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Abstract

Abstract—The present paper deals with a finite-source retrial
queueing system to model cognitive radio networks. Two non
independent frequency bands servicing two classes of users are
considered: Primary Users (PUs) and Secondary Users (SUs).
PUs have preemptive priority over SUs at the licensed spectrum
while Sus are served at the normal spectrum containing an orbit
for the retrial users.
The novelty of this work is that we introduce the server with
conflict in the retrial part of the cognitive radio network.
Therefore, the arriving secondary customers involve into collision
with the secondary customers under service in the SUs, and
both joins the orbit. We established a simulation program to
model the queueing system and to obtain estimation for the basic
performance measures. Since individual users mostly interested
in their sojourn time in the system we analyze the impact of the
service time distribution (s.t.d) on the expectation and variance
of sojourn time of the PUs and SUs, respectively. For illustration
various sample examples are derived and Figures are generated
for better understanding.

I. INTRODUCTION

The introduction of Cognitive Radio technology has aimed
a powerful communication protocol [1],[2], it is an important
component of the IEEE 802.22 standard used for wireless
networks [3]. In Cognitive Radio Networks (CRN), the unli-
censed users (SUs) are allowed to access opportunistically the
unused licensed bands which is for the licensed users (PUs) if
no primary activities are detected. In this situation SUs must
react in a cooperative way if a primary user appears. For a
detailed overviews of the cognitive radio networks, we refer
books [4],[5].

Queueing theoretical methods have been used in [6],[7]
to investigate the impact of service failure in a CogInfoCom
system. In these papers the authors applied a tool supported
approach to obtain the main operational characteristics of
the systems. Figures were generated to show the impact of
different input parameters especially the failure and repair rates
of the servers. In [8] cognitive radio networks were modeled
by the help retrial queueing systems containing two finite
sources of PUs and SUs, respectively. A multidimensional
Markov chain was introduced since by assumption all the
inter-event times were exponentially distributed. Similarly
to the above mentioned papers [6],[7] the same software
package was used to formulate the problem and to solve

the balance equations. As a result mean values of the
important performance measures were calculated and then
illustrated. As a natural generalization of this model in [9]
the same system was investigated allowing non-exponentially
distributed request generation, service and retrial times.
Using stochastic simulation approach estimations for the
important characteristics were obtained and several case
studies illustrated the impact of the distributions. It should
be mentioned that these systems operated without collisions.
In the present paper we propose a retrial queueing system
with a finite number of sources to analyze the impact of the
collision of customers on the performance of the cognitive
radio network where both intra-cognitive and inter-cognitive
communication may take place. It can be seen that cognitive
radio networks are special cases of CogInfoCom systems
as it was described in [10],[11],[12]. In [13],[14] retrial
queueing systems were treated by the help of an asymptotic
method assuming that the request generation and retrial
rates tends to zero as the number of sources tend to infinity.
Supposing exponentially distributed inter-event times it was
proved that the distribution of number of customers in the
service facility tends to a normal distribution. Its mean and
variance could be calculated analytically. The distribution of
the sojourn time was also given. Several examples illustrated
the applicability of the asymptotic method comparing the
results to distributions obtained by the help of numerical
approach. In our new model two interacting service processes
are proposed. At the primary service, modeled as priority
queueing system, PUs having a licensed frequency band apply
preemptive priority discipline to the SUs. At the secondary
service, modeled as a retrial queueing system, only SUs
having a normal frequency band can appear and collisions
take place and the requests go to the orbit if both bands are
occupied.

Hence, the novelty of this work is that we introduce a queue-
ing systems with two finite sources to model the performance
of cognitive radio networks with collision and to analyze the
impact of the s.t.d on the expectation and variance of sojourn
time of the PUs and SUs, respectively. Using simulation in
several examples comparisons are made and different Figures



illustrate the above mentioned problem. One of the advantages
of the simulation is that we can give estimations for the
variances. Usually the investigation of the distribution of the
sojourn time is very complicated and in most cases its Laplace-
transform is given. The calculation of the variance is not a
simple problem, it can be evaluated by the help of numerical
and algorithmic approaches.

