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Underlay 
cognitive radio 

networks (CRNs)

Artificial 
noise (AN)

Zero-forcing 
beamforming 

(ZF)

 A joint zero-forcing (ZF) beamforming and 
power allocation problem is formulated to 
maximize the SEE under the constraints of the 
total transmit power, the secrecy rate (SR) of 
cognitive user (CU) and the quality-of-service 
(QoS) requirement of primary user (PU).

 Transform the formulated non-convex 
optimization problem in fractional form 
into an equivalent one in subtractive form

Use the difference of two-convex 
functions (D.C.) approximation method 
to obtain an equivalent convex problem

Framework
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System Model 

System model for secure communication in CRNs
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Problem Formulation
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Optimal Solution to SEE Maximization
 We design the normalized beamforming vector vc in the null space of 

hp, meanwhile, vz is designed at the null space of hp and hc to 
guarantee that the AN only degards the channel condition of 
eavesdropper. 

2 2

2 22 2 2

SEE,

2 2

2 22 2 2

max

log 1 log 1

max

. . log 1 log 1 0

0

c z

H H
c c c e c c

H
c e z z e

P P
c z b

H H
c c c e c c

H
c e z z e

c z CBS

P P

P

P P P

P P
s t

P

P P P

σ σ
η

σ σ

   
   + − +
   +   =

+ +

   
   + − + ≥
   +   

≤ + ≤

h v h v

h v

h v h v

h v



Nanjing, China
27-29 November 20176

Optimal Solution to SEE Maximization
 Dinkelbach's method
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Optimal Solution to SEE Maximization
 D.C. approaches



Nanjing, China
27-29 November 20178

Optimal Solution to SEE Maximization
 D.C. approaches
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The Proposed Algorithm to Solve SEEM Problem 
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Simulation Results

Average SEE versus        of the proposed SEEM and convential SRM 
and EEM schemes

max
CBSP
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Simulation Results

Average SEE versus        of the proposed SEEM scheme with the 
optimal power allocation and simple equal power allocation strategies.

max
CBSP
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