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Welcome by the Editor

Recent advances on high performance computing,
mobile networking, and security

Pal Varga

ITH the advent of new generation large language model-

based tools, such as ChatGPT, many worktasks and posi-
tions must re-evaluate themselves. This applies to writing editorial
messages as well. It is no secret: I am using Google for searching
scientific articles. Similarly: I used ChatGPT to extract some key
information of the articles in this issue. The result needed valida-
tion and verification (just like Google search results), and some
re-writing from my side — but the world has changed. Hopefully
for the better, even for the long term! So, let us see what are the
articles about!

The paper by Mostafa et. al. presents an enhancement in radio
frequency (RF) harvesting for a conventional patch antenna us-
ing a metasurface layer (MSL) consisting of a modified Jerusalem
cross. RF harvesting measurements showed a significant enhance-
ment in the output voltage when the MSL was involved, and the
proposed antenna realizes an excellent symmetry in the radiation
pattern after the proposed MSL introduction.

Zoltdn Bels6 and Laszl6 Pap address the problem of sharing
available resources (such as bandwidth and power) in a multiple
access channel system in order to determine how to allocate those
resources between two users to achieve the highest achievable ca-
pacity region. An important achievement here is the formulation
and derivation of the achievable capacity region for a downlink
communication system using frequency division multiple access
(FDMA) scheme with two users.

Andréas Béres and Balint Gyires-Téth propose a method to en-
hance the performance of reinforcement learning agents through
sim-to-real transfer using real-world images alongside visual
domain randomization in the training procedure. They achieve
this by training variational autoencoders (VAE) on both real and
simulated frames, and then using the representations produced by
the encoders to train reinforcement learning agents. The proposed
method is evaluated against a variety of baselines and is shown to
improve the learned representation effectiveness and robustness.

Norman Bereczki and Vilmos Simon provide a structured and
comprehensive overview of machine learning (ML) usecases
in the field of Cooperative Intelligent Transportation Systems
(C-ITS). The authors categorized C-ITS applications based on the
level of cooperativeness and provided a summary of how machine
learning contributes to each layer of smart transportation. The pa-
per shows how C-ITS applications are built on vehicle-level, inter
vehicle-level and infrastructure level, and what is the impact of
ML in these cases.

In their article, Leiter et. al. aim to show how failover and
scaling can be applied to cloud-native Mobile IPv6 (CN-MIPv6)
using closed-loop orchestration on top of the Open Network Auto-
mation Platform. They present numerical results and calculations
on the utilization of failover, scaling, and availability in the case
of cloud-native IP-level mobility management — findings, that can
be applied to any (V)NF.
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Gabor Lencse and Keiichi Shima explores the performance of
iptables in stateful NAT44 translation and investigates the effect
of various settings and parameters on its performance. The au-
thors compare iptables to nftables, and conclude that iptables is
still appropriate for implementing CGN due to its superior perfor-
mance in handling a high number of connections. The authors also
propose a new benchmarking methodology for stateful NATxy
gateways to quantify the connection setup and connection tear-
down performance.

In their article, Mostafa et.al. propose a proactive, dynamic,
and distributed network monitoring mechanism with monitor
placement and scheduling for 6LoWPAN-based IoT networks in-
tended for mission-critical applications. The results show that the
proposed model achieves full network coverage while minimiz-
ing energy consumption, computational and communication over-
head, and preserving scarce resources by effectively distributing
the monitoring role.

Péter Orosz, Tamds Skopké and Tamds Marosits presents a
real-time, application-aware method for assessing network neu-
trality. This aims to provide a user-centric analysis of potential
restraints affecting internet access quality and introduces three
novelties to support this goal: application-specific measurements
involving real content and traffic, measured traffic originating
from the content provider’s cloud infrastructure, and reference
created in real-time. The proposed method is validated through a
proof-of-concept use case of video streaming from a public VoD
provider and laboratory measurements.

