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Abstract 
This paper is focused on traffic analysis in Mobile Communication network (GSM).  Traffic analysis is aim at 
making subscribers satisfied with the Quality of Service (QOS) rendered, by the mobile communication network 
operators. In order to obtain satisfactory QOS based on traffic analysis, the traffic flow (offered and carried 
traffic) must be measured and monitored at a regular time interval. In this research work, traffic data (A-
interface arrival record on the MSC) are collected from the Operation and Maintenance Centre (OMC) which 
was deployed has a measuring device. The investigation covers, 10 routes in a period of six months. The result 
shows that the offered traffic and carried traffic both have a slight variation from each other. This indicates that 
the blocks calls experience in the routes, within that period of time is minimum. Also, the MSC11 (1) has the 
highest available TCHs, followed by BSC8 (12), indicating that high amount of subscribers can access the 
network through that A-intreface without experiencing more block calls. High utilization in each routes can also 
leads to block call. Therefore, this paper help mobile operators to carry out traffic analysis on their network 
and make the necessary adjustment to obtained good QOS. 
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INTRODUCTION 
The limitation of transmission channels in mobile 
communication system poses great problems in the 
number of subscribers that can access the mobile 
communication network at a particular period of 
time. Channel is referred to as physical transmission 
medium such as a wire or a logical connection over a 
multiplexed medium such as a radio channel. A 
channel is used to convey an information signal. It 
has a certain capacity for information transmission, 
often measured by bandwidth (in Hertz) or data rate 
(in bit per second) (Regis, 2000).These transmission 
channels, often experience congestion (block calls) in 
the mobile communication network interface due to 
high traffic generated by the number of subscribers 
using or try to gain access to the mobile network. 
Once the number of subscribers in network exceeds 
the maximum network capability, many subscribers 
will not receive response from the network, which 
may result to congestion or block calls. 
 
 The mobile communication networks has witness 
remarkable research development in areas of power 
control, handover procedures, frequency hopping, 
discontinuous transmission, spectrum efficiency, 
multiple access technology, cluster size and 
frequency re-use. These techniques were developed 

to increase the number of subscribers that can access 
the limited transmission channels in the mobile 
communication networks. The introduction, of 
different techniques into the mobile communication 
networks leads to different standards (Rappaport, 
2003).The Global System for Mobile 
Communications (GSM) network is Second 
Generation(2G) mobile communication standard. The 
GSM network architecture comprises of traffic 
interfaces, integration of signaling protocols and 
network elements. In GSM network, the air –
interface lies between Mobile Station (MS) and Base 
Transceiver Station (BTS). The air-interface is made 
up of physical channels (timeslots) and logical 
channels; logical channels consist of information 
carried over the physical channel. There are two 
groups of logical channels, control channels and 
traffic channels. The control channels are RACH, 
AGCH, SDCCH and FCCH, the traffic channels are 
fullrate and halfrate channels. This traffic interfaces 
(transmission channels) are facilitate by signaling 
protocol such are Link Access Procedure “D”  
modify (LAPDm) is used on the air-interface, Link 
Access Procedure “D” (LAPD) is used on  the abis-
interface and  Signaling System 7 (SS7) is used on 
the core network. The SS7 is used on the A-interface 
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to H-interface (core network) with transmission rate 
at 64kbps on the signaling link.  
 
The GSM network subscribers, can access the GSM 
network using the Mobile Station (MS) situated in a 
cell. When the MS (consist of SIM and mobile 
equipment) is switch on, it’s recognized by the 
closest Base Transceiver Station (BTS) using 
Frequency Correction Channels (FCCHs), 
transmitted in the downlink direction only (Juha, 
2003). Thereafter, the subscriber can initial calls 
though a set of logical channels. The digital 
information is transmitted over PCM lines at a bit 
rate of 2.048Mbit/s on Abis-interface, using LAPD 
signaling protocol from BTS to BSC. The Base 
Station Controller (BSC) is linked to Transcoder 
(TC) with A-ter interface, while the Mobile 
Switching Centre (MSC) is linked from TC with A-
interface. The TC compresses digital signal from, 
64kbps to 16kbps from, the MSC ends (vice versa) 
while SS7protocol signaling information remains 
64kbps within Network Switching Subsystem (NSS)( 
Rappaport, 2003;Madhusmita p. et al,2011) 
 Despite the upgrade of GSM network from 2nd 

