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In contemporary communication systems such as 5G and next-generation cellular
networks, the MIMO approach is crucial. Large-scale data transmission is a well-known
feature of these sophisticated systems. In cellular systems, it is imperative to reduce the
interference that QAM-MIMO signals produced between the transmitter and the
receiver. This article examines the interference performance of QAM-MIMO
transmissions. The number of transmitter antennas, number of reception antennas,
number of sub-arrays, the Rayleigh fading channel, and the target direction are among
the key variables affecting how the proposed model operates. To identify signal
interference, we find and examine the side lobes and beamforming. Furthermore,
considering the gap between wavelengths leads to benefits from the QAM-MIMO
approach. The numerical and graphical results demonstrate how 5G transmissions
interfered with prior settings. Furthermore, a comparison of the proposed model with
similar research is also achieved. The outcomes demonstrated that the interference

characteristics were analyzed by the proposed model.

1. INTRODUCTION

5G and other wireless technologies increase data transfer
rates in constrained frequency ranges, however problems with
broadband proliferation and ineffective resource distribution
result in underutilized band and difficulties for cellular
network operators. To solve these issues, more research is
required on band sharing between public and private networks,
including radars [1-4].

While band coexistence presents a viable way to use various
frequency bands, 5G and radar equipment can cause
interference. One of the main priorities should be controlling
overlapping electromagnetic waves, especially those from
radars. Band sharing does have certain disadvantages, too, like
the requirement to shield incumbents from cellular system
interference in common frequency regions. Furthermore,
communication systems near radar systems cannot function
properly due to the tremendous transmit power of radars
overwhelming receiver amplifiers [5-7].

Full-duplex communication systems allow simultaneous
data transmission and reception in the time and frequency
domains, which maximizes the utilization of available band.
With full-duplex technology, as opposed to passive band
sharing, government organizations can use available radar
frequencies or stay out of exclusion zones while still protecting
themselves from disturbance. By increasing band availability
and enhancing service quality, this approach opens the door
for later band sharing projects including government users and
cutting-edge technologies [8-10].
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There are a number of proactive approaches in the literature
that deal with interference caused by band sharing. Utilizing
the diversity of waveforms is the key concept in many of the
MIMO radar techniques that have been developed. Two
primary types of MIMO radars can be distinguished based on
the array configurations that are employed. In order to capture
the spatial diversity of the target's radar cross section, the first
type uses widely separated transmit/receive antennas. The
second form of MIMO radar focuses on cohering a beam
towards a certain direction in space by using arrays of closely
spaced transmit/receive antennas. The relevant current
research is discussed in the following. On the perspective of
MIMO joint radar-communication systems, some of related
works are described below. The authors investigated
orthogonal frequency division multiplexing, orthogonal chirp
division multiplexing, phase-modulated continuous wave, and
sequence of chirps for a hybrid radar-communication system
in 2021 [11]. The study reveals phase-modulated continuous-
wave and sequence chirp modulation schemes are suitable for
low data rate applications, including front-end overlap in
integrated radar-communication systems, and necessitate
multiplexing to prevent dynamic range decline. A thorough
analysis of cooperative communication and radar systems was
carried out [12]. The text is divided into three sections:
communication, radar, and integrated communication and
radar, emphasizing the need to consider millimeter wave and
frequency-hopping signals for high data rates. In 2023,
Nguyen et al. [13] have studied an effective joint radar-
communications design that incorporates a MIMO-subcarrier
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allocation method. This method reduces the beam-forming's
degrees of freedom and significantly degrades communication
performance, particularly when there are stringent radar
recognition limitations. In order to solve this, communications
are given their own dedicated subcarriers, which remove
interference from the radar function while maintaining strict
design limitations to guarantee the radar's recognition
accuracy. Current year, by combining radar and
communications systems, Ozkaptan et al. [14] have proposed
the mmWave to address the transmission band between
vehicles and everything. Using the same waveform and
technology for both operations, this approach proved to be a
comprehensive way to use these bands. An OFDM-MIMO
signal operating in the 24 GHz mmWave range was being
tested. Despite being built on the MUSIC algorithm, the
suggested system resulted in a significant level of computing
complexity. Because of the enhanced radar processing
capabilities made possible by the completely digital MIMO
design, the findings have improved. On the other hand, the
viewpoint of beam-forming system has been processed
through radar-communication system too. A well-optimized
time and band allocation technique for coexistence networks
of distributed radar—communication is put out by Zhang et al.
[15]. Subject to limitations on dwell time and band utilization,
the system is built to minimize the sum of weighted position
Bayesian Cramér-Rao lower bounds while meeting
communication downlink needs. Simulations show that in
terms of tracking performance, the suggested strategy
performs better than two baseline allocation strategies. A
performance analysis of the trade-off between MU-MIMO and
MIMO communication systems is provided by Chen et al.
[16]. The study utilized weighted mean square error and
sequential convex approximation techniques to determine the
optimal border region for communication and radar foci, and
expanded the study to create a simpler level of beam-forming
for channel selection and zero-forcing scenarios. He et al. [17]
propose a modal using the penalty dual decomposition
technique to address radar transmitting power issues in both
low-power and high-power settings. They also create a beam-
forming system using block coordinate descent to prevent
interference and reduce complexity using a non-convex
objective function.

