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In this paper, we propose a compact Multiple Input Multiple Output (MIMO) antenna system with high isolation for wireless
applications in 5G connected devices. This MIMO antenna system with the size of 92 × 88mm2 consists of two elliptical
antennas symmetrically arranged next to each other. Two decoupling methods which are neutralization and Defected Ground
Structure (DGS) are applied to ensure diversity of the proposed MIMO antenna. The single and MIMO antennas are simulated
and analyzed then fabricated and measured. A good agreement between measurements and simulations is obtained. These
configurations, dedicated to covering the 3.4 GHz band -3.8 GHz, have shown very satisfactory performances more than -30 dB
in terms of reduction of mutual coupling between the antennas constituting our system. MIMO diversity parameters, such as
Envelope Correlation (ECC), Diversity Gain (DG), and total efficiency, are also studied for each proposed MIMO system. Thus,
results demonstrate that our two proposed antenna configurations are very suitable for 5G MIMO applications.

1. Introduction

Wireless communication has become one of the fastest-
growing and dynamic technologies around the world over
the past two decades. It is widely distributed in our home
space and finds many applications in electronic products
used in our daily life such as televisions, cell phones, and
computers [1]. With the advent of the fifth-generation
(5G), we are talking about “all connected” or Internet of
Things (IOT) [2]. These are electronic wireless connected
devices, sharing informationwith a computer, tablet, or smart-
phone and able to perceive, analyze, and act according to the
contexts of the environment in which they are located [3].

This rapid advancement in modern wireless technology
and especially with 5G allows a large number of new features
such as increased data rate and high-quality transmission
speed [4].

One of the most important elements of a wireless com-
munication subsystem is the antenna, which is used for the
transmission and reception of signals in one direction, and
with a specific strength [5]. Depending on the application,

there are different challenges in the antenna design. In this
context and in order to increase the transmission rate with-
out increasing the power of the transmitted signal or the
bandwidth, one solution is to take advantage of the diversity
by using several antennas at the same time in transmission
and reception [6]. This is the MIMO technique (Multiple
Inputs Multiple Outputs). This technique is well known as
one of the basic technologies of 5G communication [7]. In
fact, it consists in using several antennas, both on the trans-
mission and reception. Thus, we can obtain a significant gain
in capacity compared to the conventional Single Input Single
Output (SISO) system [8]. This can then provide a gain of
diversity that subsequently improves the capacity and quality
of the link in the systems [9]. Therefore, increasing the num-
ber of antennas on electronics terminals is an option to
increase the capacity of the channel. In this case, the distance
of the separation between the different antennas must be suf-
ficient to guarantee the independence of the signals [10].

However, this distance is limited by the space reserved for
an antenna in the electronic components [11]. This results
into a strong and inevitable mutual coupling between the
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antenna elements that are closely spaced. Because of this
mutual coupling, the effectiveness of the multiantenna sys-
tem decreases, and performance is affected. However, reduc-
ing this mutual coupling is not an easy task especially for low
frequencies where the currents flowing on the ground plan
are not negligible and can contribute to the radiation of the
mechanism of the whole structure [12, 13].

In order to overcome this problem of mutual coupling,
the isolation between the antennas should be high in the radi-
ator design. Especially with the design of small antennas,
achieving high isolation becomes a major challenge. Several
methods known as isolation techniques have been studied
and used on multiantenna and MIMO systems to reduce this
strong coupling [14]. Isolation techniques can ensure the
proper functioning of antennas in the multiantenna and/or
MIMO systems. In this context, a lot of research has already
been done on multiantenna systems in telecommunications.
Most of them concern the field of mobile telephony due to
the limited size of smartphones and especially their very

small slots reserved for antennas [15–17]. Few other works
concern Ultra Wide Band (UWB) applications [18–21].
The idea developed by these researchers is based on modify-
ing the ground plan and engraving slots in it. These struc-
tures are known as Defected Ground Structure (DGS) [22].
In fact, the phenomenon responsible for coupling is the cur-
rent flowing through the ground plan from one radiating ele-
ment to another. For this, the isolation is ensured by reducing
the flow of currents in this plan through the presence of slots.

y

xz

Ws

Lg

a

b

Bottom layer

Top  layer

Substrate

Wf

p

Ls

Ground plan (back)
Microstrip line (front)

h𝜀r

Figure 1: Elliptical antenna geometry.

