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Abstract—The aggregate interference distribution in cognitive
radio networks is studied in a precise and analytical way using
the popular Poisson Point Process model. In this paper, we use
interference distribution in Nakagami channel ad hoc network
to obtain performance metrics such as outage probability and
transmission capacity in cognitive radio networks. The analysis
is further extended to include interference cancellation and
more specifically the nearest interferer cancellation . The outage
probability and transmission capacity is shown to improve by
the interference cancellation method. The results from simulation
which verify the proposed interference cancellation performance
in Nakagami channel are shown as well.

Keywords—Interference Cancellation(IC), Nakagami Fading,
Nearest Interferers, Cognitive Radio(CR).

I. INTRODUCTION

Owing to the inefficiency in the spectrum usage of current
wireless systems, there exist a significant bulk of research ac-
tivities in cognitive radio. That it is permissible for a cognitive
user to share the spectrum with primary users provided that
the interference is beneath a threshold is one of the ideas in
cognitive radio is in case of the underlay spectrum sharing
method [1]. In wireless networks, a cognitive user can take
advantage of either the time, frequency, and space. Hence,
while spatial resue is cognizant of cognitive radio solutions, it
is one of the most significant options in utilizing this type of
cognitive network [2]. Depending on whether the neighboring
primary users are not in use (vacant), cognitive users may
transmit but at primary users harmful interference can be
caused by the signals of several secondary users. As a result,
in order for the interference temperature metric to be satisfied,

there is a need to characterize the aggregate interference [2].
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This paper deals with general cognitive network scenarios
and focuses on Nakagami channel where the spatial distribu-
tion of users follows the Poisson law. We assume that the
locations of PUs and CRs follow two independent Poisson
point processes. The advantages and validity of using spatial
Poisson process for modeling the locations of the wireless
devices have been mentioned in many articles. In [3], it is
assumed that the user locations vary depending on time, and
determine the average performance over a large population of
users for a class of random networks. Stochastic geometry, a
field which focuses on studying random spatial patterns, offers
a striking way of analyzing large networks. A spatial point
process model makes for constructing the spatial points, which
represent the locations of users. In case there is no previous
knowledge, the user locations are often assumed independent
and completely random. The spatial Poisson process is thus
a natural and a popular choice in such situations because, on
the assumption that a user is inside a region, the PDF of its

location is conditionally uniform over the same region [4].

II. RELATED WORK

Point process theory has been successfully applied to wire-
less network analysis in the last two decades. Recently, with
the flourishing condition of research on cognitive radio, point
process models have found applications to cognitive networks.
In [5], A stochastic geometry-based mathematical model for
coexistence in networks composed of both narrowband and
ultra-wideband wireless nodes has been considered. In [6],

the capacity trade-off between the coexisting cellular uplink



and mobile ad hoc networks under spectrum underlay and
spectrum overlay was analyzed on the basis of the transmission
capacity of a network with Poisson interferers. [7] studied
power control in cognitive networks and simultaneously char-
acterized the impacts of the transmission power of secondary
users on the occurrence of spectrum opportunities and the
reliability of opportunity detection qualitatively. [8] made use
of spatial statistics to improve the performance of cognitive
radio networks. Although there already exists bulk of research
on cognitive networks, only very few papers have focused
on the aggregate interference caused by multiple secondary
users, together with the interference that the primary users
cause among themselves in the Poisson point process setup
which is what has been taken into close consideration in the
current study. Some scholars, e.g. [9] and [10] modeled the
aggregate interference from the cognitive users outside the
primary exclusion regions in fading channel, but both papers
only took a single primary receiver instead of multiple primary
transmitters and receivers into account. In [11], it was derived
that the maximum primary and secondary transmitter densities
give outage constraints for the overlaid network with multiple
primary and cognitive users, but they considered a non-fading

channel and no exclusion regions.

The rest of the paper is organized as follows: section III
presents the system model; section IV formula and analyses the
method; section V presents the simulation results; and section

VI summarizes the conclusions.

III. SYSTEM MODEL

We consider a cognitive radio network which contains
a primary users receiver located at the origin and many
secondary users transmitters (nodes) on a plane as figure 1.
The secondary user randomly located in the plane according
to a Poisson point process (PPP) of the density A[nodes/m?].
Interference from the SU nodes outside the circle of a certain

radius Ry, due to pathloss is assumed to be negligible.

We assume desire signal, interference and noise to be

indpendent. The received power in PU in origin can be

represnted as

N
PPu:Pd+ZIi+WO (1)

i=0
Where Pj is desire signal, I; is interference coming from -
th SU. N is a Poisson random variable which denotes the
number of nodes in the ring between circles of the radii Ry,
and Ru.x. The power recieved in reciever antenna, P, comes
from power in transmit antenna, P relation between the two

can be represented as [12]
P.= PR “0G,G, 2)

where R is the distance between transmitter and receiver, pa-
rameter « is the path loss exponent, § is power channel fading
coefficient, G is transmitter antenna gain and G.,. is receiver
antenna gain. For simplicity, we assume the transmitter and
receiver antenna to be isotropic with unity gain and all SU’s
transmit at the same constant power level P, so that the power
at the receiver antenna input comes from a SU P, = P;R™%6.
In non-fading situation, recieved power is P, = P;R~, only
distance affects on the recieved power. In this paper we assume
that the recieved power will be affected by Nakagami-m fading

and distance. So the recieved power follows as
P, =P,R™%§ (3)

Where § has Nakagami distributaion with m and {2 parameters

and probability density function (pdf) is [13]

flz;m, Q) = %x%‘_l exp (— 21‘2) )

Using Nakagami distribution other fading e.g, Rayliegh and

Rician fading can be represented.

