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Abstract:-In the previous investigations of secondary users capacity in spectrum-sharing environments have determined the 
secondary link capacity based on the interference power threshold set at the primary receiver. In contrast to these previous 
works, we analyze the secondary link capacity which is determined by the ratio of the distance between the secondary 
transmitter and primary receiver to the distance between the secondary receiver and secondary transmitter. The secondary 
user capacity is enhanced by this distance-ratio, for this the secondary transmitter has N antennas and a simple antenna 
selection process which is used to achieve better capacity. The numerical results obtained shows; improved capacity of the 
secondary link. 
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I. INTRODUCTION 
 
The electromagnetic spectrum is a precious resource 
for wireless communication systems. The 
measurements conducted by the Federal 
Communications Commission (FCC) have indicated 
a fact that, many licensed spectrum remain unused in 
most of the time. As user demands for data services 
grow steadily, efficient spectrum usage is becoming a 
critical issue. For the aim of better utilizing the 
licensed frequency bands, the FCC has expanded 
some spectral bands, which are exclusively assigned 
to specific users or service providers. Cognitive radio 
is one of emerging technology proposed by Mitola, 
that can allow reuse of the spectrum and improve the 
spectrum efficiency. Cognitive radio allow cognitive 
users (CUs) to share the same spectrum with a 
primary user (PU) . One challenge in such spectrum-
sharing systems is that the CUs should satisfy two 
conflicting goals, i.e., maximizing the system 
performance of CUs while causing no harmful 
interference to the PU. Such spectrum access policies 
require that the transmission power of the secondary 
transmitter be controlled so as to emit limited 
interference to the primary receiver. Recent 
investigations have centered on examining, the 
capacity of the secondary link based on using power 
control to satisfy interference constraints in fading 
environme-nts. Ghasemi investigated the secondary 
link capacity under average and peak interference 
constraints in various fading environments. Kang 
analyzed the secondary link capacity considering 
limitation of delay. In those works, the secondary link 
capacity was expressed as a function of the 
interference power threshold. Based on the results in, 
it seems clear that the secondary user should increase 
the interference power threshold to improve the 
capacity of the secondary link. However, the 
interference power threshold is a predetermined value 
that guarantees the quality of signal for the primary  

 
user, which means the secondary link capacity is 
determined by the interference power threshold. 
With an eye toward enhancing the capacity of 
secondary links limited by this interference power 
threshold, we consider selection diversity using a 
multi-antenna-equipped secondary transmitter. 
Selection diversity is a well-known strategy for 
increasing capacity that takes advantage of the 
selectivity in fading channels between antennas. This 
technique seems particularly promising for the 
spectrum-sharing environment, because it can 
enhance capacity without changing the transmission 
power, which is constrained by the interference 
power threshold. It is this characteristic of selection 
diversity that underlies our motivation in adopting the 
multi-antenna approach for the secondary transmitter. 
Conventionally, fundamental capacities of multiple-
input multiple-output (MIMO) secondary link are 
investigated in. To improve the secondary link 
capacity using MIMO systems, the total amount of 
interference caused by the secondary transmitter is 
directly controlled by pre-coding and beamforming. 
However, they require complex-valued full channel 
state information (CSI) and additional computational 
complexity to generate pre-coding and beam-forming 
vectors. 
On the other hand, the antenna selection diversity has 
been adopted as an alternative for multiple-input 
multiple-output (MIMO) based multiplexing, 
precoding and beam-forming, because the selection 
diversity gain can be achieved with a relatively lower 
feedback burden and simple antenna selection 
process.  
In this letter, we analyze the capacity of secondary 
link using simple antenna selection in the spectrum-
sharing environment. We analyze that the secondary 
link capacity is determined by the ratio of the 
distance between the secondary transmitter and 
primary receiver to the distance between the 
secondary receiver and transmitter. Where the ratio of 
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interference threshold to spectral density of the 
additive white Gaussian noise is 1.1(for providing 
more security to primary user, we have assumed that 
the interference threshold of the primary user is 
greater than the noise floor present in the path 
between SU transmitter to PU receiver, as the 
extension of [14]) 
Rest of the paper is organized as follows: The system 
model of Capacity in spectrum sharing is determined 
by the distance ratio is briefly introduced in section 
II. Section III presents our work which shows, how 
distance ratio represents the capacity when one 
antenna is selected. Antenna selection and capacity 
gain is shown in this section. Section IV represents 
the discussion of the results of our approach. Finally, 
paper is concluded in section V. 
 
