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Motivation

Measured Spectrum Occupancy Averaged over Seven Locations
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Dynamic Spectrum Access
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Spectrum sensing
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Spectrum sensing

* Performance of Spectrum sensing

e Pd: Detection probability
 Pf: False alarm probability

* Spectrum sensing challenges
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Cooperative spectrum sensing

* CSS challenges
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Resource Allocation (RA) in CRNs

* Wireless Resources depending on the technology

* Frequency bands

* Time slots
* Orthogonal codes
* Transmit power

* RA in interweave CRNs
* Sensing based Resource Allocation
* Maximize the throughput

v'Minimize the energy consumption

* Maximize the energy efficiency metric

13



Energy Consumption Minimization

* Transmit power allocation in a multicarrier-CDMA network with known
sensing parameters.

M1n1mlze Z Z P(k

1=1 k=1

subjectto (1) Zpi(k) < Prhoz,1=1,....,. N
k=1

Aj

@Y 0V >R i=1,..,N
k=1

G)|Fi|=A;, i=1,..,N

Q. Qj, L. B. Milstein, and D. Vaman, “Cognitive radio based multi-user resource allocation in mobile adhoc networks using multi-
carrier CDMA modulation,” IEEE J. Sel. Area Comm. , vol. 26, no. 1, pp.70-82, 2008.
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Energy Efficiency Maximization

* Sub-channel assignment in CRN consisting M SUs and N sub-channels,
with known sensing parameters.

R
Maximize 7 = I

N
subject to (D) me’” <l,m=1,....M
n=1

M
@ > Tma<l,n=1,..,N

m=1

3) Tmn € {0, 1}

S. Bayhan and F. Alagoz, “Scheduling in centralized cognitive radio networks for energy efficiency,” IEEE Trans. Veh. Technol., vol.
62, no. 2, pp. 582 — 595, Oct. 2013.
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System Model
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Spectrum sensing phase

* Hypothesis test at the jith SUs

ni(q) Hy

ni(q) + his(q) Hi

2i(q) ~ <

. 3(q) is the PU’s signal which is assumed to be unknown deterministic

. nz(Q) is the Gaussian noise with zero mean and variance ag

- q=0,...,Q — 1 isthetimeindex, and ( equals T f
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Spectrum sensing phase

Q-
* Energy detector 1
o A
90 =0
* On-OFF Censoring W = 4
M Counting Rule (OR) at
Pp=1-— H ((1 - pfz‘)(l _pei) + pfipei) Fusion Center
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Transmission phase

* Uplink CDMA (Code Division Multiple Access)

PU Network

CDMA-based SU Network
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Transmission phase

* Conventional single user matched filter

* SIC (Successive Interference Canceller) detector at SBS
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Problem Formulation (1)

Joint Optimization of Spectrum Sensing and Power Allocation

Problem P1
M
Minimize FEr = Z[((I)S.T + @r‘l((l — po.)mo + (1 — p1.)71)]
AP P 7 zM 7 7
M
+ (T —7=n)((1 = Pr)mo + (1 - Pp)m) Y _ P,
i=1
, T+ P;
subjectto (1) R; =~ (1 — ——)(1 — Pp)mo log(1 + ) >
I > htic1 P+ NoW
@ Pp = Pp
(3) Pp < Pr

HN>0,P>0 i=1,..,M
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Joint optimization

* Problem P2
M
Minimize By = ; (@4, + r, = (D570 + P, 1)

+ NoW(T — 71 —n)((1 — Prp)mo + (1 — Pp)m)

> it O
mo(1 — =) (1 — Pr)

(exp( ) —1)

subject to (1) Pp > Pp
(2) Pr < Pp
H0<p, <1, i1=1,....M

* P2 is not convex in general but can be represented as a monotonic
optimization problem.
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Monotonic Optimization Problem

e Definition :

Minimize{f(z)|z € G N H}

G =1z € Rilg(z) = 0}

H={zecRi|h(z) >0}

is @ Monotonic Optimization Problem iff

* f(2),9(2),h(2): R} — 'R are monotone increasing.

- GNH C [0, b] C R”. isaclose set.
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Joint optimization

° Problem P3

Minimize log(Er) = log(X1(py)) + log(X2(py))
fit=1s0 /

subject to (1) Pp > Pp
(2) Pp < Pp

BH0<ps <1, i=1,.,M

* Xo(py)isanincreasingand X;(py) is a decreasing function of

Py = [pp - Dfy]

* Objective of P3 is a difference of increasing functions and can be
represented as a monotonic optimization problem.
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Joint optimization

* Problem P4

Minimize ¢+ Y-
t,pf:,ilzl,.l..,]\/[ T 2(pf)

subject to (Ht—=Yi(pr) > —Y1(1)
2 Pp(pf) = Pp
(3) Pr(py) < Pr
H0<py <1, i=1,...,M, 0<t<Y1(0)—Y1(1)

* Polyblock/Copolyblock algorithms are suggested by Tuy for solving
monotonic Maximization/Minimization problem.

H. Tuy, “Normal sets, polyblocks and monotonic optimization,” Vietnam Journal of Mathematics, vol. 27, no. 4, pp. 277-300,
1999.
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Problem Formulation (2)

Separate Optimization of Spectrum Sensing and Power Allocation
* Problem Q1

M
Minimize  Ecss = ; (o7 + Dy 5 (P 0 + P, )
M J—
subjectto (1) Pp =1 — H (L =pg)(X —Dpe;) +Dtpe;) < Pr
i=1
M —
2 Pp=1- H (1 =pa,)(1 = pe,) + pa;pe;) = Pp
i=1

3)0<py <1, 1=1,.... M

Monotonic Optimization Problem
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Separate Optimization

* Problem Q2

P

T+M
T

subjectto (1) R; ~ (1 — )(1 — Pr)mo log(1 +

QF >0 i=1,....M

* Optimal value happens when

M
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Numerical Results

e M=5,Pr=0.5, Pp=0.95
* Effect of sensing parameters on energy consumption,
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Numerical Results

* Effect of sensing parameters on energy consumption,
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Numerical Results

* Effect of fusion rule on energy consumption
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Numerical Results

* Comparison of joint and separate optimization
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Numerical Results

» Comparison of joint and separate optimization
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Conclusion

* Spectrum sensing based resource allocation in CDMA-based cognitive
radio networks is considered.

* Joint and separate optimization of sensing parameters and Transmitted
powers are studied.

* Numerical results provided suggest that

* Joint optimization method saves the energy consumption significantly in
lower sensing SNRs.

* It has a very close performance to the separate method in high sensing SNRs
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Suggestions

* In this work,
* uplink power allocation problem for the secondary users,

* A single channel cognitive radio network with CDMA multiple access of

secondary USErs,

* Sensing time is fixed.

* Suggestions,

* The downlink counterpart of the current problem,

* its extension for the the multi-channel cognitive radio networks,

* Optimizing the sensing time.
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Thanks for your attention!
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