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The integration of optical fibre communication with multiple input multiple output-non-
orthogonal multiple access (MIMO-NOMA) waveforms in cognitive radio (CR) systems is
examined in this study. The proposed system leverages the advantages of optical fibre,
including high bandwidth and immunity to electromagnetic interference to facilitate the
transmission and reception of MIMO-NOMA signals in a CR environment. Moreover,
MIMO-NOMA signal was detected and analysed by the hybrid-discrete cosine transform-
Welch (H-DCT-W) method. Based on the modes results, a detection probability greater than
0.96%, a false alarm probability equal to 0.06, and a global system error probability equal
to 0.09% were obtained with a signal-to-noise ratio (SNR) less than 0 dB, while maintaining
a simple level of complexity. The results obtained in this paper indicate the potential of the
optical fibre-based MIMO-NOMA system based on H-DCT-W technology in CR networks.
Therefore, its suitability for practical CR applications is demonstrated by the improvements
obtained in false alarms, detection probability, and error rates at low levels of SNR. This
study contributes to the development of efficient and reliable wireless communication
systems by linking cooperation and synergy concerning MIMO-NOMA, optical fibres, as
well as the proposed detection technique (H-DCT-W).

1. Introduction

Usually, the signal transmitted over an optical fibre
remains within the fibre for the entire communication link,
i.e., from the beginning to the end. Optical fibres carry the
signal to a central point, which is called a central office
(CO) or information centre [1] where many optical fibres
converge. Thus, this is a central axis at the central point
(CO/Information Centre) where the optical signal is
converted into an electrical signal. The data that must be
transmitted wirelessly is contained in an electrical signal
[2]. Then, via a wired connection, the base station (BS)
receives the transmitted electrical signal. In the coverage
area, the BS connects directly to mobile devices, so the BS
is a crucial component in wireless networks and is equipped
with antennas and transceivers, which convert the electrical
signal into radio waves. To provide wireless coverage for
mobile devices, these radio waves are sent into the air and
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these devices such as smartphones, tablets, and laptop
computers are within their range [3]. The use of opto-
electronic modules and radio frequency (RF) tools to
convert the signal from optical fibre to the air is provided
by the BS [4] using a device called a photodetector or a
photodiode. The optical signal that passes from the begin-
ning to the end of the optical distance through the optical
fibre to the BS is converted into an electrical signal. The
incoming light signal is then detected through the
photodiode and generates an electrical voltage proportional
to the light intensity. Until the signal is prepared for
transmission over the air, it includes several processors
(filtering, amplification, and conditioning). The electrical
signal is sent on an RF carrier wave. It is then processed
and modified significantly [5—8]. The RF signal that carries
the original information is produced after the high-
frequency RF signal is mixed with the electrical signal. The
RF signal is then fed into the BS that carries the original
information to an antenna, where the antenna radiates that
signal in the form of electromagnetic waves [9, 10].
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The information originally encoded in the optical signal
is propagated wirelessly through the air by the RF signal.
This signal is then received, demodulated, and returned to
its original electrical form by mobile devices, within the
coverage arca of the BS. These devices contain RF
receivers and demodulators, especially for those circuits,
devices such as handheld gaming consoles, tablets, smart
watches, laptop computers, e-readers, and smartphones
[11, 12]. Here, it can be said that the BS works as a bridge
between the fibre optic network and the wireless
communication network, as devices within the coverage
receive the RF signal and demodulate it to extract the
electrical signal, after which those devices process it to
recover the data or content that is being sent [13—15] which
allows for easy communication between wireless and wired
devices in the cellular network. The BS converts optical
signals into RF signals. It plays an important role in
wireless transmission and vice versa. Therefore, optical
fibres work to transmit high-speed data over long distances.
They act as the backbone. In this scenario, the BS plays a
crucial role in converting the signal from fibre into radio
waves for wireless communication with mobile devices
within the coverage area.

