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Abstract: In a bandwidth-constrained setting, precise self-interference
cancellation in communication systems poses challenges. This research extends
optical self-interference cancellation to propose an adaptive interference
mitigation strategy tailored for advanced mobile communication systems
beyond the fifth generation. By considering delay gains in reference and
self-interference channels, along with multipath temporal aspects, an
unconstrained optimisation algorithm is introduced. Additionally, an adaptive
mitigation strategy for multipath channels is devised using orthogonal
frequency-division — multiplexing technology. Simulation experiments
demonstrate the optimised algorithm’s 29.82-38.15% reduced sampling energy
consumption compared to alternatives. The self-interference cancellation
strategy saves energy, achieving —30.02 dB detection depth. Post-cancellation,
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the signal spectrum’s error vector magnitude is only 6.71%, a 71.72% decrease.
The results highlight the effectiveness of this adaptive interference mitigation
strategy in self-interference and multipath signal elimination in communication
systems.

Keywords: band-limited resources; interference mitigation; unconstrained
optimisation algorithm; delay gains; multipath signals.
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1 Introduction

Beyond the 5th generation (BSG) mobile communication systems enable the localisation
of three major application scenarios characterised by large bandwidth, extensive
connectivity, and low latency, seamlessly integrating with vertical applications such as
industrial [oT, smart healthcare, and intelligent agriculture (Gheisari et al., 2023; Vaezi
et al., 2022). However, the substantial increase in the number of user nodes in
communication systems, coupled with the inherent limitations of wireless channels due to
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resource constraints, intensifies interference, leading to a drastic reduction in system
performance and a severe issue of co-frequency interference. Current interference
mitigation research predominantly includes self-interference cancellation and multi-user
interference cancellation. Among them, self-interference cancellation can meet the
requirements of full-duplex communication on the same frequency in the system and
seamlessly integrate into the communication system architecture (Zheng et al., 2022).
Self-interference cancellation technology (SIC) is mainly divided into three stages:
analogue domain, transmission domain, and digital domain self-interference signal
cancellation (Huang et al., 2021). In the analogue domain SIC, electronic SIC (ESIC),
constrained by the fixed principles of radio frequency microwave components, has
limited self-interference cancellation bandwidth, while optics-based SIC (OSIC) can
reduce the working frequency band and bandwidth limitations of ESIC (Ahmed and
Hashim, 2021; Xing et al., 2021). Furthermore, co-frequency transmission and reception
signals result in BSG communication systems being constrained by loop self-interference,
reducing the reception and transmission of useful signals and weakening the performance
of communication systems. Therefore, this study proposes a high-frequency bandwidth
B5G communication OSIC system adaptive delay gain feedback control and frequency
domain equalisation interference mitigation strategy based on the coordination of delay
amplitude and multipath from the perspectives of the reference channel and time-variant
self-interference channel. The research focuses on the SIC problem in B5G
communication systems with the aim of improving the performance of full-duplex
communication and optimising the use of spectrum resources. With the increase in the
number of users, the frequency band resources become tight, while multipath effects and
hardware limitations pose challenges for interference cancellation. The study proposes an
OSIC-based adaptive strategy to cope with these challenges by optimising models and
algorithms to improve the efficiency and accuracy of interference cancellation.

An OSIC-based adaptive interference cancellation strategy is proposed to
dynamically adjust the interference cancellation parameters through time-varying channel
conditions, which provides a new solution to the SIC problem in B5G communication
systems and improves the flexibility and adaptability of SIC. Meanwhile, a new
unconstrained optimisation algorithm (UOA) is designed to provide an -efficient
computation method for adaptive SIC, which is important for fast interference
cancellation in real-time systems. In addition, an adaptive interference cancellation
technique for multipath self-interference is designed in the study by utilising orthogonal
frequency division multiplexing (OFDM) signal adaptive frequency-domain
pre-equalisation (FDPE) instead of conventional conventional frequency-domain
pre-equalisation (FDPE). (FDPE) instead of the traditional conventional multiple optical
path taps, which provides a new idea for self-interference cancellation in complex
wireless environments and improves the effectiveness of interference cancellation,
especially in scenarios with significant multipath effects.

