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ABSTRACT

In this paper, we investigate a Joint Radar and Communication (JRC) system that utilizes a stan-
dard Orthogonal Frequency Division Multiplexing (OFDM) signal to enable efficient spectrum shar-
ing. The increasing demand for spectrum efficiency has driven the development of JRC systems,
which allow simultaneous sensing and data transmission while maintaining reliable communica-
tion. However, spectrum resource allocation remains challenging due to interference between
radar and communication signals, which may degrade target detection performance and com-
munication reliability. Therefore, spectrum management and interference mitigation are essential
for improving JRC performance. To address this issue, we propose an OFDM packet structure that
enhances detection accuracy, along with a pattern matrix that optimizes spectrum allocation to
prevent interference. The proposed packet structure enables radar and communication functions
to share the spectrum more efficiently while maintaining compatibility with conventional OFDM
signaling. In addition, the proposed pattern matrix provides a mechanism for allocating spectrum
resources, thereby reducing the overlap between radar and communication transmissions and im-
proving sensing robustness. The proposed framework enhances spectrum utilization without in-
troducing significant changes to the standard OFDM waveform. Simulation results demonstrate
the impact of the proposed method on radar performance under various detection algorithms, in-
cluding Two-Dimensional Fast Fourier Transform, Multiple Signal Classification, and Estimation of
Signal Parameters via Rotational Invariance Techniques. Performance comparisons show that the
proposed packet structure and spectrum allocation strategy improve target detection capability
while effectively suppressing interference. The results further confirm that, at node Radar, target
detection can be enhanced and interference reduced, making the proposed approach well-suited
for JRC applications in dynamic wireless environments. These findings indicate that the proposed
method provides a practical solution for improving sensing performance while preserving reliable
communication in future spectrum-sharing JRC systems.

Key words: Joint Radar and Communication (JRC) system, Orthogonal Frequency Division
Multiplexing (OFDM) Signal, Target Detection, Two-Dimensional Fast Fourier Transform (2D-FFT),
Multiple Slgnal Classification (MUSIC), Estimation of Signal Parameters via Rotational Invariance
Techniques (ESPRIT), Pattern Matrix Design

INTRODUCTION

The JRC system has received a lot of interest because
of its high spectrum efficiency, which makes it an at-
tractive option for a variety of developing applica-
tions !. These include autonomous vehicles, where ac-
curate sensing and reliable communication are cru-
cial for navigation and safety?, as well as aviation sys-
tems, which require a seamless joint of radar for ob-
ject identification and communications for aircraft>.
The JRC system also paves the way for developments
in intelligent transportation, next-generation aviation
technology, and other industries that require dual-
functionality by enabling effective spectrum sharing
and reducing interference®. This novel system uses
advanced signal processing and resource allocation al-
gorithms to ensure effective spectrum usage, allow-

ing radar and communication capabilities to coexist
within the same bandwidth®. Reliable performance
is ensured in complicated settings by their capacity to
respond dynamically to changing environmental con-
ditions and operational needs.

OFDM is a widely used multi-carrier modulation
technique that enhances spectral efficiency and ro-
bustness in modern communication systems. By
transmitting data over multiple orthogonal subcarri-
ers in parallel, OFDM mitigates frequency-selective
fading and intersymbol interference (ISI)®®. Each
subcarrier can be individually modulated using
Quadrature Amplitude Modulation (QAM), pro-
viding adaptability to varying channel conditions®.
Its orthogonality minimizes interference, making
OFDM ideal for wireless communication, 5G net-
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works, and digital television !° . Beyond communica-
tions, OFDM is highly suitable for the JRC system, al-
lowing simultaneous target detection and data trans-
H=15" " Tts high
spectral efficiency, robustness against multipath fad-
ing, and flexible subcarrier allocation enable accu-

mission within the same spectrum

rate range and velocity estimation while maintain-
ing reliable data transmission '°. While Frequency-
Modulated Continuous Wave (FMCW) radar 7 is tra-
ditionally used for target detection due to its high
range resolution and simple implementation, it lacks
the flexibility required for JRC applications. FMCW
requires dedicated spectrum allocation, reducing effi-
ciency in shared environments. In contrast, OFDM
enables dynamic spectrum sharing, improving ef-
ficiency while maintaining high-resolution sensing.
Additionally, OFDM is more resilient to multipath
fading and better suited for high-mobility scenarios,
where FMCW struggles with Doppler shifts. These
advantages make OFDM a superior choice for the JRC
system, providing a unified framework for spectrum-
sharing applications.

