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Abstract. In this paper, the outage performance of a cognitive radio network with a pair of secondary transmitter
and receiver is investigated in the presence multiple primary
users over a number of licensed frequency band and multiple secondary relays (SRs). Two decode and forward (DF)
schemes are considered for the relays, namely proactive and
reactive DF schemes. An adaptive power allocation scheme
for secondary transmitter and secondary relays is formulated
under the joint constraints of the primary user outage and
peak transmit power of the secondary users. Based on these
strategies, analytical expressions for the outage probability
of proactive and reactive DF schemes are derived. More
precisely, our results demonstrate the impact of number of
the active primary users (PUs) over a number of available
licensed frequency bands on the outage performance of secondary network. Further, it is observed that the performance
of the secondary network can be improved by extending the
bandwidth of the primary users.
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1. Introduction
Recently, cognitive radio technology has been proposed
to alleviate the inefficient usage of radio frequency spectrum
in wireless network [1]. In particular, under spectrum sharing
environment, the secondary user (SU) is allowed to access the
radio frequency band as long as its transmit power is maintained below a given threshold which is imposed by the interference power constraint at the PU receiver [2]. At the same
time, the relaying transmission has been demonstrated as an
effective means to boost the throughput and extend the coverage of wireless communication system [3–6]. Hence, investigating the performance of relaying transmission in spectrum
sharing system and extension of opportunistic relay selection to cognitive network have attracted great interest [7–11].
DOI: 10.13164/re.2016.0474

Specifically, closed-form expressions of outage probability
(OP), symbol error probability (SEP) and ergodic capacity
for opportunistic AF relaying over non identical Rayleigh
fading channels have been presented [7]. An asymptotic expression for opportunistic relaying under spectrum-sharing
approach has been derived [8], which shows that the diversity gain is equal to the number of cognitive relays. Very
recently, the performance of cognitive opportunistic relaying
network over frequency selective fading channel has been
reported [9]. The joint outage constraint of the PU and
peak transmit power constraint of the SU on the outage performance of a cognitive cooperative radio network (CCRN)
using the proactive and reactive DF schemes has been investigated in [10]. The outage probability and power allocation for
the two-way decode-and-forward (DF) relay network with relay selection has been investigated in [11]. The outage probability of a simple dual-hop cooperative spectrum-sharing
systems (CSSS) with an interference constraint on PU in a
Nakagami-m fading channel has been analyzed [12]. A CSSS
consisting of one SU source, multiple SU relays, one SU destination, and one PU receiver is considered [13]. Neglecting
the presence of the direct link, the outage performance of
the secondary network with an appropriate relay selection
criterion has been considered. The outage probability of SU
in a multi-user and multi-relay spectrum sharing system employing decode-and-forward (DF) and amplify-and-forward
(AF) schemes has been derived over Rayleigh fading channels [14]. Two novel automatic-repeat-request (ARQ) based
protocols have been proposed in [15], which exploit cooperation opportunity inherent in secondary retransmission to
create access opportunities. In [16], considering the interference power constraint, a tight lower bound and an exact
outage probability (OP) are derived for decode-and-forward
(DF) underlay cognitive relay network. Recently the effects
of PU interference on the secondary AF and DF cognitive radio networks have been investigated in [17–19]. In [17–19]
authors, considered the effect of a single PU on the performance of SU, our present work considers the impact of
multiple PUs. The performance of cognitive relay network
with multiple primary users (PUs) and a single relay has been
considered in [20–23]. A cognitive opportunistic relay se-
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lection scheme under spectrum-sharing environment in the
presence of multiple PUs has been proposed [22]. The outage performance of a dual-hop DF spectrum sharing system
with multiple PU receivers and multiple SU destinations over
Nakagami-m fading channels has been investigated [23]. The
outage performance of a cognitive radio network in absence
of relay under the multiple primary users (PUs) and a secondary user (SU) has been investigated [24]. However, the
key limitation of the aforementioned works [20–23] is that
the effect of PUs interference at the secondary receiver and
relays is neglected. Furthermore, no constraints on primary
outage and peak transmit power of SU-Tx or SU relays are
considered in [20–23].

of multiple primary users, based on assumption of a realistic
model, where all the primary users are not active at the same
time/location and compared our model with a single primary
user.