In his paper Gabor Foldes analyzes the impact of mobile net-
work sharing on social welfare in Hungary, specifically in the con-
text of 4G-5G mobile broadband rollout. He argues that network
sharing can be a cost efficiency enabler, accelerating price decreas-
es, improving coverage and capacity, and ultimately contributing
to social welfare increase. Mobile network sharing can benefit the
telco sector and contribute to social welfare, but further research is
needed to assess the appropriate level of access pricing to shared
infrastructure and the passthrough of efficiency gains to customers.

With this overview, we hope you will enjoy the Infocommuni-
cations Journal papers in the first issue of 2023.

Pal Varga is the Head of Department of Telecom-
munications and Media Informatics at the Budapest
University of Technology and Economics. His main
research interests include communication systems,
Cyber-Physical Systems and Industrial Internet of
Things, network traffic analysis, end-to-end QoS and
SLA issues — for which he is keen to apply hardware
acceleration and artificial intelligence, machine learn-
ing techniques as well. Besides being a member of
HTE, he is a senior member of IEEE, where he is
active both in the IEEE ComSoc (Communication
Society) and IEEE IES (Industrial Electronics Society) communities. He is
Editorial Board member in many journals, and the Editor-in-Chief of the
Infocommunications Journal.
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Novel Metasurface based Microstrip Antenna
Design for Gain Enhancement RF Harvesting

Novel Metasurface based Microstrip Antenna
Design for Gain Enhancement RF Harvesting

Hayder Almizan', Marwah Haleem Jwair?, Yahiea Al Naiemy?, Zaid A. Abdul Hassain*, Lajos Nagy?,
and Taha A. Elwi® *

Abstract—This paper presents an enhancement in radio fre-
quency (RF) harvesting for conventional patch antenna using a
metasurface layer (MSL). The key point behind such enhance-
ment is inspired by Friis’ equation which states; increasing
the antenna gain leads to an increase in the received power. To
achieve this goal, a MSL consists of 5x5-unit cells of a modified
Jerusalem cross are proposed. The proposed MSL provides gain
enhancement of about 10 dBi while the gain of the patch anten-
na is about 1 dBi. The proposed MSL is fabricated, compacted
to the antenna and experimentally characterized. The empirical
results indict an excellent agreement with the numerical results
in terms of IS11l and radiation patterns. In addition, a set of
RF harvesting measurements are made for patch antenna with
and without the MSL. The comparison between measurements
shows a significant enhancement in the output voltage when the
MSL is involved.

Index Terms—MTL, gain control, RF harvesting, Friis.

[. INTRODUCTION

Radio frequency (RF) harvesting is conceptually an energy
conversion method employed for converting energy from
the electromagnetic field into the electrical domain (i.e.,
currents and voltages) [1]. Therefore, design of an RF
harvesting system needs to interface between the
electromagnetic fields and the electronics circuits.

RF energy harvesting was proposed to make use of the
power from the ambient electromagnetic signals within the
microwave range such as TV, GSM, and Wi-Fi signals [2].

Despite the fact the RF source has the lowest power density,
the privilege of RF energy is the broadest availability
compared with the solar radiation and infrared thermal
energies in terms of weather, time, and location. This reason
makes RF energy harvesting promises to produce energy
meets the requirement of low-power budget sensors, devices,
and systems [3].
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The history of RF energy harvesting back to 1905, when
Nikola Tesla (1856-1943) proposed wireless power transfer as
a means of electrical energy transfer [4]. Later in the 1950s, an
RF energy harvesting system was used for space microwave
power-beaming applications and powering autonomous drones
[5].