II. SYSTEM AND CHANNEL MODEL 
 
   In a spectrum-sharing environment, a secondary 
user can share the primary user’s spectrum so long as 
any interference generated by the secondary user is 
kept below a predetermined threshold. For this study, 
we used the same system model described in [14]. 
Just as in [14], it is assumed that perfect channel gain 
information is available between a secondary 
transmitter and secondary receiver, and between the 
primary receiver and secondary transmitter.  
The primary and secondary receiver has single 
antenna and the secondary transmitter has N  
antennas. The secondary transmitter selects one 
antenna from among N  antennas. The selection 
process is presented in detail in the next section. We 
basically assume a Rayleigh fading channel between 
any transmitter and receiver. The channel gain 
between the ݅-th antenna of the secondary transmitter 
and the primary receiver is denoted by ,iGp

1, .. .. . .,i N  and that between the ݅-th antenna of 
the secondary transmitter and secondary receiver is 
denoted by ,iGs 1, .. .. . .,i N . The channel gains 

iGp  and iGs  are independent and identically 
distributed (i.i.d.) exponential random variables with 
mean values of p  and s   respectively, which 
provides an upper bound performance of spatial 
diversity through N  antennas in this analysis. 

 
Fig. 1. Capacity in spectrum sharing is determined by the 
distance ratio. Secondary links 1 and 3 have an identical 

distance ratio of 1 = ܦ, therefore, they obtain the same 

capacity; C s  = 1nats/s/Hz. Secondary link 2 has a higher 

distance-ratio of 2 = ܦ, which allows it to achieve higher 
capacity than secondary link 1 and 3 with a distance-ratio as ܦ 
= 1 
 
We have used the parameters to characterize the 
secondary link capacity in the spectrum-sharing 
environment, using distance ratio (as shown in [14]), 
and have performed the analysis based on this. The 
distance-ratio can be presented as: 

                       
p

s

dD
d

              (1) 

where Sd is the distance between the secondary 

transmitter and the secondary receiver and Pd  is the 
distance between the primary receiver and the 
secondary transmitter.  
 
Although the mean values p  and s  generally 
incorporate the path-loss and the shadowing effects, if 
we neglect the effect of shadow fading on the mean 
values, we can establish a relationship between D  

and the means values of s

p
D

 �  when   is the 

path loss exponent. Removing the shadowing effect 
from the mean values will result in the distance-ratio 
D  giving us a more intuitive picture of the capacity 
of the secondary link than using the mean values. 
When the transmission power of the secondary 
transmitter is ps , which is the same for every 

antenna, the signal strength iSp  and iSs  received by 
transmitting the signal from the ݅-th antenna at the 
primary and secondary receiver is as follows, 
respectively: 
          iSp = iGp ps , iSs = iGs ps .           (2) 
 
III. CAPACITY GAIN THROUGH 

ANTENNA SELECTION 
 
A. Distance-ratio Representation of Capacity with 
an Antenna 
A secondary user can operate in the primary user’s 
spectrum if the received signal strength at the primary 
receiver satisfies an interference constraint as 
follows: 
                 iSp = iGp ps ,thI                (3) 

where thI  is the predetermined interference threshold 
at the primary receiver. Hence, the maximum 
transmission power maxps satisfying the condition (3) 

is equal to th iI Gp . In (2), substituting th iI Gp  

for maxps  in iSs  , the received signal strength at the 
secondary receiver is: 
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                i i thSs I                         (4)  

where i
i

i

Gs
Gp

   . When iGp  and iGs  are 

exponential random variables with expected values 

p  and s  respectively, the probability density 

function (PDF) of i  can be calculated as follows: 
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where z  is the random variable representing 

i
i

i

Gs
Gp

   . From the PDF of i , the capacity of the 

secondary link can be evaluated in a fading channel 
as follows [12]: 

0
log(1 ) ( )th

io

zIC f Z dzs N 



                  

                       
log th

th
o

th o

ID I D
N

D I N

 



 
 
 


