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ABSTRACT

This research is aimed at predicting propagation path loss model which can be helpful in planning
the best Global System for Mobile Communication (GSM) networks in Dutse town, Jigawa state
Nigeria. The methodology employed is measurement and instrumentation method. Digital wheel
meter and handheld Spectrum analyzer (AAronia AG HF 2025E spectran) were used to measure
signal path loss at Garu, Fagoji, and Takur and Gida dubu sites in Dutse town respectively. The
outdoor fields’ measurements were carried for the GSM services provided by Airtel, MTN, Glo and
Etisalat communication companies in the state. The average measured path losses were compared
with the predicted and result were presented in tabular and graphical forms.The result presented
thatthe variance of the average values lies between 2 to 7dB which is within the acceptable range.
This shows a significant correlation between the measured and predicted models. Therefore the
empirical model developed from Log-Normal shadowing concept can work for GSM network
service providers for planning and optimization their services in Dutse, Nigeria.

Keywords: GSM Network Service Providers, Path loss Measurement, Propagation Model,
Planning and Implementation.

INTRODUCTION

Access to Global system for mobile Communication (GSM) has dramatically increased in Africa
since late 2000s. In Nigeria it became most active industry in 2004 to the present day. The quality
of service provided by the key players in the industry becomes so worrisome by the users. The
numbers of network service providers continue to increase, but the quality of services offer is poor
due to several factors. Therefore, there is urgent need by Nigerian Communication
Commission(NCC) to checkmate the activities of these network service providers, in addressing
the factors that militating against provision of excellent service to their teaming customers [1]. The
investigation and identification of the possible factors and proper solutions through scientific
findings became necessary towards solving problems faced by the customers.A research survey
conducted by D. A. Shalangwa 2012, through interview with cross section of GSM subscribers
within the investigation areas shows there were difficulties experienced by the subscribers of these
network service providers. The difficulties experienced by subscribers are; network busy, frequent
call drops, an echo, is not available, poor inter and intra connectivity, cross talk interference during
conservation and signal fading among others. Factor that affect GSM signal strength within the
study area may include snow, fog, rainfall, propagation mechanism such as reflection, refraction,
diffraction, scattering, free space loss, foliage and geographical features [2][3].Wireless radio
channels are hard to predict, because mobile radio channels have a random behavior unlike
stationary line of sight channels. When considering wireless radio channels there is need to
consider all the factors into account that transmission path could be in line of sight or could be
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obstructed with objects like buildings, mountain etc. when considering the case of wave
propagation in urban environment then, we have multiple reflection from high rise buildings and
many such types of objects under these circumstances, electromagnetic waves travel through
different paths having varying length, when these waves interact at a point, the received signal
generates multipath fading, due to these factors, the received waves have varying strengths and
also depends on the distance between transmitter and receiver [4]. Therefore, this research is aimed
at predicting propagation path loss model for four GSM network service providers within Dutse
town in some selected areas.

Review on Propagation Path Loss Models
A number of propagation models, both theoretical and empirical, are available to predict path loss
over different types of terrain. However, this study reviews only four models as follows.

Free-Space Propagation Model.

In free-space, the wave is not reflected or absorbed. Ideal propagation implies equal radiation in
all directions from the radiating source and propagation to an infinite distance with no degradation
[5]. Free-space attenuation increases as the frequency, (in MHz) goes up for a given unit distance
d in (Km). Equation (1) below present the formula to calculate free-space path loss (PLrs).[5]

PLEs(aB)=32.5420108(A)+ 20 108(F) crorevrrrereseeseeesse s seesseeeso @

Keenan-Motley Model

In contrasts to the losses that account between the medium of transmitter and the receiver there are
other losses that play a vital role when focusing on indoor environment such as floor separation
and penetration losses due to walls. This is shown in equation (2) below. [6]

PLFS(d)=free—space+wallloss ........................................................... 2
Therefore, Keenan-Motley Model is given as[6];

L(aB)=32.5420108(f)+20 108(d) +D+W ) +HK*F () rrereosseeossemsres s eesee 3)
Path loss slope model
Another model used to calculate path loss in indoor environment is the path loss slope. Path loss
slope are attenuation slopes that are obtained from different indoor environment by performing
large amount of measurements [7][12]. Path loss slope models obey the distance power law model
as described in logarithmic distance model below.[7]

PL(dB)=PL(do)+1onzog(d) ............................................................................................... )
Where, PL(do) is the path loss that is measured at 1Km distance which is given by32.5 +
201log(f) + 201log(d)and n is the path loss slope coefficient.