In this paper, a performance model for preventing
interference between 5G communications systems and radar is
suggested. Both 5G and radar communication systems use
many antennas on both the transmitter and the receiver in
accordance with the MIMO principle using QAM signal. The
proposed model will prohibit the interference that may occur
through a channel with Rayleigh fading kid between
communications system and radar-based MIMO-5G
technique. Additionally, it is also damped the weakness in the
MIMO-radar performance. The suggested model is also used
to MIMO sub-arrays in order to investigate the interference
that occurs between MIMO radar and regular QAM signals.
The contributions of the proposed model can be summarized
as follows:

The proposed model eliminates the side-lobe carefully
then the interference will be decreased.

The band sharing of focusing radar is efficient since the
channel among the 5G communication systems has a
nullified-space.

The coexistence between communications and radar
systems has been enhanced due to the overlapping of
MIMO radar.
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The rest of this paper is organized as follows. Section II
describes the fundamentals of sharing of bands through the
MIMO. Section III introduces the proposed avoiding-
overlapping MIMO radar system. Section IV discusses and
analyses the results of simulation running and offers details
with benchmarks. Last Section V determines the article with
suggestion of future works.

2. BACKGROUND OF MIMO CONCEPT BASED
BANDS SHARING

The Federal Communications Commission (FCC) has
granted permission for the commercial use of specific
frequency ranges for transmission, allowing radar, satellite,
and communication systems to coexist. This change has led to
the development of methods to expand the capacity of these
systems, reduce interference, and optimize shared usage, all of
which are made possible by the application of the MIMO
concept [18-20].

Radar and communication are not given priority in these
systems; instead, both are integrated and optimized from the
start. These systems offer a flexible balance between the two
roles that can be adjusted in accordance with the demands of a
given application. This method allows for more design
freedom because it is not limited by existing communication
or radar systems. To gain a deeper understanding of the joint
design of communication and radar systems, it is important to
first compare them, highlighting their similarities and
differences. Below is a comparison of the two functions based
on signal waveforms, transmission power, bandwidth, and
other key specifications [21].

+ Signal Waveforms: Broad bandwidth, unmodulated
single-carrier pulsed or continuous-wave signals are used in
radar waveforms, which are generally basic and intended for
sharp and narrow ambiguity functions. On the other hand,
communication signals can be discontinuous in space, time,
and frequency. They can have more intricate structures with
sophisticated modulations that combine both unmodulated
(training or pilot) and modulated data symbols.

* Transmitter Power: While short-term continuous-wave
radars require less power, long-range pulsed radars usually
demand  considerable  transmission = power.  Since
communication systems have a smaller coverage area, they
often use less power to function. In order to facilitate effective
power amplification for long-range performance, radar signals
are engineered to have a low peak-to-average power ratio.

