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ABSTRACT

The present article proposes a penta band Multiple Input Multiple Output (MIMO) antenna for 5G New Radio
(NR) bands and HIPERLAN applications using Characteristic Mode Analysis (CMA). The design is obtained and
optimised in step-by-step procedure using novel CMA approach and by perturbing the conventional rectangular
structure with slots on the patch (left and right sides) and the ground plane (wide slot + narrow slots) for enhancing
the isolation at multi bands. The MIMO configuration has a total dimension of 0.58 A x 0.35 A, x 0.01 A, mm’ with
an optimum element separation of 0.05 A, (A, is the lowest frequency operating wavelength). Multiband resonance is
produced at 2.2, 4.2, 7.2, 16, 17.5 GHz. The radiating elements can excite various characteristic modes that support
wider bandwidth. The -10 dB impedance bandwidth at working region are 0.2, 0.2, 0.38, 3.6, 2 GHz respectively.
The suggested design yields a gain of 2.1, 5.7, 3.5, 3.5, 5.2 dBi and consistent radiation patterns at the working
frequencies. The analysis of the diversity performance considers the Diversity Gain (DG) and Envelope Correlation
Coefficient (ECC), whose values are near 9.9 dB and 0, respectively. Additionally, the assessed parameters are the
CCL and TARC. The structure prototype has been developed, and the observed findings are highly coherent with
the simulated results, making it appropriate for use in 5G NR bands, HIPERLAN, and IoT applications.
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NOMENCLATURE isolation characteristics. It offers enhanced reliability, channel
DGS : Defected ground structure capacity, high quality, high data rate, fast communications with
EBG : Electromagnetic band gap reduced interference, and can be used in all portable devices.
MIMO : Multiple input multiple output So, the need of the hour is to develop a multi-functional, highly

TCMA : Theory of characteristic mode analysis
ECC : Envelope correlation coefficient

DG : Diversity gain

TARC : Total active reflection coefficient

CCL : Channel capacity loss

1. INTRODUCTION

To cope with the exponential increase of wireless traffic
due to the increase in the use of numerous wireless applications
besides Wi-Fi, it has led to the interference and congestion of
the Wi-Fi frequency spectrum, reducing the quality of service.
To meet the current wireless demands, a possible alternative
is to deploy the network to another frequency band. 5G NR
(new radio) bands were allocated, and a few bands above 6
GHz (unlicensed bands) were also analyzed and tested for 5G
communications. All these paved the way for the development
of MIMO systems in wireless devices, replacing the Single
Input Single Output (SISO) technology drawbacks, such as
multi-path fading, lower data rates, and the need for a broader
frequency spectrum to accommodate high data rates. MIMO
technology necessitates antennas with wide bandwidth and good
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isolated, low-profile compact antenna structure suited for lower
5G NR (sub 6 GHz) and HIPERLAN/IoT applications.

In the literature, researchers provided a variety of
techniques for improving the isolation between dual-band
MIMO antennas. Parasitic elements, neutralisation lines,
Electromagnetic Band Gap (EBG) structures, Defective Ground
(DGS) techniques, decoupling networks, and characteristic
mode analysis constitute some of the different isolation
enhancement approaches. For increased isolation, various
decoupling techniques'® are used in MIMO antennas suited
and designed for 5G applications. In”® a decoupling structure
was used for enhanced isolation of -40 and -25 dB suited for
sub 6 GHz frequency applications connected between the
radiators for enhanced isolation. In' isolation was improved
(-24 dB) using a metamaterial superstrate patch sandwiched
between the phased array elements. A neutralisation line and
metamaterial loaded technique!! was used for obtaining low
mutual coupling array antenna. Interconnected/reduced/
stepped ground plane'*!* for enhancing isolation in MIMO
antennas was used suited for 5G frequency bands. Parasitic
elements!'® were used for mutual coupling reduction suited for
LTE and Wi-Fi systems. The concept of CMA!"!8 (analysis of
modes and modal significance) was used to improve the MIMO
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performance. The antenna elements are triggered using various
characteristic modes!®?°, and different characteristic currents
are obtained, which enhanced the isolation. The concept of
orthogonality?! properties of characteristic modes was used
for achieving good isolation. The DGS?? concept was used to
design a spiral antenna. The concept of neutralisation line?* was
used to design a highly isolated flower shaped MIMO antenna
for 5G NR and WLAN applications. Characteristic mode
manipulation concept* was used along with rectangular spiral
shaped stub and L shaped slot for designing a triband MIMO
for low sub 6 GHz. The concept of CMA? was used for MIMO
dipole pair suited for base station applications. However,
significant limitations of the techniques mentioned above
include the high optimization time, proper positioning of the
decoupling structures/neutralisation line/parasitic elements,
complexity of the structures, limitation in the frequency region
of operation (due to congestion at lower sub 6 GHz because of
increase in wireless traffic) for obtaining good isolation in the
working bands.