Table 1: Temperature and wildlife count in the three areas covered
by the study.

Patch dimensions Ground plan dimensions
Substrate
dimensions

a = 14:5mm Lg = 19mm Ls = 44mm

b = 10mm Wg = 46mm Ws = 46mm

p = 0:4mm
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Figure 2: Proposed multiantenna system geometry.
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Figure 3: Multiantenna system configuration with neutralization line.
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In the paper [18], we show that a compact dumbbell-
shaped ground structure (DGS) is applied to reduce the
mutual coupling between the patch antenna array elements
spaced 0.47λ. The DGS dumbbell is inserted between adja-
cent coupled antennas to suppress pronounced surface
waves. Results show a mutual coupling reduction of 20 dB
around the resonant frequency of 5.646GHz. In order to
reduce mutual coupling, the authors in [19] add a narrow slot
in the ground plane of a ULB MIMO system of two L-shaped
slot antennas. The results prove that the proposed antenna
shows a bandwidth greater than 3.1-10.6GHz with a low
mutual coupling of less than 15 dB over the entire UWB
band. Research in [20] adopts the same technique in the iso-

lation between elements of a patch antenna array. This
method provides a coupling of minus -17 dB over the fre-
quency range of 3.1GHz to 11GHz, which has resulted in
an improvement in the performance of the system by
increasing gain, reliability, and connectivity. A compact
ULB MIMO antenna has also been proposed in [21]. It con-
sists of two slotted ULB antennas placed in a small space of
22mm × 26mm. A T-shaped slot is engraved on the ground
plane to improve the impedance matching characteristic in
low frequencies and reduce mutual coupling for frequencies
above 4GHz. A line slot is added to cancel the original
coupling and provide isolation. Results show a low mutual
coupling of less than -18 dB over the operating band from
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3.1 to 10.6GHz. The performance of isolation can overcome
the fading problem caused by multipath propagation in var-
ious UWB systems.

Another very original decoupling technique often used is
called “neutralization technique” [23]. The latter ensures the
blocking of the mutual coupling by carefully inserting an
inductance, usually modeled as a transmission line, between
the radiating elements to obtain a global behavior of a rejec-
tor filter. Several other works have confirmed the reliability of
this neutralization solution in reducing mutual coupling
between the elements of a multiantenna and/or MIMO sys-

tem in variable application domains [22, 24, 25]. Some of
these researches have shown that this technique could work
on different types of antennas and other ground plane forms
as well as other frequency bands. In fact, in [26], two circular
monopoles separated by a distance of 2.2mm are printed on
the FR-4 substrate. A neutralization line is connected and
interlaced between the two monopoles on the substrate. This
line inserted between the two antennas provides an insola-
tion of more than 22 dB. In the same way, authors in [27],
proposed a 4 × 4 compact MIMO antennas that are designed
and tested for very wideband applications. A neutralization
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Figure 5: Reflection coefficient S11 of the elliptical antenna as a function of frequency.
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Figure 6: Simulated S-parameters of multiantenna system without isolation.
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line is composed of two narrow bands and a rectangular
metal band on the center which are directly connected to
the closely spaced monopole antennas. By using this tech-
nique, the mutual coupling between the radiating elements
is greatly reduced to -23 dB, resulting then, in an improve-
ment of the overall system performance in gain, radiation
efficiency, and diversity. This technique of isolation with
neutralization, which we have already mentioned, is also
adopted by the authors in [28]. The multiantenna system is
composed by two monopoles slotted in D-shape with a

three-branch neutralization line inserted between them.
The use of this line reduced the coupling from 5.4 dB to more
than 20 dB over the entire 8.90-14.90GHz frequency band.