The authors in '>181°

suggested a technique that di-
vides the received modulation symbols by the trans-
mitted modulation symbols, followed by the applica-
tion of the inverse discrete Fourier transform (IDFT)
and the discrete Fourier transform (DFT) to estimate
the range and velocity using an OFDM-based inte-
grated radar and communication waveform. The co-
herent processing interval (CPI) determines the ve-
locity resolution in these approaches, whereas the sig-
nal bandwidth determines the range resolution. The
signal bandwidth and CPI must be increased to in-
crease the range and velocity resolution. Increasing
the signal bandwidth, however, raises the cost of hard-
ware implementation and frequency resource con-
sumption even when raising the CPI decreases the
update rate. Furthermore, in some situations, the
target oscillation prevents the CPI from expanding,
which restricts its use. On the other hand, super-
resolution techniques are very successful in improv-
ing the resolution of parameter estimates. Numerous
super-resolution methods for angle estimation have
been developed in array signal processing *°.

The pattern matrix often represented as a structured
mathematical construct such as a Gram matrix?!
, Identity matrix?%, Random matrix?> , Kronecker
matrix?, or Toeplitz matrix?°, plays a critical role
in facilitating the JRC system in an OFDM-based
framework. It is intended to assign certain OFDM
subcarriers for communication and radar functions,
guaranteeing effective coexistence free from inter-

ference. The pattern matrix makes it possible for

both radar sensing and communication to be seam-
lessly joined into a single system by carefully deter-
mining which subcarriers are used for radar sensing
and which are set aside for communications®. Sep-
arating the individual signal components improves
spectrum efficiency while preserving signal clarity.
Radar performance is further enhanced by the pattern
matrix capability for sophisticated signal processing
methods such as Estimation of Signal Parameters via
Rotational Invariance Techniques (ESPRIT)?° and
Multiple SIgnal Classification (MUSIC) 27 for super-
resolution target identification. The pattern matrix
offers an effective and adaptable structure for resource
allocation, which is crucial for improving the dual
functioning of the JRC system in difficult situations,
such as wireless communications and the military
field.

This paper presents two key contributions to enhanc-
ing the JRC system. First, we propose a design of
OFDM waveform specifically for JRC applications,
ensuring efficient spectrum utilization while improv-
ing radar sensing and communication performance.
This design enhances signal robustness, enabling ac-
curate target detection and reliable data transmission
within shared spectrum environments. Second, we
propose a pattern matrix for pre-processing radar sig-
nals, which optimizes resource allocation, prevents
interference, and improves sensing accuracy. To val-
idate the effectiveness of these contributions, we per-
form simulations to evaluate radar performance us-
ing three detection methods: Two-Dimensional Fast
Fourier Transform (2D-FFT)?® | MUSIC, and ES-
PRIT. The Mean Squared Error (MSE) and Signal-to-
Noise Ratio (SNR) evaluations are used to compare
the accuracy of these methods, demonstrating the im-
provements achieved through the proposed OFDM
waveform and pattern matrix design.

The rest of the paper is organized as follows: in Sec-
tion II, the system model will be introduced, along
with the proposed OFDM waveform design, the pro-
posed pattern-structured matrix, and the application
of the pattern-structured matrix to radar signal pre-
processing. Section III applies the pattern structured
matrix with three algorithms: 2D-FFT, MUSIC, and
ESPRIT, and introduces the MSE metrics for evalu-
ating. Numerical results to demonstrate the perfor-
mance of the system will be evaluated in Section IV.
Finally, the conclusions and potential future work are
discussed in Section V.

SYSTEM MODEL AND PROPOSED
METHOD

The JRC system in Figure 1 consists of three nodes:
a radar (R), a target (T), and a base station (B), each
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Figure 1: System Model of Joint Radar and Communication System [Source: Linh et.al.]
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Figure 2: OFDM Radar Signal Packet Structure [Source: Linh et.al.]

equipped with a single antenna. The radar (R) trans-
mits signals toward the target (T) through the radar
channel, and the target reflects the signal back to the
radar. By analyzing the received echo, the radar ex-
tracts information about the target’s range and ve-
locity. The target (T) acts as a passive reflector, en-
suring that the radar signal is returned with mini-
mal distortion, which allows for precise sensing at
the radar. Simultaneously, the base station (B) trans-

mits communication signals, which act as interfer-

ence at the radar. Both the radar and the base sta-
tion operate concurrently, requiring the radar to pro-
cess both the reflected radar signal and the commu-
nication interference. Additionally, the base station
(B) receives interference from the signals transmit-
ted by the radar, leading to mutual interaction be-
tween the two nodes. The system is designed to al-
low the efficient coexistence of radar and communi-
cation functionalities without interference. The use
of OFDM waveforms facilitates accurate target detec-
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tion while supporting reliable communication perfor-
mance. The mathematical formulation, detailing the
signal transmission, received signal, and signal analy-
sis methods, will be presented in Section II-C of this

paper.