This study is divided into six sections. Section | introduces the research background
and purpose. Section 2 summarises research achievements and shortcomings of
eliminating communication system interference at home and abroad. Section 3 focuses on
research and design of adaptive interference cancellation strategy based on OSIC. In
Section 4, the proposed interference cancellation strategy is tested and analysed.
Section 5 discusses the experimental results. Section 6 summarises the experimental
results and points out the future research direction.
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2 Related works

With the rapid development of information technology, wireless communication systems
are widely used in various aspects of people’s daily lives and learning. Therefore,
in-depth research on these systems has become a new trend. Khoshafa et al. (2021)
addressed the dual attenuation problem introduced by the auxiliary link of reconfigurable
intelligent surfaces in wireless communication systems. They designed an active element
that can amplify the incoming signal’s reflection, thereby achieving gain introduced by
the link and significantly reducing the size of the reconfigurable intelligent surface. Ye
et al. (2021) developed two end-to-end frameworks for frequency-selective channels
and multiple-input-output channels, which provide improved performance in
frequency-selective channels and multiple-input-multiple-output channels compared to
conventional communications. In order to address the direct strong interference issue
between transmitters and readers, Tao et al. (2021) proposed a novel interference
elimination scheme with minimal hardware complexity, utilising the periodicity of
sinusoidal radio frequency carriers. This approach resulted in an optimal detector with
superior performance in the absence of interference signals. In order to evaluate the
performance of an intelligent reflective surface-assisted evaluation of a bidirectional full-
duplex communication system in a real-world scenario, a closed-form expression
derivation for the traversal capacity and symbol error rate over a Rayleigh fading channel
is carried out, taking into account self-interference cancellation and hardware
impairments (Nguyen et al., 2021).

The implementation of wireless communication is constrained by various interference
factors. When nodes transmit and receive signals on the same frequency, relay data can
interfere with the communication network itself. Therefore, effectively eliminating
self-interference has become a crucial research focus in the field of communication (Luo
et al,, 2021). Hong et al. (2022) proposed a frequency-domain RF self-interference
cancellation framework with a novel filter weight optimisation algorithm to track the
self-interference channel changes and automatically stop the transmission of backhaul
signals in wireless in-band backhaul. Hu et al. (2022) proposed a photonics-based
simultaneous adaptive RF self-interference cancellation and frequency down-conversion
method to recover 16 quadrature amplitude modulation (QAM) signals with a symbol
rate of 10 Msym/s in self-interference signals with 500 MHz and 1 GHz bandwidths. Kim
et al. (2022) aimed to effectively eliminate self-interference in communication systems
and proposed a SIC based on a full-duplex multiple-output system. They discovered that,
in cases of imperfect channel estimation, the error rate performance of uplink spatial
suppression is superior to that of subtracting self-interference channels.

In summary, scholars worldwide have explored various aspects of wireless
communication systems and SIC research. However, current SIC technology faces
challenges in meeting the requirements of high-frequency bands and practical
applications. Further exploration is needed for research on wireless communication SIC.
Therefore, a study is proposed that introduces an adaptive interference elimination
strategy from the perspectives of coordinating delay magnitude between reference
channels and time-varying self-interference channels, as well as coordinating multipaths.
An innovative UOA is introduced, and the proposed self-interference elimination strategy
is applied to the elimination of multipath self-interference signals.
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3 Adaptive interference elimination strategy based on OSIC

To address the issue of communication systems being limited by loop self-interference, a
strategy for adaptive interference elimination based on OSIC has been proposed. Initially,
by referencing the delay gains of the communication channel and self-interference
channel, an optimisation problem model for the communication system was established.
Furthermore, an adaptive feedback control technique based on OSIC was introduced.
Based on this, an adaptive interference elimination technique on OSIC was designed
according to the control scheme.

