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ABSTRACT

The introduction of fifth-generation (5G) mobile communication technology
has new features such as millimetre wave operation, small cell size and multibeam
base station antenna to meet massive multiple-input multiple-output (MIMO)
requirements. The introduction of fifth-generation (5G) mobile communication
technology has new features such as millimetre wave operation, small cell size and
multibeam base station antenna to meet massive multiple-input multiple-output
(MIMO) requirements. At millimetre wave, the base station antenna size is expected
to be less than 30 cm, and aperture antennas such as the reflector and the dielectric
lens antenna can be among the alternatives to replace the present array antenna. Based
on previous works, the dielectric lens antenna was designed to produce excellent
multibeam radiation patterns as compared to the reflector antenna. Many lens antennas
have been reported for various applications such as airborne radar and vehicle’s
collision avoidance system. For base station application, the lens antennas with small
thickness and curvature are required for light weight and ease of installation. The main
objective of this research is to propose a new lens design method for thin and small
curvature antenna and ensure its multibeam characteristics. By developing the
geometrical optics algorithm for lens shaping method in MATLAB software, the
conventional Aperture Distribution Condition (ADC) and the Abbe’s Sine Condition
(ASC) are designed to ensure the accuracy of the developed algorithm. In order to
achieve the thin lens and small curvature structure, a newly proposed design method,
namely Straight-Line Condition (SLC) lens at designed frequency of 28 GHz and
material with dielectric constant, ¢ of 4 was developed. At the lens size of 10 cm
antenna with ratio focal length-to-diameter, F/D=1, the SLC lens structure provides
thickness of 1.38 cm as compared to ADC and ASC with thickness of 1.7 cm and 1.48
cm, respectively. Multibeam radiation patterns of ADC, ASC and SLC were compared
by using electromagnetic simulator FEKO. Good multibeam radiation patterns for
SLC is ensured for scanning beam angle from 0° to 42.6°. To determine the optimum
feed positions for multibeam performances, the focal region ray tracing was conducted
in receiving mode by the Ray Launching-Geometrical Optics (RL-GO) solver of
FEKO simulator. New feed positions locus for SLC was obtained and compared to
ADC and ASC. For the practical application to install base station pole, the cylindrical
structure of SLC lens antenna was designed at the F/D ratio of 0.6 and polycarbonate
material with dielectric constant, ¢,0f 2.9 was selected. The practical size of cylindrical
height of lens antenna is 20 cm and the cylinder diameter is 29 cm with thickness of
about 5.13 cm. New feed position locus for SLC cylindrical structure was obtained at
F/D ratio of 0.6. From the near field distribution, phase constant and adequate
amplitude distribution on the aperture plane is ensured. Fan beam radiation pattern was
produced for the cylindrical lens. In the vertical plane, multiple beams radiation pattern
was achieved. The beamwidth of fan beam is 45° and vertical beam is 3.28° with
maximum antenna gain of 22.98 dBi. Good multibeam radiation patterns are obtained
for wide scanning beam ranging from 0° to 47.1° in the vertical plane. Gain reduction
is 6.56 dBi. As a result, the new proposed of cylindrical SLC dielectric lens antenna is
suitable for the use of 5G multibeam base station application.
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ABSTRAK

Pengenalan kepada teknologi komunikasi bergerak generasi ke-5 (5G)
mempunyai ciri-ciri baru seperti operasi gelombang milimeter, saiz sel yang kecil dan
antena berbilang alur stesen tapak untuk memenuhi keperluan besar pelbagai-input
pelbagai-output (MIMO). Pada gelombang milimeter, saiz antena stesen tapak
dijangka lebih kecil daripada 30 cm, dan antena bukaan seperti antena reflektor dan
lens dielektrik merupakan antara alternatif untuk menggantikan sistem susunan antena
sedia ada. Berdasarkan kajian lepas, antena lens dielektrik dapat menghasilkan corak
radiasi berbilang alur yang lebih baik berbanding antena reflektor. Kebanyakan antena
lens telah dilaporkan untuk pelbagai aplikasi tetapi terhad kepada radar bawaan udara
dan sistem pencegahan kemalangan kenderaan. Untuk aplikasi stesen tapak, antena
lens dengan ketebalan dan lengkungan yang kecil merupakan keperluan untuk
pemasangan yang mudah dan ringan. Objektif utama kajian ini adalah untuk
mencadangkan kaedah rekabentuk lens yang baru bagi menghasilkan antena yang nipis
dan mempunyai lengkungan kecil dan untuk memastikan ciri-ciri radiasi berbilang
alur. Dengan membangunkan algoritma optik goemetri untuk kaedah pembentukan
lens menggunakan perisian MATLAB, lens lazim dengan Syarat Taburan Bukaan
(ADC) dan Syarat Abbe Sine (ASC) telah direkabentuk untuk memastikan kejituan
algoritma yang dibangunkan. Bagi memperoleh struktur lens yang nipis dan
kelengkungan kecil, satu kaedah baru telah dicadangkan, iaitu lens Syarat Garis-Lurus
(SLC) pada frekuensi tereka bentuk 28 GHz dan bahan dengan pemalar dielektrik, &,=4
telah dibangunkan. Struktur lens SLC antena dengan saiz 10 cm dan nisbah panjang
fokal-terhadap-diameter, /D=1 menghasilkan ketebalan 1.38 cm berbanding struktur
ADC dan ASC masing-masing dengan ketebalan 1.7 cm dan 1.48 cm. Corak radiasi
berbilang alur bagi ADC, ASC dan SLC telah dibandingkan menggunakan
pensimulasi elektromagnet FEKO. Corak sinaran berbilang alur yang baik untuk SLC
telah dipastikan untuk sudut imbasan alur dari 0° hingga 42.6°. Bagi menentukan
kedudukan suapan yang optimum untuk pencapaian berbilang alur, kaedah penyurihan
sinar rantau fokus telah dijalankan secara mod-penerima oleh penyelesai Pelancaran
Sinar-Optik Geometri (RL-GO) dengan menggunakan pensimulasi FEKO. Lokus baru
bagi kedudukan suapan telah diperolehi untuk SLC dan dibandingkan dengan ADC
dan ASC. Bagi aplikasi yang praktikal untuk pemasangan tiang stesen tapak, struktur
silinder antena lens SLC telah direkabentuk pada nisbah F/D bersamaan 0.6 dan bahan
polikarbonat dengan pemalar dielektrik, ¢- bersamaan 2.9 telah dipilih. Saiz yang
praktikal bagi tinggi silinder ialah 20 cm dan diameter silinder ialah 29 cm dengan
ketebalan 5.13 cm. Lokus kedudukan suapan baru telah diperolehi untuk struktur
silinder SLC pada nisbah F/D bersamaan 0.6. Daripada agihan medan dekat, pemalar
fasa dan taburan amplitud yang mencukupi pada satah bukaan telah dipastikan. Corak
sinaran alur kipas telah dihasilkan bagi lens silinder. Pada satah tegak, corak sinaran
berbilang alur telah dicapai. Lebar alur bagi alur kipas ialah 45° dan bagi alur tegak
ialah 3.28° dengan gandaan antena maksimum 22.98 dBi. Corak sinaran berbilang alur
yang baik telah diperolehi untuk lebar imbasan alur antara 0° hingga 47.1° pada satah
tegak. Penurunan gandaan ialah 6.56 dBi. Kesimpulannya, antena lens dielektrik
silinder SLC baru yang dicadangkan amat sesuai digunakan untuk aplikasi stesen tapak
berbilang alur 5G.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Over the past three decades, we have all witnessed the rapid development of
mobile communication from devices to system as well as infrastructure. As mobile
communications standards evolve generation to generation, and now fifth generation
(5G), the number of air interfaces that base station must support has been increasing
rapidly. The evolution of this technology is shown in Figure 1.1. First generation (1G)
cellular systems that were analog telecommunications standards introduced in the
1980s. The voice channel typically used frequency modulation, and they used FDMA
techniques. 2G refers to second generation and based on GSM. The greatest triumph
in mobile communications boost the development of the third generation (3G) by
introducing WiFi, WiMax, UWB and 4G based on all-IP network infrastructure using
advanced wireless technologies such as MIMO-OFDM, these specifications display
features characteristic for IMT-Advanced (Arun et. al, 2019; Hang Wong & Luk,
2009). To cover 3G and 4G systems, base station antenna typically to support both the
low-band, ranging from 698 to 960 MHz and the high band, ranging from 1710 to 2690
MHz. (Guo and Bevan, 2019).