* Bandwidth: While continuous-wave radars send
continuous waveforms across a wide frequency range, such as
chirp signals, pulsed radars transmit short, wide-bandwidth
pulses followed by silent intervals to detect target echoes.
Large bandwidth is needed by radars in order to improve range
resolution. Radar waveforms are very different from the much
smaller, bandwidth-restricted signals used by communication
systems.

* Frequency of Operation: Radars operate in the L, S, C, X,
Ku, K, and Ka band operational frequency bands. W band
frequency is used by automotive radars. Communication
frequencies are found in the mmWave and sub-6 GHz regions.
For 6G, terahertz frequencies are being used.

* Clock Synchronization: To prevent uncertainty in the
calculation of recognizing characteristics, radars synchronize
the clocks of their transmitter and receiver. Colocated nodes
may share a clock in the context of communications, whereas
non-colocated nodes typically do not.



* Performance Metrics: Metrics like peak-to-sidelobe level
ratio, signal-to-clutter ratio, maximum range and velocity, and
resolution in terms of range, Doppler, and angle are used to
assess radar performance. On the other hand, bit error rate,
capacity, latency, throughput, outage possibility, and signal-
to-interference-plus-noise ratio are used to evaluate wireless
communication systems.

The 5G-MIMO communication and radar antenna systems
work together and are set up in a similar way. Due to the many
kinds of channel reactions that might arise when signals are
being sent, let yrai(f) symbolize the signal that is sent through
these channels. This can be expressed as follows:

CrxXRex

Ychan (t) = Hint Xrad (t) + Hcrxxctxxcom (t)

(1

Thus, the signal, y.m(f), that are received by the
communications system is represented by:

Ycom ® = Ychan (t) + nRay(t) (2)
where, X,qi(f) and Xcom(f) denote the transmitted radar and
transmitted communications signals, respectively. H;, and H
denote the interference channel radar versus communications
systems and channel that is used by the communications
system, respectively. In addition, C,., Ci, R, and R, represent
communications receiver antennas number, communications
transmitter antennas number, radar receiver antennas number,
and radar transmitter antennas number, respectively. mgq(f)
denotes the Rayleigh fading channel noise.

Communication and radar systems operate in a cooperative
environment, efficiently collaborating and exchanging data,
ensuring each system prevents disturbances to the others [22].

The study explores a radar-centered design process, aiming
to retrieve interference channel status information from the
radar terminal. The MIMO radar's objective is to generate
distinct waveforms to prevent network interference, with an
example of coexistence shown in Figure 1.

= T~ ‘f

BS1 BS2 Radar

Figure 1. The MIMO of 5G communications and radar
systems

This study defines the fundamental elements of a structured
MIMO radar configuration, suggesting that transmitting and
receiving antennas should be close to each other.

The transmitted radar signal, x,.(f), can be extracted into
time-domain x(f) and transmitted-guided waveform xg.(6)
notations as follows:

Xyaa(t) = [x1(t)x2 ®) ---xMT(t)]

= [yuin ()1 (D%guiz OB (0) . Xguires Oy (D] )

It is well acknowledged that the whole transmitted
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waveform obeys the orthogonality principle and that each
component is mutually perpendicular to the others [23].

Xrad (t) = xgui(6)®¢(t) (4)
where, O is an N-ary dot operator.

On the other hand, the transmitted-guided waveform can be
represented as follows

%51 (0) = [Xgui1 ()% gusi2 (8) o X guuing (6]
= [1e—j2nd7~sin9 e—jZTEdT(MT—l) sinG]

)

Under Rayleigh fading channel, y..«(f) represents the
received radar signal, which can be stated as

Yraa (t) =Y (t) + yjam (t) + nRay (t) (6)

where, yjun(f) denotes a jamming signal. In addition, yd?)
denotes a target signal and it can be formulated as follows

Ye(®) = Bs (Xui(0)0(8)) ¥ ui(65) @)
here, 6, B, and y4.i(0) denote the target direction, the complex
reflection coefficient, and the receive steering vector for the
direction 8 and Mz x 1, respectively. In addition, y,.(#) can be
stated as

ygui(g) = [yguil(e)yguiZ(g) ---yguiMR(g)]

