Original Research Article

Penetration Depth Analysis of UMTS Networks using Received Signal Code Power

Abstract

The daily rise in cellular network subscribers require mobile networks to be evaluated frequently, so as to
meet with end users’ demands, regulatory requirements and for the cellular network operators to appraise
their performance. The kernel of this project is to examine the UMTS performance of 9mobile, Airtel and
MTN networks over Calabar Municipality and Calabar South, with concentration on a key performance
indicator (KPI) termed the received signal code power (RSCP). A measurement campaign administered
through a drive test, with the aid of a TEMS investigation software, had log, files with data distribution of
11075 for 9mobile network, 11109 for Airtel network and 10958 for MTTN network. These data sets were
analyzed as coverage plots by the TEMS discovery software and further.put through some statistical
measures using Excel spreadsheet. To examine the spread of the distribution, the mean and standard
deviation of the data was obtained. The low values of calculated standard error depicted that the RSCP
data used for this study were accurate but not manipulated. To.assess the shape of the distribution,
skewness and excess kurtosis of the various data were.calculated. Excess kurtosis values 1.08, 0.06 and
0.26 for 9mobile, Airtel and MTN network shows that the distribution in MTN and 9mobile network
were slightly leptokurtic but slightly mesokurtic for Airtel.network. Again, 9mobile, Airtel and MTN
network had skewness values -0.44, 0 and -0.20. This means that the data distribution for the three
networks were approximately symmetric: Result shows that.81.5%, 96.36% and 92.1% of the drive test
routes for 9mobile, Airtel and MTN network met with the NCC performance threshold. The result of this
study will assist RF engineers in the optimization of UMTS networks and also in designing propagation
models for accurate transmission of UMTS netwaork signals.

Keywords: Network coverage, Received signal code power, UMTS network, Mobile network
INTRODUCTION

The rapid upswing in the teledensity of cellular networks has become a subject of interest to the operators,
the subscribers and regulatory commission which requires cellular networks to be evaluated frequently.
The regular assessment of the networks is aimed at optimizing the network to meet with end users’
requirements, obligation of the supervising commission and for the operators to assess their performance.
These cellular networks are evaluated in terms of key performance indicators, one of which is the

received signal code power (RSCP), measured in dBm [1-5].



The RSCP is the measure of Radio Frequency (RF) power in a UMTS network after signals are
descrambled [6-7]. In descrambling, the signals with the correct code are first filtered out. This creates
difficulty in the measurement of the total RF power, rather, the RSCP is measured for specific codes and

only these codes are prime to the receiver when judging the quality of service [8].

The RSCP denotes the received power of the primary common pilot channel (CPICH), measured by the
user equipment (UE). It can also be measured on downlink and uplink, though, only defined for the
downlink and therefore presumed to be measured by the UE and reported to Node B through an uplink

channel [9].

The RSCP is an indication of signal strength in UMTS networks, therefore its data is useful in designing,
formulating and developing of radio propagation models, useful in. downlink power control, used as a
criterion to request for a handover and used in RF optimization and planning. The developed propagation
models are used for coverage prediction in.a-UMTS network at a given distance of the receiver away

from the transmitter [10-14].

In UMTS networks, RF engineers rely on RSCP for optimal locations of Node B, for the achievement of
best possible data rates, for the determination of the required transmission power, to aid appropriate
selection of antenna height and pattern, for the allocation of frequency, for interference feasibility studies

and to ensure an.acceptable QoS [15-19].

Researchers have severally investigated the QoS of mobile networks [20-29]. The authors in [30]
evaluated the signal quality of UMTS networks (MTN, 9mobile and Airtel network) over two cities in
Nigeria. A total of 10,958, 11,075 and 11,109 Ec/lo measurements were obtained for MTN, 9mobile and

Airtel network. These generated signals were analyzed in the form of bar charts, quality plots,



calculations of mean, mode, standard deviation, standard errors, excess kurtosis and skewness. Result
revealed that 59.64%, 50.45% and 17.02% of the drive test route for Airtel, 9mobile and MTN network
had good signal quality and met with the Nigerian telecommunication regulatory benchmark of at least -
9dB for Ec/lo. Also, 40.36%, 49.55% and 82.98% of the drive test area for Airtel, 9mobile and MTN
network fell below the regulatory benchmark and subscribers in this region were observed to have
experienced dropped calls, blocked calls, handover failures and degraded signal quality due to
interference. Airtel network was therefore adjudged the best network while the worst network was MTN

network.

