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ABSTRACT: Drop-call probability is one of the most important quality of service indexes for monitoring performance
of cellular networks. For this reason, mobile phone operators apply many optimization procedures on several service
aspects for its reduction. In order to provide an uninterrupted communication, a call has to be switched over to
appropriate base station, at the correct time. This process is known as handover. Failure of the handover process usually
results in dropped calls. It has been found that drop-call probability models based on handover are only useful during
the early phase of mobile network deployment. However, in a well-established network, it has been found that call
dropping is mainly due to electromagnetic causes; irregular user behaviour and abnormal network response. It is
obvious from these findings that estimates of the drop-call probabilities due to handover and the other factors could be
deployed for cellular network performance analysis. Therefore, in this paper, starting with operational data collected
from a GSM network, the drop-call probabilities due to handover and the other factors respectively are calculated and
compared. The results of the analysis reveals that the GSM network needs further optimization as handover drop-call
probability surpasses the drop-call probability due to other factors across all the six MSC areas of the network.
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I. INTRODUCTION

Drop-call probability is one of the most important quality of service indexes for monitoring performance of cellular
networks[1]-[4]. Proper system design and operation involve keeping the drop rate as low as possible while also
keeping expenses in check, thus maximizing customer satisfaction and operator revenue. For this reason, mobile phone
operators apply many optimization procedures on several service aspects for its reduction.For example, they maximize
service coverage area and network usage; or they try to minimize interference and congestion; or they exploit traffic
balancing among different frequency layers (e.g., 900 and 1800MHz in the European GSM standard). Previous studies
on the subject of drop-call probability in cellular networks in which various mathematical models have been developed
that relate the drop-call probability with traffic parameters were mostly based on handover as the main cause of call
dropping as reported by Gennaro Boggia et al in their classic works [1], [2]. Actually, in these classic papers, handover
was disproved as the main cause of call dropping. Instead, it was found that call dropping is mainly due to
electromagnetic causes. Other causes are irregular user behaviour and abnormal network response. The main
conclusion of drop call cause analysis was that, in a well-established cellular network, it is not possible to find a
prevailing cause of call dropping, but rather a mix of heterogeneous and independent causes; and that drop-call
probability models based on handover are only useful during the early phase of mobile network deployment. A cellular
network is referred to as well-established if the number of customers is stable assuming that the system planning phase
has been completed. In this kind of network, during the years, many optimization procedures have been applied to
several radio and propagation aspects (e.g., the maximization of network coverage area and the minimization of
interference by a careful positioning of base transceiver stations and an accurate frequency-reuse planning). Moreover,
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the maximization of network usage, the minimization of congestion, and the traffic balancing among surrounding cells
have been obtained as a result of the network management.

Handover (as used in Europe) or handoff (as used in North America) is the mechanism that transfers an ongoing call
from one cell to another as a user moves through the coverage area of a cellular system. Handover is an important
aspect of cellular and mobile communications [5], [6]. Typically, a mobile terminal (MT) has a radio link to a Base
Station Subsystem (BSS) that provides “best service” to the mobile terminals currently located within a cell. A cell’s
BSS provides a radio link to each mobile terminal active in this cell. One or more BSSs are in turn, under the control of
a Mobile Services Switching Centre (MSC). Beside other functions, an MSC has the primary responsibility of
managing mobility. When an MT moves, it is quite possible that the currently serving BSS may no longer be able to
provide reasonable quality of service as compared to some other BSS. Rather dropping the service to this MT, the
currently serving MSC may decide to handover this service to some other better serving BSS or in some cases to
another MSC. Occasionally, this handover process fails and the call drops. Several different handover techniques have
been proposed and implemented in various cellular networks for reducing the handover call dropping probability. The
simplest handover scheme is the one in which the MT is solely responsible for making handover decisions. When the
received signal quality drops below an acceptable threshold, the MT may decide to choose another base station, i.e., the
handover decision by the MT, as in the Wireless Access Communication System (WACS), Digital Enhanced Cordless
Telecommunications (DECT) wireless systems and the mobile IP networks [5]. Alternatively, the network can be
assigned the sole responsibility of making handover decisions, as in the integrated cellular wireless networks and the
first generation analogue cellular networks. This approach, called the Mobile Assisted Handover (MAHO) is currently
being used in the second and third generation digital cellular networks, e.g., GSM, 1S-54 and 1S-36 Digital Advanced
Mobile Phone Service (DAMPS) [5]. In another scheme, these two approaches are combined so that handoff decisions
can be made jointly by the network and mabile terminals.