Designed OFDM Signal Packet Structure

This subsection outlines the essential characteristics
of an OFDM signal, emphasizing its packet structure
and its dual role in radar and communications ap-
plications. The JRC system employs a fixed OFDM
framework, where both radar and communication
signals share the same OFDM structure but are inde-
pendently modulated. This approach ensures spectral
coexistence while maintaining high-resolution sens-
ing and reliable data transmission. The radar packet
is designed to facilitate target detection and estima-
tion using structured subcarrier allocation as shown
in Figure 2. The signal is generated by randomly mod-
ulating a subset of N subcarriers with 16-QAM sym-
bols. The total bandwidth is W = NAf, with Af the
frequency spacing required for orthogonality, ensur-
ing spectral efficiency while preserving orthogonality.
Radar transmission follows an OFDM frame structure
with M symbols, where a cyclic prefix (CP) of length
N/10 is appended to mitigate ISI. The radar transmit-
ted signal propagates through a sensing channel char-
acterized by a target distance r and velocity v, intro-
ducing a round-trip delay and Doppler shift. The re-
ceived radar signal undergoes CP removal and FFT
processing to recover frequency-domain information,
enabling precise target range and velocity estimation.
The communications OFDM packet operates inde-
pendently within the same bandwidth as the radar.
Data symbols are randomly mapped onto subcarriers
which are not allocated to the radar symbols, ensuring
interference prevention.

The structure is shown in Figure 3. Similar to the
radar packet, the communication signal undergoes
IFFT modulation, CP insertion, and transmission
over a Rayleigh fading channel. The radar and com-
munication signals are independently generated but
transmitted simultaneously. A subcarrier pattern ma-
trix in the following subsection ensures that radar
subcarriers are distinct from communication subcar-
riers, enabling seamless coexistence. In this paper, we
consider the radar and communications nodes that
transmit signals simultaneously. The received sig-
nals are processed separately; radar signals undergo
matched filtering for target detection, while commu-
nication signals are equalized and demodulated for
data recovery. By leveraging a fixed OFDM wave-
form, this design achieves efficient spectrum sharing

between sensing and communication without requir-

ing additional spectral resources.

Designed Pattern Matrix

The proposed OFDM packet structure introduces a
signal pre-processing matrix to suppress interference
from communication subcarriers at the radar node.
Subcarrier allocation in the JRC system relies on a
pattern matrix, which ensures effective coexistence
of radar and communication functions by designat-
ing specific subcarriers for radar detection (P,,4) and
communication. A triangular matrix is employed for
this allocation due to its advantages over unstructured
alternatives like Gaussian random matrices. This ma-
trix provides a deterministic, systematic approach,
balancing resource allocation, minimizing interfer-
ence, and simplifying implementation. It sequentially
assigns high-priority radar subcarriers first, followed
by communication subcarriers, ensuring mutual ex-
clusivity to prevent signal overlap. The triangular ma-
trix offers several benefits: First, it ensures high spec-
tral efficiency by avoiding redundancy seen in identity
or Toeplitz matrices. Second, its modulo-based struc-
ture enables computational simplicity for real-time
hardware implementation. Third, it provides flexibil-
ity and scalability by tuning OFDM parameters M and
N. Last, its predictable structure supports advanced
signal processing techniques. Compared to random
or overlapping matrix designs, the triangular matrix
offers a structured, practical, and efficient solution
for joint radar-communication subcarrier allocation.
The pattern matrix for the radar pre-processing is ex-
pressed as:

1, if mod(n, #)>m
0, otherwise,

Prad(m’n) = {

where M is the symbol of the OFDM signal (m =
1,2,---,M), and N is the subcarriers of the OFDM
Signal (n=1,2,--- ,N).

To compare with other matrices, the triangular ma-
trix provides a clear division of subcarriers resources.
Unlike the Toeplitz matrix or Kronecker product ma-
trix, which introduces overlapping or repeated pat-
terns. This improves signal processing efficiency for
radar and communication functions by lowering am-
biguity in subcarriers utilization. While the top trian-
gular form fits in well with the simplicity and flexibil-
ity of contemporary OFDM-based systems, Toeplitz
and Kronecker patterns may also make receiver de-
sign more difficult because of their inherent period-
icity or redundancy. A Toeplitz matrix is a matrix
with constants for each descending diagonal from left
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Figure 3: OFDM Communication Signal Packet Structure [Source: Linh et.al.]

to right. Furthermore, the Kronecker product of two
matrices A (of size a x b) and B (of size ¢ x d) is de-
noted as A ® B.

Despite providing absolute resource separation, the
usage of an Identity Matrix severely reduces spectral
efficiency since each subcarrier is assigned uniquely,
leaving many unused. In a similar vein, a Gaus-
sian random matrix may provide great unpredictabil-
ity, albeit at the expense of computational complex-
ity and hardware implementation impracticality. The
triangular matrix optimizes the usage of available sub-
carriers while providing an organized allocation that
is easy to implement and computationally efficient.
Higher communication throughput at higher subcar-
riers and improved radar sensing resolution at lower
subcarriers are made possible by its non-overlapping,
gradually rising allotment. This feature is especially
helpful in situations with shifting priorities when it’s
critical to adjust between radar and communication

requirements.