In this paper, we study the outage performance of a dualhop cooperative spectrum sharing system (CSSS) under the
joint constraints of the primary user outage probability and
the peak transmit power of the secondary user. The CSSS
model consists of one secondary source, multiple SU relays,
one SU destination, and multiple PUs. In a practical network, the secondary receiver (SU-Rx) may receive interference from multiple PUs which limit the performance of SU
network. In our model, the SU transmission interferes with
the primary users, and the primary users transmission also
interferes with the secondary receiver and relays. This is in
contrast to earlier work reported in [20–23], where the effect
of PUs interference at the secondary receiver and relays is
neglected. Furthermore, constraints on primary outage and
peak transmit power of SU-Tx or SU relays were not considered simultaneously for multiple PU in early works which are
incorporated in our present work. The joint outage constraint
of the PU and peak transmit power constraint of the SU on the
outage performance of a cognitive cooperative radio network
(CCRN) using the proactive and reactive DF schemes has
been investigated in [10] for a single PU. In contrast to [10],
our present work considers the impact of multiple PUs. In a
realistic scenario more than one PU band may be available.
Some of them could be unused while others may be occupied
depending on PU activity. This feature is captured in our
present work while a scenario with a single PU only has been
considered in [10]. Moreover, novel closed form expressions
for the outage of secondary user in proactive and reactive relay schemes under multiple PUs are derived. The analytical
expressions are also supported by simulation in MATLAB.

2. System and Channel Model

More precisely the main contributions of our present
work can be described as follows: (i) The outage performance of a cognitive radio network with a pair of secondary
transmitter and receiver is investigated in the presence of
multiple primary users and multiple secondary relays considering the interference from PU. (ii) An adaptive power
allocation for secondary transmitter and secondary relays is
formulated under the joint outage constraints of the primary
user outage and peak transmit power of the secondary users.
(iii) Closed from analytical expressions on outage of secondary user are developed for both the proactive and reactive
relay schemes following our adaptive power allocation in
presence of multiple PUs. (iv) We have analyzed the effects

The remainder of this paper is structured as follows.
In Sec. 2, the network and channel model are introduced.
In Sec. 3, the adaptive transmit power strategy under the outage constraint of multiple PUs is investigated. On this basis,
the outage probability of the secondary system is derived.
In Sec. 4, numerical results are presented and discussed. Finally, conclusions and future research are presented in Sec. 5.

2.1 CCRN and Channel Model
Let us consider a CCRN where the secondary transmitter (SU-Tx) communicates with a secondary receiver (SURx) through the help of K secondary relay (SRs) who work
in DF mode as shown in Fig. 1. The secondary network
utilizes the licensed frequency bands allocated to a number
of PUs for their communication, i.e., the secondary user is
using the entire available band width of the total number of
primary users in the system. In particular, the SUs use M
licensed frequency bands each of which has the same bandwidth, B. It is also assumed that only N out of M frequency
bands, 1 ≤ N ≤ M, are occupied by N pairs of PUs. It
should be noted that the SUs can simultaneously access frequency bands with the PUs as long as the negative effect to
the QoS of the PUs due to transmission of SU is controlled.
The transmit power of SU-Tx must be controlled so as not
to exceed the interference threshold as tolerated by the PUs.
Here, we assume that no direct link, between SU-Tx and SURx exists due to severe shadowing. The channel coefficients
experience Rayleigh fading and all noise terms are additive
white Gaussian noise (AWGN) signals with mean power N0 .
The channel gains of SU − Tx → SRk , SRk → SU − Rx
and PU − Txn → PU − Rxn communication links are denoted by gk , hk and α n respectively. Furthermore, the channel gains of the SU − Tx → PU − Rxn , SRk → PU − Rxn ,
PU − Txn → SRk and PU − Txn → SU − Rx interference
links are denoted by g0,n , βn,k , f n,k and f 0,n respectively,
where n = {1, 2, . . . , N } and k = {1, 2, . . . , K }. We assume
that all channel gains are independent and identically distributed exponentially random variables (RVs). Such assumptions are widely used in the literatures [10], [14], [16],
[17], [24] which make the problem mathematically tractable.
Accordingly, the channel mean powers of gk , hk , α n , g0,n ,
βn,k , f n,k and f 0,n are denoted by σg , σh , σα , σg,0 , σβ ,
σ f , and σ f ,0 respectively. Perfect channel state informations
between SU-Tx and PU-Rx as well as SRs and PU-Rx are
assumed to be available at the SU-Tx and SRs respectively.
Communication in the secondary network is assumed to occur in a time slotted manner which is described below.
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Fig. 1. System model of a cognitive cooperative radio network.

