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A compact 5G wideband antenna for body-centric network (BCN) operating on Ka band has been presented in this paper. The
design of the antenna consists of a very simple key-shaped radiator patch with a vertical slot for better impedance matching.
The antenna was designed and simulated with the help of the Computer Simulation Technology (CST) Microwave Studio
Suite, a well-liked and dependable electromagnetic simulation program running on Microsoft Windows. Free-space simulation
produces a resonant frequency at 28GHz, which falls under the Ka band and 5G’s n257, more precisely n261. The proposed
antenna has a size of 1:24λ × 0:6λ × 0:153λ and has a wider impedance bandwidth of more than 20GHz. The antenna’s gain
and radiation efficiency are 3.87 dBi and 70%, respectively, at the resonant point. Further parametric studies reveal that the
antenna can be activated in the V-band by increasing the feedline width. The antenna is proposed for the application of BCN.
Therefore, a three-dimensional human torso phantom was developed virtually to test on-body performance. The on-body
findings of this antenna were resimulated by positioning the antenna in close proximity to the three-layer human body model,
where 22.5 dB of on-body reflection coefficient was recorded at 28GHz. Simulated on-body gain and efficiency were 4.56 dBi
and 61.33 percent, respectively. A distance-based investigation was conducted to investigate the impacts of the human body’s
presence by positioning the antenna at five different distances from the human torso model. The findings were compared to
assess how distance affects its behaviors. The antenna’s gap was kept at 6mm for the optimum results, which included 4.83 dBi
of gain with a 66 percent efficiency and a recorded RL value of about 23 dB. The on-body simulations produced very
consistent results with a slight deviation after 26.5GHz, even though the distance was varied.

1. Introduction

5G mobile communication opens up a new era in the field of
telecommunication with lots of opportunities and possibili-
ties with the availability of a wide spectrum range, lower
latency, more stability, and an extremely fast data transfer
rate. Telecommunication technology is evolving every day,
including everything related to it. Newer generations enable

more users to connect simultaneously with multiple devices,
stable and efficient connections during fast-paced travel, and
multiple gigabits per second data exchange. All of these
require more developed transceivers that are capable of ful-
filling these needs.

Since antennas are the most vital element in telecommuni-
cation technologies, researchers around the world are working
relentlessly to develop more advanced antennas suitable for
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newer technologies. One of the common objectives of fifth-
generation communication is not only to connect all the people
virtually; it is aimed at connecting everything, including
devices, home appliances, gadgets, and machines. To support
this goal, 5G NR (New Radio) covers a wide range of frequen-
cies, which is divided into two sets of frequencies [1] created by
the Third Generation Partnership Project, or 3GPP. The Third
Generation Partnership Project is a group of standard organi-
zations that create protocols for evolved third-generation and
beyond third-generation mobile telecommunications. The first
one, called Frequency Range 1, covers the frequency ranges
from 410MHz to 6GHz, while the second, called Frequency
Range 2, does the same for the bands from 24.25GHz to
48.20GHz. In many ways, Frequency Range 2, or mmWave
5G, outperforms Frequency Range 1, also known as sub-6
5G. As many higher frequency spectrum bands are not cur-
rently licensed, they are more popular and freely available for
multipurpose applications. The FR2 spectrum is made up of
six Time Division Duplexing (TDD) bands, numbered n257
to n262. Within these, n261 is a subset of the n257 band.

The 28GHz band, which spans from 26.5GHz to
29.5GHz, is often referred to as 3GPP band n257. Similarly,
another 3GPP frequency band ranged from 24.5GHz to 27.5
partially overlaps the n257 band and falls on the boundary of
the K band, known as the n258 band. This range is simply
called “26GHz.” Another band, “n261,” is in fact a subset
band of n257 and ranges from 27.50GHz to 28.25GHz.
Therefore, these “n257” and “n261” bands directly fall
within the “Ka” (K above) band of microwaves, ranging
from 26.5 to 40GHz. Due to the high atmospheric absorp-
tion and attenuation, the K band is less suitable for long-
range data communication. Ka band is used in a variety of
applications, including police speed enforcement (n257,
n259, n260, and n261), 5G mobile networks (n257, n259,
n260, and n261), and communication satellites such as the
NASA Kepler Mission, ACTS Gigabit Satellite Network, K-
1 satellite, Space X Starlink, Iridium Next, SES O3b System,
James Webb Space Telescope, and Project Ku [2–8].