The novelty of the proposed design is seen in developing
the antenna structure systematically with the help of theory
of characteristic modes (TCM) and use of a decoupling
structure (wide slot + narrow slots) on the ground plane for
enhancing the isolation at multi bands, while in most of the
cited work’s isolation has been enhanced just nearer to an
acceptable value®!*'7using the techniques which required high
optimisation time, being placement dependent, complexity.
The design is obtained and optimised in step-by-step procedure
by perturbing the conventional rectangular structure with
slots on the patch and the ground plane governed by quarter
wavelength resonance enhancing isolation at working bands.

Moreover, the current design meets four major things
needed for present wireless communication MIMO systems
(i.e.) multifunctional, multiband antenna which can be
used to cover 4G/5G NR bands as well as 17 GHz band
suited for HIPERLAN, IoT services to avoid the wireless
traffic congestion in low sub 6 GHz, while in most of the
literary works the antennas are designed only for a specific
application*”#, good Impedance Bandwidth (IBW), compact
structure with negligible losses. Furthermore, the system is
analysed in terms of its diversity performance. The work
is organized into the following sections: The basics of the
characteristic mode analysis are outlined in Section 2, Section
3 offers the antenna design using the CMA concept, Section
4 outlines the experimental results and MIMO parameters of
the proposed design, and conclusions are made in Section 5.
The performance of the existing work is compared with the
previously reported works, as highlighted in Table 1.

The following are the key contributions/advantages of the
suggested work,

*  The designed antenna is analyzed using the TCMA in
terms of characteristic angle, modal significance, and
eigenvalues, providing a deeper physical insight into the
design regarding resonance conditions.

*  The designed antenna is of less size (0.58 A x 0.35 A, x
0.01 A, mm’ with an optimum element separation of 0.05
A, (A, is the lowest frequency operating wavelength)), less
complexity, easy to fabricate (using PCB) and validate,
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less cost (because of ease of availability of FR-4 and PEC
materials for fabrication).

*  Enhanced isolation characteristics are observed at the
resonant bands 2.2/4.2/7.2/16/17.5 GHz with |S | values
47,45, 24, 29, 39 dB using a simple decoupling structure
of less complexity in the ground plane.

*  Good impedance matching (observed from return loss/
VSWR values) and broadband resonance are obtained at
the higher frequencies (16-19.5 GHz).

* The proposed structure offers acceptable diversity
performance in terms of ECC (close to zero), DG (9.99
dB), TARC (< -10 dB), and CCL (< 0.5 bits/sec/Hz).

* A gain of > 2 dBi with stable radiation patterns is observed
for the proposed design.

*  The structure is designed as a multi-functional antenna
system that can be used for 5G NR bands and HIPERLAN/
IoT applications as it covers the higher frequency
unlicensed bands. This helps improve service quality
in the frequency bands used for wireless applications
suffering from high wireless traffic and congestion.

