 485

AHE13) (16) . (17) THEBIE RS &1, P, A0
PN B R T P, R P, BB N R

P! [heg |* P They [P 1-P) [ hy P

v ‘hRUZ ‘2 ’ ‘hRUZ ‘2 ‘thP ‘2

P, :min%PR b

(25)

[)4,k ‘hHU4 ‘2 P4A ‘hRU4‘2 I_PZ* ‘hR]P‘Z

T The P Thasa 1P Thy

P; =min {P fo

(26)
(Z)Bl,z B131,3 Y11 gBl,S ,Bz,z 2:32,3 » Y21 g132,3
3 Yo sﬁz,s S.82,2/)’1,1 slgm sBl,QO IEJIE,
R (11) Rl i Ak

N+2
R(P,,P,,P,,P,)=

3(N+M+4)

M+2
3(N+M+4)

Ib(1+y, )+

Ib(1+y,,).

(27)

HaC(27) T Py S R A B 36 39 pRER, (R UL

S A O T 4 B E B ) 2544, P, N B K, 1
P, Fl P AAE N Ry

P b P
P;: thLl,Zl (28)
RU2
I-P) | by |?
P; =min {PCR,M}O (29)

[ g |2

SEBR b AR A5 P BT A2 BRI R 1) O3 A
16 FFLL, R IR , Fe ] H e ER A o0, H
bt L5 HZE L,

ARSAHAR T WA 244 S SUMER TS, SR,
W 2 s SR T REA 3 A L3 N E 2R
Z: SUMERE, I EERCRE S, 6 3 M2
HZHYMEBEN , 58 B L4 2 4 BB, it
I IC Lk 0 245 45 K 55 S0 A% iy 07 S 20 R s

(D TEBTBL 1 NI TC S L Bl 5 «, 1%
2 Groupl ,CUL,n Fl Relayl $2U% «, , [A A}, Group2
) Relay2 R M0Z 5

(2) TERTBE 2, Relayl K 4 3% 45 CU2, 1A
T M BL W B E «, &% 4 Group2, CU3,m Al
Relay2 ,Relay3 B3O8 «, , 5 IE IR, Relay2 A
Relayl $#2CE0dE x, . L, ZEARBY BEH Relay2 o] fff
FHTEMT B 1 Hh T gRA O «, BUAE S R0 M Relayl
WS,

(3)FEBTBL 3 W, Relay2 $5udi x, &% 45 CU4,
TN HAITCL L L K55 v, (B 525 Group3, CUS, 1
F1 Relay3 HJHUE S », , SRR, Relay3 i A Re-
lay2 US55 x, 0 UL, ZEA T B P Relay3 WT ]
HAEBe 1 FT3A ¢ x, BIAE AU M Relay2 #21k
THRAG T, R «y

(4)TERT B 4, Relay3 ¥4{5 5 x; ik 45 CU6, ML
M= R Gt
- 1313 -



www. teleonline. cn

HLTRE A

2016 4F

e

. RlP (Groupl)
/ @ :"‘ ?CUZ_
A CUl, n h hRUZ
F rop @ ~
pe Relayl
kv, n e
« >>> - vd
/ hery / J
/// i h !
G j i hmp
- 4 !
M ;. £ IB42
\\ CR2 \ @J iy ‘(Groupz)
CREHE . i
\\ S h<cu3 ,,,) Relay2 | Th m\);\ ;
\‘\ i ‘@Cm | cus
hCR3 - n?m L
h(CUS 1)
N e E2 ik
NN J T, (GroupS)
M, @ Relay3
: {3 3
N
CUs, 1 RU;‘? CU6

K2 ZAREINITCL M 45 (3 > ZHE4)
Fig.2 The structure of a MGMC CR network
(3 multicast groups as a group)