Propagation (or electromagnetic) conditions are often the causes of radio frequency interference and signal attenuation
(example multipath fading, shadowing and distance losses), which are the main factors responsible for call dropping.
For this reason, various techniques and schemes are employed in the planning, design and optimization of cellular
networks to combat these propagation effects. This normally covers the network physical configuration which includes
all aspects of network infrastructure deployment — locations of base stations, heights of towers, sector azimuth
orientations, antenna selection and tilting, etc. [4].

This study aims to evaluate an operative GSM network based on the findings of the above previous works [1], [2]. That
is, in a well-established cellular network, it is not possible to find a prevailing cause of call dropping, but rather a mix
of heterogeneous and independent causes; and that drop-call probability models based on handover are only useful
during the early phase of mobile network deployment. Towards this end, starting with traffic parameters collected
separately for handover and other drop-call factors from an operative GSM network in Nigeria, the respective drop-call
probabilities are calculated and the results are compared.

The rest of the paper is organized as follows: The basic concepts of network traffic are discussed in section 2. In section
3, the methodology is presented. This is followed by a discussion of results of the analysis in section 4. Lastly in
section 5 is the conclusion.

I1l. THE BASIC CONCEPTS OF NETWORK TRAFFIC

In a telephone network, traffic refers to the aggregate calls including call attempts offered or carried by some defined
parts of a network, such as a group of circuits or switches with account being taken of both the number of calls and
their duration[4], [7]. In traffic engineering, any occupancy of a circuit or device caused directly or indirectly by a
subscriber making or attempting to make use of the system is regarded as a call. The amount of traffic carried by a
group of circuits will always exhibit daily and seasonal variations[8]-[11]. Of more significance, however, are the
changes that occur with the time of the day, leading to the concept of the busy hour when the traffic carried is at its
peak. During such a period, the number of call arrivals and departures are essentially equal and the system is said to be
in a state of statistical equilibrium. In this state, the average number of calls existing simultaneously gives a measure of
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the density of the traffic. Fig. 1 shows daily traffic variation in a cluster of cells [1]. Some commonly used terms in
traffic theory are discussed in the following subsections as can be found in [8]-[11].
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Fig. 1: Daily traffic variation in a cluster of cells

Call Arrivals

The term call arrivals is used for incoming calls and outgoing calls. Incoming calls refer to those being received by a
user, and outgoing calls refer to those being initiated by the user. Since every incoming call for one user must be
originated from an outgoing call of another user, we only need to consider outgoing calls from each user when we
analyse the network traffic. Thus the term call arrival means outgoing call arrival.

Holding Time

Outgoing calls are initiated randomly. If a call arrives and the conversation is successfully established, both the caller
and the receiver will be engaged for a certain duration commonly known as holding time. The length of the holding
time is also a random variable. Thus the traffic load depends on the rate of call arrivals and the holding time for each

call.

Traffic Intensity
If the traffic is examined over a sufficiently long period of time (e.g., 60 min), we can obtain the average call arrival
rate, 4, which is the average number of call arrivals per unit time, for user i. Thus for the whole network, the average

call arrival rate is given as follows:

Where N is the total number of users in the network.

A commonly used measure of traffic is the traffic intensity, which represents the load presented to a system, or the

amount or volume of traffic handled by a group of trunks or switches over a period of time. It is given as follows:
A=2h

Where A = offered traffic in erlangs, A = mean call arrival rate and h = mean holding time per successful call
Traffic intensity is dimensionless but is customarily expressed in units of erlang.
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In a telephone network, there are two distinct kinds of traffic: offered traffic and carried traffic.

Offered Traffic
Offered traffic is the total traffic that is being requested.