Mobile Broadband

Foundation of Moabile telephony Foundation of Mobile broadband for Anyone & Anything

mobile telephony for everyone mobile broadband for everyone

m—b IMT-2000 IMT-Advanced IMT-2020

1980s 1990s 2000s 2010s beyond 2020s

Figure 1.1 Evolution of Mobile System (MCMC, 2019)



Nowadays, 5G mobile system is emerging and driving to support increasing
demand for broadband services of many kinds delivered over mobile networks and to
support services for the Internet of Things (IoT) including for machine-to-machine
applications (Alnoman & Anpalagan, 2017; Rappaport et al. 2013; Ericsson, 2015). In
5G mobile system, many new technologies are required such as millimetre wave (mm-
wave), massive multiple-in multiple-out (MIMO) technology (Hong et al., 2017;
Cheng-Xiang, 2014), small cell size of multi beam base station antenna, advanced
multiple access and higher order modulation and coding. Most new base stations must
support both new and legacy mobile communications standards. This has led to over
more stringent requirements on base station antennas, such as isolation between
antenna elements and subarrays, cross polarization levels and beam width consistency
and for 5G particularly focus on a small cell base station antenna operating at
millimetre-wave frequencies (Gupta & Jha, 2015). Operation at mm-wave frequencies
is needed for 5G requires to provide high-speed communications. The frequency band
is a promising spectrum for 5G communication system requirements including higher
capacity for supporting simultaneous users. The current microwave frequency
spectrum (4G) suffers from congestion and cannot support the demand for higher data
rate mobile smartphone users due to the limitation of spectrum at these frequencies

(Rappaport et al., 2013).

Existing base station antenna is designed to cover 1 km area effectively by one
radiating beam and it is shared among users (3G and 4G). In the 5G base station, one
radiating beam is assigned to one user as shown in Figure 1.2. Multiple radiating beams
are requesting for 5G application in a base station antenna with approximately radius

200m of coverage area in one cell radio zone.
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Typical mobile base station antenna structure of an existing mobile
communication system (4G) is shown in Figure 1.3. This antenna configuration is
called a linear array antenna. The main difference to the existing base station antenna
is multi beam achievement. The array antenna structure is quite different from the
existing structure because it produces wide area coverage beam. The array feeding
circuit is designed to achieve a beam shaped suitable for the coverage area. The present
feed circuit should be replaced by a multibeam circuit that is required for new

multibeam 5G applications.
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Figure 1.3 Typical mobile base station array antenna in 4G system (Tseng et. al,
2008)



In developing new base station antennas, antenna size becomes around 20A (Mitsichita
& Yamada, 2014; Volakis, 2019; Xi Wang et. al, 2021) at 28GHz which suitable for
small cell size of 5G base station antenna requirement. Any antenna types such as
array, reflector and dielectric lens antenna probably a promising candidate for base

station application. Features of candidate antennas are summarized in Table 1.1.

Table 1.1 Comparison antenna candidates of multi beam application (Lo & Lee,
1993; Thornton & Huang, 2013)

Antenna Type Advantages Drawbacks
Patch Array v" Formed on one printed circuit v' Large feed circuit loss at
board (PCB) 28 GHz
v" Most simple structure v/ Multi beam number has
v Ease of fabrication limitation of 2N
v Multi beam shapes not
excellent
Reflector v" Good multi beam radiation v' Large antenna volume
characteristic
v No feeder loss
v Any multi beam number can be
achieved
Lens v Excellent multi beam radiation v' Large antenna volume. It
characteristic can be reduced by the
Simple structure than a reflector cylindrical structure.

No feeder loss
Any multi beam number can be
achieved

AN

In general, if a reflector can provide the required performance for a given
application, it should be used. However, since lenses are more versatile, especially in
wide scan angle performance, they are used in many applications that do not require
greater flexibility of a phase array (Donald, 1993). The recent development of light-
weight wideband artificial dielectric provides the possibility of conveniently
implementing multibeam antennas using optical techniques (Matytsine et al., 2012).
By taking into accounts on no feeder loss, very low network losses typically less than
0.5 dB, excellent multi beam shapes, a simple structure and good scanning
performance, the dielectric lens antenna is selected. Besides, it can be easily contoured
to any reasonable shape to produce a specified beam pattern (Lo & Lee, 1993). For
practical base station installation, a cylindrical lens structure is likely to form slim and

the lens thickness should be as thin as possible.