II. OPERATION OF THE SYSTEM

The queueing system proposed in this work and illus-
trated in Figure 1 contains two interacting sub-systems. The
first block is for PUs having a single server unit (Primary
Channel Service - PCS) with preemptive priority queue, and
N1 sources. Each source generates a high priority requests
according to an exponential distribution with parameter λ1.
Whereas, during simulation the service times are assumed to
be exponentially, hypo-exponentially and hyper-exponentially
distributed random variables with the same intensity µ1. The
second block is for the SUs, where there are N2 sources,
the request generation times of the SUs are supposed to be
exponentially distributed random variables with rate λ2. Here
SUs are served in a single server unit (Secondary Channel
Service - SCS) according to an exponential, hypo-exponential
and hyper-exponential distribution with the same rate µ2.

Fig. 1. A finite source retrial queueing system with collision

A generated PU goes to the PCS and if the unit is idle
the service of the packet begins immediately. If the server
is busy with a PU the packet joins the preemptive priority
queue. When the server is busy by a SU, the service process
is interrupted and the interrupted task is directed to the SCS.
If it is busy, the interrupted job involves into collision with
customer under service and both moves into the orbit.

For SUs we have the following operation rules. If at
the arrival the SCS is idle the service begins immediately,
otherwise the packet senses the PCS. If it is idle the service
begins otherwise the packet involves into collision with other
SU and both go to the orbit. Retrial customers repeat their
demands for service after an exponentially distributed time
with parameter ν .

In order to describe the operation of the systems by the help
of a stochastic process let us introduce the following notations

• k1(t) is the number of PUs at time t,
• k2(t) is the number of SUs at time t,
• q(t) denotes the number of PUs in the priority queue at

time t,
• o(t) is the number SUs in the orbit at time t,
• y(t) = 0 if PCS is idle, y(t) = 1 if PCS is busy with PU,

y(t) = 2 when PCS is busy with SU at time t,
• c(t) = 0 when SCS is idle and c(t) = 1, when the SCS is

busy at time t.
It is easy to see that

k1(n) =
{

N1 −q(t), y(t) = 0,2,
N1 −q(t)−1, y(t) = 1,

k2(n) =
{

N2 −o(t)− c(t), y(t) = 0,1,
N2 −o(t)− c(t)−1, y(t) = 2.

In the particular case when all times are exponentially
distributed the operation of the system can be described by
the help of a continuous-time Markov chain and the most
important stationary performance characteristics could be
calculated as it has been done in [8] for systems without
collision. However, in this paper we generalize the model
assuming non-exponentially distributed service times. One of
our main aims is to investigate the variance of the sojourn
times of request in the system.

Parameter Maximum Value at t
Active PUs N1 k1(t)
Active SUs N2 k2(t)

Generation rate for PUs λ1
Generation rate for SUs λ2

Customers in priority queue N1 - 1 q(t)
Customers in orbit N2 - 1 o(t)

Service intensity at PCS µ1
Service intensity at SCS µ2

Retrial intensity ν

III. SIMULATION RESULTS

In this section we would like to show some examples to
illustrate the impact of distribution having the same mean but
different variance. It can be done, for example by the help
of hypo-exponential and hyper-exponential distributions. Of
course we could use other distributions as gamma, Weibul,
lognormal, Pareto ones but as a start we generate simpler
ones. In order to analyze the effect of the distribution
of the service times, we used stochastic simulation and
standard methods to give estimation for the expectation and
variance of the sojourn time of the PUs and SUs, respectively.
For the methodology see, for example [15],[16],[17],[18],[19].



Table 1 shows the numerical values of the input parameters.

