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Abstract: Efficient resource allocation is an important process
in any network to improve the capacity of a system. In cognitive
radio network the resources are shared among licensed &
unlicensed users. User is said to be in outage if it does not get
required number of resources hence performance of the system
gets affected. In this paper the outage probability in orthogonal
frequency division multiple access (OFDMA) based cooperative
cognitive radio network (CCRN) system is computed. Due to
random user position different users require different number of
resources. To determine this it is necessary to know the signal to
interference ratio (SIR) experienced by the user. First we
determine characteristic of interference to signal power ratio by
using method of moments. Once the interference to signal power
ratio is characterized, user is allocated a class number. Class
number gives the number of subcarriers required by a user. For
analysis purpose we use downlink in underlay mode with log
normal shadowing and path loss exponent. This analysis helpsin
allocation of resourcesto the user depending on SIR experienced
and outage behavior irrespective of user’s position.

Keywords: Cognitive radio, Cooperative communication,
Resource allocation, Correlated interference, Outage probability.

[ INTRODUCTION

This modern era of fifth generation (5G) mobile networks
require tremendously higher data rates compared to fourth
generation (4G) mobile networks. Cognitive radio (CR) is
the promising technology to fulfill the need of future
requirements of spectrum by alowing presence of primary
users (PUs) along with cognitive users (CUs) also termed as
secondary users (SUs) using the spectrum in cooperative
manner. CU senses for the spectrum which is not being used
by PU, aso called as spectrum hole [1] [2]. It tries to use it
at lower power level in the underlay mode of operation in
view of not creating any interference to PU. This way CU
can make use of licensed radio resource (RR)
opportunistically as well as unlicensed radio resource to
have uninterrupted communication. In [3] the work is
carried over for hybrid cooperative CR network (HCCRN),
in which outage probability is derived and its response for
direct system and relayed system against various values of
signal to noise power ratio (SNR) for uplink scenario with
Rayleigh fading environment is studied.
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It is observed that outage happens more often in noisy
environment which can be brought in control with increase
in transmitted power.

Considering Rayleigh fading environment, sum rate is
maximized and outage probability is minimized with certain
power allocation strategies in [4] and [5]. To utilize the
benefits of cognitive radio, orthogonal frequency division
multiplexing (OFDM) is best suitable solution to access the
spectrum holes. By assigning sufficient number of
subcarriers to the user, required data rate can be achieved
keeping in mind to even minimize the outage probability.
Model in [4] is OFDMA based in which main aim of
proposed agorithm is to increase number of subcarriers
alocated to SU and paper [5] illustrates the effect of various
parameters like arrival rate, interference power threshold,
transmit power of PU and maximum total transmit power on
outage probability.

Nakagami—-m fading environment is also considered
widely for underlay mode. In paper [6] asymptotic equation
for outage probability is calculated for fixed gain with dual
hop amplify and forward (AF) relay. Multiple AF relays are
used in [7] for multiple input multiple output (MIMO)-
CCRN system which reveds the effect of network
parameters on outage probability.

In [8] the authors clam improvement in outage
performance in decode and forward (DF) relayed MIMO
system in comparison with AF based single input single
output (SISO) system. With dua hop DF relay non-
orthogonal multiple access (NOMA) system, the derived
analytical expression of outage probability is validated with
Monte Carlo simulation in [9]. Paper [10] is based on two
way DF relaying and power splitting based relaying in
which closed form expression for outage probability is
obtained for PU and SU.

In [11] the authors analyze energy harvesting protocol, it
also analyses outage probability against energy conservation
factor and transmission time factor validating results with
Monte Carlo ssimulation. Paper [12] is aso based on energy
harvesting which also derives outage probability expression
aong with improvement in energy efficiency (EE) and
throughput.

In [13] on NOMA CCRN systems, analytical expressions
of cumulative distribution function (CDF) of end to end
signal to interference and noise power ratio (SINR) at PU
and SU is derived and then used to access outage probability
of both the users. To cancel the self interference at SU in
[14], zero forcing beam forming schemes and maximum
ratio combining schemes are designed along with deriving
corresponding outage probability of PU and SU. In [15] the
authors consider correlation among different log normal
interferers from several co-channel base stations (BS) and
CU whose effect is shown
on outage probability.
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Due to user’s position, different user will require
different resources. No paper has discussed about distinct
requirement of resources by the users. So in this paper the
main focus is on different requirement of resources due to
random position of users. Users in different classes
depending on the interference experienced are defined.
Class number gives the number of subcarriers required by a
user.

OFDMA based CCRN system with spectrum underlay
approach is considered in downlink. The characteristic of
interference to signal power ratio, 1% and 2™ moments are
computed by considering log normal shadowing and path
loss exponent. Once the interference to signal power ratio is
characterized outage probability can be determined. Section
Il illustrates the system model of OFDMA based CCRN
network and the outage probability analysisisin section I11.
Simulation results are discussed in section 1V and the paper
isconcluded in section V.

