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Foreword

The Nineteenth International Conference on Digital Telecommunications (ICDT 2024), held
between May 26-30, 2024 in Barcelona, Spain, continued a series of special events related to
telecommunications aspects in multimedia environments. The scope of the conference was to focus on
the lower layers of systems interaction and identify the technical challenges and the most recent
achievements.

High quality software is not an accident; it is constructed via a systematic plan that demands
familiarity with analytical techniques, architectural design methodologies, implementation polices, and
testing techniques. Software architecture plays an important role in the development of today’s
complex software systems. Furthermore, our ability to model and reason about the architectural
properties of a system built from existing components is of great concern to modern system developers.

Performance, scalability and suitability to specific domains raise the challenging efforts for
gathering special requirements, capture temporal constraints, and implement service-oriented
requirements. The complexity of the systems requires an early stage adoption of advanced paradigms
for adaptive and self-adaptive features. Online monitoring applications, in which continuous queries
operate in near real-time over rapid and unbounded "streams" of data such as telephone call records,
sensor readings, web usage logs, network packet traces, are fundamentally different from traditional
data management. The difference is induced by the fact that in applications such as network monitoring,
telecommunications data management, manufacturing, sensor networks, and others, data takes the
form of continuous data streams rather than finite stored datasets. As a result, clients require long-
running continuous queries as opposed to one-time queries. These requirements lead to reconsider data
management and processing of complex and numerous continuous queries over data streams, as
current database systems and data processing methods are not suitable. Event stream processing is a
new paradigm of computing that supports the processing of multiple streams of event data with the
goal of identifying the meaningful events within those streams.

We take here the opportunity to warmly thank all the members of the ICDT 2024 technical
program committee, as well as all the reviewers. The creation of such a high quality conference program
would not have been possible without their involvement. We also kindly thank all the authors who
dedicated much of their time and effort to contribute to ICDT 2024. We truly believe that, thanks to all
these efforts, the final conference program consisted of top quality contributions.

We also thank the members of the ICDT 2024 organizing committee for their help in handling
the logistics and for their work that made this professional meeting a success. We hope that ICDT 2024
was a successful international forum for the exchange of ideas and results between academia and
industry and to promote further progress in the domain of digital telecommunications. We also hope
that Barcelona provided a pleasant environment during the conference and everyone saved some time
to enjoy the historic charm of the city
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Experimental Investigations to Combat Fading in the NR of 5G Applications with
Antenna Pattern Diversity

Abdelkader Mosbah and Mustafa Benssalah

Ecole Militaire Polytechnique, EMP
Algiers, Algeria
e-mail: aek_mosbhah@yahoo.fr, benmusta@gmail.com

Abstract — This work presents a new design and
implementation of an Antenna Array with two different
elements, to combat interference and multipath effects that
occur in the NR of 5G applications. In fact, communication
systems impose severe constraints in terms of channel capacity
and transmission quality, while keeping the interference and
multipath levels low. In this paper, we propose a new approach
to combat fading phenomena without requiring any statistical
knowledge of the propagation channel parameters. This new
design uses two different elements array that adjust the signal
phase shifter to maximize the combined received power
proportionally to its gradient magnitude. The proposed
architecture was implemented on a Universal Software Radio
Peripheral (USRP) to perform experimental measurements
and examine the performance of this approach. From the
obtained results, we can note a 3 dB improvement over the
basic approach that was with two identical antennas.