Generation to 3rd Generation (2G to 3G), Nigerian 
subscribers are unsatisfied with the Quality of 
Service (QOS) experienced during busy hour as a 
result of block calls or lost calls. Block calls is a 
factor of QOS experience during congestion. 
Therefore to minimize this block calls, there must be 
acceptable level between the capacity, a function of 
traffic channel utilization (offered traffic) and Grade 
of Service. This relationship is known as “teletraffic” 
(Moltchanor, 2005; ITU-D, 2006). 
 
Traffic Analysis 
Traffic analysis plays an important role in network 
planning and network design in mobile 
communication system. It is useful in areas such as 
network resource allocation, performance evaluation 
of protocols, capacity in terms of utilization and 
coverage. The GSM traffic can be characterized by 
traffic flow into various categories. These are offered 
traffic, carried traffic and block (loss) traffic.  Traffic 
analysis is aim at improving QOS by minimize block 
calls  (congestion) experience during busy hour, the 
estimation of subscriber traffic usage and the amount 
of capacity(channel) required to satisfy a given 
number of  subscriber in a cell or network ((Regis, 
2002). It also, involves these following areas, types 
of technology deployed, environment (topography) 
and economic factor.   
 
Traffic is a term that quantifies usage (Roger, 2004). 
The traffic unit is in Erlang. An Erlang defines the 
efficiency of a traffic resource and represents the total 
time in hours to carry all calls or the number of 
simultaneous occupations during a specified period of 
time. Traffic can be measure in either Erlang or 
Centium-Call Second (CCS).The relationship 

between Erlang and Centium-Call Second (CCS) 
used in the North America is giving in Equation 1 
(http//www.  Computer org/ieee; Boulmalt M. et al, 
2009) 
 
1 Erlang = 1 call hour=3600 call seconds = 36ccs  (1) 
The ERLANG(E) is a unit of measurement of traffic.  
It can be calculated with the following formula: 
A=NxT/3600Erlang                                                (2) 
Where, 
A=Offered traffic from one or more users in the 
system 
N=Number of calls per hour 
T=Average call time in seconds (CPO2,2002;Cornel 
B. et al,2010) 
The basic traffic indicators used in traffic analysis are 
follows  
 Call completion rate (CCR) is defined as the 

ratio of the number of successive calls to the 
number of call attempts. This indicator 
measures the ease in which calls are established 
or set up in the mobile network The CCR 
parameter is used in dimensioning the network 
capacity. 

 Call completion rate  
= Number of successful calls   
   Number of call attempts                                       (3) 
 The Grade of Service (GOS) is a measure of the 

ability of a user to access a trunk system during 
the busiest hour.  The busiest hour occur during 
rush hours. GOS is the traffic related part of 
network performance (Rappaport,2003). Grade 
of Service (GOS) expresses the probability of 
blocking calls, a typical grade of service is P = 
0.02 (Roger, 2004).  

Grade of service (GOS)  
=    Number of block call  
   Total number of offered calls                              (4) 
 
Additional factors are offered and carried traffic in 
erlang, channels utilization rate etc (Jahangir H. S.et 
al, 2000; Alexei B.et al, 2009) 
 
CACULATION OF REQUIRED NUMBER OF 
BTS’s 
To determine the number of BTS’s required to cover 
a geographical location of subscribers. Firstly the 
number of subscribers and the Grade of Service 
(GOS) must be known. The GOS is the percentage of 
allowed congested calls and define the quality of the 
service. 
 
Also let determine the traffic per subscriber using 
Equation 2.                                                 
(Ericsson recommends traffic per subscriber between 
0.025 Erlang and 0.033 Erlang when planning GSM 
network).  
 
