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Abstract—In cellular networks, dropped calls and blocked calls
can be a problem. This problem can be mitigated if the network
service is optimized. Service optimization can be achieved by
employing a reservation scheme and a retrial queueing scheme.
In this paper, an analytical model that employed an approximate
technique was formulated. A two dimensional continuous time
markov chain (CTMC) provided a complete description of the
system states and their transitions. Results show that the
reservation scheme with retrial improved the network’s
performance by minimizing to a large extent the blocking
probability and the handover dropping probability even under
high load conditions.
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I.  INTRODUCTION

The mobile cellular network is saddled with an exponential
growth of subscribers impelling the communication industry
to provide extensive information access [1]. This means that
an increase in cellular network capacity is required to optimize
network usage [2]. Techniques are therefore employed in the
design of the cellular network so as to increase the number of
cells in a given network area. Consequently cell sizes shrink
resulting to the microcellular network structure which leads to
an overlapping of cells and an increase in the number of
handovers in the network.

Therefore, a technique must be employed to prioritize
handovers as well as satisfy new calls that are in danger of
being blocked from getting a free channel. The technique
adopted to improve the QoS of the network is the guard
channel scheme with retrial queue. The retrial queue is a
special type of queueing system that takes into account the
retrial phenomenon where arriving calls that find all the
channels in a cell occupied will tend to retry for service after a
random interval of time following a random order discipline or
the FCFS discipline [3, 4]. Guard channels are channels that
are reserved solely for handovers [2]. Its adoption is due to its
simplicity and ease of analysis.

In literature, variants of the guard channel and the retrial
queue have been implemented in both telecommunication and
computer networks as a way of optimizing service. For
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instance, a handover retrial mechanism with the guard channel
scheme was applied in [5], nevertheless consideration was
given only to the handover calls. A complex and not entirely
tractable recursive method was used to derive analytical
models from which the network performance parameters were
evaluated. In [6], the fractional guard channel (FGC) scheme
alongside the retrial queue was implemented in a wireless
cellular network. A computational algorithm with the matrix
analytical approach was used to determine the network
performance. To improve the performance of the GSM, the
MOSEL (Modelling, Specification and Evaluation Language)
tool.a complex computer programming language was applied
in [7]. However, these approaches are complex and are unable
to track the system responses analytically.

Since deriving the steady-state probabilities in most retrial
queue systems is challenging [3, 8], an approximate approach
will be employed. Approximate techniques have been applied
in [8] to evaluate the performance of an M/M/2 retrial queue
where both servers are subject to active and idle breakdowns.
In this paper, fairness is considered in resource reservation for
all call types — new and handover calls. The analytical
solution, which combines the characteristics of the guard
channel with the retrial queue phenomenon, derived in [9] is
applied in this work. From the responses obtained, it has been
shown that new calls should be treated fairly and not to be
entirely blocked from gaining access to the network when the
handover calls are absolutely comfortable to achieve service
optimization.

The rest of the paper is structured as follows. Section 2
describes the analytical and physical model of the system.
Section 3 defines the performance parameters of interest and
validates the analytical model. Section 4 evaluates the impact
that the different features of the model have on system
performance. It also determines the various responses required
to meet a given QoS objective. Section 4 concludes the paper
and makes recommendations.
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1. MODEL DEVELOPMENT

A. PHYSICAL MODEL

The physical model of the network is shown in Figure 1. An
isolated node in an isolated cell admitting two types of calls as
well as guard channels for reservation is considered. Cells are
assumed to be identical. Both types of calls are assumed to
arrive according to a Poisson distribution with exponentially
distributed interarrival times. The rates of distribution for both
new and handover calls are Ay and Ay respectively with
exponentially distributed and random holding times, p. It is
also assumed that blocked new calls will retry for a free
channel with retrial probability 6 or abandon the system and
be lost with probability 1-6 if blocked the second time. A
limited number of retrials in the network will prevent a
negative influence of retrials on new calls that are arriving at
the network for their first call attempt and also on handover
calls. The time between retrials is exponentially distributed
and the retrial rate is denoted by a. Among the channels in the
system there are the free channels which accept new and
handover requests, while the guard channels, g, are reserved
sorely for handover requests. A queue with size K is provided
to hold blocked calls (new) for a second retrial at the free
channel. After unsuccessful retrials, the blocked calls return to
the queue with probability 0, or leave the system 1-6,.

The analysis of each state of the markov model is complex and
it involves so many variables, therefore, an approximate
technique developed by Korolyuk and Korolyuk [10, 11]
known as the Phase Merging Algorithm (PMA) will be
applied in the network analysis. The PMA is a mathematical
tool that eliminates complications or complexity in the
construction of a mathematical model required for an adequate
description of real systems [10]. By applying the PMA, a
simplified model of the system is constructed based on the

merged phase space of the system state S [10, 11]. The PMA
works by splitting the state space of the two-dimensional
markov model into classes or sets that do not intersect with
each other.