The proposed concept of a hollow cylinder structure is composed of a dielectric lens
as shown in Figure 1.4. For multi beam operation, many feed horns are arranged
around the vertical axis. The dielectric lens surfaces can be shaped to perform best

radiation patterns of desired multi beams.

dielectric lens antenna

refractive index

rE

multibeam

20h

Figure 1.4 Proposed concept of cylindrical lens antenna

1.2 Problem Statement

As for the multibeam lens antenna, the Luneburg lens composed of spherical
layered dielectric material is popular for achieving the same radiation patterns in wide-
angle region (Angela & Yang, 2011; Li et. al, 2019; Volakis, 2019). However, forming
the continuous varying material permittivity as a function of the lens radius is quite
difficult to accomplish in practice. As a result, the lens antennas composed of single
dielectric material and having many different types of lens surface curvatures have
been studied for various communication applications as well as its feeding network (Li
et al. 2019; Liang et al. 2014; Massimiliano et al. 2019). However, in those works, the
capabilities of performing wide angular scanning for multi beam applications were not

discussed in detail.



For multi beam operations, the shaped lens, designed based on Abbe’s sine
condition, has achieved good wide-angle multi beam characteristics (Jenkins & White,
1973). In achieving excellent radiation patterns, lens surfaces were shaped by ray
tracing based on the Geometrical Optics (GO) method (Zhou et al., 2013; Yunxiang,
2008; Mozharovskiy, 2015), were typically, lens shaping can be done by the aperture
distribution method or Abbe’s sine method (Lo & Lee, 1993; Thornton & Huang,
2013). Dielectric lens shaping methods were developed for low side lobe radiation
pattern and multi beam radiation pattern (Juha et al., 2016; Boriskin et al. 2011;
Peebles 1988). The lens shaping method is composed of three differential equations
such as two refraction law equations on the two lens surfaces and one lens forming
equation. For low side lobe and multi beam shaping, different lens forming equations
are employed. However, in order to satisfy the installation requirement, previous lens
shaping methods were not suitable. The conventional method of lens shaping is used
for single beam radiation pattern synthesis and the application were limited to airborne
radar and collision avoidance system. In (Yamada & Tajima, 2006), multi beam
radiation characteristics are studied sufficiently with Abbe’s sine case. However, for a
practical base station application in 5G system, the requirement of multi beam
scanning, ease of installation in a thin pole and lightweight structure should be
satisfied. The research questions for achieving suitable base station antenna are listed

as follows:
(1)  What lens structure is suitable for the use of 5G base station installation?
(i1)) How to design the lens structure?

(111) Is the designed lens having sufficient multi beam characteristics?

(iv) How to ensure the correctness of multi beam characteristics?

In addition to that, previous lens shaped scanning angles were limited to less than 30°
of angular range. Therefore, a suitable structure is requested in a 5G antenna system
to meet the requirements of multi beam scanning, ease-of-installation on a thin pole
and lightweight structure. It is an advantage to discover an antenna that combines high

gain and low interference levels with a very large coverage area.



1.3 Research Objective

The main objective of this research is to design a multi beam hollow cylindrical
dielectric lens antenna for 5G mobile base station. The proposed antenna will have the
capability to generate for wide angular coverage area of a 5G base station. The antenna
system shall be able to produce multiple beams, each with narrow beam width and

high gain. The specific objectives of the research are listed as follows:

1. To propose and model new lens design equation for lens shaping method and
to identify antenna parameters for achieving thin lens and small curvature;
ii.  To design suitable lens structure and to discover new locus feed position for
multibeam radiation pattern performances;
iii.  To design a cylindric dielectric lens antenna and validate locus feed position to
ensure multi beam radiation performance for practical 5G base station

installation.

1.4  Scope of Research

Lens antenna design for base station application is facing vast challenges due
to the ever-increasing demand for efficient performance and compact structure. One
of the scopes of this research is to design a light weight, small curvature and thickness
lens for 5G base station with large angular coverage area. The focus in this study is to
develop a new lens antenna shaping method for multi beam radiation pattern and base
station installation. Based on the objectives of this study, the initial study of lens design
shaping program is developed by MATLAB software and it is based on energy
conservation equation and Abbe’s sine equation for low side lobe and multi beam
designing, respectively. Installation’s condition and effort of trying new lens forming
equation such as straight line and so forth are considered. Therefore, the development
of a ray tracing model that can demonstrate all rays from feed to aperture plane

involved during illumination of lens antenna is the main feature of this research.



In the thesis, ray tracing program is developed based on initial structures to
demonstrate ray behaviours with respect to various parameters such as lens size, lens
focal length and the direction of incident beam. Analysis of radiation characteristics
and modifications of the antenna structures should be conducted. In order to find out
suitable structure, many design examples of lens shaping are studied. Radiation pattern
calculation program based on ray tracing of on-focus is calculated on a MATLAB
software. The multi beam characteristics are ensured by the electromagnetic
simulations, FEKO software for the performance analysis. Comparison of radiation
characteristics between new proposed design with the conventional energy
conservation and Abbe’s sine is analysed to clarify the usefulness of a new proposed
lens antenna from 0° to 50° scanning angle. Practical base station antenna is designed
according to the performance obtained by the asymmetrical structure with a suitable
dielectric material and ratio of focal length to lens diameter (F/D). The small curvature
and thickness of a cylindrical dielectric lens antenna is analysed for multibeam
performance. Near field distribution is ensured to discover correct feed position in
obtaining best performance of multibeam characteristics. Feed position analysis is
performed with respect to this configuration, by varying the phase centre of the feed
without changing the dielectric material and antenna structure. Furthermore, focal
region ray tracing (FRRT) analysis is also conducted for the antenna configuration to

determine a precise locus feed position for wide scanning performance.

1.5 Thesis Organization

The thesis is organized in six chapters as follows:

Chapter I presents the beginning and the scope of work of the thesis. The problem
statements and research motivations are explained in this chapter. The research

objectives of the thesis are also outlined to propose a new finding of the research.

Chapter II gives a brief introduction to evolution of various antenna used for base
station application from 1G to 4G. Various 5G antenna development are also discussed

by other researchers and its application. A comprehensive review of the antenna



shaping concept and various methods for wide angle scanning beam is described
according to power conservation and Abbe’s sine condition for various types of lens
antenna. Several feeding methods of lens antenna are described for the suitability for

lens feed radiator.

Chapter III explains the methodology, including the essential steps of designing the
lens shape and analysing the performance of the dielectric lens antenna. A
comprehensive flow chart is presented to describe all processes involved modelling
the ray tracing from feed to aperture plane, to ensure the shape is correctly design
based on respective lens design equations, determining the feed arrangement,
designing the antenna system comprises of designing feed and lens and analysing multi
beam performance from overall perspective. In this chapter, the justification on
parameters selection is discussed in conjunction with the particular design
requirements and regulations of 5G base station applications. Performance analysis for

analytical, simulations and measurement procedure are described in this chapter.