M ERBFE R, 2 M A2 H S 5 R
i, S8 B AL ST 5 M+ 1 AN B, S A S
AR ZHRA T, 58 B 2 5 28 2M BB,
BOBT ML EBIRZ

4 HESSH

AN EEVTNS TR EOT R ERE, B
JI A A B3 R B A o v 5 0, LA T8 3 25 R d 4%
BB EE RS, BEAR I 25 IR A 34, I E
P TA5 5 R i S A5 S om Z M A B , 3R
H=\Jpe, (30)
Ko RERBARBFE, © 585 I & U I, IR &
— IR IFETE R o, Bl o =d ™ ;& A7 22 B Fl
A BEALAS B B 2 P R S 3 P R
v NI LRSS CUT,1 . CU2 .CU3, 1 Il CU4 1Y
LEEE , BRI AAR S 502 (0,1) . (2,1) .(0,0) |
(1,0).(3,0) .(1,-1)F1(3,-1) ; BIRE Relayl F
Relay2 fJAEFRTHIE(2,0) F1(2,-1) HARFES
WSS 10 BB AT o A g DR B H] %
NP =8, P, =P, =8; B ZH I I BRI %K
- 1314 .

Py =10, Py, = Py, = 10, % & 52 Pr FR i 78 % kb
Groupl ,Group2 fEHIHR G [R] B, %F He A 2 | B 4104
[ERZIESIIIPOE AT NSN3 g AR P i
PR IRHBA =0 BAMFEW MRS IR N o =
1, B AETE RN a=4,

K 3 FZRUPRSEITE T, 4 Group2 H T A%
A H N=1 B}, Groupl F1 Group2 1% % # 2 1 % kb
L, AT K B, 41 2 1) 4% fn i SR Bt P N8
AR I b T 1 ROTE BCIAR R . X O A
SCHEAZREH B E TN S A A 23
BEIZZH ] P B S s ), Sk 17 7R S5 —
AR 0T 1 J7 20 AT Sy B 22 ) P 4 ARk B Ry 10 4% il
KoONE3 FHL, Y M=6 B4 2 fE Rk R iRk
{8, S IR AT P i 55 o

0.12

I A Group 1
I A Group 2|

B3 MAEARFEHE N=1 W41 A2 2 &R s
Fig. 3 Rate comparison between Group 1 and
Group 2 for different M when N=1

Pl 4 JT 7R ) 2 1 AL e A e R 55 AT 3 AR X
PNEL NV 8 WoN e gt i WU RER DR INOY A
W EL D) R I TN AL AR N, ASCH BRI T £
R OL SO, 22 4% 28 0 58 e A% e R 2
AT R, MO AT L2 3 o g 0 (L D 230k B i 3k vl
TREEH

0.196

L T
0.194} . —

0.188f

0.184
1.0 1.5 20 25 30 35 40 45 50 55 6.0
M

B4 MAEATRE N=1 HUEAE L AR b i A i o 4 Lg%
Fig. 4 Sum rate of the system for different M and
peak power when N=1



55 56 45

A EE SR A S R TT A5 UM 2 24 2RI TS M 25 1 9 DR AR

512

5 HERIE

ARG T — I T4 N A B DML ) 224
LUHHLE K5 T R B o8 3 ANEFBR, i — 20
PHZALH N R ECE . B EThe T 284
Z 5 PMEEAR RO, S A DR BT &,
$2 )RR LT 3 Z2 I B InASU A i R N T 22 1)
M P EEEarpg il 55, DG AR R, B TA N
(B M A% () 2248 LI 0 TG 2 W 45, 7 DR 4 L 7
N, AT LA 22 FH P A B S AR R X T
RR S, 38 2 A R, mp 0 32 P e R A B R P
HRE, N, ARSCGARAR T 3 K3 AU 2R
Z 5 RE G R TR, NP AR ER AT
FEINFNTCE M 28 TR AL AR S 3 1 000 T B AR S bl
il LA K2 5 FH P FRASE 5 X6) e A% B o 3R 1) 5 )

S Xk

[1] VELLA J M,ZAMMIT S. A survey of multicasting over
wireless access networks[ J]. IEEE Communications Sur-
veys & Tutorials,2012,15(2) .718-753.

[2] GRUBER M,ZELLER D. Multimedia broadcast multicast
service:new transmission schemes and related challenges
[J]. IEEE Communications Magazine,2011,49 (12).
176-181.

