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EFFICIENCY ENERGY ANALYSIS FOR 6G COMMUNICATION SYSTEMS
USING INTELLIGENT REFLECTING SURFACE ARCHITECTURE

The subject of this 6G communication systemresearch is expected to form a hyper-connected network in which
variouselectronic devices can connect continuouslywithout interruption. Several technologies have been built
to support 6G communication systems, such as intelligent reflecting surface (IRS). An IRS is a reflector
equipped with several two-dimensional passive elements that perform a phase shift by each element, which
can reflect electromagnetic (EM) waves coming from the base station (BS) to the user equipment (UE), which
is controlled via a controller to increase the signal strength at the UE and overcome poor propagation
conditions. IRS can be placed anywhere, such as on a wall or on the roof of a building. The aim of the IRS
research is expected to reduce the energy consumption and increase the spectral efficiency of wireless
networks using artificial intelligence (Al) with low costs, energy savings, no thermal noise, and fairly small
levels of interference. The objective of this research is to evaluate and analyze the energy efficiency (EE),
including the achievable rate (AR) and signal-to-noise ratio (SNR), by applying the IRS architecturein a 6G
communications system, which uses an operating frequency of 95 GHz and a bandwidth of 800 MHz. Then,
the method was based on computer simulation using the Matlab software. In this paper, 6G communication
system modeling was proposed. This model uses an urban microcell (Umi) that consists of one base station
(BS) with multiple antennas, varying the number of IRS reflecting elementsand one user. In this research, AR,
SNR, and EE, using the frequency of 95 GHz and simulations with MATLAB@2021a software. The results
show that the number of elements as many as 400 is 39% more optimal than the number of elements as many
as 40 for the AR results. The SNR results without electromagnetic interference (EMI) are higher than SNR
values affected by EMI with SNR results of 100 dBm, and the number of reflecting elements is directly
proportional to the SNR results. For 800 elements, the EE value is 26% higher than for 40 elements.
Conclusions. The application of IRS in 6G communication systems can increase the AR, SNR, and EE.
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Introduction

Motivation. 5G communication technology has
been implemented since 2018 in various countries,
including South Korea. The promotion of 6G
communication systems can improve network quality
more than 5G communication systems, according to a
study by the Korean Institute of Communication and
Information Sciences (KICS) [1]. 6G communication can
meet the maximum data rate of up to 1 Tbps with a date
rate for users of up to 1 Gbps. The latency in 6G
communication is less than 0.1 ms and 10 times lower
than that in 5G communication, which provides a latency
of 0.1 s [1].

There are three main types of 5G technology:
enhanced mobile broadband (eMBB), ultra-reliable low-
latency communication (uURLLC), and massive machine-
type communication (mMTC). In its implementation,
two main problems are high energy consumption and the
cost of maintaining or developing a network, which is
very expensive and complicated when
interference [2, 3].

there is

In the implementation of 5G communication, there
is also a mutual coupling effect due to the distance
between base station (BS) antennas, which causes a
decrease in antenna performance and high interference,
which adversely affects the quality of service (QoS) on
the user side [4, 5]. In addition, users in locations with
non-light-of-sight (NLOS) conditions often receive low
signal power because the direct path of the transceiver
and receiver is blocked by obstacles [6, 7]. This motivates
the update of cellular network technology to 6G
technology [4, 6].

State of the Art. An intelligent reflecting surface
(IRS) is a reflector that is equipped with several two-
dimensional passive elements, and it performs a phase
shift by each reflecting element that can reflect
electromagnetic (EM) waves coming from the BS to the
receiver controlled through the controller to increase the
signal strength at the user and overcome poor
propagation conditions [2, 8]. IRS can be placed
anywhere, such as on the wall or on the roof of a building
or rooftop [9]. IRS is predicted to reduce energy
consumption and increase the spectral efficiency of
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wireless networks in artificial intelligence (AI) with low
cost, energy efficiency, thermal noise, and less
interference [2].

Research by Ji Sun Jung, et al [10] investigated the
IRS for spectral efficiency maximization in the multi-
user miso communication systems: the precoded is used,
which is the minimum mean squared error (MMSE). The
number of BS antennas was 16 with the number of users,
ie., 4 users, with NLOS conditions between BS users.
The study analyzed the effect of the number of elements
on the spectral efficiency. The result is that the number of
reflection elements was 256, resulting in an SE value of
52 bits/s/Hz. It was demonstrated that the proposed
MMSE precoded can achieve high SE because each
reflector element is designed with an optimal phase.