Log-Normal Shadowing Model

In terrestrial wireless communication, signal propagation may be characterized by such factors as
path loss, shadowing and fading. Path loss has been defined as the attenuation effect on the signal
as it propagates from the transmitter to receiver. When the received signal strength gradually varies
around its mean value, this phenomenon is called shadowing. While fading describes the frequent
fluctuation in the received signal strength due to the arrival of the signal at different time as a result
of multipath.

A simple power law path loss model [8] was chosen for predicting the distance over which a
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reliable communication link can be established between two mobiles. A modified version of the
power law path loss model is given by [9].

PL(giy = PL(goy + lOnlog(d aiy + D (5)

PL(dl) PL(do)
1010g(—)

Where, Xo is a zero-mean Gaussian distributed random variable (in dB) with standard deviation
o (in dB), which attempts to compensate for random shadowing effect where linear regression
analysis is been employed, the path loss exponent n, can be determine (in mean-square error sense)
the difference between measured and predicted values of the model yieldthe equation below given
by [8]. '
n=YL, [PLM(di) = PLP(di)/ 211 10108 (5) o e (7)

Where Prm(di) represent measured path loss and Pre (di) represent predicted path loss at any
distance di, n is the number of the measured data or sample points. The standard deviation is
equally minimized as[9].

0=\ 1/N X[PLM (i) — PLP(A0)]2..ooieoireeeeereeereeereeeeeseeesses s (8)

Also, received power Prin (dBm) at any ‘D’ from the transmitter, with transmit power P in (dBm)
is given P; (dBm) = P; (dBm)-PL (dBm)..........oooiiiiiii, 9)

However, for 100m <di< 1Km using equation.

Therefore, PLgy=10log(PyPr) dB..........oooiiii (10)

Recall, path loss exponent indicates the rate at which path loss increases with distance. Path loss
can therefore be estimated by using data obtained from field measurements, which are substituted
into equation (6).

Then, equation (10) becomes:PLg4;) =PL40) + 1Onlog(§_z)d3 .................. (11)

Where PL (do) is the reference path loss measured at the reference distance (do), n, is the path loss
exponent (usually empirically determine by data obtained from field measurements. It is
significant to select a free space reference distance that is appropriate for the propagation
environment. In large coverage cellular systems 1km reference distance is commonly used whereas
in microcellular systems much smaller distance such as 100m to 1Km are used [10]. The reference
distance should always be in the Far field of the antenna so that near field effect do not alter the
reference path loss [11]. In this research work we desire to choose do=100m as a reference. The
path loss exponent n then can be derived statistically between measured and predicted path loss.
Refer to equation (6), the expression PLm (di) - Prp (di) is an error term with respect to n, and the
sum of the mean square error, e(n) is therefore express as [11].
e(n)=x",[PLM(di) — PLP(di)]?. et N ..(12)

The value of n which minimize the mean square error (MSE) is obtamed by equatmg the derivative
of equation (12) above to zero and solve for n.

am)
P 0 (13)

INVESTIGATION AREA AND METHODOLOGY
Dutse Town is the capital city of Jigawa State, North-Western Nigeria. It is an urban city
characterized by sites located near moderate and tall mountains, residential and commercials
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buildingsas well as small scale industries and offices. The town has communication towers and
high density of both human and vehicle traffic. The GSM service providers in the town are Airtel,
MTN, Globacom and Etisalat operating between 900MHz and 1800MHz, with average base
station antenna of “30m to 35m” height, transmitting power within the average of 40W.The
methodology employed for this study is measurement and instrumentation method. A digital wheel
meter and handheld Spectrum analyzer (AAronia AG HF 2015E spectran) were used to measure
signal path loss at Garu, Fagoji, Takur and Gida-dubu sites in Dutse town respectively. The
instrument wasinterfaced with LC software and PC to measure the received signal strength (RSS
in dBm) while digital wheel meter was used to measure the distance from reference point ofBTSs.