It is important when 5G signals are transmitted through
this system. It is necessary to detect and analyse these
signals to ensure optimal network performance and to fix
the problems that have been discovered. At the endpoint of
any fibre optic transmission system, specialised equipment
is required to convert optical signals back into electrical
signals that can be processed [16—18]. Always in 5G, a high
signal-to-noise ratio (SNR) indicates that the current signal
strength is much higher than the noise strength. This results
in good system performance, excellent signal quality, and
reliability. However, when the SNR ratio is low, it means
that the noise strength is comparable to the signal strength
or even higher. This leads to damage the 5G signal received
by the noise. In this case, it leads to errors in data
transmission and reduces signal quality [19-21]. As the
SNR increases, it expands the coverage and range of 5G
signals, and conversely, a decrease in the SNR leads to
packet loss and increased latency [22, 23]. The advantage
of the particularly high SNR for 5G frequencies is that, with
limited propagation range, the signal can reach longer
distances before it becomes too weak to be reliably
detected. A communication system using 5G technology
and cognitive radio (CR) has been created to improve
spectrum usage using a spectrum sensing (SS) algorithm
[24, 25]. The proposed SS algorithm is a hybrid-discrete
cosine transform-Welch (H-DCT-W) technique, consisting
of a discrete cosine transform (DCT) that uses the Welch
technique to perform segmentation after filtering the traffic
signal. The 5G waveform typically originates from a data
centre or backbone network, where it is digitally generated
[26]. The RF signal is then passed to the radio equipment,
which includes antennas and amplifiers. The RF signal is
transmitted through antennas. These antennas are designed
to focus and direct the radio waves in the desired direction,
providing coverage to a specific area or cell. Once the RF
signal is transmitted through the antennas, it propagates
through the air as electromagnetic waves [27-30]. These
waves carry the 5G signal to mobile devices within the cell
coverage area as shown in Fig. 1.

Fig. 1. Building an optical fibre with CR-5G of non-orthogonal
multiple access (NOMA).

2. Literature review

Businesses and researchers have shown significant
interest in the capabilities of 5G systems. In a previous
study [31], a novel hopping discrete Fourier transform
(HDFT)-based frequency spreading filter bank multi
carrier (FS-FBMC) design was proposed, aiming to reduce
complexity from a high to a moderate level for FS
receivers. However, this approach faced challenges related
to complexity management and was not entirely successful.

In 2019, the authors have made extensive efforts to
reduce the computational complexity of this filtered-
orthogonal frequency division multiplexing (F-OFDM)
system. The limitations on the length of the F-OFDM filter
have been removed, but it still represents an important
computational complexity. Furthermore, this method did
not acceptably and successfully address complexity matters
through different 5SG schemes, and the system continued to
suffer from a high computational complexity degree [32].
In the same year of 2019, researchers developed an error
probability-based antenna documentation method for
resource block-filtered-orthogonal frequency division
multiplexing (RB-F-OFDM) networks to decrease the
computational complexity [33]. On the other hand, this
method challenged difficulties in dealing with reducing the
high levels of complexity despite the new technology and
did not provide a comprehensive solution for all 5G
considerations, and the system continued to suffer from a
high rate of complexity. In the same year, the authors
obtained results from an evaluation of wireless FBMC
networks with fewer subcarriers. The results of this method
displayed a significant performance improvement over
OFDM networks in terms of bit error rate (BER) and access
time, but the system still suffered from a high computa-
tional complexity rate [34]. Furthermore, researchers have
assessed the complexity levels of various universal filtered
multi-carrier (UFMC)-dependent methods that contain
featherweight systems including finite impulse response
(FIR) and poly phase filters [35], but have nevertheless
been unable to address the matters of computational
complexity and how to reduce the computation complexity
levels. In 2020, the authors identified a novel approach to
selective mapping (SLM), leveraging the linear
characteristics of the UFMC modulation modulator. This
method succeeded in reducing a very high computational
complexity to a lower level [36].

Previous methods discussed in the cited works were
observed to realise their benefits and limitations. Dealing
with low SNR has been one of the challenges encountered
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in SS, and most of these methods express high levels of
complexity associated with computational tasks. After
evaluating these methods, the authors concluded that they
did not provide effective solutions for managing compu-
tational complexity. Considering these results, the authors
propose a new technique designed to operate at lower
complexity levels and lower SNR values, known as the
hybrid technique (H-DCT-W). In this study, the authors
present a new cognitive radio network (CRN)-based
sensing method to differentiate between different 5G
waveforms without requiring high computational
complexity. The hybrid technique removes the obligation
for prior information about the primary user. The essential
values of this method include considering system error and
false alarm probability, finding an SNR threshold, and
assessing the probability of detection rate. In this spectrum
sensing framework, cosine filters are used to blindly
evaluate spectral bands, effectively distinguishing between
traffic signals and noise.