Application of proposed method to Radar
signal pre-processing

The radar pre-processing step with the pattern matrix
for the designed OFDM signal plays an important role
in the JRC system. The standard OFDM symbol is
mathematically defined as?’:

M-1

s(t) = Zm:O
Here, Af is the frequency spacing required for orthog-
onality, T; is the OFDM symbol duration including

N—-1

i2nnAf (t—mT,
o Cm,n)e’ /1 ).

CP, ¢(m, n) represents the complex data symbol trans-
mitted on the m OFDM symbols, and n subcarriers,
including the radar at the time of positioning on the
pattern matrix and the communication signal on the
remaining subcarriers of the radar at node B. Subse-
quently, the received signal at node R can be expressed

as:

=Y,

where fp is the Doppler shift, 7 is the round-trip
propagation delay of the target, and w(r) is the com-
plex Gaussian noise. In the JRC system, the standard
OFDM signals (illustrated in Figure 4) ensure consis-
tent and reliable performance by employing fixed sub-
carrier allocations with predetermined parameters >’
This dual-purpose signal structure allows the seamless
coexistence of communication and radar functionali-

n=0

ties without requiring separate spectral resources. The
information of the subcarriers is then obtained by per-
forming an FFT over each OFDM signal in the block
by dividing the received signal by the transmit signal,

which can be shown as:
C(m,n) _ e—j27rAf‘L'ej27TfDl.
The received frame comprising M OFDM symbols

and N subcarriers is given in the matrix representa-

tion:

MxN
C = [Comm 0. m—tjn=o,..N—1-
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Figure 4: Standard OFDM Signal Packet Structure [Source: Linh et.al.]

Afterward, a pattern matrix for the radar signal pre-
processing step is applied. The method entails multi-
plying the data transmit signals by the corresponding
pattern matrix P,,,for radar. Radar and communi-
cation activities are successfully isolated by this pro-
cedure, which ensures that each capability processes
only the subcarriers assigned to it. In radar, subcarri-
ers assigned to radar detection are highlighted by mul-
tiplying the data transmission signal by P,,4, which
filters out any contributions of communication sig-
nals. Finally, the received signal includes the infor-
mation of the communication and radar signals with
fixed subcarriers location distribution and environ-
mental noise. Then, it is multiplied by the pattern-
structured matrix P, to get the available position of
the radar signal for target estimation. The received
signal can be shown in the matrix representation as:

y=COPuqq,

where y € CM*Nis the received signal at node S,
C € CM*N represents the normalized received signal
that combines both radar and communication signals,
along with noise, Orepresents element-wise multipli-

CMXN

cation, and P4 € is the proposed pattern ma-

trix.

PERFORMANCE ANALYSIS WITH
PATTERN MATRIX

This section introduces the radar signal processing
algorithms, 2D-FFT, MUSIC, and ESPRIT, chosen

to evaluate the proposed OFDM waveform and pat-
tern matrix in the JRC system due to their comple-

mentary capabilities and previous use in radar ap-
plications. 2D-FFT offers computational efficiency
and real-time capability for range-Doppler mapping.
MUSIC provides high-resolution estimation in low-
SNR and multi-target scenarios, while ESPRIT bal-
ances high resolution with lower complexity by ex-
ploiting rotational invariance in certain scenarios.
The goal is to evaluate radar performance obtained
from these algorithms under MSE measures. The ex-
amination identifies each algorithm’s strengths and
limits in effectively calculating target parameters.

2D-FFT

An effective signal processing algorithm for estimat-
ing a target’s range and velocity in OFDM radar is
the 2D-FFT. It is made up of two FFTs that are con-
secutive. When applied to subcarriers, the first FFT
analyzes frequency changes to obtain range informa-
tion. When applied to time samples, the second FFT
detects Doppler shifts to record velocity. Through
this procedure, the received signal is converted into
a Range Doppler Map (RDM), where the peaks repre-
sent the objects that have been identified and provide
information about the target’s velocity and distance.

To estimate the target’s range and velocity, a 2D-FFT
method is applied. The received signal in discrete
form is expressed, sampled at time indices t = kT,
where k is an integer, and frequency-domain samples

Jfo=nAf:

rlk] = Pug © [Z%;(} Zﬁ’;ol C(m,n)e_jZRnAfTejZHkaTv
x e/ 27nAf (KT=mT5) 4 yylk]].
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The first FFT is applied across subcarriers to extract
the range:

RIk, £ = Yo rlkle™ 20t

This transformation provides a set of range bins where
peaks correspond to different targets. To extract ve-
locity, a second FFT is applied across time samples:

R(fp. fa) = kM:_Ol R[k, f|e  2RIokT:.

Finally, a 2D-FFT representation, which combines
both FFT steps, the RDM is obtained as:

R(fp,fn) = FFT (FFT, (r[k])).