          (6) 

where oN  is the spectral density of the additive 
white Gaussian noise. From (6), we can see the 
capacity of the secondary link is a function of D  and 

thI  . The interference constraint thI  is generally a 
given value that depends on the primary user’s 
application at the primary receiver. Therefore, the 
capacity of the secondary link can be considered to be 
a function of the distance-ratio D . Basically, the 
capacity of the secondary link is monotonically 
increasing function of the distance-ratio D  because 
the first derivative of (6) with respect to D  always 
has positive values. The higher transmission power 
the secondary transmitter can use without violating 
the interference constraint, the greater the distance 
between the secondary transmitter and primary 
receiver. The average received signal strength at the 
secondary receiver is stronger for the same 
transmission power as the distance between the 
secondary receiver and transmitter is getting smaller. 
Therefore, the result in (6) satisfies our intuitive 
approach. More specifically the equation (6) can be 
separated into two terms when the distance ratio is 
fairly larger than the one as follows: 
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1D                         (7) 
From (7), we can show the quantitative relationship 
between the secondary link capacity and the distance-
ratio, which is that the secondary link capacity is 
linearly proportional to when the distance-ratio is 
fairly greater than one.  
Some examples about the result in (6) are presented 
in Fig.1. There are three secondary links and each 
link consists of a transmitter and receiver. It is 
assumed that the interference constraint is thI  a given 

value the same as oN . We have used the ratio 
between the interference threshold and the additive 
white Gaussian noise and the value of that ratio

( )th

o

I
N

 is approximate 1. The path loss exponent is   

= 3.74 for normal urban areas [12]. The secondary 
links 1 and 3 have different values of pd  and Sd  but 

an identical capacity as sC  = 1 nats/s/Hz because 
they have the same distance-ratio as D  = 1. 
However, the secondary link 2 can achieve higher 
capacity as sC  = 3.6 nats/s/Hz than secondary links 
1 and 3 because it has a larger distance-ratio of D  = 
2. Thus, in spectrum-sharing, the capacity of the 
secondary link is determined based on the distance-
ratio D . In the distance-ratio-dependent capacity in 
(7), the secondary transmission power is constrained 
by the interference threshold. Therefore, the 
secondary link cannot enhance its capacity by simply 
increasing transmission power, which is generally 
used to increase capacity in conventional wireless 
communication systems. 
In this system we can improve the capacity of the 
secondary user by using the spectrum sensing. 
Various spectrum sensing algorithms are available in 
the literature among which energy detection 
technique has been gaining popularity for primary 
user detection mainly because of its simplicity and 
low complexity. However, its performance is 
adversely affected due to noise uncertainty 
particularly in low signal to noise ratio conditions. 
When we sense the channel; if the channel is active 
then we take the ratio between the interference 
threshold and the additive white Gaussian noise as 1. 
Then the capacity of secondary user at secondary link 
(3) is 3.6nats/s/Hz. If the channel is idle means no 
primary user is active on the channel then we increase 
the ratio between the interference threshold and the 
additive white Gaussian noise. When we increase the 
interference threshold then we can transmit the signal 
with high power. Then the capacity of secondary user 
at secondary link (3) is above 3.6nats/s/Hz. In [5], it 
seems clear that the secondary user should increase 
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the interference power threshold to improve the 
capacity of the secondary link. 
To enhance the distance-ratio-dependent capacity, we 
use selection diversity achieved through simple 
antenna selection with a multi-antenna-equipped 
secondary transmitter. This technique should be more 
effective in a spectrum-sharing environment, because 
it can enhance capacity without changing the 
transmission power constrained by the interference 
power threshold.  
B. Antenna Selection and Capacity Gain 
Achieving capacity gain through antenna selection is 
a well-known strategy in wireless communication 
systems [7]. In contrast to conventional 
communication systems, antenna selection in a 
spectrum-sharing environment must consider not only 
the channel gain in the desired link, but also the 
channel gain between the primary receiver and the 
secondary transmitter due to the interference 
constraint. 
For the ݅-th antenna, the capacity of the secondary 
link using the ݅-th antenna can be calculated by [14]: 

,
( )log(1 )

i i

i i i
s i

ogs gp

Gs ps GpC
N

   

             ( ) ( )i i i i i ifp Gp fs Gs dGp dGs         (8) 

where ( )i iPs Gs  is the transmission power of the 
secondary transmitter at the ݅-th antenna. 
Accordingly, the formulation for maximizing (8) can 
be expressed as follows: 

,( ) 0
max ( ), . . . ( )

i
s i i i i thps Gp

C s t Gp ps Gp I


            (9) 