3. Motivations and key contributions

This research is motivated by several critical challenges
in wireless systems:

e Boundaries of CR nets in 5G: Growing absence of CR
networks integrated into terrestrial 5G systems capable
of detecting a wide range of waveform types.

e Rare spectrum foundations: Wireless spectrum remains
a limited resource in wireless communications systems.
Their scarcity requires more real organisation to meet
the increasing demands of wireless communications.

e Levels of complexity: The high complexity associated
with CR-5G systems presents significant obstacles.

e Signal detection at low SNR is a challenge: Accurate
signal detection becomes a problem, especially in
scenarios with low SNR, which leads to poor signal
detection performance in the system.

Through the goal of enhancing system performance
efficiency and excellence, the chief contribution of this
study is to address these challenges:

e Enhancing good waveform (UFMC) detection,
addressing the challenges posed by low SNR and
waveform diversity is a key goal to allow extra robust
and precise waveform detection. The method searches
to increase the detection abilities of CR networks in the
framework of 5G waveforms.

e In treating the degree of high information, this is a
research attention on accommodating high-rate data
transmission besides reception in CR-5G systems.

These factors lead to ongoing challenges related to
spectrum scarcity, difficulties in detecting UFMC signals
with low SNR, limited CR capabilities in 5G systems, and
high computational complexity of the system. Therefore,
major contributions have been made to enabling high-
information rate communications, improving spectrum
sensing techniques, and enhancing waveform detection.
This work aims to increase system efficiency and high-
performance reliability in 5G systems.

4. The suggested typical 5G environment

The proposed technique involves many stages, including
a DCT stage and a Welch segmentation stage, to success-
fully differentiate between 5G traffic and noise. The process
is explained in detail below:

1) DCT stage: In this stage, the DCT technique is used to
highlight the basic features of the waveform. It focuses
on the true fundamentals of the signal, using a smaller
number of samples. Focusing on real bases with fewer
samples is crucial for the subsequent analysis. Real
bases with fewer samples play a pivotal role in this
distinction. This technology uses cosine filtering to
separate the 5G traffic signal from the noise.

2) Welch segmentation: Filtered signals undergo Welch
segmentation, which reduces noise variance and
improves signal excellence. Welch segmentation
divides the new sample set into smaller segments and
computes their averages. The result is a single analogue
value for each segment, which effectively mitigates the
outcome of noise, as shown in Fig. 2.

3) Calculating the average signal length: After segmen-
tation, the method includes performing mathematical
operations such as addition and division. These
operations use addition and division to obtain the rate
ratio that compares with the threshold, as shown in
Fig. 2.

Perhaps, an “idle” state shows that only noise exists
inside the band. Although a “busy” state indicates the
simultaneous presence of both noise and traffic in the
bandwidth [37]. Consequently, the meaning of each
hypothesis depends on its error rate, as detailed here:

P; = P(Decision = H;|H,) (1)
P,.; = P(Decision = Hy|H,) )

hence,
P, = Pf+ Py €)

Fig. 2. Proposed typical CR-5G of NOMA based on H-DCT-W.
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The probability of a false alarm (kind I error), denoted by
P¢, continuously indicates the unpleasant sign of the primary
user (PU) signal. On the other side, P,,,; denotes the proba-
bility of missing detection (kind II error), which indicates a
precise sensing of PU signals. The universal error in the
system is encoded with the symbol P,. On the other hand,
the balancing term for the missing detection probability is
the detection probability, denoted by P, as detailed here:

P, = P(Decision = H, |H;) @)
therefore,

Energy detection technique through which a sensor
waveform can be generated blind provides comprehensive
information about the signal structure. The received power
is compared to a certain limit y calculated using noise
measurements. The proposed spectrum sensor is used to
consider the null and alternative hypotheses:

Hy: PU Absent S[n] = w(n] 6)

H,:PU Present S[n] = s[n] + w[n]. @)

Using the parameters of the transmitted signal, the
hypothesis can be reformulated. The presented business
idea assumes that the PU possesses a signal length PU
denoted by N, and it further assumes that the sum of the
squares of N for Gaussian random variables is denoted by
G. Consequently, the distribution of G is approximated to
be normal when N exceeds 250, following the central limit
theorem [38].