2. THEORY OF CMA (CHARACTERISTIC MODE

ANALYSIS)

The concept of CMA was suggested in 1965 by Garbacz?,
which provides physical insight into the antenna design using
the characteristic modes. This can be applied to any arbitrary
antenna design with any shape and requires no excitation®’. The
CMA modal dynamics is evaluated in terms of the following
parameters, which include the generalized eigenvalue equation
for characteristic modes expressed as, X(J )= A R(J)) where,
A, denotes eigenvalue, J signifies the eigenvector, R and
X represents the real and imaginary Hermitian elements of
the standardized impedance matrix Z=R+jX*. A is the ratio
of reactive power to radiative power and is dependent on
frequency.

An eigenvalue of zero indicates that the mode is at resonant
condition, and a value less than or greater than zero indicates
the storage of capacitive and inductive energies®. The modal
significance computed as MS, = ‘1/ (1+j4,)| is another alternate
representation of the normalized form of eigenvalue®. The MS
scale spans from 0 to 1. An MS value of 0.7 to 1 indicates the
presence of — 10 dB impedance bandwidth and resonance. The
characteristic angle (0) is another essential metric that may be
expressed as #=180"—tan"' (4, ), and the resonance condition is
indicated at the operating bands by an angle of 180°. An angle
of less than or greater than 180° indicates that the generated
modes at the desired bands are inductive and capacitive.

3. DESIGN OF DECOUPLING STRUCTURE
BASED MIMO ANTENNA

3.1 Layout and Design Procedure
The following steps summarise the entire proposed

antenna design process:

e For the proposed structure, the effect of various modes has
been analyzed using metrics such as characteristic angle,
modal significance, and eigenvalues

* Using the results of characteristic mode analysis,
decoupling structure and etching slots on the radiator are
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Table 1. Comparison to prior existing designs

Antenna

Reduction in No. of operating

Ref. dimension (mm?) Methodology used isolation |S | (dB) Design complexity bands
[1] 147 k< 1.47 ), Transmission line based 30 Complex 1
[2] 212A,% 212 % Decoupling 25 Complex 1
[3] 2.35A, %235, Decoupling 24 Simple 1
[4] 0.83 %, x 1.25 A, Meta surface-based decoupling 32 Simple 2
[5] L16 A 1.16 A, Ceramic superstrate-based decoupling 30 Complex 1
[6] 1.63 1, % 0.81 A, Decoupling 11.2 Moderate 2
[7] 0.63 1, 0.49 %, Decoupling 30 Moderate 1
[8] 0.84,%0.97 A, Decoupling 25 Complex 1
[9] 0.72 1, % 0.32 %, Defected ground + neutralisation line 17 Moderate 1
[10]  3.882,x 1942, ng:glj‘gte;;:;i‘ﬁ:“me patch between Moderate 2
[11] L5, x 1.04 %, Metamaterial 30 Moderate 1
[12] 0.882,x0.84, Inverted L monopole antenna 25 Moderate 1
[13] 117 &, x 1.35 A, Spacing between the elements 16 Simple 2
[14] 1.52 A% 0.76 X, Rectangular slots (DGS) 13 Simple 1
[15]  0.73%,% 0364, ;Z‘l’::ngular slotetched outin ground Moderate 2
[16] 0.64 %, x 0.32 2, Orthogonal modes+ defected ground 15 Complex 2
[17] 0.72 %, % 0.36 A, Nil 8 Complex 2
[18] 0.35 2% 0.17 %, Orthogonal structure NR Moderate 2
[20] 0.4%,x0.33 %, Opposite edges 20 Moderate UWB (2-9.5 GHz)
[23] 0.46 1, x0.3 A, Neutralisation line 50 Simple 1
[24] 0.25 2% 0.21 2, Rectangular spiral stub+ L shaped slot 18 Moderate 3
2.2 GHz- 47 5 (covering low
This . . 4.2 GHz- 45 . sub 6 GHz bands
work 0.58 1, % 0.35 %, CMA+ simple decoupling structure 7.2 GHz- 24 Simple + HIPERLAN/ToT
16 GHz- 25 bands)
17.5 GHz- 39

NR-Not reported; A represents the operating wavelength at the lowest cut off frequency.

the significant factors in determining the antenna working
frequencies
The combination of open-ended wide slots and narrow
slots enhanced the isolation at the working band, making
it suitable for low sub 6 GHz and HIPERLAN/IoT
applications.

