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Abstract

Multiple input multiple output (MIMO) systems, which use multiple antennas to deliver
faster data rates, are one of the promising methods in 5G services. 5G is a popular issue
among the world’s main telecom firms currently. The sub-6 GHz band for 5G applications
in various countries lies between 3 and 5 GHz. The sub-6 GHz 5G bands are 3.4–3.8 GHz
in Europe, 3.1–3.55 GHz in the USA, and 3.3–3.6 GHz and 4.8–4.99 GHz in China. This
paper presents a two-element slotted octagon-shaped antenna operating in the sub-6 GHz
band (3.1–4.5 GHz) for 5G applications. A T-formed isolation structure is placed at a ground
plane to minimize mutual coupling between MIMO antennas. The proposed MIMO antenna
has physical dimensions of 55 × 38mm2 and an envelope correlation coefficient or correlation
of 0.0004 over the entire operating band. The antenna operates at 3.6 GHz, with a return loss
of 40.8 dB at the resonance. An antenna prototype has been investigated and proven to be of
excellent quality in terms of performance like isolation >20 dB, efficiency >80%, and mean
effective gain <−3 dB over the full operating band.

Introduction

An antenna is the most essential element of any communication systems. It is capable of signal
transmission into space and vice versa. Many years ago simple antenna structure was used in a
mobile communication system. This communication technology is known as single input
single output. The drawback of this system is that fading arises due to multipath propagation
and the data rate decreases [1]. Multiple input multiple output (MIMO) communication
technique is used in modern days to reduce this fading problem.

MIMO is a good communication technique that offers high data rates, high channel
capability, performance, and efficiency, and has the best quality service in the wireless
world [2]. MIMO antenna requires many antennas at the transmitter, and on the receiver
side a mutual coupling problem arises. Mutual coupling degrades the performance of an
antenna.