Carried Traffic
Carried traffic is the actual traffic that is being carried by the network.In practice, due to limited network capacity and
some user behaviour, a certain percentage of the offered traffic experiences network blocking, or is lost. Hence the
carried traffic is smaller than the offered traffic. The carried traffic can be expressed as follows:

Traffic carried = traffic offered — traffic 10StOr Acarried = Aofrered — Alost

Also, blocking probability, which is the probability a call will be lost due to congestion is given by:

trafficlost Ay
trafficoffered  Aofrerea

Pblocking =

Or

Alost = Pblocking X Aoffe‘red

Substituting for A;,;

Acarried = Aoffe‘red - Pblocking X Aoffe‘red = Aoffe‘red(l - Pblocking) = Ah(l - Pblocking)

Erlang-B Formula
The Erlang-B formula is given as follows:
AN
— N!
B = > ik
k=0 ji

Where B = Erlang-B loss probability, A = offered traffic intensity, N = available number of circuits andk = number of
users.

To determine the maximum amount of offered traffic to a group of N trunks under a specified grade of service or loss
probability, the Erlang-B traffic table is used. Alternatively, a software known as Erlang-B calculator can be used.

Trunking Efficiency
Trunking efficiency is a measure of channel utilization, and is defined as follows:

A .
Trunking Ef ficiency = Numbercg}rt;iannels

Utilization Factor
Utilization factor (p) is another measure of channel utilization, and is defined as follows:
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_ Offered traffic intencity
" Number of channels

Drop-call Rate
Drop-call rate is a measure of lost calls in busy hour and is defined as:

Number of dropped calls
Number of call attempts

Drop — call Rate =

Call dropping events constitute a Poisson process. Let v, be its intensity. Hence, if Y is the random variable which
counts the number of drops, the probability that there are n drops in the interval T=tis [1]:

vt

P(Y =n) =
n=0

W)™ _
e
n!

The Concept of Busy Hour

The telephone network is usually measured in terms of the average activity during the busiest hour of a day. Busy hour is the given
period within a day that bears the highest traffic intensity. The busy hour traffic is used to work out the equipment quantities of the
network. The reason to use busy hour traffic is that, this period usually has the highest amount of blocked or lost calls. If the
dimensioning of equipment at this period is correct and blocked calls can be minimised, all other non-busy hour traffic should then
be handled satisfactorily.

I11. METHODOLOGY

The primary data for this study were collected from an operative GSM network in Nigeria from six MSC regions, namely Ibadan,
Kaduna, Port Harcourt, Abuja, Enugu and Lagos. The primary data included the following:

i. Number of call attempts in busy hour,

iv. Call drop rate due to handover,

ii. Call drop rate in busy hour due other factors,

v. Total number of active base stations in the six MSCs.

First, using the drop call rate dueto handover, the primary data were analyzed to determine values, per cell, of the number of dropped
calls using some of the formulae in section 2. Similarly, the analysis was made using drop call rate due to other factors. Then the
drop-call probability due to handover and other drop-call factors respectively were statistically estimated using Poisson probability
distribution function from Microsoft Excel. The summary of the results are shown in tables 1-6 representing the six MSC regions of
the GSM network.

Table 1: Drop-call Probability performance for Ibadan MSC

MSC Period Number of drop Number of drop Drop-call probability Drop-call probability due
calls/cell due to calls/cell due to other due to handover (%) to other factors (%)
handover factors
Ibadan March 17 31 9.2 5.6
April 16 35 9.9 6.7
May 16 36 9.9 6.5
June 16 38 9.9 5.7
July 14 32 9.5 6.5
August 16 33 9.9 6.7
September 15 35 10.0 6.7
October 16 34 9.9 6.8
November 16 32 9.9 6.5
December 16 38 9.9 5.4
Mean 15.8 34 9.8 6.3
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Table 2: Drop-call Probability performance for Kaduna MSC