In another study by Qurrat Ul Ain Nadeem et al
[11], multi-user miso communication supported on a
smart reflective surface: channel estimation and
beamforming design, using state information imperfect
channel (CSI) where MMSE is used as a precoded with
LOS conditions. In this study, the effects of the mean
squared error (MSE) and bit error rate (BER) is analyzed.
It was found that the BER decreased as the BER
decreases with increasing signal-to-noise ratio (SNR) up
to 10-6 at an SNR of 17 dB. It was found that IRS can
increase the reliability of communication systems
compared to MIMO.

Objectives and approach. This paper analyzes the
energy efficiency, including the achievable rate (AR) and
SNR, by implementing IRS in 6G communications under
LOS conditions. Then, a system model is introduced
based on one multi-antenna base station (BS), one IRS,
and one user. The number of IRS reflecting elements was
to 800 reflecting elements. The
performance metrics focus on AR, SNR, and energy
efficiency with the application of IRS architecture in 6G
communication systems. This paper focuses on EE,
paying attention to the number of IRS cells without
relays. The operation frequency is 95 GHz and the
bandwidth is 800 MHz. The 6G communication system
is expected to operate at very high frequencies around 95
GHz. This high frequency allows bandwidths greater
than 800 MHz. Greater bandwidth means that more data
can be transmitted simultaneously, which is essential for
achieving higher data rates and supporting more devices
in future communication networks. Therefore, EE is
essential in modern communication systems, especially
as frequencies increase and bandwidth expands. The
challenge lies in maintaining or improving energy
efficiency using higher data transfer rates provided by
wider bandwidths. Additionally, IRS technology has
attracted attention for its potential to improve the
efficiency of communication systems, especially at
higher frequencies. IRS consists of passive elements
(such as reflective elements or metamaterials) that can

varied from 10

manipulate electromagnetic waves to improve signal
quality, range, or power efficiency without traditional
relays. Therefore, this paper investigates how to apply
IRS technology in a 6G systemoperating at 95 GHz to
improve EE, including adjusting the number of IRS
elements. It addresses broader wireless goals to support
faster data speeds and higher capacity networks while
effectively managing power consumption.

1. Materials and Methods

1.1. Intelligent Reflecting Surface (IRS)
Architecture

An IRS is a reflector with a two-dimensional
passive element and a full duplex It operates by changing
the incident signal from the BS via reflection and phase
shifting. In this way, it improves signal quality and is
cost-effective. The IRS is equipped with passive
reflecting elements, in addition to the reflecting elements,
and also has a controller thatis used to adaptively adjust
the on or off state and phase shift of each passive
reflecting element of the IRS [2, 12].

In general, the IRS hardware architecture is based
on the concept of a "metasurface” made of two-
dimensional elements that can be controlled. The
metasurface is a planar array consisting of several meta-
atoms with the electrical flow in the order of sub-
wavelength of the operated frequency [13]. In the
implementation of IRS, reflection coefficients: phase
shift, and reflection amplitude tuning, must be adjusted
in real-time. Therefore, positive-intrinsic-negative (PIN)
diodes,  field-effect transistors (FETs), or
microelectromechanical system (MEMS) switching are
used [14].

~Reflecting
» Element

% On
Controller

Control Equivalent circuit

Circuit Board
Fig. 1. IRS Architecture With PIN Diodes [12]

Figure 1 shows the basic architecture of the
proposed multilayered IRS hardware. The first layer is a
metasurface layer with a dielectric substrate layer, glass
epoxy or G10/FR4, made from glass fiber or polyvinyl
butyral (PVB), which is an insulating and cost-effective
material consisting of several passive reflecting elements
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that reflect the signal coming from the BS [15]. The
second layeruses copper plates to reduce the energy loss.
Finally, the third layer is the control circuit board, which
is used to adjustthe reflection amplitude and phaseshift
of each element. These adjustments are connected to the
controller in the IRS [14].

When switching between PIN diodes, the bias
voltage on the PIN diode is controlled through direct
current (DC), where the current is one-way. The PIN
diode is set between the "on" or "off" state as shown in
the equivalent circuit state shown in Figure 1. This results
in different phase shifts m and different load impedances.
Thus, different phase shifts in the controller of each
element can be realized through a bias voltage control
system. To control the reflection amplitude, a load
resistorwas applied during element design. For example,
by changing the resistor value in each reflecting element,
a part of the incident signal is dissipated to achieve the
desired reflection amplitude of (0,1). Each IRS reflection
element is connected to a controller that adjusts the
reflection amplitude and phase shift of each IRS element
[13, 14].

