)

Check for
updates

Optimized 2-Port MIMO Antenna Design for Enhanced
5G NR FR-1 Band Performance in Urban Environments

D. Vijaya lakshmi, Sd. Sajida, G. Jabeen, P. Roshini, and Sk. Eliyaz

Department of Electronics and Communication Engineering, PSCMRCET Engineering and
Technology, INTUK, Vijayawada, Andhra Pradesh, India.

duvvuriv03@gmail.com,

Abstract.In order to improve the isolation, diversity, and efficiency of a specially
designed MIMO antenna for 5G-NR FR-1 Bands N78/77/48, this study aims to
optimize the previously listed characteristics. The dielectric substance Rt/duroid
is now being used in place of Rogers RO3003. 5870, whose dielectric constant is
lower. The antenna has been modified to improve the TARC, ECC, DG, and
MEG characteristics. A T-shaped defective ground stone, parasitic decoupling
structures, and grounding branches to lessen coupling between antennas are the
main decoupling strategies. Rt/duroid 5870 maximizes these diversity factors,
allowing the antenna to be smaller for 5G deployments in dense metropolitan
areas. The changes were made to improve performance over the specified
frequency range in order to produce better isolation, larger ranges of variation
performance, and better matching of the impedance.
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1 INTRODUCTION

Broad bandwidth antennas are required to cover and meet the demands of updated
networks due to the ongoing advancements in 5G technology [1]. Effective and high-
isolation multiple- input multiple- output (MIMO) antennas are two key characteristics
of 5G wireless systems, particularly frequency range 1 (FR-1). These antennas are
crucial in densely populated areas because they increase coverage capacity and
transmission dependability [1].

The design and optimization of a MIMO two port antenna for the 5G- NR FR-1
bands N78, N77, and N48 are the main topics of this study [3]. Achieving the necessary
antenna specifications raises the performance, diversity, and isolation levels, ensuring
optimal operation in a realistic urban setting. This is a high degree of interference
and a high level of customer focus. One of the main goals of these processes is this.
In contrast to the conventional Rogers RO3003, this process uses Rt/Duroid 5870, a
dielectric material with an ultra-low dielectric constant that makes it possible to
miniaturize high-performance, high-
quality antennas[8].

The size of the antenna and the series of steps taken in the designing stage determine
during the designing phase are flexible.

2 PROPOSED DESGIN
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The complete evolution of the finished antenna design and its functionality in
various scenarios are covered in this section. A thorough and organized explanation of
the design methodology used for the suggested antenna can be found in the parts that
follow.

21  SINGLE MONOPOLE ANTENNA DESGIN STRUCTURE

The detailed instructions for building a monopole antenna are provided.
Additionally, a simplified and improved monopole antenna, consisting of a rectangular
patch with a triangular radiator depression, is depicted in the same figure. The
dimensions of the microstrip-fed antenna are 35 x 35 x 1.6 mm3. A patch is affixed to a
1.6 mm tall chassis composed of RT/Duroid 5870, which has a dielectric constant of
er =
2.33 [9]. Additionally, the substrate has a ground plane T- shaped stub and is printed
on one side after being etched on the other. Additionally, performance optimization is
done by describing the location of the T- shaped slot on the ground plane. The T- shaped
slots are perfectly suited to function as Defected Ground Structures (DGS) [7]. By
changing the way current flows over the radiator, the DGS's form enhances bandwidth
and lowers the minimum reflection coefficient at the 3.52 GHz resonant frequency [10].

1@ 1(b)
Fig. 1. a) Top View b) Port View of the Antenna Structure

2.2 SUGGESTED DESIGN FOR A 2-PORT MIMO ANTENNA

The MIMO antenna design is based on the sequential development of the 2 x 1
MIMO antenna’s design. A common ground plane has been provided to two identical
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monopole antennas located proximately vertically (without the reflection of the second
element). As it can is seen in Figure 2(a), these antennas are placed very close to each
other, which increases their efficiency, isolation, and diversity performance for two-
port MIMO systems [3]. The integrated volume of the 2-port MIMO system antenna is
equal to 35 x 85 x1.6 mm?. This configuration lets the antennas to be closely placed,
which enhances their performance [7]. A 2-port MIMO system is an integrated antenna
which comprises two antenna ports for full duplex operation is the ability to send and
receive signals simultaneously [8]. Each of the ports is located on a different line of
transmission so that the system can send and receive multiple signals simultaneously.
The objective is to make the best use of the available bandwidth in an attempt to transmit
a maximum number of data streams using the same frequency range [10].

