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Abstract: The progress of 5G networks is propelled by wireless technology, specifically mobile
internet and smart devices. This article provides an in-depth analysis of the fundamental elements
of 5G technology, encompassing the advancement of cellular networks, simultaneous transmission
capabilities, energy efficiency enhancements, and the implementation of cooperative
communication. This study examines the application of simultaneous wireless information and
power transfer (SWIPT) in cooperative device-to-devices (D2D) communication. Specifically, it
investigates relay selection using decode-forward (DF) protocols and considers the issue of self-
interference. Radio frequency based energy harvesting (RF-EH) is proposed to address power
limitations in device-to-device (D2D) communication. This article describes the development of
this technology and suggests a system architecture that employs time-switching relaying (TSR)
techniques to enhance the power efficiency of base stations. This research aims to assess data
transfer efficiency in two-way cooperative communication systems by incorporating many
technologies.
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(D2D) communication, enabling diverse networks);

1 Introduction simultaneous transmitting and receiving (including Full

) ) Duplex (FD) communication); raised energy efficiency

T HE development of wireless electronics propelled by achieved by energy-aware communication and energy
mobile internet and intelligent devices, has led to the harvesting.

advancement of 5G. By 2020, it is anticipated that 5G The diversity of transmission methods is advantageous

networks will demonstrate benefits in terms of faster data
rates, decreased delay in data transmission, broader
network coverage, improved energy efficiency, less
electricity consumption, and enhanced quality of
experience (QOE). The essential technologies and
approaches of 5G systems can be classified as follows [1-
3]: the widening of cellular networks by incorporating
numerous small cells and integrating peer-to-peer
communication. Capabilities (such as device-to-device
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for mobile base stations, particularly in elaborate
scenarios involving multiple antennas on the transmitter.
Nevertheless, several wireless devices are constrained in
terms of their features or hardware complexity by a single
antenna. Recently, a concept called cooperative
communication has been introduced [4]. This concept
enables mobile phones with a single antenna to share
antennas in a multi-user setting, creating virtual multi-
antenna transmitters. This allows transmission diversity
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and uses relays to decrease power consumption in cellular
networks, leading to a longer-lasting battery. A
cooperative communication architecture can dramatically
improve wireless capacity, data rates, and general
reliability [5]. Research has also been conducted on
cooperative communication and device-to-device (D2D)
communication. In [6], the author indicated a
collaborative transmission method for device-to-device
(D2D) communication combined with cellular networks.

The researchers have also examined the integration of
simultaneous wireless information and power transfer
(SWIPT) systems in cooperative device-to-device (D2D)
communication [7-8]. The approach of transferring
electromagnetic energy has garnered attention in wireless
research literature, as it involves the simultaneous
transmission of information and energy using an identical
waveform. The construction of a D2D node involves
transmitting cellular network data using superposition
coding, which allows for the simultaneous transmission
of both the node's data and the data of cellular users
through relays. The decode-forward (DF) protocol is a
relay selection method employed in device-to-device
(D2D) communication. The DF protocol operates by
receiving the signal at the relay, encoding it, and re-
encoding it before transmitting it to the destination.
Despite its high energy consumption, DF is widely used
in applications that demand superior performance [9].
While the DF protocol offers the benefit of amplifier-
forward (AF) to minimize the impact of extra noise on the
relay, it necessitates a greater degree of system
complexity to ensure the precision of the detected signal.
It indicates that the signal transmitted to the relay may be
inaccurate. Due to inconsistent decoding, the DF protocol
may not broadly apply to all relaying procedures. The
application of full-duplex (FD) mode on relay systems is
being studied. The full duplex communication system has
great potential for developing 5G technology due to its
advantages. One of these advantages is its ability to
significantly boost spectral efficiency, up to twice as
much as the half-duplex mode. Full duplex enables
concurrent transmission and reception within a single
time or frequency; however, it leads to significant self-
interference.

During its development, battery capacity limits in D2D
communications started to arise, including the time
needed for recharging when the battery ran out. Energy
harvesting (EH) is a viable approach in D2D
communication. EH enhances efficiency and positively
affects the device's lifetime [9]. Radio frequency-based
energy harvesting has the potential to serve as an alternate
source of energy. The RF-EH offers inherent portability,
flexibility, and efficiency benefits. The RF-EH device
operates within a frequency range of 0.58-3 GHz to
extract energy from its surrounding environment. The RF-
EH design typically comprises three main components: an
information gateway, an RF energy source located on the

transmitter or base station, and additional RF
environments [10]. This technology will prove highly
advantageous in the wireless charging of batteries or
supplying electricity to electronic devices in situations
where battery replacement is challenging. Consequently,
providing electricity to wireless networks in remote
locations is a simple assignment.