(3] ZRHEL HTCLHL 2% 28 I s L =2 [ 1], W
AR ,2015,55(8) :829-835.

RONG Mei. Subspace projected spectrum sharing in cog-
nitive radio networks [ J]. Telecommunication Engineer-
ing,2015,55(8) :829-835. (iin Chinese)

[4] TAWK Y,COSTANTINE J,CHRISTODOULOU C G. Cog-
nitive radio and antenna functionalities: atutorial [ J].
IEEE Antennas and Propagation Magazine,2014,56(1) :
231-243.

[5] SUH C,MO J. Resource allocation for multicast services
in multicarrier wireless communications| J|. IEEE Trans-
actions on Wireless Communications ,2006,7(1) :27-31.

[6] SAMI M, NOORDIN N, KHABAZIA M,et al. A survey
and taxonomy on medium access control strategies for co-
operative communication in wireless networks: research
issues and challenges[ J]. IEEE Communications Surveys
& Tutorials ,2016,18(4) :2493-2521.

[7] AFOLABI R O,DADLANI A,KIM K. Multicast schedu-
ling and resource allocation algorithms for OFDMA —based
systems:a survey [ J|. IEEE Communications Surveys &
Tutorials,2013,15(1) :240-254.

[8] LI'Y,PENG Q,WANG X. Multicast capacity with max—
min fairness for heterogeneous networks[ J]. IEEE/ACM
Transactions on Networking,2014,22(2) :622-635.

[9] HADEF M, APOSTOLARAS A,O’REILLY J,et al. Co-
operative multicast resource allocation strategy[ C ]//Pro-
ceedings of 2014 IEEE Wireless Communication and Net-
working Conference. Istanbul . IEEE,2014.2769-2774.

[10] YANG L, CHEN J,ZHANG H, et al. Cooperative wire-
less multicast: performance analysis and time allocation
[J]. IEEE Transactions on Vehicular Technology,2015,
65(7) :5810-5819.

[11] HAO W,YANG S,NING B. Optimal resource allocation
for CR networks with multi—group multicast based on in-
ter — group and inner — group cooperation transmission
[ C]//Proceedings of 2015 IEEE 82nd Vehicular Tech-
nology Conference ( VIC Fall ). Boston, MA: IEEE,
2015;1-4.

EEE T

ATE(1990—) , 2, W H 7 A, 2014
AETHROM 23R 2, B A F A
FEWFTE 7 18] N HITC L L BEIR A AL 3 5

SHI Lulu was born in Shangqiu, Henan

Province,in 1990. She received the B. S. degree
from Zhengzhou University in 2014. She is now
a graduate student. Her research concerns re-
source allocation and optimization in cognitive radio networks.

Email ; aprilshi@ foxmail. com

BF S (1965—) 5 T RIARIN N, 2003 45 3t 12440
BB A U, F2 ST ) o O (R R G AR
P LIRS A EREY S Y

YANG Shouyi was born in Zhengzhou, Henan Province, in
1965. He received the Ph. D. degree in 2003. He is now a pro-
fessor and also the Ph. D. supervisor. His research concerns
wireless communication systems, cognitive radio, communication
signal processing,etc.

Email ; iesyyang@ zzu. edu. cn

IR (1989—) , U5, IR HRIN A, 2014 4F T3 [ 2 1)
LIRS 27X 1 e VAP DN EY SR e S ROl
A, EBETETT ) AR JCE L IR A 2 e

ZHANG Ruizhe was born in Zhengzhou ,Henan Province ,in
1989. He received the M. S. degree from the University of Man-
chester, UK, in 2014. He is currently working toward the Ph. D.
degree. His research concerns resource allocation and optimiza-
tion in cognitive radio networks.

Email ; iezhangruizhe@ gs. zzu. edu. cn

Z= #(1989—) , L, T KM, BLOA ARSI R 7 45 5
AR e A F 5T AR, RS 5 1w S AR JE £ U
I

LI Yan was born in Zhengzhou, Henan Province, in 1989.
She is now a graduate student. Her research concerns resource
allocation in cognitive radio networks.

Email ; liyanzzu@ foxmail. com

- 1315 -