In [9], the authors analyzed UMTS networks in both rural and urban areas of Mwanza, Tanzania. The
analyzed parameters were RSCP, transmitted power, speech quality index and the received power to
noise ratio (Ec/No). Analyzed result of the collected data shows that 24.02% of the study area had good
coverage, 23.24% had poor coverage and 52.74% had fair coverage. Also, further analysis of the study
area showed that only 27.61% of the region.has good service quality, while poor service quality was

recorded in 2.76% of the region.

A 3G radio network performance evaluation is presented by the authors in [10] on the basis of their
RSCP and Ec/lo. Their focus was aimed at an assessment of 3G network within the borders of
Distributed ‘Antenna Systems (DAS). The Tests was carried out with a TEMS Investigation and its
practical deployment validated DAS enhancement of indoor coverage and capacity in 3G networks.
Therefore, the installation of DAS in high traffic locations will enhance service quality by reducing call

blocking and BER.

The authors in [31] evaluated the performance of four GSM networks, taking its RxQual into

consideration. Obtained log files showed 10501, 10140, 10415 and 10690 RxQual measurements



obtained for MTN, 9mobile, Airtel and Globacom network. These generated data were subjected to
statistical analysis in the form of bar charts, quality plots and calculations of measures of central tendency
and dispersion. Result shows that 78.43%, 92.18%, 90.68% and 86.93% of the drive test route for MTN,
9mobile, Airtel and Globacom network had good RxQual and met with the NCC benchmark of at least
4dB. It was deduced that for RxQual, 9mobile was the best GSM network, followed by Airtel network,

Globacom network and then MTN network.

This article seeks to investigate a RSCP-based performance of three UMTS networks operating in
Calabar South and Calabar Municipality, Nigeria, using RSCP log files-obtained during a drive test. The
obtained data are subjected to statistical analysis and compared with the Nigerian Communication
Commission (NCC) performance obligation of at least -85dBm [31]. The remaining part of this article is
divided into three sections; first, we shall discuss the method at which this research was carried out,

followed by the display and discussion of results and finally go into a conclusion.

Methodology

Materials Used

Materials used in this study is.a Garmin Global Positioning System (GPS), three subscriber identity
module (SIM) cards (one for each network), a laptop, a car, a car inverter, a universal serial bus (USB)
hub, four W995 TEMS mabile phones, TEMS 15.1 investigation software and TEMS 15.1 discovery

software.

Measurement Setup and Data Collection

A windows 10 operating system laptop is powered by connecting it to a car inverter. Installed on the
laptop are TEMS investigation and TEMS discovery software. Plugged to the laptop is a USB hub. The
three cards, each being a SIM card for each network under investigation (9mobile, MTN and Airtel) are

inserted into the three TEMS phones and the TEMS phones are powered by connecting them to the USB



hub. Also connected to the USB hub is the GPS. A measurement campaign is established by dialing the
TEMS phones for short calls, while tuning the TEMS phone to obtain RSCP of the UMTS networks,
irrespective of the transmission frequency. The RSCP is collected as log files by virtue of the TEMS

investigation software while the GPS gives the geographic positions of the drive test routes.

Data Analysis

The collected log files are subjected to statistical analysis using the TEMS discovery software which
gives an insight to the network’s QoS at the subscribers’ end in the form of coverage plots. The log files
are subjected to further statistical treatment in the form of calculations of standard deviations, average,

mode, standard errors, skewness and kurtosis using Excel spreadsheet.

1. Results and Discussion
A total of 33142 RSCP data were collected during the drive:test for the three networks under study. Out
of the measured data collected, Airtel, 9mobile and MTN network had 11109, 11075 and 10958 signals.
These generated signals were put through measures of central tendency and dispersion. Bar charts of
mean and mode of the three networks under study is also presented in figure 1 and 2. Figure 3 to 8 are bar
charts comparing the RSCP of the networks at various thresholds and finally, RSCP plots of the networks

based on the drive test-routes are shown in Figure 9, 10 and 11 for Airtel, MTN and 9mobile network.
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Figure 1: Mean values of RSCP for the three networks
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Figure 5: Percentage of RSCP at -95dBm to -85dBm for the three
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Figure 9: Quality plots of Ec/lo for Airtel Network
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Figure 10: Quality plots of Ec/lo for MTN Network
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Figure 11: Quality plots of Ec/lo for 9mobile Network