In the first time slot, the SU-Tx broadcasts its signals to
K SRs and the signal-to-interference plus noise ratio (SINR)
at secondary relay SRk is expressed as [24]
Ps gk
n=1 Pn f n,k + Bs N0

γSRk = P N

2.2 Proactive and Reactive DF Schemes
In order to enhance the system performance, the potential SR can be selected following the proactive or reactive DF
schemes as in [10]. Specifically, in the proactive DF scheme,
the best SR is chosen prior to the SU-Tx transmission to maximize the minimum of the SINR between the SU − Tx → SRk
and SRk → SU − Rx links for k = 1, 2, . . . , K. Thus, the
end-to-end SINR is given by [10]

gk

2

(6)

(1)

where Pn , Ps and N0 are PU average transmit power of the
PU − Txn , SU-Tx instantaneous transmit power and noise
power respectively. In order to guarantee that no PU is subjected to harmful interference due to transmission of SU, the
transmit power of the SU-Tx should be controlled so as to
satisfy the outage constraint of the PU under the worst SINR
as follows [24]
"
!
#
Pn α n
P1
POut
= Pr
min
< γthP < ε
n=1,2,..., N Ps g0,n + BN0
!#
"
N
Y
Pn α n
< γthP < ε,
(2)
=1−
1 − {Pr
Ps g0,n + BN0
n=1

max



k ∈ {1,2,...,K }


min{γSRk , γRk D } .

(7)

In the reactive DF scheme, only the SRs that successfully
decode the message in the first hop regenerate and transmit it
in the second hop. Thus, the transmissions in the second hop
are performed only by a subset ξ of N SRs, given as [10]
ξ = {k ∈ (1, 2, . . . , K ); γSRk ≥ µth }

(8)

where ξ is a set of k 1 SRs which are able to decode successfully the received message from the SU-Tx. In Eq. 8, the
decoding process at SRk is successful if, {γSRk ≥ µth }, i.e.,
there is no outage event in the first hop. Next based on the
decodable set ξ, one SR is chosen to maximize the instantaneous SINR between the SRk → SU − Rx links for all k ∈ ξ
is given as [10]
γ Re = max{γRk D }.

(9)

k ∈ξ

under the constraint of
Ps ≤ Ppk1
p

(3)

rp

where γth = 2 B −1, p and ε denote the SINR threshold of PU,
outage transmission rate for the PUs and outage constraint of
the PU-Rx respectively, while Ppk1 stands for the SU-Tx peak
transmit power. Assuming that the PU-Txs transmit powers
are fixed and identical, i.e., Pn = Pp for n = 1, 2, . . . , N.
In the second time slot, one relay is selected, based on
any one of proactive or reactive protocol say SRk , to forward
the signal to the SU-Rx. The SINR at the SU-Rx is now
expressed as:
γR k D = P N

PRk hk

n=1 Pp f 0,n + Bs N0

.

