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ABSTRACT This paper presents a 10-ports, hybrid multiple-input multiple-output (MIMO) antenna
system for 5G Smartphone applications. The proposed antenna system comprises two types of antenna
modules: (1) multi-band module consists of two identical multiband antenna elements, each antenna element
in this module covers the 2G bands (GSM 850/900/1800/1900 MHz), 3G band (UMTS 2100 MHz) and 4G
bands (LTE 2300/2500), and (2) single-band module consists of eight identical L shape elements, each
antenna element in this module covers the C-band (3400-3600 MHz) for 5G mobile application. The overall
dimensions of the proposed antenna system are 150 × 80 mm2. The proposed antenna system is fabricated
and tested. Experimental results show reflection coefficients better than -6 dB and -10 dB for multi-band and
single-band modules, respectively, with high isolation levels between the antenna elements in both modules.
Moreover, the measured envelop correlation coefficients (ECC) is well below 0.3 and 0.1 for the proposed
multi-band and single-bands modules, respectively. In addition, single antenna elements in both modules
show good radiation characteristics with maximum peak gain between 2 dBi and 4 dBi. Finally, 43 bps/Hz
channel capacity is achieved in the single-band module. With these characteristics, the proposed antenna
system can be a good candidate in the modern mobile communication systems.

INDEX TERMS 5G, MIMO, ECC, mobile communication.

I. INTRODUCTION

With the rapid advancements in the mobile communica-
tion technology, mobile communication networks have be-
come heterogeneous kind of network environment, which
can support multiple frequency bands of different cellular
generations [1]. The first generation (1G) was introduced for
supporting analogue voice calls service. Later on, the second
generation (2G) introduced new features like short message
service (SMS) and digital voice calls. After that, the third
generation (3G) was introduced with multimedia services
such as high-speed internet, high quality video and voice
calls services. Finally, very high-speed internet services over
severe multipath channel environments was introduce in the
fourth generation (4G) [2].

The fifth generation (5G) mobile communications have
now become available. 5G provides higher capacity, massive

connectivity, low latency, and higher reliability over multi-
path environment [3]–[5]. In order to achieve these goals
MIMO technology has become one of promising technology.
Currently, 2 × 2 MIMO antenna system has been efficiently
used in 4G mobile communication [6]. As reported in [7],
expected data rates for 5G will be 100 times more than the
currently used 4G technology, and hence this data rate cannot
be achieved by using the conventional 2 × 2 or even 4 × 4
MIMO antenna systems. To achieve the desired data rate, at
least six to eight antenna elements should be integrated in
a single 5G mobile handset [7]. Currently, several countries
and regions have already started testing and defining standard
for future 5G mobile communication. In Nov 2015, world
radio communication conference (WRC 2015) have agreed
to allocate C-band (3400-3600 MHz) [8] for 5G mobile
communication. China has also started work on the same C-

VOLUME 4, 2016 1



This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI

10.1109/ACCESS.2020.3042750, IEEE Access

Author et al.:

W 

L 

D1 

D2 

D2 

D2 

D3 

Ant 1 

Ant 2 

Ant 3 

Ant 4 

Ant 5 

Ant 6 

Ant 7 

Ant 8 

Ant 9 

Ant 10 

Unit: mm 

D4 

D5 

D5 

D5 

D6 

port L3 

L4 

W3 

(a) 
(b) 

(c) 

(d) 

W1 

W2 

L6 

L7 

L2 

L5 

Metal strip 

on the top  

Ground plane 

at back   

FR-4 

Substrate   

Feeding 

point  

  

Ant 1 

Ant 6 

L1 

FIGURE 1: Geometry and detail physical dimensions of the proposed MIMO antenna system (Units: mm): (a) Front View.
(b) Back view. (c) Zoom view of the unit multi-band antenna element (Ant-1). (d) Zoom view of the unit single-band antenna
element (Ant-6).

