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A Q-learning based channel access scheme for cognitive radios
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ABSTRACT

In distrbuted cognitive radio networks, cognitive radio devices which perform the channel sensing individudlly, are seriously
affected by radio channel environments such as noise, shadowing and fading such that they can not properly satisfy the
moximum dllowable interference level to the primary user. In the paper, we propose o Qleaming based channel access
scheme for cogritive radios so as fo safisfy the maximum allowable interference level to the primary user as well os to improve
the throughput of cognifive radio by opportunisticaly accessing on the idie channels. In the proposed scheme, the pattem
of channel usage of the primary user will be leamed through @leaming during the pre-play leaming step, and then the
learmed channel usage paftern will be utiized for improving the sersing performance duling the @-eoming nomoal operation
step. Through the simulation, it Is shown that the proposed scheme con provide better performance than the conventional
energy detector in terms of the interference level fo primary user and the throughput of cognitive radio under both AWGN
and Rayleigh fading channels.
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4.1 Q-learning

Qleaming ¥ FFES HEHA Z3dE
(reinforcement learning) ¥ E1E F A F
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4.2.4 221F 74
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AAs7] A3l AA Ael(true state)E TS
AA el o2 CR 7I7|2RE F4 wolop
& SM, RTS/CTS, Ho|El, ACK #Zlo] F2= A
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s(0),a(0)) & BAF 3t r(s,a)E A4S tg0
ZANZLAAE (1) 47] A3 AHEP Al
sty wek I Ay AE 5,0l
Q-leaming> (1 —¢) &EZE exploitation £ ¥
AL o{l)= maxa‘)EA(Q(si,a]-))% TEA 7=
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. Initialization ...

Initialize a, v, Q(s,2) [
¥

Spectrum sensing by ED
for initial state & taking
an action for
corresponding to the state
T

Pre-play learning &
1 Normal operation -~

Execute action &

i Obtain reward value ¥
l If P, < A, normal operation
Otherwise, Pre-play learning

Spectrum sensing |

for next state

No

Exploitation }

3 Exploration

H Update a, y using (12ﬂ

-{ Update Q valuc using (11)

(38 7) Qrlearning 7|2k sidXEr 8ol XA 385
2 all)=min, c 4(Q(s50))) 8 WHAIE ¥
F a; 7F AEEn 183 Q(s(0),a(0)) #E
7341817) fste] A Fe] AHE
Fdch 383 AA g9 A gAY B
FrE o) 8g WA 3t AMNCR A Eolyith
133 AL B4 DAlE Q-leamning®] AFE U
€ FF a)E ez AYHIS NEPES
f dold ZOFE dAHE 7t s< A & BE
g g7t eYHT, AL 9 T A dAR
Q-leamning®] ZAHE  AEdH I
Q-leaming 7]¥ HEHZ GAZ o7tk
Q-leamning 719 AP H L GAE AHD S A
% T4 sAME FAREg oo dAR
Q-learning®] A& dgri= Hol 2o} w
2hA] o]4de] AIB|EE (1Y 79 £MER §
d42 4 ok

O

A4t

5. 2o4¥

T4 CR U EfZ A A FE= Q-learning
71k ARF IR AFE §A5) 95ty

{ e Proposed scheme with W=0.2}
| ki Proposed scheme with ut=0.3}
o7 e Proposed schewe vath ut=D.7 |

{ e Proposed scheme with ut=0.8
§oo s ED with w02
06 {ovs o D with 0.3
ED with wt=0.7
o ED with w1208

]

L

o ‘
-38 30 25 -20 -18 Rid
SNR

(72 8) AWGN =ol|Ale] xzlg 45 vl

ON-OFF 2.9 & £23l= pUsH A8 MAC =
EEZ 93] oln] FristE W fHIZHY
Aol E3E= CR 71718S 28 sk CR H)
Egagd AMgHE AL stuE IAE,
AWGN A'd 2d3 tg3 o] AFEXE 7}t
A= d Ly o)(Rayleigh) Hold Ad Zd& A}
=