In figure 1, the mean RSCP values of the network under study were presented in the form of bar charts
and compared with.the NCC performance benchmark of at least -85dBm. Mean values of -70dBm, -
72dBm.and -78dBm. were collected for Airtel, MTN and 9mobile network. This shows that the all the
networks had good coverage as the average values obtained were within the NCC benchmark of -85dBm.
Also, figure 2 gives an expression of the most received RSCP values of the three networks. These values
were -69dBm, -70dBm and -78dBm for Airtel, MTN and 9mobile network, which shows that the

networks had good coverage and were within the NCC benchmark for RSCP.



In figure 3, RSCP data values in the range -65dBm to -25dBm was presented in the form of a bar chart in
percentages. 29.07%, 21.76% and 6.71% of the drive test routes had excellent signals for Airtel, MTN
and 9mobile network. Again, for Airtel, MTN and 9mobile network, 67.29%, 70.34% and 74.79% of the
drive test route were in the range -85dBm to -65dBm and had very good signals, as presented in the bar
chart in figure 4. Furthermore, figure 5 presents RSCP data values in percentage for data range of -
95dBm to -85dBm, where 3.46%, 6.70% and 14.86% in a bar chart for Airtel, MTN and 9mobile network
while figure 6 gives a bar chart of RSCP data values ranging from -105dBm to -95dBm. whichis 0.19%,
1.16% and 2.55% for Airtel, MTN and 9mobile network. The bar chart in figure 7 presents RSCP data
values in the range -115dBm to -105dBm in percentages where Airtel, MTN and 9mobile network had
0%, 0.05% and 1.02% while the bar chart in figure 8 describes the RSCP data values in percentage with

0%, 0% and 0.07% of the test route for Airtel, MTN and 9mobile network:

Figure 9, 10 and 11 presents coverage plots for Airtel, MTN and 9mobile network. These coverage plots
further explain data samples during the drive test routes which was earlier presented in figure 3 to 8. In
the coverage plot, the area with cyan. colour is.that which the RSCP values were excellent and the
subscribers were very satisfied. Subscribers presented in the bar chart in figure 3 fall into this category.
The areas with the dark green colour was earlier presented in figure 4. Here, subscribers are satisfied

because the RSCP values are very good.

RSCP coverage plots with light-green, blue, yellow and red colour are areas that are not within the NCC
regulatory benchmark and are not regarded as having good coverage. These were earlier presented in the
bar charts in figure’s 5 to 8 respectively. Subscribers in this region are dissatisfied because of low

coverage, therefore, poor quality of service.



To check the dispersion of the distribution around the mean, standard deviation values of 9.13, 9.15 and
8.56 were obtained. This means that 68% of the measured data were £9.13dBm away from the mean
value of MTN network, +9.15dBm away from the mean value of 9mobile network and £8.56dBm away
from the mean value of Airtel network. Furthermore, 95% of the measured data were +18.26dBm away
from the mean value of MTN network, +18.30dBm away from the mean value of 9mobile network and
+17.12dBm away from the mean value of Airtel network. Finally, 99.7% of the measured data were
+27.39dBm away from the mean value of MTN network, +27.45dBm away from the mean value of

9mobile network and +25.68dBm away from the mean value of Airtel network.

In considering the shape of the distribution, we calculated skewness and:kurtosis for the distribution.
MTN, 9mobile and Airtel network were seen to have excess kurtosis of 0.26, 1.08 and 0.06. This shows
that the data distribution in MTN and 9mobile network were slightly: leptokurtic while that of Airtel
network was slightly mesokurtic. Again, MTN, 9mobile‘and-Airtel network had skewness values -0.20, -

0.44 and 0. This means that the data distribution for the three networks were approximately symmetric.

Finally, to estimate the efficiency, accuracy and consistency of the measured data, root mean square error
of the various data were calculated. Low values (0.09, 0.09 and 0.08) were obtained, showing that the

data used in this study were not doctored.

Conclusion

A penetration depth analysis of UMTS radio access signals over two cities in Nigeria has been conducted,
taking.the RSCP as the key performance indicator in consideration. Based on the analysis of drive test
log files, Airtel network penetrated 96.36% of the drive test route, MTN network penetrated 92.10% of
the drive test route while 9mobile network penetrated 81.50% of the drive test route. While cellular
network operators are advised to build new Node B and visit the existing ones for optimization of their
networks, log files generated in this drive test will be useful to RF engineers for link budget design.