(4)

As in the first time slot, the SRk also adjusts its transmit
power to guarantee the outage constraint of the PUs and the
limitation on peak transmit power of the SRk , i.e.,
"
!
#
Pn α n
P2
POut
= Pr
min
< γthP < ε,
(5)
n=1,2,..., N PR k β n,k + BN0

3. Performance Analysis
To investigate the power allocation policy for SU − Tx
and SRk , the following property is used.
Property 1: Consider X, Yi (i = 1, 2, . . . , P) and Z are
random variables (RVs), where Z is defined as:
aX
i=1 bYi + c

Z = PP

with

b, c, P ≥ 0.

(10)

The RVs X and Yi (i = 1, 2, . . . , P) are exponentially distributed with mean σ x and σyi , respectively. For the
convenience of theoretical analysis, consider mean of Yi
(i = 1, 2, . . . , P) are equal, i.e., σyi (i = 1, 2, . . . , P) = σy .
The cumulative distribution function (CDF) of random variable Z is given as [24]
!
!


bzσy −P
zc
Fz a, b, c, P, σ x, σy, z = 1 − 1 +
exp −
. (11)
aσ x
aσ x
Proof: The proof can be found in [24].
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3.1 Power Allocation Policy for the SU-Tx

low a given threshold. By using (7), (14) and (16), the outage
probability for the proactive DF scheme can be expressed as


Pro
s
POut
= Pr γ Pro < γth
Z ∞Y
K
ϕs gk
s+
{1 − Pr * P N
=
> γth
P
f
+
B
N
0 k=1
p n,k
s 0
| , n=1
{z
}I
!
ϕ R k hk
s
Pr
> γth
} f X (x)dx.
(17)
Pp x + Bs N0
|
{z
}

Applying Property 1 to the term of outage probability,
p1
, given in (2), we have
POut

N
p −1
p
Ps σg0 γth
γth BN0 

*
+
*
+
 ≤ ε. (12)
= 1 −  1 +
exp −
Pp σ α ,
, σα Pp -
We assumed fading in different wireless channel are independent and identically and substituting (12) into (2), and
after some manipulations, the maximal transmit power of the
SU-Tx under the outage constraints of all the PUs is found as
P1
POut

Ps ≤
where ψ = max 0,

Pp σ α
p

γth σg,0

(13)
p

1
{1− }

ψ

1
N

exp{−

γth B N0
σα Pp }

!
− 1 . The expres-

sion (13) holds for the assumptions of iid fading in all the
links. Combining (13) with (3), an adaptive power allocation
policy for SU-Tx is established as [10]

Pp σα 
ψ .
(14)
ϕs = min  Ppk1 , p

γth σg,0 

3.2

Power Allocation Policy of the Secondary
Relay SR

In the second time slot, the received signal is decoded
by relays using proactive or reactive DF scheme. The decoded signal is then transmitted by the selected relays to the
secondary receiver. The relays should adjust their transmit
power to satisfy its peak transmit power and the outage constraint of the primary network. By using the same result as
in section 3.1, the outage probability of the PU in worst condition under the effect of interference from secondary relays
is written as

N
p −1
p
PRk σβ γth
γth BN0 

P2
*
+
+
*
 ≤ ε (15)
POut = 1 −  1 +
exp −
Pp σ α ,
, σα Pp -
and the adaptive transmit power allocation policy for the SRk
is given by [10]

Pp σα 
(16)
ϕRk = min  Ppk2 , p ψ  .

γth σβ 
It is assumed that the channel mean powers of the
SU − Rk → PU − Rx links σβ are identical for all relays.
Therefore, ϕRk given in (16) are identical and can be written
as ϕRk = ϕR for {∀k ∈ 1, 2, . . . , K }.