      
Dimensions   value Dimensions vale Dimensions value 

L 
150 mm W 80 mm D1 31 mm 

D2 
24.5 mm D3 3.5 mm D4 40.5 mm 

D5 
35.5 mm D6 46.0 mm L1 31.4 mm 

W1 
3.50 mm L2 17.5 mm W2 3.0 mm 

L3 
10.40 mm L4 32.5 mm W3 2.5 mm 

L5 
10.50 mm L6 5.8 mm L6 14 mm 

       

TABLE 1: Detailed physical dimensions of the proposed
MIMO antenna system.

       
Country <1 GHz 3 GHz 4 GHz 5 GHz 24-28 GHz 37-42 GHz 

United states 600 MHz 3.4-3.6 GHz ˉ 5.9-7 GHz 27.4-28.4 GHz 37-37.8 

China ˉ 3.3-3.6 GHz ˉ ˉ 24-27 GHz - 

Uk ˉ 3.4-3.8 GHz ˉ ˉ 26, 28 GHz ˉ 

ˉ 3.4-3.6 GHz ˉ 5.9-7 GHz 27.4-28.4 GHz 37.6-40 
GHz 

ˉ 3.4-3.7 GHz 4.4-5 GHz ˉ 28 GHz 39 GHz 

700 MHz 3.4-3.8 GHz ˉ 5.9-6.5 GHz 24-27 GHz - 

        

    Australia

EU

Canada

TABLE 2: The details of the world wide spectrum for 5G.

band, while European Union and Korea have selected 3400-
3800 MHz and 3400-3700 MHz, respectively, for 5G mobile
communication [9], [10]. Table 2 summarizes the world wide
spectrum for 5G communication [11].

Recently, a number of MIMO antenna systems have
been investigated for mobile phone application. Initially the
MIMO system were proposed for WiMAX, WLAN and LTE
bands, such as: a dual elements MIMO system operating at
3.6 GHz for WiMAX applications [12], 2.5-2.7 GHz band
for LTE [13], and 5 GHz for WLAN band [14]. Multi-band
MIMO antenna systems have also been reported in literature

like dual-band 2.4/5 GHz band for WLAN [15], 2.1/2.4 GHz
for UMTS and WLAN [16], and 2.1/2.6 GHz for UMTS and
LTE applications [17]. In [18], a tri-band MIMO antenna
system covering the frequency ranges of 2.07-2.52 GHz,
4.28-4.50 GHz, and 5.67-7.27 GHz was reported.

Similarly, several other MIMO antenna systems have been
reported in the literature for the 5G smartphone applications
[19]–[30]. These systems demonstrate its superiority in terms
of isolation, ECC, and channel capacity. To improve the
isolation between the antenna elements, different techniques
such as spatial diversity in [19] and polarization diversity in
[20], [21], using neurulation line between the antenna ele-
ments [22], and slotted ground plane to stop the propagation
of the signal from one port to another port in [23]–[25], have
been proposed. Two different approaches have been adopted
in the literature for achieving high channel capacity. In the
first approach, the impedance bandwidth was improved to
involve different frequency spectrum [26]–[28], while, in the
second approach, higher order MIMO system (increasing
the number of antenna elements) were used [29]–[31]. Even
though, a large number of MIMO antenna systems have
been reported and investigated in literature for the 5G smart-
phone applications, which shows good results in the desired
frequency bands. However, to the best of our knowledge, they
did not investigate a suitable MIMO system that could cover
the frequency bands of all generation including 2G, 3G, 4G,
and 5G.

In this study, a 10-ports MIMO antenna system is pro-
posed for the 5G Mobile applications. The proposed antenna
system is composed of two types of antenna modules. One
is multi-band module which is composed of two identical
antenna elements (Ant-1 and Ant-2). This module covers 2G,
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FIGURE 2: Pictures of the fabricated prototypes. (a) Front
view. (b) Back view.

3G, and 4G bands for mobile communication. The second
module comprised of eight identical antenna elements (Ant-
3 to Ant-10) covers the C- band for 5G applications. Typical
simulation and measured results such as S-parameters, ECCs,
surface current distributions, radiation efficiencies, antenna
gains, radiation patterns, and channel capacity are calculated
and presented.