MUSIC

The MUSIC algorithm is a high-resolution approach
for determining the frequencies or Directions Of Ar-
rival (DOA) of numerous signals impinging on a net-
work of sensors, even in the presence of noise. It
works by examining the eigen-structure of the co-
variance matrix of the received signal. The covari-
ance matrix is divided into two orthogonal subspaces:
the signal subspace (spanned by eigenvectors asso-
ciated with the largest eigenvalues, corresponding to
signal components) and the noise subspace (spanned
by eigenvectors associated with the smallest eigenval-
ues, representing noise). MUSIC takes use of the fact
that the genuine signal directions or frequencies are
orthogonal to the noise subspace. To estimate param-
eters, the approach uses a pseudo-spectrum function
that is defined as the reciprocal of a hypothetical sig-
nal steering vector projection over the noise subspace.
The peaks in this pseudo-spectrum represent the cal-
culated parameters. First, the covariance matrix is es-
timated by processing the received OFDM data, which
helps in extracting essential signal characteristics:

1

Rrange = ZC~CH,

where C is the channel information matrix con-
structed by the received OFDM symbols multiplying
by the pattern matrix P,,4. Eigen-decomposition is
performed to separate the signal and noise spaces, ex-
tracting eigen-values and eigen-vectors for accurate
parameter estimation:

H
Rrange = VrangeAange ’

where Vynge contains eigen-vectors and eigen-values
of the range. The noise subspace matrix U, is formed
by selecting the eigen-vectors corresponding to the
smallest eigen-values. For range estimation, the MU-
SIC algorithm utilizes a steering vector to compute the

pseudo-spectrum, identifying target distances with
high resolution:

a(T) — e—j27mAf‘E.

The MUSIC pseudo-spectrum is computed as:

1
Py )= —————-
MUSIC,range( ) a(T)HU,,Ufa(T)

Similarly, we have the covariance matrix for velocity
estimation:

T
Rvelocity = NCT -CT.

Eigen-values and eigen-vectors are derived for ac-
curate parameter estimation by applying eigen-
decomposition to separate the signal and noise sub-
spaces:

H
Rvelacity = velacityAvalocizyu

where V,,.ocirycontains eigen-vectors and contains

eigen-values of the velocity. After that, the steering

vector is determined:

b(fp) = 27 fonTs

The MUSIC pseudo-spectrum for velocity is:

1
PMUSIC,velocity(fD) = m
n“n

ESPRIT

The ESPRIT algorithm is a high-resolution approach
for estimating the frequencies or DOA of signals
based on noisy data. It makes use of the rotational in-
variance characteristic of the signal subspace, which
results from the structure of the observed data. ES-
PRIT starts by generating a Hankel matrix from the
received signal and then does a Singular Value De-
composition (SVD) to separate the signal and noise
subspaces. ESPRIT detects a shift-invariant connec-
tion using signal subspace sub-matrices and formu-
lates it as an eigen-value problem. The eigen-values
represent signal properties such as frequencies and
angles of arrival. The round-trip delay $\tau$ intro-
duces a phase shift across subcarriers in the frequency
domain:

0z = —2WTAS.

To estimate 7, the data matrix is constructed from the
received OFDM symbols and compute its covariance

matrix:

1
=—7z.71

RZZ %
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where Z is formed from the received OFDM symbols
after FFT processing and multiplied by the pattern
matrix P,q. Using SVD, the signal subspace can be
extracted:

[U,£,V] =SVD(R..).

The phase shift is obtained using the ESPRIT shift-
invariance property:

¥=—F F

where F| and F, are sub-matrices derived from U.
The eigenvalues of W provide ¢z, from which 7 is es-
timated as:

_ ¢
T 2mAf

The corresponding range is then given by:

After that, the Doppler shift fp introduces a phase
shift across consecutive OFDM symbols:

op =27 fpT;.

Following a similar ESPRIT procedure on the time-
domain correlation matrix, the phase shift ¢p is ex-
tracted and the Doppler shift is estimated:

(0)))

fo= T

The velocity of the target is then computed

= ot
=,

This ESPRIT-based approach enables high-resolution
range and velocity estimation for the OFDM-based
JRC system.

MSE-Based Radar Performance

The MSE is often chosen to evaluate radar system per-
formance due to its ability to comprehensively assess
system accuracy. By capturing the magnitude of er-
rors, the MSE plays a critical role in robust perfor-
mance evaluation.

1 M ~ 112
MSER) = 2 Y0 15|

where s, is the estimation error, which respectively
with 55 = 54 — §4, where § is the estimator, s, is the
quantity to be estimated; M is the Monte Carlo runs.
The MSE has the ability to penalize large errors, which
is critical in evaluating system performance.

