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Abstract: In this study, primary user (PU) interference in a cognitive amplify-and-forward relay network is considering over a Nakagami-m
fading channel, and the outage probability is derived for the secondary users. This PU interference has not previously been considered in the
literature. Results are presented which show that PU interference can significantly degrade secondary user performance, and thus should be
considered in the design of a cognitive radio network.
1 Introduction

Cognitive radio is a technique which can be employed to improve
spectrum efficiency [1]. For example, spectrum sharing allows a
secondary user (SU) to use licensed spectrum with constraints on
the interference to primary receivers. A cooperative relay network
is an efficient means of mitigating the effects of fading in wireless
networks [2]. Cooperative relaying fits well with spectrum sharing
because the transmit power of secondary users is limited. Several
cooperative relaying protocols have been developed, the most
popular being amplify-and-forward (AF) and decode-and-forward
(DF) [2]. These protocols can be used in a cognitive radio
network to enhance the performance of secondary users.
For a cognitive AF relay network, the outage performance has

been derived for Rayleigh fading channels with a constraint on
the secondary user interference to the primary user (PU) [3, 4].
For a cognitive DF relay network, the outage performance with
multiple relays over Rayleigh fading channels has been derived
[5–7], but the interference from the primary transmitter has either
been ignored or considered as noise, which is not accurate.
Subsequently, the outage performance considering interference
from the primary transmitter was derived over Rayleigh fading
channels in [8–11]. The outage performance of a cognitive AF
relay network for a more practical Nakagami-m fading channel
was analysed in [12, 13], but interference from the primary trans-
mitter was not considered.
Primary transmitter (PUT) interference is an important factor

which can have a significant effect on network performance.
Thus in this paper, the exact outage probability (OP) for a cognitive
AF relay network with Nakagami-m fading channels is derived con-
sidering the effect of PUT interference on the secondary users. The
results are validated using Monte Carlo simulation and show that
this interference should not be ignored in the design of a cognitive
relay network.
Fig. 1 Cognitive relay network model
2 System model

We consider a cognitive AF relay network with spectrum sharing
and interference from a primary transmitter. The system model is
shown in Fig. 1. The primary transmitter u transmits data to the re-
ceiver v with fixed transmit power Pu. This results in interference to
the secondary users. A secondary source s (SUs) transmits data to
the destination d (SUd) via the relay r. Time division multiplexing
is used at the relay for simplicity. The direct link between SUs and
SUd is assumed to be unusable because of channel impairments
such as shadowing. Further, the channels in Fig. 1 are assumed to
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This is an open
be independent and non-identical Nakagami-m fading channels
with integer m. The instantaneous channel gains hi (i = 1, 2, …, 6)
are then Nakagami-m distributed with parameters mi and channel
powers Ωi. Thus, |hi|

2 is Gamma distributed with PDF and CDF
given by

f|hi|2 (x) =
a
mi
i

G mi

( ) xmi−1 exp −aix
( )

F|hi|2 (x) =
1

G mi

( )Y mi, aix
( ) (1)

respectively, where αi =mi/Ωi. The secondary users are limited to a
maximum transmit power P, and the interference at the primary re-
ceiver v is constrained to below a threshold I. Thus, the transmit
power of the secondary source and relay, SUs and r, must satisfy
Ps≤min((I/|h2|

2), P) and Pr≤min((I/|h5|
2), P), respectively. Note

that secondary users are also affected by interference from the
primary transmitter u.
3 Outage probability

According to the cognitive AF protocol [13], the end-to-end signal
to interference plus noise ratio (SINR) between SUs and SUd can be
expressed as

gtot = max min (gsr, grd)
( )

(2)

where γsr and γrd denote the received SINR at the relay r and SUd,
respectively. In this paper, the transmit power of the secondary
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Fig. 2 OP against I/N0
source SUs is assumed to be Ps, and the relay r to be Pr, so that

gsr =
min I/|h2|2

( )
, P

( )|h1|2
Pu|h3|2 + N0

,

grd =
min I/|h5|2

( )
, P

( )|h4|2
Pu|h6|2 + N0

(3)

where N0 is the power spectral density of the additive white
Gaussian noise. For a cognitive AF relay network, the OP can be
expressed as

Pr gtot , gth
( ) = 1− 1− Fgsr

gth
( )( )

1− Fgrd
gth
( )( )

(4)

where γth is the outage threshold. The CDFs of γsr and γrd can be
derived in a similar manner. Thus, we focus on Fgsr

gth
( )

, which
is given by

Fgsr
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( ) = Pr |h1|2P ≤ Pu|h3|2 + N0

( )
gth,

I
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(5)

Using (8.350.2) and (8.352.6) in [14], P1 and P2 can be derived as
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where A = (α2 + α1N0(γth/I ))(I/Puα1γth). Substituting (6) and (7) into
(5) gives

Fgsr
gth
( ) = Pr gsr m1, m2, m3, a1, a2, a3

( )
(8)

Using a similar approach, Fgrd
gth
( )

is obtained as

Fgrd
gth
( ) = Pr grd m4, m5, m6, a4, a5, a6

( )
(9)

Finally, substituting (8) and (9) into (4) provides the OP.
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4 Performance results

In this section, results are presented to evaluate and verify the
system performance. Fig. 2 presents the OP against I/N0 for differ-
ent values of Pu, which determines the primary transmitter inter-
ference to the secondary users. The system parameters are m1 = 2,
m2 = 3, Ω1 =Ω2 = 1, m4 = 2, m5 = 3, Ω4 =Ω6 = 1, N0 = 1, P = 30
dB and γth = 1. To simplify the evaluation, m3 =m6 =m and Ω3 =
Ω5 =Ω were employed. The simulation results (shown as
symbols) verify the analytic results (shown as solid lines).

Fig. 2 provides several interesting and important results. First, the
OP increases rapidly with increasing Pu. For example, the OP
increases from <10−5 to approximately 10−3 when Pu increases
from 0 to 10 dB at I/N0 = 30 dB. Thus, the OP of the secondary
users is very sensitive to primary transmitter interference. Second,
a change in Ω has a significant effect on the OP for fixed Pu and
m, whereas the effect of changing m is relatively small for fixed
Pu and Ω. Third, an outage floor exists when I/N0 > 30 dB
because the maximum power constraint on the secondary user is
P = 30 dB. Thus, it can be concluded that the interference from
the primary transmitter should not be ignored when evaluating
the system performance.

5 Conclusion

In this paper, a cognitive AF relay network with spectrum sharing
and interference from the primary transmitter was examined over
Nakagami-m fading channels, and the OP was derived. This OP
was used to evaluate the impact of a transmit power limit, an inter-
ference power constraint and interference from the primary trans-
mitter, on system performance. Results were presented which
show that the interference from the primary transmitter can have
a significant effect on secondary user performance.
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