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ABSTRACT

Mobile cellular communication offers an efficient means to connect the world as a global
village. Despite mobile and personal communication advancements, the existing wireless
infrastructures suffer from signal attenuation in both uplink and downlink communication. 5G
millimeter-wave application in mobile connectivity to realize high-speed and reliable
communication is attributed with high path loss and absorption losses than existing cellular
network operating in the 2G, 3G, and 4G technology infrastructure. This research project
presents a detailed 3D ray-tracing technique at 28 GHz and 700 MHz for Lagos Island, Nigeria
to investigate five unique path loss scenarios: path loss, free space path loss with antenna
pattern, free space path loss without antenna pattern, excess path loss with antenna pattern, and
the excess path loss without antenna pattern for an urban environment. To achieve an accurate
path loss model the Close-In (C1) model, Floating Intercept (FI) path loss model, Hata model,
ECC-33, COST-231, Okumura-Hata path loss models were developed. Root mean square error
(RMSE) analysis was used to evaluate the prediction performances of the developed optimal
path loss model for Lagos Island. For the case of 28 GHz, the average achieved Fl (a, £, o)
parameters were 189.92352, 0.1654 dB, and 0.66948 dB, While the average CI (n, Xo)
parameters were 2.309355 dB and 56.236425. From all the scenarios evaluated, the lowest path
loss exponent achieved was 0.45 dB, while the highest path loss exponent was 3.8. We have
established that the FI path loss model accurately characterizes path loss for the Lagos Island
environment with the lowest RMSE of 0.0359 dB and the highest RSME of 0.0997 dB. In
contrast, the CI model over-predict the path loss at 28 GHz with the lowest RMSE of 0.0495
dB and the highest RMSE of 2.2547 dB. For the 4G LTE at 700 MHz, The CI model had a
better prediction accuracy for transmitter point two. The ECC-33 path loss model had an
optimal path loss prediction with the least RMSE of 0.6743 dB. The EGLI path loss prediction
model showed a pessimistic performance with the highest RMSE of 2.2496 dB, followed by
HATA-Okumura with 1.9606 dB and COST-231 extension-to-Hata path loss model with
1.9399 dB. This work opens a new area of research on mm-Wave at 28 GHz in Lagos Island,
and the results obtained from this work can be used to benchmark future studies on mmWave

in a similar environment.

Keywords: Millimeter Wave, Path Loss modelling, Close-In model, Floating Intercept model
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CHAPTER ONE
INTRODUCTION

1.1  Background of the study

The exponential growth in data demand, communication infrastructure, mobile
subscription, and high mobile and 10T devices penetration has significantly stretched the
cellular bandwidth requirements. Future communication technology needs to improve
spectral efficiency, increase bandwidth, and improve spectrum reuse technology to
overcome the current limitations of cellular technologies. Machine learning application has
a vast potential to solve socio-economic challenges and transform business models towards
realizing the 17 Sustainable Development Goals (SDGs) and the associated 169 targets
(Asadikia, Rajabifard, & Kalantari, 2021). Governments and public administrators can
exploit the sizeable coherent 5G mm-Wave communication infrastructure and mobile
connectivity ubiquity to realize loT-enabled Smart Cities and Connected Communities
(Andreev et al., 2015; Djahel, Doolan, Muntean, & Murphy, 2015). In this way, city
managers can effectively handle economic, social, and environmental challenges for
citizens' well-being (Atzori, lera, & Morabito, 2010; Francisco, 2020). Electronic and
mobile health applications can bridge the social and economic gaps between developing
and developed countries for better health care delivery in marginalized areas (Barjis,
Kolfschoten, & Maritz, 2013; Gurstein, 2005). Access to high-definition video content has
significantly contributed to the rapid growth of mobile data traffic. The resulting
unprecedented mobile data traffic add some stress to the current telecommunication
infrastructure in both rural, suburban, and urban areas.

Meanwhile, network operators are faced with the challenges of improving the network
coverage and capacity to meet up with the upsurge in mobile data traffic demand,
particularly in high-density traffic areas. Therefore, mobile network operators are expected
to optimize their network capacity to meet user Quality of Service (QoS) requirements.

Deployment of additional base stations is the most feasible approach to address this
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