In keeping pace with technological advancements, the
wireless body-centric network (WBCN) is also getting
equipped with newer technologies and more advanced equip-
ment, where stronger connections, high volume, and fast-
paced data exchange are becoming essential [9]. The healthcare
division is a major field for body-centric networks or body-area
networks. A strong, stable, low-latency connection is essential
for precisely monitoring the vital physical signs, keeping the
patient under real-time supervision, or syncing the bulky data
between body area network (BAN) to BAN and BAN to base
terminals. For the futuristic body-centric area applications,
fifth-generation telecommunication could be embedded in
the system for supplementary facilities like the exchange of
collected physical data directly using the mobile networks.
There are a lot of other places where BCN can be used, not just
in healthcare facilities, like sports, entertainment, military, and
defense [10–14].

For this reason, an antenna for BCN operating at the 5G
frequencies could be very beneficial, which could unify wireless
body area applications with conventional fifth-generation tele-
communication. The goal of this research was to develop a spe-

cial, effective, and compact BCN antenna that would integrate
BCN operations with fifth-generation telecommunications
while operating in the traditional 5G band. It is necessary for
the antenna for body-centric communications to be small
and less delicate to human lossy tissues. It is crucial to look into
how the human body affects the antenna’s performance char-
acteristics because when an antenna is put on the human body,
its performance typically varies. This inspires scientists to cre-
ate an appropriate antenna for body-centric communications.

1.1. Related ExistingWorks. Farooq and Rather presented a 5G
miniaturized antenna working at 33.5GHz and 60.8GHz with
better on-body gain and efficiency [15]. The antenna was also
tested in in-body scenarios, where it suffered performance
degradation due to the human body effect. Ur-Rehman et al.
proposed a triband body-centric multiple slotted antenna that
showed very good off-body performance [16]. The on-body
gain of the antenna was 8.3dBi, but the efficiency was 54%.
The author’s another antenna for body-centric networks oper-
ated on the millimeter wave’s 58GHz, 60GHz, and 62GHz
frequencies [17]. Shawkey and Elsheakh’s dual-meander line
antenna [18] for 5G BCN works on multiple bands, 58GHz,
44GHz, 34GHz, and 22GHz. According to the author, the
dual-meander line structure has increased bandwidth while
simultaneously increasing the number of tuning bands.
Another antenna designed by Aliakbari et al., which is a circu-
larly polarized single-fed, dual-band 5G antenna, was created
with the RT duroid 5880 substrate [19]. It showed promising
results for 5Gmobile communication bands but was not tested
for body area or body-centric networks. The antenna pro-
posed by Huang et al. was also a dual-band millimeter-wave
monopole antenna operating at 24GHz and 60GHz frequen-
cies. The antenna fabrication was done with a 0.13-micron
Complementary Metal Oxide Semiconductor (CMOS) tech-
nology [20]. The designed antenna by Jain et al. operates on
two frequencies, 28GHz and 38GHz, with a notch at
33GHz [13]. The antenna shows an omnidirectional pattern
and a relatively flat gain between 3.6 and 4.4 dBi in different
ranges. For next-generation wireless communication, a Hex-
agonal Fractal Antenna Array (HFAA) is presented in [21].