TABLE I
NUMERICAL VALUES OF THE PARAMETERS

No. N1 N2 λ1 λ2 µ1 µ2 ν

Fig.2 20 50 x - axis 0.1 1 1 20
Fig.3 20 50 x - axis 0.1 1 1 20
Fig.4 20 50 x - axis 0.1 1 1 20
Fig.5 20 50 0.1 x - axis 1 1 20
Fig.6 20 50 0.1 x - axis 1 1 20
Fig.7 20 50 0.1 x - axis 1 1 20
Fig.8 20 50 0.1 x - axis 1 1 20
Fig.9 20 50 0.1 x - axis 1 1 20

Fig. 2. The impact of the secondary s.t.d of the SUs on the average sojourn
time of the SUs vs λ1

Fig. 3. The impact of the primary s.t.d of the SUs on the average sojourn
time of the SUs vs λ1

Fig. 4. The impact of the secondary s.t.d of the SUs on the variance of the
sojourn time of the SUs vs λ1

Fig. 5. The impact of the secondary arrival rate (λ2) on the the average
sojourn time of the PUs

Fig. 6. The impact of the secondary s.t.d of the SUs on the average sojourn
time of the SUs vs λ2

Fig. 7. The impact of the secondary s.t.d of the SUs on the variance of the
sojourn time of the SUs vs λ2

Fig. 8. The effect of the retrial time distribution on the average sojourn time
of the SUs vs λ2

IV. COMMENTS

Figure 2 shows that the distribution of the service time of
the secondary packets has an impact on the average sojourn



Fig. 9. The effect of the retrial time distribution on the variance of the sojourn
time of the SUs vs λ2

time of the SUs, where the value is greater when the service
time is hyper-exponentially distributed, knowing that the
service time of the high priority packet is exponentially
distributed random variables. The collision at the retrial part
of the system involves longer sojourn times as it was expected.
Customer spends more time in the system comparing to the
finite-source cognitive radio networks without collision[9].

Figures 3 and 4 show the impact of the distribution of
the primary service time on the average and the variance
of sojourn time of the secondary users, respectively, where
the primary arrival rate is increasing. The distribution has an
impact on the average and variance of the sojourn time as it
was expected and the collision on the secondary part involves
longer sojourn time.

Figure 5 illustrates the impact of the secondary arrival rate
on the average sojourn time of PUs where the secondary
service time is non-exponentially distributed. As the primary
users have got a high priority over the secondary users, the
average sojourn time of the primary users is insensitive to
the generation rate of the SUs, secondary service distribution
and the collision in the retrial part of the system. This Figure
verifies that the simulation program operates correctly hence
the average time is constant as it was expected.

In Figures 6 and 7, the service time of PUs is supposed
to be exponentially distributed random variable. Figures
show that the average sojourn time of the secondary requests
depends on the s.t.d of the low priority packets. As shown
previously, increasing the arriving intensity of the secondary
calls causes longer sojourn time and the value of its average
changes where the distribution of the service time changes.

Figure 8 and Figure 9 illustrate the effect of the distribution
of the retrial time on the average and the variance of the
sojourn time of the secondary requests when the secondary
arriving rate is increasing. In this case, all the other inter-
events time are supposed to exponentially distributed. Due to
the collision or finding the server busy, when the customers
retry to be served after a hypo-exponentially or a hyper-
exponentially distributed time, there the average response time

will be shorter than retrying after an exponentially distributed
time.

V. CONCLUSION

In this paper, we introduced a finite-source retrial queueing
system with two interacting blocks to model the operation
of cognitive radio networks with collision of the secondary
users. Primary customers have preemptive priority over the
secondary ones in servicing at primary service unit. At the
secondary service unit an orbit is created for the secondary
calls finding the server busy upon arrival and which involves
into collision with the customer under service. Stochastic
simulation method was used to obtain estimations for the
average and variance of the sojourn times of primary and
secondary customers illustrating the impact of the distribution
of the service and retrial times.