In the signal transmission process with the
application of IRS, there is a,, € [0,1] and 6, € [0,21)
which are to determine the reflection coefficient of the
passive element of IRS and control the reflected signal
amplitude and phase shift. By efficiently adjusting the
reflection coefficient, IRS can spatially control the
reflected signal, thereby increasing the signal strength at
the user[11, 13].
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Fig. 2. EM reflection through PIN diode [14]

Figure 2 shows that the PIN diode is soldered Figure
2 shows the PIN diode soldered between two metal strips
in the middle substrate layer. Each top and bottom
substrate layer on the element is equipped with a PIN
diode to maximize bias tuning. The layers were made of
FR4 epoxy substrate material with a relative permittivity
of e, = 4.4 and tans =0.02 [14, 16].

When the phase shift is zero, the reflected current is
in phase with the current in the IRS element, thereby
improving the electric field and current flow in both
elements. However, thereis an increase in dielectric loss,

metallic loss, and ohmic loss in the use of Gl0/FR4
material which can cause high energy losses that cannot
be avoided in future applications, it should be noted that
the energy loss in the IRS element is smaller than the
wireless propagation loss which reaches up to 100 dB

[17, 18]
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Fig. 3. Snell's | for the aw on IRS element [19]

Figure 3 presents the signal reflection by the IRS
with Snell's Law applied. The waves reflect in different
directions and intensities, which are determined by the
sub-wavelength structure ofthe reflecting element. When
an EM wave propagates into the passage between two
element substrates, the reflected wave will apply Snell's
Law as it relates to the incident and reflected signals [13,
14, 19].

When the same incident wave reaches the
metasurface layer, the controller adjusts the amplitude
and phase shift so that the reflected wave undergoes a
phase shift. Figure 3. shows the coordinate systemof one
IRS reflecting element. There are three axes the z-axis is
the center of the IRS or normal line, the y-axis is aligned
with the incident angle, and the x x-axiss the bias angle.
The notation 6; denotes the incident wave, 6; denotes the
scatter or reflected wave, a/z and b/zdenotes the

element surface size [19].

The IRS reflects the incident signal from the BS and
converts it to scatterwaves; thus, the IRS reflection also
includes the specular reflection condition (6, = 6,)
which means that the incident angle is equal to the
reflected angle. Therefore, the IRS can reflect optimally
and spatially toward the intended user [19, 20].

IRS can improve the range, spectral efficiency, and
energy efficiency of massive MIMO systems [1, 21].
Therefore, considering the channel design for 6G
communication, an MMSE precoded is proposed fordata
transmission via the IRS. MMSE estimation can be used
to estimate the phase-shift vector of each element over
BS-IRS, BS-user, and IRS-user channels [11]. In the
MMSE precoded, there is a Bayesian Monte Carlo
method that generates MMSE values between actual and
estimated channels.
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Fig. 4. Multi-user MISO systemwith IRS [11]

In the calculation technique to determine the
availability of information, suchas achievable rate (AR)
performance, perfect CSI is usedto find out information
about the state of the channelby designing the precoding
vector at the BS and the phase shift matrix at the IRS
reflecting element. The process of calculating AR is
related to Normalized Mean Square Error (NMSE).
NMSE is the relative error in channel estimation. The
NMSE value of 1 indicates that the error value in the
estimated channel has the same strength or result as that
of the actual channel. In wireless transmission,
beamforming that is estimated to have an NMSE value of
1 or more is appropriate for isotropic transmission in the
BS-IRS channel without the help of CSI [11].

Figure 4 shows acellular communication consisting
of a BS with multiple antennas. The BS is denoted by M,
for single antenna users it is denoted by K, and the
number of IRS reflecting elements is denoted by N. There
are two transmission directions, i.e., uplink and downlink
conditions. The uplink is defined by the channel from BS
to the user, from BS to IRS, and from IRS to user
respectively indicated by hy, € ¢M**, H; e CM*N,
h,, € C"** . The downlink is defined as the channel
from BS to the user, from BS to IRS, and from IRS to
user, italics, lowercase, and uppercase letters denote
scalar, vector, and matrix, respectively, denoted by
h,, € C™** H, € CM*NandH,, € CM*Nis thatthe
metrics space is complex-valued.