Puskely et al. have presented a wearable disk-shaped
antenna for BCC where electromagnetic coupling was used
instead of direct connection to the feeding pin. The antenna
achieved a 5.2dB of on-body gain with a minimum efficiency
of 25% at 60GHz [22]. Razafimahatratra et al. presented a
60GHz antenna with a substrate integrated waveguide tech-
nique for on-body propagation channel [23], where the antenna
recorded 2dB of on-body gain while keeping 5 millimeters of
gap from the antenna element and 62% efficiency. Another
antenna proposed by Iqbal et al. for wearable applications oper-
ates at 24GHz [24]. The authors used EBG and Rogers 6002
substrate with this MIMO antenna to produce on-body gain
of up to 6dB. The textile-based mmWave antenna presented
by Wagih et al. operating at 26GHz and 28GHz exhibited an
on-body peak gain of 7dB with 40% efficiency [25]. Aside from
the research reviewed above, a few more studies on 5G and
mmWave antennas for body area networks [25–30] have also
shown promising results. A huge wideband array antenna oper-
ating at 60GHz for body-centric communication has been
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introduced in [31]. More than 20GHz of bandwidth is available
from the antenna [31]. The antenna shows good on-body per-
formance at 60GHz for different arrays. In comparison with
the other state-of-the-art antennas for on-body applications,
the proposed design has the simplest structure with the smallest
physical dimensions, yet with a substantial amount of on-body
gain and efficiency.

The goal of this study is to develop a 5Gwideband antenna
for a Ka band wireless body-centric network. This paper pre-
sents an antenna design operating on 28GHz of 5G’s n257
under the Ka band for body-centric network (BCN). This
paper’s main contribution is the design and analysis of the
5G wideband antenna that is suggested for a wireless body-
centric network. The CST program was used to design the
antenna, and after that, the free-space performance parame-
ters of the antenna were examined. The on-body performance
of the antenna was subsequently examined. The study’s sug-
gested antenna design is original. The antenna is incredibly
small and has a huge bandwidth.When the antenna is put very
close to the human body model, it performs quite well. There
are antenna designs for narrowband, ultra wideband, and
60GHz that can be applied for body-centric communications.
However, very few antenna designs and comprehensive stud-
ies for body-centric networks are present.

There are eight sections in the paper. Those are as follows:
introduction, antenna design, free-space simulation, paramet-
ric study, on-body simulation, distance-based study, compar-
ison with other designs, and conclusion. Section 1 discusses
5G communication, its various bands, their applications, and
establishing a relationship with body-centric networks, as well
as some related recent research. Section 2 presents the antenna
structure. The simulation results of the free-space and the
parametric investigation are presented in Sections 3 and 4,
respectively. Section 5 presents distance-based evaluations,

while the on-body simulation results are described in Section
6. Section 7 compares the antenna parameters with the other
BCN state-of-the-art designs. Finally, the results are used to
draw a conclusion in Section 8.

2. Antenna Design

The CST Microwave Studio Suite, a well-known electromag-
netic component design and simulation program for Microsoft
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Figure 1: Antenna dimensions: (a) front and (b) back.

Table 1: Values for antenna dimensions.

S. No. Parameter Value (mm)

1 x 6.44

2 y 13.30

3 l 7.02

4 s 2.45

5 r 2.45

6 f 0.56

7 gl 6.30

8 c 0.86

9 n 0.71

Table 2: Antenna materials.

Parameter Thickness (mm) Material Epsilon

Ground 0.035 PEC —

Substrate 1.57 FR4 (lossy) 4.3

Patch radiator 0.035 PEC —
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Figure 2: (a) Front view, (b) back view, (c) right view, (d) left view, (e) perspective front view, and (f) perspective back view.
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Windows, was used to develop and test the planned antenna.
Figure 1 depicts the antenna’s fundamental layout from both
the front and back. The antenna is made with a rectangular sub-
strate made of flame retardant fiber glass epoxy material (FR4),
which was used as the substrate material. The substrate is
13.3mm long and 6.44mm wide. This layer is one of the three
layers that stays in the middle of the other two layers, the radi-
ator patch and the ground. The radiator is printed on top of the
substrate with a circular shape with a slotted radius on top and a
long narrow feedline. This has been used for good impedance
matching purpose.