Chapter IV presents the important equations and algorithms involved in the ray tracing
program for designing a newly proposed thin lens antenna. This chapter shows three
design structures of axis-symmetrical lens antenna based on developed MATLAB
program of lens shaping and the analysis of radiation characteristics and ensuring multi
beam performance by electromagnetic simulation, FEKO. Three lens design equations

are presented for the analysis of multibeam characteristics performance.

Chapter V elaborates the results and analysis obtained from ray tracing program to
propose newly design equation for designing a cylindrical lens structure. The
fundamental correlation of feed points with radiation beams is illustrated in this
chapter. The positions of feed antenna are calculated on the basis of equation of feed
locus derived in Chapter IV. The results obtained in FEKO electromagnetic solver are
presented and discussed in this chapter. Several parameters are optimized to meet the
mechanical and physical requirements of the base station antenna. Significant results
are verified and compare with the modelling technique performed in the radiation ray
tracing. A detailed description of the focal region ray tracing process, which comprises
of transmitting mode and receiving mode ray tracing is shown. The principle and

theoretical description of lens shaping and focal region plane wave excitation in FEKO



is also addressed through detailed illustrations. Preliminary results of ray tracing for
centre beam by RL-GO solver are used to verify the accuracy of locus feed positions

for multibeam performances.
Chapter VI presents the concluding remarks of the works, analyses and results that

have been performed and obtained in this thesis. The key contributions in this research

are highlighted. Suggestions for future work are also presented in this chapter.

10



REFERENCES

Abhishekkumar & Kamalkishorchoure. (2016) ‘A Review on Operations and
Applications of Lens Antenna’, International Journal of Electronics and
Communication Engineering (SSRG). Vol. 3 (8). Pp. 52-54.

Aimeric, B., Nour, N., Cyril, L, Jorge R. C., Yuri, A et al. (2017) ‘Ball Grid Array
Module With Integrated Shaped Lens for 5G Backhaul/Fronthaul
Communications in F-Band’, [EEE Transactions on Antennas and
Propagation, vol. 65, no. 12. pp. 6380-6394.

Ala-Laurinaho, J. Karttunen, A. Raisanen, A.V. (2015) ‘A mm-wave Integrated Lens
Antenna for E-band Beam Steering. Proceeding of 2015 9th European
Conference on Antennas and Propagation (EuCAP). Lisbon, Portugal. 13-17
April 2015.

Ali Shahi, Mohamad-Taheri, M. and Iman Aryanian. (2018) ‘A 5G Multibeam
Antenna Including Rotman Lens and Slot Array Antenna’, 2018 Fifth
International Conference on Millimeter-Wave and Terahertz Technologies
(MMWaTT). pp. 78-81.

Alnoman, A. and Anpalagan, A. (2017) ‘Towards the fulfillment of 5G network
requirements: technologies and challenges. Telecommunication Systems, vol
65, pp 101-116, 2017.

Altair Engineering Sdn. Bhd (Malaysia). (2019). ‘Hands-on FEKO Training Handout,’
19 Nov 2019, Kuala Lumpur Plaza Sentral.

Angela, D. and Yang, H. (2011) ‘Slim Luneburg Lens for Antenna Applications’, Optic
Express.19, pp. 19925-19934

Arun Agarwal, Kabita Agarwal, Sumanshu Agarwal and Gaurav Misra. (2019)
‘Evolution of Mobile Communication Technology towards 5G Network and
Challenges’, American Journal of Electrical and Electronic Engineering. vol.
7(2): pp 34-37.

Balanis, C. A. (2005) ‘Horn Antennas,” Chapter 13 in Antenna Theory: Analysis and
Design (3™ Edition), John Wiley & Sons Inc. an Nostrand Reinhold Co.,
Hoboken New Jersey.

137


https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7209133
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7209133
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8654259/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8654259/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8654259/proceeding

Bares, B. and Sauleau, R. (2006). A Complete Procedure for The Design and
Optimization of Arbitrarily Shaped Integrated Lens Antenna, [EEE Trans.
Antennas Propagation, vol.54, No.4, pp.1122-1133.

Bhartia, P., Bahl, 1., Garg, R. and Ittipipoon, A. (2000) ‘Microstrip Antennas Design
Handbook’, Artech House, London.

Balanis. C. A. (2005) ‘Antenna Theory: Analysis and Design, 3rd ed. Hoboken, NJ,
USA: Wiley.

Bogale, T.E. and Le, L.B. (2016) ‘Massive MIMO and mmWave for 5G wireless
HetNet: Potential benefits and challenges,” IEEE Veh. Technol. Mag., vol.
11(1), pp. 64-75.

Beckman, C. and Lindmark, B. (2007). ‘The Evolution of Base Station Antennas for
Mobile Communications’, International Conference on Electromagnetics in
Advanced Applications, 2007. ICEAA 2007. Pp. 85-92.

Bo He, Yong-Chang, J., and Huan He. (2017) ‘Design of High-Gain Lens Antenna for
5G Application’, 2017 Sixth Asia-Pacific Conference on Antennas and
Propagation (APCAP).

Boriskin, A. V. and Sauleau, R. (2011) ‘Numerical Investigation into the Design of
Shaped Dielectric Lens Antennas with Improved Angular Characteristics’,
Progress In Electromagnetics Research B, Vol. 30. Pp. 279-292.

Butler, J and Lowe, R. (1961) ‘Beam Forming Matrix Simplifies Design of
Electronically Scanned Antenna’, Electronics Design, vol. 9 (7), pp. 170-173.

Carlos, F., Veselin, B., Sven, Z., Miguel, F. and Luis, A. (1998) ‘Dielectric Lens
Antennas for Wireless Broadband Communications. Wireless Personal
Communications. Vol 10.pp. 19-32.

Chang, C.C., Chin, T.Y., Wu, J.C and Chang, S.F. (2007) ‘Novel design of a 2.5-GHz
fully integrated CMOS butler matrix for smart-antenna systems,” IEEE Trans.
Microw. Theory Techn., vol. 56, no. 8, pp. 1757-1764.

Cheng-Xiang, W., Haider, F., Xiqi Gao, Xiao-Hu, Y., Yang, Y., Dongfeng Yuan,
Aggoune, H., Haas, H., Fletcher, S. and Hepsaydir, A (2014) ‘Cellular
architecture and key technologies for 5G wireless communication networks’,
IEEE Communication Magazine, vol. 52(2), pp. 122-130.

