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ABSTRACT
A relay assisted cooperative beamforming technique can efficiently
improve the spectral efficiency and can reduce the interference to
primary users in a cognitive underlay systems. Our objective is to
reduce the total power cost of Secondary Users (SU) while lim-
iting the interference in the direction of Primary Users (PU). K-
mean algorithm which is a partition based clustering algorithm
is used here as the clustering algorithm. While considering flex-
ible cooperation as general scheme, we collectively optimize the
clustering and the beamforming to lower the overall power con-
sumption while fulfilling the secondary users quality of service
and satisfying the primary users interference temperature limits.
An iterative algorithm called generalized Benders decomposition
method is used to find an optimal solution. The indirect trans-
mission mode of relays is considered in this work. The relays
are equipped with directional antennas which will reduce the in-
terference to the PU and meet the power cost requirement of
SU under the assumptions that the clusters are non-overlapping
and fixed. Thus spectral efficiency can be increased. Through
simulations, we analyzed the advantages of algorithms and
showed the benefits of the relays in cognitive wireless networks.
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1. INTRODUCTION
RF spectrum is a limited natural resource and its proficient use is
of very important. Over the past two decades there is an enormous
progression in wireless communication, and we are now living
in a world where there are ever-increasing numbers of wireless
communication devices in operation. Cognitive Radio which was
first proposed in late 1990’s has been renowned as a suitable way
to ameliorate spectrum efficiency of wireless communications by
exploiting under-utilized licensed spectrum in frequency,spatial
and temporal domains. Cognitive radio(CR) is a wireless com-
munication system which is attentive of the environment and its

changes and can adapt its transmission/receiver parameters accord-
ingly with the objective of reliable communication whenever and
wherever needed [1]-[4]. Green communication is energy efficient
communication. Cognitive Radio increase spectral efficiency by
giving opportunistic access of the frequency bands to other users,
thus less power can be used for a certain transmission rate.

An overview of cooperative spectrum sensing has been stud-
ied in [5]. Cooperative sensing declines the probabilities of
miss-detection and false alarm significantly. It can solve hidden
primary user problem and it can decrease sensing time. Due to
large-scale fading (radio shadows), it is very difficult to reach
adequate sensitivity in a single mobile station or access point
[6]. Further, in cooperative sensing, different stations are in
different radio environments, and some of them might be in
particularly good position for securing each specific spectrum
hole. In our work we initialized many nodes (secondary users)
and some of the nodes can access spectrum hole easily. Due to
the above mentioned advantages, we applied cooperative spectrum
sensing as the general method to detect spectrum hole. In our
endeavor we use centralized cooperative spectrum sensing method.
In this, there is a Cluster Head (CH) node that collects data
from the other nodes. We divide the nodes into different clusters
and selects a CH for each clusters according to clustering algorithm

The performance of Cooperative Beamforming has been investi-
gated extensively in [7]. This technique can upsurge the range of
the communication link, since the signal beam is concentrated only
to the direction of the communication partner so that no energy
is squandered to the other direction. So in order to reduce the
interference to PU, we have adopted this technique in our work.

The work reported in [8] exploited the advantages of using K-
means as the clustering algorithm. K-means algorithm reduces the
complexity of clustering and it is a simple technique for estimating
the mean of a set of K groups. In K-means algorithm number of
cluster K must be defined beforehand and it can be applied only
when the mean of a cluster is defined. K-means algorithm is used
as the clustering algorithm in our work.

Multi-cell cooperation schemes can be classified into three types
like Full cooperation, Inter-cell cooperation, Flexible cooperation
[9]. While considering flexible cooperation scheme as general case
and full cooperation and inter-cell coordination as special cases, we
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collectively optimize the clustering and the beamforming to lower
the overall power consumption while fulfilling the secondary users
quality of service and satisfying the primary users interference
temperature limits. We express this problem as a mixed-integer
nonlinear program and decompose it into a master problem and a
beamforming sub problem. An iterative algorithm that has been
derived based on Benders decomposition in [9],[10] is a way
to split complicated mathematical programming problems into
two, and thereby simplifying the solution by solving one master
problem and one sub problem is used to find the optimal solution
in this work.

Amplify-and-forward (AF) relaying used in [11] can progress the
sensing performance and increase the throughput. Indirect mode
takes place when the direct links between the transmitter and cog-
nitive receivers botched due to some problems such as shadowing,
multipath fading and path loss and thus QoS requirements are not
fulfilled in the secondary network. Under such conditions, relaying
process initiates and directional relays are responsible to direct the
message signal from the secondary transmitter to the SU. The relay
technique used in our work can tackle the problem of interference
to the PU and meet the power cost requirement of SU and tries to
assure the desired QoS in both primary and secondary networks.
The directional relays and omni directional receiving capability
can significantly improve system performance [12],[13].