In the state of the art presented above, it has been shown
that the reduction of coupling with isolation techniques con-
ditions the diversity performance of multiantenna and/or
MIMO systems. Therefore, we propose in this paper two
multiantenna UWB systems designs with isolation tech-
niques for 5G wireless applications with diversity. These sys-
tems consist of two UWB elliptical monopole antennas with
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Figure 7: Simulated S-parameters of multiantenna system with isolation.
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high isolation using the neutralization technique for the first,
whereas the second is made using defected ground structures
to ensure isolation between elliptical antennas. These config-
urations, dedicated to covering the 3.4-3.8GHz band, have
shown very satisfactory performances in terms of reduction
of mutual coupling between the antennas constituting our
system. These results have also been validated by prototypes
and measurements.

The rest of the paper is based on different sections:
Section II describes the proposed multiantennas systems
geometries. Then, simulation results of the different antenna
systems are detailed in Section III. Measurement works are
presented in Section VI. Decoupling performances of the dif-
ferent geometries are discussed in Section V, and conclusions
are finally presented in the last section.

2. Multi antenna System Geometry

Obtaining initial target criteria in the design of a multian-
tenna system ensures the proper functioning and overall per-
formance of the suggested design. In our proposal, we have
listed some of the key objectives to be achieved:

(i) Choice of the Shape of the Antenna Element. UWB
printed antennas have several advantages. Precisely,
the monopoles in planar technology represent our
choice in this study. In fact, in comparison with the
other UWB monopole antennas, the elliptical shape
offers the widest bandwidth. In addition, few works
in the scientific researchers have used the elliptical
form in the design of multiantenna systems. For this
reason, we have adopted this choice as the basic
shape for the antenna element constituting our pro-
posed multiantenna system

(ii) Choice of Study Frequency. As we have chosen the
UWB technology, the main band planned is between
3.1GHz and 10.6GHz. On the other hand, at the
World Radiocommunication Conference (WRC) in
2015, the 3.5GHz band (3.4GHz-3.8GHz) is the
band that will be used initially by 5G [13]. More spe-
cifically, the 3.5GHz frequency is used in France by
Orange for applications of devices connected in
5G. Consequently, this frequency is our choice in
the design of the multiantenna system proposed in
this study

(iii) Choice of Isolation Techniques. In wireless commu-
nications, the development of multiantenna systems
is evolving with the emergence of new standards and
in particular with 5G. As we have already mentioned
in the introduction, isolation techniques represent a
powerful solution to design systems in diversity and
MIMO especially with the miniaturization of
devices. We have chosen two techniques in the
design of our multiantenna system. These are the
neutralization technique and the Defected Ground
Structure (DGS) technique. This choice stems from
the simplicity of implementation in the design as
well as the realization of these structures

2.1. Proposed Elliptical Antenna Element Design. As the pro-
posed system is a MIMO type with two elements, we first
designed the antenna element. As already mentioned previ-
ously, the elliptical planar monopole is chosen as the radiat-
ing element forming the multiantenna system. In [29, 30],
this type is made for different UWB applications. The geom-
etry of the proposed antenna is shown in Figure 1. Indeed,
the radiator is a patch elliptical shape with the major axis of
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2a, a minor axis of 2b, and excited via a microstrip line of
50Ω of width Wf. It is printed on a substrate of size Ws ×
Ls and thickness hs. The size of the ground plane is chosen
rectangular with dimensions Wg × Lg. There is a distance p
to set the distance between the radiating element and the
ground plan.

The first important step in the design of an antenna is the
selection of the substrate. The FR-4 with a thickness of h =
1:6mm of relative permittivity εr = 4:4 and of loss tangent t
gδ = 0:02 is used in the design of the antenna since it is avail-
able in the laboratory. It allows quick and easy manufactur-
ing of prototypes due to its low cost compared to other
types of substrates. Referring to equations [31], at 3.5GHz
lower cut-off frequency, the values of the geometrical
parameters of the elliptical antenna are estimated and then
optimized, and they are listed in Table 1.

2.2. Design of Two-Element Antenna System. We propose in
this subsection an antenna system resulting from a juxtaposi-
tion of two elliptical antennas which are already studied
above. The two antennas of identical size and configuration
are placed symmetrically on the same ground plan with their
own feed noted port 1 (P1) and port 2 (P2), respectively, of
the radiating element 1 and 2. As shown in Figure 2, these
antennas are spaced at a distance of d = 44mm (approxi-
mately a λ0/2 with λ0 being free-space wavelength at the cen-
ter frequency 3.5GHz) separating the two ports P1 and P2.
This means a distance of e = 15mm (approximately λ0/6)
between the two edges of the elliptical patch.

