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ABSTRACT

Improving utilization of the radio spectrum is the main goal of Cognitive Radio Networks (CRN). Recent studies made
use of cooperative relay technology in cognitive networks, to increase transmission diversity gain. In this paper we con-
sider an OFDM based cooperative cognitive network with a pair of Source-Destination nodes as the primary user (PU),
and a pair of Source-Destination nodes—which is assisted with a relay—as the secondary (cognitive) user (SU). Both
primary and secondary users share a same spectrum. In atwo hop transmission, the source transmits in the first hop, and
the half-duplex relay decodes the message, re-encodes and forwards it to the destination in the second hop on a different
subcarrier. The cognitive network obeys an underlay paradigm where the SU is alowed to transmit simultaneously with
PU, while its power is limited such that the interference caused for PU does not exceed a defined temperature. Under
this constraint, a joint subcarrier pairing and power allocation is proposed for SU to maximize its weighted sum rate.
The problem is transformed to a convex optimization problem and solved in the dual domain. Then an agorithm to
achieve feasible solutions is used based on the optimization results. Through extensive simulations, we compare the
spectrum utilization of the proposed approach with the existing ones, and show that interestingly the proposed method

improves the weighted sum rate of SU.
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1. Introduction

In the era of communications, daily increasing demands
for wireless services and its high penetration in routine
human activities is overloading the precious radio spec-
trum. Beside this bottleneck, and according to spectrum
efficiency measurements recently revealed by FCC [1],
the inefficient usage of available spectrum in fixed as-
signments scenarios causes the effort for more utilizing
the scarce spectrum to be the focus of many researches.
Emerging Cognitive Radio Networks (CRN)—coined by
Joseph Mitola in his Doctoral Dissertation [2]—is be-
coming an efficient solution to this problem in recent
years. Diverse aspects of CRNs have been studied in
many articles since then. A detailed exposition of Cogni-
tive Radios (CR) from the signal processing point of
view has been presented in [3]. Development of the IEEE
802.22 as the first Cognitive Radio Wireless Regional
Area Network Standard is a worldwide effort to embark
use of this novel technique [4]. Asit is categorized in [5],
there are three well known paradigms for unlicensed use
of spectrum in CRNs: Interweave, Overlay, and Under-
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lay.

Among different system models defined in recent
studies, some made use of cooperative relay technology
in cognitive networks to increase transmission diversity
gain. In [6] a number of cooperative diversity cognitive
models are discussed by combining a cognitive radio
with the cooperative technique. A brief overview of ap-
plications of cooperative cognitive networks is presented
in [7]. Also cooperative transmission between secondary
nodes to improve spatial diversity and improve spectrum
diversity with afocus on the latter oneis discussed, and a
new MAC protocol is proposed [7].

A cognitive cooperative relaying scheme in which
cognitive users assist PUs by relaying their information
is proposed in [8]; where a Decode-and-Forward (DF)
strategy is used, and the outage probability of PU isin-
vestigated. In [9] a cooperative cognitive network with
two pairs of Source-Destination as primary and cognitive
users is considered, where a cognitive relay assists both
primary and cognitive users. There, a half-duplex Am-
plify-and-Forward (AF) relaying scheme is proposed,
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and the power alocation optimization problem for cogni-
tive user and cognitive relay is considered [9]. A joint
subcarrier and power allocation algorithm for coopera
tive multiuser orthogonal frequency division multiplex-
ing (OFDM) CR is presented in [10]; where a DF coop-
erative strategy is used, and a three-node relay network is
simplified to a tow-node network with the equivalent
channel gain. In [11] joint relay selection and power al-
location is investigated in a CR system to maximize sys-
tem throughput by developing an optimal approach. Also
a suboptimal approach is proposed which reduces com-
plexity while maintaining performance. A relay selection
in cooperative cognitive network is proposed in [12], in
which a secondary node relays PU information to reduce
the power consumption of PU, and simultaneously de-
crease interference from primary traffic which exposes
spectrum opportunities for secondary system. In [13] a
two-user AF relaying cognitive network is considered,
and jointly allocation of sensing time and power is de-
veloped to maximize throughput of secondary network.

