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Introduction

® The technical objectives of Industry 5.0 fundamentally depend on devel-
oping of ultra-low latency and reliable communication (ULLRC) and ultra-
high data rate (UHDR) services based on 6G technologies

® Among the main advances envisioned for 6G, the use of ultra-wide band-
width in the terahertz (THz) bands is particularly notable

¢ This frequency band (100 GHz-10 THz) provides tens of GHz of available
bandwidth, making it suitable for applications with high data rates, such
as those required by uHDR
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Introduction

e Another innovative 6G approach is the application of reflective intelligent
surfaces (RISs) in industrial settings

® These surfaces provide control over electromagnetic scattering,

significantly improving coverage in environments with a high likelihood
of signal obstruction

¢ The effective implementation of 6G industrial networks fundamentally de-
pends on accurately characterizing the wireless communication channel

® Ray tracing emerges as a powerful method capable of describing the na-
ture of electromagnetic propagation in the THz band, including particular
phenomena of high frequencies, such as diffuse scattering
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Objectives and Contributions

¢ This study aims to investigate the performance gain provided by multiple
RISs

o Multiple-input single-output (MISO) system operating in the 140 GHz
o Indoor factory (InF) environment

® This investigation is conducted through computational ray tracing simu-
lations based on the shooting-and-bouncing rays (SBR) method

e The performance of the simulated systems is evaluated based on the achiev-
able datarate (ADR) and compared to that of an equivalent non-RIS-assisted
system
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System Model

® Access point (AP) equipped
with a uniform linear array
(ULA) of N antenna elements
that communicates with a
single-antenna receiver (RX)

® The link between the AP and
the receiver is determined by
the direct channel (DC), com-
posed by line-of-sight (LoS)
and scattered rays
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System Model

® The communication is as-
sisted by K RISs, in which el
each surface contains M 3, o
reflecting elements =

® A cascaded channel is formed ;
by the AP-RIS and RIS-RX H, < | = gx ‘
paths, defining the RIS- yﬂ
assisted channels (RACs) d [
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System Model

® |t is assumed that each RIS
element and the receiving
points are in the far-field zone
of the AP

® The receiver is in the
near-field zone of the RISs
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RIS Scattering Modeling

Channel Coefficients
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pak,m and pa ., are the atmospheric
molecular absorption factors in the inci-
dence and scattering paths, Gg (-,-) is
the reflecting element radiation pattern,
Arx = A\?/4r is the receiver antenna aper-
ture.
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Performance Analysis

¢ Assuming perfect knowledge of the channels, the AP applies a maximum
ratio combining (MRC) precoding to design the vector w

RIS Phases Design
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Ray Tracing Modeling

e Applying the SBR method, the ray tracing algorithm comprises three pri-
mary stages:

o Transmission: multiple rays are emitted along the angular sphere from a
designated source point.

o Tracing: the rays’ lengths are gradually increased and it is evaluated
whether the rays interact with objects in the environment

o Reception: virtual spheres are defined around the receiver points. Rays
that intercept these reception spheres contribute to the channel impulse
response (CIR) of the corresponding link

¢ The ray tracing model considers the following effects:

o Specular reflection

o Diffraction (Uniform Theory of Diffraction — UTD)
o Diffuse scattering (Beckmann-Kirchoff theory)

o Atmospheric molecular absorption (ITU-R P.676)
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Ray Tracing Modeling

Normalized Ray Power — Direct Channel
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Agss is the free-space divergence factor

pt = pppa, iN Which py is the polarization mismatch loss and pj is the
atmospheric molecular absorption attenuation

® T'; and D; are the reflection and diffraction losses
(i is the diffuse scattering loss

Are, Ag, and Ay are the divergence factors related to the reflection,
diffraction, and diffuse scattering, respectively
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Propagation Environment Characterization

a ceiling height of 3 m
® The warehouse is enclosed

by concrete and plaster walls, > —
each with a thickness of 0.2 m, ' -13_7.“ +

and features glass windows
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Propagation Environment Characterization

® The space contains various 8im
machines and equipment, Tss  mse ||

represented as metal blocks
with a height of 1.8 m L
® Five RISs, with dimensions of o
2mx1m (Arsk = 2 m?), are
distributed along the
environment !Iumm 1[ |
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Simulation Results

® Five simulation cases are considered. For each case, the number of active
RISs varies. Inthe k-th simulation case, denoted as C;, with & < 5;the RISs
with indices in the set S, = {1,--- , k} are activated

Table 1: Specifications of ray tracing simulations.

Parameter Value
AP coordinates (4.0 m,3.3m)
AP height — hpp 3.0m
Number of antenna elements - N 32
Receiver height — h 1.5m
Carrier frequency 140 GHz
Transmitted power — P 0 dBm
Noise variance — op, -94 dBm
Angular resolution — Af 0.067°
Maximum number of reflections 6
RIS elements directivity gain — G 8 (9 dBi)
RIS elements reflection losses — o, 0.8 13/21




Simulation Results

LoS
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Figure 1: Map of LoS conditions related to the AP position obtained from ray tracing
simulations.
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Simulation Results

25 20 15 10 5 0

SNR Gain (dB) - C4

Figure 2: Heat map of the point-to-point SNR gain provided by the RIS for the
simulation case C; considering M = 100.
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Simulation Results
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Figure 3: Heat map of the point-to-point SNR gain provided by the RISs for the
simulation case C3 considering M = 100.
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Simulation Results

Table 2: Summary of the ray tracing simulations results.

. Achievable Rate (bit/s/Hz)
M | Link Type c, C, C, C, c.
Global 404 | 440 | 4.63 | 5.23 | 5.83
100 LoS 444 | 481 | 5.07 | 5.45 | 6.06
NLoS 2.61 | 295 | 3.08 | 443 | 5.01
Global 470 | 5.55| 593 | 6.85 | 7.69
1000 LoS 510 | 594 | 6.37 | 6.99 | 7.88
NLoS 3.24 | 415 | 4.39 | 6.36 | 7.05

Non-RIS-assisted system, Average ADRs of 3.59 bit/s/Hz (global),
3.98 bit/s/Hz (LoS), and 2.21 bit/s/Hz (NLoS).
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Simulation Results
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Figure 4: Empirical CDF curves of the ADR obtained from the ray tracing simulations
considering M < {100, 1000}.
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Simulation Results

Numerical Approximation of the Average ADR as a Function of M/
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Figure 5: Curves of average ADR values as a function of the number of elements M
for the considered simulation cases.
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Conclusions

® The results have shown that deploying five RISs with 100 elements each
achieves an average data rate of 6.06 bit/s/Hz, an increase of 2.08 bit/s/Hz
compared to a system without RISs.

¢ The gaininthe average rate is more significant in non-line-of-sight (NLoS)
links

e With four RISs of 1000 elements each, there has been a 187% improve-
ment in the average ADR of NLoS links

® A power expression enabled the numerical characterization of the aver-
age ADR's variation rate concerning the number of RIS elements

® These findings demonstrate that applying RISs in InF environments ef-
fectively enhances performance and standardizes coverage, particularly
in THz band applications
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