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ABSTRACT

The demand for radio frequency spectrum is rapidly increasing to serve a large number
of customers in business, government, and private sectors. Hence, 5G is forcibly
moving forward to utilizing millimeter-waves frequency bands. Rain is the main source
of impairments for the radio wave when the frequency is higher than 10 GHz. Rain
attenuation can be obtained directly from measurement or predicted from a knowledge
of rain intensity. The accuracy of rain attenuation prediction on short-range mm-waves
terrestrial links is vital for signal strength prediction and link budget design for 5G
systems and beyond. However, recent measurements at mm-wave with short path
lengths (less than 1 km) show that all prediction models, including ITU-R P.530-17,
cannot predict the measured rain attenuations. Two modifications are proposed on ITU-
R P.530-17 rain attenuation model. Firstly, the distance factor is analyzed thoroughly.
A modification on distance factor is presented as “Increment Factor” (Iy) for path
lengths less than 1 Km and updated based on measurements at 26 and 38 GHz at 0.3km
path length for one year period in Malaysia, at 25 GHz for 223 m path length in Japan
and 75 GHz for 100 m path length in Korea. Secondly, an effective rain rate concept
(Reff) is also proposed and modeled to eliminate the need for effective path lengths,
representing rain intensities variations over a very short path. Several available
measurements from various geographical locations in Malaysia and abroad with
different frequencies and less than 1 km path lengths were utilized to validate both
models and find good agreement. Rain attenuation impacts path loss, path loss
exponent, and shadow fading are analyzed using two large-scale fading path loss models
namely 3GPP and NYUSIM. The randomness behaviour of rain attenuation increases
path loss exponent (PLE=2.79 at Ro.01% =125 mm/h). The NYUSIM channel model
provided a better estimation of the measured data of path loss compared with 3GPP.
The close-in (ClI) path loss model which has been implemented by NYUSIM is modified
by including the Path Loss Exponent and Shadow Fading as a function of the percentage
of availability (%P of time). The proposed probabilistic path loss model, which is a
combination of the close-in reference LOS free space path loss, rain attenuation based
on modified ITU-R P.530-17 and shadowing at different probabilities, can predict the
path loss more accurately in tropical regions. The average path loss value is found at
132.36 dB at 38 GHz with a path length of 300 m for one year period and is located at
144.5 dB with considering shadowing in the urban region with 6SF = 5.22 dB. This has
been realized from the analysis that the 99.99% reliability with 300m link can be
designed at 38GHz with an additional 12 dB fade margin in the tropical region. All of
these findings will be beneficial to develop 5G channel models in an outdoor
environment, especially for mm-wave and short-path lengths applications with high
reliability.
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CHAPTER ONE

INTRODUCTION

1.1 GENERAL BACKGROUND AND MOTIVATION

The current microwave band, typically below 6 GHz, has been fully utilised and
progressively congested. For this reason, mm-wave technology captures the research
community's high interest as these potential channels for supporting extremely high data
rate in future wireless systems (Rappaport et al., 2013; Karagiannidis et al., 2017; Petrov,
2020). Furthermore, the mm-Waves band has substantial access to 10 Gbit/s bandwidth
with the maximum data rates (Sun et al., 2018). In light of this, mm-wave is strongly
recommended for future services and applications such as real-time video streaming and

the rise of the Internet-of-Things (Rappaport et al., 2017).

Mm-wave and small cells can be coordinated to data transmission links and
backhaul by utilizing the same frequency band (Liu et al.,2019). However, mm-wave
considered the extremely high frequency (theoretically range from 30 GHz-300 GHz) with
wavelengths ranging from 1 to 100 mm (Lam et al.,2017). Because of the small wave length
of mm-waves It is possible to pack many high-gain antennas array on-chip into the mm-
wave transceivers due to the very small wavelength at mm-wave frequencies. Additionally,
CMOS technology can utilize well into the mm-wave frequency bands cost-effectively
(Gupta & Jha.,2015). Mm-wave technology in mobile systems can employ highly

directional antenna radiation patterns using beamforming to gain better spectral efficiency,



overcome propagation losses, and decrease interference's influence. Mm-wave is

characterized by inherent security and privacy because of narrow beamwidth.