There is in the IRS part ® € CN*N which is a
diagonal complex reflection matrix with the notation of
the IRS  reflecting element equation © =
diag(a, exp (j8,), ..., ay exp(jBy)) which is a diagonal
matrix with reflection coefficient elements on its main
diagonal. In the transmission process of the signal with
the implementation of IRS, thereis o, € [0,1] and®, €
[0, 21r) which are to control the reflection amplitude of
the reflected signal and the phase shift of each IRS
element [11].

In the case of single-user transmission with LOS
conditions, the BS and user do not experience significant
obstacles. However, in the opposite case, where the BS-
user channelis blocked by an obstacle, the IRS receives
the signal from the BS and transmits it to the user under
this condition. With the aim of receiving signals with
good quality, IRS has the special advantage ofbeing able
to be placed anywhere, such as on rooftops orwalls; thus,
it is very space-efficient in its application [10].

1.2. System Performance for IRS

Achievable rate (AR)

The achievable rate (AR) is the maximum number
of bits that can be reliably transmitted on a particular
channel per second in units of bits/Hz/s [22]. Achievable
Rate is part of the channel capacity concept from
Shannon's Theory [23].
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The signal reception power at the IRS is [4].
y = (hH®G + h') fx + n, ()

where h_ € €"*' is the channel vector reflecting from
the IRS to the user, G € CM*N is the channel matrix
from BS to IRS, fe CN*?! is the linear beamforming
vector in the BS, h € CN*1 is the LOS Vector between
BS and user, x is the transmitted signal, where E [IxI?] =
1 without loss, n is the addictive white Gaussian noise
(AWGN) received by the IRS, represented as CN'( 0, 6%)
with mean 0and variance o?, ® = diag(e”1, €2, ..., e®n)
denotes the phase shift matrix of the IRS element, and 6;
denotes the phase shift of the reflecting element ith IRS,
i=[1,23,..,N].

The AR with the application of the IRS can be
calculated as follows [4]

|(hH o+ nH) £ |?
o2 !

R =log (1 + 2

and the resulting optimization problem can be formulated
as [4]
maximize f, ® |[(h®G + h") f ||2
subject to ||f||2 <P
@ = diag(e®1,e/%, ..., /M), 3)

where P > 0 is the given total transmitting power.
Signal-to-noise ratio (SNR)

IRS technology does not amplify signals and only
reflects signals from the BS to the intended user. Thus, a
large surface area is required to achieve the SNR. In
transmission  processes, it is not immune to
Electromagnetic Interference (EMI). When the number
of IRS reflecting elements and IRS surface area
increases, EMI can affect the SNR in IRS applications
[24].

EMI is a phenomenon that occurs when an
electronic device is dependent on electromagnetic (EM)
radiation and usually occurs when it is too close to the
EM field so thatit disrupts the radio frequency spectrum
and loses the quality of the device, either at the source or
receiver. EMI can arise from various natural or artificial
causes, such as natural radiation, lightning, or lightning,
and electronic devices; EMI can be reduced by shielding
on devices with conductor materials, such as copper and
grounding [25].

The SNR is expressed as follows [24]

PI@gihy + hy)l?

= , (4)
Ac? (g?Rgz + G\ZN)

SNR

where A is the IRS surface area (m), R denotes the IRS
correlation matrix, oZ2is the population variance (W/m?),
and P is the transmit power (dBm).

SNR with thermal noise has an optimal phase
configuration as follows [24]

1

SNR = SNR, ()

Ac?
o2 ggRgz +1
w

where SNR IS the achieved SNR without EMI and can be
calculated by [24]

N 2

- P
R = — Zyn|hmh2n| + In,|
GW

n=1

(6)

Efficiency energy (EE)

Energy efficiency is the number of bits that can be
transmitted in units of bits/Joule and is determined by the

power required to transmit data [26]. The energy
efficiency can be obtained by [22]
R
EE = , (7)
Ptotal

where EE is the energy efficiency (bits/Joule), R is the
data rate (bit/s), and P, is the consumed power in the
system(Joules/s).

Channel Gain B with LOS condition, i.e [23].
B (d) (dB) = Gt + Gr + (-37.5)

—221logy, (%) ®)
Channel Gain B with NLOS condition, i.e.[23]

B (d) (dB) = Gt + Gr + (—35.1)

d
—36,7log, (E) 9)

where G, is the gain at the BS (dBi), G, is the gain at the
IRS (dBi), and d is the distance (m).

