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Abstract: As one of the most fundamental properties of wireless networks, latency is important to the information dissemination,
routing protocol design and node deployment. Different from the traditional wireless network, the spectrum resource in cognitive radio
networks is dynamic which affects the network latency drastically. Thus, how to analyze the latency of large-scale cognitive radio
networks under the dynamic spectrum environments is a challenging problem. To address this problem, this paper first constructs a
dynamic spectrum environment model in which the process of the licensed spectrum access is defined as a continuous-time Markov chain,
and a survival function of secondary users is created to quantify the impact of the number of channels and the activities of primary users.
Next, this paper combines the proposed model with the first passage percolation theory to investigate scaling laws of latency in large scale
cognitive radio networks. It also derives a tighter upper bound of the ratio of latency to distance. Theoretical analysis and simulation
results show that the dynamic spectrum environments have a great impact on the latency of large-scale cognitive radio networks as well as

the density. The results provide important guidelines for the design of cognitive radio networks.
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Fig.4 Impact of node density on network latency

4 7 U JRET I 46 N S F 5 )

52 RNARESHRFEENEF W

AN 21 5256 3 B 7 B AR AT R ()Xo A T £ P I 4% I S /i L £ S i, R R L BUH 9 B RN
H Mg B 5 ORI S S B EA=1.9 B AAF R BT N ¢0(1)=0.2,0.5,0.8 [rIB SE /P 25 L 2R A . S
Il 4 AT, & S(a)FH I S(b) I IR /R 3 Ll ARG T — AN KT 0 1R 200 0 2% 5 4 5 00 59 1 AR 1k R 2 MO R K
B, A,=1.9 B A A7 R BB G SRR /N a2 5 B0 48 AL T Y RS SR R, et TR R iR B I T B
AT A B H R S B2 24 A7 R e i 21 0.8 2 )5, I SE /B B A& T 0, 90 2% A T 3% S IR 25 U IS 1% 475 L 4%
RAEE AR ER AR A R AT DL ) S(a)~ B 5(c)H 1B SiE /i 25 L L BRAE 4351 4 2.4,0.6,0.15. 30 1
SPEGIE 5 rp R S/ R bl T DR BB AT N T FAH K B RAELFF A B B 1 G I S/ 2 EL 1 BRI
IR

o 025¢ o 0.25 o 0.25
: : :
‘2 0.20}, ‘2 0.20 ‘E 0.20
8 g5 8 : & .15
s 15 = 0.15 ? >
§ 0.10 £ 0.10 g 0.10
< < ® <
= 0.05 = 0.05 \\i = 0.05
0.00 ! ; ' 0.00 ' i ' 0.00 Msesmamn '
0 4 8 12 16 0 4 8 12 16 0 4 8 12 16
Distance from sources to destinations Distance from sources to destinations Distance from sources to destinations
(a) 4=1.9, ¢(£)=0.2 (b) 4=1.9, p(1)=0.5 (c) 4=1.9, p()=0.8
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