Figure 2 shows the suggested configuration in front and

rear view. The structure comprises two identical radiators with
a simple decoupling structure consisting of a broad slot and
two-minute slots carved in the underground plane made of
perfect electric conducting material (PEC). The layout is etched
on an FR-4 epoxy substrate of dimension LxW with dielectric
constant (g ) value of 4.3, loss tangent (tan d) value of 0.025
and 1.6 mm of substrate height. The arrangement has an overall
dimension of 0.58 A x 0.35 A/ x 0.01A, mm® with an optimum
element separation of 0.05 A (A, is the lowest frequency
operating wavelength). The suggested MIMO structure’s initial
dimensions are determined using the rectangular microstrip
patch antenna fundamental equation®. The design of a single

antenna element started with the rectangular patch, followed by
four iterations to obtain the required working band frequencies.
The optimised results have been attained following several
iterations of structural alteration. Table 2. shows the optimum
design dimensions. The suggested arrangement is obtained
in four evolution stages, as depicted in Fig. 1, with front (left
side) and rear (right side) views. The design is analyzed and
optimized using an electromagnetic 3D Computer Simulation
Technology (CST) microwave studio.

Stage I conventional antenna design uses two rectangular
patches with a complete underground plane etched on the
rear side of the dielectric material. In this step, the structure
is not perturbed with any slots. A microstrip line feed with an
impedance of 50 Q is connected at the lower end of the patch
using a strip of dimension e x f mm? (3 x 10 mm?). It resonates
at 4/5/8/16/17.5 GHz. Since no slot is etched between the
radiators, more electromagnetic energy is coupled from port
1 to port 2, leading to poor isolation. In the following steps, a
partial I-shaped radiator is obtained by etching four slots on the
patches top, bottom, and left and right sides. In stage II, two slots
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of size gxh mm? (5x5 mm?) are etched towards the right side
top and bottom of the patches, producing resonant frequencies
at 2/4/8/16/17.5 GHz. The ground plane is now perturbed to
enhance the mutual coupling starting with a simple decoupling
structure consisting of the wide slot of dimension ¢xd mm?
(3x32 mm?) which causes the changes in the surface current
distributions on the radiating patches. In stage III, the design
is further modified by an etching slot of size ixj mm? (10x19
mm?) on the right side of the patches, producing resonant
frequencies at 2.2/4.2/7.2/16/17.5 GHz. Two narrow slots of
dimension axb mm? (1 x 23.6 mm?) are carved on the ground
plane causing the surface currents to get trapped in these slots
to improve the isolation at operating frequencies. In stage 1V,
the design is modified to improve the reflection coefficient by
etching another slot of size k x | mm? (15 x 25 mm?) on the
left side of the patches to obtain the required partial I-shaped

(Stage I)

(Stage II)

(Stage III)

radiator. To further enhance the mutual coupling, a combination
of two narrow slots of dimension axb mm? (1x23.6 mm?) along
with a wide slot of dimension ¢xd mm? (3%x32 mm?) are carved
on the underground plane. In this step, the designed antenna is
resonating at pentaband frequencies 2.2/4.2/7.2/16/17.5 GHz
with |§, | <-10 dB, and an enhanced isolation of |, | <-29 dB
was obtained compared to the prior evolution stage III and is
suited for use in lower sub 6 GHz and HIPERLAN. Figure
3 displays the simulated isolation and return loss values for
different design stages.