Keywords-Antennas; Antenna Array; Fading; Diversity;
Multi-path; wireless communication; USRP.

l. INTRODUCTIONH

Mobile communication systems have been evolving
steadily in recent years. It has experienced different
generations of technology developed from the first
generation (1G) to the fourth generation (4G). However, the
future looks much brighter for the next fifth-generation (5G)
technology, offering better services and supporting more
devices with new applications. [1]-[4]. The transmission
channel in communication systems is undergoing at the
different physical phenomena like scattering, diffusion and
diffraction, resulting in interference and multipath effects in
wireless communications, while keeping these effects low
[5][6]. The fading affects the Quality of Service (QoS) in
advanced wireless communication systems. To combat this
phenomenon, different approaches have been proposed in the
literature, such as increasing the power of emitting or using
diversity techniques. Nevertheless, power is expensive, but
diversity techniques remain the widely used to improve
system performance, which can be divided to space
diversity, polarization diversity, frequency diversity and
diagram diversity [7][8]. The idea behind these approaches is
to modify the different multipath component phases to avoid
destructive combinations. The diversity techniques are based
on the principle that several versions or statistically
independent copies of the transmitted signal arrive at a
receiver, each carrying the same information. They are then
combined so that the resulting signal will be with less fading
[71[8]. Having another antenna in space implies a diversity of

Ali Mansoul
Telecom Division, CDTA
Algiers, Algeria
e-mail: amansoul@cdta.dz

space; the different paths phases arriving at the second
antenna are different due to the difference in the physical
path lengths. By varying the electromagnetic wave
polarization (polarization diversity), the direction of the
electromagnetic field components is modified; it varies the
reflection, diffraction and scattering mechanisms, which
result in a difference in the different path components, so
different phases. According to change in the electromagnetic
waves frequencies (frequency diversity), the wavelength is
changed, causing the electrical lengths of the different paths
to vary, resulting in different phases. By differentiating the
kind of antenna, the electromagnetic waves will undergo
different diagrams. To succeed pattern diversity, it is
necessary that the shapes of the antenna radiation patterns
will be different; i.e., each antenna will therefore capture a
maximum of power in different directions and then probably
independent. Since signal fading varies according to the
direction of arrival, the diagram diversity is easily
exploitable and interesting. This technique has been applied
and compared to the space diversity with the identical
antennas on the base stations in mobile communications. The
results showed that two types of diversity give comparable
performances in urban areas [7][8]. In general, diagram
diversity is usually combined with spatial diversity.

In this work, we present in Section Il a new approach
based on space and diagram diversity to combat the fading
effect based on the improvement of the adaptive algorithm
published in [9]. Section 3 explains the system studied which
consists of a set of two different elements with a digital
phase shift introduced at one of the two antennas of the array
to combine the signals received in order to maximize the
output power of the array, without the need for channel
statistics.  Therefore, in section IV, experimental
measurements are carried out by implementing the new
approach on Universal Software Peripheral Radio (USRP) of
National Instruments.

Il.  THEPROPOSED APPROACH

In order to combat fading effect and improve the received
signal quality, the receiver power must be maximized to be
exploited. The proposed approach is based on the work
presented in [9]. For this aim, a 2-elements array spaced with
a distance d is used in a feedback loop that adjusts the phase
of one of the two signals based on the proportional adaptive
phase-shift system, as shown in Figure 1.

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2024. ISBN: 978-1-68558-173-2



ICDT 2024 : The Nineteenth International Conference on Digital Telecommunications

Antenna 1 Rit}
s @
]

*o— ¥
Antenna 2
VA
Adapfive —
Algorithm

Figure 1. The proposed diversity approach

For simplicity, the same assumptions of [9] are made
here and the received signal at antenna 1 is expressed as
follows:

ri (t) =A cos(wt + 6) @

and the received signal at the antenna 2 is given as
follows:
ro (t) =A cos(wt + 0 + p) (2)

Where A is the amplitude considered here to be constant
and the same at the two antennas, w is the central angular
frequency, p = 2zd /. and @ is a random variable uniformly
distributed between 0 and 2z rad.

The combined signal is then:

RM) =ri(t) + r2(t) (3)
R(t)=Acos (wt+6) +Acos(wt+0+p-¢) (3.1)
The output power can then be written as:

Pr=E { R(t) } = A’+ A% cos (p - §) (4)
=A2(L+cos(p—¢)) (%)

where E{} represents the mean value. To maximize the
power Pg, it must be maximized cos (p - ¢) implies that (p —
¢)=0.

