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Abstract- Cognitive radio is one of the latest technology researchers are using to improve the use of spectrum. In this paper, 
spectrum efficiency has been enhanced by considering the coexistence of many cognitive radio users and a licensed user. M 
number of antennas are deployed at the cognitive radio (CR) base station. The downlink sum rate maximizes in the given 
cognitive radio network while satisfying the signal-to-interference and noise ratio (SINR) constraint as well as limitation of 
interference to the primary user constraint and at the same time maintaining total power used by CR base station under 
certain threshold. 
The algorithm called Particle Swarm Optimization (PSO) has been used in the system for finding beamforming weights and 
power allocation for each user simultaneously. The simulation results have been given for three different cases i.e. the 
number of antennas greater than, equal to and less than the number of CR users. In each case, PSO achieves high throughput 
quickly and with less complexity as compared to other proposed algorithms like transmit beamforming technique combined 
with user selection [14].    
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I. INTRODUCTION 
 
Radio frequency utilization is usually governed by 
government agencies as it is a limited natural 
resource, but it is getting underutilized in current 
situation. If radio frequency spectrum is examined in 
both urban and rural areas then it can be clearly 
concluded that at certain times some of the radio 
bands are unoccupied, some are moderately occupied 
and some bands are heavily used. This is the major 
reason due which utilization of radio frequency band 
has been put in to focus many times. Federal 
communication commission (1)has also noticed this 
matter. 
 
The problem of underutilization of frequency band 
can be catered by new emerging technology called 
“Cognitive radio”. It is done by sensing the spectrum 
at certain geographical area having some tendency: 
i.e. finding the frequency band in the area which is 
not getting utilized by the primary user and 
discovering a way by which it can be made available 
to unauthorized secondary users [2], [3]. Frequency 
bands that are not getting utilized and owned by 
primary users are called spectrum holes. 
 
The presence of spectrum holes majorly affects the 
application of cognitive radio, the challenge it faces is 
to correctly detect and use the spectrum holes. In 
order to take full advantage of the spectrum while 
limiting all the interference it is causing to licensed 
user, the cognitive radio should have the capability to 
fulfill all the spectrum conditions. However, due to 
sharing the same radio channel, inference is caused 
which is the root of degrading the system 
performance, which is throughput of the system. 
Thus, one needs to find a way to increase the 
throughput while sharing the channel with primary 
user. 

 
One of the commonly used method to improve the 
capacity of wireless cellular network is Multiple-
input/multiple-output (MIMO) systems [4], [5]. In 
this technique, several antennas are used at the base 
station, but there usage is cumbersome at the mobile 
terminals as a consequence of increase in size and 
cost. On the other hand if limited number of antennas 
are used it will limit the capacity of the system. This 
problem can be dealt if users are served at the same 
time. Dirty Paper Coding (DPC) [6] is one way to 
cater this issues. However, DPC is a complex 
technique and difficult to implement practically. 
Another technology capable to serve many users at 
similar throughput but with lesser complexity as 
compared to DPC is beamforming [7]. In addition, 
limited interference is also a perk of beamforming. 
Thus, we will be using transmit beamforming 
technique for downlink transmission. In order to use 
this technique, we will use the formula of zero-
forcing beamforming (ZFB) that will result in 
nullifying the interference between cognitive data 
streams. For this purpose the weights of transmit 
beamforming can be easily calculated by taking 
inverse of the channel matrix of the user. 
 
By putting in consideration the scenario where there 
is a large number of users as compared to the number 
of antennas at the cognitive base station (CBS), a 
subset of users should be selected by using a genetic 
algorithm called particle swarm optimization (PSO). 
Our main aim is to practice a quickly converging 
downlink beamforming solution that is capable to 
achieve a high sum-rate for different cases specially 
one of the most practical case where the number of 
users is larger than the number of transmit antennas. 
The multiuser selection has been recently studied in 
the literature [8], [11]. It happens to perform a 
selection between the users, where the transmission to 
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the user must be scheduled by the base station 
considering the best channel settings for the purpose 
of improving the quality of system and satisfying all 
the constraints. High rates can be achieved by using 
DPC technique [12] but as mentioned earlier, it is a 
complex technique and hard to use in practical 
systems, especially in cases where the number of 
users is large. ZFB technique is used in [8] for 
transmitting downlink under the constraints of sum-
power. A near-orthogonal set of channel vectors 
which meet certain requirements of the system is 
scheduled to be served in [9]. In [10], amongst the 
eigenvectors with singular values greater than a given 
threshold, the users are selected. Hence resulting in 
the reduction of complexity of the search as well as 
the amount of feedback required at the base station. 
In [11], a suboptimal greedy DPC-based scheme has 
been conducted to analyze throughput. These 
schemes have resulted in better alternative to DPC-
based schemes. But still it is highly complex 
algorithm. 
 