MSC Period Number of drop Number of drop Drop-call probability Drop-call probability due
calls/cell due to calls/cell due to other due to handover (%) to other factors (%)
handover factors
Kaduna March 18 35 5.7 0.7
April 14 58 10.6 24
May 13 50 10.5 5.6
June 10 52 6.4 5.1
July 16 37 8.8 1.7
August 13 55 10.5 3.2
September 15 47 10 5.8
October 15 48 10 5.8
November 9 47 4.6 5.8
December 18 49 5.7 5.6
Mean 14.1 48 8.3 4.2
Table 3: Drop-call Probability performance for Port Harcourt MSC
MSC Period Number of drop Number of drop Drop-call probability Drop-call probability due
calls/cell due to calls/cell due to other due to handover (%) to other factors (%)
handover factors
Port March 9 68 31 4.0
Harcourt April 14 65 10.2 4.8
May 13 60 9.4 4.8
June 23 58 14.0 4.3
July 18 75 7.2 2.6
August 17 73 8.6 3.3
September 20 66 4.3 4.9
October 14 66 10.2 4.9
November 12 70 8.1 4.3
December 11 60 6.5 3.9
Mean 15.1 66 8.2 4.2
Table 4: Drop-call Probability performance for Abuja MSC
MSC Period Number of drop Number of drop Drop-call probability Drop-call probability due
calls/cell due to calls/cell due to other due to handover (%) to other factors (%)
handover factors
Abuja March 19 81 4.4 0.5
April 23 92 7.8 2.8
May 23 121 7.8 0.6
June 31 108 35 3.0
July 24 122 8.0 1.3
August 24 94 8.0 1.8
September 27 97 7.0 2.3
October 31 104 35 3.8
November 19 135 4.4 0.1
December 27 116 7.0 2.6
Mean 24.8 107 6.1 1.9
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Table 5: Drop-call Probability performance for Enugu MSC

MSC Period Number of drop Number of drop Drop-call probability Drop-call probability due
calls/cell due to calls/cell due to other due to handover (%) to other factors (%)
handover factors
Enugu March 17 77 9.6 4.1
April 18 65 9.3 31
May 20 71 7.4 4.6
June 16 78 9.4 3.8
July 17 75 9.6 4.2
August 20 65 7.4 3.7
September 15 74 8.6 4.4
October 15 82 8.6 2.0
November 18 63 9.3 31
December 18 62 9.3 2.7
Mean 17.4 71 3.6

Table 6: Drop-call Probability performance for Lagos MSC

MSC Period Number of drop Number of drop Drop-call probability Drop-call probability due
calls/cell due to calls/cell due to other due to handover (%) to other factors (%)
handover factors
Lagos March 21 46 6.7 5.6
April 15 50 8.0 5.4
May 18 51 9.4 5.1
June 18 44 9.4 5.1
July 21 46 6.7 5.9
August 16 51 8.9 4.5
September 16 43 8.9 5.3
October 18 45 9.4 5.8
November 18 44 9.4 5.6
December 18 45 9.4 5.8
Mean 17.9 47 8.6 5.4

IV. ANALYSIS OF THE RESULTS

In this study, we want to do a comparison between the drop-call probability due to handover and the drop-call
probability due to other factors. Towards this end, the results of the data analyses are further expressed graphically as
shown in figs. 2-7. It can be seen that in all the six MSC regions of the GSM network, the curve of the drop-call
probability due to handover is mostly situated above the curve of drop-call probability due to other factors. This is a
clear indication that the network is not well-established yet. This is because in a well-established network, as stated
earlier, call dropping due to handover is usually negligible, dominated by the call dropping due to other factors. That is
to say, the network requires further optimization.

Analysis of Ibadan MSC

Fig. 2 shows the drop-call probability performance analysis for Ibadan MSC. The curve of the drop-call probability due
to handover is situated above the drop-call probability curve due to other factors, which implies that the network needs
further continuous optimization procedures. The two curves stays somewhat equally separated from each other for the
entire operational period. This means that there is no point within this period that the network underwent any
optimization improvement in this MSC region.
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Fig. 2: Drop-call Probability performance analysis for Ibadan MSC

Analysis of Kaduna MSC

Fig. 3 shows the drop-call probability performance analysis for Kaduna MSC. It can be noticed that the curve of the
drop-call probability due to handover is situated above that of the drop-call probability due to other factors. The
network’s optimization is low between the months of March and May and it improves between the months of May and
June. The network witnessed low optimized state from June until October. A slight improvement can be noticed as
from September with both probabilities remaining constant until the network becomes highly optimized from
November to December; the drop-call probability curve due handover for the first time lies below the drop-call
probability curve due to other factors. The variation of both probabilities is rapid, which implies that the stability of the
network is affected by both lack of communication resources and propagation conditions.
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Fig. 3: Drop-call Probability performance analysis for Kaduna MSC
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Analysis of Port Harcourt MSC

