International Journal of Advanced Engineering Research and Technology (IJAERT) 414
Volume 6 Issue7, July 2018, ISSN No.: 2348 – 8190

THROUGHPUT ASSESSMENT OF MOBILE
CELLULAR NETWORKS
Abubakar Attai Ibrahim*, Eiyike Jeffrey Smith**, Kpochi Paul Kpochi***
*Department of Electrical and Electronic Engineering, University if Agriculture, Makurdi.
(abubakarattai@gmail.com)
** Department of Electrical and Electronic Engineering, University if Agriculture, Makurdi.
(eiyikejeffrey@gmail.com)
*** Department of Electrical and Electronic Engineering, University if Agriculture, Makurdi.
(kpochipaul@gmail.com)

ABSTRACT
The issue of energy efficiency has become one of the major areas of concentration when designing modern cellular
networks because of its effect on the operating Expenditure of mobile network operators as well as increased greenhouse
gas emission resulting from the use of fossil fuels to meet the ever increasing energy demands of mobile cellular
networks. However, to properly estimate the energy efficiency of a cellular network there is a need to adequately compute
throughput delivered by the network since it has a significant effect on energy consumption of the network. Hence a
thorough analysis of the throughput of cellular networks is considered in the research so as to form the basis for correct
energy efficiency evaluation of mobile networks. Base station parameters were obtained from cellular networks in
Switzerland and those parameters were used to estimate the throughput of each Radio Access Technology (RAT) in
Switzerland. After which a suitable figure of merit were used to compare the throughput of the RATs in order to
determine which RAT is most throughput efficient.
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1. INTRODUCTION
In recent years mobile networks has undergone a lot of advancement particularly in data oriented services such
multimedia communications, online gaming and video streaming [1]. There has also been an exponential increase in
number of mobile subscribers as well as the demand for data traffic [2], thereby making mobile network operators install
more base stations in order to cope with the increasing demand for more network service [3]. The number of stations
installed between 2007 and 2012 is twice the total number installed in previous years [4]. This has led to major increase in
energy consumption as the base stations consume about 57% of the total energy utilized in a mobile cellular network [2],
[3]. These result in the increase in the Operating Expenditure (OPEX) of mobile networks. Therefore reducing energy
consumption of base stations, since it is the main consumer of energy in a mobile network has become a vital research
area.
To reduce the energy consumption of mobile cellular networks, adequate information regarding the energy
consumption of the base stations as well as the role that network throughput has on the total energy consumption of the
network need to be thoroughly investigated [5]. Very little research work has been done in order to effectively compute
the total network throughput and also develop metrics that will adequately compare the throughput efficiency of two
networks and how the throughput affects the energy consumption of the network. Therefore in this research, the
throughput figure of Merit developed in [6] is used to compare the throughput consumption of three different mobile radio
access technologies (RAT) in a countrywide network. This is necessary because to determine and compare the energy
efficiencies of two networks there is a need to ascertain the throughput consumption of that network for proper and more
effective comparison to be carried out.
The remaining part of this paper is organized as follows;
Section 2 presents the Figure of merit used to compare the network throughput. The procedure for data collection as well
as the method of analysis is presented in section 3. Section 4 contains the results and discussion of results while section 5
concludes the report.
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2. FIGURE OF MERIT
2.1 Throughput Gain (TPG)
The throughput gain is defined as the ratio of the volume of data transported by two distinct networks or systems [6]. It
can be expressed as:
1
Where
and
is the volume of application bits transferred by network 1 and network 2 respectively.
and
respectively, the energy
Given two base stations, each belonging to two different homogeneous RANs,
consumption of each base station can be expressed using equation
2.1
2.2
and
denotes the energy consumption of each BTS,
,
and
,
Where
(radio head) and the load-independent (overhead) power consumptions respectively.
the periods of time in which the radio head and overhead power is consumed.
The RAN throughput gain is obtained from the equations above as:

,

represents the load-dependent
and
,
represents

3.1
3.2
Extending the above formulation to two distinct heterogeneous RATs having different types of base stations with different
power consumption values gives:
4
Where
Where m denotes the number of base station site types in the RAT,
by ) and denotes the average throughput of each base station type.
Expanding (4) gives
5.1

is the number of each base station type (denoted

5.2
Where the first subscripts (2 and 1) in the numerator and denominator is used to differentiate between

and

.

3. METHODOLOGY
The throughput of each RAT in Switzerland was obtained using the procedure described below:
 Obtain the number of unique mobile internet subscribers per RAT
 Determine the average data rate per subscriber
 Determine the percentage of active subscribers
3.1 Number of Unique Mobile Internet Subscribers per RAT
A unique mobile subscriber is the term used by GSMA to describe a single person that is registered for a mobile service.
The unique mobile internet subscribers’ data set containing all mobile internet subscribers for each mobile technology in
Switzerland was obtained from GSMA website [7].
The number of unique mobile internet subscribers for each mobile technology in Switzerland as obtained from the GSMA
website [7] for the 2nd quarter of 2015 is displayed in the table 1.
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Table 1 Number of mobile internet subscribers per RAT
MOBILE TECHNOLOGY
NUMBER OF UNIQUE MOBILE
INTERNET SUSCRIBERS (Q2, 2015)
GSM (2G)
UMTS + LTE