However, growing in low-power electronics systems make
RF energy harvesting system desirable sub-system in some
applications. Therefore, many researches have been conducted
to meet the new require. As can be referred [6], multiple
antennas have been proposed to increase the amount of energy
derived from a given space by an energy-harvesting device.
[7] presented a battery-free programmable sensing and
computational platform for radio frequency identification
(RFID) applications. [8] Proposed a high-efficiency harvester
that can harvest low input RF power effectively. The
researchers in [9] presented a design of monopole antenna
with circular polarization for RF harvesting for wireless sensor
node. The author of [10] utilized shorted ring slot antenna for
circular polarization in GSM 900 band. In [11], circular
polarization is formed via differentially-fed while the
omnidirectional antenna is realized by compacting back-to-
back patch antenna. Researchers of [12], the circular
polarization was made via slotted-two circular-patch radiator
with an electromagnetic coupling feed. A dipole antenna array
with sequential rotation feeding was introduced in [13].
Researchers of [14] discussed a design and analysis of RF
harvesting system consists of a microstrip patch antenna and
three-stage Cockcroft-Walton rectifier.

In work [15], the authors proposed an efficient and low-cost
RF energy harvester operating at 2.4 GHz. The proposed
system comprises of a microstrip patch antenna, a filter,
rectifier as well as a matching circuit. In [16], the researchers
proposed a novel compact dual-circinal antenna with an
omnidirectional characteristic for RF power transmission.
Besides, a new approach to decrease the antenna size, was
discussed. A patch of tapered-slit octagonal-shaped was
employed to achieve the circular polarization as well as wide-
beam in [17]. Authors of [18] proposed a hexagonal-shaped
microstrip patch antenna with an objective to achieve an
antenna with good radiation performance and better
impedance matching. In [19], the authors proposed a novel
broadband, wide-angle and back-to-back microstrip antenna
for RF harvesting.

MARCH 2023 « VOLUME XV * NUMBER 1
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On the other hand, MSL has been employed for RF

harvesting by two paths of researches. The first path uses MSL
to enhance the receiver antenna performance. As in [20], the
authors presented this idea by design an electrically small
rectenna at the global positioning system (GPS) L1 frequency
(1.5754 GHz) with a metamaterial-inspired near-field
resonant. The key point of [21] was to match the input
impedance of the rectifying circuit. Researchers of [22]
proposed a wireless power harvester based on a rectifier, and
antenna added to hybrid frequency selective surface. The
second path of researches applied MSL as a RF harvester
directly instead of the receiver antenna. [23] Proposed a
design of dual-polarization and multi-focus near-field focusing
reflective MSL for wireless power transfer.
The second research path has been inspired by the idea of
perfect electromagnetic absorber introduced in [24]. Authors
of [25] present a design for absorbing metamaterial with near-
unity absorbance where the proposed structure consists of two
resonators of metamaterial that couple separately to electric
and magnetic fields. In [26], a design of MSL with
polarization-insensitive characteristics and wide-angle of the
reception was proposed for electromagnetic energy harvesting.
Authors of [27] proposed an electromagnetic energy harvester
based MSL array of 9x9 pixelated unit cells with dual-band
and polarization-independent. The fundamental parts as a
block diagram of the RF harvesting system are shown in
Figure 1.

Electromagnetic waves
/ / Receiving antenna

Rectifier
circuit

Power
1 mauagemeu‘r pr—

Impedance
matching  |=
network

Applications

I
RF harvesting sub-systems

Figure 1; Fundamental parts of RF harvesting system.

The first part represents the receiving antenna (or the
harvester antenna), where this part is responsible for converting
the incident electromagnetic waves into an electrical signal. The
second part is used to enhance harvesting via an impedance
matching network. The third part is a rectifier circuit. Lastly, the
produced power from the previous stage is managed by a power
management sub-system.

This work is concerned with the first sub-system
(receiving antenna) of the RF harvester and how to improve
RF energy harvesting via improving the characteristics of this
part. The second level of RF harvesting enhancement is based
on the equation of Friis for the received power B, [28]

P. =P, + G, + G, + 20log (MILR) (D
where P, is the transmitted power in (dB), G, is the transmitter
gain in (dBi), G, is the receiver (or the harvesting antenna)
gain in (dBi), 4 is the wavelength and R is the distance
between the proposed system and the transmitter in meters.
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Equation (1) clearly indicates that; increasing G, leads to an
increase the received power. In this work, a certain MSL will
be employed to enhance the received antenna gain to enhance
harvested power P,..