Denidni, T.A. and Nedil, M. (2008). ‘Experimental investigation of a new butler
matrix using slotline technology for beamforming antenna arrays’, IET

Microw., Antennas Propag., vol. 2, no. 7, pp. 641-649.

138


https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086429915
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37288979500
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086532034
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8379743/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8379743/proceeding

Ding, T., Yil, T, Li, H, H. Zhang & S. N. Burokur, (2017) ‘3D field-shaping lens
using all dielectric gradient refractive index materials’, Scientific Reports.

Donald , 1993. Antenna Engineering handbook, Lens Antenna, Ch. 16, McGraw Hill,
New York.

Driscolla,T., Basov, C.F. and Starr, A. F. (2013) ‘Free space Microwave focusing by
a negative index gradient lens’, Applied Physics Letter. 88: 081101.2013.

Eira, J., Antonio, P. and Fernandes, C.A. (2001) ‘Feasibility of Steered Shaped Beam
Dielectric Lens Antenna for Mobile Communications at mm-Waves’, IEEE
Transaction on Microwave Theory. pp. 1-5.

Ericsson, Huawei and Qualcomm - A GSA Executive Report. (2015). The Road to
5G: Drivers, Applications, Requirements and Technical Development.
http://www.huawei.com/minisite/5g/img/GSA_the Road to 5G.pdf
(retrieved on 28th Nov 2017)

Ferdous H, Geok, T.K., Rahman, T.A., Hindia, M. N., Dimyati, K. and Azlan, A.

(2018) ‘Indoor Millimeter-Wave Propagation Prediction by Measurement and
Ray Tracing Simulation at 38 GHz’ Symmetry. pp. 1-19.

Fernandese, C.A., Frances, P.O. and Barbosa, A.M. (1995) ‘Shaped Coverage of
Elongated Cells at Millimetrewaves Using a Dielectric Lens

Antennas, Mcrowave Conferece, 25" European, pp. 66-70.

Friedlander, F.G. (1946) ‘A Dieletric Lens Aerial for Wide-Angle Beam Scanning,
IEEE-Part IIIA’, Radiolocation, pp. 658-662.

Godi, G., Sauleau,R and L. C. Laurent. 2005. A Shaping Technique of Substrate Lens
With Genetic Algorithm, 11" International Symposium on Antenna

Technology and Applied Electromagnetics (ANTEM 2005), pp. 28-31. 2005.

Greegor, R.G, Parazzoli, C.G and J.A. Nielsen (2005) ‘Simulation and testing of a
graded negative index of refraction lens’, Applied Physics Letter. 87: 091114.

Guo, J. Y and Bevan, J. (2019) ‘Base Station Antenna’, Antenna Engineering
Handbook, 5™ Ed., McGraw Hill Education: New York.

Gupta, A and Jha, R.K. (2015) ‘A Survey of 5G Network: Architecture and Emerging
Technologies’, IEEE Access, vol. 3 pp. 1206-1232.

Hamid, S., M.T. Ali, N.H. Abd Rahman, I. Pasya, Y. Yamada and N. Michishita.
(2016) ‘Accuracy Estimations of a Negative Refractive Index Cylindrical Lens
Antenna Designing’, IEEE APWC’16.

139


http://www.huawei.com/minisite/5g/img/GSA_the_Road_to_5G.pdf

Hang Wong and Luk, K.M. (2009) ‘New Unidirectional Antennas for Various
Wireless Base Stations’, Antennas For Base Station in Wireless
Communication. McGraw Hill Education: New Y ork.

Haonan, R., Shiwen, Y. and Shiwei, Q. (2017). ‘Design of A Millimeter-wave
Cylindrical Lens Antenna with Multiple Fan-Beams’, 2017 Sixth Asia-Pacific
Conference on Antennas and Propagation (APCAP).

Hassanien, M. A, Jenning, M. and Plettemeier, D. (2017). Beam Steering System using
Rotman lens for 5G Applications at 28 GHz. Pp. 2091-2092.

Hong, W., Jiang, Z.H, Yu, C., Zhuo, C., P. Chen et al. (2017) ‘Multibeam antenna
technologies for 5G wireles’, IEEE Transaction on Antenna and Propagation,
vol. 65, pp 6231-6249.

Kamran, [.M., Rahman, T.A., Chattha, H. T. & Masood, U. (2017) ‘Multiband split-
ring resonator based planar inverted-F antenna for 5G applications’,
International Journal of Antennas and Propagation. pp. 1-7.

Luneburg, R. K. (1965) ‘Mathematically Theory of Optics, Providence, RI Brown
University Press: pp. 189-213.

Ji-Wei, L., Yong-Ling, B., You-Quan, W. and Le-Hou, Z. (2018) ‘Miniaturized
Multibeam Array Antenna Based on E-Plane Butler Matrix for 5G
Application’, 2018 IEEE International Symposium on Antennas and
Propagation, Boston, USA. pp. 1031-1032.

Jenkins, F.A.; White, H.E. (1973) ‘Fundamentals of Optics’, 4th ed. McGraw Hill
Book Co: New York, NY, USA; p. 173.

Johnson, J.C. (1996) ‘Antenna Engineering Handbook, 3rd ed. New York, NY, USA:
McGraw-Hill, 1996.

Jorgensen, R., Balling, P. and English, W. (1985) ‘Dual offset reflector multibeam
antenna for international communications satellite applications’, IEEE Trans.
Antennas Propag., vol. 33, no. 12, pp. 1304-1312.

Juha A., Jouko, A., Aki Karttunen, Mikko, K., Antti, L., Juha, N., Antti, V. R, Jussi,
S. and Pekka, W. (2016) ‘2-D Beam-Steerable Integrated Lens Antenna System
for 5G E-Band Access and Backhaul’, IEEE Transactions on Microwave
Theory and Techniques, 64(7), pp. 2244-2255.

Konstantin, S.L., Vitaly, I. O., Alexey, A. B., Dmitry, V. P. and Timofey, A. D. (2019)

‘The New Beam-Forming Architecture of 5G Wireless Communication’, 2079

140


https://ieeexplore.ieee.org/xpl/conhome/8379743/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8379743/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8586783/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8586783/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8652085/proceeding

IEEE Conference of Russian Young Researchers in Electrical and Electronic
Engineering (EIConRus), pp. 2037-2039.