II. ANTENNA DESIGN

The geometry of the proposed antenna system is shown
in Fig. 1. The proposed antenna system was printed on a
conductor backed by a 0.6 mm thicker FR4 substrate with
the relative permittivity of 4.3. The proposed antenna system
is composed of two modules i.e., the multi-band module and
the single-band module. The multi-band module contains
two identical multi-band antenna elements (Ant-1 and Ant-
2 shown in Fig. 1) printed on the top-right and bottom-left
corners of the substrate. The single-band module is composed
of eight identical single antenna elements ( Ant-3 through
Ant-10 as displayed in Fig. 1). The overall dimensions of the
proposed antenna system are 150 × 80 × 0.6 mm3.

A. MULTI-BAND MODULE

In the multi-band module, each antenna element consists of
two metallic layers, i.e., the L-shaped metallic strip printed
on the FR4 substrate, and the U-shaped metallic strip etched
in the ground-plane. The L-shaped strip acts as a feeder,
while the U-shaped strip acts as a radiator. As shown in
Fig. 1(c), the overall size of each element of the multi-band
antenna is 36.9 mm × 18 mm. Each antenna element covers
the six bands of modern mobile communication, i.e., GSM

850/900, GSP 1575, DCS 1800, PCS 1900, UMTS 2100, and
LTE 2300/2500.

B. SINGLE-BAND MODULE

In the single-band module, eight identical antenna elements
are printed along the two long side of the substrate, with an
inter-element spacing of 0.41 λ = 35 mm (λ is the wave-
length at f = 3.5 GHz). Each antenna element consists of a
rectangular slot and L-shaped metallic strip. The rectangular
slot which acts as a radiator was etched in the ground-plane
with a tiny slit in the outer edge of the slot for impedance
matching. The L-shaped metallic strip was printed on the
top layer of the FR4 substrate. The L-shape strip contains
the 50 Ω vertical feeding strip, and the horizontal strip
responsible for tuning. By adjusting the width and length of
the horizontal strip, the antenna elements can be tuned to the
desired frequency bands.

III. RESULTS AND DISCUSSION

The proposed antenna system is fabricated and tested. Fig. 2
portrays the top and bottom views of the fabricated prototype.

A. S-PARAMETERS

The simulated and measured S-parameters (reflection and
transmission coefficients) of the multi-band module (Ant-
1 and Ant-2) are shown in Figs. 3(a) and (b), respec-
tively. With a -6 dB reflection coefficient threshold [32]–
[34], three resonances are observed at 900 MHz, 2 GHz,
and 2.4 GHz with corresponding bandwidths of 17 % (817-
970 MHz), 23 % (1.52-29.04 GHz) and 26 % (2.04-2.69
GHz), respectively. These frequency bands cover the GSM
850/900/1800/1900 MHz, GPS 1575 MHz, UMTS 2100
MHz, and LTE 2300/2500 MHz bands. Additionally, the
multi-band module exhibits high isolation level (well below
-12 dB) over the achieved bandwidths, as shown in Fig. 3(b).

Figs. 3(c) and (d) show the simulated and measured reflec-
tion and transmission coefficients of the single-band module.
Owing to the symmetrical arrangements of the elements on
the left and right sides of the substrate, and same reflection,
and transmission characteristics, only the results of Ant-3
to Ant-6 (right side of the array) are displayed in Figs. 3.
Antenna elements on the left side of the substrate (Ant-
7 to Ant-10) are mirror images of those on the right side
of the substrate, and hence, have the same reflection and
transmission characteristics. It is clearly shown in Fig. 3(c)
that the reflection coefficients [Sii], (i = 3-6) in the single-
band module are lower than -10 dB over the 3.3-3.8 GHz
band. Furthermore, Fig. 3(d) shows that the transmission
coefficients between any two adjacent elements, for example,
the transmission coefficients between the vertical adjacent
elements such as Ant-3 and Ant-4 or Ant-4 and Ant-5 are
lower than -10 dB. It is noteworthy that the transmission
coefficients between the horizontal nearby opposite side an-
tennas, for example, Ant-3 and Ant-8 or Ant-4 and Ant-9
are lower than -20 dB over the desired frequency band. A
good agreement between the simulated and measured results
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FIGURE 3: Simulated and Measured S-Parameters. (a) Reflection coefficients of the multi-band antennas. (b) Transmission co-
efficients of the multi-band antenna elements. (c) Reflection coefficients of the single-band antenna elements. (d) Transmission
coefficients of the single-band antenna elements.

can be observed in Fig. 3. The small discrepancies between
the simulated and measured results may be attributed to the
soldering of the SMA connectors and fabrication tolerances.