II. ANTENNA DESIGN AND STRUCTURE

Figure 2 shows the design of the proposed microstrip antenna
where the patch antenna is directly fed by a coaxial probe
structure with a 50 Q SMA port and located at (x =0,y =
-4.5,z = 0)mm. The patch geometry is inspired from [29]
based on truncated rectangular structure. As well as, the patch is
etched to create four slots. The reason for using this technique is
to enhance the antenna matching impedance below-10 dB,
however, the radiation pattern symmetry could be ruined [30].
The antenna substrate is made of FR4 material withe, =
4.3,tan § = 0.0025, and thickness of 2 mm. The substrate is
designed to shape as a square of 280 mm side length. The
details antenna dimensions are listed in Table 1.

Figure 2; The proposed microstrip antenna structure.

TABLEI
THE PROPOSED MICROSTRIP ANTENNA DIMENSIONS.

Parameter Dimension (mm)
w 280
h 2
A 19.31
A, 27.43
As 1.17
Ay 6.98
e 7.51
& 4.66
e3 3.44
€4 4.65

The proposed antenna reflection coefficient and radiation
pattern are clarified in Figure 3 for both simulated and measured
results. The |S;;| resonates at 2.47 GHz with about 1 dBi gain as
seen in Figures 3(b)-(c). Besides, both simulated and measured
results are splendid matched.
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0 30

15| (dB)

—cst -—csv
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2 22
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@) ®) ©
Figure 3; The |S,,| spectra and the antenna radiation pattern based simulated and
measured results for the proposed antenna: (a) the |S;| spectra, (b), and (c) the
antenna radiation pattern at ¢ = 0° and ¢ = 90° respectively.

III. THE PROPOSED MSL

The proposed MSL is an array of 55 unit cells. Each unit
cell is constructed from Jerusalem cross-section plus four L-
shape strips as seen in Figure 4. The unit cell dimensions are
utilized to 60 mm, which is about A/2. Choosing such
dimensions is to avoid forming grating lobes [6]. The detailed
dimensions of the proposed unit cell are clarified in Table 2.

L L
i_ I _.

Figure 4; Unit cell structure.

TABLE II
UNIT CELL DIMENSIONS.

Parameter Dimension (mm)
L 3
Lz 2
L; 17
Ly 12
Ls 19
G 2

The proposed unit cell electromagnetic characterizations are
tested numerically using CST MWS [31]. The proposed unit
cell is positioned at the centre of a virtual waveguide as shown
in Figure 5(a) to test the electromagnetic performance. The
boundary conditions are selected as: the top and bottom sides
(perpendicular on y-axis) are assigned as a Perfect Magnetic
Conductors (PMC) while, the left and right sides (perpendicular
on x-axis) are assigned as a Perfect Electric Conductors (PEC).

TEM-modes are excited via two ports along z-axis as shown in
Figure 5(a). For this, Figure 5(b) shows the magnitude of S, for
the two cases ON and OFF. It is important to mention that the
authors decided to realize a resonant frequency for the unit cell
at Logic-1 to 2.67 GHz for the design specifications [15], while,
in case of Logic-0, the frequency resonance is completely
disappeared from the frequency band of interest. Consequently,
the maximum power transfer can be obtained at logic-1 only,
while, the power transfer would be shut off at logic-0. The
corresponding phase of the forward transmission coefficient S,
is plotted in Figure 5(c) for both statues ON and OFF. For
statue-ON, the matching impedance occurs at the resonant
frequency 2.67 GHz where the phase is zero degree. This
phenomenon declares that the impedance’s imaginary part is
vanished and it confirms that the result of maximum power
transfer can be obtained at logic-1.

/
10 100
y -20

40,

15| (dB)

Phase {degree)

ra

2 22 24 26 26 3 2 22 24 26 28 3
Frequency (GHz) Frequency (GHz)

@) ®) ©

Figure 5; Unit cell performance characterizations: (a) Numerical setup, (b) the
magnitude of S,, and (c) phase performance.