— [1e—j2ndRsin9 e—jZn:dR(MR—l)sinG]

®)

3. PROPOSED AVOIDING-OVERLAPPED MIMO-
RADAR BASED BANDS SHARING

The unique needs of both tasks should be the main-focus of
system design and optimization in order to create a reasonable
compromise between radar and communication performance.
The joint optimal waveform design presents the main
challenge. Phased array, fully-digital MIMO, and hybrid array
architectures are the three types of hardware for such systems.
They employ analog, digital, and hybrid analog-digital beam-
forming, respectively, as their respective beam-forming
methodologies.

e Analog beam-forming: Phase shifters are used to feed a
single signal to every antenna, directing it in a certain
direction. It is straightforward, economical, power-
efficient; however, it can only produce a single beam, and
in wideband transmissions, it exhibits beam squint.
Digital beam-forming: Similar to MIMO systems, each
antenna has its own RF chain and uses spatial pre-coding
to create signals in the digital baseband. Although this
method is more complicated, costly, and power-intensive,
it supports multiple beams and wideband operation.
Hybrid beam-forming: Creates sub-arrays within of a
larger array and uses analog beam-forming within each
sub-array. This technique combines elements of both
analog and digital beam-forming. It lessens the drawbacks
of both pure analog and digital methods by providing a
performance balance.

It is possible to construct performance criteria for

communication and radar systems separately or as a weighted

composite function. Mutual information is the greatest amount
of data that can be transferred between a source and a receiver



in a communication system. For radars, it measures the
quantity of information gained from the received signal about
the environment. Optimizing the radar-communication
waveform using a benchmark signal with a desirable beam-
pattern—typically a well-known radar waveform with low
side-lobe levels and strong correlation—is another method of
design. In order to ensure that the waveform maintains a beam-
pattern identical to the radar's while meeting communication
needs this reduces the impact of communication data and
channel randomness. Minimizing the mean-square estimation
error for important parameters like range, angle, and velocity
is the key to accurate finding in radar systems. The Cramér-
Rao Lower Bound is a crucial performance metric that
establishes the lower bound for mean-square estimation error.
To maximize identifying accuracy, Cramér-Rao Lower Bound
must be taken into account in the collaborative design of
communication-radar waveforms since it is impacted by
transmitted waveforms.

To introduce the proposed system with details, this section
is divided into two following sub-section as shown below:

3.1 MIMO-radar avoiding-overlapped formulation

A novel antenna design based-MIMO is presented in current
sub-section, it is also known as overlap-MIMO, which allows
beam-forming for both transmit and receive arrays by splitting
every array into many overlapped sub-arrays. A fundamental
idea is fragmenting the transmitted arrays into many sub-
arrays, i.e., K, allowing for overlap [24].

At the kth sub-array's output, the signal complex envelope
is represented as

My
Sk = 7¢k(t)®wk, k= 1,...,K

and1 <K < My

)

where, the vectors of M,,x1 includes ¢, and w; . The last
vector contains both real and imaginary components with a
unit-norm that contains M, beam-forming weights. M,
orthogonal waveforms make up the waveform vector that is
the former. It is noteworthy that M,, denotes the quantity of
antenna elements present in every sub-array. M, is defined as
Mr—K+1.

The transmitted signal, ¢ (¢)}*, can be formulated as follows
for every orthogonal waveform,

Pi = Q(t)e2mmk/ T (10)

where, the pulse shape is represented by Q() for duration 7o,
m=1,..,Myand k=1, ..., K[25].

When a target is placed in the far field at angle 6, the signal
that is reflected off it is described as:

K Mm

M
0= Tp0)> > wrepwdpe)
k=1m=

1
where, B(0) is the coefficient of reflection, and d}* () is the
vector of waveform diversity that is defined as e /% . In
addition, the necessary time, t7'(6), for the wave to travel
from the first component to the next component.