A receiver operating characteristic (ROC) curve is a
graph showing the performance of a classification model at
all classification thresholds This curve plots two para-
meters: true positive rate (detection probabilities) and false
positive rate (comprehensive false alarm). For M-secondary
users, the ROC approach is relied upon for decision fusion

M
o =1-] [a-# ®)
m=1
M
0a=1-]Ja-ro. ©
m=1

Here, Qf and Q4 mean the universal probability values on
behalf of false alarm and detection.
The mean and variance are computed as follows:

G-M (N(((avzv + 02)), 2N((02 + 052))2)) under H,. (10)

Since this point forward, G serves as the control statistic
and needs to be matched to a predefined threshold, denoted
as AD, exactly designed on behalf of the PU signal. The
statistical definitions for the probability of false alarm
(PFA) and probability of detection (PD) are shown as

PFA = P, (G > AD; Hy) (11)

PD = P. (G > AD; H,), (12)

where PFA signifies the probability of a false alarm, which
happens when G exceeds AD under the hypothesis Hy (no
PU signal). PD signifies the probability of detection, which
occurs when G exceeds AD below the hypothesis H;.

Here, using energy detection, the PFA can also be
evaluated, so the expression for (13) can be as follows:

—2R—crW
, o (13)
For

— 2R — (0 + 052)\

\\/7(0W+052) /(14)

The received NOMA wave can be represented as s[n],
has a length denoted by V, and can be explained as follows:

Pr = Prob{(H,;\H,)} = Q

Py = Prob{(Ho\H,)} =

w(n] H,

s[n] = n=12,..,n (15)

{NOMA[v] +w[n]} H,

whereever w[v] indicates the Gaussian noise with zero
mean and a 0,2 variance.

Ryomalk] = (16)

N

2 V-1B-1L-1N-1 (n-1) k(z + 1)
. n-— T v
SIS S st on (1210),

0<k<K-1

which denotes the noise variance. This appearance is used
to calculate the probability of false sign detection (H;)
when the real circumstance is not a sign at all (Hy).

5. Model outcomes

Here, the authors present the outcomes of simulations
conducted with MathWorks®. A 5G waveform employing
NOMA technology has been tested. The system perfor-
mance across various SNR stages and below additive white
Gaussian noise (AWGN) channel conditions has been
evaluated, considering the parameters linked to the generated
signals. Table 1 provides the instantaneous results of the
NOMA waveform, as discussed in Refs. 39-41.

In this context, the symbol R signifies the specific factor
associated with NOMA. The mean power spectral densities
(PSDs) are calculated as follows:

Ngeg—1
1
RPSD = z PSD(i) = G. (17)
Nseg i=0

Moreover, Py is determined by means of (13) because it
depends on the original signal length and SNR.
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Table 1.
The paprameters of a 5G waveform (NOMA).

NOMA

Number of FFT = 1024

Number of resource blocks = 50

Number of sub-carriers = 12

Length of cyclic prefix = 88

Bits/sub-carrier = 4

Tone offset = 2.5

Length of filter = 513

n— o
Z—W _ (18)
77 %

In this equation, Pf signifies the false alarm probability,
Q is the Q-function (related to the complementary
cumulative distribution function of a standard normal
distribution), G is the test statistic, R is the specific factor,
o2 is the noise variance.

Conversely, P; is computed using the innovative
distance metric: K' in the following manner:

_9(%
P, =0 ! ﬁ(UVZVH) . (19)

()2 (5+1)

Monte Carlo simulations were conducted to validate the
efficacy of the proposed SS system. The results obtained
through simulations using MathWorks® and a 5G
waveform filter are presented in Table 1. In this section, the
influence of SNR on the received signals is presented. Our
simulations involved the NOMA signal observed under
varying SNR conditions. It became evident that SNR had a
substantial effect on the network sensing capabilities due to
its ability to alter signals across different categories.
Figure 3 shows the SNR values of 10 dBm, =30 dBm and

Pr = Prob{(H;\Hy)} = Q

50

NOMA
I

—10 dBm. Three SNR values were used to generate PSDs
of the received NOMA signals. Thus, at =30 dB SNR, the
noise contrast was very high, especially when combined
with the transmitted signals, while at 10 dB SNR, the noise
was reduced to a minimum. As shown in Fig. 3, the
received NOMA waveform shows a significant effect of a
noise change on the PSD.