In another aspect, Figure 6 shows the surface current
distributions of the proposed MSL unit cell at phase = 90° of
the incident wave. In general, it is found that the proposed
MSL unit cell shows asymmetrical surface current distribution
along the x- and y-planes due to the asymmetrical unit cell
geometry along x- and y-planes. This realizes the phenomena
of astigmatism affects, which effects on the radiation patterns,
as will be seen later. Nevertheless, the surface current
distribution is reached around 29 dBA/m at 2.65 GHz. This
enhancement in the surface current distribution is achieved by
the resonance at 2.45 GHz; which removes the reactive
impedance parts to realize the maximum power transfer
radiation [31].

30

=

(<)

Figure 6; Surface current distributions of the proposed unit cell at 2.65 GHz.
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IV. MSL LAYER DESIGN AND STRUCTURE

The proposed MSL layer is based on an array of 5 X 5-unit
cells. To realize the configuration purpose, the MSL layer
constructed from the proposed unit cell is mounted on a flexible
thin layer of 0.1 mm thickness, FR4 substrate. The overall
individual unit cell dimensions are 60 mm X 60 mm, where
the physical dimensions of the unit cell are 54 mm X 40 mm
as well as spaces between neighbored unit cells are 3 mm on
the x-axis and 10 mm on y-axis. To ensure minimum coupling
between unit cells, the periodicity of the unit cell is adjusted to
be 60 mm (~A/2) [32]. Figure 7 shows the proposed MSL layer
compacted to the microstrip antenna.

Focal Length Microstrip Antenna

|
gl

Plastic Screw

Metasurface Layer

Figure 7; The proposed MSL layer with the antenna structure.

CST MWS is employed to study the best MSL location
and array size with respect to the patch antenna. By changing
the MSL array configuration size from 1x1, 3x3, and 5%5 and
the patch antenna-MSL distance, the antenna gain is found to
be significantly changing, as seen in Figure 8. To achieve 10
dBi gain enhancement, the MSL must consist of 5x5 unit cells

and located at 70 mm in front of the patch antenna.

14

=5 by 5 unit cells
| =3 by 3 unit cells
12 — 1 by 1 unit cells

—_
o

Gain in (dBi)

0 20 40 60 80 100 120 140
Distance in (mm)

Figure 8; A parametric study for the proposed MSL array size performance.
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In another aspect, Figure 9 shows S;; measurements of

the proposed MSL systems with 2D radiation patterns at both

E- and H-planes. In general, it is found that the proposed MSL
layer shows symmetrical radiation patterns at both E- and H-
planes in the boresight. This realizes the phenomena of the
astigmatism solving by conducting the use of the proposed
MSL array.

(a) ©
10
™) .
o
- .20
4
-30
f—csT
- measured
40
2 22 24 26 28 3
(b)  CST Frequency (GHz)
Measured 90
120 60
10
150
180
210 330
240 300
(c) CST- 270
Measured 90
120 60
10
150 30
0
180 0
210 330
240 300
270

Figure 9; The proposed antenna systems measurements: (a) S11, (b) E-plane,
and (c) H-plane.
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V. HARVESTING MEASUREMENTS

RF harvesting measurements are conducted for the patch
antenna and repeated for the patch antenna loaded MSL. Both
measurements cases are submitted to the similar scenario
where a transmitter fed by a voltage control oscillator (VCO)
is placed at 0.5m, 1.0m, 1.5m, and 2.0m away from the
proposed antenna based RF harvesting process is shown in
Figure 10. The same transmitter is involved for all
measurements. Hence, the transmitter gain does not affect the
measurements.

/s

The proposed antenna

Trangmitter

N

L

\a=n

d MSL

I'ransmitter

=

®)

Figure 10; RF harvesting measurements: (a) The proposed antenna and (b)
The proposed antenna loaded MSL.