In general, integrating the technologies mentioned
earlier demonstrates a substantial advancement in
wireless networks, surpassing significant barriers and
paving the way for more secure applications in the future.
These technologies can significantly impact several
industries. There is an expectation for their rapid
implementation, as they can enhance efficiency and
address complicated challenges. Thus, in summary, this
publication aims to assess the efficiency of the built
system model. We performed a performance analysis of
the throughput of a two-way cooperative communication
system. We utilized the DF protocol for relay use and
employed the EH-RF approach to maximize the power
received from the base station.

Additionally, we implemented time-switching relaying
(TSR). The application of TSR involves the nodes
initially carrying out the EH procedure, followed by the
subsequent transmission of signals using the remaining
time. An additional noise, a self-interference (SI)
placement, was introduced on the node. This will be used
to compare the built-model systems later on. We use
MATLAB programming language to process all the
mathematical equations to signal analysis and simulation
outputs from the research conducted.

The structure of this journal is as follows: The second
section focuses on the design of the system models. The
deduction procedure for the formula of the created model
system is explained in the third section. In the fourth
section, we test and analyze the experimental data.
Finally, we summarise the conducted research in the fifth
section.

2 System Models

The system design is illustrated in Figure 1 and Figure
2. The system model consists of two terminal nodes, S and
D, connected to an entire duplex hybrid access point
(HAP). The HAP transmits signals to a relay node, R,
which can relay signals from one terminal node to
another.  The  implementation of  cooperative
communication is employed with certain constraints
involving the transmission of links from the source (S) to
the destination (D) through an intermediary node (R). The
node source, S, and the destination, D, both have a single
antenna, but the relay, R, is equipped with two antennas,
one for receiving and one for transmitting. During the
transmission and reception of information, it is presumed
that no direct physical connection (indirect link) is
established between the nodes.
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The EH reception assumption is derived from the base
station (BS), also referred to as RF-EH. In this context,
each channel coefficient is denoted by the symbol hgs =
hgr = hgp. These coefficients are subsequently
manipulated to generate the transmitted power, P. The
processing of P involves utilizing the channel gain, which
is the squared magnitude of the channel coefficient,
|hgs|?, |hgrl|?, |hgp|?. The relay mechanism employed is
the DF protocol, in which the relay manipulates the
received signal from the source before transmitting it to
the destination. The sender S transmits the information xg
Through a broadcast, which is then received by the
recipient R. Subsequently, the signal acquired in R,
denoted as xj, is transmitted to D as the ultimate recipient
of the received information. Signal reception is observed
in dimension D. The output of the decoding process at R
is believed to be equal to xg, where xp = xg, E =
llx2]| = 1: power from xz. The chosen channel model
is a Rayleigh channel, which accounts for the Non-Line
of Sight (NLOS) characteristic. This implies that the
signal transmission process involves traversing many
trajectories. An infinite summation throughout the
propagation channel determines the quality of the
received signal in wireless networks. The suggested
assumption for the path loss exponent is that m = 2.7 [11].

In the System Model 1 scenario, the presence of two
antennas on R results in hgg, which is referred to as self-
interference. Self-interference is implemented on every
node in System Model Scenario 2. Both system models
assume the presence of loopback interference channels,
denoted as o2 [12]. Three strategies are required to
decipher the intended signal [13]. The Self Interference
Cancellation (SIC) technique can be represented using
Gaussian random variables that follow a normal
distribution with a mean of zero and variance values of
02,02z, 05,. The residual produced by SIC can be
represented as I, resulting in I, Iz, I, ~(0, ;) [13].
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Fig. 2 Second System Model, Full-Duplex with Self-
Interference at S, R, and D.

System parameters are regarded as fluctuations in
measuring communication performance, specifically
outage probability (OP) and throughput numbers. OP
refers to the potential occurrence of an information
transmission failure at its intended destination. In math,
[14] represents the chance that the channel's performance
will be below the given threshold or that the difference
between the maximum and minimum signal-to-noise
ratios will be more significant than the given threshold.
The OP equation can be expressed in the following
manner:

OP = Pr(vp <Vtn) 1)

Performance evaluation with throughput parameters can
be written with the following equation:

T=(1-0P)R/2 @)

Where R is the fixed source transmission rate.