3.1 Adaptive control technology based on OSIC delay gain

In communication systems, the alignment magnitude of the delay gains of the reference
channel and self-interference channel directly impacts the effectiveness of OSIC
self-interference elimination. Moreover, the alignment of same-frequency transmission
and reception signals causes the wireless channel’s line-of-sight path to change over time,
which is unfavorable for the transmission of communication signals (Xia et al., 2023;
Bjornson et al., 2022). Therefore, a control technique based on OSIC was proposed,
specifically for a BSG communication system based on an electro-absorption modulated
laser (EML), as illustrated in Figure 1.

Figure 1 Adaptive control method based on OSIC (see online version for colours)
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In Figure 1, the self-interference signal and the reference signal are allocated to
two separate EMLs. The lower path of the reference signal undergoes optical delay and
attenuation, and it is subtracted from the upper path of the allocated self-interference and
useful signal in the power delivery (PD). Simultaneously, the signal output from PD is
split into two paths, one for signal reception and the other for power detection. The
detected received signal power value is transmitted to the adaptive algorithm for
feedback. The relationship between the power value after self-interference elimination
and the difference in delay gain of the upper and lower optical signals is expressed by
formula (1).

0,(a,t) =[1+(a)* —2acos(d1)]*Q (1)

In formula (1), O, represents the power of the signal after self-interference elimination, a
represents the gain difference of the optical signal in the self-interference elimination
system, ¢ represents the time difference of the optical signal in the self-interference
elimination system, O represents the weight parameter of the time difference, and Q
represents the power before self-interference elimination. The relationship between the
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power value after self-interference elimination and the two parameters satisfies a convex
function, and the minimum power value matches the optimal self-interference elimination
effect. Therefore, the feedback control method based on OSIC can be summarised as a
convex programming problem, with the specific expression given by formula (2).

min 0, = G(a, t)
st. ap<a<a 2

fh<t<y

In formula (2), G(a, t) represents the optimal state of self-interference elimination for the
corresponding Q.. By solving this convex optimisation problem, the optimal delay and
gain can be determined, achieving the optimal self-interference suppression ratio in the
OSIC system. However, the convergence speed of the OSIC system is directly influenced
by the feedback control algorithm, requiring further optimisation of its algorithm.
Assuming the optimal solution exists within the modulation range of adjustable delay
lines and attenuators, the optimal values are obtained using an unconstrained optimisation
direct method. Considering that the device adjustment time and sampling time during
each detection far exceed the iteration operation time, an UOA sensitive to sampling
energy consumption is proposed to reduce sampling energy consumption, and its main
calculation steps are shown in Figure 2.

Figure 2 UOA algorithm process (see online version for colours)
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Firstly, in the detection of an equilateral triangle, the system explores in the directions of
the three vertices of the equilateral triangle centred on the current iteration point. The
distance from the iteration point to the three vertices is the current iteration step size.
After determining a vertex as the next iteration point, a detection is carried out in the
directions facing and opposing 30° to the direction connecting the two consecutive
iteration points, maintaining the step size unchanged. Based on this, the point with a
smaller objective function value and less than the current iteration point is chosen as the
next iteration point and continues moving forward until the average value of the objective
function for the two detection points is less than the objective function value of the
current iteration point. Otherwise, the step size is reduced by 0.3 times, and the
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calculation is restarted from the first step. When iterating to a certain point, the algorithm
stops when the reduction amplitude of the objective function value is greater than or
equal to the set range or the reduction amplitude of the step size is less than or equal to
the set range. The objective function formula is shown in formula (3).

H=10

. 1 hB
Alm:EHQr(fb‘f—Fj (3)

In formula (3), 4im represents the objective function. H represents the number of samples
used for geometric mean calculation. B represents the bandwidth. f represents the
boundary of low frequencies in the frequency band. The UOA algorithm employs an
equidistant detection of forward and backward 30°, which is calculated by the number of
degrees of the angle with the positive direction of the transverse coordinates, and all the
directions involved belong to integer multiples of 30°, which are divided into a total of
12 directions in the two-dimensional plane, and the specific detection and convergence
paths are shown in Figure 3.