2.3. Two-Element MIMO Configuration with Neutralization
Decoupling Technique. In multiantenna and/or MIMO sys-
tems, the isolation between the different elements, which
constitute it, is one of the important parameters to be taken
into consideration because the existence of mutual coupling
influences the diversity performance of the antenna systems.
As indicated in the requirements specification section, the
neutralization isolation technique was adopted to reduce the
coupling between elliptical antennas. This technique consists
in connecting the radiating elements to better decouple their
power ports. Indeed, to maximize the energy radiated by a
powered antenna, it is necessary to ensure that all the energy
transmitted to it is not lost in the second antenna. It is there-
fore necessary to minimize the S21 which will be taken as the
parameter characterizing the decoupling between the two
radiating elements. So, this is ensured by inserting a microstrip
transmission line which naturally has a very high characteris-
tic impedance and can be considered as an inductance. The
behavior of a rejection filter is achieved to reduce mutual cou-
pling. Our proposed configuration is illustrated in Figure 3. As
shown in this figure, between the antenna feeds, we introduce
a microstrip line with 41mm of long and 0.3mm (Wfi) of
width at a distance of 3mm (Pos) from ports P1 and P2.

2.4. Two-Element MIMO Configuration with DGS
Decoupling Technique. The second isolation technique
applied in our study is the introduction of slots in the ground
plane of a multiantenna system (also called Defected Ground
Structure: DGS). The originality of this method to decouple

the two ports of the antennas was proved. Indeed, the modi-
fication by engraving slots on the ground plan can prevent
the propagation of electromagnetic waves. In this case, the
coupled fields between the neighboring antennas are elimi-
nated, thanks to the reduction of the current flowing through
the ground plan. In order to decouple the two elements of our
multiantenna system, we propose to introduce slots in the
form of L and others rectangular on the ground plan
corresponding to each antenna as shown in Figure 4. Two
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rectangular slots, each 3mm (W fr) wide and 2mm long, are
engraved at the top end of the ground plan. The slots L of
width 0.7mm (W fl1) and 0.5mm (W fl2) are placed on either
side of the rectangular slots.

3. Decoupling Simulations Results

3.1. S-Parameters Simulations Results. S-parameters describe
the input and output relationship between the ports of an
electric system. Figure 5 represents the simulated S-parame-
ter of the elliptical antenna only. As we can see, a very good
adaptation of -43.98 dB is obtained at the 3.5GHz frequency,
which can meet the requirements of 5G wireless applications.

S-parameters simulation results of the proposed multian-
tenna system without decoupling method are shown in
Figure 6. Comparing the simulations of this case with the
case where each antenna is alone (Figure 5), we notice that
each element resonated at 3.6GHz with a reflexion coefficient
S11 value of -46.87 dB. The transmission coefficient S21,
which is considered as the parameter characterizing the iso-
lation between the two antenna feed ports, has the value of
-11.66 dB at 3.5GHz. This value of the mutual coupling
between the antennas is estimated high. This is due to the
insufficient distance between each element, which results in
a slight shift of 100MHz of the resonant from 3.5GHz to
3.6GHz.

In Figure 7 below, S-parameter simulation results of the
proposed multiantenna system with the neutralization
decoupling method are presented. In fact, at a frequency of
3.5GHz, the adaptation of ports P1 and P2 is sufficient

(S11 = S22 = −16 dB). On the other hand, a high isolation
between P1 and P2 is achieved (S21 = S12 < −35 dB). So, isola-
tion is better with the insertion of a neutralization line.

We illustrate now in Figure 8 the S-parameters simula-
tion results of the proposed multiantenna system with DGS
configuration. Analyzing this figure, we can remark that at
3.5GHz study frequency, the adaptation at ports P1 and P2
is sufficient (S11 = S22 = −14 dB). In the other side, a good
decoupling between P1 and P2 is achieved (S21 = S12< -
20 dB). It is clear that the isolation is better with the insertion
of slots in the ground plan.