It can be widely seen that novel wireless communica-
tions tend to use multi-carrier OFDM method because of
its flexibility in resource alocation and the benefits on
minimizing the impact of multi-path fading. To be in
harmony with this trend, our interest in this study lies on
an OFDM-based cooperative cognitive radio network.
Among three different paradigms of cognitive radios, we
choose underlay transmission where both the primary
and cognitive users transmit over a same spectrum. Two
pairs of Source-Destination (SD) nodes are considered
where one pair is the primary user and the other is the
secondary user. Also we assume that the secondary
user’s transmission is assisted with a cognitive DF relay
node. In underlay scenario, it is assumed that the secon-
dary network is aware about channel gains from its
transmitters to the PU. SU’s and the relay’s power are
limited in this case, because simultaneous transmission
with licensed users is available while cognitive transmit-
ters (secondary source and the relay) have not violated an
interference temperature which is constrained by primary
network.

Our godl is to maximize the throughput of secondary
network with interference power constraint defined by
primary network, and total power constraint of secondary
transmitter and the relay. A joint optimization of power
alocation and subcarrier pairing for secondary transmit-
ter and the DF relay node is developed. We formulate the
joint power alocation and subcarrier pairing optimiza-
tion problem, and then solve it using continuous relaxa-
tion, to reform the problem to dua problem. An algo-
rithm to achieve feasible subcarrier pairing and power
alocation is proposed based on the solution results. Ex-
tensive simulation results show that the proposed algo-
rithm almost achieve the optimal weighted sum rate, and
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outperform existing methods in secondary throughput
improvement.

The rest of this paper is organized as follows. In Sec-
tion 2, we define our cooperative cognitive radio network
model and formulate the Weighted Sum Rate (WSR)
maximization problem by introducing our objective and
constraints. Section 3 solves the optimization problem
and proposes an agorithm to achieve feasible solution of
the problem. In Section 4, we benchmark the proposed
method through extensive simulations. Section 5 con-
cludes the paper.

2. System Model and Problem Formulation

In this section, we will first define a cooperative cogni-
tive radio system model, and then formulate the WSR
maximization problem by introducing the objective func-
tion, problem constraints, and the optimization variables
based on the system model.

2.1. Cooperative Cognitive Radio System Model

We consider an OFDM-based multicarrier cooperative
cognitive radio system, in which both primary and sec-
ondary users share the same bandwidth for their trans-
missions. The secondary system model contains a base
station (BSs), asingle user (SU) and a DF relay node (R),
which transmits simultaneously with a primary system
also containing a base station (BSp) and one user (PU).
The secondary transmission consists of two hops. In first
hop (time slot) BSs transmits over subcarrier k, while
both the relay and SU receive the information. In second
hop the half-duplex relay retransmits the information
which has been received in the first time slot. The relay
uses a Decode-and-Forward (DF) method, and transmits
over a different subcarrier m, in second hop. Therefore
the secondary system transmission lasts two time dots
using a Subcarrier Pair denoted as SP (k, m). So if we
divide the total frequency band to M subcarriers we will
have M subcarrier pairs for secondary system transmis-
sion. The secondary system’s downlink destination (SU)
receives the information from BSs and the relay node
using a Maximal Ratio Combiner (MRC) receiver to ex-
ploit spatial diversity.