IV. FORMULA AND ANALYSES

Throughout the paper we have employed transmission
capacity (TC) and outage probability (OP) as the primary
performance metrics. The TC was introduced in [14] and is
defined as the maximum number of successful communication
links that can be accommodated per unit area, subject to a
specified constraint on the OP relative to a target signal to

interference plus noise ratio, (SINR)'. TC therefore quantifies

'In the present paper, instead of using SNIR in receivers INR has been
utilized to analyze the outage probability.



@, "

Fig. 1: The Geometry of the Cognitive Radio Networks with Primary Users and Secondery Users. Ry is Maximum Range for

Sensing and R, is Minimum Range to avoid interference to PU.

the area spectral efficiency in an cognitive adhoc network from

an outage perspective.

In this regard, when the SINR is less than a certain
threshold 7, there is a significant performance degradation
in a wireless link and it is considered to be in outage.
The aggeragate interference power I,, = >, I; exceeds the

threshold I, so the outage probability is
Pyt =Pr{SNIR < n} =Pr{l, > L1} )
Defining the interference-to-noise ratio (INR) as

Y= ag/wO (6)

its threshold value is ¢ = Ip/wo, so the outage probability

can be expressed as
Pout =Pr{y > ¢} =1-F(C) (N

where F'(¢) is the cumulative distribution function (CDF) of
the INR. Under the adopted channel model, P,,; also serves
as a complementary CDF (CCDF) of the aggregate interfer-
ence I,4. The outage probability is an important performance
metric for wireless system design. It can be related by other

performance metrics such as frame error rate.
A. Interference Cancellation Method

In this section, we use interference cancellation method in

[15], and apply Nakagami channel model in this method. When

¢ — oo, the outage probability from aggregate interference
Pyt = Pr{d_, Iy > Cwo} is dominated by the nearest node

interference [15]:

Pout = PI'{Iag > CWO}
— Pr{L1, > Cwo} (1+ o(1)
= NoC %M (d).(1 + o(1)) ®)

where My(d) = [ (g% — dz/a)kfg(g)dg is a biased
moment of g of order 2k/a and o(.) is the small o function
[16]. M;(d) includes the impact of both the forbidden region
and fading. Fy(x) is the CDF of the fading factor. Using

equation (4) in equation (8) the following equation (9)
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where Ci = k!/(i!(k — i)!) is the binomial coefficient;
and T'(a,x) = [ t* ‘e~*dt is incomplete Gamma function.
In particular, when k£ = 1, i.e., no interference cancellation

occurs.
P, = 1/r(m){ (%)*‘”F(l/a +m,md?/Q)

— d*°T(m, de/Q)} (10)

B. Transmission Capacity

Two or more wireless networks are said to coexist if they
can operate in the same location without causing significant
interference to one another. Coexistence is then related to mu-
tual interference among systems. Transmission capacity with
the interfernce cancellation for coexistence is obtained using
the previous section. TC is defined as the maximum number
of successful communication links that can be accommodated
per unit area. In the presented model, TC which is defined for
PU and CR cause interfernce to PU transmission. At first, we

defined the probability of successful tansmission as [17]

PF =1- Pk

success out (1 1)

The probability of successful transmission with interference
cancellation show the probability of successful transmission
in a link with removing interference of k nearset user, so
in the presented model, we can obtain TC with interference

cancellation method and can be written as

" = AP},

success

12)

where A is the spatial density of primary user nodes. We
expect if the number of cancel user increases i.e, k — o0,

the throughput of network improves.
V. SIMULATION

In this section, the extensive simulation and theoretical re-
sults with a wide range of system parameters are given. We use
Matlab to run the Monte Carlo simulations. In all simulations,
we generate random geometry of the CR network based on
Poisson point process for each run, and the parameters are
given in the figure captions. We fixed R,,,, = 1000m, and
the noise power after normalization is —90dB in figure 2 and

—80dB in figure 3. The radius of the forbidden region R,,;,
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Fig. 2: Probability of successful transmission capacity accord-
ing to interference to noise ratio with different spatial density.
Parameters are set : m = 1,92 = 1, Rnin = 10, Rpar =
103, a0 = 4.
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k=2
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Fig. 3: Outage probability, P¥ ,, of k nearest users cancelled
according to thershold interfernce to noise ratio with different
forbidden region, R,,;,. Parameters are set: m = 1,Q =
0.5, Rz = 103,00 = 4,1 = 1 x 10~ and noise power
is Ny = —80dB.

and the density of active SU nodes A are variable for different

cases. The results are based on 10° runs.

In figure 2, Psyccess curve is generated by the Monte
Carlo simulation results of the outage probability causing by
aggregate interference for two cases: without secondary user
interference cancellation and nearest interference cancellation
or in other words k = {1, 2}. The theoretical results are given

based on equation (9) for cases as mentioned.

In figure 2, the probability of successful transmission

capacity versus interference to noise ratio with different spatial



density of secondary user has been shown. If interference from
the nearest SU is cancelled, the spectral efficiency improves
and the performance gain can be obtained. If the spatial density
of SU increases the interference in PU, the spatial density of

SU has to be controlled in space, time and frequency region.

Figure 3 depicts the outage probability of PU according to
interference to noise ratio with different fobidden region. It can
be expected that by increasing R,,;,, interfrence decreases,
so the probability of outage improves, but by increasing
the forbidden region, spectral efficiency of secondary user
decreases. Therefore, in design cognitive coexistence network

the trade off between different metrics must be considered.

VI. CONCLUSION

This paper aims at improving the spectral efficiency in
primary users by interference cancellation of the nearest sec-
ondary user in nakagami channel. As shown in this paper,
by using interference cacellation, the spectrum trasmission
capacity of coexistence system can be improved. Finally, by re-
moving the nearest interference can be obtain the performance

gain in coexistence system can be obtained.
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