3 Performance Analysis

3.1 Energy Harvesting Process
T

< >
+ Lt

Energi Harvesting Dara Transmission
at Sand R S§—R andR—D

ol (l-a)T
Fig. 3 EH-RF Diagram

The channel coefficients between the base stations (BS)
and the locations S, R, and D are denoted as hgs, hsr, and
hep, respectively. Additionally, the channels between S
and R and R and D are denoted as hsr and hgp. All these
channels are presumed to possess a weakened Rayleigh
block, with a constant channel gain value for each signal
delivery block and a random variation for each shift in the
delivery block. In this system model, the duration of one
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signal transmission block is denoted as T. As the energy
harvesting (EH) process is implemented using the time-
switching protocol, each signal transfer block is separated
into two time slots.

During the initial time slot of aT (where 0 < a < 1 and
a represents a time-sharing factor), S and R receive a
radio frequency (RF) signal from the base station (BS)
and carry out an energy download procedure. This
process involves converting an alternating current (AC)
RF signal into a direct current (DC) signal to exchange it
for charging. Subsequently, S utilizes all the acquired
power from the download procedure to transmit a signal
to R during the second time slot (1 — @)T. Additionally,
during this second slot, R concurrently transfers the signal
received from S to D. The temporal allocation for the
energy transfer and information transmission procedures
is illustrated in Figure 3 [15].

The initial process in the system involves the
transmission of energy. Figure 3 displays the TSR
protocol settings of the EH and information transmission
processes. During this procedure, the initial block time,
aT takes place. The reception process of RF-EH on each
node can be expressed as follows:

Es = nglhgs|* dgg* PgaT (3)
Ep = 77R|hBR|2 dgg' PpaT (4)
Ep = nDlhBDlz dgp' PpaT 5)

Equation (3-5) represents the gain channel utilized by
each channel throughout the RF-EH process. Therefore,
while determining the distance between nodes and the
base station, the path-loss exponent [26] must be
considered. The power of each node is determined by
dividing the output of the RF-EH process by the
succeeding block time, (1 — a)T. Below are the power
equations for S, R, and D:

B 2 g-my_% 6

Ps = zr = Pens(lhss]® dzs™) o

_Gger 5 1ems @ 7

R™ (a-or — Pgnr(lhpr|* dpr )(1-“) v
p -

Pp = (1—Z)T = PBT’IS(IhBDl2 dpp') (1fa) ®

As the outcome of the RF-EH process influences the
anchor power, the traversed channel remains the channel
connecting the base station to the corresponding nodes.

The system model presented includes a relay, source,
and destination denoted as R, S, and D, respectively.
These components are depicted in Figure 1 and Figure 2.
It is inferred that there is no direct contact between S and
D due to the presence of impediment items that attenuate
the signal received by D from S. R initially receives the
signal and subsequently transmits it to D using the relay
protocol decode and forward (DF).

3.2 FD with Self-Interference at R

In the initial scenario of the S and D system, a single
antenna is used for transmitting and receiving signals, and
it operates in a half-duplex mode. On R, a single receiving
antenna and a single transmitting antenna operate
independently and in full duplex mode, as shown in
Figure la. To achieve full-duplex communication, R
transmits a signal to D or S within the same time slot as
the previously received signal. Furthermore, the signal
processing time in R is seen as equivalent to a signal
period's duration. In the R programming language,
interference cancellation is used to mitigate the reverse
interference caused by the transmitter and reception
antennas. Due to imperfect removal, there is residual loop
interference known as |_RR, which is modeled as a
Gaussian random variable with an average value of zero
and a variance of a2, [6] [16].

The process of signal reception is studied in research
and development. The signal sent from S and the presence
of Sl, which acts as additive white Gaussian noise
(AWGN) in R, change how the signal is received in R.
During the reception operation, the signal is subject to
interference from R and noise. However, in this process,
the signal at x_R is decoded. Below is the equation
representing the signal received in the R and D:

Yr(®) = [P hspy dg* x5(6) + )
hrrxg(t) + ng(t)
Yp(t) = [Pg hppy/ dpit £ (t) + 1y (10)

In the scenario where the DF protocol is implemented,
the signal broadcast from the source and relay is denoted
as xg and xg, respectively, with xg = xz. The variables
ng and np represent additive white Gaussian noise
(AWGN) with zero mean and variances o and o3,
respectively; ng~CN (0,02) and np,~CN (0, 03) [27].