2 (a)

2 (b)
Fig. 2. Structure of the Antenna a) Top View b) Port View
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3 OUTCOMES AND CONVERSATION
3.1 SIGNAL ANTANNA DESIGN RESULTS

The Reflection Coefficient or S11 Parameter With a frequency range of 2.5 GHz to
4.5 GHz and a noticeable deep resonance of -34.62 dB at
3.35 GHz, the parameter plot for the single monopole antenna effectively illustrates its
return loss (S11) (looking at perfect impedance matching and reflection of signals).
The -10 dB bandwidth is also around 3.20-3.80 GHz estmated to be 0.61GHz And
this value makes it appropriate for 5G FR1. The return loss at 3.20 GHz is -24.29 dB
and the antenna radiates effeciently. After the primary resonance, it is retured to -3.82
dB at 3.91GHz meaning lower impedance matching. In the other direction of the
primary resonace, the return loss of -5 dB at 2.72 GHz means higher reflection and bad
matching. The interface is robust in this range, thus the deep nucl at 3.35 assists in
perfect tuning, but the performance suffers beyond
3.80 GHz implying deficiency of impedance matching for upper frequency ranges.
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Fig. 3. Antenna S11 Frequency.
3.2 Gain

The polar plot demonstrates the associated plot for the single antenna’s 3.32 GHz
output radiation pattern, which determines its efficiency for outputs with a Phi direction
of 0° (represented as a red curve) and 90° (represented as a green curve). With a
radiation gain double of -1.95 dBi, the pattern achieves maximum response. The red
curve (Phi = 0°) produced a figure eight, monopole pattern, and the green curve (Phi =
90°) yielded a southeasterly horizontal omni direction.

These results confirm that ample energy is radiated from the antenna at the
designated azimuth coverage directions needed for stable coverage
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from multiple base station antennas. The radiation patterns and gain measures
demonstrate adequacy for 5G FR1 purposes within the real- case scenarios of signal

transmission.
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Fig.4. Gain Plot 2D

33 3D Gain

The graph depicting the gain in 3 dimensions depicts the radiation pattern of the
single antenna along with gain distribution in various directions. As illustrated by the
color map, a peak gain of 3.3 dBi is noted compared to a minimum gain of -11.3 dBi.
The red regions depict areas of maximum gain and hence strong radiation in those
directions, while the blue and green regions are weaker in radiation and hence represent
less gain. The pattern observed depicts a characteristic of directional radiation, having

weak null in some regions.
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Fig.5. Gain Plot 3D
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3.4 Proposed 2-Port MIMO Antenna Design

The reflection and transmission coefficients of a dual-port MIMO antenna
simulated in ANSYS HFSS are displayed in the S-Parameter Plot that is shown here.
The reflection coefficients at Ports 1 and 2 over the frequency range of 2.5 GHz to 4.5
GHz are displayed by the red curve (S(1,1)) vs the green curve (S(2,2)). Good
impedance matching is demonstrated by the return loss values for the antenna's
resonance frequencies of 3.00 GHz and 3.43 GHz, which are [-25.77 dB] and [-
26.10 dB], respectively.

S-Parameters [Magnitude in dB]
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Fig. 6. Antenna S11 Frequency

In addition, the -35 dB port isolation at 3.43 GHz helps to minimize coupling and
interference, which are especially important for MIMO antennas. The antenna’s
wideband frequency range [2.6-3.9 GHz] renders it suitable for wireless
communication purposes. The slight increase in power reflection, signified by the low
reflection coefficients of less than [-10 dB] and the high port isolation, result in
improved performance by reducing the signal interference between the ports. In
summary, the observed values show that the design is best tuned for 3.00 GHz and 3.43
GHz, making it useful for wireless communication,
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satellite technology, and IoT applications.
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Fig. 7. Antenna S11 & S21 Vs Frequency Plot.

The S-Parameter Plot presented here illustrates the return loss (S11) and isolation
(S12) relevant to a dual-port MIMO antenna system. The red curve showing S11
indicates the reflection at Port 1 and the green curve marking S12 traces the isolation
levels between the two ports. The reflection parameter, return loss (S11), is observed to
be beneath -10 dB at principle resonance frequencies. The lower levels of return losses
are noticed around 3.00 GHz and 3.40 GHz frequencies, which also have strong
resonances noted at these frequencies. Furthermore, the isolation (S12) is noted to be
always less than -20 dB through out the frequency range with a deep dip at around 4.00
GHz. This depicts low coupling of the two ports. This level of isolation can be deemed
better for optimal MIMO operation in regards to reducing interference and within
systems operating at a higher efficiency. The antenna design demonstrates favorable
matching and isolation characteristics and is therefore acceptable for deployment in
wireless communication systems for the specified frequency range.
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Fig. 8. The coefficient of envelope correleigian (ECO)