Table 2. MIMO structure dimensions

Parameters Size (mm)
L/'W 80/47.6
a/ble/d/e/flg/hifi/k/Vm/n/o ;62/356//73»/32/3/10/5/5/10/19/15/25/

(Stage IV)

Figure 1. Design stages of the suggested structure (front/rear views).
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Figure 2. Front/ rear view geometry of the suggested structure.
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Figure 3. Simulated |S| parameter values for different stages of the suggested configuration.

3.2 Surface Current Distributions

For the proposed multi-functional radiator resonating
at 2.2/4.2/7.2/16/17.5 GHz, surface current distributions are
outlined in Fig. 4. The flow of surface currents is analysed on
the suggested structure when port one is excited, and port two
has a characteristic impedance termination of 50 Q2 due to the
symmetrical design. To gain better insight into the isolation
mechanism, surface current distributions are analyzed at the
resonant frequencies. In the absence of slots in the underground
plane (stage 1), there is no perturbation, and a high amount
of EM energy is coupled between the ports, leading to poor
mutual coupling as high surface currents are observed to be
circulated by the feed line and the patch (left-sided) when
port 1 is excited. In the later phases, the introduction of slot
based simple decoupling structure consisting of a broad slot
and a pair of minute slots created perturbations in the ground
plane causing the surface current to get trapped in these slots
producing an isolation of 47/45/24/25/29 dB at the working
bands. The slot-based structure prevents the circulation of
surface currents from radiators and also extends the path
between the two radiators mitigating and diminishing the
isolation effect.

3.3 Effect of Varying the Distance Between Patches

The structure is further examined by altering the distance
(o) parameter between the patches, as the distance significantly
impacts the mutual coupling of the designed antenna. The
structure is analyzed for different values of 0=4 to 8 mm with
incremental values of 1 mm and return loss, mutual coupling
values are observed at the desired operating frequencies,
keeping the remaining structural parameters constant. The
values of |S, | and |S, | obtained for different values of ‘0’ are
compared as shown in Fig. 5, and the best-optimized dimension
of 0=7 mm has been chosen for the suggested antenna as it is
observed that shift in the downward direction is more when
0=7 mm compared to other values of ‘0’ suited for sub 6 GHz
and HIPERLAN/IoT applications.

3.4 Design Using Characteristic Modes

The proposed penta band structure is analysed using an
integral equation solver in computer simulation technology
(CST) 2019 without giving the feed excitation. Figure 6(a)
depicts the characteristic angle of the antenna for three distinct
modes. From the graph, it is evident that mode 1 possesses an
angle of 180° (indicating the resonance) at 2.2/4.2/7.2/16/17.5
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Figure 4. Surface current flow of the penta band structure, (a) At 2.2 GHz, port one is activated; (b) At 4.2 GHz, port one is activated;
(c) At 7.2 GHz, port one is activated; (d) At 16 GHz, port one is activated; and (e) At 17.5 GHz, port one is activated.
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Figure 5. Simulated return loss/isolation values for various distance between the patches.

GHz frequencies. From this parameter, how much energy is
stored can be determined at the desired frequencies. A <180°
or > 180° angle indicates energy storage in the form of a
magnetic/ electric field. Figure 6(b) illustrates the eigenvalue
of the structure for three different modes. From the graph, it is
evident that mode 1, being dominant, possesses EV close to
zero at the desired frequencies, indicating resonance. An EV of
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<0 or> 0 indicates the capacitive and inductive energies (which
indicate more reactive power than radiated power). Figure 6(c)
represents the MS parameter of the design analyzed using
three modes; from the graph, only mode 1 has an MS value
of 1 at the frequencies 2.2/4.2/7.2/16/17.5 GHz, while mode
2 and mode 3 have MS value of 1 at some other frequencies.
Mode 1 is considered to be dominant for the designed antenna.