Data Collection and Analysis

To derived and optimize empirical model suitable to the area under investigation, fieldRSS
measurementswere conducted. Tablel below shows the average values of the measured RSS and
the corresponding values of the measured and predicted path losses for specific distances.

Table 1: Measured and Predicted path losses for Airtel Service Provider

Distanc | Average Measured Prp (di) in | Pom(di)- [PLm (di)-Prp (di) in
ein ‘m’ | power (RSS) | Pum(di) in | (dBm) Pre(di) in | (dBm)
in (dBm) (dBm) (dBm)

100 -50 66 66 0 0

200 -51 67 66+3.01n 1-3.01n 1-6.04n +9.1204n>

300 -54 70 66+4.77n 4-4.77n 16-38.16n
+22.7529n”

400 -57 73 66+6.02n 7-6.02n 49-84.28n
+36.2404n>

500 -58 74 66+6.99n 8-6.99n 64-111.84n
+48.8601n>

600 -59 75 66+7.78n 9-7.78n 81-140.04n
+60.5284n>

700 -62 78 66+8.45n 12-8.45n 144-202.8n
+71.4025n°

800 -65 81 66+9.03n 15-9.03n 225-270.9n
+81.5408n>

900 -69 85 66+9.54n 19-9.54n 361-362.5n
+91.0116n>

1000 -72 88 66+10.00n | 22-10.00n 484-440n + 100.00n>

Table 1, PLm(di) wascomputed from equation (10) and Prp(di) was computed from equation (11)
using Pt = antilog (RSS/10), while the mean square error were determine using equation (12)

e(n)= Y[PLM(di) — PLP(di)]*= 524.3969n%-1656.56n +1425=0 applying equation (13)
20— 2(524.3969n)- 1656.56=0

N= 1656.56 -16

1048.7938
The standard deviation o (dB), about a mean value is also evaluated using equation (8)
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o=y1/N Y[PLM(di) — PLP(di)]?

o =\/1/1O 2.[524.3969(1.6)2 — 1656.56(1.6) + 1425]? = 3.6dB

Substituting for Pr(do), n and ¢ to compensate for the error into equation (5) will lead to
development of a modified Log-Normal Shadowing Empirical model for Dutse Town and its
environs given byPi(di) = 66+10(1.6) log(di/do) + 3.6 (dB)

Therefore the resultant path loss model for Dutse town environment is Pr(di) = 66 +16log
(di/do......... (14)

RESULT

The procedure for measurement and derivationcarried out leading to the determination of Py, (do),
n and owhich result to the development of empirical model of Airtel, were repeated for the
remaining network service providers selected for this research. Table 2 below present the result
obtained for MTN, Globacom, and Etisalat under the same operating conditions.

Table 2: Reference path loss and standard deviation

Parameter Airtel MTN Globacom Etisalat
N 1.6 1.7 1.6 2.1

o in (dB) 3.6 3.1 2.4 5.2
Path loss(do) in | 66 60 68 63

(dB)

Thepath loss values were substituted into equation (5), and the modified Log-Normal Shadowing
model for the respective becomes:

PvL (Airtel) (di) = 66 + 10(1.6) Log (di/do) + 3.6 (dB)............coeieiiiiiiinin. (15)
PL (MTN) (di) =60 + 10(1.7) Log (di/do) + 3.1 (dB) .....ccoiiiiiiiii, (16)
PL (Globacom) = 68 + 10(1.6) Log (di/do) + 2.4 (dB) ..., (17)
PL (Etisalat) = 63 + 10(2.1) Log (di/do) + 5.2 (dB) «..cooeiiiiiiiiii (18)

Hence, equations 15 - 18 above were used to generate the data in Table 3 below. The data presents
the measured path lossesat different distance for the GSM operators in the studyarea. It also
presents the average path losses for the network services and compares with one another.