The narrow feedline of the patch is 7.02mm long and
0.56mm wide. The circular shape of the patch has a radius of
2.45mm. A same-sized slot was cut out vertically along the
feedline. Below the substrate, the adjacent layer is the ground,
which covers the bottom part of the substrate. The ground

dimensions are 6:44mm × 6:30mm. A tiny slot was created
with a square shape on the bottom of it. The proposed anten-
na’s wavelength at 28GHz is 10.71mm. The electrical size of
this antenna with its substrate is 1:24λ × 0:6λ × 0:153λ
(length × width × thickness).

The various antenna parameters and their related
lengths are displayed in Table 1. These parameters can be
matched with the front and back views of the antenna pre-
sented in Figure 1.

In Table 2 presented above, specifications of the different
layers are given with their corresponding thicknesses, per-
mittivity, and materials used to create those layers. The
ground layer and the patch radiators are of the same thick-
ness of 0.035mm. For both layers of this design, a perfect
electric conductor (PEC) material was employed. As a result,
their permittivity was undefined. The substrate layer was
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Figure 4: 3D radiation pattern in free space for 28GHz (a) without structure and (b) with structure.
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constructed from FR4 (lossy) material, which has a dielectric
constant of 4.3 and a loss tangent of about 0.02.

In Figure 2, shown above, different views of the antenna
are given. Figures 2(a) and 2(b) are the front and back views
of the antenna. The antenna is viewed from the right and left
in Figures 2(c) and 2(d). Figures 2(e) and 2(f) are the three-
dimensional perspective views of the antenna from the front
and the back. Three layers of the antenna are indicated in the
last three figures.

3. Free-Space Simulations

3.1. Return Loss. The antenna was simulated in free space for
frequencies between 20 and 40GHz. The curve for the
reflection coefficient is shown below.

The return loss response of the antenna over the simulated
frequency range is shown in Figure 3. At 28GHz, the resonant
frequency can be found. The entire curve stayed under 10dB
of return loss, demonstrating the antenna’s extremely wide
impedance bandwidth. The recorded reflection coefficient at
the resonant frequency is -26.96dB. However, the much wider
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Figure 5: 2D radiation pattern in free space for 28GHz on the (a) XY plane and (b) YZ plane.
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bandwidth could not be determined as the cut off points were
outside the simulated range.

3.2. 3D Radiation Patterns. The return loss response of the
antenna over the simulated frequency range is shown in
Figure 3. At 28GHz, the resonant frequency can be found.
The entire curve stayed under 10 dB of return loss, demon-
strating the antenna’s extremely wide impedance bandwidth.
Figures 4(a) and 4(b) show the 3D radiation patterns of this
antenna. The antenna shows a maximum gain of 3.88 dBi in
the free-space simulations. The pattern shows its maximum
gain was achieved along two directions on the XY plane, in
the first and the second quadrant, which is almost symmet-
rical along the positive Y-axis.

3.3. 2D Radiation Patterns. Two-dimensional radiation pat-
terns at 60GHz are shown in Figures 5(a) and 5(b), respec-
tively, on the XY plane and the YZ plane. The antenna’s
radiation pattern in the XY plane indicates its main lobe orien-
tation of 135 degrees with around 45 degrees of 3dB angular
width. Another side lobe can be seen at 70 degrees with the
same angular width. The main lobe direction in the YZ plane’s
pattern is roughly 120 degrees. Multiple lobes at different
angles make the YZ plane radiation patterns seem deformed.

3.4. Surface Current. Figure 6 illustrates how the surface cur-
rent spreads when the antenna is activated using “port 1” at
a 28GHz frequency. The maximum density reached 141
amperes per meter around the radiator patch and the ground
plane.

3.5. VSWR. Figure 7 displays the voltage standing wave ratio
(VSWR) of the antenna within the simulated range. The
VSWR value at the center frequency is slightly below 1.1,
which is pretty close to the ideal value. In theory, the ideal
VSWR value for an antenna is 1. This antenna in free space
shows a very good VSWR value, as noticed from Figure 7,
with no values above 1.65.

