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Double-Step Decision Reinforcement Learning Spectrum Management Using g-greedy Ex-

ploration

Yin Zhijie, Wang Yiming, Wu Cheng
(School of Railway Transportation, Soochow University, Suzhou, 215131, China)

Abstract: In cognitive radio network environment, the base station needs to carry out an effective spec-
trum management policy to guarantee the licensed user’s communication and to improve the quality of
service of the cognitive radio users at the same time. In the process of allocating spectrum holes to cogni-
tive radio users, the base station faces massive passive channel switching due to the unpredictability of the
licensed user and it results in the throughput of cognitive radio users’ degradation. To solve this prob-
lem, this paper proposes a novel base station-cognitive base station, which contains reinforcement learn-
ing model with novel state and action sets. The cognitive base station can perform two-step decision of
channel allocation, that is, whether to switch the channel for cognitive radio users and how to select the
best channel if the cognitive base station decides to switch, so as to avoid excessive channel switching and
improve the throughput of the cognitive radio user. Also, the performance of reinforcement learning
spectrum management policy highly depends on the exploration of environment. In this paper, epsilon-
greedy exploration method is used to solve the balance problem of cognitive base station in exploring the
unknown environment and exploiting the existing knowledge. Simulation results show that the implemen-

tation of the epsilon-greedy in each decision step has a remarkable effect on the system performance. Al-
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ers’ throughput and reducing channel switching.

il

inforcement learning; e-greedy exploration strategy

so, we set up the best evaluation of a combination of two-step epsilon so that the proposed method is su-
Key words: cognitive radio; cognitive base station; spectrum management; dynamic spectrum access; re-

perior to traditional reinforcement learning spectrum allocation scheme in improving cognitive radio us-
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Tab.1 Simulation parameters

RL parameter Value

0.01 when »,>0

¢ 0. 05 when r,<<0
Y 0.01
PU model parameter Value
Abuey 0.02
Aidle 0.02
pP1—Puwo 0.1,0.2,0.3.0.4.0.5,0.5,0.6,0.7,0.8,0.9
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WEEAEGY R 100 4. 52 & MR 100 MRS IEH S BB 2R KA. BT LR J7
PR B B2 AR S AR AR A S N HITE B 2 BN TC 2R M 28 PRI v o AR SO e IR T AR DA T £k H A
O BC P B YA U7 1 S AR SO R A SR R AT LB AR S BRASUT R AR eh e it S B DD 5T HL LSS i
J7 AR B 1 ASH RR OGS B 7 3 A i AR B0 o TR O AL 3% A D7 50, XFLL P, =0. 8 #E4T
AR V) e 2 )i B AL E % 45 3 He A/ PS—+ OP B8 A 2107 32 47 I35 42 B0« BRIV 00 76 2 — A5 o SR LA
ARG T AN X A 5 V) H £ 0 A S R 5 AR D) B B R T ASHRR T iE A AL Xl R
Wl £ 35 5 B {5 T8 CER A0 DR SR X035 28 U0 480 080 94 O B2

4 ZERIE

ARSCHEFE T A58 A B A o B A P EE R, S 1A R A B AN T A A G R B L el s G
i 22 BRE VIO R GEPERE G A G IR T R G AR i R L 55 2 A R) R 7 T4 5 2 >0 B A
TO Lk 19 265 14 52 A T Q] A e P 2R LA R AR T~ A48 T T X ek 3 R 5 3 D7) 48 U ) X H s 1 A 1]
R AR SCEG T — B B 2 AL RS Sh AR 4R o SERUE W L a 20T (0 0K 25 3l 1 3 A9 A ik i L — 2 1%
G 1A 3 58 = > A T8 23 BE 7 XA AR S ol 7E VR RE LA BOR AR T . B AR RS R A S A )
AT T B e-greedy SRR A LRI 5 L 78 -5 TTAE PRI 19 J5 1 LAY 3 7 v, 1 A 140 2845 R0 AR
R il 1 B S AR T R AR TG AR N % R 0 BR BT AR R A A R . AE P AP AR R e-greedy 9 TA T2 B
PERESE R AT P AR SO B T A ¢ BUE 70 B0 AR HAR 2w A 2% A M B, Bk 17— 4 e
{6 13 R GERPEREAR LI ARG ¢ BB OO0 5 o SCIR A5 SRAE W] 1 AS SCHR th A9 59 35 7 1 100 0 JC 6
I 4% B 353 14 ik il v R AT A0 AR B Y A T

5% 30k

[1] Flores A B, Guerra R E, Knightly E W, et al. IEEE 802. 11af: A standard for TV white space spectrum sharing[J]. IEEE
Communications Magazine, 2013,51(10):92-100.

[2] Mitola J, Maguire G Q. Cognitive radio: Making software radios more personal[ J]. IEEE Personal Communications, 1999,
6(4).13-18.