The state space is defined as; S = U}LOS]-, NS =0, i #J;
i=012n-gn—g+1,..n defines the occupied
channels at time t and j = 0,1,2, ... K defines the number of
calls in the retrial queue at time t. Each set correspond to the
levels of the retrial queue. This results in a finite number of
levels which is analyzed individually. The PMA will be
applied in a form that is suited to a two-dimensional CTMC
[9] to obtain the steady-state probabilities of the network and
also the system performance measures.
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Figure 1: Physical representation of the guard channel system
with retrial queue.

B. ANALYTICAL MODEL

The network is modelled as a two dimensional continuous
time markov chain (CTMC) as shown in Figure 2. The state of
the system is described by a two variable random process in
continuous time, {X(t), Y(t) : t = 0}, where X(t) is the
number of occupied channels at time t and Y(t) is the number
of blocked new requests in the retrial queue. The state space of
the CTMC is defined as; S = {i,j},i=0,12,n—gn—g+
1,..n;j=0,12,..K. P(i,j) is the probability that the system
is in a state (i, j) where (i,j) S.
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To determine the approximate steady-state probability, the
first step is to determine the conditional probability
distribution of the number of channels occupied at time t
given the number of blocked new requests in the retrial queue
also at time t. Secondly the marginal probability of the
different levels of the retrial queue is determined.

The following assumptions were made in the application of
the PMA. In order to accurately approximate the joint
probability distribution, it is assumed that the transition
intensities between states in the same level are significantly
greater than the transition intensities between levels (i.e. the
retrial queue). This assumption is realistic because in cellular
networks, the flow of traffic in and out of the channels is
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greater than the flow between the retrial queue waiting spaces. po) [ym9 Pl pIpy im0
. s X + E A =1 4
It is also assumed that i is independent of j since the value of j © [Z TRRXEE g“ i! ] )

is constant for each level as illustrated in Figure 2. Each level L . .
is analyzed as a CTMC where the birth-death analysis is 1 ne initial conditional probability P(0) B

employed. From this analysis the approximate conditional ”‘gp- P py =) p i-(n—g)
probabilities, P;); of one variable i with respect to the variable P(0) = Z Z i

j of the disjoint sets are determined. i=0 i=n—g+1

(5)

Each level of the retrial group is then considered as a
macrostate (an aggregate of all states in a level or a merged
model). These macrostates form the overall state space of the
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Figure 2: State transition diagram of the two dimensional markov chain.

merged model which is defined as S=j:j>0. The

P = Fy; i macrostates are also analyzed as a CTMC where the flows
3 J %P Q) forlsisn-g between macrostates correspond to calls entering or leaving
T pnd i) ] @ the retrial queue. The macrostates form the overall state space
ka(O) for n—g<is=n of the merged model. Analyzing this system of macrostates
Applying the normalization condition in (2) yields the approximate marginal probability distribution of the
iz P =1 (2) number of blocked new requests in the retrial queue.
Therefore'

p' . prY - p i-(n-g) The transitions into and out of the macrostates can be
b = Z PO+ Z P(0) ©) expressed in (6) and (7);
n

i=n—g+1
__ w0 ) P ©)
Factorizing P(0) from (3) i
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Z P+(1—91)Z %)

i=n—g
Let the totaI traffic intensity between the macrostates be
defined as q,
An0
n—g-1 > zh — 9 (8)
}0((2 P, +(1_61)Zl n—gPL')
The steady- state marginal probability will be obtained by
applying the Erlang formula to the merged model.
J
QY = j._!fﬂo €))
@; is defined as the marginal probability for each level of the
merged model and ¢, is defined as the initial marginal
probability for the merged model.
To obtain the initial marginal probability, all probabilities on
the system of macrostates are summed to unity.
q]
00 =1 (10)
=/ -

00 = (2 5) (11)
Substituting equation (11) into equation (9) the steady-state
marginal probability in equation (10) will be the same as the
Erlangs formula.

q

L (12)
@ = 7
ZI( q

q =

The approxmate steady-state probability distribution can be
obtained by taking the product of the approximate conditional
probability and the marginal probability to obtain a joint
probability distribution which is the steady state distribution of
{X@), Y() : t = 0}.