Figure 3 UOA algorithm detection and convergence path (see online version for colours)
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In Figure 3, the origin of the coordinate system is assumed to be the optimal value point,
and the points further away from the origin have larger objective function values. The
relative position of the starting point to the origin is unknown, and the algorithm tries the
objective function values of the three vertices by constructing a square triangle with
random rotations in 12 directions. After finding the minimum value, it proceeds in the
direction of the red line. Red points indicate successful iteration points and black points
indicate failed points. When the trial fails in both directions at the fifth iteration point, the
algorithm reduces the step size and reconstructs the square triangle. The seventh iteration
point satisfies the stopping condition and the algorithm uses this point as the optimal
estimate.
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3.2 Adaptive interference elimination technology based on OSIC time-varying
multipath self-interference

In practical B5G environments, wireless interference channels predominantly consider
the line-of-sight path as the primary route, leading to the emergence of multipath effects
in time-varying channels. Consequently, further research has been conducted to design
adaptive interference elimination technology. The multipath effects of self-interference
signals are illustrated in Figure 4.

Figure 4 Multipath effects of self-interfering signals (see online version for colours)
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Figure 5 An OSIC architecture for adaptive OFDM frequency domain equalisation (see online
version for colours)
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When obstacles are present in the wireless environment, the radio frequency signals
emitted by the transmitting antenna undergo reflection from obstacles, returning to the
receiving antenna. This reflection overlaps with the original line-of-sight path signal,
resulting in the formation of multipath effects. The number of paths changes randomly
based on the specific conditions of obstacles in the wireless environment
(Alexandropoulos et al., 2021; Liu et al., 2021). To address this, a method for broadband
multipath interference elimination using OSIC has been designed. This involves utilising
FDPE instead of traditional multiple optical paths taps through the use of OFDM signal.
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Additionally, the regenerated OFDM is employed to replace the reference signal,
enabling the complete elimination of reference and multipath signals through their
coordinated combination. Therefore, the adaptive OFDM frequency-domain equalisation
based OSIC architecture is depicted in Figure 5.

Considering that multipath interference elimination requires inverse fast Fourier
transform (IFFT) and fast Fourier transform (FFT) transformations and that OFDM
signals undergo frequency-domain processing during modulation and demodulation,
research employs the least squares (LS) algorithm for estimating multipath interference
channel responses (He et al., 2022; Dovelos et al., 2021). For the BSG communication
transceiver, the expression for the broadband signal received under multipath channel
conditions is given by formula (4).

N

P,(r)zPSO,(r)Jrgl*Za,-PSI(r—t,-)—gz*Re,-(r) 4)

i=1

In formula (4), P.(r) represents the baseband signal received under multipath channel
conditions. Psoi(7) denotes signals received from other transceivers. g; signifies the
impulse response of the OSIC system’s branch. N indicates the number of variables. Psg;
represents signals transmitted to other transceivers, perceived as self-interference signals
by the local receiver. g» represents the impulse response of the branch under the OSIC
system. * denotes convolution operation. 7z is a time parameter. P./(7) represents the
reference signal generated by the transmitter. To fully suppress Ps; and acquire Psof(7), a
conditional formula for the function of receiving baseband signals is set, as detailed in
formula (5).

N

g Y Py (1=4) =g * P () =0 (5)

i=1

The conditional formula is further transformed into an equivalent frequency domain
expression, as shown specifically in formula (6).

G2 (f)Ber (f) = Gi(f) P (f)Guc (f) (6)

In formula (6), Guc represents the frequency response generated by the multipath
channel. To eliminate multipath signals in the frequency domain expression, a filter is
introduced to enhance the paths’ signals in the frequency domain. Therefore, the
expression for the reference signal is updated as shown in formula (7).

By (f) =P (f)Gre(f) O]

In formula (7), Gpg represents the added filter, also indicating the frequency response of
the pre-equaliser. Based on the equivalent frequency domain expression and the reference
signal function, its mathematical expression can be further derived, specifically as shown
in formula (8).

Guc (/)Gi(f)
G2 (f)

To calculate the parameters of Gpg, the LS estimation algorithm is used to solve the
frequency response of the base station’s broadband self-interference and the reference

Gre(f) = ®)
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channel between the transmitter’s digital-to-analogue converter (DAC) and the receiver’s
analogue-to-digital converter (ADC). The expression for the frequency domain received
symbols using the LS algorithm is shown in formula (9).