Thus, at 10 dB SNR, the NOMA signal showed a very
low noise ratio when compared with the rest of the SNR
values. At this point, it can be further explained that the
SNR values affect traffic estimates, so this requires a strong
and accurate standardisation. Fortunately, our proposed
method solves this problem well by distinguishing between
traffic and noise.

Given the extended signal inherent in the NOMA
approach, it demonstrated superior signal detection capa-
bilities when compared to the SS approach, as visualised
in Fig. 4. The authors rigorously tested their simulation
technique across various SNR values to assess the effec-
tiveness of the proposed SS framework. The resulting
detection probabilities, calculated at a 0.05 PFA, were as
follows: 0.978 for —30 dB SNR, 0.986 for —10 dB SNR,
and 0.991 for 10dB SNR. These results indicate the
robustness of our approach across a range of SNR condi-
tions. Similar colours on the two curves indicate closely
matched error probability rates between the two approaches.

Moreover, it is noteworthy that both simulated and
mathematical frameworks exhibited comparable detection
probabilities and surpassed traditional techniques in terms
of performance.

The traditional approach resulted in relatively higher
error probabilities across the SNR wvalues tested.
Conversely, when the false alarm probability was fixed at
0.05, the error probabilities were as follows: 0.069 for
—30 dB SNR, 0.062 for —10 dB SNR, and 0.061 for 10 dB
SNR. Thus, at higher SNR values, the error probabilities
were significantly lower. Notably, the suggested spectrum
sensing method showed a commendable error rate
probability of 0.069 for the challenging —30 dB SNR case.
This underscores the superior signal detection accuracy
achieved by the recommended SS framework, charac-
terised by lower error rates, as shown in Fig. 5 and Fig. 6,
in the case of a single-user and multi-user sequential use.
Figure 6 illustrates the error of the proposed system
concerning multiple users. The data reveal a correlation

40

1

30—

N
5]

o

PSD (dBW/Hz)
°
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Fig. 3. The PSD of received NOMA from BS for several SNR rates.


https://doi.org/10.24425/opelre.2024.149181

Z. T. Yaseen, W. Algriree / Opto-Electronics Review 32 (2024) e149181

o ge °
1 —%} Bete [ ,r;
0.9 ! a0 s
- i 3-¥. ' $
=081 | e X B
Q ! _ A X%
=3 i & r-* X
c 0.7 = =X
H |
= | P P ¥
C 06! o *
206 * X %
® | & o e
20.5* i >4 ,,i_"/‘% ml
° i ¥ 3 )
Zoa * <%
=5 X s 4 -
= | _ - %~ Theoritical proposed, SNR = -30 dB
% “ P3 A ~x = Theoritical traditional, SNR = -30 dB
803 7 X0.2 b - Simulated proposed ROC for SNR = -30 dB
o ! X pe Y0227 Theoritical proposed ROC for SNR = 10 dB
, - —#K = Theoritical traditional ROC for SNR = 10 dB | _|
802 mF X - X Simulated proposed ROC for SNR = ~10 dB
| " & © ~ Theoritical proposed ROC for SNR = 10 dB
041X — © —Theoritical traditional ROC for SNR = 10 dB | —|
. i ‘ — + — Simulated proposed ROC for SNR = 10 dB
Enlarged top rlght fragment of the i ’/, x | ~ ¥ - Simulated traditional ROC for SNR = 10 dB
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

figure on the right (Fig. 4)

Probability of false alram (Py)

Fig. 4 ROC NOMA provides an illustration of the error probability associated with the proposed SS approach. Each error probability,
pertaining to both the simulation and mathematical frameworks, was calculated using equation (P, = Py + Py;4). The characteristics
are represented using three distinct colours: green for 10 dB SNR, blue for —10 dB SNR, and red for —30 dB SNR values.