It is possible to express the complex vector that was
received from the array observation as

(11)

m
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Vradar(6) = (6,006 + )" 16,6060 + ay(©) (12

where, ¢ is the interfering signals number, b(8) is the vector
of receive steering with size Mzx1 associated with angle 6, and
nra(?) 1s a Rayleigh-fading channel noise.

A vector of essential data may generate as [1xMzKM,,]T, by
filtering with matched-filter yraia(f) for every waveform that

is noted with {¢pJ" }%ka=l’

M £ M
Y = \/%ﬂsu(gs) + Z \Eﬁiu(ﬁi) + Ngay () (13)

u(8) = (c(6)Od(6)) ® b(6) (14)

Eq. (14) represents a vector of virtual steering with
[1xMzKM,,]", a middle vector ¢ = {w,i"akm}x’;‘f oy Of size
[1xM,K]T, and vector of waveforms diversity d =

ROV o Gire MK [26
{e }m=1,k=10 size My, [26].

The beam-former weight vectors for the kth transmitting
sub-array in non-adaptive beam-forming are given as.

— ak(gs) — ak(gs)
T NG T My K+ 1

=1..,K (15

Such vectors are given for the receiving sub-arrays as w; =
(c(65) © d(65)) @ b(6s).

Let Norm(6) be the normalized overall beam-pattern.

lwd u@®)I* _ [ (6:)u(®)|?
lwg u(85)|> llu(@)11*

Norm(6) = (16)

atla,(8,) = - allay(6;) is obtained specifically for the
situation of a uniform linear array. For a uniform linear array
with K overlapped transmit sub-arrays, the beam pattern of the
overlapped-MIMO radar can be stated as follows using Eq.
(16):

Normy(6) =
lag (85)ax (8)[(d(85) @ b(6,))"(d(6) @ b(6))]I?
llak (8)11*11d(65) & b(6,)||*

(17

3.2 Sharing of bands based on MIMO-radar system

This subsection details a radar projection algorithm-based
band-sharing technique, utilizing a projection approach of null
space [27], the approach projected the signal of overlap-
MIMO radar on a communication interference channel's null
space, requiring prior channel side information that can be
obtained and shared with the radar system [28].

The suggested technique works like this: the radar first
gathers H, the channel side data that connects the radar to the
communication channels. The available number of null space
that are for projection will be calculated, and it equals M7—Nx.
Next, it determines the projection of the channel matrix, P,
then produces a fresh signal of radar, £z,q4,. In order to
prevent radar interference, the overlapped-MIMO radar
waveform projected onto H's null space can be written as
follows: where H demonstrates the channel matrix.



(18)

XRradar @) = PXxpaqar(t)

4. RESULTS OF SIMULATION

In this section, the results are obtained and analyzed with
many parameters that are used in the construction of the
proposed system. The obtained results of the proposed system
have been offered by using the MATLAB software to simulate
the 5G signal based MIMO technique. The 5G signal is
implemented according to F-OFDM-MIMO technique and
modulated with QAM modulation. The F-OFDM signal is
generated with the following characteristics to fulfill the 5G
communication systems requirement as shown in the Table 1.

Table 1. F-OFDM-MIMO signal characteristics based 5G
communications system

Number of TX (Radar) antenna = 30
Number of RX antenna = 30
Number of FFT = 1024
Number of Resource Block = 50
Number of sub-carriers = 12
Length of cyclic-prefix = 72
Bits/Sub-carrier = 6
Tone off-set =2.5
Length of filter = 513
64 QAM

In this simulation, the adjacent element of antennas is
halved the wavelength separately because in both cases the
element spacing is 0.5. The signal experiences Rayleigh-Noise
distribution when it moves through a Rayleigh fading channel.
Every component of the antenna is omnidirectional. In
addition, the sub-arrays are divided into six ratios as shown in
the following figures.

The general beam-pattern for six distinct MIMO radar
designs is shown in Figure 2: There are six types of overlapped
MIMO radars:

(1) radar with K =5 (indicating five sub-array),

(2) radar with K =10,

(3) radar with K =15,

(4) radar with K = 20,

(5) radar with K = 25,

(6) MIMO radar (pure MIMO) with K = 30.