As shown in Figure 1 downlink transmissions are con-
sidered, and the corresponding downlink channel gains
are defined. Let @Y, denote the secondary BS (Source)
to SU (Destination) downlink channel gain on subcarrier
k, g% and gn denote channel gains of BSs to Relay
on subcarrier k, and relay to SU on subcarrier m respec-
tively. Also let h;, denote the primary system downlink
channel gain on subcarrier f. The channel gains from BSg
and the relay to PU are defined as g§ and g7 on sub-
carriers k and m respectively. As shown in Figure 1,
0%, 9%, om,and h, are the desired channel gains
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(solid lines) while g§ and qY causes unwanted inter-
ference to PU (dashed ling). Also let 1. ¢ denote inter-
fering channel gain from primary BS (BSp) to SU. It's
assumed that al channel gains are independent from each
other, and remain constant in a two-slot period. More-
over, dl the desired channel gains of the secondary sys-
tem and the interfering channel gains from secondary to
primary system which are g, 9%, om,, 05, and
Or respectively, are assumed to be perfectly known in
BSs. The BSs performs subcarrier pairing and power
alocation, and informs the relay node and the SU of the
corresponding parameters through a control signaling
prior to data transmission. In next section we will formu-
late our optimization problem based on the system model
shown in Figure 1.

2.2. Joint Subcarrier Pairing and Power
Allocation Problem Formulation

The aim of this paper is to maximize the downlink
throughput of secondary system. To formulate our opti-
mization problem we have to define our objective func-
tion, constraints, and optimization variables. Similar to
[14], in our cooperative cognitive model the objective
function is the achievable weighted rate of secondary
system, which is denoted as R, for a given subcarrier
pair SP (k, m). Also let pfm and plfm denote the trans-
mission power of secondary BS in the first time slot and
the relay in the second time slot, respectively. Without
loss of generality and to make the mathematical formulas
simpler in notation, we assume that all the channel gains
shown in Figure 1 considered as the normalized channel
gains or the Signal-to-Noise-Ratio (SNR) of the corre-
sponding channel. As an example we consider g5, as

K 2
gégzti”' , M
D,k

BSs ((

g

BSp ((g e

—» Direct Channels O Primary User

V Cognitive User
[ Cognitive Relay

- -» Interfering Channels

Figure 1. Cooperative cognitive radio system model.
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where a¥, is the channel gain from secondary BS to

SU on subcarrier kand o3, isthe variance of Additive
White Gaussian Noise (AWGN) on the corresponding
subcarrier.

Since arelay node is used in secondary transmissions,
the subcarrier pair SP (k, m), may works in two different
modes depending on relay’s activity: direct-link mode
and relay mode. In the relay mode the DF relay will for-
ward the message in the second time slot on subcarrier m,
while in the direct-link mode the message will be sent
only via subcarrier k of SD link in the first time slot, and
the relay is not used since it will not improve the
throughput.

Now that the parameters are defined, we can formulate
the achievable weighted rate of secondary downlink for
SP (k, m) as[14,15]

W
= 109(1+ 9% P,

direct-link mode
Rom=1w, _ [log(1+0%ps,). @
—, min k S k AR ’

2 |log(1+ gt Pem + 9o Pim)

relay mode

where w, >0 is a weighting factor to represent Qual-
ity-of-Service (QoS) regquirements on subcarrier k. Also
the rate is scaled by 1/2 since the transmission lasts two
time dlots.

Introducing total power constraint in secondary system
a P = Pom+ Pem for SP(k m), it is shown [16] that
using relay is advantageous and improves the achievable
rate if

Uk > 0%, and g, > 9% A

Similar to [14], by letting following expressions for
Pom and P, in(2)

Iro

———w—— Pxm» relay mode
P:m = ggR +Oro — gg: ‘

Py.m> direct-link mode

C ok 4
)

——— o — Pxm» rélay mode
Pk',Qm = ggR +0rp — gg) ‘

(0} direct-link mode

and defining the equivalent secondary channel gain g, ,
as

I 0n
—(— == relay mode
Okm = Ox +9ro 9o (5)
95, direct-link mode

the expression in (2) can be re-written in a unified format

as[17]
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R(,m :%|Og(l+ gk,m pk,m) (6)

Also we define t,, €{0,1} which indicates whether
SP (k, m) is selected or not. Now that we have defined
our objective function and the reguired variables, the
WSR optimization problem can be formulated over vari-
ablesp and t asfollows

[Py max3 e,

Pt Cima

h Iog(1+ imPem) @)

