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Fig.1 Cognitive radio network model

EEWHE FEKARPAREE R IIE (61231013,61271195) ; [& G157 F FE B AR 2 2 & 0T H (61221061)
YEF B AT XL (1973 =), J a2 SO Lm0 28 T R R 2 Bl oz L, 32 20 TR 408 5 I 46 0T 5%, Email . 1i-

uk@ buaa. edu. cn.



5% 43 KB, 45 AR TG LK AL 0 4 Hh LA I 55 o dk S8 G AL & 3T L 52 75
Ve 4] F 43 2% E PU RT-SU NRT-SU IDLE
VCUIREEINEL T o0 Ll it

f(x)zl—a-%. (1)

A ca R AR BRI B 75 V g 55 545 16 8,
HAO0<as1 0sx<N.

MA=la,, ay, « ]I B=[B,, B, B,]
53 9 R 78 SIS P AR S I R R A
WERHE T, HAF o, <a,+ <a,,B, <B,-+ <B,. &
s Fr g3 5 R s BAA AR AR P A%
TR R, e R s =2,r=2,JF H o, =0,
=0. XFAMBALIERRNA=[0, a] F1 B =
[0, B, T S iF Y % ] P AR S¢ i Y g H 7 oml LA
2754 RT-SU, .RT-SU, fil NRT-SU, NRT-SU,.

JIT A P o A % 5 I a0h 2045 SR K v
O P A R bR 28 ) T i 2 380 % T A R ke )
W7 P A5 T LA A . B IRE S N AR
) A3 TE , 3 e F L By, e Fy B T
FHERIR G AN A E T AT R AL . &
FH P R A B s B ARG S 2Ok AR IE

M PR L E AR, B S BEAL R —
ANV B P 0945 38 R R R A RS
el WP B 0945 B AR SE R S
2 I Y ] P b 200 By | vp T 3 A O R {5
TN R R 45 10 45 38 2 IS I R o T i
SEEHRTA S WEEAE. MR 2 WEIE, 5
i EHEIZ 3 ] P 2 HE 3 A5 PR AR G B, A 00 S s
FIE AR R R b B A X — 7 5, S IR L
B S IR 9T A AR R R AT DATE fR 4
FFH A S G [ B e A R R

K2 g N =8 I L2 g e s 5 k. 78 o I
ZI, ER PSR, SEm PSR, R, AR SE
WS F, Foeoo W5 20, W28 55 69 3 0 P
P B S R G P A T R F AR T8, R
Kt R b A = WA EAATE. M kB F,
SEE W, B S F o BCss ER . 2,
W58 Ml 55 4 2 P SELAeE T B A S5 kv O] P
) F AR 8. % 820 3k 58 g P A B AR
QoS PLAe 2, & W Y Hid A5 S B gl vh by, = P B
AR NZAG B, o, F 0, B 20, RGP AN WR
A ORUE 3 P B s A S gk, 2 32 T R
AAFTE I, S UG F P AR 52 I R 9 2
b A%

AL, AL, IR, TR,

2 BT QoS X #H 0SS Hik
Fig.2 QoS-guaranteed OSS algorithm
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Fig.3 State transition diagram of the

Markov chain model

ST i+j+k+l+m <N, USR] =1, 2,
3, 4 B FR S HER

o 1+1 Oy
W(thJm“l):N—(i—l)—j—k.ii.

m(i-1,j,k,l+1,m,0). (9)

o m +1 Oru
W(thJmhz)=N—(i—1)—j—k.€i.

