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1. INTRODUCTION

In underlay CR (also called as spectrum sharing), a secondary user is allowed to access spectrum at
any time as long as the received interference at a primary user is regulated be-low a predetermined level, i.e.,
interference temperature [1-12]. Due to long-distance and deep fading, a signal received at a destination may
not be decoded correctly. To overcome this problem, the cooperative relay has been incorporated to transfer
signals from source to destination successfully via intermediate relays. In [13], the exact closed-form
expression for the outage probability of cognitive radio dual-hop amplify-and-forward relay networks is
studied. The authors in [14] considered the outage performance of decode-and-forward relaying in cognitive
radio networks over Rayleigh fading channels, subject to the relay location for a secondary user and the
spectrum sharing of the secondary system with multiple primary transceivers, where the secondary users
communicate via an energy harvesting decode-and-forward relay under the primary outage constraint is
proposed in [15]. Furthermore, the performance of a multi-hop cognitive relay network, which harvests energy
from a PB using a TSR protocol is investigated in [16] and authors in [17] investigated a hybrid CR system
that probabilistically switches the spectrum access modes between the overlay and underlay CR modes for an
increase of secondary user's throughput.
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In this paper, the underlay cognitive radio network over mix fading environment is presented and
investigated. A cooperative cognitive system with a secondary source node S, a secondary destination node D,
secondary relay node Relay, and a primary node P are considered. In this model system, we consider the mix
fading environment in two scenarios as Rayleigh/Nakagami-m and Nakagami-m/Rayleigh Fading channels.
For system performance analysis, the closed-form expression of the system outage probability (OP) and the
integral-formed expression of the ergodic capacity (EC) are derived in connection with the system's primary
parameters. Finally, we proposed the Monte Carlo simulation for convincing the correctness of the system
performance.

The rest of this manuscript can be formulated as the following. The system model of the underlay
cognitive radio network over mix fading environment is drawn in the second section. The system performance
in term of the system OP and EC is derived in the thirst section. Then, some numerical results and discussions
is given in the fourth section. Finally, the last section concluded the manuscript.

2. SYSTEM MODEL

A cooperative cognitive system, as shown in Figure 1, comprising of a secondary source node S, a
secondary destination node D, secondary relay node Relay, and a primary node P are considered. Assumed that
all nodes are equipped single antenna, operated in half-duplex mode, and are the mobile nodes. Secondary
nodes S and D are assumed to lack a direct link and relay is a bridge where connect the communication for S
and D. In our model, the decode and forward (DF) technique is employed. Hence, during the first time slot, S
will broadcast its signal to relay [18-21].
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Figure 1. Pou versus the transmit power P3 with different P1 and P2 (P1, P2)

So, the received signal at the relay can be expressed by
Yr = heeX; + g 1)

In the second time slot, the relay R will decode successfully x, and then forward to D. Therefore, the received
signal at the destination can be given as

Yo = hRDXR +np (2)
E{ %[} =Py
As [22], the transmit power at the S and R can be obtained as, respectively:
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where h, is the channel fading coefficient of S-P link.

R=® (4)

el
Where h,, is the channel fading coefficient of R-P link.
The signal to noise ratio (SNR) at the R and D can be computed from (1) and (2), then substituting
(3) and (4), respectively:
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where Z =|hRD|2 and T =|th|2 . From (5) and (6), the end to end SNR of the secondary DF system can be
expressed as

}/DFZmin(}/SR'yRD) (7)

3. OUTAGE PROBABILITY (OP) ANALYSIS
3.1. Outage probability (OP) analysis
The OP can be defined by

OP =Pr(ype <7p) (8)

where y,, is a predetermined SNR threshold. Substituting (5) and (6) into (8), the OP can be obtained as

. . (PX YZ
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a. Scenario 1: hy,hy, are Rayleigh fading channel and hg,,h,, are Nakagami-m fading channel.