NUMERICAL RESULTS AND
DISCUSSION

In this section, numerical results are shown by sim-
ulation to evaluate the proposed method. The com-
parison of 2D-FFT, MUSIC, and ESPRIT, for range
and velocity estimation, are shown to demonstrate the
proposed method. Then, a detailed examination of
the MSE for range and velocity estimation over dif-
ferent SNR levels as well as communications power
levels are highlighted.

To ensure the reliability and relevance of these simu-
lation results, the parameters and performance met-
rics, summarized in Table 1, were carefully selected
to reflect realistic JRC scenarios. The environmen-
tal noise is modeled as Additive white Gaussian noise
(AWGN), and an SNR of 30 dB is considered for spe-
cific high-SNR tests to evaluate performance under
optimal conditions. The carrier frequency of f. = 24
(GHz) aligns with automotive radar standards, pro-

viding high range resolution !

. A subcarrier spac-
ing of Af = 60 (kHz) ensures orthogonality, with the
effective OFDM symbol length 7' = Aif(,us), a CP
of T, = ll—o(us), and total frame time 7y, = T +
T,p(us),balancing spectral efficiency and robustness
against Doppler shifts, consistent with 5G OFDM
frameworks. The number of subcarriers (N = 2048)
and symbols (M = 512with a CP size of CPyjz =
%was selected to achieve sufficient resolution for
range and velocity estimation (e.g., target at 12 m
and 0 m/s) while maintaining computational feasi-
bility for real-time systems. The wavelength is A =
%(m),where co = 3 x 10 (m/s), and 16-QAM mod-
ulation is utilized for both radar and communication
signals32. The MSE and Bit Error Rate (BER) were
chosen as primary metrics due to their widespread
adoption in the JRC system '>. MSE measures radar
accuracy, while BER evaluates communication relia-
bility.Simulation parameters and metrics

Performance of Radar Sensing

Figure 5 illustrates the periodogram of target estima-
tion using a fully OFDM radar signal. In this method,
the radar transmits a waveform composed of multi-
ple orthogonal subcarriers, enabling detailed analy-
sis in both time and frequency domains. The figure
likely demonstrates how the returned OFDM signal
is processed to estimate the periodic motion or time-
varying characteristics of a target. This technique al-
lows for accurate detection and tracking, including
the presence of noise. The use of a fully OFDM sig-
nal may help enhance resolution and provide useful
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Figure 5: Range and Velocity Target Estimation with Full OFDM Radar signal [Source: Linh et.al.]

Table 1: Simulation parameters and metrics

Parameter

Noise model

Carrier frequency (GHz)
Subcarrier spacing (kHz)
OFDM symbol duration (us)
Cyclic prefix duration (us)
Total symbol duration (s)
Radar-to-noise power ratio (dB)
Number of subcarriers
Number of OFDM symbols
Target

Cyclic Size

Wavelength (m)

Modulation

Performance metrics

Value

Additive white Gaussian noise (AWGN)
fe=24

Af =60

T =1/Af

Ty = T/10

I,=T+T,

Prad =0

N =2048

M =512

Range = 12 m, Velocity = 0 m/s
CPiize =N/10

A=co/fe

16-QAM

MSE, BER

[Source: Linh et.al.]
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Figure 6: Range and Velocity Estimation with designed OFDM signal and proposed pre-processing method.

[Source: Linh et. al.]

insights for applications such as motion observation
and target monitoring.

However, Figure 6 shows the periodogram of target
estimation with the designed OFDM signal. The de-
signed OFDM signal in the JRC system is intended
to support improved spectral efficiency management,
reduce the likelihood of interference, and allow for
more adaptable waveform design for radar target
identification. Within this framework, efforts may
be made to reduce the Peak-to-Average Power Ra-
tio (PAPR), which is often a consideration in OFDM-
based systems. By adjusting subcarrier allocation
or applying signal shaping techniques, it might be
possible to lower the PAPR, potentially leading to
more power-efficient transmission. Additionally, the
design could provide opportunities to embed more
information within the transmitted signal, support-
ing communication functions alongside radar sens-
ing. Maintaining consistent subcarrier assignment
may also help reduce synchronization complexity and
computational overhead, contributing to a more bal-
anced operation between radar and communication
tasks. The overall performance of the system appears
to remain relatively stable when compared with the

use of a full OFDM radar signal.

Figure 7 shows the MSE performance for range and
velocity estimation (in case of no environment noise)
using three algorithms: 2D-FFT, MUSIC, and ES-
PRIT. The upper sub-figure shows the MSE for range
estimation, while the lower sub-figure illustrates the
MSE for velocity estimation, both plotted against
Pcom (communication-to-noise power ratio) in deci-
bels (dB).