As elucidated, hgzr denotes the representation of the
signal intensity (SI) in R. It is characterized by
considerably higher values than the noise introduced from
S. This discrepancy arises due to the proximity between
the transmitter antenna and the receiver in R.
Subsequently, the outcome is acquired through the
residual loopback interface channel using I;. The signal
received in R after successive interference cancellation
(SIC) can be expressed as:

Yr(®) = \[Phopy[ dsp? x5(t) + Ipg + np(®) (1)

The SNR received in D can be obtained by using the
substitutional equation (3—11) as follows:
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_ PrHpp Prlhgpl*drp

P T g
2 g-m a
Pgng(lhgrl” dpg )m Hgp
Yp = 2
0p
_ _ @ PpnrHpRHRD (12)
Yo (1-a) 0)%
2
The term, Hgp = “::TDl and o2 represents the additive
RD

white Gaussian noise with zero mean. The average
throughput of a system can be determined by calculating
the outage probability (OP) using a given transmission
rate measured in bits per second per hertz (bps/Hz). The
throughput in a full-duplex TSR scenario can be
expressed as:

= 1- prob)R/2

_ (1-(prob (yp<vem))R
2

-, (13)
1—| prob <|hRD|2< thh ) R
2Ppng(|hprl” dgl)A di

2

The variables, 4 = ﬁ and outage probability (OP)
can be defined as follows:

OP = prob (yp < ¥n)
— prob (ZPBnR(lhBRIZ ‘zEEn ﬁHRD < ym>
9D
2 g-m a
— prob <2PB77R(|hBR| dBR)(l_a)>
|hrpl?dRh < Ven
= prob (IhRDI2 < b Yen ) (14)

2Pgnr(hprl? dpp)A dEh

R
The equation is defined as y,, = 2¢-a,

3.3 FD with Self-Interference at S, R, and D

The primary distinction between the 1st and 2nd
systematic models is the inclusion of SIC functions in
every node of the 2nd system model. In the second
situation, denoted as S, R, and D, a single reception
antenna and a single sender antenna operate in full duplex
mode. In the programming languages R and D, an
interference cancellation procedure is utilized to mitigate
the reverse interference caused by the transmitter and
receiver antennas. Due to the imperfect performance of
the interference removal process, there remains a residual
loop interference in D. This interference is represented as
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a Gauss random variable with an average value of zero
and a convexity of a;.

Another distinction lies in R's simultaneous
transmission and reception process, where the received
signal originates from both S and D, thereby influencing
it. The signal received in D is exclusively influenced by
the signal originating from R and the interference caused
by SIC. The signals received in research and development
(R and D) can be expressed as follows:

Yr() = \[Pohsg[ dsp® xs(t) + Igg + (15)

ng(t)

Yo (t) = [Prhpry dp £ (t) + hppxp (t) (16)
+np

where, Xz (t) = x5(t — 1)

The variables n; and nj represent the additive white
Gaussian noise (AWGN). The influence arises from the
generation of residual loopback interference channels.
RSI, which stands for Relative Strength Index, is
sometimes referred to as the Gaussian complex with a
variance of a2. The equation (15-16) can be restated
as:

h h,
YR = \/FS\/%XS+\/P—D%XD +\/P—RIR+nR 17)
h
Yp = \/P_R%x,; +/Pplp +1p (18)
The signal-to-noise ratio (SNR) value in D can be found
using the equation that considers the signal-receiving

process.

- a
2Pgnr(Ihprl? dBEn)m HRp

Yp = -
(2Ppns(Ihppl? dg?)ﬁ)ﬁzz)m”&z)
Yo = PRHRD (19)
D ™= ppip+a}

The subsequent evaluation of the system's performance
is attributed to the high value of the throughput and
output. The throughput on system model 2 can be
expressed.