507 879
4 786 474
Total = 5 294 353

According to Ericsson mobility report [9] about 65% of the mobile subscribers in Western Europe where Switzerland
belongs use WCDMA/HSPA technology, hence the number of LTE mobile internet subscribers can therefore be obtained
as shown in table 2.
Table 2: Mobile internet subscribers in Switzerland (all RATs separated out)
MOBILE TECHNOLOGY
NUMBER OF UNIQUE MOBILE INTERNET
SUSCRIBERS (Q2, 2015)
GSM (2G)
507 879
UMTS (3G)
3 441 329
LTE (4G)
1 345 145
Total = 5 294 353
3.2 Average Data Rate of each Mobile Internet Subscriber for each RAT
The average download speed of each mobile network operator in Switzerland was obtained from OpenSignal website.
OpenSignal is an online database that contains information on network signal strength, base stations and WI-FI access
points from different parts of the world. The source of their data is from Android and iPhone apps user [8]. The average
data rate of each mobile internet subscriber was obtained from OpenSignal website [8] and is displayed in the table 3.
Table 3 Average data rate of mobile internet subscribers in Switzerland
Mobile
SWISSCOM
ORANGE
SUNRISE
All networks average
Technology
download speed

2G

0.18Mbps

0.13Mbps

0.3Mbps

0.19Mbps

3G

4.67Mbps

6.68Mbps

5.06Mbps

5.10Mbps

3.3 Percentage of Active Mobile Data Subscribers
Network traffic demand varies from location to location and also according to different time of the day. According to
EARTH research [10], the rate of at which the number of active subscribers in a network change in a day is similar to the
change in network traffic demand. They also discovered that about 10 – 30% of data subscribers are active during
busy/peak hours (about 9 and 10pm). Hence taking the average of the number of active user over a 24 hour period will
give a close estimate of the actual number of active subscribers in the network. Taking 30% as the number of active
subscribers during busy hours and scaling it match traffic demand over a whole day as presented in [11], the number of
active users over a whole day can be obtained as shown in figure 1 and the percentage of active subscribers during
different hours of a day is displayed in table 4.
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Figure 1: Traffic profile of mobile internet subscribers over a whole day
Table 4 Percentage of active subscribers during different hours of a day.
Time
0h
1h
2h
3h
4h
5h
6h
7h
8h
9h
10h
11h

% of active users
26.7%
21.6%
16.5%
13.8%
9.6%
8.4%
6.6%
8.4%
10.5%
14.1%
17.4%
19.5%

Time
12h
13h
14h
15h
16h
17h
18h
19h
20h
21h
22h
23h

% of active
users
21.6%
21.3%
22.2%
22.5%
23.1%
24.3%
25.5%
27.9%
29.1%
30%
29.7%
28.5%

The percentage of active subscribers averaged over a whole day (24 hours) was found to be 20% of total mobile internet
subscribers in each RAT.
Having obtained the number of mobile internet subscribers for each RAT, the average data rate per subscriber and the
percentage of active data subscriber in a day, the total throughput of each RAT was calculated by multiplying the three
values obtained above and the result is shown in table 5.

4. RESULTS AND DISCUSSION
4.1 Total throughput of each RAT
The total throughput of each RAT as obtained by using the methodology described in section 3.3.4 is listed in the table 5.
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Table 5: Total throughput of each RAT in Switzerland
Mobile
Number
of Percentage of Average
Total
Technology
subscribers per active
data
rate throughput
Technology
subscriber
(Mbps)
(Mbps)
during a 24
hour period
GSM

507879

20%

0.19

19299.402

UMTS

3441329

20%

5.1

3510155.58

LTE

1345145

20%

16.58

4460500.82

4.2 Comparing the Throughput of UMTS RAT with that of GSM and LTE RAT
The result of the comparison of the throughput of each RAT in Switzerland using the throughput gain (TPG) figure of
merit is presented in table 6.
Table 6: RAT throughput comparison using TPG figure of merit
Mobile technology

Total
(Mbps)

throughput

UMTS

3510155.58

1

GSM

19299.402

0.005498161

LTE

4460500.82

1.270741629

Throughput Gain (TPG)

The results of the throughput comparison also show that LTE has the highest throughput performance. However GSM
RAT has now emerged as the least efficient RAT from a throughput perspective because it has the lowest TPG value. The
computation of the ETG figure of merit will finally decide the overall energy efficiency rating of each the RAT in
Switzerland.

5. CONCLUSION
In this research the throughput of each of the RAT in Switzerland was obtained after which the Figure of Merit for
comparing Cellular Network throughput was used to determine the RAT that is most throughput efficient. It was
discovered that the LTE RAT is the most throughput efficient because it has the highest throughput output compared to
that of GSM and UMTS. Subsequent research in this direction should be to compare both the energy consumption and the
throughput performance of a cellular network in order to ascertain the most efficient network using a joint figure of Merit
encompassing both the throughput and power consumption of the Network.
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