M M
st 2.2 Pum < Puge ®)
k=1m=1
M
dtem=L Vvm 9)
k=1
M
Dtem = vk (10)
m=1
{01}, Vk,m (11)
Pm=0 Vkm (12
pk qu - max' VI( (13)
pk qu - max’ vm (14)

where p and t are M xM matrices with entries p,
and t, , for each SP (k, m), and R, is the total power
congtraint of secondary system, and I, =| 1% -, 1M

is the maximum tolerable interference vector for primary
user over each subcarrier. Constraints (8)-(12) are corre-
sponded to secondary system limitations, while con-
straints (13) and (14) are the primary user interference

temperature thresholds.

3. Weighted Sum Rate Maximization

In this section, we will first solve the WSR maximization
problem in the dual domain, and then propose an algo-
rithm to achieve feasible solution of the problem based
on the optimization results.

3.1. Solution to Optimization Problem [P1]

The defined problem [P1] is a Mixed Integer Program-
ming (MIP) problem because of the constraint (11). Due
to the fact that the constraint is a set of discrete points,
MIP prablem is hard to solve. The approach to this kind
of problem is to approximate the problem by its con-
tinuous relaxation as in [14]. In this technique, instead of
congtraint (11) which forces t, | to be an integer (either
Oor 1), it will berelaxed to

>0, Vk,m (15)

km—

which is a convex constraint set and is more easier to
deal with.
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Also in [P1], constraints (13) and (14) are power limi-
tations on the secondary source and relay respectively,
while the optimization variable is p,,, as the total
power constraint. To satisfy constraints (13) and (14) and
make it in correspondence with p, ., let p7 denote
the maximum total allowed power over subcarrier pair
SP (k, m). Using expressions in (4) and combining con-
straints (13) and (14), p. can be immediately derived
as

k
I

o YR

S |k m Ak
mind O +I ERD 9o | relay mode
Pim = a— (6)
qm gSR —Op

Rk m k
gSR+gRD_gSD

k
! direct-link mode

as
Using continuous relaxation and maximum total power
constraint p in[P1], the relaxed problem becomes

maX _Zztk kalog 1+ gkm p (17)
k 1m=1 tk,m

st. (8)-(10), and

>0, Vk,m (18)

k m =
0<pm< pkym, vk,m (19

The objective function in (17) is the same as [P1] for
= €{0,1}. The new relaxed problem is a convex opti-
mization problem since its objective function is concave,
and the constraints are convex sets [18], and therefore
has a unique global solution. But the optima vaue of
t.» May not be an integer. Using the same approach in
[14], we solve the problem in the dual domain and obtain
the optimum value of t, . which satisfies (11). This
solution will be an upper bound for problem (17).
The Lagrangian of problem (12) by using constraints
(8) and (9) will be obtained as

L(p.t, 4, a)

:_Zztk mW IOg{l"‘ (™ f ] (20)

k 1m=1 k,m
M M
( budget kz_;z_:lpkmj—i_;a [1 Ztkmj

where 4 >0 is the Lagrange dual variable, and a is

the dual Lagrange vector with entries ¢,,. The dua
problem will be
[P2] min rr;at\x L(p.t.4,@) (21)
s. t. (10), (18), (19), and 1>0.
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We will first find the optimum vaue of p, ., by
maximizing L(p,t,4,a) over p,,
Ye.m
t W, t
aal— — k,mz k k,m —l (223)
pk,m 1+ gk n pk,m
’ tl<,m
L w1 ;.0 (22b)
Pem 2 1 Bm
’ —+
gk,m tk,m

applying constraint (19), the optimal value of p, , will
be

P
M M
plin?n)(7 If Zz plin?nx < Pbudga
k=1m=1 (23)
= Pim
W l Y H LN max
where the following notation is used
a, z<a
[z]g =Jz, a<z<b
b, z>b

Equation (23) is known as “constrained water-filling”
[19] since it has maximum power constraint p.7 . Also
caled as “multi-level water-filling” because of weighting
factor w.