3.3

Outage Probability for the Proactive DF
Scheme

The outage probability is defined as the probability that
the end-to-end SINR of the secondary network is dropped be-

J

The term I is derived by applying Property 1 as
s ! −N
sB N !
Pp σ f γth
γth
s 0
I = 1+
exp −
ϕ s σg
σg ϕ s

(18)

rs

s = 2 B s − 1 is the outage threshold of the CCRN.
where γth
The term J in (17) can be expressed as
!
γ s {Pp x + Bs N0 }
(19)
J = exp − th
ϕ R k σh
PN
where X = n=1
f 0,n are gamma distributed RVs and PDF
of RVs X can be written as
!
x N −1
x
f X (x) = N
exp −
.
(20)
σf 0
σ f 0 Γ(N )

Substituting equations (18), (19) and (20) into (17), the outage probability for the proactive DF scheme is expressed as
!#
Z ∞"
γ s {Pp x + Bs N0 } K
1
Pro
1 − I exp − th
POut
= N
ϕR k σh
σf 0 0
!
N
−1
x
x
exp −
dx
Γ(N )
σf 0
K
sB N !
tγth
1 X K
s 0
t
Ct (−I) exp −
= N
ϕR k σh
σf 0 t
!
tγ s Pp −N
1
+ th
(21)
σ f 0 ϕR k σh
where Cab is a binomial coefficient defined by Cab =

3.4

b!
a!(b−a)! .

Outage Probability for the Reactive DF
Scheme

According to the law of total probability, the outage
probability of the Reactive DF scheme can be formulated
as [10]
Re
POut
=

K
X
k1 =0

f
g
s
CkK1 Pr γ Re < γth
|ξ Pr{ξ}.

(22)

In the Reactive DF scheme only a subset ξ of K secondary
relays perform the transmission. This subset is the set of k1
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relay out of K who are able to decode the transmission of SU
successfully. The probability of this transmission is given by
Pr{ξ}. This probability is written as
Y
Y
Pr{ξ} =
Pr{γSRi > µth }
Pr{γSRi ≤ µth }.
(23)
i<ξ

The two factors in (23) can be calculated by using Property 1
and Pr{ξ} can be written as
Pr{ξ} = [1 − A]k1 [A]K−k1
(24)


where A = Fz ϕs, Pp, Bs N0, N, σg, σ f , αth . Additionally
s } and Pr{ξ} are independent, the
as the events Pr{γ Re < γth
s
Re
term Pr{γ < γth |ξ} in (22) can be written as
f
g
s
s
Pr{γ Re ≤ γth
|ξ} = Pr max{γRk D } ≤ γth
k ∈ξ
!
#
Z ∞ "
ϕR k h k
s
≤ γth
f X (x)dx
=
Pr max
k ∈ξ Pp x + Bs N0
0
Z ∞"
s {P x + B N } ! # k1
γth
1
p
s 0
= N
1 − exp −
ϕ
σ
σf 0 0
Rk h
!
N
−1
x
x
×
exp −
dx
Γ(N )
σf 0
k1
sB N !
tγth
1 X
s 0
k1
t
Ct (−1) exp −
= N
ϕR k σh
σ f 0 t=0
!
s
tγ Pp −N
1
+ th
.
(25)
σ f 0 ϕR k σh
Finally, substituting equations (24) and (25) into (22), the
outage probability for the reactive DF scheme can be written
as in (26)
Re
POut

=

k1 C K C k1 AK−k1 (1 − A) k1 (−1) t
K X
X
k1 t

σ fN0

k1 =0 t=0

exp −

sB N
tγth
s 0

ϕ R∗ σ h

!

tγ s Pp
1
+ th
σ f 0 ϕ R k σh

! −N
.

(26)

It may be noted that the (21) and (26) on outage probability of
SU for proactive and reactive case respectively are our novel
development.

4. Results and Discussion
In this section, numerical results are provided to illustrate the impact of primary networks on the cognitive radio
systems performance. Results based on our analytical formulation in previous section are provided. Furthermore,
MATLAB based simulation is carried out and results based
on simulation are found to match the analytical results. Note
that in all the figures in this section, analytical results are
represented by continuous curves, while the simulation results are represented by discrete marks on the curves. The
following arbitrary parameters are chosen to evaluate the performance of the network under present study which is in line

Ppk1=Ppk2=15 dB (Re. scheme)
Ppk1=Ppk2=15 dB (Pro. scheme)
P

=P

=10 dB (Pro. scheme)