Furthermore, mm-wave technology is also qualified as power- and noise-limited
rather than bandwidth- and interference-restricted for conventional mobile systems (Jasim,
2018). One significant benefit of the mm-wave spectrum is that it offers long, continuous
band allocations at significantly reduced licensing costs, which is much lower than the
microwave band (Hong, 2018). Therefore, it can be utilized to provide high throughput in
a small geographic area. The latest ITU World Radiocommunication Conference 2019
(WRC-19) WRC-19 proposed by the ITU states that 24-86 GHz bands will be considered
for 5G. The simplified frequency spectrum and bandwidth chart presented by the ITU is
represented in Figure 1.1. Many countries have started arranging commercial 5G networks

focusing on the spectrum range 26.5 GHz to 29.5 GHz (Han et al.,2019).
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Figure 1.1 Millimeter-wave spectrum with expected bandwidth source:
(Shimodaira et al., 2015)

However, few challenges faced by wideband communications for terrestrial mobile

applications become clear and must be solved (Rappaport et al.,2013; Wei et al.,2014;



Rangan et al.,2014; Xiao et al.,2018). Like other cellular communication systems, the
applications of mm-wave frequency-based 5G mobile networks in a specific environment
require comprehensive knowledge of the propagation features.

Mm-wave frequencies suffer from severe propagation losses compare to the sub-6
GHz frequency band. The propagation parameters, such as path loss, frequency-
dependence material penetration loss, propagation mechanism (i.e., reflection diffraction,
scattering), delay spread, atmospheric attenuation oxygen absorption, and the effect of rain,
foliage, and other attenuation losses are adopted to characterize the radio propagation
channels (Hemadeh et al., 2018; Rappaport et al., 2017). These parameters can be acquired
mainly by reviewing the measurement of data campaigns conducted in diverse
environments. Because of these propagation impairments, mm-wave signals' utilisation
has been confined to particular applications such as indoor services or short-range
communications. Ultimately, the development and implementation of accurate propagation
models are vital for wireless communication, starting from equipment design, system
design, optimization, and performance. Hence, channel modelling is a significant supplier

to link and system-level performance (Ju et al., 2019; Han et al., 2020).

Most notably, since each country has diverse climate factors and terrain profile, it
necessitates a channel model of 5G developed autonomously to realize a particular area's
best performances. Until now, the stud of mm-wave propagation for 5G applications in the
outdoor environment is still limited. In light of this, many researchers worldwide have
become increasingly interested in this regard, but tropical regions remain insufficiently

investigated.



In the design of 5G systems and beyond, fading characteristics due to high rainfall
and atmospheric propagation are considered the most significant challenges to improving
system capacity and meeting quality and ultra-reliability criteria (Zhang et al.,2019; Han
et al.,2020). A formulation of the rain fade and directional path loss for short-range
transmission requires extensive propagation measurement at various path length data at
different climatic zones for complete modelling of rain attenuation phenomenon (Shayea
etal., 2018; Huang et al., 2019; Shrestha and Choi., 2019; Luini et al., 2019; Akron., 2019).
Therefore, the study of tropical outdoor mm-wave channel description is significantly
related to preparing mm-wave-based 5G applications with short ranges. To implement,
establish, and maintain good-quality mm-wave links for directional transmission in a small
cell in the tropical climate, rain characteristics and its impact on mm-wave propagation
must be embedded in channel modeling based on tropical measurements. This research has
investigated and modeled mm-wave propagation for outdoor mm-wave channels in the
tropical environment based on rain intensity and rain attenuation data at mm-wave

propagation measured in the Malaysian tropical climate.

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

5G technology is proposed as a great opportunity based on the mm-wave frequency band.
Hence more research to investigate the possibilities and challenges of developing these
valuable resources is an urgent requirement. Utilizing mm-wave in outdoor environments
is still a considerable challenge. Intrinsically high path loss with distance from the
transmitter to the receiver is causing large signal strength variability between LoS and

NLoS conditions which causes a challenge to establish coherent communication.