In this work, we make the assumptions like perfect synchronization
and perfect channel information for the cooperative beamforming.
The location of each node is chosen randomly following a uniform
distribution. Each node is equipped with a single ideal isotropic
antenna. There are no reflections or scattering, thus there is no
multipath fading or shadowing. The nodes are sufficiently sepa-
rated so no antenna coupling occurs. There is no mutual coupling
between different antennas and cognitive radio user nodes. The
nodes location is static, meaning that the location does not change
over time.

This paper is organized as follows: Section II exposes a detailed
study of the Network analysis of the proposed system, and Section
III discusses the simulation results for its total power cost of SU’s
and the total interference to the PU. Finally, the conclusions are
briefed in Section IV.

2. NETWORK ANALYSIS
Full cooperation is used when all Base Stations (BS) share their
antennas to cooperatively serve their users. Total power cost of full
cooperation is high. Inter-cell coordination is the simplest strategy
in which each user is served by a single BS. Flexible cooperation
is the scheme in which each user is served either by a single BS or
by multiple cooperating ones.

Here we consider cognitive underlay system in which the secondary
users are represented by S = s1, s2, ..., s|S| and primary users as
V = v1, v2, ..., v|V | . Cognitive BSs, B = b1, b2, ..., b|B| has m
antennas each. In order to model the system let us define a binary
vector:

Z = (zbs)bεB,sεSε{0, 1}|B|.|S|×1 (1)

The component zbs of Z determines whether BS, b serves the sec-
ondary user, s or not.

zbs =

{
1 if user s is served by BS
0 otherwise

(2)

In full cooperation each user can be served by many BSs. The spe-
cial case of full cooperation is:

z = 1|B|.|S|×1 (3)

in which each user is collectively served by all BSs. The special
case of inter-cell coordination corresponds to:∑

bεB

zbs = 1, ∀sεS (4)

which ensures that each user is assigned to only one BS.
Assuming full cooperation. Let hs , (hbs)bεBεC

m|B|×1 repre-
sent the channel vector from the distributed antennas of all BSs
to the receiving antennas of a secondary user, s. hbsεCm×1 is the
channel between BS, b and user, s. The channel vector hbs corre-
sponds to both Rayleigh fading and path loss attenuation. Similarly,
vs , (vbs)bεBεC

m|B|×1 represents the array beamforming vectors
associated with user, s and vbsεCm×1 is the beamforming vector
of BS, b for user, s. If we consider the special case of full coopera-
tion in which each user,s is served by all BSs, its received signal is
represented as:

ys = hs
Hvsds +

∑
jεS\{s}

hHs vjdj + ns (5)

where (.)H represents the conjugate transpose, ns is a complex
zero mean and ds represents the data symbol of user, s that is trans-
mitted by BSs through the channel hs. The signal-to-interference-
plus-noise ratio of user, s is given by:

SINRs =
|hHs vs|2∑

jεS\{s}
|hHs vs|2 + σ2

s

(6)

σ2
s is the variance. Achievable rate is given by the equation:

Rs = W (1 +
SINRs

Γ
) (7)

where W and Γ represents the channel bandwidth and the SINR
gap between the rate achieved in practical case and Shannon ca-
pacity. The transmit power, Pb =

∑
sεS

‖vbs‖22 of each BS, b should

not exceed a practical power limit:∑
sεS

‖vbs‖22 ≤ P
max
b , ∀bεB (8)

For flexible cooperation, we also add a constraints:

‖vbs‖22 ≤ zbsP
max
b , ∀(s, b)εS ×B (9)

The role of the additional constraints is to make sure that when
a specific BS, b does not serve a specific user, s,the beamform-
ing vector vbs should be a zero vector. SINR definition initially as-
sumes full cooperation, after we add the constraints it is also valid
for flexible cooperation. In the cooperative cognitive underlay sys-
tem the secondary BSs shares the same channel with the primary
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system under the condition that it should not cross the interference
temperature limit Iv > 0 imposed by each primary user as [9]:∑

bεB

∑
sεS

|gHbvvbs|2 ≤ Iv, ∀vεV (10)

gbv is the channel from secondary BS, b to the primary user, v:

ptot = ptx + psp + pb + po (11)

where ptot,ptx,psp,po,pb denote the total power consumption, the
transmit power radiated by all BSs, the signal processing power
cost,the fixed power cost and the backhaul power cost respectively.
The fixed power po in is the sum of fixed power consumed by all
BSs:

po =
∑
bεB

ybpstat (12)

yb is the binary variable which defines the activity status of BS b
such that:

yb =

{
1 if BS b is serving atleast one user

0 otherwise
(13)

Inorder to collectively optimize clustering and beamforming vec-
tors that minimize the overall power consumption of the secondary
system and interference power constraints at the primary users, an
iterative algorithm based on the generalized Benders decomposi-
tion method in [9],[10], is used to find an optimal solution.