The SINR obtained by implementing IRS is [23]
SINR = (2R — 1), (10)

where Ris the achievable rate (AR).
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The optimal number of elements for the application
of IRS [23] can be expressed as follows

where N°Pt is the optimal number of elements, Bjgs is the
phase of the IRS channel to the user, By, is the phase of
the BS channel to the user, a« € (0,1) is the fixed
amplitude reflection coefficient, and P, is the power
dissipation of each IRS element (5 mW).

The transmitting power of
defined as follows [23].

IRS application is

02
,(12)
(\/B_sd +N a\/ Ble ’

where N is the IRS element and o? is the noise power. The
total power consumption P,.,; of the systemconsists of
the transmitted power and power dissipation in hardware
components; the equation for P, in IRS is [23]

Pigs (N) = (ZE - 1)

IRS
Ptotal

(N) = pIRf/ﬂ+1>s+1>d+NPe, (13)

where v € (0,1] is the power amplifier efficiency (0.5),
P, is the power dissipation at the BS, P; is the power

dissipation at the receiver, and P, is the power dissipation
at each IRS element.

2. System Model and Simulation
Parameters

The simulation system model was performed at a
frequency of 95 GHz using LOS and massive MIMO
technology [27]. The systemoperates ata high frequency
of 95 GHz, which is in the millimeter wave range. The

simulation assumes a LOS propagation environment at
higher frequencies such as 95 GHz. The systemoperates
at a bandwidth of 800 MHz to achieve higher data rates,
which is important for supporting high-throughput
applications envisioned in future wireless networks. The
relative permittivity (e.) is 4.4 and tané is 0.02. The
dielectric substrate is glass epoxy, which is a common
dielectric material known for its electrical insulation
properties and stability. These parameters are important
to accurately model the electromagnetic properties of the
substrate material in the simulation, especially in antenna
design and propagation.

In this paper, Matlab@2021 was chosen for its
various advantages in solving problems related to
communication systems, including 6G technology. It
provides the flexibility and ease of use necessary for
studying telecommunication systems, which often
involve customalgorithms like signal processing. Matlb
is a user-friendly programming language with powerful
computer tools and libraries specifically designed for
computing, signal processing, and simulation of
communication systems. It is compatible with Windows
operating systems, allowing flexibility to accommodate
user requirements. MATLAB can run efficiently on a
variety of devices, from standard desktop computers to
powerful computing clusters. This flexibility allows
simulations and experiments to be tailored to the
computer's requirements without requiring complex
hardware. Therefore, this study uses Matlab to
investigate 6G EE in high-frequency and broadband
technology.

This model uses urban micro (UMi) cells consisting
of amulti-antenna BS, one IRS, and a multi-antenna user.
The distance between BS and IRS was 200 m, the
distance between IRS and userwas 10 m, and the distance
between BS and user was 50 m. Figure 5 is a modeling
plot to determine the performance of the 6G
communication systemwith an IRS. The blue and black
lines show the uplink and downlink transmission
systems, respectively. It is assumed that the AR
calculation occurs with the uplink trans mission. The SNR
and EE are with the downlink transmission.

IRS
2008 @
((( ’)) A = Uplink
<«—— Downlink
< > © vser
S0m
BS Multi-Antena (M)
M=40

Fig. 5. Simulation System Model of IRS



Radioelectronic systems 79
The simulations calculate several performance Table 3
parameters. To analyze the achievable rate by Parameters of EE Calculation
implementing IRS in the 6G communication system, the Parameter Value
parameters listed in Table 1 are required. The SNR Frequency 95 GHz [27]
analysis by applymg IR_S to the 6G cc?mmumcatlon Bandwidth 800 MHz [27]
system, paying attention to the influence of NoBo i
electromagnetic interference (EMI), is presented in o_|se igure [ dB_ [31]
Table 2. Then, to analyze the energy efficiency of Gain Source 25 dBi [31]
implementing IRS in the 6G communication system, the Gain IRS 25 dBi [31]
parameters listed in Table 3 were used. IRS Amplitude Reflection 1122
Coefficient (o) [22]
Table 1 Power Dissipation at BS (P,) 80 mw [22]
Parameters  for achieving Achievable Rate Power Dissipation at IRS (P.) 05 mw [22]
Calculation Power Dissipation at Rx (Py) 80 mW [22]
Parameter Value ifi ici
Power amplifier efficiency 5 mW [22]
Number of antenna BS 40 at source (v)
Number of N IRS 40, 200, 400 Distance of IRS and user 10m
Transmit power 36 dBm [28] Distance of BS and user 50 m
Distance BS-IRS 200 m . ]
Location of BS 0, 0°. 250 [29] 3. Results and Discussion
i 0 0 0 R
Locat!on of IRS 0°, 80°, 40 [29] 3.1. Achievable Rate (AR)
Location of User 100, 2009, 1,5° [28]
In the simulation results, beams in the 6G