T T
Overtapped-MIMO Radar (K=5)
Overapped-MIMO Radar (K=10) -
1Overiapped-MIMO Radar (Ke15)| | | {09
+Overiapped-MIMO Radar (K=20)
Overapped-MIMO Radar (K=25)
Pure MIMO Radar (K=30) N

20 20 40

s

°
Angle (degree)

Figure 2. Total beam-pattern using conventional transmit-
receive beam-former

The overlapping-MIMO radars in this context come in two
orientations: 10 overlapped sub-arrays with 21 antenna
elements each, 15 overlapped sub-arrays with 16 antenna
elements each, and 20 overlapped sub-arrays with 11 antenna
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elements each. The overall transmit/receive beam-patterns of
the pure MIMO-radar, K = 30, the overlap-MIMO radar, K =
5, and the overlap-MIMO radar, K = 25 are found to be
approximately similar. On the other hand, the overlapped-
MIMO radar exhibits notably superior side-lobe suppression
when juxtaposed with the pure MIMO radar's beam-pattern.

Six distinct MIMO radar configurations using the null space
projection algorithm are shown in Figure 3's overall beam-
pattern. Null Space Projection is denoted by NSP. First,
overlap-MIMO radar for (K = 5) addition to null space
projection (signaling five sub-array). Second, overlap-MIMO
radar for (K = 10) addition to null space projection. Third,
overlap-MIMO radar for (K = 15) addition to null space
projection. Forth, overlap-MIMO radar for (K = 20) addition
to null space projection. Fifth, overlap-MIMO radar for (K =
25) addition to null space projection. Finally, radar-MIMO for
(K = 30) addition to null space projection, only MIMO. As
anticipated, it is found that the projection approaches have
lessened side-lobe elimination. It still offers superior
suppression, nevertheless, as compared to radar-MIMO alone.
The major benefit is on the communication system side, where
coexistence is made possible by the null space projection
algorithm's reduction of radar interference with the
communication system.

T T
verlapped-MIMO Radar (K=5)
verlapped-MIMO Radar (K=10) [
verlapped-MIMO Radar (K=15)
verlapped-MIMO Radar (K=20)
NSP Overlapped-MIMO Radar (K=25)
'NSP Pure MIMO Radar (K=30) |7

Gain (dB)

-40 -20 0
Angle (degree)

Figure 3. Total beam-pattern using conventional
transmit/receive beam-former and null space projection

Figures 2 and 3 depicted the overall beam patterns for the
conventional transmit-receive  beam-former and the
overlapped sub-array design, respectively, using 30 antenna
components, to evaluate the advantages of utilizing virtual
sub-arrays. Because both phased-array and MIMO radars
essentially use the same number of transmitting arrays, the
results showed that their overall transmit and receive beam-
patterns was comparable. On the other hand, the overlapping
MIMO radar's beam-pattern is noticeably better than that of
the phased-array and conventional MIMO radars, which is
helpful for target uncovering. The beam-patterns of all radar
systems with null-space projection applied are also shown in
the figures. The overlapping MIMO radar nevertheless
provides better suppression than the other two radars, even
though null-space projection lessens side-lobe suppression.
Moreover, null-space projection minimizes radar system
interference to the communication system, allowing for band
sharing.

On the other hand, the surface plot in Figure 4 depicts the
total gain of beam-pattern vs. number of sub-arrays vs. angle
of direction for the 64-QAM scenario. It can be seen that the
biggest gain is little bit lower than 0 dB with 15 degree angle



direction and more than or equal to 10 sub-arrays.
Furthermore, once the angle increases or decreases, the gain
become worse and decreasing significantly.