HIMAJA & YUVARAJ: INVESTIGATIONS ON PENTA BAND HIGH ISOLATION MIMO ANTENNA FOR 5G NR BANDS AND HIPERLAN

240 T T T T T T T T

220 + -

200 4

z
{
\

160

Characteristic Angle (degrees)

140 4 L
120 4 Mode 1

100 4 - - - Mode 2| i
— —Mode 3

80 -

2 4 6 8 10 12 14 16 18 20

300

250 +

200 4

—

n

<
L

Eigen values
2

Bl

Mode 1

— =Mode 2

Mode 3

Frequency (GHz)
(a) —— e
1.0 -
RN
]

osd| |’ 1
@ ]
<
=
S
= 0.6 4 o
=
=P
@»
= 0.4+ -
2
s Mode 1

0.2 - — =Mode 2 -

F - Mode3
0.04 E
2 4 6 8 10 12 14 16 18 20
Frequency (GHz)
(©

Figure 6. CMA of the penta band structure.

Table 3. CMA (mode 1) of the suggested MIMO structure

Frequency = Modal Characteristic angle  Eigen

(GHz) significance (in degrees) value
2.2 0.999 179.8 0.003
4.2 0.991 172.6 0.12
7.2 0.999 180 0

16 0.999 179.5 0
17.5 0.999 180 0

Table 3 shows the CMA values for mode 1 of the suggested
MIMO structure.

4. EXPERIMENTAL RESULT ANALYSIS
4.1 |S| Parameters and Impedance Bandwidth

The proposed arrangement is developed and verified using
the simulated results, as displayed in Fig. 7, and measurements
are performed using a VNA (Anritsu MS2037C). The MIMO
antenna designed is symmetrical in nature so the response for
both the ports is almost same if excited from port 1 or port
2. Figure 8 outlines the simulated and measured findings of
|S| parameters at the desired frequencies 2.2/4.2/7.2/16/17.5
GHz. The simulated and measured |S,| values are <15 dB
at the resonant frequencies. The isolation is enhanced by
employing a simple decoupling arrangement consisting of a
broad slot and a pair of minute slots and adequately tuning the
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Figure 7. Geometry of fabricated structure.
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Figure 8. Simulated/validated |S| parameters of the suggested antenna structure.

modes produced |S, | values as 47, 45, 24, 25, and 39 dB at
the resonant frequencies. A slight variance is observed between
simulated and actual findings due to the SMA connector losses,
improper calibration, errors in soldering, and other losses. The
measured -10 dB impedance bandwidths are around 0.2, 0.2,
0.38, 3.6, and 2 GHz at the operating frequencies.

4.2 Radiation Pattern Characteristics

Figure 9(i-v) indicates the antenna modeled and
measured co and cross polarisation for constant phi (varying
theta at 0°, 90°) and constant theta (varying phi at 0°, 90°)
at 2.2/4.2/7.2/16/17.5 GHz measured at one antenna. At the
same time, the other has a 50 Q characteristic impedance
termination. The pattern is almost omnidirectional at a lower
sub-6 GHz frequency of 2.2 GHz. At 4.2 GHz, it is distorted
omnidirectional. The pattern is almost distorted dumbbell-
shaped in the high frequency region of 7.2/16/17.5 GHz. This
variation in the radiation patterns at low and high frequencies
can be attributed to antenna radiation patterns depending on
the antenna dimensions with respect to wavelength. A little bit
distortion in characteristics is observed which can be attributed
to design parameters of both the antenna and DGS. The shape
and location of lobes, nulls are influenced by the DGS causing
the pattern to change its characteristics. The antenna directivity
is measured based on the values of its radiation pattern.

The setup includes an anechoic chamber that minimizes
reflections and external interference controlled by the