1. SYSTEM MODEL

Downlink OFDMA based CCRN system with spectrum
underlay approach is considered as shown in Fig. 1. Thereis
a main cell consisting of primary base station (PBS)
surrounded by six cells dedicated for secondary base
stations (SBS) i = 1, 2..... 6. All the cells are assumed to
have same area, eventually same radius resulting in distance
between PBS and SBS to be 2R. Let the position of PU from
PBS be at distance ‘r’ and the position of CU in i"™ SBS cell
from SBS be at distance ‘r;’. The angle between position of
PU and PBS is denoted by ‘0’. The effect of interference
from the six co-channel SBS on PU present in the main cell
is considered. Let the distance between PU and interfering
i™ SBS is denoted by ‘d;” considered at random position (X,
y) and position of interfering SBS fixed at (x;, y;). Log
normal shadowing is denoted by ‘€’ and path loss exponent
by is denoted by ‘B’ is considered for the analysis. Let the
power received at PU be ‘P’.

Direct Link
— — - Interference Link

Fig. 1. System Model

Due to random position of PU in main cell, interference
experienced by it from al six SBS will be random and
correlated. Due to different locations of different PUs,
interference experienced is different so all users will require
different resources.
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Therefore it is necessary to determine suitable resource
alocation in multi user cooperative cognitive network. With
the lack of resources, system experiences lower SIR. Outage
probability is defined as the probability that the user is
unable to establish successful communication if it’s
experienced SIR denoted by y, is less than the required
SIR denoted by yie. So once the interference to signal
power ratio is characterized outage probability can be
determined.

1. OUTAGE PROBABILITY ANALYSIS

We compute SIR for the system model illustrated in fig.1.
Considering the log norma shadowing effect and
interference from all six SBS, SIR at PU isgiven by

Pr-f10&/10

= 1
y i6=1 Pdi—ﬁlosi/lo @

where € is log normal shadowing factor of i SBS.
Simplifying the equation of SIR as

y = 1
- N
Bi(F) 10
S 2
?=1Bici

where, C; = 10"~ /10 is the ratio of two log normal
random variables that are correlated and

w- ()

Since d; is dependent on random position of PU (X, y) and
fixed position of interfering SBS (X, y;). Therefore ‘d’s, are
the correlated random variables.

-B
P+ @y

x2 + y?

6

Z B;C;

i=1

E[Il =E = E [Bi] E [C]] 3)

We can assume E [Cj] = E [C] equal to some constant
because € is independent of position of the user. So
independent pair we can consider as (i, j). Therefore,

E[1] = E[¥,B]JE[C;] and

6

E[I?] = E [Z B?
+ E[CiC] [E (Z Bi>2
(5

i=1

E[C7]

Since distance between PU and i™ interfering SBS are
correlated, we can write
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Now since we know E [I] and E [I?], its distribution can
be approximated by log normal parameters mean (n) and
standard deviation (o).

-B
x=—x)y -y
x2 +y?

E[IK] — e[KP-I"'KTZGIZ]

For 1% moment, K = 1, E[I] = = elmrzef]
For 2 moment, K = 2, E[12] = el2m+207]
InE[12] = 2y + 207 and 2InE[l] = 2y + of

= InE[1?] — 2InE[l]
1
y; = 2InE[l] — 3 InE[1?]

CDF of interference to signal power ratio can be written
as

In (x) — Mz]

Fy(x )_w[ x>0 @)

Outage probability is written as

P, =P [Yexp < yreq]

where Yo, and Yo iS the experienced SIR and required
SIR respectively.
=
yreq

1
=t h (y ) )
req

Based on SIR experienced data rate achieved ‘R’ can be
written as

P,=1-P, [IS

Raeh =B Zm=1 log, a1+ Ym) (6)

where ‘B’ is the bandwidth, ‘M’ is number of subcarriers
required by a particular user to achieve required data rate for
successful communication. 'y, is the experienced SIR for

" subcarrier by the user depending on its position from
PBS.

Considering interference | = 1/y,, (6) can be used to
determine the number of subcarriers required by a user as
follows,

C
M= ——— 7)

logio (1 + %)
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Rachlogio 2

where, C =
B

Let interference to signal power ratio is defined into ‘N’
levels. Corresponding to each level subcarrier requirement
will be different. Based on this criterion different classes of
users are defined. If a user experiences interference ‘I
corresponding to level n, where n = 1, 2, 3....... N, then
number of subcarrier requirement for that particular level is
given by ‘My’

C

M. = —
! logio (1+%)

n=1..N (8)

Probability that ‘M,” numbers of subcarriers are required
by user depending on the difference between (n+1)" and n
level of interferenceis given by

P[My =n]=P[l, <I<Iy]

= Flly41] — FlIy] ©)

Here we define the class of a user as the number of
subcarrier requirement. For example if a user requires two
subcarriers then the class of user istwo and so on.