To abtain the optimum value of t
the Lagrangian function (20) as (24)

In (24), X,, ad K(1,a) are independent of t.
X, m represents the achievable rate for selected subcar-
rier pair SP(k,m) including cost of selecting subcarrier m
in second time dot («,,) and price of power consump-
tion (thelast termin X, ). Hence, the optimum pair for
subcarrier k in first time slot is subcarrier m in second
time slot which maximizes X, . It can be readily de-
rived that

we will rewrite

k,m?

, VK (25)

tk,m

1 form=argmax X,
B 0, otherwise

Assuming A and «,, are given wederived p,,, and
t;,m in (23) and (25) respectively, and the interior part of
our dual optimization problem is solved. The next step is

267

to solve the exterior part which is finding the optimum
valuesof 4 and ¢, which satisfy constraints (8) and
(9). The following iterative equations will obtain the op-
timum values of 4 and ¢, using the sub-gradient
method

p'k,m]

. . . M .
a:n*l:a:n—,u'(l— tl'«mj’ m=1-- M (27)
k=1

i+1 i i M3
AT =2 —H [R)udga _k (26)

1m=1

where i is the iteration index, and 4' isthe step sizein
the ith iteration. Note that the step size of (26) and (27)
can be different. In each iteration the valuesof p, ,, and
t, . can be updated using the new values obtained for
A and ¢, in(23) and (25). As the iteration advances,
(26) and (27) will converge and the optimum dual vari-
ableswill be obtained.

The original WSR problem [P1] has an integer valued
constraint which causes non-convexity of the constraints
set. Hence, the curve obtained for WSR optimum value
by varying the total power constraint may have discrete
changes in its slope. These sudden jumps in the slope of
the curve are due to the changes of the optimal SP as the
total power varies. This will cause the solution to the
relaxed dual problem to be an upper bound for the opti-
mum value of [P1]. The gap is known as the duality gap.
Recently, it is declared that the duality gap will be zero if
the optimum answer of the optimization problem is a
concave function of the constraints [20], and therefore
the solution of the dual problem is the optimum solution
to the original problem. Also it is shown in [21] and used
in [14]—same approach as our problem in an OFDM
downlink resource allocation problem—that the optimum
value of the problem tends to be concave over constraints
if the number of subcarriers (M) is large enough. Hence
for practical OFDM networks (with M >8) [14], we
obtain the optimum solution to the original problem [P1]
by solving the dual problem [P2].

3.2. Proposed Algorithm Design

We apply our solution to [P2] using Algorithm 1. The
problem [P2] has two parts, first part is maximizing the
Lagrangian function (21) over variables p, , and t, ,
assuming an initial value for dua Lagrange variables,
and second part is finding the optimum values for the

5>

k=1m=1

L(p't.Aa)= tem %Iog 1+ gk,m{ﬂ—

1

} Pim
' 0

21 gk m

w, 1| M
_am—ﬂ,|:2—;— gkm:| + AR et +mZ:10!m (29

K(2,a)
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Lagrange dual variables 4 and «, to minimize (21)
with the values of p,, and t,  obtained in the first
part. In section 3.1 a closed form solution for the first
part is derived in Equations (23) and (25). While for the
second part a sub-gradient method is discussed to find
the optimum values of 4 and «,, using iterative Equa-
tions (26) and (27). In Algorithm 1, we will first initialize
the required variables. In each iteration, we will first
calculate the optimum vaue of p ., and t using
Equations (23) and (25), and then find new valuesfor A
and ¢, with the corresponding equations. The loop
will continue until the dual Lagrange parameters con-
verge to their optimum values which minimize the con-
straints cost. Since constraint (9) is guaranteed by equa-
tion (25), while constraint (10) may be violated, an
amendment is used to avoid selecting the same relay
subcarrier for more than one source subcarriers, which
resultsin more than one “1”sin a column of t and violate
constraint (10) [14]. This amendment is applied at the
last 10% of the agorithm iterations. At the last step a
constrained water-filling is applied to find the optimum
power allocation using t,,, to maximize WSR for sec-
ondary system while the interference threshold of the
primary network is not violated. The optimum subcarrier
pairing scheme and power allocation which maximize
WSR of secondary system while preserving QoS of pri-
mary network in an OFDM based cooperative cognitive
network is obtained by using this algorithm.