On the other hand, for large phase shifts between ri(t)
and ro(t) (i.e., when p — ¢ = & or close to this value), the
received power is around zero O, causing important fading.
Therefore, to maximize the received power, the phase shifter
must provide a phase shift that makes the signals from two
antennas in-phase.

Consequently, to maximize the received power PR
applying the iterative algorithm of all or nothing, to the two-
antenna network to adjust the phase, so one can write:

g(i+1)=gd(i)+3*sign[(dPr(t))/dt] (6)

Where ¢ (i+1) and @ (i) are the phase shift at the (i+1)"
and i iterations, respectively and ¢ is a weighting
coefficient.

The key aspect of this algorithm is that it does not depend
on the level of the received power and offers a good
performance in terms of convergence speed. In [9], the phase

adjustment is done sequentially by incrementing or
decrementing the phase shift with a constant step according
to the gradient sign of the combined received power with the
same antenna.

Therefore:

If sign[ (dPr (t))/dt] >0 = Z(i+1) =0 (i)+3 (7

If sign[(dP= (t))/dt]<0=> @ (i+1) = @) -9  (8)

To apply this algorithm in a two-element antenna array, a
single phase-shifter is used at antenna 2, as shown in Figure
1.

This approach has proven to be able to improve the
received power but with limited performance. This limitation
is due to the fact that the two antennas are identical so, for a
deep fading in a given direction of radiation, the two
antennas will be affected by its effect which will be able to
weaken the received power by the system, and even if there
will be power compensation will always be weak.

To overcome this problem, it is proposed to use two
different antennas, implying two different patterns, which
makes the probability of having both signals received in the
same direction or at the same time small and insignificant.

IIl.  IMPLEMENTATION

To test experimentally the proposed approach, the
algorithm has been implemented on two pairs of Universal
Software Radio Peripheral (USRP 2921 and 2932) platforms
from National instruments [10]. These platforms are
software programmable radio transceivers, programmable
with NI LabView software and are suitable for physical layer
communication systems prototyping. These modules have
the ability to transmit and receive RF signals across the
bands [0.4GHz - 4.4GHz] and [4.9GHz - 5.9GHz]. The clock
synchronization aspect between the two platforms is carried
out using wire synchronization, where two identical
monopole antennas are used to acquire RF signals in two
different frequencies of the Operating Bands in FR1 of 5G
applications (ex : 2.5 GHz and 5.88GHz) transmitted from a
Network Analyzer (as shown in Figure 2).

Figure 2. The adaptive dual-antenna array with the communication chain.

The communication chains implemented at the USRP’s
both start with an amplifying stage where the gains are
adjusted to get signals of the same strength of the two
antennas. The phase shift is performed directly at the RF
side, and not the IF, using a Virtual Instrument of LabView.
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Furthermore, to ensure that the measurement setup fulfills
the far field condition, the transmitter is separated by a
distance greater than D2/4, where D is the largest dimension
of the antenna and A is the signal wavelength. The
measurements have been done indoor a Lab room of 10 x 5
meters with a lot of equipment inside.

Two different measurement setups have been used. In the
first one, the reception is done with the same antenna
(monopole). In the second setup, the reception is done with a
different antenna (monopole radiate horizontally and Vivaldi
radiate vertically upwards). These antennas are simulated
with CST (Computer Simulation Technology) [11] software
and then designed and fabricated shown in Figure 8. We
present in the next paragraph theirs performance:

- Measured
Simulated

S11 (dB)

2 3 4 ; 6 7 é 9 10 1" 12
Frequency (GHz)

Figure 3. The S11 parameter of realized Vivaldi antennas.

— = —— Measured
Simulated

$11(dB)

r
2 3 4 5 & 7 -1 9 10 1" 12
Frequency (GHz)

Figure 4. The S11 parameter of realized Monopole antennas.

The two antennas: Vivaldi and Monopole are ULB
antennas that cover virtually the same band as shown in
Figure 3 and Figure 4. These antennas are designed with a
minimum of mutual coupling or the S12 and S21 parameters
are identical to see the isolation and they are less than -15 dB
over the operatinug frequency band as shown in Figure 5.