4. Parametric Study

After doing free-space simulations for the desired frequency
range, parametric research was carried out by altering a few
parameters of some of the physical sections of the antenna,
redoing the simulation, and comparing the results to the pri-
mary free-space simulation results. The primary intention
was to better understand the nature of the antenna and
how it reacts to simple changes in the design. The paramet-
ric analysis was carried out based on changes in the relevant
return loss response curve.
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First, the antenna dimension was modified by altering the
width of the substrate, which made the antenna a little wider.

Figure 8 displays the various return loss curves for the
antenna for various substrate widths. The initial antenna had
a 6.44mm width. This width was initially reduced by 0.14mm
while all other measures remained constant. The return loss
curve of the antenna substrate at 6.30mm wide, which slightly

moves the resonant frequency to the right, is shown in the
above figure as a blue curve. The reflection coefficient value
has been increased a bit. Now, the width of the substrate has
narrowed down to 6.16mm. The green curve represents the
return loss for this case. This time, the resonant frequency shifts
to the right more, with an increased reflection coefficient value
(-21.89dB).

All the changes in the measurements were discarded, and
the original design was restored. Now, the length of the sub-
strate has been increased by 0.35mm to check the effect.

In Figure 9, the red curve is the return loss response for the
original design. Simulating after increasing the length by
0.35mm shifts the whole curve to the left with its resonant
point. The green curve is the S11 plot when the length of the
substrate is 13.65mm. At this point, the RL value increases by
a tiny amount at our desired frequency of 28GHz. At a further
increment in the length by 0.35mm, the S11 curve shows more
losses by the blue line.

The final change wasmade by varying the width of the feed-
line. Previous changes were discarded before the new investiga-
tion. The original feed width was 0.56mm. In Figure 10 shown
above, the red curve is for the return loss of the original design.
Increasing the feedline width kept the return loss curve in a very
similar shape to the original but massively changed the RL
values in different parts. The blue and green curves are the plots
of the reflection coefficient when the feed line widths were
0.84mm and 0.70mm, respectively. For both the 0.84mm
and 0.7mm wide feed lines, a new resonant frequency was
formed at 32.45GHz.

4.1. Comparison. The findings of all the parametric studies
performed above are summarized in Table 3 below, where
the results are compared in terms of return loss, gains, radi-
ation efficiency, and bandwidths.

The results are compared for different parameters with
each other and with the original design in Table 3. For all
the modified designs, the reflection coefficient achieved for
the original design in free space is the minimum. Except for
this, the design with the 6.30mm substrate width has the clos-
est return loss value, which is -25.18 at 28GHz. Both the radi-
ation efficiency and the gain increase if the substrate length
and width are increased. But, increasing the width of the feed-
line decreases both the gain and radiation efficiency compared
to the primary design. It seems that the feed line measure-
ments on the original designs produce the best results.

5. On-Body Performance Test

A radiating antenna’s intrinsic characteristics are altered by
the presence of a human body nearby, occasionally impairing
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Table 3: Parametric study.

Parameters Free space x = 6:16 x = 6:30 y = 13:65 y = 14:00 f = 0:70 f = 0:84
Reflection coefficient -26.96 -21.89 -25.18 -20.18 -19.92 -21.12 -18.06

Gain (dBi) 3.876 5.089 5.055 4.846 4.985 3.364 3.643

Radiation efficiency (%) 70.30 95.78 95.64 95.24 95.01 69.56 69.00

Bandwidth — — — — — — —

Skin

Fat

Muscle

Figure 11: Torso phantom.

Table 4: Dimensions of the phantom torso [32].