270 Co-pol simulted

-5 = == Co-pol measured
00 Cross-pol simulated
=10 4 i x = = Crogs-pol measured

210

180

150

990

E-Plane 2.2 GHz
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(i)

environment. The antenna Under Test (AUT) is mounted for
precise rotation and positioning of the measurement system.
The setup procedure to measure the directivity of the antenna
is prepared. The ratio of maximum radiation intensity in the
desired direction to the radiation intensity averaged in overall
directions is measured with respect to the reference antenna,
which is a horn antenna. Fig. 10 shows the proposed antenna
directivity at the desired frequencies, and Fig. 10 (right
side graph) shows the proposed antenna gain at operating
frequencies, which are 2.1, 5.7, 3.5, 3.5, 5.2 dBi at the
operating frequencies. The accuracy of the findings is primarily
determined by using standard measurement set up involving
the proper handling of the motor movements for rotating the
AUT, the impact of the probe being used, the effect of RF
connectors, the interconnection between different systems,
the movement of RF cables, and a reflection-free anechoic
chamber environment. Nevertheless, as can be shown in Fig.
9, 10, only a little divergence results because of the accurate
handling of the aforementioned factors.

4.3 Diversity Performance

The diversity parameters of the designed multi-functional
antenna are analyzed in terms of two major parameters:
envelope correlation coefficient (ECC) and diversity gain
(DG). Figure 11(a) and 11(b) depict ECC and DG’s simulated
and validated values. At the operating frequencies, the obtained
ECC values are close to zero, which can be found using the
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Figure 9. (i-v) Radiation patterns (E-field and H-field) of MIMO antenna structure at 2.2/4.2/7.2/16/17.5 GHz.
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Figure 11. ECC/DG/TARC/CCL of proposed structure.
following equation for a 2x1 MIMO system?®. (—| | >
* * 2 DG = 10 1_
_ |S11 X S12 + SZI x S22| p (2)
= (1 (|S |2 +|S |2))(1 (|S |2 +|S |2)) | The other assessed parameter is the total active reflection
1 2 z 12 M coefficient (TARC), computed from |S| parameters for a 2x1
. . .
The DG values are around 9.99 dB at the resonant MIMO antenna system using the following equation'?. At the

frequencies, which can be computed using equation®. A low resonant frequencies, the values of TARC are < -10 dB, which

ECC value and a high DG value indicate the proposed structure can be observed from Fig 11c.
has superior diversity performance.
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1, + S| +[S,, +5,e”|
TARC = : 3)

where, 0 is the phase, whose value varies from 0(0°) to 2¢
(360°).

The channel capacity provides how much bandwidth
the channel can take and accept without losses. The Shannon
capacity A for the MIMO system is computed by employing
the following formula® based on the channel matrix, H.

A=log, [det[1+SM£HH'D @)

where, SNR is the expected channel signal to noise ratio, M
is the number of receivers, and H’ is the Hermitian of the
matrix H. The following formulae can be used to determine the
channel capacity loss for a MIMO?®.

Clow = _IOg(det(V/R ))

where

)

P o P
R . ‘. :

‘// =
Pny " Pan

wt :[pu plZ]

P Pn
Pi = 1_(|S2""|_|S"f'2|)
Py = _(Sii*Si/' +5,°8, )
fori,j=1or?2.

At the working bands the obtained CCL values are < 0.4
bits/s/Hz which are within the acceptable values ensuring good
throughput and low losses. However, exceeding the limits
in the non-working band is due to unacceptable values of |S|
parameters (at those non-working frequencies), as CCL is
solely determined by |S| parameters, as shown in Fig. 11(d). As
can be seen, all of the suggested MIMO system parameters are
well within acceptable ranges, making it a potential device for
use in 5G NR bands and HIPERLAN, IoT applications.

5. CONCLUSIONS

The article outlines a penta band novel compact MIMO
configuration using CMA to cover 5G NR bands at 2.2,4.2,7.2
GHz and HIPERLAN, IoT 16, and 17.5 GHz applications. The
design is investigated based on TCMA regarding characteristic
angle, modal significance, and eigenvalues. A partial I-shaped
MIMO radiator is proposed with an average enhanced isolation
of < -25 dB by using a simple decoupling structure consisting
of broad slot and two-minute slots in the underground plane
and adequately tuning the modes. The MIMO diversity
parameters are also assessed and presented, which show that
the suggested antenna can be used in low sub 6 GHz and
HIPERLAN/IoT applications. The observed and simulated
findings are consistent.
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