R(k) = X (k)G(k)+Y (k) )

In formula (9), R(k) represents the received symbols in the OFDM frequency domain.
X(k) represents the transmitted symbols. G(k) represents the response of the frequency
domain node channel. Y(k) represents Gaussian white noise. According to the basic
principles of the LS algorithm, its cost function formula is shown in formula (10).

c(¢)=|r-& (10)

In formula (10), represents the cost function. R represents the vector of the estimated
pilot sequence. Since Gaussian white noise has a negligible effect in the LS algorithm,
the cost function update formula is shown in formula (11).

C(G)=|R-R| = ROR-ROXG -~ GIXTR+GIXIXC (11)

In formula (11), G represents the estimated channel response. According to the principle
of minimising the average, the numerical value of the cost function should be minimised.
Therefore, investigating the use of partial derivative formulas to make the cost function
zero. The partial derivative formula is shown in formula (12).

sc(G)/sG =0 (12)

In formula (12), J represents the partial derivative parameter, taking the value of 0.
According to the partial derivative formula, the updated cost function formula is shown in
formula (13).

56{;(5) =—2(X9R) +2(X9XG) =0 (13)

Based on the above formulas, further obtain the estimated value of the channel response,
with the specific expression formula as shown in formula (14).

G(k) = X" ()R(k) (14)

In formula (14), é(k) represents the channel response at a certain subcarrier of the

OFDM symbol. Based on the estimated channel response, a smoothing calculation is
performed between adjacent 6 frequency points to obtain the average frequency response
curve. The specific calculation formula is shown in formula (15).

S, =aV, +(1-&)S,_, (15)

In formula (15), S; represents the predicted value. & represents the smoothing coefficient.
V: represents the actual value. S. represents the predicted value from the previous stage.
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4 Simulation analysis of adaptive interference elimination strategy based
on OSIC

To validate the effectiveness of the adaptive interference elimination strategy proposed in
the research based on OSIC, a simulation analysis was conducted using MATLAB
software. First, the effectiveness of the UOA algorithm was analysed, followed by the
verification of the effectiveness of the adaptive control technology based on OSIC time
delay gain in the line-of-sight path. Finally, the performance of the adaptive interference
elimination technology based on OSIC time-varying multipath self-interference was
verified.

4.1 Experimental setup

The study constructs an experimental environment for adaptive interference cancellation
strategies for BSG communication systems, which simulates B5G application scenarios.
OFDM signals and EML are used as the basis of the BSG communication system in the
experiment. The adaptive control techniques and interference cancellation techniques
involved in the experiment are based on optics-based self-interference cancellation
(OSIC) system. Meanwhile, in order to simulate the multipath effect, the direct path is
considered as the main path in the experiment, and the 0.8-1.2 GHz OFDM signals
generated by arrayed waveguide grating (AWG) are used as the self-interference signal
and the reference signal, which are transmitted to the upper and lower arms of the OSIC
system respectively, and are modulated by the two EMLs into the optical domain
respectively , and the residual self-interference after phase cancellation of the two signals
is obtained by the BPD and sampled with an oscilloscope. The whole is equipped with a
computer for running the MATLAB software, which is connected to and controls each
device in real time via an Ethernet switch, so that both the transmitter and the receiver are
under MATLAB control, thus guaranteeing a real-time adaptive demonstration. Among
them, the variable optical attenuator with 0.01 dB adjustment accuracy and the dimmable
delay line with 0.08 ps adjustment accuracy are controlled by MATLAB through the
serial port. The baseband DSP operations are also realised by MATLAB. Two arbitrary
waveform generators are used as DACs, while an oscilloscope is used to implement the
ADC. In addition, the simulation experiment system is assembled with two waveform
generators to undertake the DAC function, which is responsible for generating the
baseband signals, and one oscilloscope to undertake the ADC function, which is used to
receive the baseband signals, and the relevant parameters are set, as shown in Table 1.