Parameter
Length
(mm)

Width
(mm)

Thickness
(mm)

Epsilon
Conductivity

(S/m)

Skin 20 12 2 16.552 25.824

Fat 20 12 3 3.6985 1.6979

Muscle 20 12 4 24.44 33.609
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its performance. Therefore, it becomes mandatory to check an
antenna’s human on-body performance before implementing
it in wireless body area network operations. For this purpose,
an artificial human torso phantom was created in a three-
dimensional virtual environment in CST. Figure 11 shows a
human torso phantom. The three outermost layers of the
human body—skin, fat, and muscle—make up the fabricated
torso phantom. The thicknesses of these adjacent layers were

taken from the average thicknesses of the human body layers.
The top layer is the skin, with 2 millimeters of thickness.
Below the skin, the fat layer is a little thicker than the skin,
which is 3mm thick. The third and innermost layer is the
muscle. This layer is also the thickest of the three. For the
purpose of the on-body test, a 4mm depth of the muscle
layer was created and used. The key-shaped antenna was
then put above the torso phantom, and its performance
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Figure 13: VSWR comparison between free space and on-body.
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Figure 15: Continued.
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was tested by replicating all of the data. After that, the results
were compared to those of a free-space simulation. Table 4
below shows the three layers of the torso phantom’s dimen-
sions and electromagnetic characteristics.

Specifications for the many layers of the human torso
phantom are provided in Table 4 above. Table 4 lists the specs
and physical dimensions of the many layers that make up the
human torso phantom. All the layers have the same length and
width, which is 20mm× 12mm. The dielectric constants of
the layers are 16.552, 3.6985, and 24.44 for the skin, fat, and
muscle layers. The electric conductivities are provided in
siemens per meter.

5.1. On-Body Return Loss. The antenna’s on-body return loss
is represented on the same graph as the open space fre-
quency response in Figure 12. The antenna was positioned
4mm away from the phantom human torso for the general
on-body simulations. Though the return loss value has
degraded a little in the on-body test, the return loss value still
stays below -22 dB at the center frequency. The bandwidth
remained somewhat similar to the earlier result, as the whole
curve remained under-10 dB.

5.2. On-Body VSWR. The antenna’s voltage standing wave
ratio (VSWR) curve for an on-body simulation with a 4-
millimeter gap is shown in Figure 13. The VSWR value
slightly increased for the on-body test performed compared
to the free-space simulation but produced good results as the
value is still below 1.2 at the desired frequency.

5.3. On-Body Radiation Pattern. The two-dimensional human
on-body radiation patterns of the antenna in the XY and YZ
planes are shown in Figure 14 above. The 2D graph in the X
Y plane of Figure 14(a) displays patterns that are quite similar

in both the free-space and on-body simulations. A certain
power loss may be seen in various directions in the radiation
patterns on both planes as a result of the organic components
in the human body that were positioned close to the antenna
having lossy capacitive qualities. Patterns on the YZ plane
given in Figure 14(b) show some changes in directivity in the
on-body tests than in the free-space simulation, where the lobes
are more distinguished from each other.

5.4. On-Body 3D Radiation Patterns. The three-dimensional
radiation patterns of the antenna without and with the
antenna for human on-body simulations are shown in
Figures 15(a) and 15(b), respectively. The antenna had a
4mm space between it and the phantom torso. The anten-
na’s maximum gain in the on-body test was 4.56 dBi, as
shown in the figure. The main lobe direction seems to be
in the XY plane. Figure 15(c) shows the surface current dis-
tribution for the human on-body simulation. A maximum of
138 ampere/meter of current concentration is visible, which
was distributed on the radiator patch and the ground layers.

6. Distance-Based Study

It is vital to determine the potential impact zone by position-
ing the antenna at various distances from the human body
in order to better understand the consistency and behavior
of the antenna because the presence of the human body affects
how well it performs. In order to achieve this, the antenna was
positioned at five different distances, ranging from 2 millime-
ters to 10 millimeters, each gradually rising by 2 millimeters.

The antenna was placed above the torso at varying dis-
tances, as shown in Figure 16. Separate simulations were
used to analyze antenna characteristics for each distance,

138
A/m

10

1

0.1

0.01

0.001

0.0001

0

(c)

Figure 15: On-body 3D radiation patterns with 4mm gap: (a) without structure, (b) with structure, and (c) surface current.
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which were then compared to each other and the previously
simulated free-space data.