To reduce the mutual coupling problem and improve the isolation among antenna
elements in MIMO, various isolation techniques are used that have been investigated by
researchers, like decoupling structure, parasitic elements, neutralization lines, slot etching,
defected ground structure, metallic stubs, metamaterial structure, etc. [1–3]. A compact
MIMO antenna was designed that has used the neutralization isolation approach to reduce
mutual coupling and provided >12 dB isolation [4]. A T-shaped ground stub was placed
between antenna elements to improve isolation and impedance matching and it achieved
high isolation >20 dB in the whole operating band [5]. Another technique like a combination
of parasitic element and T-shaped structure is used in the ground plane to achieve better iso-
lation >11 dB throughout the operating band and it also had a wideband. The modified feed
line is also used for impedance matching [6]. The balanced slot mode was used in an MIMO
antenna and provided high isolation >17.5 as well as high total efficiency >62%. The operating
band of this MIMO antenna is 3.4–3.6 GHz and it showed a low envelope correlation coeffi-
cient (ECC < 0.5). This antenna design is used in mobile applications [7]. The self-isolated
structure is reported which gives isolation of >19.1 dB and is very compact and used in mobile
applications [8]. A meander line MIMO antenna is investigated for wireless local area network
(WLAN) application which has ring-shaped ground and gives low-profile design and sharp
edge for better isolation [9]. The orthogonal mode method is also presented for reducing
the mutual coupling effect between closely placed antenna elements. This method helps to
obtain high isolation of >17 dB and a low ECC of 0.06 [10]. A compact microstrip antenna
with a steady radiation pattern over the broadband range is described and it has a 5 dBi average
gain, steady radiation characteristics, low cross-polarization, and minimal back lobes, making
it suitable for 5G wireless communication systems [11]. Additionally, monopole-like radiation
patterns are achieved, which can be used for mobile communications [12]. An MIMO system
operates in the 3.5 GHz (3.4–3.6 GHz) band with a −17 dB isolation and also has high gain,
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good channel capacity, and minimal ECC (0.1) [13]. Mutual
coupling between neighboring radiators has been greatly
decreased owing to the incorporated parasitic structure. At the
resonance frequency (3.6 GHz) they consist of more than 70%
overall efficiencies. Furthermore, the radiators of the suggested
MIMO mobile-phone antenna has attained above 75% radiation
characteristics and 60% total efficiency characteristics for the fre-
quency range of 3.4–3.8 GHz (5G operation band). The designed
scheme has enough features for 3.6 GHz applications and could
be a good candidate for 5G mobile applications [14]. To attain
wideband and great isolation, a parasitic patch and a defected
ground structure are employed together. Mutual coupling
among antenna sets is diminished by engraving slits on the
ground. The suggested antenna includes the frequency bands
n77/n78/n79 and WLAN 5 GHz band entirely, with a bandwidth
of 3.3–5.95 GHz (57.3%). Aside from that, it has good isolation,
efficiency, and ECC [15]. A broadband 4 MIMO antenna with
good isolation in a compact package is presented [16]. Diverse
antennas with high isolation of >20 dB dual-band (2.195–2.593
GHz and 5.730–5.918 GHz) for WLAN applications are investi-
gated [17]. It is aimed to introduce an MIMO antenna with a
superior isolation of >22.5 dB. Two G-shaped components in
the top layer, two reversed L extend branches, and a T slot carved
inside the ground are used to minimize mutual coupling [18]. The
described antenna performs well in terms of ECC < 0.2, isolation
>15 dB, and a radiation characteristic which is 80% [19]. The sug-
gested antenna’s key features are its excellent isolation >17 dB,
minimal ECC (0.047), high gain > 6 dB as well as successful diver-
sity ability [20]. Throughout the operating bandwidth, the
antenna has a consistent radiation pattern. Furthermore, the
ECC of the designed antenna is <0.25, which is sufficient to main-
tain a high channel capacity [21]. An MIMO multiband antenna
is presented. It includes Wi-Fi/WiMAX/Bluetooth, as well as
C-band applications. Without employing any isolation elements,
more than 10 dB isolation is accomplished in all four operating
bands [22]. For good isolation, larger bandwidth, and pattern
variation, a distinct decoupling design is implemented [23]. The
suggested antenna has better isolation, low ECC, and better effi-
ciency for the 3.3–4.2 GHz operating band [24]. For 5G purposes,
a sharing aperture S/K-band meta surface-based antenna is
designed. Over the S-band (3.2–4.05 GHz) and the K-band
(25.22–26.46 GHz), the designed antenna exhibits −10 dB reflec-
tion coefficient bandwidth capacities of 23.45 and 4.8%, corres-
pondingly, with actual gains of 7.52–10.88 and 21.3–22.4 dBi

[25]. The numerous antennas [26–29] utilize an octagon-shaped
structure, enabling supports for broadband and ultra-wideband
purposes that have at least 10 dB isolation. An artificial neural net-
work [35–37] is used to obtain desired radiation characteristics.

In this paper, a two-element slotted octagon-shaped antenna
operating in 5G sub-6 GHz band at 3.1–4.5 GHz is presented.
A T-formed isolation structure is placed at the ground plane to
minimize mutual coupling between MIMO antennas. The pro-
posed MIMO antenna has physical dimensions of 55 × 38 mm2

and an ECC or correlation of 0.0004 over the entire operating
band. CST studio suite simulation tool is used to design and
analyze the proposed antenna.

Antenna design

The front and back schematic structure of the proposed
two-element antenna with optimized dimensions is shown in
Fig. 1. Also, the design steps view of the proposed antenna is illu-
strated in Fig. 2. The proposed antenna is designed in three steps.
At first, design microstrip feed line, and after that an octagon-
shaped radiator of radius 10.98 mm is designed. At last, one
octagon-shaped slot with a radius of 4.92 mm is loaded in the
middle. The T-shaped structure between the ground is used to
improve the isolation between two ports. The design parameters
are obtained by standard formula of feed line and circular patch
and then optimized by the CST tool.

Fig. 1. Proposed antenna: (a) front and (b) back schematic.

Fig. 2. Design steps of the proposed antenna.
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The suggested MIMO antenna’s fabricated top and back views
are depicted in Fig. 3. In Table 1, the antenna geometry’s optimal
measurements are provided. The proposed MIMO antenna is
formed on an FR4 dielectric which is easily available and low
cost, which has a relative permittivity of 4.3 and a loss tangent
of 0.025. The substrate has a size of 55 mm × 38mm. The top
section of the substrate is etched by two-octagon radiators.
A T-formed isolating structure has been placed on the lower
side to minimize the consequences of mutual coupling between
the MIMO radiating patch. To achieve lower dimensions of the
MIMO antenna design, a partial ground is included in the design.