2.1 Problem Formulation
The SU’s performance in any CR system depends on the factors
such as PU’s activity and availability of spectrum etc. Here we con-
sider SU as nodes. One of the SU is selected as the CH according
to the selection procedure. The communication between two nodes
via CH is considered here. When SU is transmitting and during
this time if PU also starts transmition, then SU has to decrease its
power, otherwise it will cause interference to PU. In this work, our
objective is to reduce the total power cost of SU while limiting the
interference in the direction of PU.

2.2 Indirect Mode Relay Equipped with Directional
Antennas

The problems encountered in section 2.1 can be tackled by the
introduction of relay node in this model. The network applies a
scheme consists of two transmission modes: direct mode and indi-
rect (relay) mode [11]. In direct mode, joint power allocation and
beamforming scheme is performed in the secondary transmitter. In
this mode, the direct links should assure QoS requirements of the
primary network while trying to maximize total SINR in the SUs.
In the later mode, which is triggered if QoS requirements are not
maintained in at least one SU, directional relays cooperate in trans-
mission process and try to satisfy QoS requirements in both pri-
mary and secondary networks. In other words, indirect mode takes
place when the direct link from cognitive transmitter to receiver
fails and the process of relaying starts. The SINR value of the re-
lay is compared with a predefined threshold and those relays which
will have the value of SINR greater than or equal to the thresh-
old value is chosen to participate at the indirect mode [11]. The
received signal of the relay node can be expressed as:

yr =

L∑
l=1

√
Tplw

H
l crel(t− τl) +

√
gprTp0e0(t− τr0 ) + nr(t)

(14)

r=1,...,N , N is the number of relay node. l=1,...L,L is the number
of receivers. τl is the time delay in arriving the message signal to
rth relay from secondary transmitter. τr0 indicates the time delay of
the message signal received from primary transmitter to rth relay
node. e0(t) and el(t) are the message signal transmitted by the pri-
mary transmitter and message signal transmitted by the Secondary
transmitter received at lth Secondary user. Similarly Tpl, Tp0 rep-
resents the transmission power of the secondary transmitter to the
lth SU, continuos power transmitted by primary transmitter respec-
tively. wl represent the optimization parameter, cr is the channel
response from cognitive transmitter to the rth relay. nr(t) is the
noise at the rth relay node. gr is the channel loss from primary
transmitter to the relay node.
SINR value of the relay for the indirect mode is given by:

SINRr
l =

|wHl cl|2Tpl∑L
i=1,i6=l |wHl ci|2Tpi + σ2 + kprTp0

(15)

l=1,...,L
L is the number of receivers, iε[1, L]

where SINRrl is the SINR value of the relay node of the lth
cluster, σ2 is the noise variance, kpr is the channel loss from
primary transmitter to relay node. Tpi is the transmission power of
the secondary transmitter to the ith SU. cl is the channel response
from cognitive transmitter to the lth SU and ci is the channel re-
sponse from cognitive transmitter to the ith SU. After determining
those relays that are involved in indirect transmission,the relaying
phase starts to meet the QoS requirement of SUs. In the indirect
mode,the received signal at the lth SU can be expressed as [11]:

yl =
∑
r,∀rεR

√
krl TprFr(Θ1)er(t− τ lr)

+
√
kpl Tp0e0(t− τ l0) + nt1, ∀lεL (16)

Also krl and kpl are the channel losses between relay and the lth SU
and between the Primary transmitter and the lth SU respectively.
The parameters Tpr and ert indicates transmission power and mes-
sage signal of the relay in the relaying phase. τ lr is the time delay
of the message signal received at the lth SU and τ l0 indicates the
time delay of the message signal received from primary transmitter
to lth SU. n1(t) is the noise at lth SU. The radiation pattern of the
relay can be expressed as:

Fr(Θ) =

{
1 Θ1

r 6 Θ 6 Θ2
r ; r = 1, ...,N

0 otherwise
(17)

where Fr(Θ) is the radiation pattern of the relay in the direction of
lth SU.

2.3 K-Means Clustering algorithm to find CH
K-means is a partition based clustering algorithm in which it splits
the data objects into k partitions or groups. The grouping is done
by minimizing the sum of squares of distances between data and
the corresponding cluster centroid. K-means uses the squared Eu-
clidean distance to allocate objects to clusters. K-means returns dis-
tances from each point to every centroid. The algorithm description
is given below.