5] e Measured
Simulated

S21(dB)

Frequency (GHz)
Figure 5. The S11 parameter of realized Monopole antennas.
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Figure 6. Radiation patterns of Vivaldi antenna.
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Figure 7. Radiation patterns of Monopole antenna

The radiation of the two antennas are shown in Figure 6
and Figure 7.

IV. EXPERIMENTAL VALIDATION

To evaluate the performance of the proposed approach,
experimental measurements are carried out according to
situations. The first one considers two identical antennas
similar to the work published in [9] and the second adopts
two different antennas (designed and fabricated in this
work). Figure 9 illustrates the different received measured
powers for the two identical and different antennas,
respectively. As we can see, the received signals undergo the
fading phenomenon. This is due to the multipath
propagation, imposing destructive combinations of the
received signal.

Figure 8. Photo of the fabricated antenna array.

The power levels for antenna 1 and antenna 2 are low
because they are on average of -71dBm with deep-fad
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reaching -80dBm. As we can see in Figure 9, the proposed
approach performance exceed those obtained with two
identical antennas, such that we have, respectively, average
values of -62dBm and -65dBm, as maximum values -60
dBm and -63 dBm and -66.5 dBm and -71 dBm as minimum
values. So the proposed approach enormously improve the
original approach by means of 3 dB, which itself improves
the power [9].

55

:

-3
&
I

Power (dBm)

a5 BN 1 ' -~ Antennat
Antenna2
1 —-—Identical antennas
—— Different antennas

T T T T T T T J T
4] 50 100 150 200 250 300 350 400 450 500
Samples

Figure 9. Measured received powers.

However, the first approach behaves well in conditions
where the two signals are uncorrelated; it can be observed
that it achieves performance closer to those of the new
approach. Nevertheless, the new approach results always
surpass the other by an average value of 3 dB.

TABLE I. DIFFERENT POWER VALUES

Feature (dBm) Min Means Max
value value value
Reception with antenna 1 -80.2 -71.9 -65.9
Reception with antenna 2 -76.45 -70.4 -65.8
Reception with identical antenna -71.30 -65.8 -62.9
Reception with different -65.41 -62.2 -60.2

Comparison -5.89 3.6 2.7

Another performance criterion that can be used to
compare the two approaches is the Cumulative Distribution
Function (CDF), it gives the cumulative probability that the
received power level is less than a given value. Figure 10
illustrates the CDF for antenna 1, antenna 2 and the applied
algorithm in both cases of identical and different antennas.

As we can see in Figure 10, the algorithm with the
proposed approach outperforms all the other ones.

For example, at -66 dBm, with the proposed approach,
only 5% of the signal is below this value (95% of the signal
is greater than this power level) while with the original
approach 30% of the signal is lower at this value. For another
reading, for example, the power level corresponding to 10%
probability (90% of the signal is greater than this power
level) is -64dBm for the algorithm with two different
antennas and -67dBm with two identical antennas that gives
about 3 dB difference.

1.0

< — Antenna1l
Antenna2
084 -~ - ldentical Antennas
———Different Antennas

0.9~

0.7
06 <

0.5+

CDF

0.4 -
034
0.2

0,14

00 = T
80 75

=70 -B5 -60 -55
Power (dBm)

Figure 10. Measured received powers.

V. CONCLUSION

In this paper, a new approach with an adaptive algorithm
to combat fading phenomenon has been proposed with a two
different (02)-element array. This technique allows adjusting
the phase of one of the two antennas in proportion to the
variation of the received power by the two different diagrams
combined to maximize this power. To evaluate its
performance, an experimental measurement was carried out
to measure the power received and calculate the CDF in
order to compare the results obtained with our approach that
uses two different antennas with the two identical antennas.
All the results show clearly that the approach used with
enormously improves the received power making it
recommended  generally  for  advanced  wireless
communications and particularly for NR of 5G applications.
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