In the range estimation plot, the 2D-FFT algorithm
exhibits the most stable performance, maintaining a
consistently low MSE in the range of p.o, indicating
its robustness to power variations. Similarly, the MU-
SIC algorithm achieves a slightly higher MSE com-
pared to 2D-FFT but remains relatively stable. How-
ever, the ESPRIT algorithm shows a noticeable in-
crease in MSE as peom exceeds 1 dB, suggesting a re-
duced accuracy under higher power conditions. In
addition, in the velocity estimation plot, a similar
trend is observed. The 2D-FFT algorithm demon-
strates the most consistent performance with the low-
est MSE across all values of p¢yy. The MUSIC algo-
rithm shows a slightly higher MSE but remains stable.
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In contrast, the ESPRIT algorithm exhibits a signifi-
cant increase in MSE when pc,y, is greater than 1 dB,
suggesting a significant sensitivity to communication
power in the estimation of velocity. The lowest er-
ror occurs in the MUSIC algorithm compared to two
remains in the MSE Range and in the MSE Velocity.
Specifically, the MSE values for MUSIC remain mini-
mal and steady throughout the pco, range (from -5 dB
to 3 dB). This indicates that MUSIC is the most accu-
rate among the three metrics under the given condi-
tions. Overall, Figure 7 shows the stability and accu-
racy of the proposed pre-processing method applying
to the JRC system.

The SNR shown in Figure 8 are the sum of environ-
mental and communication noise at node Radar. The
radar-to-noise power ratio is fixed at 0 dB. This com-
posite noise depicts the entire interference influenc-
ing the system, including both background ambient
noise and noise caused by the communication sig-
nal. Environmental noise affects both radar and com-
munication signals by introducing unwanted interfer-
ence that can distort signal detection and estimation
processes. For the radar signal, environmental noise
can degrade the accuracy of range and velocity esti-
mations, making it more challenging to distinguish
targets from the background.

In the upper sub-figure, the MSE performance for
range estimation is illustrated for the three algorithms
over SNR,,,iscfrom -30 dB to 30 dB. Both 2D-FFT and
MUSIC achieve consistently low MSE values across
the entire SNR range. In contrast, ESPRIT exhibits
high sensitivity to low-SNR conditions, with its MSE
peaking near 30 at SNRy,5.< -20 dB. However, once
SNR,piscexceeds -20 dB, ESPRIT’s MSE decreases
rapidly, approaching the near-zero performance of
2D-FFT and MUSIC. In the lower sub-figure, the
MSE performance for velocity estimation, 2D-FFT
and ESPRIT maintain low MSE over most of the SNR
range; ESPRIT shows a brief elevation only at very
low SNRpise(around -30 to -25 dB) before converg-
ing to near zero for SNRpise = —20 dB. By contrast,
MUSIC exhibits consistently high MSE across the en-
tire range and decreases only marginally with increas-
ing SNR;pise. These observations highlight that 2D-
FFT and ESPRIT achieve accurate velocity estimation
at moderate-to-high SNR levels, while MUSIC shows
limited variation in performance across the SNR;p;se
range.

Performance of Communication Signal

The BER vs.
communication performance of the designed OFDM

SNR plot in Figure 9 illustrates the

for the JRC system. With communication-to-noise
power ratio fixed at 0 dB, the graph shows an expo-
nential decrease in BER as the SNR increases. At low
SNR values (0-5 dB), the BER remains high, indicat-
ing frequent bit errors. However, as SNR is greater
than 20 dB, the BER drops below 1073, marking this
the threshold for reliable communication. Beyond 30
dB, BER reaches very low values (less than 10*6), en-
suring highly accurate data transmission. This BER
proves that the designed OFDM signal can be de-
ployed efficiently for the JRC system, both for radar
and communication nodes without mutual interfer-

ence.

Discussion

The proposed OFDM-based JRC framework effec-
tively balances radar sensing and communication
functions while maintaining reliable overall system
performance. The designed waveform, together with
the proposed pre-processing method, preserves accu-
rate target estimation despite the coexistence of radar
and communication signals, demonstrating its capa-
bility for efficient spectrum sharing. The comparative
evaluation also highlights the different characteristics
of the considered estimation algorithms. While MU-
SIC provides the highest estimation accuracy under
favorable conditions, 2D-FFT exhibits greater robust-
ness against communication power variations and en-
vironmental interference. ESPRIT, on the other hand,
is more susceptible to adverse channel conditions, al-
though its performance improves as the signal quality
increases. These observations indicate that the pro-
posed framework remains compatible with different
estimation techniques and offers flexibility for var-
ious JRC deployment scenarios. Furthermore, the
communication performance confirms that the wave-
form design supports reliable data transmission with-
out compromising radar sensing capability. Overall,
the proposed approach provides an effective solution
for joining radar sensing and wireless communication
within a shared OFDM framework, demonstrating its
potential for future spectrum-efficient JRC systems.