= 1- pr'ob)R/2

_ (1 —(prob (¥p <Yth)))R
2

2z a)odto, 20
1—(prob(|hRD|2<<2PBnS<hBDl dpp )A)JDD"'”Dyth)) . ( )

2 —m m
ZPBWR(IhBRI dgRr )A dRD

2

Outage probability (OP), respectively.
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OP = prob (yp < ¥¢n)

2Pgnr(lhgrl? dgF)—— Hgp

(-a)
2Pgns(|hppl? dg[,")u%'a))afm+af,
Yth)
— a
= prob (ZPBWR(|hBR|2 ds;’zn)ra) |hrpl?dRh <
a

(2Psns(lhsp | d5B) %) 0B + 0 Ven)

2P, hppl? dgl)A)ohp+ap
= prob (IhRDlz < (2Ppns(lhepl EZD )_T)n bp*p V:h) (21)
2Ppnr(lhpr|? dgR)A di

The substitutional equation solutions (3-21) represent
the outcomes of a full-duplex TSR scenario, which may
be confirmed by examining the simulation results
presented in Section 4.

4 Result and Discussion

4.1 Parameters

Analyses are conducted to determine the system
models' optimal performance to identify the perfect model
for future system design. An analysis of the system testing
result is conducted using a graph located on side D. The
following parameters are used: Variation in the
conversion efficiency coefficient Efficiency, or ng: The
value np is utilized during the process of energy
harvesting (EH). The value of ny directly impacts the
energy or power received by each node, affecting the
system performance and the D's signal-to-noise ratio
(SNR).

The value of R plays a crucial role in this relationship.
The value of ng provided during the system test falls
within the range of 0 <n <1, explicitly starting at 0.5 and
incrementing by 0.1 up to 0.9. Second, the time block
coefficient represents the time block's division by the time
factor of switching, which is responsible for the EH
process, transmission, and reception of information.
During the initial sub-time of an EH (Energy Harvesting)
process, energy is transferred from the base station to S,
R, and D for a duration of aT. The information
transmission procedure to R takes a second-time length of
(1 —a)T, followed by the subsequent transfer of
information from R to D, which lasts for a duration of
1-a).

Table 1 Simulation Parameters

Symbol  Numeric Dec
S,
N 10 tt;iltnary Number of binary bits
m 2.7 Pathloss component
R 2 Transmitted rate
Ny -70 dBm Noise power
Ip, I -30 dBm  Self-interference

Pgs 20-26 dBW Base station power

4.2 Performance analysis with ng variance

The test parameters include the fluctuation of the
efficiency of the EH factor, which will be used to obtain
results for the previously designed best model system.
The detected signal represents the amount of data
transmitted by the receiver.

Throughput System

0.985

098

=}
©
=
=l

0.97

Throughput (bits/s/Hz)

0.965

0.96 [

0.955 t t : L :
20 21 22 23 24 25 26
Base Station Power (dBW)
Fig. 4 Throughput Graph with nz Variance on the First System

Model

Throughput System

09

Throughput (bits/s/Hz)

065 . . I . I
20 21 22 23 24 25 26
Base Station Power (dBW)

Fig. 5 Throughput Graph with n Variance on the Second
System Model
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The resulting throughput value. In more detail, when the
efficiency factor was EH 0.5 with a transmit power of 26
dBW, the throughput achieved was 0.9793 bps/Hz for the
first model system and 0.8108 bps/Hz for the second
model system. Furthermore, with the same power and an
EH efficiency factor variance of 0.9, the first model
system produced a throughput of 0.9847 bps/Hz and
0.8550 bps/Hz for the second model system.

Table 2 SNR Result with n; Variance

Py = 26 dBW
a 1%t model 274 model
0.4 52.05 dBW 35.32 dBW
0.5 52.84 dBW 36.11 dBBW
0.6 53.51 dBW 36.78 dBW
0.7 54.09 dBW 37.36 dBW
0.8 54.60 dBW 47.87 dBW

The table displays the maximum signal-to-noise ratio
(SNR) achieved on the initial system model using the
highest efficiency factor (EH) value of 0.9 and the
maximum base station (BS) power of 26 dBW. The value
is impacted by various aspects, including diverse designs
that yield distinct SNR and throughput values.

4.3 Performance analysis with Alpha variance

Investigations are conducted on two systems
specifically designed to modify the value of the time-
sharing coefficient, also known as o. The function to
calculate the throughput will be determined based on the
received SNR value in D.