Therefore, if assumed number of subscriber (N) =1 
Average call time in seconds (T) = 90seconds. 
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Traffic =1x90/3600=0.025E 
In addition, if will assumed this following data exist 
for a network  

 Number of subscriber=10,000 
 Available frequencies=24 
 Cell pattern: 4/12 
    (Mean that there are four, there-sector sites 

supporting twelve cells using twelve 
frequency groups). 

 GOS: 2% 
 Traffic per subscriber 0.025 Erlang 
(http://www.supcom.mincom.tn/mediation/artic

les) 
 
From above traffic information, the required number 
of BTS can be calculated as follows 

 Frequencies  per cell =24/12= 2 
 Traffic channels per cell = 2x8-2(control 

channels)=14 TCH 
 Traffic per cell= 14 TCH with a 2% GOS 

implies 8.2Erlang per cell (see Erlang B 
Table). 

 The number of subscribers per 
cell=8.2E/0.025E =328 subscriber per cell 

 If there are 10,000 subscribers, then the 
number of cells needed is 10,000/328=30 
cells 

 Therefore, the number of BTS’s required 
using there sector sites are  30/3= 10 
(Ericsson, 1998) 

 
In addition, factors that can affect traffic loan are as 
follows, Area of a cell (reduce the size of cell) 
Number of channels or truck per cell, Cluster size, 
Spectrum efficiency and Bandwidth per channel 
(Juha, 2003; http://www.computer.org/portal/web/ 
journal/ieee )  
 

METHODOLOGY 
In this research work, OMC device were deployed as 
a means of collection of traffic data, from MSC point 
in GSM 1800. The Globacom limited in Nigeria were 
investigation for a period of six months. The 
collected traffic data were generated from OMC 
measurement in the Network Elements (MSC and 
BSS) by using some predefined algorithms consist of 
a counter. The traffic data is stored in the 
Performance Measurement (PM) data file. The PM 
files are sent to the OMC as raw data via by x.25 
interface, at 60 minutes regular time interval. The 
OMC processing software’s (know as parser and BO) 
convert the collected data in the file, into raw 
statistics values and stored in the INFORMIX OMC 
database. These statistics are presented on the 
computer terminal, indicating the overall network 
performance. The traffic data collected contain the 
following information these are total attempts calls, 
total successful calls, handover failure rate, offered 
traffic in erlang etc. Traffic measurement is 
characterized by two major variation components 
(Moltchanor, 2005 and Madhusmita p. et al, 2011). 

1. Number of calls variation 
2. Services times variation 

 
The numbers of arrival calls (calls attempts) are made 
possible due to the used of TCH and signaling 
channels e.g. SDCCH, RACH, AGCH, FACCH etc 
(Rappaport, 2003). 
 
Data Presentation 
An average Busy Hour Traffic (BHT) data for six 
months is presented in Table 1: using the busy hour 
for 10 different routes. Firstly, the busy hour were 
determined to be 21:00 hour (7:00 pm) 
(Osahenvemwen O.A, et al., 2011). 
 

 Table 1: Traffic analysis indicators  

S/N Routes Name 

Calls 
Attempt 
(based on 
BHT) 

Successful 
Calls (based 
on BHT) 

GOS CCR 

Offered 
Traffic 
in 
Erlang 

Carried 
Traffic in 
Erlang 

Number of 
Available TCH 
fullrate  Base on 
offered Erlang B 

Number of 
Available 
TCH 
fullrate  
Base on 
carried 
Erlang 

Utilization 
Rate 
(percentage) 