Table 1 Relevant parameter settings in the experiment
Symbolic
N Ns B fs fc
Representation FFT/IFFT Number of  Effective Arbitrary waveform Radio
points subcarriers  baseband generator and frequency
used bandwidth  oscilloscope sample rate carrier

Value 4,096.00 1,000.00 1.22 GHz 5.00 GHz 12.33 GHz




264 X Wang et al.

Based on the parameters set in Table 1, the study tests the parameters in simulation
experiments by simulating different channel conditions to test their effects on SIC
effectiveness. The effectiveness of the proposed optimisation algorithm as well as the
OSIC elimination strategy is verified by comparing the system performance under
different delay gain and multipath time configurations.

4.2 Simulation of adaptive control technology based on OSIC time delay gain

Based on the proposed adaptive control technology with OSIC time delay gain, the
research compared the effectiveness of the UOA algorithm with pattern search methods
(Hooke-Jeeves), rotational axis methods (Rosenbrock), and simplex search methods
(Nelder-Mead). The parameters for the four algorithms were set as follows: initial step
size, 0.3; decay factor, 0.38; gain factor, 1.34; reflection coefficient, 0.62; allowable
error, e-6. With these parameters, the iteration times and sampling energy consumption of
the four algorithms were compared, as shown in Figure 6.

Figure 6 Comparison of (a) the number of iterations and (b) sampling overhead of the four
algorithms (see online version for colours)
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From Figure 6(a), it can be observed that among the four algorithms, only the
Nelder-Mead algorithm’s iteration times increase with the increase in the initial distance,
while the other three algorithms remain relatively stable overall. This indicates that the
proposed UOA algorithm has a certain level of rationality. The Rosenbrock algorithm has
the lowest iteration times among all algorithms, possibly due to its unique rotational axis
characteristics, leading to fewer required iterations. From Figure 6(b), it can be seen that
the sampling energy consumption of the proposed UOA algorithm is the lowest among
all algorithms. Although the Nelder-Mead algorithm has the lowest sampling energy
consumption when the initial distance is 0.5, it increases with the increase in the initial
distance. When the initial distance is 0.25, the UOA algorithm reduces sampling energy
consumption by 29.82-38.15% compared to the other three algorithms. This indicates
that the proposed UOA algorithm reduces the time and energy required for sampling,
greatly improving the effectiveness of UOA. Additionally, the research further compared
the sampling energy consumption probability distribution of the four algorithms at initial
sampling distances of 0.5, 1.0, 1.5, and 2.5, as shown in Figure 7.
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Figure 7 Probability distribution of sampling energy consumption for four algorithms at different
normalised starting distances, (a) starting distance 0.5 (b) starting distance 1.0
(c) starting distance 1.5 (d) starting distance 2.5 (see online version for colours)
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From Figures 7(a) and 7(b), it can be seen that when the sampling energy consumption is
in the range of 10-20, all four algorithms exhibit peaks in the probability distribution.
Among them, the Nelder-Mead algorithm shows significant fluctuations in probability
changes under different sampling energy levels. As shown in Figures 7(c) and 7(d), when
the initial distances are 1.5 and 2.5 respectively, the optimal points are distant from the
starting points. The sampling energy of all four algorithms continues to increase, but the
overall fluctuation of the probability distribution remains stable. Comparing the
probability distributions under the four initial distances, it can be observed that the
probability change trend of the proposed UOA algorithm is more stable than the other
three algorithms, indicating superior performance. Furthermore, the study further
analyses the effectiveness of the adaptive control technology based on the proposed OSIC
delay gain. The impact of the varying number of samples on the suppression ratio in
simulation experiments is shown in Figure 8.