Algorithm 1. Joint Subcarrier Pairing and Power Alloca-
tion for SU WSR Maximization in Cooperative Cognitive
Network

1. Initidize parameters. A*, o', (1°=0, a°=0),

M, &, R  Channe gains, I, , and iteration
9
index (i = 1).
2. Dowhile u>g and M>g
|/1.+1| ||a|+1||

a Caculate p,,, and t ., using X, and Equa-
tions (25), (23) in order.

b. Calculate values of '™ and &' using p,,,
and t;m in iterative Equations (26) and (27) re-
spectively.

c. Increase the iteration index (i).

3. Loop.

4. For c=1:LI—J
10

a Do steps2.aand 2.b.
b. Modify t:
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M
i. While 't . >1,foranym
k=1

ii. In each column of t which contains more than
one “1"s (source column) keep the “1" which
resultsinthelargest X, .

iii. Find the column with no “1"s (destination col-
umn) which has the minimum change to «,,
with the source column.

iv. Change a“1” in the source column (other than
the “1” which is kept in 4.b.ii) with a zero in the
destination column, in a row which causes the
largest X, ., inthe destination column.

v. Loop.

a. Do Constrained Multi-level Water-Filling with
W, , Py ad p’n obtained from t, .,
and I, .

b. Calculate corresponding WSR using (6).

5. End.

4. Numerical Results and Simulations

In this section the proposed method for our Cooperative
Cognitive Radio Network, as shown in Figure 1, is
benchmarked through extensive simulations. As we men-
tioned all the channel gains g%, 9%, om, af, qf,
h,,and I} . areindependent of each other, and remain
constant in atwo-dot period. Also it is assumed that the
channel gains are independent and identically distributed
(i.i.d.) over subcarriers and follow a Rayleigh distribu-
tion with parameter b differs from one link to another
corresponding to the mean square of subcarrier channel
gains in different scenarios. The variance of Additive
White Gaussian Noise (AWGN) is assumed to be one.

In Algorithm 1, the initial value of dual Lagrange mul-
tipliersare set as A' =1, and a' =1. The convergence
criterion is ¢ =0.01, and the step size for the subgradi-
ent method is set to be 4 =0.05/+/i , where i is the it-
eration index. In Un-Weighted Sum Rate (UWSR) sce-
nario, the weighting factor w, is set to be al “1" for
different subcarriers, and in Weighted Sum Rate (WSR)
scenario, it obeys the equation w, =1+(k-1)/(M -1).
The results are obtained based on 1000 randomly gener-
ated channel realizations.

Two different system configurations corresponding to
the position of the relay node are investigated. In the first
scenario it is assumed that the relay node is placed be-
tween the secondary source and destination. The mean
square of channel gains in this scenario, are set as

Ellosl’ =3, E|loo[]=1. and E[[gel |=3.

Figure 2 shows the secondary system’s WSR through
different number of subcarriers. The total power con-
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straint for secondary system is assumed to be B, =5
[Watts], and the maximum tolerable interference for
primary user isequal to 1., =3/M over al subcarriers.
In this figure the WSR of the Fixed Subcarrier Pairing
(FSP) method—where k=m for every subcarrier pair
SP(k,m) —is compared to the Joint Subcarrier Pairing
and Power Allocation (JSPPA) approach. In JSPPA1 we
only apply the maximum power constraint pr for
Constrained Water-Filling in the last part of Algorithm 1,
whilein JSPPA2 the p/ is considered in both subcar-
ner pairing and power allocation to find optimum values
tn and p,, respectively. Asitisshown in Figure 2,
a 17% improvement in WSR is acquired with JSPPA2
when we have M =64 subcarriers. Figure 3 shows the
UWSR for secondary system, exploiting FSP, JSPPA1,
and JSPPA 2 methods with same assumptions.