IV. RESULTS

This section provides simulation results of the OFDMA
based CCRN system in which the characteristic of
interference to signal power i.e. CDF, 1% and 2™ moments
are computed. Once we know the characteristic of |, outage
probability of the users for the system is determined.

The CDF of interference to signal power ratio for
downlink of cognitive radio OFDMA based network is
plotted in Fig. 2. The impact of shadowing deviations on the
CDF of | has been observed. As shadowing deviation
increases from 4 dB to 10 dB, the CDF of | increases.

The plot of variation in E [I] and E [I3] with standard
deviation of log normal shadowing isillustrated in fig. 3. As
shadowing deviation increases, first and second moments of
| increase. However, the variation in second moment, i.e. E
[17] is large in comparison to E[I]. From these illustrations,
one important observation is that higher the standard
deviation of shadowing, the higher the first and second
moments of 1.
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Fig. 2. CDF of interferenceto signal power ratio for
various shadowing.
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Mean of interference to signal power ratio decreases and
variance increases with the deviation of log normal
shadowing as depicted in Fig. 4 and Fig. 5.
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Fig. 6. CDF versussignal to interference power ratio
for different path loss exponent.

Considering the cases of path loss exponent 2, 3, and 4 for
agiven standard deviation of shadowing of 8 dB, the impact
of path loss exponent on the CDF of | is observed in Fig. 6.
Figure illustrates that as path loss exponent increases,
probability that interference experienced by the user
increases.

Fig. 7 illustrates the impact of path loss exponent on
outage probability for log normal shadowing of 8 dB. It is
observed that as SIR requirement of user increases, the
outage probability increases. For a given SIR requirement,
as channel condition worsens outage probability increases.
Vaues in table | indicates that the increase in path loss
exponent increases CDF and outage probability.

Fig. 8 and 9 illustrate the probability of subcarrier
requirement versus different class numbers for various data
rate requirement of 64 Kbps to 1024 Kbps for subcarrier
bandwidth of 15 KHz and 30 KHz respectively. Here class
number denotes number of
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Fig. 7. Outage probability versus signal to interference
power ratio for different path loss exponent.
Table- I: Impact of Path L oss Exponent on CDF and

Outage Probability
Path L oss Exponent CDF Outage Probability
2 0.7 0.13
3 0.8 0.2
4 0.9 0.33
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Fig. 8. Probability of subcarrier requirerﬁent as per
class number for different data rate requirement at 15
KHz subcarrier bandwidth.

subcarriers required by a user for different data rate
requirement and interference experienced. It is observed that
more the data rate required user is assigned higher class
number means more subcarriers are required by that user.
For any specific data rate ex-512 Kbps, probability of
subcarrier requirement goes on increasing till certain class
number and then starts reducing again and later becomes
zero once its requirement is fulfilled. The peak of
probability of subcarrier requirement indicates suitable class
number at which performance of the system will be at its
best with required data rate. Suitable value of class number
is 1 for 64 Kbps and 128 Kbps; it is 3 for 256 Kbps, 5 for
512 Kbps and 9 for 1024 Kbps.

Fig. 9 indicates probability of subcarrier requirement at 30
KHz of subcarrier bandwidth used. On comparison with
both the results of Fig. 8 and Fig. 9, we find that the class
number is reduced with increase in subcarrier bandwidth.
With subcarrier bandwidth of

Table- 1I: Comparison of class number for Subcarrier

bandwidth 15 KHz and 30 KHz.
Data Rate Class Number Class Number
(Kbps) (Number of (Number of
subcarriers) for subcarriers) for
15KHz 30KHz
64 1 1
128 1 1
256 3 1
512 5 3
1024 9 4
0.7 : :
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Fig. 9. Probability of subcarrier requirement as per
classnumber against different dataraterequirement at
30 KHz subcarrier bandwidth.
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30 KHz, class number is 1 for 64 Kbps, 128 Kbps, and 256
Kbps, 3 for 512 Kbps and 4 for 1024 Kbps. Table Il
illustrates the number of subcarriers required for 15 KHz
and 30 KHz of subcarrier bandwidth for achieving the
required data rate. Less number of subcarriers are required
for larger subcarrier bandwidth.

V. CONCLUSION

In this paper, we determine resource requirement of a user
irrespective of its position in OFDMA based CCRN system.
First the characteristic of interference to signal power ratio
using 1% and 2" moments are computed. It is observed that
as shadowing deviation and path loss exponent increases
outage probability increases. Further depending upon SIR
experienced users are allocated different classes. A user of
class ‘m’ requires ‘m’ humber of subcarriers.

It is aso observed that subcarrier requirement increases
with higher data rate requirement and so eventually the class
number increases with it. We also performed the analysis for
different subcarrier bandwidth. As the subcarrier bandwidth
increases the class number decreases means less no of
subcarriers will be required. This analysis is useful in
efficient resource allocation to the users depending on SIR
experienced irrespective of their position.
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