M. SYSTEM PERFORMANCE MEASURES

The new call blocking probability, Pg and the handover call
dropping probability, Py are the system performance measures
to be computed. Therefore the states in which a call may be
blocked or dropped will first be identified.

a. Blocking Probability, Pg: The blocking of new calls
result from the fact that all the free channels are busy or
occupied at the time call arrived. Therefore, such calls cannot
be served on their first attempt. The blocking probability can
be obtained by considering events on the state diagram of
Figure 2 that resulted to the free channels being occupied.

i ZK:p(i.j) (13)

i=n—g+1j=0

By introducing the retrial queue into the system, blocked calls
that cannot be served on their first attempt retry for service
after a random time interval following a random order
discipline.

a(l - 6)
PB(with retrial ) — ]p(l ]) (14‘)

i=n—-g+1j=

b. Handover dropping probability, Py: The handover
dropping probability can be determined when all the channels
in the network are occupied including the guard channels.
From the state transition diagram of Figure 2, the probability
of dropped handover calls can be obtained at state (n, 0). At
this state all the cell resources are fully occupied and there are
only waiting spaces on the retrial queue for blocked new calls
to retry for service.

Py =) p(u)) (15)

Py largely depends on the amount of resources in the cell and
how these resources are distributed or utilized.

V. NUMERICAL EVALUATION

The numerical evaluation is aimed at assessing the impact on
performance of varying the values and/or distribution of the
system parameters. Both the handover calls and the new calls
are accounted for. Each blocked new call tries to reconnect
with the network with retrials separated by time intervals that
are randomly distributed. Guard channels are reserved for
handover calls when the free channels are all occupied. The
considered cell can handle up to n=10 simultaneous active
communications. Table 1 lists the parameters used in the
numerical evaluation, their values and the description of each
parameter.

Table 1: Parameter values

Parameter Value Description
Number of channels in each
n 10
cell
g 3 Number of guard channels
0.001to Traffic intensity for handover

Ph 1.000 calls

p 0.01t01.01 Total traffic intensity

i 0to 10 Amount of traffic

u 1/5per sec Service departure rate

a 0.4 per sec Rate of retrial

K 10 Number of waiting spaces on

the retrial queue
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V. RESULT EVALUATION

First the response of the network without a reservation scheme
or the retrial queue is considered. This response will determine
if there is an improvement in the network’s QoS standard and
how much improvement there is when the call improvement
schemes have been applied. Figure 3 presents this response
and as expected, the volume of calls blocked from gaining
access into the network is very high. Also there will be an
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increase in forcefully terminated calls. With the introduction
of the reservation scheme and the retrial queue into the cell,
blocked calls are greatly reduced as presented in figure 4. The
number of blocked calls is negligible thus improving the
network QoS standard and consequently customer satisfaction.
The reservation scheme used also reduces the number of calls
dropped while being handed over from one cell to another.
This is evident from figure 5 which presents Py, as a function
of p. From the response, there is an increase in the probability
of successful handovers.

To arm the network operator with choices needed to achieve a
high QoS standard, Py is plotted as a function of n. This
response is presented in figure 6. Increasing n gives the
network more channels and lesser dropped calls.

Figure 7 compares different responses, Pg with retrial and
reservation (g=3), Pg with retrial and no reservation (g=0) and
Pg without retrial or reservation. This comparison confirms
that the retrial queue and the reservation scheme employed
enhance the network QoS. The responses also show that with
retrial and reservation schemes, the network will operate at its
optimum with minimal or no congestion even in high traffic
situations.

Blocking probability without retrial vs varying traffic intensity

0.0001
0.00009 #

0.00008

0.00007
/

0.00006

0.00004

0.00005 fl
/

—o— Blocking
probability

o
o
o
o
S
w

0.00002

0.00001

Blocking Probability, Pg

0

-0.00001 § 05 ]
Traffic intensity, p

Figure 3: Blocking Probability versus total
traffic intensity without retrial or
reservation.

Blocking Probability with retrial versus total traffic intensity
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Figure 4: Blocking probability with retrial
and reservation versus traffic intensity.
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Handover dropping probability versus increasing total traffic
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Figure 5: Handover dropping probability versus increasing

total traffic intensity
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VI. CONCLUSION AND RECOMMENDATION

The advantage of the retrial queue stems from the fact that it
reduces the blocking probability of new requests and it aids
the network operator to maintain a stable and high quality
network even under high traffic situations. The choice of
application of the conventional guard channel scheme is due to
its simplicity, ease of analysis and implementation and lesser
control parameters. Moreover the conventional guard channel
scheme greatly improves the handover dropping probability
and prevents the forced termination of handover requests. It
was observed that an increase in the number of channels or
system resources minimizes the handover dropping probability
to a large extent. Finally, a comparison was carried out on the
different responses obtained in order to determine the best
scheme for various traffic conditions. We observed that by
integrating the retrial queue and guard channel scheme into the
network, it can operate in areas of both high and low traffic
intensities with very little variation in the performance
measures. However, with the application of the retrial queue
alone without guard channels, the network will not operate at
its optimum.
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