Kamaruddin, R. A. A, Ibrahim, M.I, Rahim, M.A..A, Zakaria, Z, Shairil, N.A &
Rahman, T.A. (2017) ‘Radial Line Slot Array (RLSA) Antenna Design at 28
GHz Using Air Gap Cavity Structure’, Journal of Telecommunication,
Electronic and Computer Engineering (JTEC). Vol 9(2). pp. 133-136.

Lee, W., J. Kim, and Y. J. Yoon, (2011) ‘Compact Two-Layer Rotman Lens-Fed
Microstrip Antenna Array at 24 GHz,” IEEE Trans. Antennas Propagation,
vol. 59, No.2, pp.460-466.

Li, Y., Ge, L., Chen, M., Zhang, Z., Li, Z. (2019) ‘Multibeam 3-D-Printed Luneburg
Lens Fed by Magnetoelectric Dipole Antennas for Millimeter-Wave MIMO
Applications’, IEEE Trans. Antenna Propagation. 67, pp. 2923-2933.

Liang, M. Ng, W.R.; Chang, K. Gbele, K.; Gehm, M.E. and Xin, H. (2014) ‘A 3-D
Luneburg lens antenna fabricated by polymer jetting rapid prototyping’, IEEE
Trans. Antennas Propagation. 62, pp. 1799—-1807.

Lo, Y.T and Lee, S.Y. (1993) ‘Antenna Handbook Volume II’, Van Nostrand Reinhold
Company, Chapter 16, pp. 5-59.

Love, A.V. (1984) ‘Horn Antennas’, Chapter 15 in Antenna Engineering Handbook
(R. C. Johnson and H. Jasik, eds.), New York.

Ma, H.F, X. Chen, X.M. Yang et al. (2010) ‘High gain beam scanning antennas
realized by gradient index metamaterials’, Journal of Applied Physics. 107:
014902.

Mahdi, M. and Sergey, K. (2016) ‘A Compact High-Gain and Front-to-Back Ratio
Elliptically Tapered Antipodal Vivaldi Antenna With Trapezoid-Shaped
Dielectric Lens’, IEEE Antennas and Wireless Propagation Letters. Vol. 15,
pp. 552-555.

Makoto, K., Yoshio, E. and Yamada, Y. (1999) ‘Development of a Dual-Frequency
Base Station Antenna for Cellular Mobile Radios’, IEICE Transaction on
Communication. E82-B(4): 636-644.

MCMC — Malaysian Communication and Multimedia Commissions. (2019) ‘National
5G Task Force Report: 5G Key Challenges and 5G Nationwide
Implementation Plan’, Dec 2019.

Marziale, V. (2008). ‘6 X 6 SHF multiport amplifierfor flexible payload applications’,
Proc. ESA Workshop Adv. Flexible Telecom Payloads, pp. 1.

141


https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8652085/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8652085/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=7727

Marzetta, T.L (2010) ‘Noncooperative cellular wireless with unlimited numbers of
base station antennas’, IEEE Trans. Wireless Commun., vol. 9 (11), pp. 3590—
3600.

Massimiliano, C., Gabriele, P., Fulvio, B., Vatta, F. and Buttazzoni, G. (2019) ‘3D
Multi- Beam and Null Synthesis by Phase-Only Control for 5G Antenna
Arrays’, Electronics, 8, pp. 656—669.

Michele, B., Andrea, M., Paola, P. and Linh, H.M. (2018) ‘Multibeam Transmitarray
for 5G Antenna Systems’, 2018 IEEE Seventh International Conference on
Communications and Electronics (ICCE). pp. 217-221.

Michishita, N. and Yamada, Y. (2014) ‘Metamaterial Radome Composed of Negative
Refractive Index Lens for Mobile Base Station Antennas’, The 2014
International Conference on Advanced Technologies for Communications
(ATC'14), pp. 60-63.

Mojtaba, A.A. Roohollah, A., Hamid, J. and Hani, M. (2020) ‘MmWave Lens-based
MIMO System for Suppressing Small-scale Fading and Shadowing’, /IEEE
Transactions on Wireless Communications, vol. 19 (8), pp. 5292-5306.

Mozharovskiy, A.V., Artemenko, A.A., Mal’tsev, A.A., Maslennikov, R.O.,
Sevast’yanov, A.G. and Ssorin, V.N. (2015) ‘An Efficient Method for
Calculating the Characteristics of the Integrated Lens Antennas on the
Basis of the Geometrical and Physical Optics Approximations’,
Radiophys. Quantum Electron, 58, 443-453.

NedilLM, Denidni, T.A, and Talbi, L. (2006) ‘Novel Butler matrix using CPW
multilayer technology,” IEEE Trans. Microw. Theory Techn., vol. 54 (1), pp.
499-507.

Nishesh, T. and Thipparaju, R. R. (2016) ‘A switched beam antenna array with butler
matrix networkusing substrate integrated waveguide technology for 60
GHzwireless communications’, International Journal of Electronics and

Communications. Vol 70. pp. 850-856.
Nishiwaki, H., K. Sakakibara, N. Kikuma and H. Hirayama, (2012) ‘Design of

Rotman-Lens Feeding-Circuit for Multi-Layer Beam-Scanning Microstrip

Antenna in Millimeter-Wave Band’, ISAP2012, Nagoya, pp. 255-288,2012.

142


https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8429969/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8429969/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=7693
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=7693

Orakwue, S.I. Razali Ngah, T. A. Rahman, and Hamza M. R. Al-Khafaji. (2015) ‘A
4 x 4 Butler Matrix for 28 GHz Switched Multi-Beam Antenna’, International
Journal of Engineering and Technology (IJET). Vol. 7(2). pp. 436-442.

Peebles, A.L. (1988) ‘A Dielectric Bifocal Lens for Multi Beam Antenna
Applications’, IEEE Transactions on Antennas and Propagation, Vol.36, No.
5, pp- 599-606.

Rahim, S.K.A, S. Hakimi, Y. Yamada and N. Michishita. (2017) ‘Investigation of
Pencil and Bifurcated Beam Fed Cylindrical Dielectric Lens Antenna for 5G
Mobile Base Stations’, Journal of Telecommunication Electronic and

Computer Engineering, Vol. 9, No. 1-5, pp. 27-32.
Rappaport, T.S, Shu Sun, K. Mayzus, Hang Zhao, Y. Azar, K. Wang, G.N Wong, J.K

Schulz, M. Samimi, and F. Gutierrez. (2013). ‘Millimeter wave mobile
communications for 5G cellular: It Will Work!’, IEEE Access, vol. 1, pp. 335-
349.