3.2. Radiation Performances Results. In this section, we
evaluate the performance of the system with and without iso-
lation techniques in terms of gain, radiation, directivity, and
efficiency.

According to Figure 9, the gain did not vary too much
and reaches a maximum value at 3.5GHz frequency for mul-
tiantennas systems with decoupling technique (neutraliza-
tion and DGS). But we note that an increase of 1 dB to
reach the 5 dB value in the case of the insertion of the neutral-
ization line. However, it remains stable and reaches a value of
4.3 dB even with a slotted ground plan.

The directivity performances for φ = 0° and φ = 90° in 2D
and 3D of multiantenna systems with and without neutrali-
zation isolation techniques are presented in the following
Figures 10 and 11. We notice that with the insertion of the
neutralization line between the two elliptical antennas, the
general radiation pattern characteristics remain constant.
Moreover, the directivity is improved from 5.01 dBi to reach
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a value of 5.9 dBi. The total efficiency of the antenna system
with neutralization is also improved to reach 83%
(-0.768 dB). Therefore, with the isolation technique, the sys-
tem is more directional and more efficient.

The directivity performances for φ = 0° and φ = 90° in 2D
and 3D of multiantenna systems with and without DGS iso-
lation techniques are illustrated in the following Figures 12
and 13. We remark that the efficiency of the antenna system
with the DGS isolation technique remains almost constant
and equal to 90% (-0.5 dB). However, its directivity is
decreased by 0.85 dBi to reach the value of 4.16 dBi. This loss
in directivity remains tolerable since the ground plan config-
uration has been modified.

3.3. Surface Current Distributions. To explain the causes of
electromagnetic coupling between very close antennas
located on the same ground plan, one approach is to analyze
the levels of currents in the ground between them. In this sec-
tion, the distribution of surface currents at the desired 3.5GHz
frequency for the antenna systems ports will be studied in
order to confirm the decoupling between antenna elements.
Let us consider that antenna 1 is fed while the second element
is switched off. The configuration being symmetrical, we limit
ourselves to the study of a single antenna. The visualization of
the surface current densities of the antenna structure with and
without the neutralization decoupling method is shown in
Figure 14.We notice in Figure 14(a) that antenna 2 is radiating
but is not fed. This can be explained by the magnetic fields
resulting from the circulation of currents in the ground plan
which can be assembled. So, a strong electromagnetic coupling
is observed. Considering now Figure 14(b) where a neutraliza-
tion technique was applied, in this case, when antenna 1 is
only excited, we observe that there is less current in antenna
2 because all the current is concentrated on the neutralization
line. So, the isolation in this case is improved.

We represent in Figure 15 the distribution of the surface
current of a multiantenna system with and without DGS. It is
clear from Figure 15(b) that when antenna 1 is only excited, a
very small value of the current (-28 dB) is recorded on
antenna 2. Indeed, the current is concentrated in slots that
prevent its circulation to the antenna 2. A strong decoupling
in this case is obtained.

4. Fabrication and Measurement Results

4.1. Fabricated Antenna. In order to validate the perfor-
mances of the elliptical antenna element studied previously,
a fabricated prototype is made and it is illustrated in
Figure 16. Then, the measurement of the S-parameters is car-
ried out using a spectrum analyzer (10MHz-25GHz). Simu-
lated and measured S11 is shown in Figure 17. Note that the
threshold classically used to judge the adaptation is -10 dB,
so we conclude on the basis of these results that the curves
obtained are quite concordant with an almost similar level
and shape. However, a resonance frequency shift of
300MHz is observed. We believe that this difference is due
to the precision of manufacture. Nevertheless, the measure-
ments are in line with our objectives since the module of
the S11 is less than -20 dB on the working band.

4.2. Fabricated Multi antennas Systems with and without
Decoupling Technique

4.2.1. Fabricated Multi antennas Systems without Decoupling
Technique. Fabricated prototype of the proposed multianten-
nas system without decoupling technique is made and illus-
trated in Figure 18. Measurement of the S-parameters is
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carried out using a network analyzer (10MHz-25GHz). S
-parameters simulation and measurement results of the pro-
posed multiantenna configuration without decoupling tech-
nique are shown in Figure 19 below. As the two antennas
are perfectly symmetrical, the S-parameters are also symmet-
rical. So, in Figure 19, we represent only the S-parameters of
one antenna.