B. PARAMETRIC STUDIES

As shown in the Fig. 3(a) each antenna element in the
multiband antenna module display three resonance modes,
in this parametric studies these three resonance modes will
be referred to as (1) lower frequency band, (2) middle fre-
quency band and (3) higher frequency band. Firstly, the three
resonance modes randomly tuned by appropriately selecting
the dimensions of L1 , L2 and W1 parameters. To study the
effects of the length of L1, the length of L1 is slightly alter
from 28.4 mm to 34.4 mm, as shown in Fig. 4 (a) by increas-
ing the length of L1 the middle and higher frequency bands
shifts to the left (lower frequency bands) while the lower
frequency band remain almost fixed, For lower frequency
band the resonance quarter-wavelength corresponding to L4,
L2 and L1, which is much longer length as compared to L1

length, therefore L1 has less effects on the lower frequency
band as compared to higher frequency band. Fig. 4 (b) shows
the effects of L2 on the reflection coefficient, as the shown
by changing L2 from 15 mm to 17 mm the lower and higher
frequency bands are alter , while the middle frequency band
remain same. For the higher frequency band the width of
the slot is decreasing by increasing the width of W1, which
narrow the the width of the slot and shorten the current
path. Therefore the higher frequency band shifts to the higher
frequency band. In short the W1 may be used to tune the

multiband antenna elements at desired frequency bands.

The parametric studies of the 5G antenna module has
been also carried out. The effects of various length and
width (including L5, L6 and W3 ) has studied and analyzed.
Fig. 4 (d) display the effects of narrow matching strip (L5)
on the resonances frequency. When the length of the strip
increased from 10 mm to 10.30 mm the resonance frequency
shifts to lower frequencies from 3.56 GHz to 3.37 GHz. The
resonance frequency also effected by the width of the slot
(W3), as illustrate in the Fig. 4 (e) the resonance frequency
tuned to higher frequency band by increasing the slot width
from 2 to 2.5 mm the operational frequency shifts from 3.5 to
3.7 GHz. Fig. 14(f) shows that L6 is another parameter which
effects the resonance frequency, the length of L6 is increased
from 4.3 to 5.3 GHz the resonance shifts to lower frequency
from 3.57 to 3.5 GHz.

C. ENVELOP CORRELATION COEFFICIENT (ECC)

Envelop correlation coefficient (ECC) is one of the key pa-
rameters in MIMO applications. ECC is used to calculate the
diversity gain and channel capacity in MIMO systems. Math-
ematically, ECC can be calculated from the S-parameters, as
well as from 3D radiation patterns. The S-parameter method
is simple and fast but less accurate, while the radiation
pattern method is more accurate but time consuming and
complicated. In this work, the S-parameters technique is used
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FIGURE 4: Simulation reflection coefficients of the multiband and single band antenna module as function of different lengths
and widths (a) L1. (b) L2. (c) W1.(d) L5 (e) W3 (f) L6.

to calculate the ECC of the proposed antenna system [35].

ECC =
|Sii ∗ Sij + Sji ∗ Sjj |

2

(1− |Sii|2 − |Sji|2(1− |Sjj |2 − |Sji|2))
(1)

The simulated and measured ECC of the multi-band and
single-band antenna modules are found in close agreement
which are illustrated in Fig. 5(a) and (b), respectively. The en-
velope correlation coefficient lies within the expected range,
with a value of ECC <0.3 for multi-band antenna module and
ECC <0.1 for the single band module.