Roederer, A and Maximo, M. P. C. (1995) ‘3n input and 3m output microwave hybrid

coupler, particularly 3 X 3 coupler,” U.S. Patent, 5 237 294.

Rudge, A. W. (1975) ‘Multiple-beam antennas: Offset reflectors with offset feeds,”
IEEE Trans. Antennas Propag., vol. 23, no. 3, pp. 317-322.

Saiedeh, S., Shafaq, K. and Hani, M. (2019) ‘Waveguide-Fed Lens Based Beam-
Steering Antenna For 5G Wireless Communications’, 2019 IEEE International
Symposium on Antennas and Propagation. pp. 1149-1150.

Saka, B and Yazgan, E. (1997). ‘Pattern optimization of a reflector antenna with
planar-array feeds and cluster feeds,” IEEE Trans. Antennas Propag., vol. 45,
no. 1, pp. 93-97.

Sauleau, R. and Fernandos, C.A. (2005) ‘Review of Lens Antenna Design and
Technologies for mm-Wave Shaped Beam Application’, 11" International
symposium on Antenna Technology and Applied Electromagnetic
(ANTEM2005). 15-17 Jan 2005, St Malo, France. pp 1-5.

Sengupta, D.L. and Sarkar, T.K. (1995) ‘Microwave and Millimetre Wave Research
before 1900 and the Centenary of the Horn Antenna’, Microwave Conference,
25™ European, Vol. 2, pp. 903-909.

Shelton, J.P (1968) ‘Fast Fourier transforms and Butler matrices,” Proc. IEEE,
vol. 56(3), pp. 350.

143


https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8884354/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8884354/proceeding

Shelton, J. and Kelleher, K.S. (1961) ‘Multiple beams from linear arrays,” IRE Trans.
Antennas Propag., vol. 9, no. 2, pp. 154-161.

Shen, Lin-ping Wang, Hua Farzaneh, Sadegh Lotz, Willi Hojjat, Nasrin Gavrilovic,
Minya. (2017) ‘Dual Band Multi-Beam Base Station Antennas’, /EEE Trans.
Antennas Propagation. pp. 1167-1168.

Silver, S. (1949). Microwave Antenna theory and Design, pp.80-83, McGraw- Hill
Book Co. Inc.

Stutzman, W.L. and Thiele, G.A. (2013) ‘Antenna Theory and Design (3" Edition)’,
John Wiley & Sons.

Tekkouk, K., Hirokawa, J., Sauleau, R., Ettorre, M., Sano, M. and Ando, M. (2015)
‘Dual-layer ridged waveguide slot array fed by a butler matrix with sidelobe
control in the 60-GHz band,” IEEE Trans. Antennas Propag., vol. 63, no. 9,
pp. 3857-3867.

Trong, T. P., Minh, T.L., Phan, T.T., Lap, P.X. and Hoang, A. N. (2019) ‘Novel Dual-
Polarized 5G Base Station Antenna’, 2019 26th International Conference on
Telecommunications (ICT). pp. 474-478.

Tseng, C.H., Chen, C.J. and Chu, T.H. (2008) ‘A low-cost 60-GHz switchedbeam
patch antenna array with Butler matrix network’, /IEEE Antennas Wireless
Propag. Lett., vol. 7, pp. 432435, 2008.

Tajima, Y. and Yamada, Y. (2006) ‘Design of Shaped Dielectric Lens Antenna for
Wide Angle Beam Steering’, Electronics and Communications in Japan. Part
3. Vol. 89, No. 2, pp. 286-296.

Tajima, Y., Kamada, S., Michishita, N. and Yamada, Y. (2010) °‘Electrical
performance estimations for shaped dielectric lens antenna with array feed’,
Applied Computational Electromagnetics Society Journal, 25(5), pp. 458—467.

Tseng C. H., Chen C. J., Chu T. H. (2008). ‘A low-cost 60 GHz switched-beam patch
antenna array with Butler matrix network’, Antennas and Wireless
Propagation Letters, IEEE 2008, 7, pp. 432-435.

Thornton, J. and Huang, K. (2013) ‘Modern Lens Antenna for Communications
Engineering’, IEEE Press Wiley, John Wiley & Sons: Hoboken, NJ, USA.

Tin Komljenovic. (2008) ‘Lens Antenna-Analysis and Synthesis at mm-waves’,

Proceeding of 5" International Symposium ELMAR. 10-12 Sept 2008. Croatia.

144



Tin, K., Niksa, B. and Zvonimir, S. (2008) ‘Analysis of Spherical Lens Antennas —
Comparison of Three Analysis Methods. [/4th Conference on Microwave
Techniques, 2008. COMITE 2008.

Ueno, M. (1981) ‘A systematic design formulation for Butler matrix applied FFT
algorithm’, IEEE Trans. Antennas Propag., vol. 29 (3), pp. 496-501.

Vedaprabhu, B., Beatriz, B.E., Lorena, C. and Jose, B. (2017). ‘Millimeter Wave
Multi-Beam-Switching Antenna’, 4th International Symposium on Wireless
Communication Systems.

Volakis, J.L. (2019) ‘Antenna Engineering Hanbook’, McGraw Hill, 5" Ed. Miami,
Florida.

Wang, C.W., Ma, T.G. and Yang, C.F. (2007) ‘A new planar artificial transmission
line and its applications to a miniaturized butler matrix’, IEEE Trans. Microw.
Theory Techn., vol. 55, no. 12, pp. 2792-2801.

Westcott, B.S. and Brickell, F. (1986) ‘General Dielectric Lens Shaping Using
Complex Coordinates,” IEEE Proceedings Part H — Microwaves, Antennas and
Propagation, vol. 133 (2), pp. 122-126.

XiaoYang, Y. Z. XiaYing, Y. Yan, M. HuiFeng and TieJun, C. (2013) ‘Three-
dimensional large-aperture lens antennas with gradient refractive index’,
Science Chine Information Science. Vol. 56, pp. 1-12. Dec 2013.

Xiaobing, G., Zhang, L., Yejun H., Wenting, L., Sai-Wai, W., Chao-Sian, L, (2020)
‘A Dual-Polarized Compact Patch Antenna for Sub-6Hz 5G Base Station,’
IEEE Proceedings on 2020 IEEE Asia-Pacific Microwave Conference
(APMC). Hong Kong.

Xiaozhou, W., Martin, L., Dirk, P., Hsiao—Lan, C., Mostafa, K. M., Gerhard P. F.,
Keishi, K., and Yasuhiko, M. (2018) ‘28 GHz Multi-Beam Antenna Array
Based On A Compact Wideband 8x8 Butler Matrix’, 2018 IEEE International
Symposium on Antennas and Propagation, pp.2177-2178.