—é) £>0 (13)

¥ SNRE, z Hd SNRE 9v|dith

ED9 A~HEY AL S F 4 Mhzol A 50
us®] ZolZ o] 02 thM=200). Q-learning®] %
719] a®t v 058 38y, Foid HES
A=01 °)E MRS As Hut 7Ee Fola
A & St e gl pU A3 SNR
Zholl W& A e]& o|™, Proposed scheme® 37
H AL 7IYE HE8 A HE7]19 EDR
718 drFe AR AE7E vl £A %

(2% 82 AWGN Ald st A Foix M4 &
& USEe B9 AEg A5S SNR #ol o
g} M E RoldE Asjolth ut & EIEE F
o deby PUZE AE S ARdexE vehd=
A2 o] &E(utilization)E 27t} EDE AWGN

k= 2Bl HESE| (12335)
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o8

e Proposed scheme with ut=0.2
=~ Proposed scherme with ut=0 8
ik - B0 with ut=0.2

075

© - ED with ui=0.8 o
08 o

L*.‘,&,&Aw&‘&*‘,**_“*‘_““*
ha,

T OB P - D O g O O O G e

PP PR
Do g e o TR Qe G o AP O T

%8 = 25 20 s o
BNR

(38 9) AWGN+2li2lzfo] 2doliM A28 45 bl

ki

08

o
@

0.2
» Proposed scheme wih ut=0.8
{ =t ED with ut=0.2
{ v ED with ut=0.8

2
by

interference rate
© I3 Py I3
b by o &

©
N
&

%
o
“

o

- e 22

¢ ' g f
35 -3 R4 20 ~18 -1

(23 10 AWGN+a dafo] dolM ZIME Hs
=Y

A BtAM Fol ZHHES I F49)
o] dAG Aol 71¥tste] FABEE Q-leaming
< ED| o) Z2A4E Ade A AuE g2
T o] Ao E & HANS 48 AYE
g4 AR S Bt Agsoh gk AgE 7
P ED9 A9l {ANG Fejo] Helg AHE
HojEoh AT w=022 A9, -15dB o]|3 2=
o U2 45s E9FEd o)A Qleaming®)
PUS & Ad o &EE <& 2= 744
A8 FEY AFE FAU 7HEe o 2
> 713594 AEPLZE vkE F A7) W

Folt.

(2% 9% (2% 102> AWGN d L o] #
ol g 3dtollM A& HHE 45 SNR
kel wsle] whe} vjwd Ro|Ay AH}Eolth
I3 9ol A ut=02 ¢! 7%, EDT A e e
v 2 A& A5E /AT 18 1094
B upel o] 72 8ol AHeE vy Fof
PUS F4l& A9 B4 & 4 glvh ut=08 ¢
739, Aoty WAL 13dBE /1H o ED B}
g Uy A& 458 EYFE FA9 o ¥
M ES BRI ol PUY 32 Ald A=
Q3 PUS] AE AHE HES TS 47 Q-learning
o] 8 T 4 A7) WiEolH, 59l SNR %ol
sold & EDY s AT JA Aurt A
HANHEE Aoz Aoz g4
of B ¥173lAl wkgste] Adel] FIekr] WE
o}, olejst A#ZFE PUS Ad AME-Eo0] ¢
AeFE ooz wobd 4% Qleaming®] Y3
717ke] B 3 HA e A Adaglel Mg
o N3FHoz HIFeEH T Y2 A

G THES AT & 7 e d

e WA ARg dee FINII A8
o] Qlearning®] St Z#E ED 2FEH A

Aol HE8En}. CR 71719] A" 2718 o]
AFA 85 (Pre-play learning) THAIol A E ED2) Al
A AFE Y E AL, AP g dAleA
AR HHEQ YA o8tz o] APs
W Q-earning 7]¥+ A'dHZ(Q-leamning normal
operation) ©A & dol7t HA 5o AAE 7]
wo 2 pUe sd AMSRFE ARIREF S
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