Result analysis

The simulation and measurement of S-parameters of the designed
MIMO antenna are conducted by using the CST suite tool and
vector network analyzer (VNA). The simulated and experimented
resonance frequencies of the designed MIMO antenna are the
same. The simulated return loss S11 is −40 dB and the measured
return loss is −36 dB at a resonance of 3.6 GHz, as shown in
Fig. 4. The isolation between port-1 and port-2 is denoted by
S21. The simulated and experimental S21 are >19.5 and 20 dB,
respectively, as shown in Fig. 5. The band of the designed antenna

Fig. 3. Proposed octagon-shaped MIMO antenna: (a) top view and (b) back view.

Table 1. Optimized dimensions

Parameters W L Fw1 Fl1 Fw2 Fl2

Size in mm 55 38 2.64 3.10 1.13 12.12

Parameters D C Gw Gl PW Pl

Size in mm 7.95 9.84 25 13.45 6.40 24

Fig. 4. Simulated and measured result of S11. Fig. 5. Simulated and measured result of S21.
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is 3.1–4.5 GHz. The little discrepancies arise in experimental and
simulated measurements due to manufacturing inaccuracies. The
S-parameters measurement setup by VNA is shown in Fig. 6 and
the far-field gain measurement setup is shown in Fig. 7.

The S-parameters’ results of full octagon and slotted octagon
and with T-shaped and without T-shaped element are presented
in Fig. 8. It is clearly shown that good isolation and return loss are
observed with the proposed design. The return loss with is −40.8
dB at resonance frequency whereas return loss without slot
is −33.15 dB; therefore, return loss has improved. Similarly, isola-
tion also improved slightly by 1.5 dB than without slot.

The comparison of the same is given in Table 2. At the initial
stage full octagon geometry was chosen but for the improvement

of return loss, isolation, and ECC a slot of the same shape is
created.

For E- and H-field radiation patterns, a far-field evaluation of
the prototype system was performed. Further with the use of
positioning equipment, the antenna was installed horizontally
as well as vertically in an anechoic chamber to evaluate the E-
and H-field values. To exhibit the radiation pattern of the
antenna, the E-field for f = 0° and H-field for f = 90° have
been provided. The E-field co-polarization and cross-polarization
distribution of a proposed antenna at 3.6 GHz is depicted in
Fig. 9. The major lobe has a direction of 230° and a magnitude
of 17.8 dBV/m. Fig. 10 depicts the H-field at 3.6 GHz in the
same way. The major lobe’s direction and magnitude are 170°

Fig. 6. S11 and S21 measurement setup by VNA. Fig. 7. Gain measurement setup.

Fig. 8. Comparison of (a) with and without slot and (b) with and without T-shaped.
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and 16.4 dBV/m, correspondingly. The 3-dB angular width is
106.2°.

Fig. 11. shows the mean effective gain (MEG) value and the
antenna efficiency of the MIMO antenna. A MEG is another per-
formance factor of an antenna that is a fraction of the MIMO

antenna array’s average received signal strength to its average inci-
dent power. Each antenna’s average received power intensity can
be computed by using MEG. To study the diversity performance
of isotropic and Gaussian/uniform mediums, the MEG is esti-
mated through CST simulation models for various values of
cross-polarization ratio (XPR). While XPR is equal to 0 dB in
an isotropic environment, the MEG is −3 dB and it remains con-
stant over the whole band. The MEG is in the range of −4.7 to −5

Fig. 9. E-field co-pole and cross-pole distribution of MIMO antenna.

Table 2. Comparison of with and without slot and T-shaped

Parameter
Without
T-shaped

With
T-shaped Without slot With slot

Resonance
frequency

4.0 GHz 3.6 GHz 3.59 GHz 3.6 GHz

Band 3.04–4.2 GHz 3.14–4.44 GHz 3.12–4.93 GHz 3.14–4.44 GHz

R.L. −19.2 dB −40.85 dB −33.15 dB −40.8 dB

Isolation <−10 dB <−20 dB <−18.5 dB <−20 dB

ECC <0.0049 <0.0042 <0.006 <0.0042

Gain 2.83 dB 3.17 dB 3.125 dB 3.17 dB

Fig. 10. H-field co-pole and cross-pole distribution of MIMO antenna.