ACKNOWLEDGMENT

The work of H. Nemouchi was supported by the Stipendium
Hungaricum Scholarship.

REFERENCES

[1] S. Atapattu, C. Tellambura, and H. Jiang, “Energy detection based coop-
erative spectrum sensing in cognitive radio networks,” IEEE Transaction
on Wireless Communication, vol. 10, no. 4, pp. 1232–1241, 2011.

[2] Z. Quan, S. Cui, A. H. Sayed, and H. V. Poor, “Optimal multiband
joint detection for spectrum sensing in cognitive radio networks,” IEEE
Transaction on Signal Processing, vol. 57, no. 3, pp. 1128–1140, 2009.

[3] J. Ma, G. Zhao, and Y. G. Li, “Soft combination and detection for coop-
erative spectrum sensing in cognitive radio networks,” IEEE Transaction
on Wireless Communication, vol. 7, no. 11, pp. 4502–4507, 2008.

[4] Y. Xiao and F. Hu, Cognitive Radio Networks. CRC Press, 2008.
[5] M. G. D. Benedetto, A. F. Cattoni, J. Fiorina, F. Bader, and L. D. Nardis,

Cognitive Radio and Networking for Heterogeneous Wireless Networks.
Springer, 2015.

[6] T. Berczes, B. Almasi, A. Kuki, and J. Sztrik, “A queueing model to
study the effect of network service breakdown in a CogInfoCom system,”
IEEE 4th International Conference on Cognitive Infocommunications,
Hungary, Budapest, pp. 205–210, 2013.

[7] A. Kuki, T. Berczes, B. Almasi, and J. Sztrik, “Investigating the effect
of network service breakdown in multilayered cognitive communication
system,” IEEE 5th International Conference on Cognitive Infocommu-
nications, Vietri sul Mare, Italy, pp. 237–241, 2014.
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[9] J. Sztrik, T. Bérczes, H. Nemouchi, and A. Z. Melikov, “Performance
modeling of finite-source cognitive radio networks using simulation,”
Communications in Computer and Information Science. Springer, vol.
678, pp. 64–73, 2016.

[10] P. Baranyi and A. Csapo, “Definition and synergies of cognitive in-
focommunications,” Acta Polytechnica Hungarica, vol. 09, no. 1, pp.
67–83, 2012.

[11] P. Baranyi, A. Csapo, and P. Varlaki, “An overview of research trends in
CogInfoCom,” IEEE International Conference on Intelligent Engineer-
ing Systems, Tihany, Hungary, pp. 181–186, 2014.

[12] G. Sallai, “Chapters of future internet research,” 4th IEEE International
Conference on Cognitive Infocommunications, Budapest, Hungary, pp.
161–165, 2013.

[13] A. Kvach and A. Nazarov, “Sojourn time analysis of finite source
Markov retrial queueing syste with collision,” Communications in Com-
puter and Information Science. Springer, vol. 564, pp. 64–72, 2015.

[14] A. Nazarov, A. Kvach, and V. Yampolsky, “Asymptotic analysis of
closed Markov retrial queueing system with collision,” Communications
in Computer and Information Science. Springer, vol. 487, pp. 334–341,
2014.

[15] G. S. Fishman, Discrete-Event Simulation: Modeling, Programming, and
Analysis. Springer, 2001.



[16] E. Carlstein and D. Goldsman, “The use of subseries values for esti-
mating the variance of a general statistic from a stationary sequence,”
Annals of Statistics, vol. 14, pp. 1171–1179, 1986.

[17] P. F. Moeller, Mathematical and Computational Modeling and Simula-
tion: Fundamentals and Case Studies. Springer, 2004.

[18] N. J. Gunther, Analyzing Computer System Performance, 2nd ed.
Springer, 2011.

[19] M. Harchol-Balter, Performance Modeling and Design of Computer
Systems: Queueing Theory in Action. Cambridge University Press,
2013.