Table 2
Parameters for SNR Calculation
Parameter Value
Wavelength (1) 0.003 m [27]
Max Number of IRS
Elements 50 elements

Number of Channels 200
Bandwidth 800 MHz [27]
Transmit Power 43 dBm [28]
Total Radiated Power (TRP) 63 dBm [28]
Vector rho p 5 dB [30]

The standard regression
coefficient of destination 4
Power spectral density
thermal noise (N,) -174 dB/Hz [22]
Power spectral density -3.82 dBm/Hz

bandwidth (N,B) [22]

0(-00 dB) [22]

Calculation and comparison of EE in 6G
communication systems with various numbers of IRS
elements at 95 GHz and 800 MHz bandwidth. IRS is used
to improve channel quality without relays. The number
of IRS elements can be varied to observe the impact on
EE. Pathloss models and channelcharacteristics specific
to 95 GHz can be integrated to provide realistic
simulations. For a given SNR, the achievable data rate
can be calculated using the Shannon-Hartley theorem or
appropriate modulation and coding schemes suitable for
95 GHz and 800 MHz.

communication systemwere received within 200 m and
50 m. The beam uses the Passive Beamforming and
Information Transfer (PBIT) technique, which transmits
IRS information while improving the quality of mobile
communications. The accuracy of the analysis was
validated by Monte-Carlo simulation of the achievable
rate of IRS implementation. The AR with IRS
implementation is obtained by observing the channel
estimation error value called normalized MSE in the 6G.

The simulation results are shown in Fig. 6. The
thick line shows the optimal phase shift of(—1,0), and
the dotted line shows the random phase shift of (0, 2 )V
with the number of elements used from 40 to 400
reflecting elements. It can be observed thatthe AR value
is better when an optimal phase shift is considered
compared to a random phase shift. This is because the
random phase shift cannot optimize the spatial signal to
the user, whereas when the phase shift is optimal , i.e.
(—1,0) which is defined as —1 is without IRS and 0 is
the optimal phase shift. When the phase shift is zero, the
reflective current is in one phase with the element
current; thus, the electric field and the current flow in the
element can both be enhanced, resulting in higher
information received by the user. Therefore, the AR
value at the optimal phase-shiftwas higher.

The number of IRS-reflecting elements has an
impact on the AR value results. For the number of IRS
elements of 400 elements and NMSE of -40 dB, the AR
value obtained is 23 bits/s/Hz, whereas for the number of
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IRS elements of 40 elements and NMSE of -15 dB, the
AR value obtained is only 16 bits/s/Hz. 400 elements are
more optimal by 39% compared to 40 elements,
indicating that the number of transmitted bits improves
asmore IRS elements are used.

25

3
=

[

NG

——Optimal Phase Shift, N=40
- Random Phase Shifl, N=40
—»— Oplimal Phase Shill, N=200|]
- Random Phase Shift, N=200
Optimal Phase Shift, N=400
Random Phase Shifi, N=400

—
=

Acheiveable rate (bit/s/Hz)

wn
T

-40  -3s5 0 300 25 200 15 -10 -5 0
Normalized MSE (dB)

Fig. 6. Achievable rate results
with IRS implementation

Figure 6 also shows that the Normalized MSE
(NMSE) value affects the AR value. The NMSE value is
closer to the value of 1, and the estimated channel
estimation error is more similar to the actual channel. It
can be seen that at an NMSE value of 0 dB, the AR value
for each number of elements, namely 40, 200, and 400,
decreases from the stable value at NMSE -40 dB to -15
dB, namely from 23 bit/s/Hz to 13 bit/s/Hz, from 20
bit/s/Hz to 12 bit/s/Hz, and from 16 bit/s/Hzto 9 bit/s/Hz.

3.2. Signal-to-Noise Ratio (SNR)

Using Equations (4)...(6) and an algorithm in
MATLAB, the SNR can be obtained by looking at the
number of reflecting elements in the IRS application and
the conditions of the EMI effect, where the IRS is
assumed to reflect EMI signals from unwanted signals
close to the user. The amount of reflecting elements was
50 with a frequency of 95 GHz. The SNR values for 200
channel realizations are shown in Figure 7. The dashed
red line is the signal condition with EMI effect (w/ EMI),
and the black line is the signal condition without EMI
effect (w/o EMI).