7(i-1,j,k1,m+1,0). (10)

7T(i?j’k’l’m73) :B ° : /\;‘\“RTZ ° W(i’j’k’l’mvo)‘

N
(11)

W(i’j’k’l,m"l):a' .ARTZ'W(i’jyk’l’m’O)‘

k.
N
(12)
JRE(9) F(10) 43 51 3= 7 v W ME 325 5 12
(11) A (12) 43 9 R 7n i& A 25 R A5 38 B 0 BH 28
.
ST i+j+k+l+m =N, A LIFEF],
T

m(i,j,k,l,m,5) =m .
a(i-1,.kl+1,m,0). (13)
wumhhm®=ﬁggéﬁ-%L
m(i-1,7,k,l,m+1,0). (14)
”“%hhmﬂzﬁgi%ﬁ'%L
m(i-1,7+1,k,l,m,0). (15)
”“%hhww=ﬁ¥%%ﬁ'%L
m(i-1,jk+1,0,m,0). (16)
a(i,j,k,l,m,9) =Xy » w(i,j,k,l,m,0) .
(17)
m(i,j,k,l,m,10) =Xy * 7w(i,j,k,0,m,0).
(18)
a(i,j,k,l,m,11) =Apy = w(i,j,k,l,m,0).
(19)
m(i,j,k,l,m,12) =App, = w(i,j,k,l,m,0).
(20)

TrRE(13) ~ (16) 3 5 R R BA = WAFE
B PTG PR R IR T R (17) ~ (20)
IR ZR G BeA 23 R G I T A IO T G B
FERER.

BAR, A

N=i Noi=jN=i-j-kN-i-j—k-1

12 N
SYYS S Y wligklmn) =1
n=0 i=0 j=0 k=0 1=0 °

(21)
X (9) ~ (21), /T LATHRAS B0 4R A3 S A
F 7(0,0,0,0,0,0,). 3T, 5t A LA HEAT
(HEORTNAY
2.2 HEESHE
SR G P e A R A S pe e N
Pram 278 RT-SU, il RT-SU, (1 I 8 2.

N Nei N-i-jN-i-j-k

Pppn = Z Z 2 Z
i=1 j=0 k=0 1=0



54 1 UL, 25 N1 T6 2 v 0 25 v LA IR 45 R Tk S (1 L 4 0003 77
(i k I,N—i—j—k-1,7). (22) WN=8,0,=0.1,8 =0.2,0p =Agn = Apn =

N N-i N—i-jN-i-j—k

Pram = 2 2 3 3

i=1 j=0 k=0 1=0

w(ij, kAN -i-j—k-18). (23)
B2 BT R G P WA R 3 Py e
M e 75 NRT-SU, FI NRT-SU, B i 2%

N=1 Nol=iN=1-i=jN=1=i=j=kN-1-i-j—k-l

Prown = 2 2 Z DI

1=0

w(i.j, kL,

N N-i \71\77, k

m,1) +ZZZ Z w(ij kI, N—-i—-j—k-

=1 j=0 k= =0

1,5). (24)
Nol Nol=iN-1=i=jN-1—i—j-kN-1-i-j-k-1

F’\RT2 Z 2 2 2 2 ﬂ(i,j9k9l,

N—i N=i=jN=i=j~k

m,2) +222 Z w(ij kI, N—i—-j—k-

1,6). " (25)
%HTFHFE/JKE.;%*%K 7 5 H P rri Gl Py r2
/8 RT- SU, %H RT-SU, EI’JISE%UI‘%?

Py en Zzz Z Tr(L,],k,l,N—L—]—k—

i=0 j=0 k=0 1=0

1,11). (26)
N=1 Nl =iN=1=i=jN=1=i=j=kN=-1—-i=j-k=I

BRTZ = ZZ 2 Z 2 "T(i,j9k9l,

N N-i N—i-jN-i-j—k

m,4) +ZZZ Z w(ij kN =i —j—k -

=0 j=0 k= =0

1,12). (27)
JEsC P E‘Jlﬁ%%ﬁ 4y 51 P vkt Gl
Purr 2678 NRT-SU, I NRT-SU, Ay BH ZE 4 %.