[3] Haykin S. Cognitive radio: Brain-empowered wireless communications[ J]. IEEE Journal on Selected Areas in Communica-
tions, 2005,23(2):201-220.

[4] Salami G, Durowoju O, Attar A, et al. A comparison between the centralized and distributed approaches for spectrum man-



1012 HIERELHLA®E Journal of Data Acquisition and Processing Vol. 33,No. 6, 2018

agement[ J]. IEEE Communications Surveys and Tutorials, 2011,13(2);274-290.

[5] Peng C, Zheng H, Zhao B Y, et al. Utilization and fairness in spectrum assignment for opportunistic spectrum access[J].
Mobile Networks and Applications, 2006,11(4) :555-576.

[6] AkyildizI F, Lee W, Vuran M C, et al. Next generation/dynamic spectrum access/cognitive radio wireless networks: A sur-
vey[J]. Computer Networks, 2006,50(13):2127-2159.

[7] AkyildizIF, Lee W, Vuran M C, et al. A survey on spectrum management in cognitive radio networks[ J]. IEEE Communi-
cations Magazine, 2008,46(4) :40-48.

[8] JiaJ, Zhang Q, Shen X S, et al. HC-MAC: A hardware-constrained cognitive MAC for efficient spectrum management[ ] ].
IEEE Journal on Selected Areas in Communications, 2008,26(1):106-117.

[9] Chowdhury K R, Felice M D, Akyildiz I F, et al. TCP CRAHN: A transport control protocol for cognitive radio ad hoc net-
works[J]. IEEE Transactions on Mobile Computing, 2013,12(4) ;790-803.

[10] Feng X, Qu D, Zhu G, et al. Smart channel switching in cognitive radio networks[ C]//International Congress on Image and
Signal Processing. [S. 1. ]: IEEE, 2009:1-5.

[11] Kyasanur P, Vaidya N H. Capacity of multichannel wireless networks under the protocol model[J]. IEEE ACM Transac-
tions on Networking, 2009,17(2):515-527.

[12] Kanodia V, Sabharwal A, Knightly E. MOAR: A multi-channel opportunistic auto-rate media access protocol for ad hoc net-
works[ C]// International Conference on Broadband Networks. [S.1. ]: IEEE, 2004:600-610.

[13] BRI%, wi0d, e 3. IR JCLk o A o8 ke () ). B R 48 S5 4 3, 2016, 31(3) : 440-451.
Chen Bing, Hu Feng, Zhu Kun. Research progress of cognitive radio[ J]. Journal of Data Acquisition and Processing, 2016,
31(3):440-451.

[14] EEH . b, DM IELR i I 2 v B U f5 5 58 B 1 A 30 vk (. B3 R 4 S5 AL 38, 2014, 29(3) 1 465-471.
Wang Huifeng, Gao Zhan. Localization algorithm based on received signal strength compare for cognitive radio networks[ J].
Journal of Data Acquisition and Processing,2014,29(3) :465-471.

[15] Wu C, Chowdhury K R, Felice M D, et al. Spectrum management of cognitive radio using multi-agent reinforcement learn-
ing[J]. Adaptive Agents and Multi-agents Systems., 2010:1705-1712.

[16] Emre M, Gur G, Bayhan S, et al. Cooperative Q: Energy-efficient channel access based on cooperative reinforcement learn-
ing[ C]//1EEE International Conference on Communication Workshop. IEEE. 2015:2799-2805.

[17] Galindo-Serrano A, Giupponi L. Distributed Q-learning for aggregated interference control in cognitive radio networks[ J].
IEEE Transactions on Vehicular Technology, 2010,59(4) :1823-1834.

[18] Ahmed A, Amal G, Anis S, et al. Resource allocation for multi-user cognitive radio systems using multi-agent Q-learning
[C]//International Conference on Ambient Systems. Networks and Technologies. [S. 1. ]: [s.n. ], 2012.

[19] Tangkaratt V, Morimoto J, Sugiyama M. Model-based reinforcement learning with dimension reduction[J]. Neural Net-
works the Official Journal of the International Neural Network Society, 2016,84:1-16.

[20] Morozs N, Clarke T, Grace D. Distributed heuristically accelerated Q-learningfor robust cognitive spectrum management in
LTE cellular systems[]J]. IEEE Transactions on Mobile Computing, 2016,15(4) :817-825.

[21] Sutton R, Barto A. Reinforcement learning: An introductionf M]. [S. 1. ]: MIT Press, 1998.

EEEAN -
FZ A 1992, B+ BF E—M8(1956-), 7. IZ, 2% (1978 . B . Bl #H 42,
gEA W 5T 0 1« BN G R A S, b EE TS i A S0l WF 5T 5 1 - A

RG] s 223 I B4 5L IEEE £ B L i
KREWAEHEBRE ¥R
Wk Nz —  BFE5EJ7 1. &
LR £ 45 I TG kR

8 I

U £k AL R AL B E-

mail; cwn@suda. edu. cn,

}
(1,

(% 4. 7K9B)