P

=P

=10 dB (Re. scheme)
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p
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−4
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20
25
PU−Tx Transmit Power, P (dB)

30

p

Fig. 2. Outage probability of SU versus PU-Tx transmit power
Pp with different peak transmit powers Pp k1 = Pp k2 =
10, 15 dB.

with [10], [24]. Different values of peak transmit power of
SU-Tx and SRs, i.e., Pk1 = Pk2 = 10, 15 dB, outage transmission rate for the SU and SRs equal, i.e., r s = r p = 0.2 bit/s,
outage constraint of the PUs  = 0.02 and bandwidth B and
N0 are nominalised to 1.
Figure 2 plots the outage probability of the secondary
network for several values of peak transmit power Ppk1 =
Ppk2 = 10, 15 dB, the number of active PUs N = 3, the
number of licensed frequency bands M = 6 and the number of secondary relays K = 5. Moreover, it is interesting
to observe that the outage probability of both the schemes
reduces with increase in PU-Tx power until Pp is smaller
than an optimal value (Pp ≤ 15, 19 dB respectively) where
it is minimum at the said optimal value. Beyond this optimal
value (i.e., Pp = 15 and 19 dB under two different cases)
outage probability increase gradually. This is in tune with
behaviour observed in [10] for the case of a single PU. Increasing Pp leads to an increase in transmission rate of the
primary user, i.e., improvement in the performance of the primary network. Furthermore, as Pp continuously increases,
the transmit power of SU and SR, i.e., ϕs and ϕRk increase
following (14) and (16), i.e., the performance of the secondary network improves. However, if the PU-Tx transmit
power Pp is increased beyond the optimal value, ϕs and ϕRk
cannot be further increased due to the peak transmit power
constraint.
Figure 3 shows outage probability of the proactive
and reactive DF schemes versus PU-Tx transmit power
Pp for several values of outage threshold in the first hop
µth = −5, − 16, − 20 dB. It can be clearly seen that the
outage performance of the reactive scheme outperforms the
proactive scheme at µth = −20 dB and overlaps with that of
the proactive scheme as µth = −16 dB. This is due to the fact
that the number of SRs in the decoding set of the reactive
scheme is increased as the outage threshold in the first hop
decreases. Accordingly, the relay selection, in the second
hop, is more diverse. As a result, the outage performance of
the reactive scheme is improved.
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Fig. 3. Outage probability of SU with proactive and reactive DF
schemes for different values of outage threshold in the
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Fig. 5. Outage probability of the secondary network with different values of channel mean power of the interference link
σI = 0.7, 0.5, 0.3.
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Fig. 4. Outage probability of the secondary network with different values of channel mean power of the communication
link σC = 1, 1.5, 2.

All communication and interference links are considered to be independent and identically distributed Rayleigh
fading having equal channel mean power σC and σ I respectively. Figure 4 plots the outage probability of the secondary
network for several values of σC = 1, 1.5, 2 while σ I is
fixed at 0.2. The number of active PUs N = 3, the number
of licensed frequency bands M = 6 and number of relays
K = 5. The outage probability reduces as the channel mean
power σC increases, i.e., the channel condition of the PUs
communication links is improved. Primary user may reduce
its transmit power which reduces the interference on SU. As
a result, the outage performance of the secondary network
is improved. Additionally, we also observe that the outage
probability decreases as Pp increases to a specific value, e.g.,
22 dB, and it increases rapidly as Pp exceeds 22 dB with
σC = 2 due to the same reason as explained in connection
with Fig. 2.
Figure 5 shows the impact of channel mean powers of
the interference links, i.e., several values of σ I = 0.7, 0.5
and 0.3 are assumed while σC is kept fixed at 2. As expected, when the channel mean powers of the interference

10
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PU−Tx transmit power, Pp (dB)
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25
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Fig. 6. Outage probability of the secondary network with different number of active PUs N = 2 to 6 on the licensed
frequency bands.