COMPETING INTERESTS DISCLAIMER:



Authors have declared that they have no known competing financial interests OR non-financial
interests OR personal relationships that could have appeared to influence the work reported in
this paper.

References

[1] Ajayi OT, Onidare SO, Ayeni AA, Adebowale QR, Yusuf SO, Ogundele A. Performance Evaluation
of GSM and WCDMA Networks: A Case Study of the University of llorin. International Journal on
Electrical Engineering and Informatics. 2021; 13(1): 87-106.

[2] Galadanci GSM, Abdullahi SB. Performance analysis of GSM networks in Kano.metropolis of
Nigeria. American Journal of Engineering Research. 2018; 7(5): 69-79.

[3] Ekah UJ, Emeruwa C. A comparative assessment of GSM and UMTS Networks. World Journal of
Advanced Research and Reviews. 2022;13(1):187-196.

[4] Ekah UJ, lloke J. Performance Evaluation of Key Performance Indicators for UMTS Networks in
Calabar, Nigeria. GSC Advanced Research and Reviews. 2022; 10(1): 47-52.

[5] Ekah UJ, Emeruwa C. Guaging of key performance indicators for 2G mobile networks in Calabar,
Nigeria. World Journal of Advanced Research and Reviews: 2021;12(2):157-163.

[6] Vandana K, Sudhakar M. Quality of Service Parameters Evaluation for Real Time Traffic in Cellular
Networks. International Journal of Recent Technology and Engineering, 2019; 8(4): 679-681.

[7] Gutiérrez MAE, Beltran SV, Sonia Jazmin Ponce Rojas SJP. Impact on Quality of Service (QoS) of
Third-Generation Networks (WCDMA) with Pilot Signal Pollution. Procedia Technology. 2013; 7:46 —
53.

[8] Kasegenya A, Sam A. Analysis of Quality of Service for WCDMA Network in Mwanza, Tanzania.
Journal of Information Engineering-and Applications. 2015; 5(9): 18-26.

[9] Alhassan H, Abdulhamid R, Danbatta UG, Digwu C, Abdullah A, Al-Sadoon MAG, Ngala MJ.
Improvement of:indoor Receive Signal Code Power (RSCP) and Signal-to-Interference Ratio (Ec/lo) and
QoS Evaluation in Operational 3G Network using Distributed Antenna System (DAS). International
Conference on Broadband Communications, Networks and systems. 2019; 263:466-472

[10] Akinyemi, LA, Makanjuola NT, Shoewu OO, Edeko FO. Evaluation and Analysis of 3G Network in
Lagos Metropolis, Nigeria. International Transaction of Electrical and Computer Engineers System. 2014;
2(3): 81-87.

[11] Faruk N, Ayeni A, Adediran YA, On the study of empirical path loss models for accurate prediction
of TV signal for secondary users, Progress. Electromagn. Res. B 49(2013)155-176.

[12] O. F. Oseni, S. I. Popoola, R. O. Abolade, O. A. Adegbola, Comparative analysis of received signal
strength prediction models for radio network planning of GSM 900MHz in llorin, Nigeria, Int. J. Innov.
Technol. Explor. Eng. 4(3)(2014)45-50.



[13] N. Faruk, Y. Imam-Fulani, I. A. Sikiru, S. I. Popoola, A. A.Oloyede, L. A. Olawoyin, N. T.
Surajudeen-Bakinde, A. O. Sowande, Spatial variability analysis of duty cycle in GSM band, in:
Proceedings of the 3™ International Conference on Electro-Technology for National Development,
Federal University of Technology, Owerri (FUTO), Imo State, Nigeria, 7-10 November, 2017,pp.163—
166.

[14] Z. K. Adeyemo, O. K. Ogunremi, I. A. Ojedokun, Optimization of Okumura-Hata model for long
term evolution network deployment in Lagos, Nigeria, Int. J. Commun.Antenna Propag. 6(2016)146-152.

[15] S. 1. Popoola, J. A. Badejo, U. B. lyekekpolo, S. O. Ojewande, A. A. Atayero, Statistical evaluation
of quality of service offered by GSM network operators in Nigeria, in: Proceedings of the The World
Congress on Engineering and Computer Science, USA, San Francisco, 25-27 October, 2017,pp.69-73.