1 - '
,w’
o 0.9
2
A 0.8
- A~
’/,Ar 0.7
el
o 0.6
e ’
4 0.5
,»""'*
‘ 0.4
- @ -Proposed Scheme Error, SNR =-30 dB 0.3
©--Proposed Scheme Error MC, SNR = -30 dB

Proposed Scheme Error, SNR =-10 dB 0.2

—#--Proposed Scheme Error MC, SNR = -10 dB "

+ ~Proposed Scheme Error, SNR = 10 dB

~-#-~Proposed Scheme Error MC, SNR = 10 dB J 0.1

| | 0

0.4 0.5 0.6 0.7 0.8 0.9 1
Pt

Fig. 5. Error of the proposed NOMA waveform system (one user).

Fig. 6. Error of the proposed MIMO-NOMA waveform system (multi-user).

wherein a higher number of users in the system corresponds
to a lower error system rate. Specifically, at a user count of
45, the error system rate was exceptionally low (0.0066).
Similarly, at a user count of 50, the error system rate stood
at 0.0055, contrasting with a higher rate of 0.1235 when the
user count was 15.

These findings underscore that an increase in the
number of users within the system correlates with a decrease

in the error system rate.

To improve the performance of the wireless communi-
cation link, multiple antennas (2 X 2) incorporating MIMO
technology are used at both transmitter and receiver. It can
provide multiplexing gains to improve data rate, reduce
interference, and improve link quality, which can enhance
the reliability and capacity of the communication system.
NOMA can enhance spectral efficiency by allowing
multiple users to share similar input, multiple users sharing
the same frequency but using different modulation schemes
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and power levels to transmit their data instantaneously.
Therefore, NOMA method is considered an effective
method used in wireless communication structures.

P; in NOMA systems is important from a security
perspective to ensure that the legitimate users can transmit
and receive their data without interference or
eavesdropping. The authors conducted a comprehensive
complexity analysis. It is a well-established fact that noise
is an ever-present challenge, complicating the detection of
NOMA waveforms. This research delved into the intricate
matter of detecting NOMA signals within the 5G waveform
context, so addressing the influence of noise components
becomes imperative before signal detection.

The reduction of computational complexity in 5G
candidate structures is crucial for practical implementation.
In this regard, H-DCT-W emerges as a promising
approach, demonstrating optimal detection performance
even under low SNR conditions while keeping compu-
tational demands in check. The authors’ study compared
predefined thresholds with averaged PSDs as a test statistic
to determine signal presence or absence. Validation of the
proposed SS system was accomplished through ROC
curves, and Monte Carlo simulations confirmed the
reliability of the authors’” mathematical SS model.
Significantly, the SS system did not rely on predefined data
values or coherency with PUs and had the capability to
distinguish between legitimate traffic and noise. In the

MIMO NOMA One-user by (HDCTW)

MIMO-NOMA system, the transmitter uses multiple
MIMO antennas to communicate with one user or multiple
users using NOMA. Each user is assigned a different power
level and signal, and these signals are simultaneously
transmitted from the MIMO transmitter and detected at the
receiver in a MIMO-NOMA system by H-DCT-W. H-
DCT-W sophisticated detection algorithms are used in the
MIMO-NOMA receiver to effectively separate signals to
enhance signal detection. The use of MIMO in NOMA
detection offered significant performance gains, such as
enhanced signal-to-interference-plus-noise part (SINR) for
the corresponding user and increased spectral efficiency.

This integration of MIMO and NOMA can lead to a
better overall system performance, especially in scenarios
with multiple users and challenging wireless channel
conditions (low SNR). Also in this case, Ps with MIMO-
NOMA of one user is shown in Fig. 7 and P; with MIMO-
NOMA of multiple users is shown in Fig. 8.

In Figs. 7 and 8, the MIMO-NOMA users transmit
signals with different power levels and spatial signatures.
Separating and detecting these signals at the receiver
involves dealing with interference from other users.
Multiple users’ detection algorithms are specifically
designed to mitigate interference by the used H-DCT-W
technique and multiple users detection helps in maximising
the overall system capacity. Good P, with low false alarm
and low SNR lead to maximised spectrum efficiency.
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While it is possible to perform a single-user detection in a
MIMO-NOMA system, it would not fully use the capabi-
lities of the system and would not take advantage of the
main benefits of NOMA, which include serving multiple
users in a non-orthogonal manner.