D. RADIATION EFFICIENCY AND ANTENNA PEAK GAIN

Figs. 6(a) and (b) depict the simulated and measured radia-
tion efficiencies for the multi-band and single-band antenna
elements, respectively. As obvious, the radiation efficiency
of multi-band elements ranges between 75 % and 90 %,
while the radiation efficiency of single-band elements ranges
between 60 % and 85 %. The simulated and measured peak

gains for the multi-band and single-band antenna elements
are plotted against the frequency in Figs. 6(c) and (d), re-
spectively, along the boresight direction. The single element
antenna gain in the multi-band module ranges between 2.1
dBi to 4 dBi. Similarly, in the single-band module, the peak
gain of the antenna ranges between 2 dBi to 3.5 dBi over the
targeted bandwidth. As the frequency increases, the effective
aperture of the single antenna element increases, and hence
its peak gain increases.

E. CURRENT DISTRIBUTION

In order to further investigate the operational mechanism of
the proposed antenna system, the simulated surface current
distributions at different frequencies (900 MHz, 1800 MHz,
1900 MHz, 2100 MHz, and 2500 MHz (multi-band module)
and 3.5 GHz (single-band module)) are demonstrated in Fig.
7. The multi-band antenna element consists of L-shaped
feeding strip and U-shaped radiating strip. The L-shaped
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FIGURE 5: Simulated and measured Envelop correlation coefficients (ECC) of the proposed MIMO system. (a) multiband
antenna module. (b) single band antenna module.
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FIGURE 6: Simulated and measured radiation efficiency and antenna Gain. (a) Radiation efficiencies of multi-band antenna
elements. (b) Radiation efficiencies of the singe-band antenna elements. (c) Antenna gains of multiband antennas elements. (d)
Antenna Gains of single band antenna elements.

feeding strip effectively couples the energy to the U-shaped
radiating strip, which produces multiple resonance modes.
These resonance modes cover most of the bands for mod-
ern mobile communications. The bottom U-shaped radiating
strip acts as a quarter wavelength (λ/4) monopole. As can
be seen in Fig. 7(a) for lower frequency bands, the surface
current covers the entire U-shaped stub. Similarly, for the
middle and high frequency bands, surface current cover some
portion of the U-shaped radiating stub. Fig. 7(d) represents
the surface current distribution of Ant-3 (representing all
other 5G antenna elements) at 3.5 GHz. Strong currents can
be found on the open end of the slot, while weak currents are
present on the closed end and away from the slot. This leads

to low mutual coupling (high isolation) between adjacent
antenna elements.

F. RADIATION PATTERNS

In this section, the simulated and measured 2D radiation
patterns (E-plane and H-plane) of the multi-band and single-
band antenna elements are presented and discussed. As in the
multi-band module, Ant-1 and Ant-2 are identical; therefore,
only for the Ant-1, the radiation patterns are displayed at 900
MHz, 1700 MHz, and 2500 MHz in Fig. 8 (a)-(c). As evident
from Fig. 8(a), at lower frequency bands, the maximum
radiation occurs along the boresight directions (0o and 180o),
and minimum power is radiated along the substrate edges
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Ref. Impedance 

Bandwidth (GHz) 

Isolation 

(dB) 

ECC Efficiency 

(%) 

Single Antenna Element 

Size (mm3) 

Channel 

Capacity (bps/Hz) 

[7] 3.4–3.6 (–10 dB) > 10 < 0.2 62-78 16.7×3×0.8 39 (8 × 8, 20-dB SNR) 

[36] 3.4-3.6 (–6 dB) >10 <0.15 40-52 10×1×3.19 35 (8 × 8, 20-dB SNR) 

[37] 3.4-3.6 (–10 dB) > 12 <0.1 50–56 Not mentioned 38.8 (8 × 8, 20-dB SNR) 

[38] 2.55–2.65 (–10 dB) >12 <0.15 48-63 17.8 × 4 × 1 40(8 × 8, 20-dB SNR) 

[39] 2.54–2.62 (–10 dB) >10 <0.1 52-70 15 × 14 × 1 Not Mentioned 

This work 3.4 – 3.6 (-10  dB) > 12 <0.02 60-90 10 × 3 × 0.6 42 (8 × 8, 20-dB SNR) 

TABLE 3: Proposed 5G antenna performance comparison with recent studies.