Fig. 11. Proposed MIMO antenna: (a) MEG value and (b) antenna efficiency.

Table 3. MEG simulated comparison result of designed MIMO antenna at the
resonance frequency

Frequency

MEG simulated result

Isotropic medium Gaussian medium

XPR = 0 dB XPR = 6 dB XPR = 0 dB XPR = 6 dB

3.6 GHz −3 dB −4.7 to −5 dB −3.5 to −3.9 dB −6.8 to −6.85 dB

International Journal of Microwave and Wireless Technologies 821
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dB at XPR equal to 6 dB. MEG values for Gaussian medium with
XPR = 0 dB and XPR = 6 dB, accordingly, are −3.5 to −3.9 dB and
−6.8 to −6.85 dB for the depicted band. Fig. 11(a). presents all of
the MEG data for both isotropic and Gaussian environments.
Table 3 shows simulated MEG values of the designed antenna
at a resonance frequency of 3.6 GHz for both isotropic and
Gaussian mediums.

The antenna efficiency of the proposed MIMO antenna varies
with frequency, as illustrated in Fig. 11(b). The radiation effi-
ciency of the antenna is defined as the ratio of transmitted signal
strength to received signal strength while total efficiency is calcu-
lated by multiplying radiation efficiency and mismatched loss.
Radiation efficiency and total efficiency vary from 90 to 93%
and 80 to 91%, respectively, in the operating band 3.1–4.5 GHz.

Fig. 12. Proposed MIMO antenna: (a) gain and (b) ECC.

Fig. 13. Surface current distribution of MIMO antenna.

Neetu Agrawal et al.822

https://doi.org/10.1017/S1759078722000770 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078722000770


Ta
b
le

4.
Co

m
pa

ri
so
n
of

th
e
pr
op

os
ed

an
te
nn

a
de

si
gn

to
ex
is
ti
ng

M
IM
O
an

te
nn

a
de

si
gn

s
w
it
h
su
b-
6
G
H
z
ba

nd

Sl
.

no
.

Re
f.

El
em

en
ts

O
pe

ra
ti
ng

ba
nd

(G
H
z)

Si
ze

(m
m

2 )
Re

tu
rn

lo
ss

(d
B
)

Is
ol
at
io
n

(d
B
)

EC
C

Ef
fic
ie
nc
y

M
EG

D
iv
er
si
ty

ga
in

(D
.G
.)

1
[4
]

8
3.
1–
3.
85
,

4.
8–
6

70
×
15
0

>1
0

>1
2

<0
.0
6

65
–7
5

60
–7
1

4.
18
–

5.
67

2
[5
]

2
3.
34
–3
.8
7

20
×
35

−
44

>2
0

<0
.0
12

>9
2

<−
3

>9
.9
99

3
[7
]

8
3.
4–
3.
6

15
0
×
80

<−
10

>1
7.
5

<0
.0
5

>6
2

4
[1
0]

4
3.
4–
3.
6

>2
0

<0
.0
6

>5
1.
7

5
[1
3]

4
3.
4–
3.
6

15
0
×
75

<−
6

>1
7

<0
.1

>2
0

6
[1
4]

8
3.
4–
3.
6

15
0
×
75

−
20

>1
5

<0
.5

>6
0

<−
3

7
[1
5]

8
3.
3–
5.
95

75
×
37
.5

>1
5

<0
.1
1

>4
7

8
[2
3]

4
3.
2–
3.
87

36
×
36

>1
9

>1
4

–
>5
0

–
–

9
[2
4]

2
3.
3–
4.
2

15
5
×
75

>6
>9
.7

<0
.5

>3
6

10
[3
0]

8
3.
4–
3.
6,

5.
15
–5
.9
5

14
0
×
70

>1
0

>1
1.
8

–
>5
1

11
[3
1]

3.
8–
3.
87
,
5.
17
–5
.2
0

30
×
30

78
%

12
[3
2]

3
3.
3–
4.
2

15
0
×
15
0

>1
4

>1
5

<0
.1

>8
8%

13
[3
3]

8
3.
4–
3.
6

14
0
×
70

>1
0

<0
.2

62
–7
8

14
[3
4]

8 6
3.
4–
3.
8,

5.
15
–5
.9
25

15
0
×
80

>6
>1
2

0.
15

Lo
w
er

ba
nd

(L
.B
.)

