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ABSTRACT

Microwave link operates at high frequency approximately 10 GHz and above, and it
suffers from high attenuation in the tropical region due to high rain intensity.
Therefore, a microwave designer should consider this effect in the design so that the
link can be operated with good quality of service, high availability and reliability. This
study is about analysis of rain fade in a tropical country, Comoros, where the rain
intensity was considered from ITU-R Recommendation. This rain intensity was used
to determine the rain fade for earth-to-satellite of links operating in this country at L,
C, Ka, Ku and V bands in horizontal, vertical and circular polarization for 0.001% to
1% of exceeded per year.Methods used for this study are the procedure of prediction
attenuation (ITU-R P.618) and modulation techniques.From the analysis, it was found
that the link has availability to work from 99.999% to 99% with least effects in all
frequency bands at vertical polarization, except in V-band. At 99% of availability, it
shows that B-PSK is the best technique for modulation to make the proposed link more
reliable. To attain 10dB fade margin which allows the antenna to reach certain quality
of services, the gain receiver, diameter and figure of merit were increased while the
footprint was maximized. The outcome of this study will be useful resources used to
upgrade the availability and reliability of earth to satellite microwave link in Comoros.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND STUDY

In general, microwave link system for the earth —to -a satellite is designed to be
operated at high frequency approximately 10 GHz and above. To operate up to 10 GHz
(Freeman, 2006;Islam, Rahman, Hossain & Azad, 2008), it suffers from high rain rate
attenuation which may affect the signal transmission due to heavy rain in the tropical
countries. It is highly affected by propagation impairments by this heavy rain especially
those operating at higher frequencies. This effect is the main problem of microwave
link faces when operating in such countries. Comoros is one of the tropical countries
and therefore the microwave link operated is entirely influenced by the high rain
intensity especially during the period of heavy rainfall. Therefore, to evaluate this effect
on the signal and the performance of the microwave link operating in Comoros, the in-
depth analyses have been done to evaluate the range of availability and unavailability
of this link at all frequency bands such as L-band (2 GHz), C-band (4 GHz), Ku-band
(12 GHz), Ka-band (20 GHz) and V-band (40 GHz) in three polarizations such as

horizontal (PL_h), vertical (PL_v) and circular (PL_c).

The prediction attenuation was derived from ITU-R Recommendation of rain
attenuation and the ones obtained from simulation have been analysed to identify the
overall availability and the outage time of the proposed link operated under the rain
effects at all microwave’s frequency bands with their respective polarizations. Also, this
study intends to analyse the performance of the microwave link budget to transmit high

data rate of the signal with a minimum loss.Moreover, the modulations technique (B-



PSK, Q-PSK and 8-PSK) were used to estimate the carrier to noise ratio (CNR) under
two environment conditions such as in clear air and during rain with their respective
bits errors rate (BER) at outage of year percentage (0.01%). The evaluations will
determine the required frequency band for backup from optical link with 100 Gbps
capacity (5G wireless) to the proposed microwave link without failure of signal and
much loss. Hence, the achievement of these evaluations is the goal of this study. The
prediction attenuation model based on the ITU-R of rain attenuation (ITU-R P.618-
12/13) (Series, 2015)included with other model such as (ITU_R P.839-3/4&/837-7/838-
3),(Sector, 2001; Series, 2012; Union, 2005) have been used by other researchers in the

same field of study and therefore this study proposed to use the same model.

1.2 PROBLEM STATEMENT

Microwave link used in communication system is the beam of radio waves based
on microwave frequency band to send high data rate signal between transmitter and
receiver. This quality of service introduces a lot of activities in Telecom Company of
Comoros in such way many Telecom operators use this link for many purposes; for
providing their client with high-speed internet access without using cable, use telephone
calls between switching center of microwave link to ensure proper communication
between severs and users. Although the earth -to satellite transmission link brings a lot
of benefits from their companies and users, but during rainfall, the microwave spectrum
is mostly unavailable for them to exchange data especially when this link is operating
at higher frequency. Therefore, the signal is affected which causes the serious failure of
signal in some of frequency bands at some polarization. At outage, the performance of

the link is getting worst and worst in such way there is degradation of transmission



signal in based station system. Since, there is another alternative of transmission signal
such as fiber optic, the transmission signal is wisely transmitted without losing data.
However, the problem is when the fiber is faulty, it is needed to do backup from optical
link with 100 Gbps (5G wireless), there is a big loss in such way it affects the quality
of the services; the outcomes of the service is also bad. So, they are the main problems
that have been highlighted to find the solution in this particular link to make it more

reliable.

1.3 RESEARCH OBJECTIVES

The study aimed to achieve the following objectives:

1- To analyse the rain fades for the earth to satellite microwave link operating
in Comoros at different frequency bands in three polarizations (vertical,
horizontal and circular).

2- To design earth-to-satellite microwave links operating at L, C, Ku, Ka and
V-bands.

3- To evaluate the link performance in clear air as well as due to rain at all five

bands.

1.4 RESEARCH METHODOLOGY

1- Comprehensive literature review has been done in these two following
areas; rain effects and performance of the microwave link where most of
the researchers applied robust studies on microwave transmission at high
frequencies because of the failure of the signal due to heavy rainfall

depending on their geographical area.



2- Analyze these rain effects as well the performance of their proposed link
using the ITU-R recommendation of rain attenuation including with
another modeling (modulation techniques such as BPSK, QPSK and 8-
PSK). EXCEL software has been used to drive all quantitative data of these
effects (APPENDIX A-C) which is used in MATLAB for the simulation
result shown in section 3.6 and 3.7.

3- The mathematical model used based on the previous researchers (Freeman,

2006; Mandeep & Zali, 2011).

Figure 1.1 shows the flow of the project used as the methodology to achieve

the objectives.