Table 3: Measured path losses from the proposed modified model

Distance in (m) | Path loss in (dB) | Path loss in(dB) | Path loss in (dB) | Path loss in (dB)

Airtel Network | MTN Network Globacom Etisalat Network
Network

100 69.60 63.10 70.40 68.20

200 74.42 68.22 75.22 74.52

300 77.23 71.21 78.03 78.22

400 79.23 73.34 80.03 80.84

500 80.78 74.98 81.58 82.88

600 82.05 76.33 82.85 84.54
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700 83.12 77.67 83.92 85.95
800 84.05 78.45 84.85 87.16
900 84.87 79.32 85.67 88.24
1000 85.60 80.10 86.40 89.20
Average 80.10 74.27 80.89 82.30

Table 4: Measured and Predicted path losses

Airtel | MTN | Globacom | Etisalat

Average measured path loss in (db) | 75.70 | 70.20 | 78.30 76.10

Average predicted path loss in (db) | 80.10 | 74.27 | 80.89 82.30

Figure 1 and 2 below shows the graphical representations of measured path loss against distance
and average measure propagation path lossrespectively.

s N
p .
Betbdoss akyB)
: th los Jb °e} ﬁ%ﬁs EF IR?HB OSS\AI/T)(‘E? %‘P V\Mekvg@{
h Path-loss.in g{Bﬁ E\',:S,% {;,%ﬁkt Etisala etwork
Path |OE§|§QI€iBNetwor 3.[10.. Average ,82.3
| Path o5 1o (el etwork: 28022
Etisalat Network, 6‘052
° 68.2 —__ .Paffrloss iRFHBIGSS iR38 'Ssﬁﬂthﬂ?ﬁﬂﬁ(dg)k
s o Pewwss e eaee e
s Path-lossdn Bng (R\o aco BRGR 00, 82.85 700 '83. 92800(%QW§%0”<
: Path los&inljdBom Net\geblr(n 03500 81.5¢° Path loss in (dB) GWB5e8Fy 80-89
i 78,037
a | Globacom Netw06k,75.22 Network
100,704 Path loss in(dB) MTN Network
d . de),mﬂﬁmmﬂﬁpdg).m;mm,aaiﬁhdeiwﬁ(ﬁﬁi MTN
B ] =Rath |O§?ig dB NS VAL vl A EIALAY B s e
Path loss 'NE%)/ME
m Network, 100, 63.1
[/ > es;) m.&da) Airtel
Do p :.! o 06P2883
Network Iﬁ!@b‘”@é‘% A
/ Path loss in (dB)
/ = daRiensiBie|

Globi#ietimaN&v@rk, , O Distance in Metre (m)




Proceeding of the 1st Annual International Conference held on 17th-19th April 2018, Machakos
University, Kenya

Figure 1: measured path loss against Distance

\

Figure 2: Average measure Propagation Path loss
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Figure 3: Average measured and predicted path loss

DISCUSSION

Figure 1 presents path loss against distance for the GSM network service providers, considered in
this research work. From the result graphically plotted, it shows clearly that path loss for the GSM
operators increases at slightly different rates over the measured distance although its values vary
from each operator. This is due to the location of the base station or height of the transmitting
antenna and the compatibility of the environment, like trees, high rise up buildings and others
factors in the area investigated.Figure 2 presents the overall average of propagation path loss
measured for GSM operator; Etisalat network has the highest path loss great than that of Airtel,
MTN, and Globacom with 8.03dB, 2.59dB and 2.20dB respectively.

CONCLUSION AND RECOMMENDATION

An empirical model was developed forplanning and optimizing Global System for Mobile
Communication (GSM) networks which addresses poor quality of services provided by GSM
service providers in Dutsetown. The average path losses predicted are 80.10dB, 74.27dB, 80.89
and 82.30dB, while the measured are 75.70, 70.20, 78.30 and 76.10 respectively. However,
according to R. Rakesh 2012, the acceptable range between measure and predicted result lies
between 1 < P1 < 20dB. Therefore, the variations of the average values obtained lie between 2 to
7dB, which is within the acceptable range. Therefore, it can be concluded that the modified model
developed from Log-Normal shadowing model can be useful to GSM network service providers
for planning and optimization their services in Dutse, Nigeria. The study recommend that Nigerian
Communication Commission (NCC) which is the regulatory body should mandated the GSM
service providers in the country to experimentally test their desired scientific model to ascertain
its practicability at planning stage before the release of the operating license. Similarly, future
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studies should test the practicability of three different types of models and compare their suitability
at same environment.
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