Steps for K-Means Clustering algorithm

1) Choose initial cluster seeds at random. These represent the tem-
porary means of the clusters.
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Fig. 1. Cluster formation plot with one relay

2) Compute the squared Euclidean distance from each object to
each cluster and each object is assign to the closest cluster
3) Find out the new centroid for each cluster and each seed value is
replace by the respective cluster centroid
4) Compute the squared Euclidean distance from an object to each
cluster and the object is assign to the cluster with the smallest
squared Euclidean distance.
5) Recalculate the cluster centroids based on the new membership
assignment.
6) Repeat the steps 4 and 5 until no object moves clusters.

3. SIMULATION RESULTS
For the numerical simulation, we consider 20 nodes and 6 CH
under the assumption that the users are uniformly distributed
and non-overlapping. The CH holds the information like location
of the nodes, number of nodes and energy of those nodes that
are involved in the specific cluster. For simplicity, we makes the
assumption that SINR target are same for all users, i.e. ρs = ρ, ∀s.

Fig. 1 and Fig. 2 depict the cluster formation plot with one relay
and two relays respectively. The CH, which holds the information
about the specific group is indicated by smaller triangle (black)
and Relay Node by bigger triangle (green). BS is denoted by
circle, which is located at the upper boundary of the square. The
total interference temperature limit is taken as Iv = 3dB above the
noise level. In our work we consider two cases. For the first case,
the first relay node (Fig. 1) is selected in between the first two CH
that are involved in the process of transmission and for the second
case one of the CH that is involved in the transmission process as
the Relay Node (Fig. 2). Whenever a specific node has to transmit,
CH which has the information regarding the intended node will
choose the easiest path to reach the BS. The relay node which
has directional transmission capability collects the information
from first CH since it has omni directional receiving capability and
forwards it to the second CH (Fig. 1). For the second case, the first

Fig. 2. Cluster formation plot with two relays

Fig. 3. Total interference to primary users with one relay

relay node forwards the signal to the second CH, then to the next
CH and so on to reach the BS. Here one of the CH acts as the relay
node. The other clusters which are not involved in the process of
transmission are considered as primary users.

Fig. 3 and Fig. 4 depict the total interference to primary users
with one and two relays. We compared the performance of flexible
cooperation, inter-cell cooperation and full cooperation schemes.
Interference to primary user increases with SINR value. In the case
of Full cooperation scheme, the interference to primary user is less
for values of ρ < 10dB and increases afterwards as compared to
other two multi-cell cooperation schemes. The simple inter-cell
cooperation is optimal at low SINR value. It is no longer feasible
when ρ > 10dB. With the help of relay, the probability of signal
to reach the destination increases. Since the relay has directional
transmission capability, it will direct the signal to the intended
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Fig. 4. Total interference to primary users with two relays

Fig. 5. Total Power cost with one relay

secondary user thereby reduces the interference to primary user.
So there will be an overall reduction for the total interference to
primary users with relays for the above mentioned cooperation
schemes [9].

Fig. 5 and Fig. 6 show the total power cost with one and two
relays respectively. Full cooperation has the highest power cost in
terms of overhead for sharing user data and channel information
through the backhaul network. This scheme achieves the lowest
transmit power. The total power cost is the sum of backhaul power,
overhead power, transmit power, signal processing power and fixed
power cost of all clusters involved in transmission process [9].
While incorporating relay, which has less overall power cost, the
total power cost for the three schemes can be reduced. Since the
CH acts as the relay node, the fixed power cost can be reduced and
thereby total power cost can be reduced.

4. CONCLUSION
Cooperative spectrum sensing improves sensing performance in
cognitive radio significantly. In cooperative spectrum sensing
concurrent transmission of both primary and secondary can be

Fig. 6. Total Power cost with two relays

done without causing interference to primary users. The clustering
algorithm used is this paper is K-means, which is a partition based
algorithm. We consider flexible cooperation as general scheme, we
collectively optimize the clustering and the beamforming to lower
the overall power consumption while fulfilling the secondary users
quality of service and satisfying the primary users interference
temperature limits. An iterative algorithm called generalized
Benders decomposition method is used to find an optimal solution.
We assert that cooperative relay technology is considered as an
effective method to improve the performance of both spectrum
sensing and secondary transmission. We have investigated the
performance of the system using relay technique. Our simulation
results showed the benefit of using relay in cooperative cognitive
cellular networks for reducing total power cost and interference to
primary users.

There are several drawbacks of K-means algorithm like number of
clusters and mean has to be defined beforehand. In our future work,
we will focus on more powerful optimization algorithm which has
fast convergence, simplicity, less control parameters and robust-
ness.
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