6. Comparison with previous research

Validation of the modelling process consisted of 1000
independent trials of the Monte Carlo model. The outcomes
demonstrated that the MIMO-NOMA waveform exhibited
a superior detection presentation attributed to its concise
signal length and null coefficient elimination. Additionally,
it was established that the SS system outdid alternative
methods in MIMO-NOMA waveform that, characterised
by a shorter signal length, exhibited a faster detection
process. However, despite this, it displayed enhanced
detection performance.

The comparison used a small PFA of 0.05 to preserve a
minimal error rate probability, as shown in Fig. 9. NOMA-
MIMO waveform factors remained defined based on
standard resource and evaluations. Equation (18) high-
lighted the significant impact of signal length (number of
samples) on sensing parameters, with an increased sample
size correlating with the improved detection performance.
But in contrast, existing methods had limitations. A similar
technique in Ref. 29 achieved a detection probability of
0.885 but required a complex system and struggled at SNR
below —20 dB. The method in Ref. 42 reached a 0.868
detection probability, but demanded coherency and pre-
defined information values, excelling at SNRs > 10 dB, but
failing under —10 dB. In Ref. 43, an instant-producing
purpose process with multi-antennas reached a 0.93
detection probability, yet the system faced challenges
below SNR of 10 dB. The approach in Ref. 44 achieved a
detection probability of 0.96, but it requires coherence, pre-
defined information, and a developed detection scheme.
The covariance matrix suggested in Ref. 45 reached a 0.78
detection probability without pre-defined information, but
used the Cholesky decomposition algorithm and the
RB-established path machine system, resultant in the
modest complexity and inadequacy for low SNR (<—15 dB).
On the other hand, the covariance matrix proposed in
Ref. 46 needed no pre-defined information and reached a
0.78 detection probability, but failing under —10 dB. In

0.95
0.9
0.85
0.8
a°0.75
0.7
0.65
0.6
0.55

0.5

0.1 0.2 0.3 0.4

Ref. 47, a similar method was used with unlike kinds of
modulations, and the detection probability was 0.885.
While a little of their modulations could sense when SNR
was —20 dB, they needed a complex detection scheme.
The SS H-DCT-W method obtained in this paper
overcame SNR challenges due to its low complexity and
error rate. Significant results were shown for the MIMO-
NOMA 5G waveform, effectively distinguishing among
traffic beside AWGN noise. Table 2 reviews the superior
presentation of the suggested SS method in comparison to
other studies, highlighting its higher detection probability,
reduced false alarm rate, and enhanced error probability.

Table 2.
Comparison of MIMO-NOMA waveform factors
with previous research.

Techniques PFA, P, P, SNR (dB)
Dempster-Shafer _
fusion [42] 0.05, 0.868 0.182 10
Moment generating
function [43] 0.05,0.93 0.12 10
Feature detection
covariance Matrix
Cholesky 0.05,0.78 0.27 15
decomposition [44]

Cyclostationarity o5 g6 0.182 -10

Feature detection

H-DCT-W technique 0.05, 0.971 0.079 =30

Comparison The The The
suggested  suggested  suggested
technique technique  technique
has a better has a lower can work
sensing scheme for a lower
performance error SNR

7. Conclusions

The system showed superior performance across
various parameters, including Py, SNR tolerance, error
detection system rates, and computational complexity,
particularly in the context of NOMA 5G waveforms.
Consequently, the authors’ SS method achieved a detection
probability of higher than or equal to 0.96 while

MIMO-NOMA
Dempster
MGF

CDF
Cholesky
CDF

0.5
Ps

0.6 0.7 0.8 0.9

Fig. 9. Comparison of MIMO-NOMA waveform with previous research.
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maintaining a false alarm probability below 0.05, and a
universal scheme error probability of less than 0.09%.
These outcomes underline the potential of NOMA as a
feasible solution for traditional 5G applications, thanks to
the authors’ algorithm advancements. Detecting and
analysing 5G signals after they have been transmitted over
a fibre optic system is crucial for maintaining a high-quality
and reliable network. This comprehensive approach ensures
that the 5G network operates efficiently and delivers the
expected performance to support a wide range of appli-
cations and services.
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