Figure 7 shows the SNR value against variations in
the number of IRS reflecting elements. In the graph, it
can be seen that the use of 50 reflecting elements has
betterperformance at 100 dB. In contrast, for the amount
of reflecting elements of 30 elements and 40 elements,
the resulting SNR value is lower, which is below 21 dB
and 65 dB. It can be said that the more the amount of
reflective elements used, the higher the SNR. This has a
positive impact because IRS with a large surface, i.e. the

use of several reflecting elements) benefits the user by
providing better signal quality.

10% Hf—w/o EMI ’_——"-
—==w/ EMI =

22
-~ IOI L
[nal
=,
w
[
=0
g 100
g
=

]U-L I L L

10 20 30 40 50

Number of elements (per dimension)

Fig. 7. SNR results with IRS implementation

Figure 7 also shows the SNR value results for EMI
(W/EMI) and without EMI (w/o EMI); the SNR value
W/EMI is lower at 90 dB than the SNR value results w/o
EMI at 100 dB. This indicates that EMI has an adverse
effect on signal transmission. However, it can be seen
that the graph of SNR results for w/EMI and w/o EMI
increases with the use of several reflective elements.
However, underthe w/EMI condition, the resulting SNR
is lower at 90 dB. This is an undesirable effect because a
large IRS is physically required to compensate for
propagation losses and improve SNR.

3.3. Efficiency Energy (EE)

The results of the energy efficiency (EE) with the
application of IRS by examining the Achievable Rate
(AR) value for the 6G systemare shown in Figure 8. It
can be observed that at an AR value of 2.9 bit/s/Hz, the
energy efficiency value starts to increase at 1342
Mbit/Joule. When the AR value was 3.4 bit/s/Hz, it gave
a peak energy efficiency value of 1376 Mbit/s/Hz, and
the energy efficiency value decreased most drastically at
an AR value of 9.9 bit/s/Hz, with an energy efficiency
value of only 8323 Mbit/Joule. Increasing the
transmitting power can cause the energy efficiency value
to rise to a maximum of 1376 Mbit/s/Joule; however,
after a certain limit, the energy efficiency value decreases
because of the large power consumption.

In this paper, the EE value was also determined
using the SNR value and the variation in the amount of
IRS reflecting elements. Figure 9 shows that the EE value
increases with an increase in the SNR until the SNR
reaches 75 dB for all variations in the number of IRS
reflective elements, while the EE value decreases afteran
SNR of 80 dB reaches the SNR of 120 dB. It can be seen
that the lowest EE value was 2034 bits/Joule at 40
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elements, whereas for 800 elements, the EE value
increased by 26% to 2421 bits/Joule.
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Conclusions

In this paper, we have analyzed the energy
performance parameters of 6G communication systems
using IRS, including the achievable rate (AR) and SNR.
The research method is based on computer simulations
for a 6G communication system with an operating
frequency of 95 GHz, bandwidth of 800 MHz, varying
IRS elements, and the influence of EMI and no EMI.

The result of AR using 400 IRS elements is 39%
more optimal compared to 40 elements that produce an
AR value of 16 bit/s/Hz. There are two SNR results. The
first SNR without the influence of EMI is higher (100
dB) than the SNR affected by EMI (90 dB and the use of
elements is directly proportional to the SNR results in the
application of IRS. The efficiency energy results
obtained using 800 IRS elements are 26% more optimal
compared to only 40 elements, which only produce an
efficiency energy value of 2034 bits/Joule.

Future research dewlopment. The authors
suggest using different  network  technologies,
techniques, precodes, and scenarios in future studies on

this topic. It is also recommended to employ more
antennas and reflective elements to simulate the use of
IRS more accurately.
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AHAJII3 EOEKTUBHOCTI EHEPTETUKHN AJIA CUCTEM 3B’A3KY 6G 3 BUKOPUCTAHHSAM
IHTETEKTYAJBHOI APXITEKTYPH BIIBMBAIOYOI IOBEPXHI
Xyooyn Banioaiini, Cimi Paiixan, Pam3i Aopiman,
F0sanvoi Asait, Hazapyooin Hazapyooin