In Figure 17, where frequencies in gigahertz were pre-
sented on the X-axis and reflection coefficient in decibels
(dB) along the Y-axis, the simulated return loss curves were
shown when the antenna was situated at various distances
from the human torso phantom. The red curve in the figure
represents the frequency response of the antenna in free
space, which had the lowest return loss at 28GHz. For all
the on-body test scenarios, the whole curve gets slightly

left-shifted. The reflection coefficient fluctuated between
-19.6 dB and -26 dB but never exceeded -19.5 dB. A new res-
onant point emerged at 34.5GHz only for the 2mm gap. So
far, the best on-body return loss has been recorded at a
6mm gap between the torso phantom and the antenna.

Voltage standing wave ratios oscillated between 1.1 and
1.25, which can be seen in Figure 18’s curves. The distance
varying curves showed consistent results with the S11 plotting
presented in Figure 17. On-body VSWR values were found to
be reasonable and much closer to unity, though the 2mm gap

2 mm

(a)

4 mm

(b)

6 mm

(c)

8 mm

(d)

10 mm

(e)

Figure 16: Views from the right for on-body antenna placements at different distances: (a) at 2mm, (b) at 4mm, (c) at 6mm, (d) at 8mm,
and (e) at 10mm.
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produced the highest VSWR. The lowest VSWR values were
produced at 4mm and 6mm distances.

In Figure 19, a two-dimensional radiation pattern on both
the XY (Figure 19(a)) and YZ (Figure 19(b)) planes was plot-
ted for all five distances. Radiation patterns on the XY plane
for distance-varying on-body simulations look very consistent
without any notable deviation from the free-space simulation
either in the lobe directions or gain values, whereas on the Y
Z plane, patterns appear slightly unsettled in terms of directiv-
ity when very close to the human body, i.e., for a 2mm gap,
but the gains were fine.

Results for on-body and free space are compared in
Table 5. The antenna is positioned 2, 4, 6, 8, and 10mm distant

from the torso phantom in various on-body simulations. The
comparison was made with regard to reflection coefficients,
gain, radiation efficiency, and bandwidth. In terms of reflection
coefficients, a distance of 6mm from the torso phantom yields
the lowest on-body reflection coefficient of -22.96dB. Except
for the 2-millimeter distance, all the other simulations dis-
played a reflection coefficient of less than 22dB, and the values
were very close to each other. Similar phenomena were
observed for both the gain and radiation efficiency results.
4.83dB was the highest gain that was obtained when the
antenna was set 6mm away from the body model. Due to the
higher conductivity and different dielectric values than those
of the free space, a sudden increment of gain is observable for

Table 5: Comparison criteria and outcomes.

Parameters Free space On-body 2mm On-body 4mm On-body 6mm On-body 8mm On-body 10m

Reflection coefficients -26.96 -19.59 -22.63 -22.96 -22.40 -22.75

Gain (dBi) 3.876 4.167 4.559 4.833 4.586 4.195

Radiation efficiency (%) 70.30 50.92 61.33 65.95 68.72 69.37

Bandwidth — — — — — —

Table 6: Comparison with other designs.

Physical
dimension (mm)

Reflection
coefficient (dB)

Gain (dB) Efficiency (%) Bandwidth
(GHz)

Frequency
(GHz)Free space On-body Free space On-body

Design 1 [22] 49:7 × 31 × 3:1 -22.5∗ 4.7 6.7 65 25 4.1 61

Design 2 [23] 24 × 17 × 0:79 Unidentified 6.6 4.4 92 62 5.8 60

Design 3 [24] 19 × 15:06 × 0:25 Unidentified U/I U/I 6 80.5 0.1 24

Design 4 [25] 20:27 × 9:5 × 0:46 -16, -12∗ 5.4, 5.5 6.2,6.6 76.9, 77.5 49, 53 2.4, 2.1 26, 28