Taking into account the manufacturing accuracies, a
good agreement between the simulations and the measured
S-parameters can be obtained. On the other hand, comparing
the simulations of this case with the case where each antenna
is alone, we observe that each element resonated at 3.6GHz
with a reflexion coefficient S11 value of -46.87 dB. The trans-

mission coefficient S21, which is considered as the parameter
characterizing the isolation between the two antenna feed
ports, has a value of -11.66 dB at 3.5GHz. This value of the
mutual coupling between the antennas is estimated very
high. This is due to the insufficient distance between each
element, which results in a slight shift of 100MHz of the
resonant from 3.5GHz to 3.6GHz.

4.2.2. Fabricated Multi antennas Systems with Neutralization
Decoupling Technique. We represent in Figure 20 below the
realized prototype of the multiantenna system with neutrali-
zation. However, simulations and measurement results at
3.5GHz of S-parameter are shown in Figure 21 below. As
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Figure 14: Surface current distributions of multiantenna system at 3.5 GHz. (a) Without decoupling technique. (b) With neutralization
decoupling technique.
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Figure 15: Surface current distributions of multiantenna system at 3.5GHz. (a) Without decoupling technique. (b) With DGS decoupling
technique.

(a) (b)

Figure 16: Realized prototype of the elliptical antenna element. (a) Top view. (b) Bottom view.

11Wireless Communications and Mobile Computing



0

–5

–10

–15

–20

–25

–30S–
pa

ra
m

et
er

s (
dB

)

–35

–40

–45
2 2.5 3 3.5

Frequence (GHz)
4 4.5 5

S11 sim
S11 meas

Figure 17: Simulated and measured reflection coefficient of the elliptical antenna as a function of frequency.
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Figure 18: Realized prototypes of the antenna system. (a) Front view. (b) Bottom view.

12 Wireless Communications and Mobile Computing



the two antennas are perfectly symmetrical, the S-parameters
are also symmetrical. So, we represent only the S-parameters
of one antenna. From these results, we noticed that the mea-

surement results are close to the simulations, but 150MHz
shift of the resonance frequency is observed due to the
manufacturing accuracies.
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Figure 19: Simulated and measured S-parameters of elliptical multiantenna system without decoupling method (Antenna 1).

Figure 20: Realized prototype of the proposed multiantenna system with neutralization.
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Figure 21: Simulated and measured S-parameters of the multiantenna system with neutralization (Antenna 1).
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4.2.3. Fabricated Multi antennas Systems with DGS
Decoupling Technique. We illustrate in Figure 22 the manu-
factured prototype of our proposed multi-antenna system
with DGS decoupling technique, whereas in Figure 23, simu-
lations and measurement results at 3.5GHz of S-parameter
(only of one antenna because of the symmetry of the struc-
ture) are presented. Analyzing Figure 23, we find that the
measurement results are almost consistent with the simula-
tions taking into account the accuracy of the manufacturing
which generates a tolerable shift of 200MHz of the resonance
frequency.

4.3. Mimo Antenna Diversity Performances. The integration
of several antennas on the same ground plan is a delicate
challenge. In fact, there are some criteria of diversity perfor-
mance is evaluated: the envelope correlation coefficient
“ECC” which represents the main parameter, the diversity
gain “DG” and the total efficiency. We present below these
concerned parameters, simulated parameters processed with
Matlab.