30 T r r

i lM=64 :
WSR=20.67b/s/Hz | :

N
W
\

\
1

353
[=]
i

—
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i

M = 64
WSR = 17.57 b/s/Hz

Secondary User WSR (Bits/Sec/Hz)

10_” B
sld . [——Fsp ||
|4 —+— JSPPAI
" —>— JSPPA2

0 H i i i i i
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Number of Subcarriers M

Figure 2. WSR of secondary system, when the relay is be-
tween the secondary source and destination.
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Figure 3. UWSR of secondary system, when the relay is
between the secondary source and destination.
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In the second scenario, the relay node is placed close
to the secondary source. The mean sguare of channel
gainsin this scenario, are set as

Ellosl’ |=5. E[lgol |=1.a0d E[|ge|* =1

All other assumptions are the same as the previous sce-
nario. Figures 4 and 5 show the secondary system's
WSR and UWSR respectively through different number
of subcarriers. In this scenario the improvement in WSR
for M =64 subcarriersis9%.

When the relay node is between the secondary source
and destination, in Figure 6 we have shown the WSR of
secondary system by varying the total available power
Puige for M =64 subcarriers. And Figure 7 shows

30 , : :

M =64
WSR = 20.44 b/s/Hz >

N
(%
h

N
S
i

M=64
WSR = 18.76 b/s/Hz

Secondary User WSR (Bits/Sec/Hz)
(%

10+ 1
—e—FSP
5t —+—JSPPAL |-
4 —>— JSPPA2

0 20 40 60 80 100 120
Number of Subcarriers M

Figure 4. WSR of secondary system, when the relay is close
to the secondary source.
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Figure 5. UWSR of secondary system, when the relay is
close to the secondary source.
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ues of B4, > for M =64 subcarriers.
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Figure 7. WSR of secondary system through different val-
ues of Ly,y, for M =64 subcarriers and B, =5W.

the WSR of secondary system by varying the tolerable
interference for M =64 subcarriers and fixed tota
power B, =5 [Watts]. Both Figures 6 and 7 show
that the JSPPA method outperforms the FSP.

5. Conclusion

In this study we consider an OFDM based cooperative
cognitive network with a pair of Source-Destination
nodes as the primary user (PU), and a pair of Source-
Destination nodes—which is assisted with a relay—as
the secondary user SU. In a shared spectrum underlay
paradigm, downlink transmission of the secondary sys-
tem using a half-duplex relay with DF method under total
power constraint is considered. Under defined constraints

Copyright © 2012 SciRes.

set, a joint subcarrier pairing and power alocation is
proposed for SU to maximize its WSR. The problem is
transformed to a convex optimization problem using
continuous relaxation method, and solved in the dual
domain. In large enough number of subcarriers (M) the
solution to dual problem will tend to the optimal WSR
solution. An algorithm to achieve feasible solutions is
used based on the dua optimization results. The algo-
rithm has two parts, the first part is to find the optimum
values for optimization variables which are power allo-
cation and subcarrier pair scheme, and second part is to
minimize the Lagrangian function over Lagrange dual
variables. Through extensive simulations, the spectrum
utilization of the proposed approach is benchmarked, and
compared with the existing ones. Interestingly it is shown
that the proposed method improves the weighted sum
rate of SU, and the simulations endorse our mathematical
proofs. Simulations show that in best conditions the pro-
posed method JSPPA2 improves the WSR of SU by 17%
in respect to the fixed subcarrier pairing (FSP) method.
Cooperation in multiuser primary and secondary systems
with more relay nodes can be considered in future re-
searches by using the same optimization approach. Also
using the proposed method for cooperative cognitive
networks which obey overlay paradigm, where cognitive
relay nodes can help even primary users to enhance their
data transmission, can be a subject of interest in future
studies.
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