links increases, the outage probability of SU increases due to
increased interference from PU.
Figure 6 represents the effects of available as well as
active primary users on outage performance of secondary
user. It is seen that the secondary user performance degrade
as the number of active primary users increases from 2 to 6.
This is due to the fact that the SU-Tx must control its transmit
power to satisfy the constraint corresponding to worst case
of SU-Tx to PU-Rx link, which imposes a limit on transmit
power of secondary user. The outage performance of SU for
the case of a single PU is also shown. It may be noted that
the result for a single PU case using our formulation matches
with that of [10]. It is observed from the Fig. 6 that the
performance of SU emproves for multiple PU case where all
the PUs are not active. This observation is important as in
a practical model, 15 to 85 % of the primary users remain
idle at any given time/location [25]. The optimal transmit
power Pp depends on various parameters such as peak transmit power of SU-Tx and SRs (Ppk1 , Ppk2 ), channel links (σ I
and σC ) and number of active PUs (N). It is seen that as
the number of active PUs increases, the switching from low
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tive and reactive schemes respectively. In this scenario, the
number of active PUs N = 3 and the number of licensed frequency bands M = 6, while the number of relays K is varied
from 4 to 6. As expected, the outage performance improves
with increase in the number of relays, which confirms (21)
and (26) for proactive and reactive DF schemes respectively.
This occurs because the diversity order improves when the
number of relays increases. As we increase the number of
cognitive relay from K = 4 to 6, at a PU-Tx transmit power
(Pp ) of 24 dB, the outage probability of secondary user is
increased by almost 90 % in both the schemes.
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Fig. 7. Outage probability of the secondary network as a function of the number of licensed frequency bands with
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Fig. 8. Impact of number of cognitive relay (K) on outage of
CCRN.

to high outage occurs at higher PU-Tx transmit power Pp .
This behaviour can be explained as follows: In the case M
is fixed, i.e., Bs = M B is fixed and as number of active PU
(N) increases to M, then ψ in (14) and (16) decreases as it is
1
reciprocally related to N, having the relationship of
1 .
1−ξ
( )N
Under such situation, it may be possible to increase the PU
power (Pp ) while maintaining the SU-Tx power with in its
constraint as per power allocation policy in (14).
Figure 7 shows the outage probability as a function of
the number of licensed frequency bands for different values
of PU transmit powers, Pp = 15, 17 dB and the number of
active PUs being N = 2. We observe from the Fig. 7 that the
outage probability increases rapidly as the PU-Tx transmit
power Pp increases. Moreover, the outage probability decreases significantly as the number of radio frequency bands
increases, i.e., the bandwidth available to the SU increases.
Clearly, the performance of the secondary network can be improved by increasing the bandwidth. However, if the number
of active PUs increases, the performance of the secondary
network is degraded.
In Fig. 8, we investigate the effects of the number of secondary relays on the outage performance for both the proac-

In this paper, we have studied the performance of proactive and reactive DF relaying schemes in terms of outage
probability in CCRN under the joint outage constraint of multiple PUs and peak transmit power constraint of the SU-Tx
and SRs. An adaptive power control policy for the secondary
transmitter and secondary relay is derived considering proactive and reactive relay protocols. A closed-form expression
for the outage probability has been derived for the secondary
system(i.e., SU-Tx and SRs). It is seen that the outage probability of secondary system improves with increase in the
number of cognitive relays in a multi-relay cooperative spectrum sharing schemes. The outage probability which deteriorates with higher interference from multiple PUs can be
compensated by increasing the number of relays. It is seen
that outage of SU reaches a minimum value for a transmit
power PU, depending on the number of relays, number of
PUs and other network parameters. More importantly, our
results indicates that the performance of the CCRN can be
improved by increasing the bandwidth over a number of licensed frequency bands. However, the performance of the
CCRN degrade significantly if the number of active PUs
increases. Moreover, in reality, the secondary outage performance will improve using bands of multiple PUs (when all
PUs are not simultaneously active) as compared to a single
primary user. The above study is helpful in designing and
assessing the performance of a relay based secondary system
coexisting with multiple PUs across multiband.
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