4.3.1. Envelope Correlation Coefficient (ECC). A multian-
tenna system with good diversity requires sufficient decorre-
lation of the signals received at its radiating elements [32].
This diversity performance can be characterized by the Enve-

lope Correlation Coefficient (ECC) which describes the inde-
pendence of the signals. So, using the correlation coefficient,
we can understand the level of coupling that exists between
the antenna ports in the MIMO system. This parameter is
zero in the ideal case and should be less than 0.5 [33] in the
case of a good diversity of antenna systems. A simplified
approach lies in the calculation of the envelope correlation
from the S-parameters of the antennas [34]. In this case,
ECC for two-element antennas is calculated using S-param-
eters by the following equation:

ECC = S∗11 S12 + S∗21 S22j j2
1 − S11j j2 + S21j j2� �� �

1 − S22j j2 + S12j j2� �� � : ð1Þ

In the case of the curve presented in Figure 24 below, the
ECC is calculated from the simulated S-parameters for multi-
antenna with neutralization and DGS. We notice that the
obtained ECC level is always below 0.5 over the whole band
[2–5] GHz for the two proposed multiantenna systems.
Exactly at the study frequency of 3.5GHz, ECC values are
below 0.05 and 0.01, respectively, for neutralization and
DGS multiantenna systems. This result is very satisfactory
and shows that the signals have very good performances for
the two proposed configurations.

Figure 22: Realized prototype of the proposed multiantenna system with DGS.
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Figure 23: Simulated and measured S-parameters of the multiantenna system with DGS.
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4.3.2. Diversity Gain (DG). Diversity gain is a parameter that
is defined to evaluate the benefit of using a diversity system
[35]. It expresses the improvement in signal-to-noise ratio
(SNR) of relative signals combined with respect to the SNR
received on a single antenna. The diversity gain depends on
a large part of the correlation envelope ECC, and it is calcu-
lated using the following formula:

DG = 10:
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − ECCð Þ

p
: ð2Þ

Simulated DG for multiantenna system with neutraliza-
tion and DGS is represented in Figure 25. We notice from
this figure that the DG for the two configurations is around
10 dB and is at its maximum value exactly at the points
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Figure 24: ECC simulated of multiantenna system with DGS and neutralization.
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Figure 25: DG simulated of multiantenna system with DGS and neutralization.
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where the ECC is the lowest which is around the 3.5GHz
frequency.

4.3.3. Total Efficiency. In communication systems, the total
efficiency of the antenna is the most important parameter,
since it provides information on the performance of the wire-
less link. It is also valid for multiantenna and/or MIMO
systems. This value can also be expressed with S-parameters
and the radiated efficiency ηrad of the antenna as shown in
the following equation [36]:

ηtoti = ηrayi 1 − 〠
N

n=1

 
Sn,1

2�� ��: ð3Þ

With “i”, it is the antenna number “i” and N is the num-
ber on the antennas.

The total simulated efficiency for the two proposed con-
figurations with neutralization and DGS is shown in
Figure 26. These curves are plotted for only one antenna
(port 1) due to the symmetry of the structures. A good total

efficiency reaches 80% at 3.5GHz for the two proposed mul-
tiantenna designs.

The performance of the two proposed 3.5GHz isolation
structures in terms of decoupling, total efficiency, ECC, and
DG is summarized in Table 2 below. We can see that the
two decoupling techniques proposed have very similar
performances.

5. Conclusion

In this paper, we propose two multiantenna systems for 5G
wireless applications with diversity. These systems consist
of two elliptical antennas, respectively, with neutralization
and DGS decoupling techniques. In fact, the insertion of a
neutralization line between the two elements of a multian-
tenna system as well as the engraving of rectangular and L-
shaped slots on the ground plan (DGS) of this system allows
a reduction of mutual coupling and thus provides a better
isolation between the elements that constitute it. Moreover,
the use of these two isolations techniques provides diversity
performance and guarantees an improvement of the overall
radiation characteristics of the multiantenna system. This
seems to be very interesting given the simplicity, low cost, lit-
tle space occupied, and efficiency of the proposed solutions.
This can be very suitable for 5G connected wireless applica-
tions devices.

Data Availability

The authors confirm that the data supporting the findings of
this study are available within the article [and/or] its
supplementary material.
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Figure 26: Total efficiency of multiantenna system with DGS and neutralization.

Table 2: Performance comparison of isolation techniques.

Isolation with
neutralization

Isolation with DGS

Couplage (dB) -33 dB -20 dB

Total efficiency 81% 83%

Envelope correlation
coefficient (ECC)

<0.05 <0.01

Diversity gain (DG) 10 dB 10 dB
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