The output DC voltage values from the RF harvester are
described in Figure 11 when the load is 1 kQ at 2.4, 2.45, and
2.5 GHz. The recorded measurements indicate two
distinguished points. First, the output DC voltage levels decay
generally when the separation distance between the transmitter
and the proposed antenna increase. This behavior confirms the
harmonic between measurements and the power inverse-
square law. Second, the output DC voltages at 2.45 GHz when
the patch antenna with MSL is found to be higher than other
recorded results. This is due to the fact of MSL characterizes
as a narrow bandwidth material.

50
40
E;\
R
p
R=
o 30
=1
o
=
<
=
5 20 =#-3t 2.40 GHz
%‘ =#=at 2.45 GHz
6 =¥=3at 2.50 GHz
10 lh.% -=-gat 2 40 GHz
~m-at 245 GHz
0 -==at 2.50 GHz

0 0.5 1 1.5 2 25
Distance in (m)
Figure 11; The output DC voltage from the RF harvester at 1 KQ.

VI. CONCLUSIONS

RF  harvesting measurements show  distinguished
improvement in the received power when the proposed patch
antenna is loaded by MSL. The proposed MSL is designed as
array of 5x5-unit cells of a modified Jerusalem cross. The
MSL provides gain enhancement of 10 dBi. The empirical
results of the proposed antenna-MSL indicate excellent
agreement respecting RF harvesting. It is found that the
proposed antenna realizes an excellent symmetry in the
radiation pattern after the proposed MSL introduction. The
proposed provides an excellent enhancement in the harvested
output DC voltage due to the introduction of the proposed
MSL structure.
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Zoltan Belso

Abstract—In multiple access channel systems, such as a mobile
communication network, it is important to determine how to
share the available resources (for example bandwidth and power)
among the users. In recent years, one of the promising scheme
is Non-Orthogonal Multiple Access (NOMA), where, unlike the
traditional Orthogonal Multiple Access, OMA solution, signals
for the different users overlap in some domain (power-domain
NOMA, code-domain NOMA, etc). In order to evaluate the
performance of any NOMA scheme, we need to compare the
achievable bit rates of the users (the capacity region) to an OMA
case with comparable parameters (for example, same total
bandwidth, same total power and same channel conditions, etc).
To make this comparison, we first need to know the capacity
region for the OMA cases. Many papers make such comparison
without detailing the derivation of the capacity region of the
OMA case they compare to [1], [2], [3], [4]. In some cases, we
have only one free parameter to choose (for example in uplink
frequency division multiplexing systems for two users, it is the
bandwidth ratio between the users), and the achievable capacity
can be directly calculated for both users depending on the single
parameter (hence the boundary of the capacity region is trivial).
In other cases, such as downlink frequency division multiplexing
systems, even for only two users, we have to allocate optimally
two resources between the users: the bandwidth and the base
station’s available power. Hence, it is far from being trivial to
determine which combination is better and where the boundary
of the capacity region is. In this paper, we provide a derivation
for that case.

Index Terms—Orthogonal Multiple Access (OMA); Non-
Orthogonal Multiple Access (NOMA); capacity region

I. INTRODUCTION

In the mobile communication networks, where a base station
is communicating with multiple stations, there are two dif-
ferent cases: uplink and downlink communication, each with
somewhat different problems that need to be solved. In the
classical orthogonal multiple access (OMA) system, which
utilizes frequency division multiple access for communication,
there are two resources to share between the users: the
bandwidth and the available transmission power.

In the uplink communication case, where the end users
attempt to transmit signal to the base station, all the users
have their own transmit power limits. Since the communication
is orthogonal, the maximum capacity is reached when all
the users transmit at maximum transmission power. The only
resource that needs to be shared between the users is the
available bandwidth. In the case of two users, we can allocate
some portion, denoted by o € [0, 1], of the whole available
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bandwidth to one of the users and the remainder to the other.
This allocation determines the boundary of the achievable
capacity region for both users.

In the downlink communication case, where the base station
transmits to many users, the power budget of the base station
also has to be split between the users, alongside the available
bandwidth. So, in the case of two users, we have two param-
eters: the bandwidth division