1 BSC 8 132545 97664 0.26 0.74 55.2 40.7 66 51 125 
2 BSC 10-2 60980 47108 0.23 0.77 25.4 19.6 34 28 110 
3 BSC 10-1 70980 51672 0.27 0.73 29.5 21.5 39 30 139 
4 BSC 10(13) 63691 47523 0.25 0.75 809.41 603.94           802  617 102 
5 BSC 10-2(8) 64525 48390 0.25 0.75 820.01 614.956           831 628 102 
6 MSC 17(11) 12569 12358 0.02 0.98 159.74 142.19          173 158 110 
7 MSC 16(1) 59593 58401 0.02 0.98 601.63 504.52           615 518 103 
8 MSC 11(0) 109382 101682 0.07 0.93 1160.84 1032.75         1167 1041 101 
9 BENIN C (7) 43732 43732 0.00 1.00 145.62 142.85         160 157 100 

10 BSC 8(12) 137767 90528 0.34 0.66 1204.35 942.91         1210 952 101 
     KEY   CCR = Calls Completion Rate; GOS   =Grade of Service                          
 
ANALYSIS OF RESULT 
In Table.1, different routes were consider against 
various traffic factors (traffic key performance 
indicators or traffic parameters).Based on the data  

 
 
obtain from the traffic  analysis were carry out 
,shown in various Figures below.  
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fig 1 Call attempts (BHT) against different routes 
 

 
Fig 2: The Grade of Service (or blocking probability) 
against the A-interface routes  
 

 
Fig 3: call completion rate against the a-interface 
routes 

Fig 4: offered and carried traffic in erlang against 
various routes. 

 
Fig 5 Total number of available TCH in both offered 
and carried traffic  
 

Fig 6 .TCHs utilization rate against routes                        
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DISCUSSION 
The above result analysis in Fig 1 to Fig 6, it were 
observed that Fig 1 shown various call attempts in 
different routes, with MSC 17 (11) route have the 
highest call attempts base on Busy Hour Traffic 
(BHT).In Fig 2, shown the Grade of Service (GOS) 
or blocking probability against each route. The GOS 
indicate the level of block call experience in the 
mobile network. Route BSC8 (12) experience high 
level (number) of GOS. Therefore, high number of 
subscribers will experience block calls in route BSC8 
(12). In Fig 3, it was observed that route MSC 11(0) 
have the highest call completion rate and all the Call 
Completion Rate (CCR) for various route were above 
0.75 percent. This indicates that subscriber’s can 
easily access the network and CCR values of the 
system are very good. The offered traffic and carried 
traffic follow a regular pattern, from observed 
analysis in Fig 4. Effort should be made to ensure 
that the variation between offered traffic and carried 
traffic are reduce to obtain good Quality of Service 
(QOS).If these variation are minimize, therefore the 
block calls experience is also minimize. The bar chart 
in Fig5 had shown the number of available or used 
Traffic Channels (TCHs) during the busy hour for 
different routes. It was observed that MSC 11(0) has 
the highest number of usage traffic channels. Fig 6, 
that the  TCHs utilization is above 60%, effort should 
be made by mobile communication operators to 
minimize the utilization rate to ensure that the block 
calls experience are reduced. 
                                        
CONCLUSION 
However, as the number of subscribers of mobile 
communication network increases, network operators 
are face with the challenges of provide good Quality 
of Service (QOS). Therefore, there is need for 
network operators and network planning department 
to carry out routine traffic analysis to capture new 
developing environments (E.g new highway, new 
campus, shopping complex etc.) in the network. This 
research work is aim at minimize block calls 
(congestion) experience when initiating calls in GSM 
network. Generally, traffic analysis involves channels 
(timeslots), types of technology deployed, 
environment and economical factors. Table1, shown 
the investigation carried out in 10 routes of 
Globacom limited, in a period of six months. The 
result analyses are shown in Fig1 to Fig6. In Fig4, 
shown the offered traffic and carried traffic, has a 
slight variation, which indicates that the number of 
blocks calls experience within the routes are small. In 
Fig 5 the MSC11 (1) have the highest used TCHs, 
follows by BSC8 (12), therefore high amount of 
subscribers can access the network through this A-
intreface without experiencing block calls. In Fig 6 
shown the utilization rate of various routes while, 
BSC10-2 has the highest TCHs utilization follows by 
BSC10-1.This may result in block calls and all the 
Traffic Channels (TCHs) utilization are above 60%.    
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