Neoi NeiojN-ij

Py vam ZZZ 2 "T(L,],k,l’N_L -j—k-
i=0 j=0 fzo 10

1,9). (28)
Nl Nl =iN=l=imjN=1=imj=kN =1 =i=jk =

B\RTZ - z z Z Z z ﬂ(i,j,k’l’
izl -
NN "f’fﬂ'—‘—/ k

m,3) +222 Z (i kN =i —j -k -

1,10). " : (29)
ARG WA ki e SO R 5 IR 55 1T
YIE, " RLRR N

2 N N i-j—kN-i-j-k-1

z 2 2\2] 2 z w(i,j,k,l,m,n) -

n=0 i=0 j=0 k=

(L/Jvm + ]MRT] + kIu’RTZ + gyt Mpygn )+

Z 2 2 Z 2 2 ’lT(L,],k,l,m n) + Ciwpy

=5 i=0 ;=0 k=0

+.]/'LRII + k,“iu'z + l,uw'rl + mMsVsz)- (3())
3 MRS
XHRA; 4 T R G R B T A

Ayernt = Ayers = 0.6, MM ppy = fpn = e = Barn
= wapn = 0.4

P4 RES T 2R REERMO0.1 5] 1
7S AL B YR T 0 e BT R 5 R B ZE A R A L.
SR B 2 FH P B0 3k S B, ke b 2 1 S P
TP MG, T BOR GO P v 7 RE =R A BE 2
WEARHR 23 Bl 2 19 . AE & v, RT-SU, Al RT-SU, 1)
T ARE 3 — R, O B R AT T A AR —FE )
B, NRT-SU, Fl NRT-SU, (%] t W7 HE %t — k. {H 12
Ak S UG P v AR R L S e U P
Wit R B Z &2, X — R LRRET
S YR ST P R Kl 1% . NRT-SU, i BH 28 8 %6
Vb B P I R K 3R I AR R PR R T
R BH ZEME R

S—Per rri
_H_IH RT2
0.1 —=Prr rri

—_—
FT, NRT2

%102 03 0405 06 07 08 09 1
T P #)3E % packets + s71)

B4 F AP KD K 3T 5 TR 80

Fig.4 Impact of packet arrival rate of PU on

forced termination probability

K6 25t T T iRk 5 3Cmk[ 4] ([6 ] prde
L) S AT B R, o, o S ScEk[ 6] H
FE LA I R A R B TR
Ak B SRR 6 ) Sk B
TESCHRL6 ], 24 32 1 B35 AR, W P AR

REA I 2 P B A B 0t 5 25 3 P 381 3k o g I
R WA A S IA BB 24 A, <0.7
I, 28 BT 4 53 1 FESCRR [ 4 148 i i 33030k £ Ay ik
B EEE I 10% ~40% . X IR SOk (4] H i

UG AN BB A A2 AR 7 45 3 v /Y 25 RS 3E (5
Ho, Z Ry 5 18 | PR 8 AL =5 A8 H 7

B 4,2,2.). 2 Ay >0.7 B SCHER (4] B A
R ER IR B LM &2 X R W
AL LAFE N I A G TR 32 S8 g P
PR



78 TR R A R (T AR )

2014 4

Fig.6 Impact of packet arrival rate of PU on throughput
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Opportunistic Spectrum Sharing Algorithm with Quality-of-Service
Support in Cognitive Radio Networks

LIU Kai, HE Li-yang, ZHANG Chen-yu, LIU Feng

(School of Electronics and Information Engineering, Beihang University, Beijing 100191, China)

Abstract; In this paper, we propose an opportunistic spectrum sharing ( OSS) algorithm with quality-of —

service (QoS) support to coordinate the spectrum access of primary users (PUs) and secondary users ( SUs)

for cognitive radio networks (CRNs). We also analyze its performance in the presence of two secondary users

(SUs) groups with different terminated-priorities and access-priorities, which are defined to satisfy different

QoS requirements of SUs. In addition, we use a six-dimensional Markov approach to derive system perform-

ance, such as SU forced termination probability, blocking probability and system throughput. Numerical re-

sults show that the QoS requirements of different SUs can be guaranteed in the presence of guaranteeing the

communication quality of PUs, and the system throughput is significantly improved compared with other typical

spectrum sharing schemes.

Key words: cognitive radio network CRN; opportunistic spectrum sharing ( 0SS) ; quality-of-service ( QoS)

support; Markov approach