The Diversity Gain (DG) plot in a MIMO system shows how well the antenna
system performs when uncorrelated signal routes are provided. High diversity gain
levels, about 10 dB, show improved multipath impact mitigation and signal diversity
performance. According to a graph study, the diversity gain is 10 dB for the majority
of the frequency spectrum and slightly lowers at higher frequencies. The diversity gain
at 4.27 GHz was 9.9644 dB, which is quite near to the optimal value of 10 dB. This
result confirmed that the antenna design provides sufficient diversity gain to
successfully reduce signal fading, improving communication dependability and making
it ideal for MIMO applications. The CCU assesses the correlation and coupling's impact
on the channel capacity in a MIMO system; a lower value of the metric implies
improved MIMO performance and less interference between the antenna ports.
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Fig.9. TARC, (or) total active reflection coefficient
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The graph shows that CCL is continuously low for all values except the upper
portion of the frequency range, yet it rises significantly over 4 GHz. The fact that CCL
=1.5959 at 4.13 GHz suggests that channel capacity is lost at higher frequencies. CCL
should preferably be less than 0.4 bits/s/Hz to provide the greatest MIMO performance.
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Fig. 10. Defected Ground (DG)

According to the graph, CCL normally rises dramatically over 4 GHz but is
generally modest for all frequencies except the higher range. There is a reduction of
channel capacity at high frequencies, as seen by the CCL of 1.5959 at 4.13 GHz. To get
optimal MIMO performance, CCL should ideally be less than 0.4 bits/s/Hz. The
growing trend above 4 GHz indicates that the effectiveness of the MIMO system may
be impacted by a potential restriction on high-frequency isolation between parts.
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Fig. 11. Channel Capacity Loss (CCL)

An antenna's radiation pattern is depicted by the polar plot, which shows the
antenna's directional qualities in terms of signal intensity at various angles. The angular
scale shows the radiation angles in degrees, while the circular grid shows the magnitude
in decibels (dB). A contrast between theoretical expectations and actual outcomes is
suggested by the two curves that are shown, where the red curve shows the measured
performance and the green curve most likely reflects the reference pattern. The pattern's
bidirectionality demonstrates that the antenna reduces transmission in certain places while
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radiating more efficiently in two opposing directions. This research is crucial for
improving satellite, radar, and wireless communication systems since these

characteristics are commonly seen in beamforming applications, dipole antennas, and
MIMO systems.

Fig. 12. Gain 2D

The image displays a 3D radiation pattern of an antenna, showcasing how its
gain is distributed across various directions. The color
gradient indicates the gain in decibels (dB), with red highlighting areas of higher gain and
green and yellow representing regions of lower gain. The axes labeled Theta (0) and Phi
() correspond to the spherical coordinate system used to evaluate the antenna's radiation
properties. Such plots are essential for understanding how an antenna emits energy into
space, enabling engineers to enhance its performance for specific uses, including wireless
communication, satellite systems, and radar technology. The nearly spherical shape
implies that the antenna has an omnidirectional or broadly directional radiation pattern,
providing coverage in multiple directions.
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Fig. 13. Gain 3D
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4.RESULTS ANALYZATION AND INTERPRETATION ABOUT ECC, DG,
AND CCL

4.1Envelope Correlation Coefficient (ECC) Analysis:

The ECC measures how similar two antennas radiation patterns are to one another. The
ideal ECC for MIMO performance is 0.02. The graph clearly shows that the ECC is
below

0.02 at 4.16 GHz (ECC = 0.0160), which is an amazing achievement. Better MIMO
diversity performance results from the two ports being properly separated, which is
shown by a reduced ECC value.

4.2Diversity Gain (DG) Analysis:

DG quantifies the improvement in signal quality brought about by the usage of
numerous antennas. The ideal DG is close to 10 db. At 4.27 GHz, the graph indicates
that DG is 9.96 dB, which is near the theoretical limit. This confirms that the suggested
antenna has excellent diversity performance and no signal deterioration.

4.3Analysis of Channel Capacity Loss (CCL):

CCL quantifies the capacity loss resulting from coupling between antenna parts. A
CCL of less than 0.4 bits/s/Hz is desirable for a MIMO system. According to the value,
the CCL is 1.5959 at 4.13 GHz, which is a quite high figure. This indicates that mutual
coupling effects are controlling system performance at higher frequencies, which
results in capacity loss.

5 Conclusions

The antenna's outstanding diversity performance is confirmed by its low ECC value
(0.016) and strong DG (9.96 dB), making it perfect for MIMO applications. However,
the greater CCL (more than 1.5 at 4.13 GHz) indicates that mutual coupling has a
detrimental effect on channel efficiency, which might lower system performance at
higher frequencies. By lowering coupling and limiting ccl, MIMO performance may be
enhanced by employing strategies such isolation improvement structures (such as EBG
structures, neutralization lines, or defective ground structures).

Although the antenna structure is usually appropriate in terms of DG and ECC, it
must be modified to lower CCL and increase MIMO efficiency.
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