Theta (degree)

-50

a0 s

Figure 4. Total beam-pattern gain vs. number of sub-arrays
vs. angle of direction

Theta (degree)

e

a0 s

Figure 5. Total beam-pattern gain with null space projection
vs. number of sub-arrays vs. angle of direction

As in Figure 4, Figure 5 is a surface plot and shows the total
gain of beam-pattern with null space projection vs. number of
sub-arrays vs. angle of direction for the 64-QAM scenario. It
can be seen that the gain is decreased along with increasing or
decreasing the angle of direction for greater or lower than 15
degrees. However, the biggest gain is obtained when the
number of sub-arrays greater than or equal to seven. In
addition, the number of sub-arrays can be considered to be a
crucial factor since it improves the total gain.

2

Sub-Arrays

15 - 0
- 402 Theta (degree)
60

Figure 6. Total beam-pattern gain with null space projection
vs. angle of direction vs. number of sub-arrays

Figure 6 is the same surface plot as Figure 5 with a direction
(angle) perspective. It also shows the total gain of beam-
pattern with null space projection vs. number of sub-arrays vs.
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angle of direction for the 64-QAM scenario. It can be seen that
the side-lobes are vanished once the angle greater than or
lower than 30 degree. In addition, the gain is decreased along
with the vanishing side-lobes.

All in all, once the channel noise is spread in accordance
with the Rayleigh fading channel, the suggested system
improves the prohibition, as shown by the prior figures and
surfaces. Furthermore, a larger number of antennas are used to
test the suggested system's complexity. However, the test
signal mimics the real-world situation by using a 5G
communication system signal. The earlier comparable works
that are listed in the first section as a literature survey did not
accomplish any of the earlier milestones or contributions. The
related works did not study their systems with Rayleigh fading
noise kind whereas the proposed system has been applied on
it. In addition, the findings of the proposed system are better
than those related works although the related works had been
applied only on AWGN.

5. CONCLUSIONS

This paper presents an overlapped-MIMO antenna design
and the null space projection band-sharing technique to allow
coexistence of communication systems and radars. In the
presence of Rayleigh fading channel noise, the system
evaluates the MIMO concept based on 5G signals. The radar's
transmit array in the overlapped-MIMO design is split up into
many overlapping sub-arrays, each of which sends signals
orthogonal to those of the other sub-arrays and to each other.
Comparing this architecture to traditional MIMO radar, it
improves side-lobe suppression, boosts diversity gain, and
expands the effective transmit array size, all of which make it
more compatible with communication systems. It is advised
that this system be investigated further in the context of 6G,
whether or not NOMA integration is present.
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NOMENCLATURE

5G Fifth Generation

MIMO Multi-Input-Multi-Output

QAM Quadrature Amplitude Modulation

QoS Quality of Service

SINR Signal Interference Noise Ratio

FCC Federal Communications Commission

Yehan(t) The signal of channel

Yeom(?) The received signal

NRay(?) Rayleigh fading channel noise

Xrad(t) Transmitted radar signal

Xcom(?) Transmitted communications signal

Hin The inter_fere.nce channel radar versus
communications systems

H The channel that is used by the communications
system

Crx Communications receiver antennas number

Cix Communications transmitter antennas number

Rix Radar receiver antennas number

Rix Radar transmitter antennas number

Xrad(t) The transmitted radar signal

Xgui(0) The transmitted-guided waveform

Yrad(t) The received radar signal

Viam(%) Jamming signal

y«(?) The target signal

Os The target direction

s The complex reflection coefficient
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.m M, K
{e I (6)}m:1,k:1
P

The receive steering vector for the direction
and Mg x 1

sub-arrays notation

Transmitted sub-arrays

Received sub-arrays

The complex envelope of the signal

The complex vector with a unit-norm that
contains M beam-forming weights

The waveform vector of M, orthogonal
waveforms

The quantity of antenna elements presents in
every sub-array

The transmitted signal

The pulse shape

Duration time

The reflected-off signal

The coefficient of reflection, and is the. In
addition,

The vector of waveform diversity that is defined
as e~ ST (®)

The time of wave to travel from the first
component to the next one

The interfering signals number

The vector of receive steering with size Mrx1
associated with angle 0

The waveform diversity vector

The projection channel matrix