Fig. 4 shows the drop-call probability performance analysis for Port Harcourt MSC. The curve of the drop-call
probability due to handover is mostly situated above the curve of the drop-call probability due to other factors, which
implies that the network is similarly not well established in this region. It can be seen that the drop-call probability due
to handover varies more rapidly than the drop-call probability due to other factors signifying that the network has more
optimization problems with availability of communication resources than with propagation conditions. The optimized
condition of the network was best in the months of March and September since during this period, the curve of the
drop-call probability due to handover is below the curve of the drop-call probability due to other factors. The network’s
optimization condition degraded rapidly as from the month of May and peaked at a handover drop-call probability of
14%. Also, the network’s optimized condition can be seen improving from September towards December.
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Fig. 4: Drop-call Probability performance analysis for Port Harcourt MSC

Analysis of Abuja MSC

Fig. 5 shows the drop-call probability performance analysis for Abuja MSC. As usual, the curve of the drop-call
probability due to handover is mostly situated above the curve of the drop-call probability due to other factors. This is a
first indication that the optimized condition of the network is not stable. Then the rapid variations noticed in both
curves indicates that the network’s condition is influenced by both lack of communication resources and
electromagnetic factors. It can be seen that the network’s best conditions occur between the months of May and July,
and between September and December with climaxes in the months of June and October respectively. On the other
hand, the networks worst conditions occur between the months of March and May; July and September; and from
November onwards.
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Fig. 5: Drop-call Probability performance analysis for Abuja MSC

Analysis of Enugu MSC

Fig. 6 shows the drop-call probability performance analysis for Enugu MSC region. The curve of the drop-call
probability due to handover is situated above the drop-call probability curve due to other factors like in the other
regions, which implies that the network also needs further continuous optimization procedures. Both curves exhibit
slow variations for the entire operational period, which implies that the network’s optimization condition remains
somewhat unchanged during the operational period.
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Fig. 6: Drop-call Probability performance analysis for Enugu MSC

Analysis of Lagos MSC

Fig. 7 shows the drop-call probability performance analysis for Lagos MSC region. The curve of the drop-call
probability due to handover is mostly situated above the curve of the drop-call probability due to other factors, which
implies that the network is similarly not well established in this area. It can be seen that the network started with better
optimization in the month of March. However, beyond this month, the performance deteriorated progressively until the
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month of May where it remained constant up to June. Then, the network became increasingly optimized from the
month of June and reached a maximum point in the month of July. Beyond the month of July, the network experienced
increasing degradation until the month of August from where its condition became constant for the rest of the
operational period. The graph shows more sharp variations in the handover drop-call probability curve than in the drop-
call probability curve due to other factors. This shows that the optimized condition of the network is mostly affected by
variations in the communication resources.
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Fig. 7: Drop-call Probability performance analysis for Lagos MSC

V. CONCLUSION

The operation of a cellular network can be interpreted to consist of a sequence of events. From the network operation
point of view, certain events are closely associated with bad performance [12]. The number of undesired events such as
blocked channel requests and dropped calls during a measurement period are stored by a set of corresponding counters
and printed as operational reports. The optimization of operative networks based on the analysis of such reports is
aimed at minimizing the number of occurrences of such events. In this paper, the optimization performance of an
operative GSM network is evaluated by comparing the drop-call probabilities due to handover and other factors
respectively estimated over a measurement period of about one year. The veracity of this procedure is ascertained
according to the classic work as reported in references [1] and [2]. That is, in a well-established cellular network, it is
not possible to find a prevailing cause of call dropping, but rather a mix of heterogeneous and independent causes; and
that drop-call probability models based on handover are only useful during the early phase of mobile network
deployment. The calculation of drop call probabilities is done using the operational data that werecollected fromthe
GSM network. The results of the analysis reveals that the GSM network needs further optimization as handover drop-
call probability surpasses the drop-call probability due to other factors in all the MSCs. Hence, the proposed approach
may be found useful in the continuous optimization of an operating GSM network until it becomes fully established.
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