[16] I. Y. Abdulrasheed, N. Faruk, N. T. Surajudeen Bakinde, L. A. Olawoyin, A. A. Oloyede, Segun I.
Popoola, Kriging based model for pathloss prediction in the VHF band, in:Proceedings of the 3"
International Conference on ElectroTechnology for National ~Development, Federal University of
Technology, Owerri (FUTO), ImoState, Nigeria, 7-10 November, 2017,pp.173-176.

[17] I. A. Sikiru, N. Faruk, S. I. Popoola, Y. Imam-Fulani, A. A. Oloyede, L. A. Olawoyin, N. T.
Surajudeen Bakinde, Effects of detection threshold and frame size on duty cycle in GSM bands, in:
Proceedings of the 3rd International Conference on Electro- Technology for National Development,
Federal University of Technology, Owerri (FUTO), Imo State, Nigeria, 7-10 November, 2017, pp. 343—
346.

[18] S. I. Popoola, A. A. Atayero, N. Faruk, C. T. Calafate, E. Adetiba, V. O. Matthews, Calibrating the
standard path loss model for urban. environments using field measurements and geospatial data, in
Lecture Notes in Engineering and Computer Science: Proceedings of The World Congress on
Engineering, London, U.K., 5-7. July, 2017, pp.513-518.

[19] S. I. Popoola, A. A. Atayero, N. Faruk; C. T. Calafate, L. A. Olawoyin, V. O. Matthews, Standard
propagation model tuning for path:loss predictions in built-up environments, in: Proceedings of the
International Conference .on Computational Science and Its Applications, 2017, pp. 363-375.

[20] Ettah E, Ushie P, Ekah U, Eze B. The Spatio-Temporal Distribution of Noise Island within the
Campus of Cross River University of Technology, Calabar, Nigeria. Journal of Scientific and
Engineering Research. 2021; 8(6):1-7.

[21] Emeruwa €, Ekah UJ. Improved Algorithm of Equation Error Model of Active Noise Control.
Journal of Multidisciplinary Engineering Science and Technology. 2022; 9(1):15067-15072.

[22] Ekah 'UJ, Onuu MU. Tropospheric Influence on Call Setup in Mobile Networks. Journal of
Engineering Research and Reports. 2022; 22(2):14-26.

[23] Ekah BJ, lloke J, Ekah UJ. Tropospheric Influence on Dropped Calls. Global Journal of Engineering
and Technology Advances. 2022;10(2):83-93.

[24] Obi E, Ekah U, Ewona I. Real-time assessment of cellular network signal strengths in Calabar.
International Journal of Engineering Sciences & Research Technology. 2021;10(7):47-57.



[25] Emeruwa C, Ekah UJ. Pathloss model evaluation for long term evolution in Owerri. International
Journal of Innovative Science and Research Technology. 2018;3(11):491-496.

[26] Emeruwa C, Ekah UJ. Investigation of the variability of signal strength of wireless services in
Umuahia, Eastern Nigeria. IOSR Journal of applied physics. 2018;10(3):1-17.

[27] Ekah UJ, Adeniran AO, Shogo OE. Spatial Distribution of Frequency Modulated Signals in Uyo,
Nigeria. World Journal of Advanced Engineering Technology and Sciences. 2022;5(1):39-46.

[28] Ewona I, Ekah U. Influence of Tropospheric Variables on Signal Strengths of Mobile Networks in
Calabar, Nigeria. Journal of Scientific and Engineering Research. 2021;8(9):137-145.

[29] lloke J, Utoda R, Ekah U. Evaluation of Radio Wave Propagation through Foliage in Parts of
Calabar, Nigeria. International Journal of Scientific & Engineering Research. 2018;9(11):244-249.

[30] Ekah, UJ, lloke J, Obi E, Ewona I. Measurement and Performance Analysis of Signal-to-
Interference Ratio in Wireless Networks. Asian Journal of Advanced Research and Reports. 2022; 16(3):
22-31.

[31] Ewona, 1., Ekah. U. J., Ikoi, A.O. & Obi, E. (2022). Measurement and Performance Assessment of
GSM Networks using Received Signal Level. Journal of Contemporary Research. 1(1): 88-98