CONCLUSIONS

In conclusion, this paper proposed an OFDM wave-
form design and a signal pre-processing method for
radar detection within a JRC system. Radar and
communication subcarriers are strategically assigned
using a proposed pattern matrix, ensuring effec-
tive coexistence and enhanced system performance.
The adaptability of this matrix contributes to im-
proved target detection and interference mitigation
while maintaining efficient spectrum utilization. The
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Figure 7: MSE Range and Velocity of 3 Metrics in case of Fix OFDM Signal [Source: Linh et. al.]

system’s performance was thoroughly evaluated us-
ing the MSE metric to estimate range and velocity,
alongside the BER to assess communication reliability
across various scenarios. The results demonstrate that
the proposed method enhances radar accuracy and
achieves low BER for reliable data transmission in the
JRC framework. Based on these observations, we con-
clude with a consideration for future work, which will
involve applying the pre-processing method to a prac-
tical Integrated Sensing and Communication (ISAC)
system. This includes evaluating its performance un-
der varying environmental conditions and with ran-
dom OFDM waveforms at the radar receiver, as well as
exploring the integration of techniques such as Index
Modulation, which may enhance data rates through
subcarrier indexing, and Compressed Sensing, which
could assist in target estimation by leveraging signal
sparsity.
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TOM TAT

Trong bai bao nay, chiing t6i nghién ctru mot hé théng Joint Radar and Communication (JRC) st
dung tin hiéu Orthogonal Frequency Division Multiplexing (OFDM) tiéu chudn nham cho phép chia
sé phd tan mot cach hiéu qua. Nhu cu ngay cang tang vé hiéu qud st dung phd tan da thic déay
su phat trién clia cac hé théng JRC, cho phép thuc hién déng thai chic nang cdm nhan va phat
hién (sensing) va truyén di liéu trong khi van duy tri khd nang truyén thong tin cay. Tuy nhién, viéc
phan bé tai nguyén phd tan van la mot thach thic do sy can nhiéu gilra tin hiéu radar va tin hiéu
truyén théng, cé thé lam suy gidm hiéu nang phét hién muc tiéu cing nhu dé tin cay clia hé théng
truyén thong. Do do, quan ly phd tan va giam thiéu can nhiéu la nhiing yéu t6 thiét yéu dé nang
cao hiéu nang clia hé théng JRC. D& gidi quyét van dé nay, ching toi dé xudt mot cau tric goi tin
OFDM gitip nang cao dé chinh xac phat hién, cing véi mét ma tran mau (pattern matrix) nham toi
uu hoéa viéc phan bé phé tan dé tranh can nhiéu. C4u tric goi tin dugc dé xuét cho phép céc chic
nang radar va truyén théng chia sé phé tan hiéu qua hon trong khi van dém béo tinh tuong thich
Vi tin hiéu OFDM truyén théng. Bén canh dé, ma tran mau dugc dé xudt cung cap mot o ché
phan bé tai nguyén phé tan, qua do gidm su chong 1an gidra cac tin hiéu radar va truyén thong va
nang cao dé bén vimng ctia qua trinh cdm nhan va phat hién. Khung phuong phap dugc dé xuat
gilp nang cao hiéu quéa st dung phd tan ma khéng lam thay déi dang k€ dang song OFDM tiéu
chuan. Két qua mo phong cho thdy anh hudng clia phuong phép dé xuat dén hiéu nang radar dudi
nhiéu thuat todn phat hién khac nhau, bao gém Two-Dimensional Fast Fourier Transform (2D-FFT),
Multiple Slgnal Classification (MUSIC) va Estimation of Signal Parameters via Rotational Invariance
Techniques (ESPRIT). K&t qua so sanh cho thay cdu tric géi tin va chién lugc phan bé phé tan ducc
dé xuat gitp cai thién kha nang phat hién muc tiéu déng thai triét tiéu can nhiéu mot cach hiéu
qua. Hon nia, két qua ciing xac nhan rang tai nut Radar, phuong phép dé xuét co thé nang cao kha
nang phat hién muc tiéu va giam can nhiéu, cho thay day la mot gidi phap phu hop cho cac tng
dung JRC trong mdi trudng vo tuyén dong. Nhiing két qua nay cho thdy phucong phap dé xuat la
mot gidi phap thuc tién nham nang cao hiéu ndng cdm nhan va phat hién trong khi van duy tri kha
nang truyén thong tin cay cho cac hé théng JRC chia sé phé tan trong tuong lai.

Tu khoa: Hé théng radar va truyén thong chung (JRQ), tin hiéu ghép kénh phan chia tan s6
truc giao (OFDM), phat hién muc tiéu, Two-Dimensional Fast Fourier Transform (2D-FFT), Multiple
Slgnal Classification (MUSIC), Estimation of Signal Parameters via Rotational Invariance Techniques
(ESPRIT), thiét ké ma tran mau

Trich dn bai bdo nay: Mai Linh P, Quang Thuan N K, Quéc Nam L, Quang Hién T, Lap Luat N. Hé théng
két hgp Radar va Truyén tin: Phuong phap tién x{ ly véi tin hiéu OFDM tai Radar OFDM. VNUHCM
J. Eng. Technol. 2026; 9(3):3155-3170.
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