In this research paper, a single cognitive radio 
network will be considered for downlink 
transmission, where adaptive antennas will be used to 
transmit signals to a large number of secondary users 
by CBS; primary transmitter will be transmitting its 
desired signal to its primary user meanwhile 
receiving interference from the CBS. A same kind of 
scenario has been studied in [13]. In [13], the 
problem solutionis restricted for fixed number of 
users. Whereas, our research is dealing with all the 
cases i.e. the number of antenna greater than, equal to 
and less than the number of cognitive radio users. We 
are using PSO technique for selecting a set of users to 
improve throughput of the system. PSO algorithm 
along with ZFB strategy is used to achieve targeted 
throughput, noteworthy interference limitation along 
with quick convergence to the solution. 
 
II. PARTICLE SWARM OPTIMIZATION 
 
Particle swarm optimization (PSO) is a computational 
method that optimizes a problem by iteratively trying 
to improve a candidate solution with regard to a given 
measure of quality. The problem is solved by having 
a number of candidate solutions, here called as 
particles, these particles are moved around in the 
search space according to simple mathematical 
formulae controlling the position and velocity of 
particles. The movement of every particle is not only 
influenced by its local best known position but, is 
also steered toward the best known positions in the 
search-space, which are updated in every iteration if 
better positions are found by other particles. Thus 
moving the swarm toward the best solutions. 
 
Any ith particle in the swarm has the following 
attributes associated with it. 
1) Its current position denoted by bi 

2) Its current velocity denoted by vi 
3) The best position it has visited so far denoted by pi 
The velocities of the particles in the swarm are also 
initialized at small random realvalues. As the 
algorithm starts fitness of all the particles is 
evaluated. As statedearlier the fitness function is 
dependent on the problem being solved. The particle 
havingthe highest fitness is selected as the global best 
particle. Particle velocity and the position of a 
particle are updated as follows, 

 
 
Where bim is m-th element of i-th particle 

 
 
The parameters Ø1, and Ø2 are selected by the 
practitioner and control the behavior and efficacy of 
the PSO method. The complete flowchart of 
algorithm is given in figure.1. 
 

 
Figure.1.Flowchart of PSO 

 
The rest of the paper is organized as follows. Section 
3 contains the system model and the problem 
formulation.In Section 4 system has been analyzed, in 
section 5 simulation results are shown adFinally in 
Section 6, conclusions are drawn. 
 
We use uppercase boldface letters for matrices and 
lowercase boldface for vectors. The norms of vectors 
are denoted by ||. ||, (.)ᵀ ,(.)ᴴ, and (.) †stand for the 
transpose, the conjugate transpose and the pseudo-
inverse, respectively, throughout the paper 
 
III. SYSTEM MODEL AND PROBLEM 
FORMULATION 
 
In Figure. 2 system model is clearly shown. It can be 
seen that there is a primary network comprised of a 
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primary base station (PBS) transmitting signals to a 
single primary user. A cognitive radio network is 
installed which shares the spectrum with the primary 
network in the same geographical area. The CBS has 
uniformly spaced M-element antenna array serving K 
secondary users. We consider the downlink of the 
cognitive radio network. CBS serves K cognitive 
users with independent signals. We have assumed 
that PBS, the primary user and all secondary users are 
equipped with a single antenna. The received signal 
at the primary user is interfered by the signals 
transmitted by CBS due to sharing of spectrum. 
Likewise, interference is sensed at cognitive radio 
users due to signal transmission by primary user. 
 

 
Figure.2.System Model 

 
Let hk,mstands for the quasi-static, flat fading channel 
between mtransmitting antennas CBS andk  receiving 
antennas of CR user. Denote hk= [hk,1hk,2・・・hk,M], 
and the channel matrix H of size K × M as 
H = [h1

T      h2
T. . . hK

T]T…………….(3) 
 
Let hp be the channel between the CBS and the 
primary user. Let g = [g1g2・・・gK],where gkstands 
for the path attenuation between the kth cognitive user 
and the single transmit antenna at the PBS. gpstands 
for the channel link between the PBS  and the 
primary user. Let Pkand Ppstands for the transmission 
power for the kth cognitive radio data stream and for 
primary user. 
 Let the beamforming weight vector used for the k-th 
cognitive user are wk= [wk,1wk,2・・・wk,M]T . Thus 
beamforming weight matrix Wcan be written as 

W = [w1w2. . . wK]……….(4) 
 
The received signal at the kth cognitive user is shown 
below 

 
 
Similarly, the received signal at the primary user is as 
follow 

 
 
where zkand zpare noises due to the kth cognitive user 
and the primary user which have been considered as 
zero-mean Gaussian random variables having 
variances 휎 and 휎  respectively.	s and 	s are the 
modulating signals for the jth cognitive radio user and 
the primary user, respectively. 
Hence the output signal-to-interference-and-noise 
ratio (SINR) of the kth cognitive user can be written as 

 
 
The objective is to apply such an algorithm that 
increases the total throughput of the system and at the 
same time satisfying the QOS requirements. The 
optimization problem can be uttered as follows: 

 
 
where 훾, 퐼  and 푃 are the SINR, interference and 
power constraints, respectively. P= [P1P2. . . 
PK]stands for the power vector for the cognitive radio 
base station system. From (3) we can conclude the 
interference produced by cognitive radio users to 
primary user as 

 
 
When applying PSO to the above system, equation 
(8) is the fitness function and equation (a),(b),(c) are 
the constraints which need to be satisfied when 
finding power and weight vectors and hence 
maximizing the fitness function. 
 