The logarithm function in (8) is a monotonically 
increasing function with respect to ( )i iPs Gp . 
Therefore, taking the transmission power at the ݅-th 
antenna as ( )i iPs Gp = th iI Gp , the following 
antenna selection process maximizes (8): 
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The PDF of max can be given by order statistics [13] 
as follows: 
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where ( )
i

F z  is the cumulative density function 

(CDF) of ( )
i

f z . From (5), we can easily obtain the 

CDF of i  as 
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The capacity of the secondary link with the best 
antenna selection can be calculated by [12]: 

max,

max

0
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M
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        (12) 

The results of (12) can be obtained as a closed-forms 
for every integer value of N . The general exact 
expression with respect to N  is too complicated to 
express, but we can provide exact capacity 
expressions for specific values of N  as follows 
(using [14]): 
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(13) 
where /th oa D I N . Considering more than four 
antennas for a secondary transmitter seems 
impractical in terms of system complexity, and there 
is insufficient space to obtain independent channel 
gain between transmit antennas and the primary and 
secondary receivers. As a special case where ܽ = 1 in 
(13), the integral in (12) can be expressed simply as: 

max
{ 1}

1

1( )
N

s a
m

C N
m



         (14) 

As an alternative to the exact expression, we can 
approximate the secondary link capacity through 
some mathematical manipulations, as in [14]: 
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(15) 
where (ܽ) rapidly converges to zero as ܽ increases. 

 
Fig. 2. Capacity enhancement of the secondary user through 

simple antenna selection in active channel. 
 
As we can see in (15), the capacity of the secondary 
link can be expressed by three terms: the selection 
gain depending only on the number of antennas N , 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-6, June-2014 

Enhancement of Secondary Link Capacity In Spectrum Sharing 
 

90 

the capacity determined by the distance-ratio D , and 
the given interference power threshold thI .  

 
Fig. 3. Capacity enhancement of the secondary user in idle 

channel. 
 
Since the interference power threshold is a given 
parameter, the last term can be considered a constant. 
It is clear from (15) that secondary users with a larger 
distance-ratio achieve higher capacity than secondary 
users with a smaller distance-ratio, even if all 
secondary users are constrained by the same 
interference power threshold. The selection gain is 
independent of the distance-ratio and interference 
power threshold. Therefore, the secondary user can 
achieve enhanced capacity regardless of the given 
interference power threshold. 
 
IV. NUMERICAL RESULTS 
 
The capacity of a secondary link with simple antenna 
selection is plotted in Fig.2. The tolerable 
interference power at the primary receiver is 
generally assumed to be little high to the power of the 

background noise, hence th

o

I
N

= 1. The number of 

antennas is {1, 2,3, 4}N   and the path-loss 
exponent is  = 3.74, which is the generally used 
value in normal urban areas [12].  As an overall 
observation, the Capacity in spectrum sharing is 
determined by the distance ratio. Secondary links 1 
and 3 have an identical distance ratio of 1 = ܦ, 
therefore, they obtain the same capacity; C s  = 
1nats/s/Hz. Secondary link 2 has a higher distance-
ratio of 2 = ܦ, which allows it to achieve higher 
capacity than secondary link 1 and 3 with a distance-
ratio as 1 = ܦ. The capacity of secondary link is 
enhanced when the distance-ratio D  is above 2. 
When an interference power threshold is given, the 
capacity of the secondary link increases as the 
distance-ratio increases. In Fig.3. we assume that the 
secondary user used the idle channel. Hence no 
primary user present at that time so SU can transmit 
signal with high power. Because when channel is idle 
then interference constraint varies with the additive 
white Gaussian noise. Since AWGN is in random in 

nature so the ratio between interference constraint 
and AWGN varies.     
V. CONCLUDING REMARKS 
 
In this letter, we analyzed the capacity of multi-
antenna equipped secondary users enhanced through 
simple antenna selection in the spectrum-sharing 
environment. We analyzed that the capacity of the 
secondary link is determined by the ratio of the 
distance between the secondary transmitter and 
primary receiver to the distance between the 
secondary receiver and transmitter. For a given 
distance-ratio, the capacity of the secondary link 
through simple antenna selection was enhanced when 
the distance-ratio ܦ is over 2. In our result, the 
secondary user can enhance higher capacity through 
the simple antenna selection even if the distance-ratio 
and interference power threshold are given. And the 
capacity of secondary user in idle channel either 
increase or decrease. According to the ratio between 
interference constraint and AWGN. 
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