<0
.1

H
ig
he

r
ba

nd
(H
.B
.)

41
–8
2
Lo
w
er

ba
nd

(L
.B
.)

47
–7
9
H
ig
he
r
ba

nd
(H
.B
.)

15
P
ro
po

se
d

2
3.
14
–4
.5

55
×
38

−
40
.8

>2
0

<0
.0
04

>8
0

<−
3

>9
.9
97

International Journal of Microwave and Wireless Technologies

82
3

823

https://doi.org/10.1017/S1759078722000770 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078722000770


The radiation efficiency is 92% at resonance, while the total effi-
ciency is 91%.

Fig. 12. shows the gain and ECC of the proposed MIMO
antenna. Far-field gain is examined in an anechoic laboratory as
shown in Fig. 12(a); it is found to be between 3.09 and 3.79 dBi
throughout the operating range. At 3.6 GHz resonant frequency,
the observed gain of the MIMO antenna is 3.17 dBi.

Fig. 12(b). depicts the simulated ECC result. It is <0.004 in
the entire frequency spectrum, indicating that MIMO has success-
ful diversity functionality. A 0.5 limit has been set by ITU
(International Telecommunication Union). ECC should be <0.5
to improve diversity performance. The result of 0.004 indicates
an extremely low correlation between the antenna parts.

Surface current is studied at a 3.6 GHz resonance to minimize
the influence of mutual coupling. Fig. 13. shows the surface cur-
rent distribution of the MIMO antenna with T-formed structure.
It is placed at the ground plane between antenna elements to
lower the level of surface current between ports 1 and 2 and the
isolation achieved is 20 dB in the entire operating band.

Table 4 compares the proposed antenna design to the existing
MIMO antenna design with sub-6 GHz band for 5G application.
The sub-6 GHz bands for 5G that have been promoted in
many countries are 3.1–3.55, 3.4–3.8, 3.7–4.2, 4.8–5, and
5.15–5.925 GHz. The proposed MIMO antenna’s band is
3.14–4.5 GHz that is within the abovementioned 5G frequency
band. The two-element antennas with operating band range are
3.34–3.87 and 3.3–4.2 GHz are described in [5] and [24], while
the proposed two-element MIMO antenna’s operating band
range is 3.14–4.5 GHz which is quite large and ECC is lower com-
pared with the existing MIMO antenna designs. MIMO antennas
proposed in [4, 30, 31, 32] have dual-band. The efficiency of
MIMO antennas [5, 32] are better than the proposed antenna,
but in contrast the proposed antenna has good return loss, isola-
tion, and ECC. The antennas of [10] and [13] are of four-element
while the proposed one is a two-element having lower ECC and
higher antenna efficiency. Some eight-element antenna designs
were described in [7, 14, 15, 33]; the proposed MIMO antenna
has a wideband, a very low ECC value, good isolation, diversity
gain, and MEG while being small in size.

Conclusion

A two-element slotted octagon MIMO antenna is designed and
discussed. The proposed MIMO antenna is presented with a
sub-6 GHz band for 5G applications. It covers the operating
band of 3.1–4.5 GHz and resonates at a 3.6 GHz frequency. It
achieves good isolation, more than 20 dB in the whole operating
band. Additionally, with the use of a T-shaped isolating structure
between two radiators isolation is improved from 10 to 20 dB. The
size of the proposed MIMO antenna is compact by using a partial
ground structure with a physical dimensions of 58 × 27 mm2.
Also, it provides very low ECC, wideband, high gain, and effi-
ciency. The recommended antenna’s feasibility for 5G applica-
tions is supported by a better agreement between simulated and
measured results. The standard octagon-shaped antenna and pro-
posed slotted antenna are also compared and merits of the same
are discussed.
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