IV. SYSTEM ANALYSIS 
 
The system has been divided into three cases. The 
first case is when CR base station has more 
transmitting antennas than cognitive radio users, 
second case is when there are equal number of 
cognitive radio users and CR base station antennas 
and the third case is when number of cognitive radio 
users are greater than CR base station antennas. So if 
there are k cognitive radio users and m transmitting 
antennas at CR base station then the three cases are 
1. When m>k 
2. When m=k 
3. When m<k   

 
Power provided to each user is not fixed. It will vary 
from user to user. Let Power vector for k users power 
vector is P. The objective is to apply particle swarm 
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optimization technique in each of the above cases and 
converge towards a combination of those 
beamforming weights and power that will result in 
the maximization of the total system date rate and at 
the same time satisfying the QOS requirements of the 
CR system. 
 
4.1 Case1: m>k 
In this case when m>k , the base station determines 
the beamforming weight vectors associated with each 
cognitive radio user under defined constraints and 
reach maximum throughput. Zero forcing 
beamforming weights can be used to nullify the 
mutual interference among the users. In Zero Forcing 
Beamforming, beamforming vectors are selected in a 
way that they satisfy the zero interference condition 
i.e. hkwj = 0 for j≠k. One way to obtain the 
beamforming weights W vectors is to find 
pseudoinverse of the channel matrix of the cognitive 
radio users. 

W = H†= HH(HHH)−1. 
 
Note that in the channel matrix, the first row is the 
channel with secondary user base station and the 
primary user. 
Once the weights for all Cognitive radio users and 
primary user are determined, there orthogonality 
property will minimize the interference to every other 
cognitive radio user as well as primary user along 
with maximizing the SINR for each user. 
Particle swarm optimization is just applied on power 
vector P until the system converges towards the 
maximum rate. 
 
4.2 Case 2: m=k 
In this case when there are equal number of BS 
antenna and cognitive radio users again zero forcing 
beamforming weights W are calculated by taking 
simple inverse of channel matrix i.e. W=H-1 
These weights will again minimize the interference 
and maximize the SINR. 
Particle swarm optimization is just applied on power 
vector P until satisfactory or required results are 
obtained. 
 
4.3 Case3: m<k 
When there are more Cognitive Radio users in the 
system than BS elements ,then Particle swarm 
optimization is applied on both weight and power 
vectors. Inverse and pseudoinverse of H is not 
possible in this case. 
 
Weight and Power vectors are randomly selected and 
checked for their fitness i.e. sum rate in each iteration 
.These weight and power vectors are then moved 
toward a better position using a velocity function as 
described in the previous section until they reach a 
position that will give the maximum sum rate.  
Weight vectors are normalized and power vector 
elements remain under prescribed limit as the 

velocity function used in particle swarm optimization 
is also gripped under a limit by taking tanh of 
velocity function. As this function varies from -1 to 
+1 so multiplying it with some constant cwill make 
the function to float between –c and +c hence keeping 
the velocity under a limit. 
Thus update formula for position is 

xim(n) = xim(n-1) +c*tanh(Vim(n))………..(10) 
 
V. SIMULATION RESULTS 
 
In order to estimate the performance of particle 
swarm optimization algorithm in this situation, the 
throughput performance is considered. In the 
simulation, 훾	=2, Pt=20dBm, Pp= 13dBm and Ip= 
4dBm has been used. 
 
The sum-rate of cognitive radio users under the 
suggested algorithm, as a function of the number of 
cognitive radio users, for the three above described 
cases is depicted. It can be seen from the figure 3 that 
when m=15 and m>k, the total system sum-rate 
increases as number of users increases in the system. 
The sum-rate of CR users as a function of kwhen 
m=k and Pt= 20 dB is illustrated in figure 4. The 
system sum-rate increases, as cognitive radio users 
and base station elements both are increasing thus 
exploiting the multiuser diversity. 
 
In figure 5 the sum-rate of CR users as a function of k 
for the third case when k>mis presented When m=15, 
and Pt = 20 dB. When k is small, the sum-rate is low 
because fewer users are found that satisfy the 
constraints moreover the chance to have the best 
users selected gets higher with increasing k so the 
sum-rate increases. So the throughput is increasing as 
k is increasing but k cannot be increased beyond 
certain limit because it will then increase the 
interference to primary user.  
 

 
Figure.3. Case When m>k and m=15 

 

 
Figure.4. when m=k 
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Figure.5. when m<k and m=15 

 
CONCLUSION 
 
We have considered the co-existence of cognitive 
radio users and a primary user. What we have 
proposed is a competent joint beamforming and 
power schedulingusing PSO in order to increase the 
sum-rate orthroughput of the cognitive radio network. 
Particle swarm optimization algorithm is used to 
schedule the users that are fulfilling all the 
constraints. It can be seen from simulation results that 
this algorithm is capable of converging towards a 
high sum-rate very effectively. 
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