Figure 8 shows the self-interference elimination process under different initial
distances. From Figure 8(a), it can be seen that when the initial distance is close, the
sampling energy consumption of all four algorithms is similar, but the UOA algorithm
has the lowest energy consumption. Combining the power spectrum of the OFDM
self-interference signal, it is observed that with the operation of the four algorithms, the
signal power gradually decreases until it reaches the noise range and stops iteration.
Figure 8(b) shows a comparison of the sampling energy consumption for 30 sampling
cycles. It can be observed that, except for the Nelder-Mead algorithm, the sampling
energy consumption of the other three algorithms remains stable as the initial distance
increases, with the UOA algorithm still maintaining the lowest consumption. These
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results indicate that the proposed UOA algorithm can effectively reduce sampling energy
consumption in the adaptive interference elimination process of the OSIC system, and the
adaptive control technology based on the OSIC delay gain can effectively achieve the
elimination of direct-path self-interference in B5G communication systems. The UOA
algorithm demonstrates superior performance under different channel conditions as well
as sampling distances, which suggests that it is still advantageous and ideally robust
under different communication environments.

Figure 8 Suppression ratio variation curve under different sampling times, (a) suppression ration
variation curve of energy consumption for 15 samples (b) suppression ration variation
curve of energy consumption for 30 samples (see online version for colours)
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4.3 Simulation of adaptive interference suppression technology based on OSIC
time-varying multipath interference

To achieve effective elimination of multipath self-interference in communication systems
and validate the effectiveness of the proposed SIC, the study conducted experimental
simulations in the MATLAB software. Considering that the parameter calculation of the
pre-equaliser is mainly based on the LS algorithm for estimating the frequency response
in the reference signal and multipath interference, the study utilised a vector network
analyser (VNA) to test the S21 curve of the reference and self-interference channels as a
comparison. The S21 curve, representing the most representative data in the OSIC
system, can be used to calculate the power ratio between the OSIC input and output,
determining the depth of suppression. The parameters such as the number of samples and
subcarrier range set in the VNA are the same as those for the OFDM signal, with ports 1
and 2 connected to DAC and ADC, respectively. The pre-equaliser coefficients obtained
by both methods are shown in Figure 9.

From Figure 9(a), it can be observed that the amplitude trend of the pre-equaliser
obtained by the LS algorithm is generally similar to that calculated by the VNA. As the
number of subcarriers increases, the response variations of the asynchronous mapping
procedure (AMP) in both methods coincide. In Figure 9(b), the phase response of the
pre-equaliser within 500 subcarriers is slightly higher for the LS algorithm than for the
VNA, but the overall trend remains consistent. This indicates the reliability and
rationality of the LS algorithm in estimating calculations for self-interference elimination
and adaptive FDPE. Therefore, the study further utilised the LS algorithm to assess the
baseband interference elimination effects under different multipath channels with or
without FDPE, and the comparative results are shown in Figure 10.
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Figure 9 Comparison of pre-equaliser coefficients, (a) pre-equaliser amplitude (b) pre-equaliser
phase response (see online version for colours)
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Figure 10  Depth of baseband self interference cancellation under different multipath channels
with and without FDPE conditions (see online version for colours)
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Figure 10 illustrates that the baseband fluctuations in the three-path channels without
FDPE are significant, and the depth of self-interference suppression is low, adversely
affected by band noise. After FDPE, the curve is suppressed to the baseline level,
achieving a flat depth of approximately —30.02 dB within the observed frequency band of
1.22 GHz. The depth of band elimination without FDPE fluctuates from —6 dB to —27 dB,
indicating poor performance in self-interference suppression without FDPE and
confirming the superiority of the proposed interference suppression strategy. Finally, the
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study further analysed the recovery of the useful signal after interference elimination. To
better observe the elimination of Ps; and the restoration of Psoi(7) effects, the bandwidth
ratio of Pg; to Psoi(t) was set wider. The spectrum of the received baseband signal before
and after self-interference elimination is shown in Figure 11.

Figure 11  The spectrum of the received baseband signal before and after self interference
cancellation (see online version for colours)
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From Figure 11, it can be seen that in the OSIC system without self-interference
elimination (green), the received useful signal is completely masked by strong power.
After self-interference elimination but without FDPE (blue) processing, part of the useful
signal spectrum appears, but is still disturbed by residual strong power. The probability of
a flat spectrum for the useful signal after self-interference elimination and FDPE (red)
processing is significantly higher than the other two untreated conditions. Comparing the
constellation diagrams of self-interference without FDPE and self-interference
elimination with FDPE, it is evident that the error vector magnitude (EVM) of the signal
spectrum after FDPE is only 6.71%, while the EVM value of the signal spectrum with
only self-interference elimination is as high as 23.73%. This indicates that the proposed
adaptive interference suppression technology based on OSIC time-varying multipath
interference can eliminate deeper self-interference and confirms the effectiveness of the
proposed interference suppression strategy.