Throughput System

0.99

Throughput System

Throughput {bits/s/Hz)

0.55 L L I L I
20 21 22 23 24 25 26

Base Station Power (dBW)
Fig. 7 Throughput Graph with Alpha Variance on the Second
System Model

In this case, increasing the alpha value and the power of
the BS results in a higher throughput value for each model
system. In the first model system (Pss = 26 dBW), the
maximum value is achieved at alpha 0.8 with an output of
0.9895 bps/Hz, whereas at alpha 0.4, the output value is
0.9744 bps/Hz. In the second model system (Pgs = 26
dBW), specifically at Alpha 0.8, the throughput is
measured at 0.8999 bps/Hz. The outputs in version 0.4 of
the emulator are 0.7716 bps/Hz.

Table 3 SNR Result with Alpha Variance

0.985 -

=) =]
2 o o o

© = w0
@ ~ El ®

Throughput {bits/s/Hz)

3

0.955

0.95

0.945 ! L . L .

20 21 22 23 24 25 26
Base Station Power (dBW)

Fig. 6 Throughput Graph with Alpha Variance on the First

System Model

Pgs = 26 dBW

a 1t model 2" model
0.4 48.55 dBW 35.41 dBW
0.5 50.31 dBW 37.17 dBW
0.6 52.08 dBW 38.93 dBW
0.7 53.99 dBW 40.85 dBW
0.8 56.33 dBW 43.19 dBW

Table 3 indicates that the first model system

outperforms the second model system. One of the
influences is self-interference with the node. In the second
model system, the entire node is intentionally constructed
with self-interference, introducing more noise.
Numerous crucial elements must be taken into account
to optimize system performance. An essential element
involves evaluating the findings from prior research as
documented in relevant academic journals. Prior research
findings might be a foundation for making informed
judgments while creating and optimizing systems.
Furthermore, the value assigned to the test parameter is
a crucial factor in guaranteeing the highest level of
performance. The analysis results indicate that the EH
efficiency factor and the time block factor value achieve
their optimal level as they approach or go below 1. Hence,
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employing a test parameter value close to this limit can
prove to be a highly successful approach for attaining
optimal system performance.

Within the framework of model systems, the findings
indicated that the initial model, which was constructed
with complete duplex capability and one self-interference
in R, exhibited the most superior performance. By
employing this configuration, the system prevented
interference with the reception of signals in D, resulting
in superior performance values compared to the second
system model.

In contrast, the second model system introduces self-
interference to each node, resulting in increased noise
throughout the signal-receiving process in D. This issue
arises because of the combined impact of antennas and
devices, leading to suboptimal performance compared to
the initial model system. Hence, when developing a
system, it is crucial to consider the influence of the
configuration and test settings on the total performance.

5 Conclusion

This article examines the application of RF-EH through
the implementation of the TSR protocol and the
utilization of the DF protocol on relays for two-way
cooperative communication model systems. A proposed
Sl delivery strategy introduces additional noise on the
D2D device. Both model systems were tested using the
EH efficiency factor and the time switching factor. The
test findings indicate that the parameters and the high-
power base station impact the throughput value. In system
model 1, the o parameter, which represents the TSR
factor, has a notable influence on the efficiency of the EH
process. As the value of o increases, the throughput also
increases, decreasing the risk of an interruption. This is
demonstrated by the outcome presented in the initial
model system. At a = 0.4, the throughput achieved is
0.9744 bps/Hz, whereas at a = 0.9, the value acquired is
0.9895 bps/Hz. A similar phenomenon occurs with the
parameter R, whereby the escalating efficiency factor
EH will inevitably result in a substantial throughput
value. In the second model system, when 7y is 0.9, the
result is 0.8550 bps/Hz, and when 5y is 0.5, the value is
0.8108 bps/Hz. Therefore, the study reveals that high
throughput values are achieved when the values of n and
a are close to or less than 1. High throughput values are
directly impacted by high base station (BS) power levels,
as evidenced by the graphical representation showing an
increasing trend corresponding to the magnitude of the BS
power. For instance, the highest value is achieved in both
model systems when the base station power is set at 26
dBW. Moreover, models 1 and 2 systems are evaluated,
specifically focusing on the achieved throughput and
SNR values. In system model 2, when each node is
provided with Sl, there is a reduction in both throughput
and SNR. This demonstrates that the Sl exerts an impact

on the information that is to be received. System model 2,
incorporating the Sl in every node, has a signal-to-noise
ratio (SNR) of 43.19 dBW. This number is lower than the
system Model 1, where the Sl is only present at one point,
precisely at R, resulting in an SNR of 56.33 dBW with an
alpha variance of 0.9. Based on the journal, it can be
inferred that the model system with the lowest Sl achieves
the highest performance.
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