Design 5 [proposed] 6:44 × 13:3 × 1:64 -26.96 3.876 4.833 70.30 65.95 Unidentified 28
∗Approximate value.
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Figure 19: 2D radiation pattern comparison for various on-body distances (a) on the XY plane and (b) on the YZ plane.
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on-body conditions with some degraded radiation efficiency.
The radiation effectiveness is decreased when the antenna is
positioned on the body because of the lossy human tissues.
The gain on the human body rises as a result of the phantom’s
reflection. The radiation efficiency progressively increases as
the antenna is positioned farther from the body. Due to the
lossy tissues of the human body, when the antenna was placed
on the body, the radiation efficiency on the three-layer phan-
tom was decreased. The cutoff frequencies were found to be
outside of the simulated range, while the bandwidths were
found to be rather wide.

7. Comparison with Other Designs

In Table 6, a comparison of the proposed antenna design and
other cutting-edge BAN/BCN designs is made. The parame-
ters presented in Table 6 are the state-of-the-art antenna
designs for wireless body-centric networks compared with
the proposed antenna’s results. The proposed antenna has
the smallest physical dimensions compared to the other
BCN antennas in the table. All the antennas presented in
Table 6 [22–25] are much bigger in size in comparison with
the proposed antenna in this study. The suggested antenna
has an overall substrate length and breadth of 13.3 and
6.44mm, respectively. To achieve satisfactory on-body results,
design two introduced a substrate integrated waveguide
(SIW), and design three employs a double element MIMO
over electromagnetic band gap (EBG), whereas the simplified
structural design of the proposed antenna has achieved ade-
quate on-body gain and efficiency without implementing any
complex techniques. The bandwidth was also much wider
than the others, with a low reflection coefficient. This antenna
shows a very large impedance bandwidth compared to other
antennas presented in [22–25]. Moreover, there are quite a
few BCN antennas that operate in the 5G’s n257 and n261
bands, like the design presented in this paper.

8. Conclusion

A 5Gwideband antenna for body-centric warless communica-
tions operating on the Ka band is designed, and the perfor-
mance of the antenna is analyzed. The proposed antenna
design behaved wonderfully in free-space simulations. How-
ever, it also functioned admirably on the body. The antenna
also performs much more consistently in on-body simulation.
The return loss in various scenarios showed stable perfor-
mance of the antenna from the 26GHz and onward frequen-
cies, which qualifies the antenna’s application in both the
3GPP’s n257 and n258 bands for 5G NR FR2. However, the
antenna also qualifies as functional and quite steady, especially
when it is positioned more than 2millimeters from the human
body, according to the numerous on-body simulations. Plac-
ing very close to the human body hampers the antenna
parameters, which is a common phenomenon. Due to the
object’s strong impact on the antenna’s near-field distribution,
detuning effects will become more noticeable at closer separa-
tion distances. Specifically, electromagnetic radiation, includ-
ing the key characteristics, is strongly changed when an
antenna is located close to an organic body or a living entity.

This results in changes to the antenna’s performance. The high
conductivity value and various dielectric characteristics of
human flesh are mostly responsible for this effect [33]. But, a
2-millimeter distance is very reasonable and can be main-
tained easily by the thickness of the wearable fabric or the hard
case of the device that equips the antenna. When conducting
the simulations for distance-based analysis, a 6mm distance
yields the best results. The antenna also sustained its wider
bandwidth even in the on-body results. The radiation effi-
ciency never decreased below 60%, except for the 2mm gap.
When positioned 6mm from the human body phantom, the
suggested antenna demonstrated 4.833dBi gain and 65.95 per-
cent radiation efficiency. The antenna has a very wide imped-
ance bandwidth at a distance of 6mm from the human body
phantom. According to a distance-based study, a minimum
2mm distance from the human body should be kept in order
to achieve the optimum results. Both for on-body and off-
body simulations, the antenna’s overall performance is satis-
factory. The size of this antenna can be improved in the future
to operate in the 60GHz and THz frequency ranges. Addition-
ally, for better comprehension, a made-up model of the
antenna can be tested in real-world circumstances in both
free-space and human on-body scenarios.
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