Ouiky€eTbCs, 10 00’€KT JOCTIKEHHS CHCTeMH 3B’s13ky 6G copmye rimeps’emHaHy Mepexy, oo pisHi
€JIEKTPOHHI MpHCTpoi MOTM Oe3nepepBHO 3’€AHYBaTHCS Oe3nepepBHO. byJo CTBOPEHO AEKUIbKAa TEXHOJOTIM st
HiATPUMKH cHcTeM 3B’s13Ky O0G, Takux SK iHTeNlekTyansHa BimouBatowa mosepxHs (IRS). IRS — me peduexrop,
OCHAIIEHUH JEKUIbKOMa JBOBUMIPHIMY ITACHBHUMH €JIEMEHTAMH, BiH 37iHCHIOE (ha30BHH 3CyB KOXKHUM €JIEMEHTOM,
KU Mojke BinonBaTn enexrpomarHitHi (EM) xBuii, mo Haaxomdth Bin 6a30BOi cTaHIl 10 00naHaHHS KOPUCTyBada
(UE), sike kepy€eThCs depe3 KOHTpoJiep Ui 30UIbIIeHHsT MOTyKHOCTI curHany B UE Ta mojosiaHHS MOTaHUX YMOB
posnoBciopkeHHs. IRS MoKHA pO3MICTUTH Ji¢ 3aBTrOJHO, HAPHUKIA HA CTIHI M Aaxy OymiBmi. O4YiKyeThCs, IO MeTa
jocmipkeHHst IRS — 3HM3UTH piBEHb CIIOKMBAHHS €HEPTil Ta MIBUIIUTH CIEKTPAIbHY €()EeKTHBHICTh Oe31pOTOBHX
MepexX 3 BUKOPUCTAaHHAM IiTy4yHOro iHTenekry (IIII) 3 Hu3BKMMH BUIpaTaMH, €KOHOMIEIO €HEpPTii, BiACYTHICTIO
TEIJIOBOTO IIyMYy Ta JOCHTh MajJiMH PIiBHAMH Mepemkod. MeTolo IbOro JOCTDKEHHS € OIIHKa Ta aHawi3
eHeproe()eKTMBHOCTI, BKIFOYAIOYM JOCSKHY MBHAKICTE (AR) 1 BimHomenHs curHaw/mym (SNR), mumxom
3actocyBaHHs apxitektypn IRS y cmctemi 3B’s3ky 6G, sika BHKOpHCTOBYe pobouy wactoty 95 I'Tm 3 cmyrwm
npomyckanHs 800 MI'm. Meton 6a3yeThcs Ha KOMITIOTCPHOMY MOJCIOBaHHI 3 BUKOPHCTAHHSAM MPOTPAMHOTO
3abe3neueHHs Matlab. ¥ wiit ctarri Oyso cTBOpeHO MoJestoBaHHs cucTteMu 3B’13Ky 6G. Ll Mo e BUKOpUCTOBYBaia
Micbky Mikpokomipky (Umi), sika cknaganacsi 3 oaHiei 06a30Boi cTaHLii 3 AeKiTbKOMa aHTEHaMU, L0 3MIHIOBaIacs
KimbkicTIo BigOuBaroumx eneMeHTiB JIIB, i omHoro xopucrtyBaua. Lle nocmimkenns anamsysago AR, SNR i EE 3
BUKOPHUCTaHHAM "acTtoTd 95 I'T'm i MozemoBaHHS 3a AOTIOMOTOIO MporpaMHoro 3abesneueHHss MATLAB@2021a.
Pesynpratn: KimbKicTe eneMeHTiB 10 400 Ha 39% OUThII OMTHMalbHA, HDK KUTBKICTE eJeMeHTIB 10 40 it pe3yibTaTiB
AR, pesympratt SNR 6e3 enextpomarnitTHux neperukon (EMI) Bumii, Hik 3HaueHHs SNR, Ha ski BmmBae EMI 3
pesyabtatamu SNR 100 abMm, a KiTbKIiCTh BiIOWBAIOYMX €JIEMEHTIB MPsSMO IpomnopiliiiHa pe3yaptataM SNR. 3 800
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enemeHTamu 3HaueHHs EE Ha 26% Bumie, Hix 3 40 enementamu. BucHoBku. 3actocyBanHs IRS B cuctemax 3B’s13Ky
6G moxe 30immmma AR, SNR i EE.
Knrouosi cioBa: 6G; IRS; EMI; nocshxaa HopMa; SNR; eHeproed eKTHBHICTS.
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