5 Discussion

The proposed OSIC-based adaptive interference cancellation strategy of the study shows
significant performance enhancement for the application in BSG communication systems.
To further illustrate the superiority of the proposed method, the study will analyse the
experimental results in depth, explore the performance under different conditions, and
make a comprehensive comparison with existing techniques. The experimental results
show that the UOA algorithm proposed by the study outperforms the existing algorithms
in terms of the number of iterations and sampling energy consumption, demonstrating
higher computational efficiency. The proposed strategy excels in reducing the sampling
energy consumption and increasing the detection depth, which can effectively improve
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the overall performance of the communication system. The strategy is able to adapt to
different channel conditions and interference environments with better robustness.

The study assumes a Rayleigh fading channel model to simulate the wireless
communication environment during the design and evaluation of the OSIC adaptive
interference cancellation strategy. This assumption helps the algorithm performance itself
to be independent of the complex channel conditions. At the same time, the study takes
into account the delay gains of the self-interfering channel and the reference channel and
assumes that the UOA algorithm is able to converge to an optimal or near-optimal
solution within a limited number of iterations, which may affect the convergence of the
algorithm. However, the comparison results with other algorithms show the advantage of
the UOA algorithm in converging iterations.

It is worth mentioning that the performance of adaptive interference cancellation
strategies may vary in different communication modes. In high dynamic environments,
the channel conditions change faster, placing higher demands on the real-time and
predictive capabilities of the algorithm. On the contrary, in low dynamic environments,
the algorithms have more time to adjust and optimise the parameters and may achieve
better performance. While the channel configuration as well as the interference level will
have an impact on the performance of the proposed strategy, the UOA algorithm
proposed in the study takes into account the changes in the actual interference
environment during the design process, and adapts to different interference levels by
dynamically adjusting the algorithm parameters.

6 Conclusions

In addressing the performance challenges faced by BSG communication systems due to
self-interference in the context of limited frequency band resources, this study proposed
an adaptive interference elimination strategy based on OSIC. The research established an
optimisation model and introduced a UOA algorithm to address the uneven delay
magnitudes between self-interference channels and reference channels in B5G
communication systems. Simulation experiments demonstrated that when the initial
distance was set to 0.25, the UOA algorithm reduced sampling energy consumption by
29.82% to 38.15% compared to other algorithms, effectively decreasing the number of
algorithm detection attempts. The proposed interference elimination strategy exhibited
excellent performance in feedback computation, achieving a carrier bandwidth of 12.34
GHz, a baseband bandwidth of 1.22 GHz, and a suppression depth of —30.02 dB.
Furthermore, the signal’s recovered EVM value after self-interference elimination was
only 6.71%. The results indicated that the proposed interference elimination strategy
could reduce the detection attempts of search algorithms, lower system sampling energy
consumption, enhance the processing speed of self-interference channels and reference
channels, and improve the efficiency of interference elimination in communication
systems. It enabled rapid recovery of useful signals in the presence of multipath
self-interference.

However, while the study verified the effectiveness of the proposed strategy in a
simulation environment, actual hardware implementation and testing is an important
direction for future work. This includes testing the performance of the OSIC system in
different physical environments, as well as addressing possible hardware limitations such
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as the response speed and modulation accuracy of the optical devices. Future research
could explore ways to apply OSIC strategies in multi-user and multi-antenna systems.
This would involve more complex signal processing algorithms and network coding
techniques to manage a larger number of users and data streams. In addition, B5G
communication systems are expected to coexist with multiple wireless technologies.
Investigating how to integrate OSIC strategies with other wireless technologies for wider
applications and better performance is an area worth exploring.
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