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Motivations for Cognitive Radio

u Spectrum Scarcity
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Motivations for Cognitive Radio

u Spectrum Underutilization
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Cognitive Radio Cycle
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Single User Sensing Mode
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Hidden node Problem

Interference
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Cooperative sensing Mode
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Energy detection terminology

® Received signal at CR receiver

}’I:Tl) = hps o Ip I:Tl) + Wl:ﬂ)

Ez{] H,=H,
0 H,=H,

e Statistic Metric
1
M= EZf{ﬂl}’(ﬂ)H
® Decision

M>A then decide H
M<A then decide H




Detection & false alarm probabilities

H)) & P, =pr(M > AH)

IS,

pr(M|H,)

Probability of mis- detection Probability of false alarm
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Problem Statement

max, R(t) = Ry(1) + R (1)

st 0<t<T Py(1) = By

> Optimization Carried in Scenarios:
H Single User Scenario

[ Multi-slot Spectrum Sensing

Frame 1 Frame 2
“«ra
T I-1

Frame K




Single User Scenario

Generate random vector O indicates PU status

A4

©=1 ---> Generate PU data

©=0 ---> No data

Multiply with channel gain coefficients & AWGN
added

\ 4

From N received samples, decision metric is

evaluated

\ 4

Compared with A, decision vector is obtained

v

Compared decision and O vectors to evaluate P & Pf




® Test Metric

1
M= Eﬂ:ﬂ}’(ﬂ)ﬂ

1% u
My, = E;Iw(n)lz My — %; (pe %) + ww)|
(G L I

® Threshold

1=£}f+13wﬂt¢%o-1®+1)

Pr=0((+1Q @) +yVN) N =1 fs

® So,

(1) =Q((r +DQ @) + 17 f: )
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Probability of mis-detection

Simulation Results
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Probability of mis-detection
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Probability of detection/false alarm
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Probability of detection/false alarm
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Probability of detection/false alarm
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Throughput Evaluation

® There are two scenarios in calculating Secondary user throughput

Scenario |

PU absent & no. false alarm

*¢* Channel Shannon capacity
Cﬂ — Iogz(l ‘l_ SNRS)

J .
** Prob. of its occurrence

(1 —Pr)P(Hy)

+* Then, SU throughput be

T—1
Ro(7) = T (1 = Ps(1))P(H)Co

So, the total throughput is

Scenario Il

PU exist & no. mis- detection

** Channel Shannon capacity
F;
+ Ny

SNR,

Ci = log- (l-l— )Ziagg (l-l—

Pp
R/ .
** Prob. of its occurrence

(1 —Pg)P(H,)

** Then, SU throughput be

T—1
Ri(7) = — (1 — P4)P(H{)Cy

R(t) = Ry(1) + Ry(7)

SNRp + 1

)




The achievable throughput (AWGN cahnnel)

Acheivable Throughput for single SU scenario
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The Normalized throughput (AWGN)

Achievable throughput(bits/Sec/Hz)
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Achievable throughput(bits/Sec/Hz)
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The achievable throughput (Rayleigh Channel)
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The Normalized throughput (Rayleigh Channel)
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e

Decision fusion cooperative sensing scheme

Secondary user 1

1 -l =
[ LN Iy mPE 2, BT

¥y (m)

D,

&

pri

Fusion center

g M = decide 1
y(n) [ 2= D K dﬂ-c:dﬂu]
Secondarv user M
Dy

},H(n)[j—,2£=1|ym(n)lzz Ane =2

K =1 AND — rule
K =M OR — rule
K = [’;—*] Majority — rule




Superiority of cooperative sensing
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Conclusion

e The sensing—throughput trade off problem is highlighted in
the AWGN and Rayleigh fading channels.

® The throughput curve in both channels has concave shape so,
a unique solution is found.

® Optimal sensing time in AWGN noise channel of 2.667 ms is
resulted ( For a frame length of 100 ms )

® While, optimal sensing time for Rayleigh fading be 7 ms.

® Also, the Rayleigh fading reduces the SU transmission
throughput.

® Multi-slot sensing it a type of time diversity improves the
false alarm probability.
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