(a)

(e)(d)

(c)(b)

(f)

A/m5

2.27

0

FIGURE 7: Simulated surface current distribution. (a) Ant-1
at 900 MHz. (b) Ant-1 at 1800 MHz. (c) Ant-1 at 1900 MHz.
(d) Ant-1 at 2100 MHz. (e) Ant-1 at 2500 MHz. (f) Ant-3 at
3500 MHz (representing all other 5G antenna elements).

(90o and 270o directions). Similarly, as can be seen in Figs.
8(b) and (c), at high frequency , the maximum radiation is
observed in the 90o directions.

Figs. 8(d)-(f) show the radiation patterns of Ant-3 to Ant
5 in the single-band module at 3500 MHz. As already men-
tioned, the right side array (Ant-3 to Ant-6) are the mirror
images of the left side array (Ant-7 to Ant-10). Therefore,
the radiation patterns of the right-side array are distinct
complementary of the left-side, because the orientation of
the antenna elements of the right side array is opposite
to the left side array (180o opposite to each other). These
characteristics are advantageous for achieving low ECC in
the desired frequency bands.

G. CHANNEL CAPACITY

The channel capacity in a typical MIMO communication
system can be calculated using the mathematical formula
given below [36].

C = Nlog2(1 +
ρ

n
)(1− rij) (2)
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FIGURE 8: Simulated and measured 2D radiation pattern of
the proposed MIMO system. (a) Ant-1 at 900 MHz. (b) Ant-
1 at 1700 MHz. (c) Ant-1 at 2500 MHz. (d) Ant-3 at 3500
MHz. (e) Ant-4 at 3500 MHz. (f) Ant-5 at 3500 MHz.
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FIGURE 9: Calculated channel capacity of the proposed
MIMO antenna system.

where N is the number of antennas, ρ is the signal power, n is
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    (a) 
    (d) 

    (c)     (b) 

FIGURE 10: Different usage postures of SHM and DHM. (a) front view of SHM. (b) back view of SHM. (c) front view of
DHM. (d) back view of DHM.
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FIGURE 11: Simulation S-parameters results of the SHM operation (a) reflection coefficients of multiband antenna module (b)
transmission coefficients of multiband antenna module (c) Reflection coefficient of single band antenna module (d) transmission
coefficients of single antenna module.

the noise power, and r is the envelop correlation coefficient
between ith and jth antenna elements.

In this case, the channel capacity for 5G antenna elements
(single-band module) was calculated by assuming that the
transmitting antenna elements are uncorrelated. Furthermore,
the channels between transmitting and receiving antennas
were supposed to be independent and identically distributed
(i.i.d) with Raleigh fading environment and 20 dB signal-
to-noise ratio (SNR). The simulated channel capacity plots
for the proposed antenna system are depicted in Fig. 9.
For comparison purposes, the ideal channel capacity of a
single-input-single-output (SISO) and 8 × 8 MIMO systems
are added. The calculated channel capacity of the proposed
single-band module elements is 43 bps/Hz over the 3.5 GHz
bandwidth.

H. USER’S HANDS EFFECTS

In order to investigate and study, the user’s hand effects on
the the performance of the proposed antenna system. The
two typical usage scenarios, the single-hand mode (SHM)
and double-hand mode(DHM) scenario are presented and
discussed in this section. The two different usage postures
of SHM and DHM are shown in the Fig. 10. some typical
simulation results, such as reflection coefficients, transmis-
sion coefficients, envelop correlation coefficients and antenna
efficiencies in the SHM (talking mode) and DHM (data
mode) are presented.

The simulation results of the SHM operations is shown in
the in Figs. 11 and 12, as shown in the Figs. 13 (a) and (b)
the reflection coefficients of the multiband and single band
antenna module are not significantly effected by user’s hand.
However, the impedance matching of the some the antenna
elements, which is directly touch or closed to figures (ant
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FIGURE 12: Simulation ECC and antenna efficiencies of the SHM operation (a) envelop correlation coefficient of the multiband
antenna module (b) envelop correlation coefficient of single band antenna module. (c) antenna efficiencies of multiband antenna
module (d) antenna efficiencies of single band antenna module.