As [23], the probability density function (PDF) and the cumulative distribution function (CDF) of X,
Zand Y, T can be given by, respectively:

©)

f,(x) = %e g (10)

F(x)=1-e ™ (11)

where ie(X,Z), je(SR,RD) and A, is the mean of random variables (RVs) X, Z.
Moreover, we also have:

X" X
- a) 4
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F,(x) =1—exp| —
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where ae(Y,T), o in which b e (SP,RP) and m is the Nakagami-m parameter and A4, is the mean of

RVSY, T
From (9), we have:
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Substituting (11) and (12) into (14), we can obtain:

7ym71 exp[—y—ythy ]dx
Q, n Q, Yi,

. . (15)
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where Q, e
m

Applying (3.381,4) of [24], (15) can be claimed by (16):

j:r(m)[gl +\yyﬂiRj :[HmeYJm (16)
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Similar, we have:

pr(q;z%j(uggijm (1)

Substituting (16) and (17) into (9), the OP can be obtained as

1 Y€y Yl -
o= {[“%j [“ ws]} 49

b. Scenario 2: hg,h,, are Nakagami-m fading channel and hg,,h,, are Rayleigh fading channel

Similar proof as above, so, substituting (10) and (13) into (14), and then applying (3.381,4) of [24],
we can obtain:

b g & (}/th)t ot _ & i
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where €y =—>

Next,
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vz o) . 1]
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Finally, substituting (19) and (20) into (9), the OP in this case can be claimed by
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3.2. Ergodic capacity (EC) analysis
The EC of the system can be defined as [25]

(21)

21-F_(X)
YDF d 22
bF In 27 1+x (22)

a. Scenario 1:
Using result from (18) and replacing y,, = x, we have:

XQ), « X, "
=17 {[ %] (ij} #)

Substituting (23) into (22), we obtain:
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b. Scenario 2:
Similar to above, by using the (21) and then combining with (22), we claim:
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4. NUMERICAL RESULTS AND DISCUSSION

In this section, the Monte Carlo Simulation is conducted to convince the mathematical, analytical
expressions in the above section [26-30]. The system OP versus v is illustrated in Figure 2 with the main
system parameters as m=3, ym=3 for both scenarios 1 and 2. As shown in Figure 2, the system OP falls
intensively with rising of y from -5 dB to 20 dB, and the system OP in the first scenario is better than in the
second scenario. Moreover, the system EC versus v is presented in Figure 3 with m=3 for both scenarios. In
contrast with the above case, the system EC rises significantly, with a rising of v from -5 dB to 20 dB, and the
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system EC in the second scenario is better than the first one. In Figures 2 and 3, the simulation and analytical
curves agree well with each other for convincing the correctness of the above analytical section.
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Figure 2. OP versus y

Figure 3. EC versus y

The influence of the Nakagami-m parameter on the system OP and EC are drawn in Figures 4 and 5,
respectively. Here we set y=10dB and ym=1.5 for both scenarios, as shown in Figures 4 and 5. From
Figure 4, we can see that the system OP in the first scenario has a slight increase, but the system OP in the
second scenario falls intensively with the rising of Nakagami-m parameter from 1 to 10. From that result, we
can conclude that the system performance in the second scenario is better than the first one. In the same way,
the system EC in the second scenario is better than the first one, while the Nakagami-m parameter varies from
1to 10, as shown in Figure 5. In Figures 4 and 5, the analytical curves overlap the simulation curves.
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Figure 4. OP versus Nakagami-m parameter
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Figure 5. EC versus Nakagami-m parameter

Finally, the system OP versus vy is illustrated in Figure 6 with m=3, and y=5dB. From Figure 6, the
results show that the system OP increases with the rising of the y from 0 to 6. And once again, the system OP
in the second Scenarios is better than the first one, and the analytical and simulation results are the same with
each other to convince the correctness of the above analytical section.
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Figure 6. OP versus 7y

CONCLUSION
In this paper, the underlay cognitive radio network over mix fading environment is presented and

investigated. For system performance analysis, the closed-form expression of the system outage probability
(OP) and the integral-formed expression of the ergodic capacity (EC) are derived in connection with the
system's primary parameters. Finally, we proposed the Monte Carlo simulation for convincing the performance
correctness. From the results, we can state that the analytical and simulation results overlap for both scenarios,
and the second scenario is better in the system performance than the first scenario.
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