Xi-Wang, D., Zhen-Ye, W., Chang-Hong, L., Xi Chen and Li-Ting, W. (2013)
‘Multiband and Dual-Polarized Omnidirectional Antenna for 2G/3G/LTE
Applications’, IEEE Antennas and Wireless Propagation Letters. Vol. 12, pp.
1492-1495.

Xi Wang, Yang Cheng and Yuandan Dong. (2021). ‘A Wideband PCB-Stacked Air-
Filled Luneburg Lens Antenna for 5G Millimeter-Wave Applications’, [EEE
Antennas and Wireless Propagation Letters, vol. 2(3), pp. 327-331.

145


https://ieeexplore.ieee.org/xpl/conhome/9331328/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9331328/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085759657
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37072861800
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37393216200
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085840078
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086447912
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37271859700
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37271859700
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086212861
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37278293400
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8586783/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8586783/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085696512
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086626681
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37275526300
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37596813900
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086624215
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37088690968
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086940098
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37291357600
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=7727
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=7727

Yang, C., Hongfu, M. Yu, G. and Wenbin, D. (2018) ‘Millimeter-wave Multi Beam
Reflector Antenna’, 2018 International Workshop on Antenna Technology
(iWAT), pp. 1-4.

Yamada, Y. and Takano, T. (1979) ‘Dielectric lens antenna with shaped surfaces’,
Trans. IEICE, J62-B, pp. 1089-1096.

Yamada. Y, Seigo, S. and Akira, F. (2000) ‘Curvature Design of Dielectric Lens
Antenna’, Proceeding of 3" International Symposium on Wireless Multimedia
Communication.

Yingyu,B., Yujian, L. and Junhong, W. (2019). ‘3D-Printed Multi-Beam Planar Dual-
reflector Antenna for 5G Millimeter-Wave Applications’, 2019 IEEE Asia-
Pacific Microwave Conference (APMC), pp. 917-919.

Young-Bae, J. and Soon-Young, E. (2015) ‘A Compact MultiBand and Dual-Polarized
Mobile Base-Station Antenna Using Optimal Array Structure’, International
Journal of Antennas and Propagation. pp. 1-11.

Yun Hu and Wei Hang. (2018). ‘A Novel Hybrid Analog-Digital Multi Beam Antenna
Array for Massive MIMO Applications’, 2018 IEEE Asia-Pacific Conference
on Antennas and Propagation (APCAP).

Yunxiang, Z. Jian Wang, Zhiqin Zhao, and Jianyu Yang. (2008) ‘Numerical Analysis
of Dielectric Lens Antennas Using a Ray-Tracing Method and HFSS
Software’, IEEE Antennas and Propagation Magazine, Vol. 50 (4). pp. 94-101.

Zhi Ning, C., Teng Li, Shunli Li, Chunhua Xue, Qun Lou and Wei E. 1. (2021)
‘Microwave Metalens Antennas for 5G Network’, 2021 15th European
Conference on Antennas and Propagation (EuCAP).

Zhou, X.Y., Zou, X.Y., Yang, Y., Ma, H.F. (2013). ‘Cui, T.J. Three-dimensional large-
aperture lens antennas with gradient refractive index’, Sci. Chine Inf. Sci. 56,

pp. 1-12.

146


https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8370890/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/8370890/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/9410887/proceeding
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/conhome/9410887/proceeding

LIST OF PUBLICATIONS

JOURNAL

Farizah Ansarudin, Thareck Abd. Rahman, Yoshihide Yamada, Nurul Huda Abd.
Rahman and Kamilia Kamardin. 2020. Multi Beam Dielectric Lens Antenna for 5G
Base Station. 20(20), pp. 5849-5866. MDPI Sensors Journal (WoS-Q1)(IF:3.576)

Farizah Ansarudin, Tharek Abd. Rahman, Yoshihide Yamada, Nurul Huda Abd.
Rahman. The Analysis of Electromagnetic Simulation Methods for Dielectric Lens
Antenna, 2020, International Journal of Integrated Engineering. 12 (6), pp. 1-10.
(Scopus-indexed).

PROCEEDING

Farizah Ansarudin, Yoshihide Yamada, Kamilia Kamardin. Cylindrical Dielectric
Lens Antenna for 5G Base Station. Journal of Physics: Conference Series The 2022
Malaysia-Japan Workshop on Radio Technology (MJWRT 2022), 11-12" January
2022, 2250 (2022) 012013. pp. 1-6.

Farizah Ansarudin, Yoshihide Yamada, Tharek Abd. Rahman, Nurul Huda Abd.
Rahman, Kamilia Kamardin. Focal Region of Dielectric Lens Antenna for Multi Beam

Applications. 2021 7" International Conference on Space Science and
Communication (ICONSPACE 2021), 23-24"™ November 2021, pp. 249-254.

Yoshihide Yamada, Kamelia Quzwain, Kamilia Kamardin, Farizah Ansarudin,
Nurul Huda Abd. Rahman, Aperture Antenna for 5G Mobile Base Station, 2019 I[EEE
Asia-Pacific Conference on Applied Electromagnetics (APACE 2019), 24-26 Nov
2019, Melaka, Malaysia.

Farizah Ansarudin, Tharek Abd. Rahman, Yoshihide Yamada Verification of Lens
Antenna Shaping Based on Refraction Angles. 2018 IEEE International RF and
Microwave Conference (RFM2018), 18-20™ December 2018, Penang, Malaysia.

Yoshihide Yamada, Kamelia M. Chatib Quzwain, Intan Izafina Idrus, Tarik Abd Latef,
Farizah Ansarudin, Muhammad Kamran Ishfaq, Tharek Abd Rahman. Base Station
Antennas for the 5G Mobile System. 2018 IEEE International RF and Microwave
Conference (RFM2018), 18-20" December 2018, Penang, Malaysia.

Farizah Ansarudin, Tharek Abd. Rahman, Yoshihide Yamada. Design of Lens
Antenna for 5G Mobile Base Station. 2018 International Symposium on Antennas and
Propagation (ISAP2018), 23-26 October 2018, Busan, Korea, pp. 455-456.

Farizah Ansarudin, Tharek Abd. Rahman, Yoshihide Yamada. MATLAB Program
for Dielectric Lens Antenna Shaping. 2" International Conference on Telematics and
Future Generation Networks (TAFGEN2018), 24-26 July 2018, Sarawak, Malaysia,
pp. 81-86.

147



	Blank Page
	Blank Page