-35

-30

-25

-20

-15

-10

-5

0

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

T
ra

n
sm

is
si

o
n

 c
o

ef
fi

ci
en

t 
(d

B
) 

Frequency (GHz) 

S21 S12 

(a) (b) 

-50

-40

-30

-20

-10

0

3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4

T
ra

n
sm

is
si

o
n

 c
o

ef
fi

ci
en

t 
(d

B
) 

Frequency (GHz) 

(c) (d) 

S66 S55 S44 S33 S1010 S99 S88 S77 

-30

-25

-20

-15

-10

-5

0

3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4

R
ef

le
ct

io
n

 c
o

ef
fi

ci
en

t 
(d

B
) 

Frequency (GHz) 

-35

-30

-25

-20

-15

-10

-5

0

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

R
e

fl
e

ct
io

n
 c

o
e

ff
ic

ie
n

t 
 (

d
B

) 

Frequency (GHz) 

S22 S11 

(b) 

S37 S56 S34 S38 S78 S45 

FIGURE 13: Simulation S-parameters results of the DHM operation (a) reflection coefficients of multiband antenna module (b)
transmission coefficients of multiband antenna module (c) Reflection coefficient of single band antenna module (d) transmission
coefficients of single antenna module.

3, ant 7 and ant 8) are slightly shifted to higher frequency
bands, but could still cover the desired frequency bands.

The isolation between antenna elements increases due to
energy absorption by user hand, while the envelop correla-
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FIGURE 14: Simulation ECC and antenna efficiencies of DHM operation (a) envelop correlation coefficient of the multiband
antenna module (b) envelop correlation coefficient of single band antenna module. (c) antenna efficiencies of multiband antenna
module (d) antenna efficiencies of single band antenna module.

tion coefficients are not significantly effected by user hand
and remain almost same, as shown in the Figs. 12 (a) and
(b). furthermore, the antenna efficiencies of the multiband
and single band antenna elements are significantly effected
by user’s hand, due to electromagnetic energy absorptions
by user’s hand. It is shown in Figs. 12 (c) and (d) the
efficiencies of the multiband antenna elements are reduced
approximately 19 %, which the efficiencies of some of the
antenna elements (ant 3, ant 7 and ant 8) in single band
antenna module are declined approximately 32 %, because
these antenna elements are directly touch or very closed to
user’s hand. A similar results can be observed in the Figs.
13 and 14 for the DHM operation, as shown in figures the
reflection coefficients, transmission coefficients and envelop
correlation coefficients are less effected by user’s hands,
while the antenna efficiencies are significantly effected by
user’s hands.

I. PERFORMANCE COMPARISON

Table 3 shows the detailed comparison of the proposed work
with some of the latest works reported in literature. This
comparison is based on isolation, ECC, radiation efficiency,
number of antenna elements, size of individual antenna el-
ements, and channel capacity. The individual element size
of our proposed antenna system is 10 × 3 mm2 which is
smallest compared to [37], [39], [40], and the multi-mode
MIMO system reported in [7]. Considering the ECC, our
proposed antenna has better ECC compared to [7], [37], and
[39], while it is comparable with [38] and [39]. Furthermore,

the isolation (mutual coupling) of the recommended MIMO
antenna system is lower compared to those listed in Table 3.
The radiation efficiency and channel capacity of our design
are also better among all antennas listed in Table 3. Moreover,
the proposed MIMO system is one of the few MIMO antenna
system that covers 2G, 3G, 4G, and 5G bands, whereas all the
reported MIMO system listed in table (except [7]) are single
mode, thus can be applicable only for 5G bands.

IV. CONCLUSION

In this paper, a 10-ports hybrid MIMO antenna system was
introduced for 5G smart-phone applications. The proposed
MIMO antenna system was composed of a multi-band and
single-band antenna modules. Each antenna element in the
multi-band module encompassed 2G, 3G, and 4G bands,
while the single-band module composed of eight identi-
cal monopole antenna elements covered the C-band for
5G applications. The peak channel capacity of 43 bps/Hz
was achieved for the proposed MIMO antenna system. The
comparison of the typical performance parameters of the
proposed antenna with those of the recently reported studies
confirmed that our antenna system can be used beneficially
in the modern smart-phones.
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